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Plasma and CSF Aluminium in Sporadic Motor Neuron
Disease (MND)

MA HAYEE?, M NUSRATULLAH

Summary:

Study of aluminium in plasma and cerebrospinal fluid in
motor neuron disease (MND) was carried out in the
Neurology department of Sir Salimullah Medical College
and Mitford Hospital, Dhaka, Bangladesh. The duration
of study was from January 2002 to June 2004. Seventy
MND subjects between 16 to 65 years were selected.
Among them 42 were male and 28 female. Same number
of controls matched for age, sex, occupation and
habitation (rural or urban) were also selected. Plasma
and CSF were collected from the subjects and controls.

Introduction:

Motor neuron disease is used to designate a
progressive degenerative disorder of motor neurons in
the spinal cord, brain stem and motor cortex, and
manifest clinically by muscular weakness, atrophy
and corticospinal tract signs in varying combinations'.

The disease predominantly affects middle aged and
elderly people and mean age of onset is 55 years,
although middle-aged people are occasionally
affected. There are three types of MND: (I) sporadic-
which is the commonest form(90%), (II) familial, a
small number of cases usually with an autosomal
dominant mode of inheritance? and (III) Guamanian,
a high number of cases of MND found in Guam and
the Trusrt Territories of the Pacific.

The aetiology and pathogenesis of sporadic MND are
Numerous hypotheses about the
pathogenesis/aetiology of MND have been proposed
including environmental hypothesis, free radical
hypothesis, immunological hypothesis, neurotropic

not known.

a.  Dr. MA Hayee FCPS, MD, PhD, FRCP, Fellow (Interventional
Neurology), Associate Professor and Head, Department of
Neuromedicine, SSMC, Dhaka, Bangladesh.

b.  Dr. M Nusratullah, Consultant, Department of Cardiology,
University Hospital, Lausanne, Switzerland

Address of correspondence: MA Hayee FCPS, MD, PhD, FRCP,
Fellow (Interventional Neurology), Associate Professor and Head,
Department of Neuromedicine, SSMC, Dhaka, Bangladesh.

Aluminium was estimated both from plasma and CSF.
Cerebrospinal fluid aluminium level (18.09 + 2.02 ug/dl)
was significantly higher (p<0.001) in subjects as
compared to the controls (12.22 + 2.42 ug/dl). Plasma
aluminium level of subjects and controls did not show any
significant difference. Aluminium level in cerebrospinal
fluid varied in different subtypes of MND and controls. The
p-values were <0.01, <0.02 and <0.001 respectively in
amyotrophic lateral sclerosis, progressive muscular atrophy
and progressive bulbar palsy when compared with controls.

(J Bangladesh Coll Phys Surg 2005; 23 : 101-106)

factor deficiency hypothesis, altered neurofilament
metabolism hypothesis, excitatory amino acid toxicity
hypothesis, deficiency or toxicity of trace element
hypothesis. Trace elements neurotoxicity has been
implicated in the pathogenesis of MND. Several trace
elements have been reported to be increased in the
spinal cord of MND patients including lead?, copper®,
iron*, manganese® and selenium’. Epidemiological
studies show that long term exposure to toxic trace
elements are present in some MND patientsé3.
Possible involvement of aluminium, calcium and
manganese in ALS/Parkinsonism/dementia complex
of Guam”!! and reports of MND-like syndromes in
chronic intoxication with mercury'? and lead also
support the hypothesis!3.

Recently, many researchers found relationship of
aluminium to sporadic MND. Aluminium is a widely
dispersed metal being found in igneous rocks, shales,
clays and moist soils. Aluminium is absorbed by
many plants and occurs in plant products in diet. The
daily ingestion of Al by humans is estimated to be 30
to 50 mg'4. The general population is also exposed to
Al from its widespread use in water treatment, as a
food additive, from various Al-based
pharmaceuticals, from occupational dusts, and from
Al containers and cooking utensils'>. The leaching of
Al from the soils by acid rain increases free Al in the
environment and in the surface waters. The increase
exposure of the general population to Al has become
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an increasing concern with publications that suggest
possible association between exposure and
neurological diseases'>"18.

Toxicity of Al in human is known to occur in at least
two specific situations. Dementia in dialysis patient is
related to Al exposure!®!°. The Al intoxication in
patients can be controlled by control of Al levels in
dialysis fluids?. Chronic renal failure may lead to
decreased Al excretion and enhances Al toxicity?!.
The pathogenesis of Al toxicity is complex and may
be related to other factors such as impaired
parathyroid function which affects Al absorption/or
distribution'*. A second prominent Al toxicity found
in dialysis patients is osteomalacia or metabolic bone

diseases?2:23,

Pre-term infants with parenteral administration of
nutritional solutions are also at risk for Al-induced
neurotoxicity?*2%, Aluminium inhalation, especially
in workers, may be associated with increased
incidence of asthma®®?7. Pre-term infants are also at

risk for Al-induced metabolic bone diseases?8:2°.

Aluminium is clearly neurotoxic causing
degeneration of astrocytes!® and interferes with the
metabolism of the neuronal cytoskeleton. It causes
encephalopathy in patients undergoing renal
dialysis'®3132. Cerebral dysfunction was reported in
people exposed to drinking water that had been
contaminated with Al-sulphate!”. Aluminium has
been implicated in a series of neurological diseases
including amyotropic lateral sclerosis, dementia
associated with Parkinson’s disease, and suggested
for Alzheimer’s disease although this link is quite
tenuous®’. Animal studies indicate that oral exposure
to Al leads to accumulation in the brain, bone,
muscle, kidney and other organs.

No study on this issue has so far been done in
Bangladesh and literature survey revealed very few
works throughout the world. This study was done to
find out whether deficiency or excess of alumimium
is present in MND. The study may give a clue about
the role of it in the causation of a disease and this may
help planning further studies.

Materials and methods:
This was a prospective study. The study was carried
out at the Neurology Department of Sir Salimullah
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Medical College and Mitford Hospital, Dhaka. The
duration of the study was from January 2002 to June
2004. Seventy sporadic motor neuron disease
subjects aged between 16 and 65 years were included
in this study. Same number of controls matched for
age, sex, occupation and habitation (rural or urban)
were selected. The diagnosis of MND was done
according to the E L Escorial World Federation of
Neurology Criteria: (1) signs of lower motor neuron
degeneration by clinical, electrophysiological or
neuropathological examination, (2) signs of upper
motor neuron degeneration by clinical examination
and (3) progressive spread of signs within a region or
to other regions. Together with the absence of: (1)
electrophysiological evidence of other disease
processes that might explain the signs of lower motor
neuron and/or upper motor neuron degeneration and
(2) neuroimaging evidence of other disease process
that might explain the observed clinical and
electrophysiological signs.

For confirmation of clinically detected motor
neuron disease electrophysiological study was
done and MND was confirmed by doing EMG and
NCV. CT scan and MRI were also done to exclude
other pathology. The controls were free from any
major neurological diseases and were not suffering
from functional disorders, tension headache,
lumbar disc prolapse etc. None of the patients or
controls had a history of exposure to heavy metals.
Informed consent was taken before the individuals
were included in the study. The patients of MND
were grouped according to various clinical
subtypes such as progressive bulbar palsy (PBP),
progressive muscular atrophy (PMA), amyotrophic
lateral sclerosis (ALS) and primary lateral sclerosis
(PLS) 34,

Blood (15 ml) was obtained through antecubital
venepuncture by metal-free plastic syringes. It was
collected in metal-free heparinised glass vials. Ten
milliliters of the sample was centrifuged at S000 rmp
for 10 minutes and plasma was collected in a separate
vial. Cerebrospinal fluid was collected by lumbar
puncture done with steel needles which were
previously washed with deionized water and
sterilized. Samples were stored at —4° C for a variable
period before estimation. To remove the organic
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matrix, a measured amount of the sample was
digested with 3 ml of digestion mixture containing
metal free concentrated nitric acid and perchloric acid
in a ratio of 6: 1. More digestion mixture was added
if the sample did not digest completely with 3 ml of
mixture. Samples were cooled and made up to 5 ml
with deionized distilled water.

The estimations were done by direct current plasma
emission spcectrophotometer (Beckman, USA) in
which an electric arc was generated between two
carbon anodes and one tungsten cathode. Pure argon
gas was sustained as plasma between the electrodes
which acted as a source of vapourisation,
automization and excitation. The system first
generated a straight line calibration curve by setting
two standard solutions (a high and a low) of the
element concerned which was used to convert
subsequent signal measurements into concentration
values. A blank sample of digestion mixture was run
with each batch of samples. The method has been
standardized in the laboratory; its accuracy being
checked periodically by analyzing unknown samples.
Aluminium was estimated in plasma and CSF. All the
samples in the study group and controls were
analyzed. Results were reported as mean + standard
error. Statistical significance was assessed by
Student’s #- test between patients and controls.

Results:

Seventy patients were evaluated in this study. After
clinical assessment, all patients were investigated.
Same number of healthy age and sex-matched
controls were selected and their serum and CSF

aluminium were estimated. In this study, the mean
age of the patients was 41.60 (+ 4.12) years. Age of
onset of disease was 41.8 (x 3.7) years. There was
slight difference of age of onset of disease between
males (40.2 + 3.38 years) and females (43.40 + 4.02
years). Sex distribution showed male/female ratio 3:
2. None of the patients had a positive family history
of MND and there was no evidence of geographic
clustering of the disease. All of the patients were
classed into clinical subtypes. Twenty seven
(38.57%) patients presented as amyotrophic lateral
sclerosis, 21(29.99%) as progressive bulbar palsy, 20
(28.57%) as progressive muscular atrophy and two
(2.87%) as  progressive lateral  sclerosis.
Cerebrospinal fluid aluminium level was estimated
both in the patients and the controls. Aluminium
concentration in patients was 18.09 (£ 2.02) pg/dl and
that in controls was 12.22 (£ 2.42) pg/dl. Therefore,
CSF aluminium concentration level of patients was
significantly higher than that in controls i.e. p<0.001
(Table-I). CSF aluminium level among different
subtypes was compared with their controls (Table —
I). Statistical analysis revealed that CSF aluminium
level was significantly higher in the patients than
controls in each subtype. Plasma aluminium level of
patients and controls were also estimated. Aluminium
concentration in patients was 35.70 (= 3.71) pg/dl and
that was 34.02 (+ 4.21) pg/dl in controls. The
difference was not statistically significant (p>0.10)
(Table-II). Serum aluminium level in different
subtypes was also compared with controls (Table —
IT). Statistical analysis revealed no difference
between patients and controls.

Table-1
CSF aluminium level in patients with different types of MND and in controls

MND types Patient Control t-value p-value
Mean with SE(pg/dl) Mean with SE(pg/dl)

All MND (n=70) 18.09 +2.02 1222 +£2.42 3.41 <0.001

ALS (n=27) 17.01 +£2.98 11.98 +3.01 2.82 <0.01.

PBP (n=21) 20.12 +1.78 12.01 £2.12 5.12 <0.001

PMA (n=20) 17.15+1.30 12.67 £2.13 2.48 <0.02
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Table-II

Plasma aluminium level in patients of different types of MND and controls

MND types Patient Control t-value p-value

Mean with SE(png/dl) Mean with SE(ug/dl)
All MND (n=70) 35.70 £3.71 34.02 £4.21 1.51 >0.10 (Not sig.)
ALS (n=27) 36.01 +£2.98 34.99 £3.99 1.71 >0.05 (Not sig.)
PBP (n=21) 34.96 + 4.01 34.05 +4.29 1.71 >0.05 (Not sig.)
PMA (n=20) 36.13 £4.14 33.02 £4.35 1.96 >0.05 (Not sig.)
Discussion: aluminium in MND is important as aluminium is a

Majority of the subjects in this study were of age
between 26 and 55 years. This findings correlate with
the findings of a study in Bangladesh3* but does not
corroborates with the other Europian studies. This
finding may be due to regional variation of MND.

The mean age of the patients was 41.6 (+ 4.12) years
which was similar to the findings of an Indian study>>
and also to that of a Bangladeshi study>*.

In this study the age of onset of disease was 41.8 (£
3.7) years which correlates with a Mexican study?°.
The distribution by gender (60% males and 40%
females) concurred with the world pattern37-39.

The distribution of the different types of MND in this
study was similar to the Indian studies’>#0 but
differed from other studies3®#!. This dissimilarity is
probably due to geographical variation of the disease.
This can also be supported by similarity with the
Indian study i.e. people of Bangladesh and India are
in the same geographical area and expose to same risk
factors which is different from that of European
population.

The finding of higher CSF aluminium than controls
correlates with the study of Sood®3. Cerebrospinal
fluid aluminium estimation in different subtypes of
MND was also higher than controls. Each subtype
showed significant difference and this finding is
similar to that of other studies®3-3°.

No study on this issue has so far been done in
Bangladesh. In this field very few works had been
done in the world. First study was carried out in
India®>. The other studies of muscle metals in MND
did not show any difference in aluminium levels from
a control popultion. The finding of high CSF
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potential neurotoxin. It has been proved that
aluminium has been associated with some other
degenerative neurological disorders like Alzheimer’s
disease*? and dialysis dementia®3.

The neurotoxicity of Aluminium has already been
established. Studies from Japan and Guam have
reported a high content of aluminium in the spinal
cord** and hippocampal cortex*® of MND patients.
Aluminium has also been seen to accumulate in
significant amounts within the nucleoli of lumbar
anterior horn cells of MND patients* and it has a
positive correlation with the number of neurons
showing neurofibrillary tangles and granulovacular
degeneration**.

Aluminium has been linked with the formation of
neurofibrillary tangles in the cortical neurons in
patients of Alzheimer’s disease*? and spinal cord of
patients  dying of  Guamanian = MND?33,
Intraventricular®’, subcutaneous*® and intracellular?’
injection of aluminium in rabbits, cats and ferrets
causes neurofibrillary degeneration which resembles
neurofibrillary tangles seen in the disease states
except for some morphological differences*®. The
studies on Guamanian MND patients have shown
intraneuronal deposition of aluminium with calcium
as a hydroxyapatite!!, which interferes with slow
axonal transport by altering normal neurofilament
production leading to excessive neurofilament
accumulation and formation of neurofibrillary
tangles*.

High CSF aluminium in MND may be of relevance
keeping in view the dynamics of this element in the
body>?. Aluminium is known to accumulate very
slowly in cell nuclei and chromatin and large long-
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lived cells e.g. neurons are most liable to this 8.
accumulation. This uptake is very slow (Img in 36
years) and the amount once taken up by the brain,
cannot be eliminated and therefore gets accumulated.
The normal and lethally toxic brain levels of
aluminium are narrow. When the aluminium
concentration of brain neurons become three to 10
times the normal then it becomes toxic.

The exact role of high CSF aluminium in MND seen
in this study is not clear. It is not certain if it indicates
neurofibrillary pathology in patients and their
resemblance with MND seen in the Western Pacific
as no data are available on neuropathological changes
in MND in Bangladesh or any reports of trace metal

eliminations in brain tissue in MND. 13.

Therefore, results of the present study provide some

evidence of a causal relationship between aluminium 14,

and MND particularly to progressive bulbar palsy.

Acknowledgment: 15.

We are very much grateful to the patients who had
been enrolled to this study and also to Opsonin

Chemical Industries Ltd who helped to do the 16.

estimation of serum and CSF aluminium.

References:
1. Adams RD, Victor M, Rooper AH. In: Principles of
Neurology, Sixth edition, New York: Mc Graw Hill Book

Company, 1997. pp- 1089-94. 17.

2. Pamala JS. Clinical review: Motor neuron disease. Br Med J
2003; 318: 612-18.

3. Petkau A, Sawatzky A, Hillier CR, Hoogstraten J. Lead

content of neuromuscular tissue in Amyotrophic Lateral 18.

Sclerosis: case report and other considerations. Br J Int Med
1974; 31: 275-87.

4. Kurlander HM, Patten BM. Metals in spional cord tissue of 19.

patients dying of motor neuron disease. Ann Neurol 1979; 6:
21-24.

5. Mitchell JD, East BW, Harris IA. Trace elements in the spinal

cord and other tissues in motor neuron disease. J Neurol 20

Neurosurg Psychiatr 1986; 49: 211-15.

6.  Campbell AMG, Williams ER, Barltrop D. Motor neuron
disease and exposure to lead. J Neurol Neurosurg Psychiatr
1970; 33: 877-85.

7. Tandan R, Bradley WG. Amyotrophic lateral sclerosis: Part I, 21.

clinical features, pathology and ethical issues in management.
Ann Neurol 2003; 18: 271-80.

Armon C, Kurland LT, Daube JR, O'Brien PC. Epidemiologic
correlates of sporadic amyotrophic lateral sclerosis.
Neurology 1999; 41: 1077-84.

Yase Y, Yoshimase F, Uebayashi Y, Iwata S, Sasajima K.
Neutron activation analysis of Calcium in central nervous
system tissue of amyotrophic lateral sclerosis cases. Folia
Psychiatr Neurol (Jpn) 1974; 28: 371-78.

Garruto RM, Yanagihara R, Gajbusek DC. Disappearance of
high incidence amyotrophic lateral sclerosis and parkinsonism-
dementia on Guam. Neurology 1985; 35: 193-98.

Garruto RM, Yase Y. Neurodegenerative Disorders of the
Western Pacific: the search for mechanisms of pathogenesis.
Trends Neurosci 2002; 9: 368-74.

Adams CR, Ziegler DK, Lin JT. Mercury intoxication
simulating amyotrophic lateral sclerosis. JAMA 1983; 250:
642-43.

Boothby JA, de Jusus PV, Rowland LP. Reversible forms of
motor neuron disease: lead neuritis. Arch Neurol 1974; 31:
18-23.

National Library of Medicine. Aluminium fluride, Hazardous
Substance Data Base. Washingtion, DC: National Library
Medicine, 2000. pp 126-32.

Harris WR, Berthon G, Day JP, Exley C, Flaten TP, Forbes
WEF, et al. Speciation of aluminium in biological systems. J
Toxicol Environ Health 1996; 48: 543-68.

Van Landeghem GF, De Bore ME, D'Haese PC, Lambarts LV,
Barata JD, De Broe ME. Aluminium speciation in
cerebrospinal fluid of acutely aluminium - intoxicated
dialysis patients before and after desferoxamine trearment; a
state in the understanding of the element's neurotoxicity.
Nephrol Dial Transplant 2003; 12: 1692-98.

Altmann P, Cunningham J, Dhanasha U, Ballard M,
Thompson J. Disturbance of cerebral function in people
exposed to drinking water contaminated with aluminium
sulphate: retrospective study of the Camelford water
incidence. Br Med J 1999; 319: 807-11.

Priest ND, Talbot RJ, Newton D, Day JP, King SL, Fifield
LK. Uptake by man of aluminium in a public water supply.
Human Exp Toxicol 2004; 17: 296-01.

Suarez-Fernandez MB, Soldado AB, Sanz-Medel A, Vaga
JA, Novelli A, Fernandez-Sanchez MT. Aluminium induced
degeneration of astrocytes occurs via apoptosis and results in
neuronal death. Brain Res 2003; 835: 125-36.

Mazzaferro S, Perruza I, Constantini S, Pasquali M, Onorato
L, Sardella D, et al. Relative roles of intestinal absorption and
dialysis  fluid-related exposure of aluminium in
haemodialysis patients. Nephrol Dial Transplant 1997; 12:
2679-82.

Flaten TP, Alfrey AC, Birchall J, Savory J, Yokel RA. Status
and future concerns of clinical and environmental aluminium
toxicology. J Toxicol Environ Health 1996; 48: 527-41.

105



Journal of Bangladesh College of Physicians and Surgeons

Vol. 23, No. 3, September 2005

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

106

Kausz AT, Antonsen JE, Hercz G, Pei Y, Weiss NS, Emerson
S, et al. Screening plasma aluminium levels in relation to
aluminium borne disease among asymptomatic dialysis
patients. Am J Kidney Disease 2002; 34: 688-93.

Klein GL. Metabolic bone disease of total parenteral
nutrition. Nutrition 2001; 14: 149-152.

Hawkins NM, Coffy S, Lawson MS Delves HT. Potential
aluminium toxicity in infant feds special formula. J Pediatr
Gastroenterol 1994; 19: 377-81.

Driscoll WR, Cummings JJ, Zorn W. Aluminium toxicity in
pre-term infants (letter). N Eng J Med 1997; 337: 1090-91.

Sorgdrager B. de Looff AJ, de Monchy JG, Pal TM, Dubois
AE, Rijcken B. Occurrence of occupational asthma in
aluminium potroom workers in relation to preventative
measures. Int Arch Occup Environ Health 1998; 71: 53-59.

Vandenpas O, Delwich JP, Vanbilsen ML, Joly J, Roosels D.
Occupational asthma caused by aluminium welding. Eur
Respir J 1998; 11: 1182-84.

Klein GL, Herndon DN, Rutan TC, Barnett JR, Miller NL,
Alfrey AC. Risk of aluminum accumulation in patients with
burns and ways to reduce it. ] Burn Care Rehabil 1994; 15:
354-8.

Klein GL. Aluminium in parenteral solutions revisited again.
AmJ Clin Nutrition 1994; 61: 449-56.

Van der Voet GB, Schijns O, de Wolf FA. Fluride enhances
the effect of aluminium chloride on interconnections between
aggregates hippocampal neurons. Arch Physiol Biochem
1999; 101: 15-21.

Morris CM, Candy JM, Oakley AE, Taylor GA, Mountfort S,
Bishop H, et al. Comparison of the regional distribution of
transferrin  receptors and aluminium in the forebrain of
chronic renal dialysis patients. J Neurol Sci 1999; 94: 295-
306.

Ogborn MR, Dorcas VC, Crocker JF. Desferoxamine and
aluminium clearence in pediatric haedialysis patients. Pediatr
Nephrol 1991; 5: 62-4.

Monstad I, Dale I, Petlund CF, Sjaastad O. Plasma
exchange in motor neuron disease-a control study. J
Neurol 1979; 221: 59.

Ashraf Ali. Study of trace elementsin CSF in MND. Thesis
for MD, Neurology. IPGMR, Dhaka,1999.

K Sood, D Nag, SV Chandra. Role of aluminium in sporadic
motor neuron disease. Indian J Med Res 1999; 12: 9-12.

E Otero Siliceo, Mencoa NA, Vazquel TC. Frequences of
motor neuron disease in a Mexico city referral center. La
Revista de Investigacion Clinica 1997; 49: 445-48.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Williams D, Windebank A. Motor neuron disease. Subject
review. Mayo Clin Proc 1999; 66: 54-73.

Swash M. Motor neuron disease. Postgrad Med J 1992; 68:
533-37.

Durrleman S, Alperobitch A. Increasing trend of ALS in
France and else where. Are the changes real? Neurology
1989; 39: 768-73.

Caroscio JT, Mulvihill MN, Sterling R, Abra B. Amyotrophic
lateral sclerosis- it's natural history. Neurol Clin 1987; 5: 11-
17.

Mitsumoto H, Hanson MR, Chad DA. Amoyotrophic lateral
sclerosis- recent advances in pathogenesis and therapeutic
trials. Arch Neurol 2003; 45: 189-99.

Crapper DR, Krishnan SS, Dalton AJ. Brain aluminium
distribution in Alzheimer's disease and experimental
neurofibrillary degeneration. Science 1973; 180: 511.

Alfrey AC, Le GendereGR, Kaechny WD.The dialysis
encephalopathy syndrome: possible aluminium intoxication.
New Eng J Med 1976; 294: 184.

Yoshida S, Yase Y, Iwata S, Yoshida H, Mizumoto Y. Trace
metals and it's relation to pathological changes of motor
neurons in ALS. Clin Neurol 2003; 27: 518.

De Boni U, Otros A, Scott JW, Crapper DR. Neurofibrillary
degeneration induced by
Neuropathol 1976; 35: 285.

systemic aluminium. Acta

Klatzo 1,
production of neurofibrillary degeneration. I.

Wisniewski H, Streicher E. Experimental
Light
microscopic observations. J Neuropathol Exp Neurol 1965;
24:187.

Yates CM, Gordon A, Wilson H. Neurofibrillary
degeneration induced in the rabbits by aluminium chloride:
aluminium neurofibrillary tangles. J Neuropathol Appl
Neurobiol 1976; 2: 131.

RD, Pena
neurofibrillary degeneration. 2. Electron microscopy,

Terry C. Experimental production of
phosphate histochemistry and electron probe analysis. J

Neuropathol Exp Neurol 1965; 24: 200.

Gajdusek DC. Interference with axonal transport and
neurofilament as a common pathogenic mechanism of certain
diseases of the central nervous system. N Eng J Med 1985;
312: 714.

Ganrot PO. Metabolism and possible health effects of
aluminium. Environ Health Perspect 2003; 65: 363.



