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(.‘-1:.’\;2:;.*:;::11 mani. festations of the presences of wimatural amounts of

sysi:em:{e lead depend upon ths particulax structures vhich are affected

an vameasured guaakity of 3.¢-ar1 seox'ed in the central md per.ipheral

" mervous systems as well as in the skeleton, liver and kidney muscles.

. or demaged zmd the.sp ave determined. by the intevsity and duration of

_exposure. In some inctances, the excretion levels of lead may refiect

& person’s on-g,-oin empcumc, but the actual 1ead burden must also inclt.de

" The ‘persisting effects of the encephalopathy, such as, mental retardation=
.- epflepsy and behavioral disoxd%r%, pay ba the redult of damzge occuriing

© during the acute intoxiceilon. It is important to recognize the possibility

that such chronic c.ell‘ular‘ &émage way be the result of the slow release

of etored lead from certain tissues, as well as continued exogenous

.::'_'.eicposufe-aﬁd ‘tib azpta.o.x. Fos., it is t:e’l Inowm (Kehc @, 1961, Biack, 1962)

that it takes twice as 1on¢ to exerete- an excoa»i\'e bu):t.en -of lead from

' -7 the body es it takes to acquive the buzden. Byers (185¢) felt shat wost

chi.ldxcn vho hive been dame ge.d jutellectually have been re-‘exp.,sed to lead

after t.reatment of the acute disease. Chisolm (1956} (1968) hss :‘epea;eaw

emnhasized the in‘partapce of continued environmental exposure to lead

“ & one Ezctor whish increases L'm incidence of severe perr_a.ncnt damage

) to the hra-?n a'zo-’zg sz.'-"ivo"s of an imtial attack of acute lead

eiicephalopathy., This "continued exposure"” may be caused by the slow

- yelease of stoved amwounts of lead, which dn themselves do not produce

" obvious symptoms, but nevertheloss may be capable of poisoning certaim
' jptraceiiular enryme systems -and producing lateat effects. An imcreaved

+ dmeldence of carebral hemorrhags 23 a late cffect in workers in leadwusing.

industrics has been ascvibed to the prnlon%u heavy exposure to lead

e ( Dingwall - Fardyca and I.ane.,' ,1963). Lene (1964) believad that many
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. ,';f“ probable' cases of poisoning in a poam:‘ "His feeble linbs droop and all .

persons carrying lead burdens insufficient to cause symptoms or to prédﬁce :

-~ disability from work have shortened life expectancies because of the

Sy, premature development of nephritis and in some instances cerebrdl

&

hemorrhage. Harriet Hardy (1966) has also emphasized the potent:i.al dangeaL :

" in low Ievel exposure - to lead.
In this discussion 1 sﬁall first review some of the clinical and

pathological aspects of the effects of lead on the nervous systém;;

- .-', ."secondly, relate some of the recent studies utilizing histochemistry

and electronmicroscopy to offer better diScriptioﬁ of some of the possible |
= wetabolic defects associated with lead poisoning; and thirdly, I shall
. .pfeseat sone of_ our own meaéuréments of leés obvious effects of lead |
h oz; pei:ipl';eral' nei've function ia --children. In the la:tt:er paxt 1 hope toA
evaluate with you our findings as to their pnss:!.ble value as a delicate

' 1nd1carer of continued cx;:osuxa to lead in oLnerwise asymptomatic

‘:Ludiv_iduals who have normal blood levels of leads - i o ’ T :

‘A.- Clinfical Features

.
-

. Nikander, the Greek physicﬁan of the second 'century befoté Chrisi: |
- described the peurotoxic effects of paralysis, and ocular 'disturbances of .
motion is still. His strxength is now épeut-". Paul of Aegina,' in the
" 7th Cen‘t.ury, iez;:ognized epile.jpS}'f as a result of vhat was probably. lecad
- poisoning. ‘Francois _Cito:ts-obs;zrv'ed.' pati.entshto have weegkness of legs and»_ ;
" feet, elbows and hands to follow the occurrence of convulsions in cases _éf . ‘
~"colick".. Frauchin .the p‘x}**ii:ia:; of ﬁal:taire, in an é;oa& entitled
© Wpa colica p:lcl"on publ:.shed in 1757, showed that the colieca pictomm

in Amjterdam was caused by water passing over leaden roofs into cisterns

where it was kept for drinking purposes. Ton years later, Sir George Baker

. . . LN . . . . ’
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‘?”‘:‘was able to prove that the Devonshire colic was due to lead-lined-

-

ceder presses. Indeed, whea the f£armers removed the lead linings from

theif cider pfefsses the Devonshire Col:i.c no ],onger occurred.

While the subtle symptoms and signs as contrasted with t:he obvi.ous

. or "outspoke are of greatest importance in making an early d1i18110815° :

v 8 v g o
M .

W I shall rest:rict my z.emarl:s to the ' outspoke signs and symptoms as

Minot (1938) used the woxd. Industrial lead workers have complained

S ~of 1essi‘mde, i::rii:ability, depression, -constipation and a_bdominal'

- discomfort. These symptozs are the same as thoce sometimes expressed .

FUPRURRUIEENN

by an emoi:ionall& depressed individual and cou_ld easily be overlooked.

et Individual czse r‘epérts l}a\;e beeﬁ many but‘several typical patient's

hi:::tor;t'eg may'be'of' Interest. O.ne‘ patient, was a lead malter, aged 34, who

'5‘{ had worked at the same job for té;t years without previous symptoms. He P

complained of a veak rigit handv. aithough examination revealed bilateral

o radial _ﬁgx_:_ge_ palsies, Except for a wild amemia, no other signs or symptoms

'"‘;;’_'l werc present. A second example is that of a 53 yeat -old business man vhose

: ) only possible exposure 'to lead was a water pipe-~line to his house. He

e e : 5o . -

complained of p:rogressive veakness and atrophy of his shoulder and arm muscle,s.‘.

More recently, Simpson (1964) described an "acetylene burner" who was -

torch-cutting lead painted steel on ships who developed a left .foot lldrop,

-

' .:.; hyperrefiexia,- rpastic gait,r and widespread muscle fasciéﬁlations.
‘. R were attributed to the_ effects of chrqpic legd poisoning. &ggg;g paraplegia
E -and hyperreflexia suggest nppér aches and Jower neuron damage. ‘In such cases
3 L the differential diagnosis between lead ﬁfeiopathy and spinal cord degenerations
J i; such as primavy latepai sclerosis and amyotrophic lateral sclerosis may be‘
P "quice difficulta Lead encephalbpathy' has been considered'more t;bigs*nén 1\; o

y * . K ¥ A .
M“ﬂﬂ" . ‘. o e ) . . *
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{ éhild:en tﬁan adulis. ﬁhen it &oes occur in'adults ié may ﬁisdiagnosed v

1; aé a ﬂrain tumor for example, there wvas a 28.jear old woman who complained
: _f¢f.intense headache, vomiting, diplopia, and periodic confusion £orh

l  about one months duration. She had papilledema and ataxia of gait. This

' picture-of increased intracranial pressure was attributed to a postexior

b

fossa obstruction until the history of ingesting an ounce of abortifécient

-

' in ‘adults masquerading as focal brain disease often with increased intracvamial =

"  pressure. Othexs have subtle'chanées'ih higher cortical function.

'Qpéthalmological disturbances have been agsociated in only 1 to 2 percent of
"+ cases of 5ystémic.lead poisoning. Sonkin (1969) reporte& finding lead

L pértiéles. appearing upon ophthalmoscopic'exémination. as glistening;

-, discrete, gray pigment concentrated in the tretina around the optic disk
gl in 8 of 25 workezs. He suggested that the ophthalmoscopic examination COnLE.
.'”:'j:frédiét those workers who would be found to excrete abnormal smounts of
':urinary lead., Grant (1962) stated that oéular symptons of lead poiaoﬁing
. afe not usually among the early bneé in adults, although it may be ona |
: of t?e first in children. 1In the ﬁajority of cases, the.onset of ocular
g symstoms has been gradual, On_the.basis of clini;al observations. 1t has

‘been possible to recognize disturbances of the visual cortex and supra-

geniculate pathways; optic nexrve, both retrobulbar and bulbax; retina,

‘* intraocular muscles; the lens; and extraoculat muscles. * The optic nerves

may be injured either by increased intracranial pressure orvby direct toxic

_action of lead on ;hé nerve. 'Pdpils:may be unreactive to light because’
- of the damage to pathways rostral to the lateral geniculate body. Many

" cases of acute and transitory awaurosis have been found to have associated

blurxing of the borders of the oétic nerve head, slight turbidity of‘the

——-gurrounding retina, and abnormal distension of the rgtihal veins. The onset

.

e .

s .
i e . S LI L o L R et R R Lol e et

SSwRNre——

DUP050312419

o &
.

|

.
i

3

1

.- containing lead was obtained. We have secen other cases of encephalopathy ( )



[

. to 1ow concantrations.(vm Oattingen, 1958).

R gl R - . T K .

in some;

chronic cases has bee'x accwxpamed by constrictlon in peripheral visual

- . fields a.nd in others- there has been a. central acotoma. Cl:.n:.cally, the optic
neuropathy of chronic lead poisoning has been likened to "tohacco-alcohol
amblycrpia. Optic neuropathy caused by excessive lead intske has been
'ind):}x}c\::;‘c‘liin animals (G:lannantoni, 1933) but the macham.sm is still unclear.
Ocular symptom.-. are fewer, it _seems, with tetraethyl lead than with inorgamic

lead. Synptoms due to tetxaethyl lead develop after Jong tern exposure o

3

' ‘ ' Iigt._‘{@}_@};g}_ peuropathy is considered a common neurologic manifestation

of indus‘i:rial hazards caused by sevei'ai substances, such as lead, acrylamidd, .

B organophosphates. and thallium. The 'radiaI nerve palsy is quite common

in .1ead, poisoning. In fact, it seensg there is a predilection for this
"nerve in the must active extremity, such as the right hand in a righz:

- handed lead worker. Scue older authors felt that this was due to the prox Lmi ty

: to t:he noxious materfal and that absorption through the skin was greater

: (Gusserow, 1861) ’ vhile Reznikoff and Aub (1927) claimed that aft:er an

e iuitxal_ period of contraction, it was the "leaded" muscle, not nerves

'exposed‘ to large c&ncentxati.ons of lead which became fatigued much more
rapidly:.-' and completely., Fullerton (1968) studied lead po:.soning, on per:.pheral
‘netves in five men who were exposed to this substance during theiz work.

"They all had rag:Lsed blood lead levels with mild anemia and one had had

abdominal pain. They had no abnormai neurological symptc.ms or signs. While

"  there wes not a significant diffevence betuveen these five men and twelve
age-matched contxol subjects as to the coaduction velocities in the

“ ) p'erone{il nerves s @ s.tat_ist;lcally significant difference in the proxinal

o and distal aumplitudes of the action potential extensor digitorum brevis

" muscle was noted. Fullcrton sugg‘.sted that the amplitude clmnges may be

e et
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- a very sensitive way of detecting minimal pevipheral nerve damage.

Of the neurologic manifestations of lead absorption in children,

- peripheral neuropathies have not been the most "outspoken”. Vatters
" and Barlow (1967) refer to lead meuropathy as “infrequent”. Pearlst

-(1966) consideled the central nervous system a more likely target in

ein
the chnd.

Seto and Freemau (3964) found only nine well documented cases of 1ead

:;neuropathy in chiidren in the Englxsh Jiterature and thirty-one othe

the hands, reduced reflexes at the ankles but increased at the knées'

.4_Routine blood lead level was 30 mcg/loo grams -of blood ‘urinaxy

rs

‘l referred to but in less detail. One of their patients vas a three and -

" one half year old boy who.showed proximal ﬁeékness, moderate wasting of

coproporphyrin was strongly positive, and delta amino levulinic acid

excretion wes 192.5 uM/day (normal 20 uMlday). Urinary excretion of

';lead was within the normal ranga;prior to calcium dicodium cdetate. .. .

:IEDTAJ, administration, after which it increased 1000 fold. Muscle

‘<contraction threrholds of the intrinsic muacles of the hands, wrist

flexors and extensor digitorum communis as well as the extensors of

" A two year old girl deécribed by Millichap (1952) whose blood level

the

feat were elevated. Electromyography revealed numerous f£ibrillations and-

"_ posifiveApotentials ian the same muscles, consistent with denervation.:

was

";"40'mcglloo_gr. and vhose admission to hospital was prompted by diaphragmatie

! paralysis, later developed a foot dfbp with electrical evidence of demervation.

-n . - o

S

weakness and when tested electsically. evidence cf denexvation was obsexved.

 All 9 cages had evidence of lead in boneu, anemia, and bas ophilic stippling.-

DUP050312421
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 The point was glsg made,' in referring t‘o the féur of five children repo:éed

by Bye:.s and Lord (1943), that in those instances of peripheral neuropathy

oty b, R Y Pe 8 s

;‘ e later evidence of mental deficiency hecame apparent. This may impiy that

BSE

g

the neumpathy and encephalopathy may actually occur together more often .
il . than has been 1ecognized.
: ' A ten year old boy came to my attention w;éh the ﬁbvious con‘lbin.ation
i of eﬁceph;lopatlhy and ng’mropathy. He had‘ been admitfed to hospital several
times ovei .t':he 1pl:evion§f fiv-e‘ years because of abdominal c;r:amps, usually:
'attributeci to his sickle cell ahemié which has been earlier diagnosed. His
. H hemoglobin averaged 5.6 grams for the year before the curremt admission. |
ol -~In addition, his blood pressure had been running at about 160/120. His
e . let:hargy and headache had been attributed to the hypertension. Although ’

| he began to walk with a high steppage ‘galt, probably because of the

weakness io his ext:en.,or muscles of h:.s feet, he was not brought to the ‘

hospital until several months later. A h:.story of pica was obtained and

. a blood level fot lead was found to be 13 mcg/100 gms of blood, urine
B ~coproparphyrms were positive, and x—-rays;of the distal metaphysis of the
femurs, tibia, f:.bula. radius, and ulna showred dense 'bands consistent )

- with exposure to heavy metal. EDTA proved the diagnosis. Nerve conduct:.on
, velocity studies showeé evidence of severe neuropathy in the peroneal . . o
_ ‘nerves, muscle :xction potentials could not be elicited. Conduction velocity
o f_.'".,'. in the ulnar and median nerves was slowed. In this chronic case the
encephalopathy and neurovathy had been neglected for various social reasons, |

| In enother instance I know of, the acute encephalopathy was quite o o

,dramatic 2s it was heralded by .a generalized convulsion which developed into

. ; . status epllepticus. After the ..pinal fluid protein was found to be increased

;’;‘(_153 wgmi) and the cerebrospinal fluid pressure elevated, arteriograms

R L U - . B L L L L R PRI frereT
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e by the 20th day, she appeared to be blind. Nerve conduction veloeity in

(2

- (Cantarrow, 1944).

. 8,

. vexe done to "rule out brain tumor". \Iot until t:he fifth hospital day

* “wag the urine tested for. coproporphyrins and found positive. The blood

' lead Jdevel of 80 meg/100 gm discovered. She was chelated with EDTA. This

. child, an 18 month old gi:.'l, was in coma for fiftecn days. When she awoke-

‘the peroneal nerve was norual at that time €68 m/sec) However, three

: months 1ater, at a time when her hair still showed increased amounts of

lead in the prow:imal portions, although the blood lead had come down,, her -

- conduction veloc.ity was reduced (44.8 M/sec.)

These commeats and cases indicate the likelihood that peripheral

- neuropathy may be a manifestation .of chronic exposuxe to lead, in
L _ _ conjunction with encephalopathy. In some instances one condititn overshadows

. the other. Reznikoff and Aub (1927) were convinced that muscle weakuess

i

' was the result of leed's effect o'x wug cle ‘eell memb'"ane pe*'m.abili..y and
‘was mnot duz to the nerve s’upplyg Other studies ci.te a direct correlation
between the low phosphpcreatine content o£ a poisoned mgscle and a dim:i,nished ,
' -ff' :'.capacity for contractidn. Since resimthesis of the hydrolyzed phosphocreatine
o is essential for muscle eacitability, the leaded muscle is remdered
X ; v:lnexcitable . It ig of interest thdt the deve10pment of fatigue in 1ead

L poisoaing is accompani.ed by increased urinary excretion of creatine. o o

v

- Modern biochemical studies have concentrated on the motor eud plate

.".:_’5j xégf.on of muscle. Of note is the finding that lead preeip:.t:ates at the-

esteratic site of eeetylchol:.nesterase, {Xoelle et al, 19_68). A mods.ficat:.on .
of the techaiqua for binding of gold "and lead complexes at the esteratic

4' f; ai.t:es of moter ead plates was accomplished by Kasa and Csillik (1966}.

A better electz.oumicroscopic delineation of the locala.z.ation of cho]inesteraaes

e Ne AR e L e S MR aln e Arp a6 b W AR GO Eepi BVeee R AN LS8
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Tl The:enaymatic activity of pre and post-synaptic mesbranes is comspicuous;

o slight acrivity within the synaptic cleft is present. A: terminal motor

. was\achibved by using copper. and lead together in the incubation. ' -

1\\ o

N Thistslide (#1) shows the acetylcholinesterase activity of a motor«end—plate

rat dlaphragm, as outlined by the Cu-Pb thiochnline technique.

- axon, ﬁ.lled with synaptic vesicles (SV) and (M) mitochondria, (JF)-' ST

' gzggggig;gg;ggggggm,(Sp). Most of the acetylcholinesterasg_vas present

at theiﬁbstsynaptic sites. Introducing the iead'into this histochemlcal

““l

‘ technique increased the electro1 density of the end product. Nawba and

Grobv(' Y ) have attempted to delineate, further, the prefcrenuial bind;ng

—— e St B o s Zaasi

mgtal ions. While the binding of divalent metal ions to the subneural

) apparatus included zine, cadmium, copper and tin, it is pointed out'that-

the appeatance of lead—stained sttuctures is identical with the subneural

" e e - -

"f'ngxpxatus stalned for cholinestevase acti ivity. The binding sites are R ¥

*-f;post~aynapt1c, as indicated by the observatlon that, folloving denetvation,

the axon terminal disappeared, but the cholinesterase activicy did not.

That the binding of lezd to post~synapthc subneural apparatus is not completely

: idegtical with the characteristics of cholinesterase actxvity was shown by
:‘-thé faéé'ihat the latter‘wés not affeqted-by freezing the muscle then thawing
B p;iot to staining, while bindiné of metal ions disapﬁeéted completely
:1when the muscle specimen was treatéd in this way. On the other hand, bindiuo::

- activity of the subneural apparatus to lead and tin was not influenced by

prior intramuscular injection of one millimolar solution of diisopropyl

fluorophosphate or neostigmine. Cholinesterase activity was complécely

inhibited by these compounds. Also; cholinesterase activitykwas somawhat

'i;;educed in amount in muscle in whlch the subneural cpparatus had been found

R et T L L*”A"
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with lead. These studies of Hamba and Grob are a part of attempts to

idaat:lfy some properties of the chol:.nergic receptor, but the differential

P ‘chaxacteristics of lead-bindina at the motor end plate may shed hght

" on some aspect of weakness found in lead poisoning. At the preseut: time

iittle is knowun about the influence of most metal ions on Heuromuscular

- e A — oy i o >

t:tansmissim. Metal ions do affect EUaCIB contraction (Sandow and Isaacson,
A1966) . A changv of external calcium ims has beea found to cause a change

B ) permeability of the post—-synaptic menbrane (Takeuchi, 1963), while

lovering the calcium concentration may. produce neuromusculax blockade by

" decreasing the pre-qynaptic release of acetylcholine. (Elmqu:\.st and

3 &léman, 1965). Calc.ium 15 normally present at the motor end plate in

bound form and is released as the free ion following nexve stimulation.

Nakamura, Namba, and Grob (1967) were able to demonstrate, the release

,;_.,;-‘,of.‘calciwa ions at the wmotor end plate,'— indicating a close ::clationship-
between the site of calciun release and the site of binding of divalent

metal ions. This relationship between i{alcilm and lead bin_ding may have

- significance. l-urther work is neeced. Such a relationship may explain -

' the predilection for palsy in the more ..ct:lve muscles. The lead dbinding

subétance at pos t-syﬁaptic nembrane was poal:ulated by Csillik (1963)

i to be an oxganized ]':_B_o—grotein. Studzuiski and Love. ’ 1964 demonstrated

P

the"binding of lead with nucleolar ribonucleoptotein of unfixed fresh.

" HeLa cells. A ' . e

.
'

Is it poés.ible that Pb~Lipoprotein c(mplexes_ are formed in a similar

'fashion suggeste»d eariier by Sayer?

Neuronc.;," and Encephalopathy:

.Evidence for toxic effect on ‘Aanterior horn cells and the peripherél

'-pet’\'e itself is convincing; some authors found changes in the anterior_'

s ) .
DRt . N = : Coe
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- roots and others also found changes in -dorsal roots. Spinal rootsvhave

- shown atrophy of anterior divisions. The anterior horn cells had

" eccentrically placed nuclei, Nissl bodies were dispersed showing

) chromatol}sis (Hasletttand Warrington, 1898). Edema and severe nerve

cell'degéneration seem to be prominent features of both acute and subacute

intoxication, (Alkelaites, 1941, Marsden and Wilson ). Emphasis has been .-

placed upon mesodermal changes, some of which resemble atheroma with

.. endothelial proliferation (Pelri” 1930). Blood vessels of the gray matter

" of the spinal cord and brain have bean commonly involved.

Routine mﬁcroscopic study of tbe pathologic changes in the brain

'1_ in cases of lead poisoning show patchy nerve cell degeneration and slight

,; vascular endothelial reaction. (Peatschew, 1958). Brun and Brunk (1967)

" studied the effects of lead experimentally in rats poisoned with'lead._v.

 Auiwmals killed oune day after the cessation of adwinistration of lead

41}% showed an increase in the quantity of lead inm the brains of rats. An

.if:‘idcteaSé in alkaline phosphatage activity was found in the capillaries. -

. Simultaneously, the acid phospbafase aétivity of the neurons appeared increased.
) Brun and Brunk (1967) explainad these findings the pathology lead encephalopathy

o as being in part due to autolysis. Reduced alkalina phosphataae activity

' was thought to be a result of a toxic inhibition produced by the lead’

: iesulting in daﬁage to the blood véssels, allowing traqédate formation and

petivascular ce]lu}ar responses. ‘

- e

;..égggggggg. These ave usually after acute poiaoning. These vere scattered

"-:Lin the walls of blood vegsels ~as. uell; Granular perivascular material has

| been congsidered evidﬂnce of carebral edema. Usually the brain 18 swwollen

—
et T
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vith evidence of a pressurc cone. In gome inscances, in the gross section
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. punctate hemorrkages are found.

- Large fibrous astrocytes are seen. Some. laden with fat.

pyknotie. and the mucleoli are indistinct.

Jl.r'.;w
Hicz‘o,scdpic,isections show exudate about

. blood vessels. The vevscls are d.ilat:ed, narroved capillaries, sone with

thwmbi, necrotic cells fat-laden cells. All leslons are patchy and o

irregnlar in distribution. Lesions in meningeal as well as cerebral

L vessels are prozinent, but more abundant in the white matter of the

centrum semi.vovale, internal capsn].e and in the coixpus callosum,

The nerve cells '

' show variable degrees of damage. The nuclei are uore basophil:lc. nearly

Necrotic cells are acattered

o . gbout end have irregular shapes., Most of the changes in nexve cells seem

related to vasculaor chanses and consequent presence of exudate in the = -

tigsues. They are similar to changes of ischemia aand hypoxia,

' The g_e_x;e_lz,e_l}m is intensely affect_ed in scute lead encephalopathy.

Lesions are mumerous in the molecular layer. Damaged capillaries, capill ary
thmmbi. perivascular foc:t of necrosis, hemorrhageb, and thin filws of

gerdus exudate about M}' capillaries aere found. Puzkinje cells are found .
to be vacuolated and even necrotic. Nexve cells qf tI}e dendate nucleus

are 'last;. In white matter there bl;re poole of perivascular serous ex‘ndace,-
perivasculay foémy fat-laden cells, and pigmented.cells. .Bas'al ganglia

and spi.nal corcl sho*.‘red similar ch'anges.' Cbviously, lesions of a leség:

degree must exist in 1ndividnals vho survi.ve. lead encephalopathy.

Neurochemi cal studies of che brai.n in lead poisoning have been 4

tecim:f cally difficult but: the fect that epileptic convul..ions. psyc.hotic
states and excitement aze common--symptoms of lead poisonigg, it is essential
to g:.onsidet certain aspeets of brain metabolism in this condition. Tower ¢ )

cites icad as one heavy metal which iaterferes with dbrain oxidative wmetabolism.

Becavse tetrasthyl lead £s & lipid soluble orgavic lead compound, It rapldly A

. . . . D I - 4
- : .t .. . ' : : v
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penetrates the skin and becapée it is so 'vqiatilé, it is rapidly‘
_' absorbed by inhalation. Continuved absorption of small amquﬁts of
. tecraethyl lead may result in classical s'yndrome of chr¥onice lead
: 'poisoning. Since the tetarethyl lead ha.. high lipid solubility, 1arge amounts
" gain aFcess to the central nervous system. Cren:er showed (1939) that
the tetracthyl lead was converted in the liver to triethyl lead. | Thus, the
: study of the‘ e:Efecté of tetraef:hyl lead on the nervous system must be.-concernéd

with triethyl lead effects. Triett_x_yl lead inhibits oxidation of g_lucose 2 by

< A s e o s mp e

brain cortex slices. This effect was, observed whether in brain slu:cs to wh:.ch
triethyl lead had been added in vitro, or in slices of the brain taken from
poisoned animale (Cremer, 1962). Some sr.udies of the effects in vitro of Pb

' on amino acida have been done. -Varnad1s and Quastel, (1961) showen that

tetrasthyl lecad inhibits active transport of emergy dependent amino acids

' .. into cortex at concentrations that show no effect on glucose mctabolisw of

e ,g_n_é_gl_:g_:_e_s_,_ Tetraethyl lead inhibited the oxidation of glutamate by rat
brain slices; it abolished, at low concentrations, potassium stimulated
- brain slice respiration in the presence of glucose, having no effect

“on vnstimulated brain slice respiration. Varnadis and Quastel (1961)

reported that‘when ac brain is' poisoned in the iiving eninal by adwinictration

- - von

: -ﬁf; ﬁii.@.k;@.i&.a&ig@i.&q .Ete&%er.e actively glutamic acid and glycinme. Since this
- disturbance coincides with ihe appearance of- pathologi;:al syuptoms it is :
o _reasonzble to assume that some of the neurologicul symptons of tetraethyl.
. . lead may be a conéequence of.the failure of the ﬁrain cell go transport
.amino ‘acids, and possib iy ot.her ions, acroos the neuronal membrane.
The iwportance of glutamic acid is emphasized by the faci. that it .

. :!s tlie sola substtate capabls- oE sus ..aining cexebral r.atabolism in t.he

: v . . > . ST
RO .o R

B .. . .. - . .
. . P T T LT T L E v ‘e . "
- B 5 . \‘
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' :A.. .abs’en'oe of ‘g]ucose (Géige;:. A., -1958). Glutamic acid 1Is of central -

:x.mportance in the transfer end metabolism of smuwonia. During seizure

,,; "

- partly,(re,pon sible for initiation of seizuze actz.vity in certain situations.

.lslthoug‘h,, seizmccs cacountered in acute lead encephalopathy may be duve to -

'neuroﬁal‘ exicitaation related to local edema or vascular reasons » inter-

fer?j. e z.th flutanic acid met:abolism by le.ad may result in reduction
. of’ ’(GABA) gaana eminobuty"ic acid produc:::.on. This might be done by

"affecting the em.ymas and cofactors such as ' T

: 1. 'G}.utamic acld decaroosylase (GAD) w‘xich decaxboxylatea glutemate '

‘.'.;'.:_ tP GA“’A° .

s 2. G.“s‘.utamc acid dehydrosanase (GUD) 'which reduces alpha-;ketoglutarate

S

' to glu.,«mic acid.

3.' -ljyrlaoi.al y’hotm_hat:e matc,bolizﬂd from pyridoxine (BzP), vwhich functio-m

'as the c.oenzyn.a Eor t:ransamination reactionis used for ‘glutamic acid

¥ !

decarboxylase in the synthesis of GABA

j Gamma am:lnobutyric acid has been considcred an :a’uibl.tary tr.;.nomitc‘ar or
depressant noderatoz, and interfereuca with GABA production ni{;ht produce

| seizures by incr-.eaaing nzuronal excitabilicy (Cu ctis, 1960. 65). Crenmeyr (196&)
o repo:ted that normal braln slicee incubated in vit.ro with (—140) glucose '

ishowed that GABA a::tained the highest Specific activity whareas both

glutamine and aspartic acld hatl specific activities sbout” half th:u: of

. glutamic .acid. Triethyl lead had no inhib'!.t:orv action on glutamic acid

decarbo::ylase {GAD) sctivity. Byains of rats, given tyiethyl lead which

_shéwed excitcble beh vio; progravaing to pe:mancnt rremcxs, contained :.nczemed
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amounts of fxee glutamine after eloctrical stiwmulation, but not after

R . metrazol or picrotoxin seizures. Further clin{cal evaldaticﬁ of this,miéht
© include study of the use of pyxido‘:ine ox glutamj.ne ia children with
“‘ ',‘Sei?ut.es due to acute lead po{soning. o K T -

o Peripheral Kerves

Gorbault (1@80) and de Villaverds ( ‘ ) demonstiated segmenta}.
,parench}"matuus degeneration of myelin sheaths and axis c:}lindera affecting.

o the distal parts of the m;tor fibers and wotor eund plates; Recent

. careful electroa ‘microscopic stiduezs of experiwental lea;l neuropathy by
Lempert and Schochet (1968) showed that while Schwamn cells and myelin
sheaths were primarily damaged, axons also shoved degenetar.ive and rcactive
Vo changes. Dagenerating axons at a distance from an area of traumazre’

- chavacterized bby granulax disiﬁtegration and clumping of axoplasmic organelles, =

s

mulet:eactine .axons ghow sbuadant. mitochrondila, vesicular elements and
. membz:?m_:us dense bodies. Remyelination takes place as Schwéqﬂ cells ‘
wrap theamselves éround thé denuded bﬁt,_other ‘w:Lse noimal éxons. ' The formation
o [ - of new myelin lamellae -hy the éﬁposition and fusion of the enfolded plasma
. ;:;_‘ membrancs does mot differ from'normal'myelinatidn or from re'myelinatioﬁ as
described inhuman hypertrophic peuropathies. ‘Before some of -the sheaths
- became fully restored, 'y:he;ir st_tppgrting Schwann célls a;gain degenerate.A
. Each de;genérated Schwamn cell ]Le#vés behind a basement lamina that slervevo‘ ‘
‘as a scaffolding along which other Schwann cells grow. Repeated degeneration
and reganeration or prolifera..ion of Schwann cells Jeads to the fomat.:lon

of “onion bulbs" arcund axons.

(#1) A transverse section of a sclatic merve of a rat om a lead diet for
fouxr months showed no pathologich]_. ;:ﬁanges, stained with paraphenylene-

e  diamine.
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P (#2) At six months of lezd diet, myelinated éxo"n are s separated from

- each othexr and there are wide distenslions of the sheaths (arrow). .

et 8 s o o s it

' macroph.;aes filled with myel:ln debris are seen.
(#4) A sciatic nerve from a rat after 8 months of lead diet: shctrs numerous

- vemyelinated axons, sonme 6f which are surrounded by concentrzc layers

of Schwzann cell processes (arww)

B 'Ihe next slide (4) shows a portion of a'disrlntéguééing myelih sheath
from a Tat on a lead diet for _s_g_gg_xl_mnthg. It showe splitting of minor
and major dense lines and transformztion of myelin laiiellae into mewbranous |
- .. blebs (x50,000). - §lide #5 (#17).” 4n axon f£rom A rat on a lead diet s
L .::-; -« - for seven months is enclosed by a Sciiwann cell forming a new myelin lanellaze.
[ Other eytoplasmic procegses are 'i.nuthe space ‘Betwee'nA the Schwam cell
| and ';he-_ rements of the old neéroicmél tube or basement lamina (xlo;OOO)

- (#18) In the lower Aelectronmicrograﬁ)l{ show:lng an axon enclosed
: by a proliferated Schwann cell. Processes from other. Schwana cells grow

along the imzar surface of the basemeni: lamina or. old nem:olemmal tube
o (arrmw). - o
o \ lide. (#23) Thn onion-bulb formation around an axon show:lng
beginning remyel:l.nat.'.on from a rat on a lead diet for § months. Macrophagea _
' (MP) are seen between the couéenﬁricl: ia};ers of Schwann»cel‘l‘ processes (xGGOO). '

Lampert and Schochet offer as an explan:;tion for the proecess of

E " demyelinaticn and remyelinatioﬁ in lead neuvopathy two .possibili.tie_s:

1. that a svbstance having porphobilinopen as a precursor is somehew essential

£or the naintenance of mvelin. Such occurs in porphyria, in vhich a blnck '

dccurﬁ in the 1i ivair rGSth.:lna in encretion of excess poirphobilinogen and
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e 2nd. _is based on the _possibility t'.hat lesd causes vasodilation and produced

-

. _gltered vascular permeability. Evidence of-:}nfraeudoneural edena

~was seen, and such accumulation of exudation of protein vich 1riaceria1

‘¢

wit:hin the eadoneural com})artmant could produce damage to the Schwann

ce].l by preqsure or indirectly by ischemia.
" slide 10

'i'he-most conspicucus capsular cell changes were seen in those

animals showing Wallerian c}g&eneratio:j__ in the psoterior merve roots

. and in sclatic and tibial nerves. Schlaepfer susgested that the dense .

- bodies contained & particulate _material w‘zich has electron density -

characteristics of heavy metal coxqpatib le with lead.

L. Slide 11

v Evidcnce of segmental demyelination and remyelination was noted.

{2) seen here is a (8) whole-uount teased preparaifon of tiblal narve

: ?: , - sho*viug Iinear zxrrangeman" of osmiophil:.c deoplets in a fiber viidd rgoing_

*  Mallerian dcgeneraﬁon. (arrow). R —

: : ‘(b) (9) shous segmantal loss ‘
S ': (e (o) unequal thtcknesses :lndicate remyelz.nat::.on ,
"'._‘r,',sude 120 e e e

Axoglasm :maersoing granular degeueration
SL Siide 13 , - o
' Summarizeé histedleﬁical studies. In section 11 and 12 is seen the
' ~acid phosphatase activity in the nodal onplasm with unilateral sp::ead
S :lnto the adgacent: m.oplasm, (13) accmnulation of acid phosaphm.ase activit;

! " along 3 succesaive nodes, and- (17) acid phosphatase sctivity Io]lcvin" the

" arrays of lipid dabris after Wallcrian d"g.,netat:.oﬁ.
e i

v .o . . SOl il
. . S - . ~ PN St s

. S I

e
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o ’ Schlaepfer (1968} produc.ed nauropathy by "eediug rats 1% lead

. acetal.e solution fox pcriod.. of 3-18 months. He obse:.ved wldnspread segmanted

. demyelination znd remyelination in peripheral nexves and the spinal nerve

-

: z:oof.s. A selective involvemeat of the cz;p_sular cells in spinal ganglia

vas c.haracterized by a proliferation of these cells and an accumulation
' qf dense bodies t-:ituin their cytoplasm. These dense bodies contained

. a'pm:l:iculate material whiéh has the electron density characteri_._i;ti.csb of

G ] ‘a heavl mz2tallic substance, compatible with lead. - An increase in

o e >

: neurofilamants and a relative pauci.ty of endoplasmic ret.;tculum was

seen in soma a.;sociated sensory ganglion cells, ch.e striking neuronal
alteration, howev'..r, occurred in the distal peripheral nerves and in the:

‘pqsterio:.; nerve roots, in the form of Wallerien degeneration. The

-

o dccnmulatim of acid phosphatase actiﬁity in the nodal axoplasm of some
periphoral nerve fi‘bers appeared as’'an early form of a}onal in;;ury and attested_ .

to a special r<=activity of the nodal region. Schlaepfer concluded thac

A s the coexistance of segmental degeneration and Wallerian degeneration

: _.Q? E “4n per;tpheral nerves of lead neuropathy may refu].(: from a common metabolic

-

lesion of the s,upporting Schiwann and capsular cells,.™

Slide 9 - Phase contrast exemination of dorsal root ganglia from

vthe e:;pefir-:ental aninals revealed an increase of capsular cells which

‘ occm:red in a (.ircmnferential manner around individual gangl:.on cells e;.nd
'-Afocally in the intervening tissue (fig 1-2). The arrow in figure 1 s‘howed
R accmulation of dense bodies wi.thin cytoplasm of p;:ol:lferating capsular cells. :
‘- Figure 2 shws a gang1 ion cell surroundnd by a seam of capsular cells

'containing denge ganules (arrow)
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awzla Fullertea (1966) had reproduced Gombault's experiment and

(guinea.

Lyl
,.(;A

t:lon :(Slide 14). bpif ferent stages af demyelinatim vere usually found

\Pig) demonsttated teased nerve fibers undergoing segmental degenera-'

imthe same aninmal and in different parts of the same nerve. In the

"

f:lhers Imt: no decresce in the mmber of small diometer f:lbc.rs. She felt

that he ptolonged lg.tenc.?.es (Slide 16) were not due to wanasking of

L more llbu?g conductiny fidbers but rather due to degensration of nerve

o fibers.\ Fullerton m..asuret’ motoz nerve donduction velicz.ty in these animals

and ho’ued that it: wag below norual (Slide 17). As unentioned earlier (1369)

F's‘:.llerton neasured conducti‘cm latencies in 5 lead wo-ckers -and £found no
significant slmving of co-zduct:lon velocity in the peroneal nerve.

However, by us!.ng the amplitude of the pot:ential following stimulation at

: th- knee e 'pzeasﬂd as a percentage of. that follavzing stimulation at the B

R .-ankle, a; differ:ence emerged between t:he lead vorkers and 12 com:rol subjects.
The Qif__fe,z;enqe between the two;me,ans is significant at less than 1.01 level

.‘ (Stédenlﬁ \t" test). The explanation given is that conduction is reduced
invzéniy.,';a’few fibers. This woui& not. affect maximal velocity but the

potentie.l viould becone more disi:es:sed the greatef the conduction distance

INETR R

~ and thus affect the ratio. Fullerton suggested this method as a senmsitive

" way. to measure peripheral nerve damge. She asked what level of lead

' *  poisoning wight be neceded for such small chanzes in mam? This question

. was raised years ago by HMinot ( __) uhen he reviewed studics of the

D

- . physiolesical cffects of sm2ll srounts of lead. He cwphasized the need

. to reassess the maredn of safety betireen tlie lead eggppsuré of the average

ant 0 s

: ind:l.vidual and those smownts &eneral]_.y "eg_g_gnized as dangerous,

.p.-w-— [ ' L. . K e e
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to endogenous lead being slowly released from stores in’ bone and

o relationship?

N

¥hat pexcentage of the patients with acute lead encephalopathi may.

+

: : have evidence of perinheral neuropathy as well? . Could these cases

C represent cnro.aic exposure with an acute precip.ttaf:ion of encephalopathy,
* which may have ‘been prevented 1if the ninimal signs of neuropathy could |
O_havg been détected? Are the 'cl;ildren Awho show neuropathy later, . o

- after an acute encephalo'pathy, teflecting the continuing exposure

R soft tissues? Or simply, are these changes in peripheral nerve :l.n

- some patient:s and not in others the result of a dose - respoase

We have tried to answer some of these questions by measuring nerve

.,_;j:.‘éondttctxcn charm-t:nri ~=( s .m a gorup 'of ,chi‘ldrcn kpcnm' to ha\fé been. ‘
- exposed to lead., Saven child en had had frann evidf-nce of encephalopathy. '
- with séizures, stupor and behavior chauge. Eleven were the sibl:mos of
] ‘zpatient:s with Pncephalopathy or were picked up as suspect in a clinic

‘ screening by the hair test of Kc.o:t.to, 'Byers, and Sch\mcim'mn. Nope .

had obvioz:., evidence in their hospital mcor.ds of perlphexal neuspathy,

although se.veml had ataxia of gait or unsteady stance. Most of these =

. children were atud’ed fc*‘ ha:Lr lead concentration &as saell. In those

patiénts in vhou the blood lead was not significantly elevated but the

“.. - hair lead levels were couvincing, EDTA provocative tests proved the

diagnosis by libevating lead into the urine fron{ stored i:issue‘sites.

. -Corduction studieé weve done in three childrzen within two woeks of a

g diagnosis zad after chelation had baen instituted, It tokes 21 days

after dencrvation to get slowed conduction. In those cases the studies

_—.were repeated three months later,  Two children were studied 6 months

DUP050312435
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and tu'vp one yegr after inltial diagnosis; five were donez after 2 years

", and five were studied three years after initial diagaosds. The children

AR

i _were all awake and drugs were not uged for sedation.

Stimulating eledtrodes were placed at the peroneal nerve gs it

" coursed’ around the 1atera1 head of the fibula. Surface recording

electrodee vere placcd over the extensor digitorum brevis tauscle. Distal

st:imulation was done by placin{, the sti.mulatino electrode over the amterior

. tibial nerve, the branch of the pcro'xeal which supplies the extensor

- digitorum brevis. Recordings were wmade on an oscl.lliscop° and photographed

for later measuremant. Thxeshold stimula‘.:iom- at a constant duration

(0.1 millisaconds) smgle shocks, delivex.ed at a frequency of one per

second and a \roll:ag,e of fifty to one hundred and fifty volts were doze. .
A ground lead was placed on .the leg being studied.

Results ware 'analyzed in the following momner. (Slide 18) Thresheld

~ curves were obtained., No co;xsiatenﬁ corzelation was faund in the minimal

.~ wvoltage required to obtain cither a muscle response or an evoked response -

. measured over the anterior tibial nerve vhen stimulating the peroncal

nerve. Threshold for the pat:ienté reage from 50 to 100 and the supramiximal

response was obtained sbove 150. There seemed to be no correlatlon between

RS ) _ the threshold or supramaxinal stimulus and the condustion velocity or amplitud'-'-

- of responce obtnined. ,gp_pramixximal stimulation produced the type of muscle

- xesponse recorded and shown on this slide 10. The time between the stimulus

ertifact and the initial upt?ard deflect:lcn is the latency. The latency

. of the prozxma.l reaponse and the distal zesponse are subtracted and the

difference is éivided into the di tance betwveen the two stimulating sitesg,

In this wny the condnction velccit:y is calculated. The arplitude of the

responac was measured from the baseline to ‘the peak of the éeflect.:l.on.

¥
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... Beeause of the paucity im avallable controls at the various ages

B el

»neoessary for study i;hose values veported by Thomas and Lampert,

-

- have been used in tis study. (Siide 20). Our oun contzols fall into

y

the same Tanges. (Sliae 21)

¥hen the conduct:t.on velecities were plotted against the control

L valu..s of Gamstorp according to the age groups 1 to 3; 4~6; 6~10; it is

cleat that the conduction vclocit:.es from our group of children with

chronic exposure to lead mter chelation still showed abnormalit:ie., in the
ability‘ of the péroneal nerve t:o conduci: uo“mally. These ptelim_nary

data ave signiiicant to the .05 lavel for the youngﬁ«r g::o:zp and to the 01

" level for: the middle group. t_!e :_clo not have enough date to be sure about;hg ‘

T slide 22,23, 24

" older group.

«_‘_""fheae valves, prouped accordimg to age. so .that the developmantal and

natm:ation factors affecting :ryelination of the penpheral nexve m:e taken

into concideration, was studied din telat:f.ozxship to s:heblood level of lead

ét-the time of the condvction studies as well as the halr lead at the time '

- of the conduction studies as well as the hair lead concentrations for a

given lex'fgth (centineter) of hair as masured by Kapito's laboratozy.

(A) conduction of velocities are genorall" lower than nonua‘ ; (B) the bJoad

- -

. lead levels axe generally noma] since the.se cnilaren have all bean treated,

DUP050312437
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