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ABSTRACT 

Motor neuron disease (MND) is a disorder of the nervous system 

characterized by atrophy of skeletal muscle and sclerosis of motor 

pathways in brain and spinal cord. Toxic metal have been implicated in 

the pathogenesis of MND however the exact mechanism is not known 

here we have analyze 3 neurotoxin metals in two type of MND cases 

total 35 patients of MND were taken out of which 20 were of ALS 

&15 were of JASSMA. Metal analyses were performed with high- 

resolution inductively coupled plasma mass spectrometry. Statistically significant difference 

in the level of heavy metal can be observed in both type of MND this result support the 

hypothesis that heavy metal may play an important role in the pathogenesis of MND. 

 

KEYWORD: juvenile asymmetric segmental spinal muscular atrophy.ICP, QEMG,CSF 

 

INTRODUCTION 

MND was first described by the French neurologist Charcot in 1874 it is a group of incurable, 

adult onset, progressive, neurodegenerative condition which involves upper and lower motor 

neurons in different body region resulting in progressive weakness of limbs leading gradually 

to partial or complete paralysis, including loss of speech.
[1]

 The majority of MND cases are 

classified as sporadic with no related family history of the disease, while gene mutations have 

been discovered in 5-10% of the affected population (familial type).
[2]

 Here we have taken 
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two types of MND cases one is Amyotrophic lateral sclerosis, and other one is juvenile 

asymmetric segmental spinal muscular atrophy. The clinical features of amyotrophic 

lateral sclerosis indicate the loss of neurons at all levels of the motor system—from the cortex 

to the anterior horn of the spinal cord. Cerebral frontal lobes are involved in degeneration, 

axonal lose can be detected by quantitative electromyography (QEMG). On the other hand 

JASSMA is characterized by progressive muscular weakness and atrophy of distal upper 

limbs, followed by spontaneous arrest within several years. Although the cause of cervical 

myelopathy remains unclear, neuropathologic and neuroradiologic findings suggest a forward 

displacement of the posterior cervical Dural sac during neck flexion, causing compression of 

the cervical cord, and results in atrophic and ischemic changes in the anterior horn, The 

anterior horn lesions were characterized by central necrosis without cavity formation, 

decrease in the number of large and small nerve cells in the periphery with degenerative 

changes, and mild astrogliosis without macrophage infiltration.
[3]

 the major difference in both 

type of MND  is ALS is progressive while JASSMA stops progression after reaching hands 

the etiology of both disease is unknown one hypothesis which may be a cause of sporadic 

cases of MND is toxin which enters in to the neurons and get accumulated which hindered 

the signal to pass on from one neuron to other and also damage them. Evidences of these 

comes from animal experiments which shows metal toxin play an important role in 

degenerating the neurons.
[4]

 accumulation of neurotoxin metal in nerve cell of spinal cord and 

/or in CSF could explain some of the features of MND. The aim is to analyze the metal 

concentration in CSF in patients diagnosed either ALS or JASSMA using high resolution 

inductively coupled plasma mass spectrometry (HR-ICP-MS) 

 

MATERIAL AND METHODS 

Study Population 

The present study is conducted in Department of Neurology, Institute of Medical Sciences, 

Banaras Hindu University, Varanasi. Total 35 Patients of motor neuron disease were included 

in this study, out of which 20 were of ALS and 15 were of JASSMA from patients attending 

Neurology OPD and IPD. Patients were enrolled from oct.2012 to April 2014.  

 

Inclusion Criteria 

 All the cases of motor neuron disease. 

 

Exclusion Criteria 
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 Patients other than motor neuron disease 

  

Valid informed consent was taken from all patients. The entire patients were subjected to a 

detailed clinical history, physical and neurological, electrophysiological and 

neuroradiological examination, as per the standard protocol prepared by us. The past history 

of any illness, history of chronic illness, personal history, history of addiction, drugs/ toxin 

exposure, occupational, dietary habits and family history is to be taken in detail. The patients 

will undergo routine blood counts, blood sugar estimation, liver function test, renal function 

test, test for collagen vascular   diseases, HIV ELISA, screening for malignancy, EMG, MRI 

scan of Brain and cervical spine were done in all patients.  

 

Cerebrospinal fluid (CSF) examination done by lumber puncture with all aseptic precaution 

and sent to normal routine microscopy in central lab in IMS BHU and for detection of heavy 

metals (As, Hg, Pb) CSF was sent to department of chemical engineering. IIT BHU by ICP 

monitor machine.  

 

Sampling: Spinal tap was performed in the supine position from lumbar levels using a 

standard Spirocan 0.9×88-mm syringe with bevel according to Quincke (B. Braun Melsungen 

AG, Germany). Skin was disinfected using 4 % chlorhexidine gluconate in ethanol. No 

suction device or plastic tubing was used. CSF was collected dripping in free air in 1 ml 

aliquots into polypropylene CryoTubes with stopper and silicone gasket rinsed twice with 

ultrapure water using a mechanic whirlmixer. When performed in sequence with a routine 

spinal tap, the CSF samples for metal analysis were collected after the routine samples. When 

performed alone, the first 3 ml of CSF were allowed to drip and were discarded before the 

actual sampling for metal analysis Traumatic spinal punctures were excluded from the study.  

 

Metal Analysis: CSF sample were Centrifuge at 3500rpm for  5min. and supernatant was 

taken 1000µl was approximately diluted with 0.5M HNO3
[5]

  then  ICP test was performed. 

The spectrophotometer use charge couple Device technology which allows the instrument to 

measure the broad spectrum of elements. ICP Analysis can be performing on solid and liquid 

sample, but a solid sample must be converted to liquid before testing by dissolving the 

sample in a solvent to produce a solution.
[6]

 The sample solution is introduced in to the ICP as 

a fine aerosol of droplets. The aerosol is produce by a nebulizer which aspirates the sample 

with high velocity to form a fine mist. The aerosol then passes into a spray chamber where 

larger droplets are removed. Droplets are small enough to be vaporized in the plasma torch to 
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be passing in the torch body where the aerosol is mixed with more argon gas. A coupling coil 

is used to transmit radio frequency to the heated argon gas, producing argon plasma located 

in the torch. The hot plasma dries any remaining solvent and causes sample atomization. The 

ICP-ASE Spectrometer detects the atomic emission produces as light, with ICP Mass 

Spectrometry, the process uses ionization. The resulting mass of the ion indicates the 

elements present in the sample. Instrumental condition required to start the procedure is 

mentioned below in [table 1]. 

 

Table 1: instrumental condition for iCAP 6200* 

Plasma gas  Fixed 12l/ml 

Auxiliary gas  4 fixed flow 0,0.5 ,1.0 and 1.5 l/min  

Nebulizer gas  Pressure control from 0-0.4 MPa  

RF source  

 

Spectrometer  

27.12MHz solid state  

750-1500 watts out put  

simultaneous echelle type  

52.9 groove /mm ruled  

383 mm effective grafting  focal length 

9.5
0  

uv fused silica cross dispersion prizm  

Spectral band pass  7pm at 200 nm  

Wave length range  193-769nm 

Furnace temp 38
o
 c 

Camera temp.  -46
o
 c 

Optic temp.  38
o 
c 

Gas Supplies  Ar plasma gas 5.5 bar (80psi) 

Chiller temp.  5
o
c below room temp. (and must be set between 15

o
 to 30

o
c) 

Torch is correctly fit in to the torch holder  

Ensure Adequate provision for waste sample is made 

Sample tubing particularly  pump tubing must be good in condition  

*iCAP 6200 ICP Spectrometer Standard protocol  

 

Statistical methods: Mean, median, standard deviation, minima, maxima of 3 metals for 

ALS, and JASSMA where determine. On the basis of the variability in data, it does not 

follow the assumption of the parametric test. So we apply the non parametric test name as 

Mann–Whitney test for intergroup comparison and to rank each metal according to its ability 

to separate the ALS patient group from the JASSMA patient’s group confidence interval is of 

95%. As a result of this test Z value & P value is mentioned   in the table.
[7,8]

 

 

 

 

RESULTS 

https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0CB0QFjAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FMann%25E2%2580%2593Whitney_U_test&ei=xnGjVfPDN8bjuQSl8LmwBg&usg=AFQjCNGjoyDjcWPrN4awSEH4SDFBAptUOw
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Table 2: Value of Pb, As and Hg in both ALS and JASSMA Patients   

Variables 
Group1 (ALS) 

Mean ±  SD 

Group 2(JASSMA) 

Mean ±SD 
P value* 

Z value * 

 

Pb .4953± .2746 .2631 ± .2551 .036 -2.100 

As .0241 ± .0248 .1281 ± .1804 .002 -3.076 

Hg .1554 ± .1183 1.8180 ± 2.2569 .000 -4.051 

*this p value and z value is of Mann-Whitney Test 

 

 

 

Statistically Significantly higher concentration of metal Hg and Pb was found in CSF of 

patients having JASSMA and ALS.  Group 1 was of ALS patients with significantly higher 

Pb (p= 0.036) concentration in compare with JASSMA. And the group 2 was of JASSMA 

patients with significantly higher Hg (p=0.000) and As (p=0.002) concentration in compare 

with ALS. Metals having neurotoxin property are significantly higher in both the type of 

MND cut off limit of neurotoxic metal is compared, when the concentration at or above the 

limit was found that metal was indicated as neurotoxin.
[9]

 Metals like Pb,As,Hg, Al, Mn are 

established neurotoxins.
[10-17]

  

 

DISCUSSION 

In this case study level of Pb was significantly higher in case of ALS and As, and Hg level 

was higher in case JASSMA, Caparison was done between these two diseases. These metals 

are well well-characterized as neurotoxins. Metal intoxications involving several metal 

combinations resulting in different clinical profiles is one possible explanation to these 

overlap situations
.[18]

 The presence of metals in CSF is however not tantamount to axonal 

damage caused by these very metals and further analyses of the mechanisms of metal 
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neurotoxicity are warranted. The interpretation that observed elevated metal concentrations 

are a consequence of some other disease process rather than the cause of disease is also valid. 

In contrast to the increased metal levels in CSF of the MND patients, a corresponding 

elevation of Hg Pb, and AS in blood plasma was not noted. Barrier systems 
[19]

 protect the 

spinal cord and the CSF compartment from chemical injury, To what extent transporters for 

the other metals, significantly increased in ALS CSF (Pb, Hg and As), are active in MND 

remains to be elucidated. Respiratory exposure to mercury vapor in primate or rodent causes 

accumulation of the metal in anterior horn cells of the spinal cord implicating impaired 

barrier protection.
[20]

 Lead is known to accumulate in the choroid plexus. The possibility in 

ALS of injuries to the barrier systems themselves from toxic metal molecules is another 

possibility to consider. Exposure to lead also causes a motor neuropathy characterized by 

weakness and atrophy of skeletal muscles without sensory involvement
.[21,22]

 The spinal 

origin of the neuropathy following chronic low-dose lead intoxications in humans has been 

debated for more than a century, and the historical observations
[23]

 from a series of 1,213 

lead-intoxicated patients stating the anterior horn of the spinal cord as the site of injury are 

still valid. A recent large NIEHS study
[22]

 It is necessary to consider the possible role of toxic 

synergisms and interactions between several metals in the molecular mechanisms that lead to 

MND. Metal synergisms may account for the clinical variability seen in the MND 

distribution of weakness and time span of progression. Each metal has a unique profile 

regarding environmental occurrence, exposure, uptake, metabolism and kinetics, i.e. tissue 

distribution and toxicity to the nervous system. In the risk assessment, all these factors need 

to be considered.
[18,24,25]

 Increased concentration of Pd found to be in ALS and increased 

concentration of Hg and As is found to in JASSMA 

 

CONCLUSION 

In summery statistically significant higher amount of neurotoxin metals Pd, As, Hg were 

reported in the CSF Sample of MND patients. Synergistic effects of the neurotoxic metals are 

expected. We propose that accumulation of these metals may play an important role in the 

pathogenesis of the disease which is yet to be identified. 

 

ACKNOWLEDGMENT 

Ranveer yadav initiated the study and performed clinical and electromaygraphical 

examination and prepare the basic structure of the manuscript, we are pleased to have Garima 

Gupta who collected the sample and also performed  metal analysis and prepared the first 



www.ejpmr.com 

 

 

1165 

Ranvir Singh Yadav et al.     European Journal of Pharmaceutical and Medical Research 

draft of the manuscript. We are very thankful to prof. A.K. Sinha Department of chemical 

engineering for providing ICP Analyzer of metal analysis. Prof. T.b. singh was acknowledged 

for his statistical support. 

 

CONFLICTS OF INTEREST  

No conflicts of interest have been reported by the authors. 

 

REFERENCES 

1. Eisen,A Amyotrophic lateral sclerosis: A 40-year personal experience. Journal of Clinical 

Neuroscience, 2009; 16: 505-512. 

2. Kiernan, M., Vucic, S., Cheah, B., Turner, M., Eisen, A., Hardiman, O., Burrell, J., & 

Zoing, M. Amyotrophic lateral sclerosis. The Lancet, 2011; 377(9769): 942-955. 

3. Hirayama K.: Non-progressive juvenile spinal muscular atrophy of the distal upper limb 

(Hirayama’s disease). In de Jong J.M. (eds) Amsterdam: Elsevier Science: 1991, pp. 107-

120. 

4. Arvidson BRetrograde axonal transport of mercury. Exp. Neurol, 1989; 98: 198-208. 

5. F. J. Jiménez-Jiménez1, J. A. Molina2, M. V. Aguilar3, I. Meseguer3, C. J.Mateos-

Vega3, M. J. González-Muñoz3, F. de Bustos4,A. Martínez-Salio2, M. Ortí-Pareja1, M. 

Zurdo1, and M. C. Martínez-Para3 Cerebrospinal fluid levels of transition metals in 

patients with Parkinson’s disease J Neural Transm 1998; 105: 497–505. 

6. Gellein K, Roos PM, Evje L, Vesterberg O, Flaten TP, Nordberg Syversen T Separation 

of proteins including metallothionein in cerebrospinal fluid by size exclusion HPLC and 

determination of trace elements by HR-ICP-MS. Brain Res, 2007; 1174: 136–142. 

7. Agresti A, Min Y On small-sample confidence intervals for parameters in discrete 

distributions. Biometrics, 2001; 57(3): 963–971. 

8.  SPSS Statistical Software for Exact Nonparametric Inference. version 16.  

9. Per M. Roos & Olof Vesterberg & Tore Syversen & Trond Peder Flaten & Monica 

Nordberg Metal Concentrations in Cerebrospinal Fluid and Blood Plasma from Patients 

with Amyotrophic Lateral Sclerosis Biol Trace Elem Res 2013; 151: 159–170 DOI 

10.1007/s12011-012-9547-x. 

10. Krewski D, Yokel RA, Nieboer E, Borchelt D, Cohen J, Harry J, Kacew S, Lindsay J, 

Mahfouz AM, Rondeau V Human health risk assessment for aluminium, aluminium 

oxide, and aluminium hydroxide. J Toxicol Environ Health B Crit Rev, 2007; 10(Suppl 

1): 1–269. 



www.ejpmr.com 

 

 

1166 

Ranvir Singh Yadav et al.     European Journal of Pharmaceutical and Medical Research 

11. Milatovic D, Zaja-Milatovic S, Gupta RC, Yu Y, Aschner M Oxidative damage and 

neurodegeneration in manganeseinduced neurotoxicity. Toxicol Appl Pharmacol, 2009;  

240(2): 219–225. 

12. Monnet-Tschudi F, Zurich MG, Boschat C, Corbaz A, Honegger P Involvement of 

environmental mercury and lead in the etiology of neurodegenerative diseases. Rev 

Environ Health 2006; 21(2): 105–117. 

13.  Sanders T, Liu Y, Buchner V, Tchounwou PB Neurotoxic effects and biomarkers of lead 

exposure: a review. Rev Environ Health 2009; 24(1): 15–45. 

14.  Vahidnia A, van der Voet GB, de Wolff FA Arsenic neurotoxicity—a review. Hum Exp 

Toxicol 2007; 26(10): 823–832. 

15. AschnerM, Jiang GC Toxicity studies on depleted uranium in primary rat cortical neurons 

and in Caenorhabditis elegans: what havewe learned? J Toxicol EnvironHealth B Crit 

Rev, 2009; 12(7): 525–539. 

16. Jiang GC, Hughes S, Sturzenbaum SR, Evje L, Syversen T, Aschner M Caenorhabditis 

elegans metallothioneins protect against toxicity induced by depleted uranium. Toxicol 

Sci, 2009; 111(2): 345–354. 

17. Jiang GC, Tidwell K, McLaughlin BA, Cai J, Gupta RC, Milatovic D, Nass R, Aschner 

M Neurotoxic potential of depleted uranium effects in primary cortical neuron cultures 

and in Caenorhabditis elegans. Toxicol Sci 2007; 99(2): 553–565. 

18. Nordberg G, Fowler B, Nordberg M, Friberg LT (edsHandbook on the toxicology of 

metals, 3rd edn. Elsevier, New York 57. Morris K) (2007). 

19. ZhengW, Aschner M, Ghersi-Egea JF Brain barrier systems: a new frontier in metal 

neurotoxicological research. Toxicol Appl(2003). 

20. Roos PM, Dencker L Mercury in the spinal cord after inhalation of mercury. Basic Clin 

Pharmacol Toxicol. doi:0.1111/ j.1742-7843.2012.00872.x Pharmacol, 2012; 192(1): 1–

11. 

21. Tanquerel des Planches L (1839) Traité des maladies de plomb ou saturnines. Ferra, 

Paris. 

22. Fang F, Kwee LC, Allen KD, Umbach DM, Ye W, Watson M, Keller J, Oddone EZ, 

Sandler DP, Schmidt S, Kamel F Association between blood lead and the risk of 

amyotrophic lateral sclerosis. Am J Epidemiol, 2010; 171(10): 1126–1133 53. Kamel F. 

23. Kamel F, Umbach DM, Stallone L, Richards M, Hu H, Sandler DP Association of lead 

exposure with survival in amyotrophic lateral sclerosis. Environ Health Perspect 2008; 

116(7): 943–947. 



www.ejpmr.com 

 

 

1167 

Ranvir Singh Yadav et al.     European Journal of Pharmaceutical and Medical Research 

24. Ishaque AB, Johnson L, Gerald T, Boucaud D, Okoh J, Tchounwou PB Assessment of 

individual and combined toxicities of four non-essential metals (As, Cd, Hg and Pb) in 

the microtox assay. Int J Environ Res Public Health, 2006; 3(1): 118–120. 

25. Rai A, Maurya SK, Khare P, Srivastava A, Bandyopadhyay S Characterization of 

developmental neurotoxicity of As, Cd, and Pb mixture: synergistic action of metal 

mixture in glial and neuronal functions. Toxicol Sci 2011; 118(2): 586–6. 

 

 

 

 

 

 


