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Amyotrophic Lateral. Sclerosis  
and M etallic Toxins

' by

Robert D. Currier and Armin F. Haerer

In a recent survey of amyotrophic lat eral sclerosis  (ALS) and  

mult iple sclerosis in M ississippi^  i t  was noted tha t  amyotrophic  

lat eral sclerosis was more common in persons who ha d engaged in  

nc-avy onysical labor, part icular ly farming. As a c onsequence of  

ana in aadit ion to the history of heavy labor an app arently, dispro­

port ionate number appeared to have been exposed to me tal-containing  

toxins in t heir  work. ..

References regarding a possible relat ionship betwee n metal  

t oxicit y and amyotrophy can be found in the l i t erat ure dating back  

to the work of Wilson in 1907^ who reported ALS- lik e amyotrophy  

from chronic lead poisoning. Chronic mercurialism i n farmers was
O

incriminated by Brown as a possible cause for a syn drome resembling  

4 •MLS. Kantarjian more recent ly described a sim ilar s yndrome which  

followed poisoning by ingestion of mercurials. There  do not appear  

to ;ie any reports of an acute or delayed amyotrophi c syndrome as a  

consequence of exposure to gold, si lv e r ,  zinc or ars enic. However,  

no detailed invest igat ion of chronic or acutd intoxic at ion by heavy
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3 or arsenicals as a possible cause Of cl in ica l ly  ty picalmet al  compound

ALS apoears to have been undertaken. Heavy metal an alyses on t issues  

from such pat ients have not. been reported in det ai l , possibly because  

reliab le nietnods for test ing are of-m©*g recent de velopment.

Because of the frequent posit ive history of exposur e to substances  

containing metallic compounds in the present series  of pat ients witn ALS  

i t  was f e l t  that a systemat ic search for t races of these substances in  

the u rne and t issues might oe worthwhile and that  e mpirical therapeut ic  

t r ia ls with various chelat ing agents might be ju st i f ied , even though  

there might not be increased concentrat ions of thes e metals in the body  

f lu id s. ■ '

Reports by Steinke ant others have hintetl that  an associat ion may  

exist  between ALS and abnormal carbohydrate metabol ism. Pyruvate repre­

sents a focal point in in t racel lu lar  carbohydrate me tabolism which may  

ce deranged as well in some metal intoxicat ions, no tably arsenic, but  

also in lead and mercury poisoning to some degree. S ince a possible  

abnormality of carbohydrate metabolism might theref ore exist  in ALS  

pat ients due to metal exposure, the serum and cereb rospinal f lu id  pyru- '  

vate in a port ion of the present group of pat ients w as also invest igated.

Methods

Over a four year period (1962-1966) 31 pat ients wer e examined and
i

found to have def inite ALS arid were thus included in this ser ies. The  

t oxicit y studies omit 10 of the 31 because no speci mens were obtained  

for various reasons. . .

detailed histories were obtained with special empha sis on exposure  

to metals, and neurologic examinations were done on  all. pat ients. The
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usual baseline invest igat ions for establishing the diagnosis of ALS  

beyond reasonable doubt were carried out, including  x- rays, electromyo-  

nraphv, cerebrospinal f lu id  examinations, et c. . '

Analyses for lead, mercury and arsenic were done on  24 hour urine  

specimens that had been collected so that  the urine  never touched metal  

and shat were stored in washed metal- free container s. Three laboratories  

empl jying dif ferent  methods performed the analyses . Bio-Science Labora­

tories of Van Nuys, California used a modif icat ion of  Hubbard's method^ -  

*or mercury analysis, t heir own unpublished method for analysis of lead,  

and a spectrophotometric method for the determinati on of arsenic. The y  

Tnirc United States Army Medical Laboratory at  Fort  McPherson, Georgia  

usee a modif icat ion of the method of Cholak for lead d etermination and
O

the mercury determination method of Nobel and Nobel . The methods used  

oy trie M ississippi State Chemical Laboratory were those of Elkins^  and

the Chemical Rubber Company.

Therapeutic courses of versenate, penicillamine and  t h ioct ic ( l ip o ic)  

acid were given to several pat ients, The det ails ar e described under re­

sult s.

Lead and mercury analyses on autopsy t issues were p erformed by the  

Kettering Laboratory of Cincinnat i (Drs. Kehoe and Tepper).

Results
i

A total of 31 pat ients with def init e ALS were studie d. An addit ional  

15 pat ients with piobable, rather than def inite ALS in whom the history  

and result s were sim ilar were also studied but w i l l  not be reported in  

detail at this. t ime. The majority of the pat ients l ist ed  in Table 1 were  

males as is t rue in most other ser ies. The division  between whites and  

Negroes corresponded to the population dist ribut ion  in the state of

¡̂r 0015072
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Mi ssi ssi p p i  (58% ;h it e) . The age of  onset (54 years) and durati on of  

disease (3 years) correspond well with those of othe r ser ies. None of  

the pat i ent s had signif icant  abnormalit ies on x- rays of the spin e and 

sku ll . Eighteen of the 31 were studied with electro myography which in  

all cases was consistent  with ALS. The cerebrospinal  f lu id  was normal  

in 23 pat ients and showed a slight  increase in prot ein in f ive. Three  

pat ients had myelograms which were normal. Postmort em examinations on  

7 pat ients were consistent  grossly and microscopica lly with a diagnosis -  

of ALS.

Table 2 summarizes the occupational data. Ten pat ie nts were f u l l ­

time fanners growing cotton and other crops. Eight  o ther pat ients  

were part- t ime farmers. Thirteen performed non-farm ing heavy manual  

labor throughout most: of t heir  l ives. Seven pat ien ts had occupations  

witn only slight  or moderate physical exert ion, and  several others did  

part-cime work involving heavy physical labor. Ther e is obviously some  

overlap between these groups.

Table 3 det ails the history of exposure to toxic ag ents. Sixteen  

pat ients, about half , had a def init e prolonged expo sure to toxic materials  

Nine of these were exposed to sprays and/ or compoun ds used in t reat ing  

cotton seed (seed disinfectant s)  which contained- v arious mercurial com­

pounds. Five of the 16 worked with substances conta ining lead and two
i

were exposed to other metals. In addit ion, ten othe r pat ients had pro­

bable exposure to metals as l ist ed  under I I  in t his  Table. Seven pat ients  

(tad no def inite history of exposure to toxic agents  or- the history was un­

certain. Several pat ients had more than one type of exposure.

MetaJ detenninat ions. Table 4 summarizes the concen t -ations of lead,  

mercury and arsenic in urines of the pat ients before  treatment with
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crelat inu agents. Six arsenic determinat ions, 20 lea d determinat ions, and  

lb mercur determinations were done. The average con centrat ions in micro­

grams per l i t e r  of urine are f ist ed with the range in micrograms per l i t e r  

a? a the n-.mber of pat ients who showed excret ions above the “normal" l im it  

given by -.he laboratories. There were two pat ients  with elevated urinary  

kad  concentrat ions and one with an elevated urinary  mercury concentrat ion.

Tab! ; 5 compares the heavy metal excret ions of pat i ents with a posi­

t ive expo .ure history to the excret ions of those w ho were not exposed.

F:.r arsenic, there were no values above the "norma l" upper l im it s in the  

u-'ir.es of pat ients with or without a history of ex posure. Two pat ients  

nid sl ight ly elevated urinary lead concent rat ions, one of whom had a  

posit ive exposure history and one who did not give such a history. The  

one nat ion1, with elevated mercury values st at ed  th at  he had not been ex­

cised to a- ' mercurial compound. In a l l  pat ients w ith a history of  expo­

sure witn f )ur exceptions (pat ients #1, 22, 28 and 30, Table 6) the ex­

posure had continued unt il the onset of the disease . The urine sample  

was obtaine i d-uring the usual diagnost ic hospital izat ion period at  an  

average time of one year af ter onset.

Table 6 summarizes the exposure history, treatment regimens and  

metal determinations in a l l  exposed pat ients. * "

Thus, i t  appears that  although there is frequent ly a history of
• i

o<posure these substances are not often present in abnormal amounts in  

21 hour urine specimens and there appears to be no correlat ion of the  

history of exposure to the amount of toxin found. '

I t  cat be seen that  the laboratories give dif ferent  values for the  

upper lirnics of normal for heavy metals in the uri ne. In the present  

study each value is considered normal or abnormal in  relat ion to the
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figures  Given by the laboratory perform ing the t e st .

However i t  must be remembered that  upper l im it s of n ormal for these

elements are related to levels set  with considerat ion  of the possible  

production of symptoms in pat ients with a history o f known exposure.

Tne true normal excret ions of lead and mercury in no n-exposed per­

sons are considerably lower; lead being 32 / jg/ L uri ne (S.D. ± 10 / ig ) ^

and tne total daily output of mercury in the urine b eing 10 to 50/ jgJ"*
> '

l i i l f  and Castano state that  "because of the discrep ancy in the  

l i t erat ure as to the normal urinary lead content we  have assumed that  

any urine containing more than 50 micrograms of lead pe r l i t e r  is worthy  

of notat ion." In the light  of t his comment, i t  might  be pointed out that  

mere 'were f ive dif ferent  pat ients before treatment  in our series with one  

or more- values each that  exceeded 50 micrograms of lead per l i t e r  of urine.

Pyruvate st ud ies. Studies of the blood pyruvate con centrat ion on  

fast ing specimens were done on f ive pat ients and sp inal f lu id  pyruvate  

was measured in 7 pat ients. These were al l  within t he normal ranges.

Treatment. I t  was f e l t  that  perhaps a single urinar y 24 hour sampling

for arsenic, lead or mercury might not ref lect  adeq uately the body stores

of these substances. For this reason, and since ALS  is a relent lessly

orogressive disease i t  was decided that  treatment .wi th chelat ing agents

¡night be worthwhile. Five pat ients received therap eut ic courses of ver­
' V I .

senate, four received penicillamine and three recei ved t h ioct ic ( l ipo ic)  

acid. Of those pat ients with consistent ly normal le ad levels before  

treatment, urinary load concentrat ions rose af t er tr eatment in three  

cases, f e l l  in two, but remained "normal" at  al l  t i mes. Of the two  

pat ients with lead values above "normal", the level  dropped to normal  

before treatment in one, and treatment did not chan ge i t .  The other
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'‘pat ient ' s lead value dropped af t er t reatment. The  pat ient  who had  

elevated mercury levels showed a lower urit  ary con centrat ion a few  

days af ter t reatment, but the concentrat ion had ris en almost to the  

pretreatment level 3 months lat er .

In none of the pat ients did the treatment appear to  change the  

course of the disease. ,

Post mortem st ud ies. Tissues obtained at  autopsy fr om 2 pat ients  

of the group were sent for lead and mercury analyse s to the Kettering  

Laboratory. One of these pat ients had no exposure to heavy metals but  

tne otner had a def init e history of exposure to var ious cotton poisons  

on several occasions. Both had normal amounts of hea vy metals in t heir  

urines done prior to death and both had pa.hoTogical ly verif ied ALS.  

Analysis of spinal cord, l ive r ,  and kidney in one, and bone, brain, l ive r ,  

kidney and spinal cord in the other pat ienr reveale d normal concentrat ions  

of lead and mercury with the exception of a sl ig h t ly  increased amount of  

mercury in one pat ient 's kidneys. This wa: interpre ted as possibly secon­

dary to administ rât 'on of a mercurial d iuret ic, alt hough there was no  

def inite history th; t  the pat ient  ever had been so  t reated. I t  should be  

notea that one pat ient  had been t reated with t h ioct ic acid and versenate  

and t ra other with ; enici 11 ami ne.

Discussion „ ‘
I

I t  appears that  no correlat ion can be made between the amount of

lead and mercury in any of these pat ients'  t issues and t heir  ALS.

Tne normal amounts of pyruvate in the blood and spin al f lu ids would

tend only to rule out acute arsenic or heavy metal intoxicat ion since the  

pyruvate (ioes not remain elevated for long i f t er  t hese toxins are removed.

I ne possib i l i t y must be considered that  exposure t o heavy metals or
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arsenic at an. ear l ie r  time in l i f e  may then or lat er  in i t ia t e  a process  

of abi otroohy which becomes evident cl in ica l ly  at  a time vhen pat hologic  

concentrat ions of such substances are no longer det ectable in the body  

f 1 ui*is or t issues. I t  appears d i f f icu l t  to prove or disprove this at

t ime. This is especially pert inent  since the presen t studies  

obtained from one to 20 years af t er contact with th e possibly toxic  

.......r^ rr- s. I t  thus is not un'xpected that  most of the evidence had d is­

; i f  indeed it-had ever existed. Perhaps study of t issues from  

oatienos with fulminat ing ALS r of some who died early in t heir  d isease  

£\'o\.. unrelated causes might gi e added informat ion.

The changes in lead and m rcury concentrat ions following the thera-  

;x_^ i ;■  t r ia ls uo not seem to p esent any consiste nt  pat tern.

it Can be concluded from he present data that  no relat ionship nas  

oe-jo shown between exposure to the substances anal yzed and amyotrophic

1 a coral sclerosis in this pati -nt group.

.ummary

The mai r i t v  in t his seri s of 31 pat ients with ALo  had been exposed  

so metallic oxins in t heir  wo -k but no convincing evidence could be  

fouua of abnormal amounts of 1 ad, mercury or arsenic in t heir  urine or

i n nccroosv ..issues .

\
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TABLL 1

ALS Series, General Data

Total pat ients  

Males 

Whites  

Negroes ,

Onset of disease, age

Duration of disease, average years

Spine x- rays normal

Spine x- rays mild degenerative changes

Electromyography done ana compatiole  
with ALS 4

CSF normal

CSF protein sl igh t ly up  

Postmortems done (ALS proven)

31

26

. 19

12 

25-76

3 (range 1-8)  

24

4

18

23

5 

7
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Occupational Dato, Pat ients with A.L.S.  
(31 patients)

Primary Occupation of Pat ients Secondary Occupation,  
i f  any

a of Patients

Farmer 10 Part- t ime Farmer b -
(cot ton- chief ly) Railroad worker 1

M inister 1
Manual Heavy Labor 13 Pai nter 1
(not farming) Secretary 1

Factory 'worker (2) Dental technician 1
' Elect r ician (1) Service SudiiOii accenudnt 2

Meat packer 0 ) Welder 1
- Athlete (1) \

Weider (2)
Carpenter (1)
Painter 42)
Cook O)
Construction 0 )
Wood work 0 )

Other Occupations _ 7
X-ray technician o r 4

Housewi fe (4)
Registered nurse 0 )
Barber 0 )

.Unknown ' 1

■ - . . . . . .

i
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TABLE 3 .

History o.f Exposure to Toxic Agents, Pat ients with A.L.S.  
' (31 pat ients)

Number o f :  
pat ients

\

I .  Def inite exposure by history
Cotton sprays and/ or t reated seeds _  
Lead (soldering, welding, and paint ing  
Silver  (x- ray developer)
Various metals (amalgams, et c.)

t  -

9
5

• * 1 
' J .

Total ' 16

I I .  Probable exposure by history
Cotton sprays and/ or t reated seeds  
Lead (paint , et c.)

>

■ A 6 ' 
4 /

Total ' TÏÏ

I I I .  No def inite history of exposure to  
toxic agents, or unknown 7

(NOTE: Totals exceed total number of pat ients,  
* more than one type of exposure.) ■

as several had

C\2
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TABLE 4

Excret ions of heavy metals (before treatment) of  
' al l  pat ients with ALS tested

Arseni c Lead Mercury

§ Pat ients ' 6 20 15

>ug/L urine excreted,  
average

5 37 \  23*
* ■

range, xtg/L 0-30 0-212 0-365* ;

number above * o 2
"normal" l im it s

* All but one were below 20/ jg/ L
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TABLE 5

Heavy metal excret ions of pat ients with and without  
history of exposure to each metal

Arseni c Lead Mercury

Exposed Not Exposed Exposed Not Exposed Exposed Not Exposed

/'
\ # Patients 4 2 7 13

v •
■ 4 . 
\ - 11

Average urinary 0.7 5' 42 39 \ 4 . 27
levels, >ug/L x ■

Range , xig/L 0-3 0-10 0-205 0-212 0-17 ' 0-365

# Pat ients above  
"normal" l im it s  
for tests

0 0 1 ’ 1 0 . 1
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