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Tills report contains a summary of d iscu

2 a

en-.February , 1970, which attempted to: 1) id  

and c l in ical  approaches to. the dé tec t ion  .of.  

lèv? . levels; 2) establ ish the heal th  .sighifi  

léad-related phenomena might be observed at  

3}  suggest possib le areas in which research  

most fruit ful  in solving the presented prob  

. included physic ians with varying, .types of.e  

cl inical  l.ead toxicology, respected sc lent ie  

branches of cl in ical  medic ine and biochemis  

gators w i th  pr imary interests and■ bachgrourip  

h.ïr'.i  exper j-iaeii L &.! • t oxi e ol og y » Several par Li  

eminent in t h e i r .respect ive fields, had no r 

.lead,. They were invi ted because of - their s  

shills and.knowledge relevant to organ systè  

affectera-by lead. - -

The material' presented in this report r  
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Summary of R eports on En v i ronm ental and Hurnàn Lead

The concent rat i on of lead in soils , fcjods, Wat

air is h igh ly  variabl e. A l imentary  lead intake coders a range  

of approximately 0.12 to 0.35 mg/day.- : , Th e absorpti  

f rom the atmosphere vari es 6 to 10-fold. In

wide range of lead intake le v els , th e amouit : Of l ea

spite

Le v els

ex' ,  .and

on of l ead

of this  

d in man

0017364
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t, r emarkably so

is : r e lat i v e ly  constant , total l ing about 'IGOrf^OO mg, . of which  

at l east 90% is stored in the bone. \  "

Blood lead le v els are e v en more constan]  

in v i ew of the wide range of exposures. When the 'mean bl ood  

lead le v els f r o m ' v a r i o u s .populat ions ar e examined ,'th er  

seems to be an increase in the b lood le v el a s one -goes from

a rural to  an urbanized area. This phenomenon  

related to the densi ty  of motor v ehic les in  

communities , and th e urban-rural  gradient i;  

of the wor ld  with v ery low number of cars ,  

soci ety to  society the di f ferences in b lood

n or impres-s i v e , .h e o iooa xeaa. .le ver or ru

no

these respect i ve

When one goes from

lead levels are

■ nans, tor

examp le , approximates that for rural Nor

Soft t issue lead levels and bone lead  

relate wel l  in individuals. The lead in t h  

increase with age whereas the soft tissue-life  

not rise after the end of the second decade  

soft t issue lead levels tend to be sl ight ly  

males, whi le in' bone the lead concentrat ion  

very much lower than in males. This lower Jt  

h owev er, a lso rises wi th age as i n m.a 3.e s . c  

low levels in soft- t issue and bone, find no d
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A

tii th e

the sexes is demons t rab le , wh ether  the h igher  bone  

le v els .in older adults is due to  accumulat ion wi th  a-  

simply- due to the fact that these people were l i ving  

tim e when there was more lead , in th e total  ea vironm e  

known. Lead concentrat ion in nones vari es wp  

thé lead content be ing h igher  in the more dense bon e  

highest  in the petrous temple.

Bone lead le v els ha v e been determined .i  

of.40 Indians who l i v ed in Ar izona dur ing thé period  

1450 ekS.  The specimens were from original 7 

did not include museum material. Soil samples from  

thfc body  ca vity and adjac ent to the buried  

lads lead than the bone; therefore , th e quest ion of  

at ion was excluded. Assay showed 6-8 p p m  in  

the rib. Sacr i f ic ia l  skul ls from Mexico , probably  

tin e of the Conquistadors , conta in ed lead le v els ir  

of 2-4 ppm of the ash. Copro l i tes (muiraoifio  

found w i th  these skeletons gi v es e vid ence of

i the sk

m a i

at is not-  

bone sslec  

s and

o. 1 e p on s  

/00 to  

ites and  

with in

se L c- c ons

the b or.

which the populat ion li v ed. The food supply.

•FifSh , pmal 1 orains- grass es , and th e t'otai  i' , ■ . 'J ’ t\~ - - ■ . .
c entrat ion was v ery low. . '

At some point in history , en vironm ental
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th e-Ci vi l  War  in  this country, - contaiivTD ead- in conce

which approximate those noted in modern autojisy máte

40 to 50 ppm. -

In v i ew  of the v ery  great range of lead]

t  1
indi viduals.jand var iabi l i ty  in l ead absorpti) ;on

nc v of

of b lood l ead le v els is extremely impressi v e;  

there is a b io log ica l  basis for this consist)  

lead le v els , and wh ether in fact the b io log ica l  basi  

consistency ref lects a b io log ica l  necessi ty  

no e vid ence for this , but  w e ha v e no e vid encie that i

intake

tt rat ions

trials , viz

between

ionsistency

onders if

blood

s of the

or lead. We-ha v e

t is not-

, th e  

One w

the case. It is general ly  true , h o w e v e r , that wh en

snivtr-l  T.n.r-
. L U C I  V tf—L  V . Í Í  U

• /-\v\ (i ■ > <■ *• “  n i r* V, /v.m T-a/'-v-*■ * r, rns ¡merer r

ent mere ly  on an incidental  basis but rather as a s  
■ . |  

wi th  specif ic b io log ica l  importance. One cannot hel

col lect the early studies of so-cal led zinc jroxioit v

zinc was r egarded solely as. a toxic metal r ^sponsibl

metal fume fe v er. Zinc was a typical trace hiatal -p

a metal

>■ * .- a  r- r> c.'  —
* AS"  JT*

batanee  

p but re­

, in which  

e f or .

amounts di f f icul t  to detect and in associat ion -wit h 

if informat ion about its signif icance. When in 194]  

came apparent that zinc was- an essent ial  consti tue nt  

met :allo enzyme carbonic anhydrase it became apparent  

was.nei ther  incidental  or solely .toxic but iln fac t 1  

cific b io log ica l  funcfieri. That a s imi lar a

esent in  

only t races  

, it b e-

of the  

That  zinc  

i.ad a spe­

nt nat ion may apply
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in th e case of lead has ne v er been  cr i t ica l ly  or systematical!  

examined. •

Xn rnaking. inferences fram b  1 ood 1 ead 1 ei/el  dete[rmination. ,

. ' I .

it is important to r emember that the analyt ical  tecljuiicfues  

for lead assays at low le v els do .not y ie ld ikpressi vf ely con­

sistent results. in many si tuat ions the var ia t ion b etween  

repl icat ions is greater  than the var ia t ion b etween i
l _

in a sampled population. In addit ion the prec is ion  

by  a g i v en laboratory may vary  t rom day to ahy,

II. Summary of R eports on Lead and Sub-cel lu lar  Uhys io l

.ndi viduals  

of analyst;

There are a number of metals jthe b io log ica l  fur iction of

Ui'lKliO'.Vil. C* 1 *• 'j 1 ir  *i I 1

metals in t issues and b io log ica l  f luids is nteither an index  

of their  importance or of their  b io log ica l  sfignifi cance , pos i ­

t iv e or negati v e. There is sti l l  act i v e disfcussion  

selen ium and chromium are essent ia l  t race medals or  

cidental  metals incorporated into tissues. bead is

simi lar  category. We do not kno w  whether  of; not le ad has an  

essential  b io log ica l  function.

Where  metals ha v e been known to interact wi th Essent ial

b io log ica l  systems. , th ey ei ther  interact wi th prote.

• I

with nucleic acids or with , int egrated system ^ such

KE 0017368
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probably  wi th  th e membranes . Among the proteins , t  

hav e been examined extensi v ely are the enzymes. Eh  

contain a meta l  which is bound in such a specif ic r  

it cannot be remo v ed without loss of acti vity. Thi  

is not r e lated to act i vat ion or inhibi t ion of an en  

rather to the intr insic act i v i ty of th e enzyme. A

her  of metals are bound to  nucleic acids.. |The func
. ' l

these meta l -conta in ing nucleic acids is present ly  £  

unknown , Th e re lat ionship of metals to  organelle

nose 'chat :  

zyia es often  

armer that  

s phenomenon  

zyme but  

large num-  

t ion of  

nt ireiy

funct ion is

also not understood.

The sites to  which metals can attach in biolog  

rials are not infinite. Metals can attach to  the e

amino acid group of lysine , to th e carboxyl  

and aspart ic acid , to th e suifhydryl  groups

groups  

of cyst

other less common ways such as wi th  the phelnoxy gr e

sine. in the case of metals such as lead , bonds ar
■ . . ' 1 1 •

W I , '
immobil e , and polyd^ntat e.. Lead , can combin e wi th  a  

of these groups ,and it is misl eading to be l ie v e the  

associates only wi th  sulfhydryi..groups to form mer e  

. We do kno w  that lead can be toxic under certai  

stances , but so can any m etal. Essent ia l  metals ac

proteins.. When these metals are present in

■ o l igands which aire . not the normal .acti v e

RE" 0017369'
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s

ol: th ese meta l lopro te ins , inhibi t ion occurs ,1' i. e. , t
■ i

is toxic, Wh ether  a lead mefcalioprotein exists and  

essent ia l  bod /  function is not.known.

Worlc wi th  carboxypept idase i l lustrates se v eral  

points. Carboxypept idase is a zinc-containiirig enz yrr  

has two functions : first as a p eptidase , secondly a

It is possib le to remo v e the normal zinc const i tuent  

enzyme and replace it wi th  var ious oth er metals. Wh  

zinc is remo v ed and replaced wi th  lead , on e finds th

nas an

imporrant  

.e which  

ft an esterase  

of the  

en the  

at the

m e t a 11oenzyme has lost is pept idase properties , but
i ;

prop er t ies are increased; in fact , th e lead ciarboxyp  

is a be t te r  esterase than the natural ly  occuprinq zi  

The poinc neie is tliat a lead meta l ioenzyme dan ha v e  

fect ly legi t imate b io logical  purpose. ;

Work  wi th  this enzyme is instruct i v e in ¡a sec on«  

j . c lias been  round that the metal of c arb oxypcajp  t Idas a  

to three ligatas : two imidazoi ium groups cf (histidi

on e carboxy group. .Sulphur-containing amino  

volv ed. Tills obser vat ion is contrary to  many! of th e 

which ha v e  been expressed in the literature , i
■ ‘ I

7\noch er metal loprocein , m etal lothionein , ; was di!

first in th e horse , th en in other species and|certs*
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Met-allothi one-in is a eadmimu-containing- p ro te in  w i th a

molecular Weight- of about - 6000 without  the meta]  

the metal. The prote in  is composed of sòme 52 ah  

groups , on e-third of which .are cystine , ¡Accordìi
- I

' i
t i c n a l 't h i n k i n g , this h igh  conc entrat ion jof su l ft  

should y ie ld  a mater ia l  with, gr eat a vidit  

not th e case in vivo, how ev er , and l ead is not

6800  1 n

lino acid

na to tra.dr-

vclryi groups

ad. This is

ff i e lent iy

strongly bound to me t a-i1 oth i one in to displace  cad  

The balance be tween metals is essent  

t ions of metal b iochemis t ry  and toxicity ,  

may b e antagonist ic , m etal A protecting' f

ial in a

Metal

i i ' C  ' - a i .  j  j  ,  o *  i .  a i 1. .  .
■ >i f '1 J". -\-  ‘e r j

mium or z i n c ,

.1 consid era

interact and

com tue exrece ox

example is that of. molybdenum in toxicat ion which is obser v ed

part of the Uni ted  

may b¿ enhanced

in Somerset in England and in the western  

States , Th e mani festat ions of this disea

by  the presence of excess copper. It is cjuite l i v ely that  

lead , iron, and p erhaps other metals Interact in vj-ays  which  

ar e rele vant to  this discussions but  ar e n ot well

The competition , b e tween metals f o r . ligands! depends  

ous factors , most of which ar e poor ly  unders tcod .  

among these factors are the amount and character o

unders tood .

the penet ra t ion through membranes by m e t a l s ,. -th e .'stability

on s tant . ror tne se v eral metal - lxcaud . cono

ieri b ina the e p a c xal arrangement between

upon numer-

Included.

ho j_ c:  na

ana s

ìtali ? ;
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It is r ele vant to examine systems 'which might poss ib ly

. ■ • i '
be disturbed , by l ead and hence represent target systems tor  

lead effect , On e such .system is the pyru vat e-carboxylase  

system vh ereb v pyruvic acid is introduc ed into the Krebs cycle  

by acetyl co-enzyme A. This  system is % conglomerate of sulf-  

hydry  1-ccntairsing enzymes- and co-enzymes , including thiamin e-

py  rophosphate folic acid , and cc- enzyme A c

the energy metabo l ism of the brain , w e  know , for example , tha

th iamin e deficiency , as in W e r n i c k e ’s synch

psychosis leads to gross funct ional  abnormc  
/ "

syndrome has been  obser ved, in - fox es fed on

nd i s

orne  or  Korca vkof f 1 s

iliti. es.

m  J(~ 1-g  -I •*.» v n  i  r i . o - n r:0 <tv"0 r?\ïf

thiamin e- is destroyed , abs ent , or int erfered v/ith by m etal  

attachments to rele vant sulfliydryl groups would  b e  expected

to y ie ld  the same c l in ical  syndrome. That 'the eenijral nsr vou
|

syst em manifestat ions of lead poisoning may be rela

feronce v;ith pyruvic acid m etabo l ism may 'well be  pc" . ' * . j ■

The prob lem of mercury intoxication , as in ¡th e chrc  

r ia l ism of the Mad Flatter , th e q u e s t i o n . of arsenic  

and the therapeut ic effect of BAL , a sul fhydry1-c on  

mat erial , ar e all rele vant to th e quest ion of metal  

to su I fhydry1 groups c£ the pyru vat e-carboxy lase sy  

the disturbance of this system b v- ext raneous metals

rentrai in

A similar  

rails -which

o r'hb  r

0017372
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ei v possiDl e

ur oc  onduc 1 1 on

'¿f or mar x on

sti v e phos-

The per iphera l  ner vous mani f estat ions -of lead poisoning
■ • • r

‘ I;
are not re lated to these phenomena , but it |is entir  

that lead may attach to sulfhydryl  groups o|f the n  =
‘ I •

system per ipheral ly ,  ' i

I
Anoth er  system where in v est igat ion may yield i

on the b iochemis t ry  of lead is that re lated to oxid t
. i

phorylat ion. This process depends upon thejintegr.i l  

mitochondr ia l  membranes , which among oth er things , pr eser v e  

the respect i v e le v els of ca lc ium and po tass ium insi  

outside the m i t ochrondr ia , Impairm ent of tdjiis meirib]  

carbon te t rachlor ide is associated wi th  a dramat ic « 

i ' v .  1  s ' -  i  n 7 . ‘i  4  y ,  .""i i " n  ' i 'V !  i  h  p ,  r  1 i i r i ,  * t  i !  i  ; > 4  '  r u i  .

de and  

ane by  

Shift of

and phosphorylat ion.  The sulfhydryl  l igandi of the mitochon-
|

dr ia l  membrane suggest that the attachment cj >f l ead or other.

metals to the membrane may interfere wi th  itjs  intr insic met a­
I
i

ho l i sm and its abi l i ty to protect  the intra-jmitoch ondr iai  

en vironm ent. Under  such c i rcumstances-the rrjstals  might be
' - ... I

expected to cause signi f icant damage to the ¡energy  rr.etabo3.isra
. • ■ ' i

s vst em, *

Th ere are undoubtedly ways in which thel effect  

on nucleic acids ma v b e measured. We 'know  that the

o f .lead  

binding

of lead to nucle ic  acids causes their  hydrolysis. Research

in this area is current ly  less wel l  de v el oyse .2, h ow e v

K£ 0017373



*5 .1. -£•

S u mma rv- of R ep or t s on L e ?xd and 'the K,i dney ■  - -

There is no doubt that lead in abnormal ly  h igh  

may cause acute or chronic renal injury, in chi ldre n acute  

lead intoxicat ion may be  associated wi th  a irenal le  

typical of the panconi syndrome. In cases pf intox  

without encephalopathy one nay see either akino aci  

glycosur ia  or both. In more severe cases, such as •  

cepha lopa thy ,the t r iad of the Faneoni  syndrome may ' 

amino aciduria, r i c ke t s , and kyperpkosur ia  in the i  

extreme liypophosphdternia in the range of 2 fag % (no.  

to 4,5 m g '%), Fructose and glucose are excreted in

aracunr

$3. on  

i cat ion  

furia or  

vith en-  

:;c seen-,  

.essence of  

■ mal = 3.5  

the presen

sugars varies. Some chi ldren excrete c losej to a gi
i

in a day al though the b lood ci t rate .level ib normal  

During the acute episode seme' of these; child.ro  

shown the inappropr iate secret ion of ADH. This ohs  

cannot be cittributed to t reatment s i n c e ' it has be en  

before ti

K - ' / l s n  i .> 1-k  i *> r .

trnent is initiat

to canee a" trans

a , and a tr ansie:

rea trnent, many o

treeted. The me

Is c5;";rs vi th i n

itur ia  is gone Within a
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Arornâtography). Bons chang es resol v e w i th in  ? to 8 months.

EDTA mobi l isat ion tests in which. PTH wa-s* used

to mobi l ize lead stored in the bene have been attem pted, In

sene ca ses sufficient; PTH has been used to ¡raise th

ca lc ium level to more than 13 mg %. Althoujgh the

' ' r .
ca lc ium in the ur ine increased 3- to  4-fold, there w

crease in the u r ina ry  excret ion of lead above that

associated wi th  EDTA alone.

as we±

■Q serum

aiaount ox

i ■­
a a no  in-

which wj

W i th  respect to chronic renal injury there is,  

the Aust ra l ian  mater ia l  which shows quite ejonvinci n 

under certain condi t ions of exposure lead ihtcxicat

i  ,*>» ” » r - i  * i- / - \  e t  V« *y» -Î v s  «-■ v»- v V~- 4 *  -i c  d i - n o  t  f j n  t  v s  *. * f  • I/*-. *--i -•> v s
.X. C_ v~v C - 'w »  V -  i  i  J u  i t '  ■  t  .U  U  ,1 .  k.> c O, '.4  V -t . } .  w  ». J  .J.. .1 *  x.J » .> '¿4  U l A V .  .

I
have failed to demonstrate, however, an equivalent  

in the United States, The EDTA mob i l i sâ t iofc tests

of course,

jlv that

ion can

Phenomenon

.n the;  Balri-

monsuraue

t l C C  OU i l 'C

more group were normal and -it was not poss ib le  to d« 

chronic renal injury. Epidemiological  factors must  

for the d iss imi lar i ty  between Aust ra l ian  and Amer ic an exper ­

ience. In the Uni ted States the pat ients have chewc

at some t ime be tween their first and third jj-ear o

d  paint

lead from decomposed paint on veranda rails

Phis may represent a less ‘intense exposure I

KÊ 0017375

n e .  In  

ar age ranee andAust ra l ia  the chi ldren are in the 6- to IG-y  

absorb lead through the ingest ion of ra indrops whic h contain

and roo f tops .

ire a mo? prolonged
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one.  Many  of the Aust ra l ian-pat ients 'ha ve a jpes- ca v
■

and tophac eous gout«

A number of cases of lead poisoning in adults t  

obser v ed in Alabama in re lat ion to the pro longed exea  

sumpt ion of .illegally-prepared whiskey« This di'se as-  

as wel l  in Georgia , th e earolinas , and ind eed  

anywhere that whiskey is i l legal ly prepared i  

and distilled , through old automobi l e radiators

deuce that o v er 50 mi l l ion gal lons of illegal  

dis t i l led i n 'this country e v ery year and that  

i l legal ly -prepared alcohol contains more than

Si U C n  o r  U : i S  ii!= ' .• \r -. 1“ -ii -|

m a y  d o .

n soi.oei

'Til , tii-

s ■ deformit

i ve been  

ssi v e con­

ce curs "  

expected  

ed vats  

e is e vi-

m g . o

ti e on oil are

ov er 50% of the

ev en as h igh as 80 mg of lead per liter.

In A labama exper ience the typical pat ient is a n  

between the ages of 45 and 60. Perhaps some 25% of h  

admissions in this group ha v e been exposed to  

Those who ha v e exper ienced se v ere and prolong

iO y iars or more are typ ica l ly  found to  be ant

stable renal insuff iciency , and to show a nor  

al though th e kidneys , whi l e symmet r ica l > ar e  

somewhat smal ler dtidaaeyg- than might be  expect  

e vid ence of infect ion or of g lomeralonephr i t i  

inert is nonspeci f ic  wi th  v ery few cells , and

na i py e jl pgr a m , 

1J.V

id. T

a expos

rai c, t o

l ead/  

ucr and

=gro mal e

i
aspital  

al cohol . 

ur s of  

h s. v e a

occasion

Til e

Tne i

re .is no

¿rj.ne  seu-

.1. of I i't
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p; cot ein/liter is ex cr eted in the urine, Thebe is no  

Rena] b iopsy shows interst i t ia l  f ibrosis wi thout in f  

Glomerul i  are rather wel l  preserved; however, there  

of degenerat ing tubules and a loss in the number of

Host of the .patients have naphr. csc1 er os ±s of

as w e l l .

Pat ients in this group wi th  long-standihg lead expo sa

varying

and renal impairment may have symptomat i c saturnin e gout. This  

can b e  d i f ferent iated from pr imary  or hered i tary  goul  

fa ct that saturnin e gout fol lows a pre-ex is t ing rena  

and has no in cr eased pool  of urate but does have a

gly cosuria,

.ammation.

s eviden c e

:ubuies

aeqr c ei

t by the

3. aisease

T.-, v • u j  > \  e.!. o r  n  > "  m ' i > v-v r'x-.

cr eased metabol i c  pool of urat e, and renal  

than pro c eeds the appearan c e of cl in ical  gou  

judg e that any of these pat ients ref le ct s en  

to lead insult inasmu ch as th ey have been  w  

severely dosed over long periods. -

From the morphologi ca l  point of v i ew t  

marks o f  lead nephropathy are severe nephros  

tubular degeneration, interst i t ia l  fibrosis,  

in clusion bodi es. The bodies are a cid-fast  

not conta in  iron, Th ey  are unl ike in clusion  

viral dis eases whi ch aff ect th e Kidneys,  

maqaii c dis ease. " . ,

KK 001 ?'

ijury ro  

t . One

S i t i V S  r  

thout er

l iows r a m e r

would not

esponsi

e exassi

c l er cs is

ina iru.

i U C U U S l !

vu cui ari

c epe ion

1 hal l

. aovan cec:

ranucl ear

ns whi ch d

s een xn



a by lead,  

Cren, sug-  

aeute effe<

anc e or

d. varxsr.v od

Considerat ions of c l i n i ca l . r enal disej&se cans

i'
particul-ar 3.y th e re lat ive ly  a cut e episodes;! in- chxl  

gest poss ib le  phys io log i ca l  int erpretation^,. The  

of lead upon the k idney is-'manifested by a| d istur b  

t ransephi thel ia l  transport.me chanisms' fox

ingly unr elated solutes: glu cos e, amino a d i d s p h o s p h a t e ,.  

and urate. In the normal  k idney these solutes are-  

in the renal  tubule, against a con eent ra11 c}n g r a d e  

energy-dependent , energy-generat ing t ransp  

the lead syndrome the transport of ea ch of th ese p  

tubule resorbed solutes is modified, giving

.1. CJ.  «_ •.

syndrome. It is known from studies of intest inal ep i thel ium

ancl isolat ed per fused nephrons that the t taisport  of glu cos e
" | " 1 

is in some way sod ium-dependent . Studies ofj isolate

systems show that the transp c

t Q j  et c "c o r e x ci i.

of som e arainjo ac id C-nil bô & ac  iurr

ons to b e l ievL that P cospiriat e

thLt _L U1transport is sod ium-dependent . Al l  t h e s e •presumably  

do-pendent t ransport  ’me chanisms th en are impaired by  |ead.

, . I
Simultaneously, -uri c acid is mov ed f rom the ciapiilari

id transti e tubular fluid. The impairment of uri c ac  

l ead results in a retent ion of uri c acid and juri eemia  

ar c r easons for be l iev ing that ur i c-acid rani s vor-t ma

• odi viTi-doo endent. The  me chanism of ex cr etior

KE" S'5

of h

sort: uy  

There

is not fid



unders tood but at least in the chick en it involves tjhe pas

aqe of lead from the capi l lary across th e" cell' 'to the tubular

lumen. Lead is also f i l tered so that there ¡may conc eivably

be as v ?eil' a reabsorpt ive mechanism for lead. In arty ca se,

lead crosses cells and in this transient''ma\j alter the ma chinery  

.
ior the transport of glucose, amino acids, jjfoosphat ^s, and  

urates, the mechanisms for which appear to be close ly coupled  

to  sodium transport.

Sodium transport is the pr inc ipal  enerqv consu: er m  t ne

k i d n e y , accounting at least 50% and perhaps 70 or 80% of

common

? preemption

cxygen and substrate consumption. The search for  

derouiinator for these var ious Lranspor L abuorwrid .1.L.: ios suygosta  

:hat one examine the sodium transport and the enex- gy  

mechan ism in the kidney.

A  reasonable hypothesis is that lead .in transit th rough  

the epi thel ia l  cell  modif ies the structural  and fun ctional in  

tegr i ty  of mitochondria. We  know th a t ’mitochondr ia a re wel l

j ■
equipped for the t ransport of calcium, and :j.t  is qu:

lain thi  

mechanx sins  

o s e , phoS“  

;nce that,  

orption,

that lead, is tran sporte d in the B 3.

mi t o ■ chondria migh t well raodd Lfy the

v;hi c h  dr ive the soiuta- Irani ?.por - ¿it

phai: e, amino ac id s , and "UT. cl ! :e. In

the a e transpo rt n echani ‘r m e coir

KÊ 00173 79
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S U 2 ? p r X s i. no* to f

present as wall

modj.fications are manifest. ' j
' v I ■

Def in i t ive studies to examine this hypothesis  

been conducted. Exper iments have been  conducted, h  

which shed light on several features of the  

impairment due to lead. when rats are fed

n sodium  

dueed

have not

diet conta in ing 1% lead acetate, the total ur inary jauno acid  

ni t rogen increases to approximately 2 to 4 -times n o

o weve r ,

functional renal  

■ iceks on afor two

with câ-

oe appr ©xixnate.ly

c j.onxnq

sarancs

the renal tubular cells had been hilled, as  

excret ion of aiph?/amino ni t rogen then would

-ii’.* \  _I uiOO I 1 0 r r iu 2  2.« U ?;G  C u .i j  0 1 2 0 .0 0 -b 02? *3 2 . c.<. 

exper iments the renal tubular cells are func  

less than optimal level,

W h e n •one does clearance s tud ies , the cl  

is net increased to the extent of that for the. oth er  

acids; however  the amount of g lyc ine is very  

in the urine. Tills ref lects a marked increa  

content of glycine, an. overf low h ind  of amin  

glycine. One wonders v/hether rhis glycine comes fr o:  

pai red conjugat ion of g lyc ine and succinate m  the s  

of delta amino levulini c acid, a quest ion raised b y  I

rma.L. If  

hiium, the

but at

of g lycine

a m m o

much .in creased

:e in cn

2) filO 2 O. Li j!

e plasma

ia. for

ti an xn~

acnes is

iaaer-

Proroon v o ci r ,o cHO’c, ‘\1 ii -e clCh'it'cu’jCi? oi t’o'os trie snei ci'x  o t id ine

KÉ 0017380
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is in cr eased more than that for the other amino a c  

l ead can form bonds with th e phenoxy group| of tvro  

the imidazolxum group of histidine, one can sp ecul  

th e binding of lead to these two amino a ci  

xf c l ea ran c e , -

It has been suggested that the amino-  

related to chang es in mito chondria. I sola  

hav e been studied and show swell ing and  

phosphorylat ion, This defe ct is d emonstra  

substrate but not with su ccinat e. These f  

that lead interferes with early stages of e le ctron  

m i s  m t e r r o r o n c e  being in compl ete awl noli blo ck.in  

t ransport entirely. Addi t ional  studies are requir  

lo caliz e the effe ct of l ead on mole cul es in the " c 

part or th e ele ctron transport syst em. ¡

Mi to chondr ia  from normal k idn eys havej been is  

mainta ined in a medium w i t h  pyruvate-phospiiate bu f

is re

aciduria  

t ed mi te  

defe ct i  

i ed with  

indings

EDTA, an« various conc entrat ions of lead,

. . ' . ... r ? " ' ' '
t rat ion of 1 x 10 ~ molar, there is a small effect  

uncoupling. At a concentrat ion of 2.x 10~D molar  

complete paralysis of respirat ion indicat ing a tox  

or the lead upon k idney mitochondria. The concent

' H£ 0017381

ids. Since  

sine and  

ate that  

lated to

may be  

bhondr ia  

n oxidative  

a pyruvate  

indi cat e  

t ranspor t ,  

g ele c Iron  

?d to

ompiex o n e '

elated and  

fer, no

At a lead coneen-

wi th  partia  

h e r e  is  

.c effect  

'ation of



leaa effe ct ing h i She;

snewn to be toxi c in

Studi es nave bo

lead 1 o c a I i 2 a t i on in

mor e lead in the - c el

tes of

:iere is

.t ccnond: cxa; hcw-

ever for those rats on 1% lead a c etate diets there Is a small

in the Intra-in cr ement of lead in the nu cl eus, pr imar i ly  

nu cl ear in clusion bodi es. It is not poss ib le  or ar  

:o compar e the conc entrat ions of lead in raifo chondr  

in v i t ro  studi es to in v ivo studies. Nevertheless,  

c entrer ions in bo th  systems appear to be of the sait  

magnitude. Con c entrat ion of lead-in the intranu cl  

body  can b e 'demonst ra ted by autoradiographid to chni  

ing exposure to label led lead.

The morphologi cal  app earan c e of the intranu cl e  

sion body  in rats is the same as that observed in h  

a cut ely exposed to lead..  The ele ctron mic;  

of th e body is charact erist i c. Th ere is a dense c e  

surrounded by 'a  per iphery of f ibr i l lar mater ial  co  

some h ind of mater ia l  in the matrix. The nu cl eolus  

nu cl eus is normal under these condi t ions indicating  

th ere; has been  no inhib i t ion of prote in  synthesis,  

ïieved that the format ion of the intranu cIOio; j.ncrusi  

is ir.d ependent o f  the x;u cloolus.̂ ~w.d:f'--d;G-daoIi evrrl“'-' c-:iT:

hropr lat e

ia rrom

KE 0017382

-lid- con-

; cro er or  
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pue fol low
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Umans - 

app earan c e  

itral cor e  
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comp]. execì p:

of th 1 s ïiicXtn

cal ly only :

chang es con;

ph eno menon i

are n ot spei

The in-

class ical n\'

Su d  se quent 1*

does not da:

ttit J "* "* i”> ! ”1  . .. X' - - ology.

sisti ng inos'

¿-ittsAwei&' cwi-  body is form ed b y  a ccr et ion ..of  lead- __ ,

grows by  cont inual  addi t ion

;ur-.  typi~-

j  . Th e

oms lyosomal

tubles  
/■

Subsequent ly  u l t rasoni f i cat ion de-s-t-r-i-es  the nu cl eol i

does not damage the intranu cl ear in clusion -body or a

.. 4 -  -H T  V -
r  c p  « _l W  . O .  J I <• i  .

sixt een rat k i d n e y s . . When  the-bodies are treated wi

" ■ i
ase or BNA-ase there is l i t t le if any defe ct!,  indi e«

• :
V v>  y \  1  v _ > , t - -  \  /.■ ’ Y ‘/ s  s ' <i v C  !

presen c e of RNA or DMA or their  compl ete absen c e, 'I  
n " !'

i|d nu cl eoli,  

v b u t ..

Iter their

wi th  proteolyt i c enzymes su ch as - t r i p s i n .dods caus e  

whi ch appar ent ly ref le cts th e spl i t t ing off |oi:  a prote in  

fragment. The remaining mater ia ls presumably  still conta in
' . ' ’ ' ’ j

i
l ead and some protein. More posi t ive ident i f i cat ion has not

Yfi.ai.’i.
b een possible wi th  the quant i ty  of "material javaiiab l

■ ■ - ■ a! '

There is eviden c e that - lead enters the

KX . 0017383

urine by

ion i tir

ned from  

th RNA'-  -  

t ing the  

reatment  

a chang e
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cell/. It is hypothes ized that lead t ransported a c 

tubular lining , c ell  is in t h e .. form of a diffusable

compl ex and that mi to ehondria are expos ed to this c o m p l e x .

Lead in the ur ine has been shown i 0  be in both  an inorgani c

and. an orga nic form. Th e organi c form is 'a compi e X wi ch a

:oss th e  

liqand-

sma.ll l igand whi ch has not b een posi t ive ly identi f  

cas es of lead poisoning, it is apparent ly  ¡the orga

A .
compl ex lead whi ch incr eases m  tne urine.

i
I

Intranu cl ear in clusion bodi es may represent

' :

of ex c ess quant i t ies of lead that enter the nu cl eu

.

próxima], tubule c ell. Bodies are noted inj rats w h

n ' l 1 !  h d  * r  r ? p  f * ^5 *j_v*i ^  0  ^  / I  m f r  q  1 _ O  l3  t i  * p  3 v ‘j I ' l l .  ,  ,

exposure ■ whi ch do es not caus e anemia or other sign  

mental  effe ct. Thus intranucl ear in c lusion bodi es  

among the most sensit ive indi cators of chajng e.

It has been ¿¿oted, hov;ever, that ef fe cts can

.
at this and low er dose levels if rats- áre pla c ed o  

ca lc ium di et, i. e. , 0.1 g ram per c ent, whi cjh is jus  

to pr event hypo calc-iumio. Purina Laboratory  chow

calc ium in ex c ess of that required by  ratsj. Gn th

.  ' ■
ca lc ium di et lead at a con eentrat ion of 0 .&  mi l l ig

l e d . In  

ni cal ly

tor ag e  

s of the  

e.n their

1  o v e  1

mi 11 i 1 et er has to date les/i  

d-ÄLA and b lood lead levels.

id to abnormal i t ies / inoli;

: of det r i—  

may be

be observed  

n a 1 cw— 

t suff icx en  

in c lud es  

is low-­

rams per  

ling elevat

K E .0017384



It should be noted that conc entrat ions of lead  

ing water  to whi ch rats show no signif icant ^r esponse  

sti l l  • re lat ive ly high, and that the;  rat is a relat iv  

tant spe ci es to lead intoxi cation.' Th e rat jmay serv  

as a model  to study the var ious fa ctors vhicjh  in flu*

in toxicat ion such as low-calc ium di ets or pxje-existl
!

disease. . . . .  ■ ;

It is possible to develop an hypothesis! whi ch  xJ 

solut e, transport failure, d is turban c es of oxjidative.  

Lien, and lead in the intranu cl eaj; in clusion! bodi es,  

this hypothes is  is eviden c e for the t rans-tubular ss

.n arxnK-

are

elv res is -  

e, however,  

nee lead  

ng renal

elates -  

p h  o k  p i n  o r y  1  a ™ 

Centra l  to

l ^ i • r" i  »-t ss i r  u r M  '■  ! .- ■ »
.  *  a  x - . _l_ x -  e *  I x i p

blood lead is at ta ch ed to the red b lood celjl, there  

bound di f fusable form of lead whi ch pass es abross th  

tubular c ell. M i to chondr ia  ar e exposed to tbis lead  

against a gradient into the nu cl eus and into! t h e .int

in clusion bodi es, probably  as a lead l ipoprolein compl ex. In

j . S  3. .L 2-C.-1 rj,  ! 1Q 

e renal ‘ ■

whi ch mov e  

■ anucl ear

V >.£L'\ \
a sense, the in clusion body  r epresents a prote ct iv e me chanism

t ending to v/itharaw lead from the renal  tubular cell,

If one is to examine the effe ct of l e a d [on oxidat ive phos
. ■ i .

phorylat ion, it is useful  to examine exper iments wh i ch hav e
• ' , ’ -j

been done in cas es of exper imental  (hetrapa.i:  bone chlor id e intox­

i cation, Wh en this chi or inatod hydrocarbon, is admin r entered to

« E 0017385
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:hat- • ■ un-

rats and oxidat ive phosphory lâ t ion is .examined vit ri sue cirx
' ! '

■ i
glutamat e, and a ct in pat e substrates-, one -observes i:  

coupl ing do es not o ccur unt i l  som e 10 to ' li hours er
 ̂ ' I

_  i.

administ rat ion of the carbont etra chlorj.d e. i There .1
. ' i

rapid un coupl ing which exists for some 20 flours, a r  

time the pro c ess returns to normal. It is ¡easy to  

oxidat ive phosphory la t ion wi th lead in vitrjo, in v ihl;
. ■“'-j

• I

the mi to chondr ia  show a h igh incr ease in lelad cont ent. when

s then

uno oup1s

i ch cas es

in v ivo  studies are conduct ed, however, the mitb chc

!
showing a v ery h igh conc ent inti on of lead ̂ ajs compel  

other sub c el lu lar  fra ctions, snow no eviden c e o f 'in
’ j

/*%*’ r  i  ^  7  o .  p V  c  y l  *-j -5~ a  !

is n ot uneierstood '

m d adj ust r or m e  .

he int a ct organism

i lCl '/ f  d.Ci , T;V.ri Tl  J- O

so.  to all  

pairm ent of

■ / 
animal

bet ter  opportuni ty to atta ch to act iv e enzyrhe si

be the cas e in- in v i t ro  experiments. irg v i t ro  exper iments , in

than would

whi ch th e effe ct of th e order of addi t ion id examine  

show that the addi t ion of substrate and co-factors i

d,. oft en  

nfluen c es

the a cc essibility of b ind ing sites on enzymesj to  administ ered

metals. Presumably in the l ivinq animal in ¡wh ich c erribination:
“ ■■ " I

of co-factor, sub s t r a t e , and enzyme o ccur mor e a ctiv ely, lead  

might have a bet ter  chanc e to  interfere. This .ape-jars not to

to be the cas e, however.

*>£ 0017386
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A d d i t i ona l . clinical..and experintent-ai studies relevant -  

to tine effe ct of l ead upon renal  fun ct ion might b e attempted; •  

1. • A' group of pat ients with lead intoxieati. cn might b e  

put on a salt - f ree diet. It is conc eivable that- the distal  

tubule and the loop of Henle might not be  able to  compensate  

for a defe ct in proximal  tubular  sodium r esorption. A  simple  

s cr eening te chniqu e r  

proximal tubular rest  

it is not meaningful;  

signifi cant. .

h t  t est and demo.nstrate a defe ct in •u

re ion of sodium. If th.p test is xnegative,

.£ it is posit a cr e , h o w e v e r , it is highly

un c tu rc t echniqu es might .be used to

imal tubular resorpt ion of sodium. .

3. in v i t ro  te chniqu es are avai lable for studying sodium-  

t ransport in k idney t issue sli c es.

4. Uri c acid is pr esumably  t ransported b y  the same system  

that transports organi c anions. Th e k idney  uses as a pr imary  

energy substrate fatty a cids, wh ich ar e del ivered pr imar i ly

by organi c anions, e.g. , paraaminoh ippura te» One can m easure  

how effe ct iv ely rabbit k idney cor t ex sl i c es conc entrate para-  

arainohippurate from solut ion in v i t ro  and the inf l uen c e of

H£ 0017387
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J. •

lead added to  the medium defe ct in thè"!1 ran sport of PAI-I  

is induc ed, ............... . ....  • ‘ ' . .  -- ■ ­

5. .Su ch slic es may also be  used in a similar study of

the uptake of amino a cids, . • • .

6. On e might also measure ATP levels in the k idney and  

levels of substrate and co-factors associat ed wi th  g-ly colysis  

and oxidat iv e phosphorylat ion.

7. The examinat ion of oxidat ive phosphory la t ion in the  

mito chondr ia  of l ead poisoned, animals might be consid ered.

8. Amino a cid infusions might b e examined in lead po ison­

ing to see if an aminoa cidur ia insu es in any predi ctabl e manner.

W o J-K.  Oi  l  V i i*z: j l  tr X i  cl .L l a 1 1 £> y> O j T I ' O -L
i  . ...

«T. t }î i "u .* * It i *  v

1 0 . St udies of sodium t. ransport in the relat ed fr og kid-

ney ¡ . red bl ood c ell, and oth er pi-lysiolog i cal ly ac tiv e tissues

are appr opr iete „

1 1 . ■ The in v ivo k inet i c s of glucos e resoroti on in the

presen c e of lead can b e examined by  g lu cos e t i t rat ion studies.  

Bi carbonat e t i t rat ion studies can b e ut i l ized to test this  

sodium-l inked prox imal  tubular fun ction.

Summary _af Espprts jan L ead ar.d  the Kematopo.ieti c syst em.

heme sy ¡renesxs o cc

G etre c

of h eme

X .  J , c ell
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f or normal c el lu lar  fu net i on d A 1 *.1 . s t n

'the review asso ciat ed With rh e h emat <

ove clapp ed wi th  other area.s , par ticu:

-! y ,  - o nervous system.

It has been ’known for ye ar s the

in the mature red c ell in v-ivo, in y.

by read c el ls are expo sed to lead in_

the living organism. Aneir • i. 3. due to

i n ch i ldr en and in adu I t s .
T
. i . n 1ead <

i ca nt an emia is rather rai- r perhaps

h  0 : 3 pi ta l i red lead verb ers and ch ildr

i  i  a .  V e anemia. In chi ld r en l Î j l c ?: ef fe ct

b i n ed with iron defi ci en cy ■ w n.ich c avi

'  y - k J -  ¿ p  •-, -{-* ' r \ 7

in v i t ro  and r eturned to

>rten ccrm-

mor e widely  noted, The anemia is typi cal ly microcyt ic  and  

h ypoch rom ic ; how ever  it is sometimes norrn ccyiio and no rmo­

chromic. Th e re t i cu1ocyt es are usual ly  elevated to a minor  

degree, perhaps 2 to 12%. There is an in cr eased erythyro cyt e  

index, meaning in cr eased erthyropoietin- a ct iv i ty or at l east  

in cr eased s t imulat ion for red c el l  produ ction. Th ere i.s no  

eviden c e that a g GP defi ci en cy, such as is obs erved in some  

10% of Amer i can n egroes, has any effe ct on an emia due to  

loud. Similarly, al cohol d ees not appear to influen c e the

r . - c -  j .

KE 0017389
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In studies of red c eil survival  in lead workers there .  

may be shortening in- some-.  • In  - hosp i ta l ized patients, how--'"  

ever, some ha l f  of the adults do show red c ell survival  

de cr eases. Studies in chi ldr en show t h a t *the shortest sur ­

v ival  time, is asso ciat ed with the shortest and most a cut e  

lead exposure. Wi th  intense, a cut e exposures an a cut e hemo­

lyti c an emia may be seen,. Some years ago pat ients wi th  

carcinoma, who w ere treated with lead be caus e of a presumed  

ant i -neoplast i c effe ct of l ead, were observed to have a cut e  

hemolyt i c  an emias.

F erro k i n o. t i c studi es show "C Ï1 cl t ir on is absorb e'

l , "5 - . I 1'  *"■. riiiu. Jd'J'J.liO. normally. •" 1 ■  ; r  *
J .  - i

iron into the dev- eloping red c el 1 d os :s not seen i to b

In v i t ro stud l e s , h o w e v e r , show that h igh conc entrât

V.- J -  C x  u

load seem to interfere wi th  the passage of iron fro m trans­

ferrin. to the developing red c ell. Long chronic exposure to  

lead appeal's  to redu c e the turnover of  iron and the cl earan c e  

of iron from the plasma. This is asso ciat ed with a redu c ed  

ut i l izat ion of iron for new red c ell produ ction. In acut e  

exposures in chi ldr en fer rokinst i c  studi es are typi cal of  

who.t  is s een in hemolyt i c an emias. There is a rapid ’uptake  

of iron in narrow, a rapid c l earan c e of iron from the plasma,  

and a rapid ut i l isat ion of iron for red coll pr e-duel loi'..

..... UE..0017390
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StipPle^ c el ls 11 ave béen c lass ical ly  r e cord ed in lead ..  

poisoning..  There is no  corr e lat ion known between the nura- .  

her of stipple^ c ells and.the intensi ty and type of symptoms  

observed. Exper iments in animals suggests that stip ple^ c eil;  

are preferent ia l ly  sequestered in the spleen. Splen e ctomy  

or administ rat ion of l ead .to splene ctomia ed animals results  

in the in cr ease of number of stipple^ c ells. The spleen •  

redu c es the number of stipple^ c ells ei ther by  maturing, then  

and return ing them to the systemi c c i rculat ion or by d est roy­

ing them.

osmoti c f ragi l i ty studi es snow that the lead-poisoned

•rp>ri  j ct t "C JLr_02 clC't.i.C f .i » -• i  i- .u  i e r e

fragil i ty or ĉ n incr eased resistan c e to osmoti c str ess. This

— t .

is undoubtedly  a m e m b r a n e .e f fe c t .* ATPas e a ct iv i ty is d ecr eased  

in the red c ell membrane, and one notes in cr eased permeabi l i ty  

to cations, espe cia l ly  loss of p o t a s s i u m ,through 'th e membrane .  

It is l ikely that these observations are'  re lated to modi ­

f i cat ions in osmotic fragility. A  posi t iv e Coombs test, is  

observed in some pat ients wi th  lead poisoning. Ceil s bit ch

ar e C combs-positiv e, are those .whi ch ar e young, stippled, or  

. .
re tx cu.LccytpoTT Thus indicat es that some menbrane defe cts  

hav e p i ck ed up serum protein.

Ele c t ron microscopic studi es of normab 1 r.s-ty  reverb, a  

number of chang es charact er 1s t i.c  of -loud inf ox icati.cn:

«E 0017391
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I. Gaps in the membrane of the noriaablast nu cl eus are

in cr eased both, .in . n u m b e r . and^.in.size. ....  ... . .. . ..........  .. - .....

■ 2. The prote in-se cr e t ing Golgi apparatus is t remendously  

dilated, . • •

3. The mi to chondr ia ar e enlarged. The crystal  pol es

are pushed apa r t . .

4. Myel in  bodies are observed. These are e le ctron d ense  

bodies between the nu cl ear membrane and the mito chondria.

5. Th e mito chondria, ar e dis t r ibuted in per inu cl ear  

fashion to form ring sideroblasts. Cel ls with this mi to chondr ia l  

arrang ement are termed ring s ideroblasts be caus e they are  

siderrihl as t " . i.e. ‘henenuo the'" conta in non-h eme j rmi •. and  

se condly, abnormal, s id eroblasts be caus e the iron is lo cat ed

in mito chondria. In man . d eposits of ferruginous m i c e l l e s .  

or ferr i t in are not normal ly  seen in the mito chondria. on e  

cannot d is t inguish morpho logica l ly  ring s id eroblasts observed  

in lead poisoning from those observed ..in  thalassemia or in  

al coholism. In th ese materials der ived f rom lead-poisoned  

animals one may d is t inguish wi th  ele cfcronmicroscopic t echniqu e  

the mole cul e of fe r r i t i n , 'whi ch is charact er ized b y  a 4, S, 16  

or 3 2-dot pattern. ,

Special studi es show the retl cu.locvt e to have a marbe&ly  

i r regular outl ine and to contain num erous mi to chondr ia he.avi 1 v

K #  0017392
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Uvten with non-heme iron, the ferruginous mi c elles. Stippiim-« -

' , p-ywi-
in  animals and pat ients is • charact er is t i c  of l ead po ison ing ,k*•'* *  

The caus e of the st ippl ing is not understood, but the stipp les'  

themselves are compos ed pr imari ly of r ibosomal material. in  

she poly chromatophi l ic  c el ls the ‘po ly chromasia is du e to the  

retent ion of r ibosomai material. In lead poisoning the in­

corporat ion of 32P into phosphatiiiic acid in matur e red blood

c ells is de cr eased. . .. - :

When lead is administered sub cutan eously over a period  

of time in suff i ci ent conc ent ra t ions , a sub cutan eous granuloma  

forms, a "piumboma, •' the presen c e of whi ch may b e asso ciat ed

V - . n . i  , p  ' f.  S  ■ “ i ' S  S  Sp i * i  J i p  } ‘ a- iO J l~' ■ ;'-.':Cl‘j l  O S' ’S'- 1  J.. ‘ : Cl . .

for some time, it has been known that protoporphyri n,

• coproporphyria,- and d-ALA incr ease in the red c el l  in the  

presen c e of lead intoxi cation. Wi th  improv ed isolat ion of  

individual enzymes it has be come poss ib le  to examine the ef ­

fe cts of l ead on the various .stages of the herr-e biosynthet i c

pathway. It is c l ear that lead affe cts mult ip l e sites at c en-

~ f a ’ ‘ . . .
c entrat ions of 10 to  10 molar. It has been shown that the

main effe cts ar e early in the syn thes is .stage at the formation

of d~ALA,' and later at: the point at 'whi ch iron is ins erted

into the protoporphyr in  mole cul e b y  -hemesynthetase. These

Kf 0017393



pro c esses take pla c e wi th in  the m i to chondr ia . Mor e re c ent ly  

it has been shown that ALA dehydrase is inhibi ted as  well.

It is important to indi cat e that pra ct ica l ly  every l iving  

c ell contains h eme, and that these disturban c es of heme forma­

t ion are relevant not only to  b lood  produ ct ion but equal ly  

important to cytochrom e formation as well. The k idney contain

ALA synth etase as does the liver. - Drugs

synt hetase in the liver W produ c e sihormo’

: thl s enzyme there, and
i '■

the kidney as well

Acut e inte rmittent porphvr la ( AIP ) j. S .1 •«■ v cr rwr./r,i r o C*pe cts 3

abl e model for the study of c er t ain asp ecr s of a :CUt e 'j G3CÍ

.ban.x j- v- a c 3.Oil, This inb 1 yrn erre •r ..of met abo I J.s m . x. ds <--) occur

in faim! li e s , moiSt COTOTUC inly in v; omen of the 2 0 - „
f ■

30 -y éci r- old

ag e group. Pre senting symptoms in c lud e acut e « 1:lSXpi ai. r¿‘3d

abdominal pain, vomit in.g, const Xpd C i o n , and n eur sy ch i atri e

man i.festat ions whi ch en .c ompao s a br oad rang e ph en en a

from motor  weakness to psy chiatr ic  disturbanc es. Signs in­

clud e tvehardia, hypertension, de cr eased reflexes, and sensory  

abnormal i t ies . D-ALA synthetase, d~ALA, and PBG are in cr eased  

in the blood. ALA -and PBG are elevated in the urine as well.  

Asyuptomat i c  r elat ives of persons wi th  a cut e intermittent  

porphyr ia may show only the b io ch emi cal  alt erat ion of  

disease, viz, , in cr eased X'rinary ALA and p u g .

ne 0017394

1 1 1 I S



Other porphyr ins whi ch may b e  found in the urine on ,  

laborat cry examinat ion are net ex cr eted but rather  are formed  

in the' vo ided ur ine as degradat ion produ cts., .

Isolat ed and pur i f ied ALA and P3G show no eviden c e of .  

pharma col egi cax activity; th ey are not pressor substan c es, ~ -•  

The cl in ical  ph enomena asso ciat ed w i th  AIP can b e  explained  

on the basis of a d isorder of the nervous system. In deed it  

has been shown that the per ipheral  nerves of pat ien ts wi th  .  

this disease can und ergo derayellnyhation. The presen c e of  

macrophag es contain ing l ip id-sta in ing mat erial  around the  

nerve gives eviden c e that these chang es o ccur ant e~-mortera.

.  -i .. j . v»* v— x i  t  '  d — . _i_ «. _ c  « - » P. .1.
/ f

,n  u d u  Lil cj*) iM.>LC: ii f . i l ¡u i I II V i-.-,.-',,- ■  . J-Ir-

appropr lat e se cr et ion of ADH has been noted in the presen c e  

of chang es in the thalami c r egion.

Wi th  lead a s imi lar symptom pat tern is observed: ab­

dominal  pain, vomiting, constipation, and p er ipheral  nerve  

disturban c es pr imar i ly  of motor fun c t ion/  Anatomical ly, it  

has ¡s een shown that lead, has an effe ct on my el in sheaths,  

Schwann c ells, anter ior ho rn  c ells, a n d •axons . The p a t t e r n ■  

is str ik ingly simi lar to that in AIP.

■ In AIP the main b io log i ca l  d isord er is found in the liver,  

whi ch shows a h igh l evel of ALA, PBG and ALA synthetase, There  

is m a s o n  to bel ieve that there is an asso ciat ion rwtvcon th e

Kf 0017395
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hepat i c  l>ioch emi cal a l t erat ions and the morphologtea 1 braii  

c h a n g e s L e a d  appears to-set d i re ct ly  on th e bra in  and m r

ana hematopoeti. c syst ems. Thus, it vnvn la evopear tlm1v M F  a

acut e load poisoning have different basi c causat ions but  sh

a f ivial common pathway of c j. x nicä'.i. 'man i f esta t i on .

Xn tlie sear ch for mor e :

examin at i css hav e been  condui

cur s or S X n chiIdr e:n. When L

ch i 1dr en into the 40-60 /ag/l

poor c orr elat ion b -etween the

Pii  OX XI" ) , C. nd oth er heme preen:

T,7 1* -h j'V A-i its c* * ? *r *» 1 A* tT *?

concen ZTV.lions of these mate:

at the 60 yug/lOOg r a n g e , In

chi ldren and those wi th  merit.

of eti O x Cj■ gies, a d

(
i f ference :

gr oups ha s not bee n observed, - Similarly, there has bee  

no di f feren c e in b lood lead levels nor in the la ck of corr e 

tion'between' blood lead and intell igen c e, or be tween ALA'  

dehydrase and intel l igen c e. It has been found, h o w e v e r , th  

there is a s ignif i cant corr e lat ion be tween b]..ood lead level  

in the 40 /ag/100g range and AL7i dehydrase in the blood. Tit  

c i inicx* ip i.Q'  j'j  j_ v„ jLc  ̂ ncc Oir Jclix .x coxx'xl d '*  xo~* i_s c m t 1 i r̂ldC'

X£ 0017396



There is experimental, - eviden c e for a corr e lat ion between  

ALA dehydrase levels in liver, brain, and blood. Su ch eviden c e  

is der ived from studies on su ckl ing rats who hav e re c eived  

lead only through the milk of their m o t h e r s , 'who h ad been  

pla c ed on a 5% lead a cetate, diet after the litter had been  

delivered, Neur opathologi cal  chang es were observed in the  

su ckl ing nic e under these c i rouns fa rc es , The cl inical  impli- ’  

cations of this v/ork ar e obviously not ful ly def ined inasmu ch  

as int errelat ions be tween lead, depressions of b lood and brain  

ALA dehydrase, and anatomi cal  chang es of the c entral  nervous

s vs rein are not well understood',

r - \  o  r

hydraso a ct iv i ty is r edu c ed in both  the b lood and bra in  of  

lead poisoned rats/  (2 ) a signif icant corr elat ion exists b e ­

tween b lood and bra in  ALA dehydrase .a ctivity in normal, and  

l end poisoned rats, and (3 ) a corr elat ion exists 'between b lood  

lead and ALA dehydrase levels in childr en. It is possib le  

that d iminut ion in ALA dehydrase a ct iv i ty in t h e 'per ipheral  

blood of chi ldr en may ref le ct a s imi lar  r edu ct ion of th e enzya«  

in the brain. (The presen c e of ALA dehydrase ;i n human bra in  

may be assumed sin c e posi t ive enzyme a ct iv i ty  was found ir e 

the brains' of two aborted fetuses -whi ch w ere at the 15th and

X  ! . - ' k i / j .V  v. k X 1 3

:ori elation. exists between the b lood lead .! evel  /> y g  //.r:

' K& 0017397
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.t it is ap-

:£e ct on th e

irded as normal

have be en c on-

.ficar ic e of .

and the ALA dehydrase a ctiv i ty in th e brain. The potent ia l  

signi f i canc e -of these-observat ions suggests that it is -ap­

propr ia te to consid er ser iously the possible  

developing bra in  of lead levels prev ious ly  regarded  as normal.

Prel iminary studies of lead po isoned dogs have been  con­

duct ed to shed light on the phys io logi cal  s ignif icanc e oj  

roeasurements whi ch show a d epress ion of ALA dehydrase . In  

su ch studi es dogs were fed for 42 weeks on diets containing  

0, 100, and 500 ppm of add ed lead. At the end of

the 42-v/eek per iod the b lood ALA dehydrase level was  v i r tual ly  

zero  in the group of dogs fed 500 lead. Eow-

. ■ v. - 1 . 1 b  e n c ri.ciV ■ .o s a c  a *, - u w .:,, ¡.c c- o i <*,->,  i .... , : 5 <. i ( .. / 1, t .¿a . s  

’..■ as  th e same. No an'itaals appeared to have been adversel y  

af fe ct ed by  the ingest ion of lead over this period. Altho ugh  

these animals did not appear to have suf fered a detr imental  

physio log i ca l  effe ct, th ere was the quest ion of Whether or  

not the dogs would  respond di f ferent ly  to phys io log i cal  str ess.  

In these studies . the animals -were- .stressed thr ough a redu ct ion  

in b lood volum e of ea ch dog to 50% of its original valu e  

through phlebotomy. The re cup erat ion from, this insult ap~  

peared to be ident i cal  for th e three groups o.f cicgsi and th e  

carv es ref le ct ing th e b lood paramaters could b e essent ia l ly  

super imposed , one upon th . o ch er. The bleeding pro c edure did

Rt -0017398



n o t . ssera to  influen cé' th e b lood load level of.  the animals  

whi ch r eturned to the prephiebot cmy l evel some one weak' ni cer  

the loss, of blood.' ■

In the study of hemoglob in  synthesis a conv enient b io ­

logi cal mod el is avai lable in cultur es of the photosynthet i c  

mi cr oorg&rsism, Rh od op s e u d croon a s sphéroïd e s . This organism  

grows very well, e i ther as a fa cultat iv e anaerobe, without  

oxygen, in. whi ch cas e it. produ c es ba c t e r io ch io rophy l l , or  

in th e presen c e of oxygen^ it v;i3.1  grow in the dark and manu­

fa ctur e pr imar i ly  hems, Lead suppresses the growth of the  

organism very markedly  when the cul tur e is re lat ive ly low

^ d 01^ * \  co c' '- j  ' a V-, ; -i p. v? -P *1 ---ra -p ji'-J -i*.‘ -v-T—, r\  -î t-i'î-. -» -■

effe ct of l ead on the growth of the organism is mu ch l ess  

apparent.

The ex cr et ion level of c opr op orphyr in by this- organism  

cl early- demonstrates the antagonism -between iron on the one  

hand and lead, manganese,.. and cobalt  on-th e other, then the  

organism is grown at -lo*w conc entrat ions of iron very l itt le  

cop-rop orphyr in is ex cr eted.  ̂The addi t ion of 0.03 ppm manganc  

to th e cultur e medium, however, caus es the ex cr et ion of large  

amo-.ii'.ts of coprop orphyr in. In iron--suppl emented cultur es rmi c

uxer.ar quant i t ies of manganese are tolerated before the-  cx eos  

■ "cpr op orphyr in app ears. Lead potent iates the effe ct of  

: ua-’ o in causing incr ease;; c opr op orphyr x 11 ex cr et ion ana is

KIT 0117399



thus antagonist i c to th e addi t ion of v-fepon. If than still

ded ; tO 4-1-,ti le medium one overcomes the ef f ect

t  iresi y and the ef f ect of  l eaa to a somewhat

more iron is.

ryf  cinnS'0

l esser extent, No amount of iron supplementat ion can compl etely  

-the reverse coproporphyr ia  .production caus ed by  lead, . .

An examinat ion of the other metabol i tes in the tetr apyrrole

other antagonist i c m etals. Ferro ch eiat3.se and A LA dehydrase

e o n s  t o  h e  t h e  m o s t

a y" i3 the t i c p atlv

OKidas e or " co:

c)C t ivit i es are

Q-hher  antag on ii

moy a. 1 so be . ¿3. i

O'**" owing erg o n t

impor  t a :ot ,

Pumrnary of Rep

Cl ini c al ]

sy 0 1. ¿nni c l e ad !

af fe ct e d or aai

Le vels of 1ead

i --s ns it y of exp

al so in clud e a:

C t * il  c j_ cJL and pe:

ct on c:i d so ft •

O-Uoh as men tal

n ci

Cl in ical  mani f estat ions caus ed by  ex c essive amount %

d b e h a v i o r a l

K 0 ..L

a x s o n i o r s

ms-v b e  t h e  r e s u l t  o f  a n a t o m i c a l  darnao

«e. 0017400
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acut e intox i cat ion or possib ly  th e result of chronic c el lu­

lar damage resul t ing 'from the s l o w  release of stor ed lead  

in corahinatiora wi th  cont inu ed exogenous exposure. Exper ien c ed  

observers have repeatedly emphasized the importan c e of con­

tinu ed envi ronmental  exposure ro Lead as an important f actor  

v.hich incr eases the l ikel ihood of severe permanent damage to  

the brain.

It is reasonable to consid er as wall  the poss ib i l i ty  that  

cont inu ed exposure may be caus ed by. the s low release of stored  

amounts of lead whi ch in th emselves do not produ c e obvious  

symptoms but. nevertheless; may be  capabl e of damaging c ertain  

j. u-j.' j .  u .Ue  o .'j  verve eyCi-Cmu m e  pi o c w o m y  raven*1.-- o x. r w o  s .

The conc ept of latent effe cts du e to lead in persons Who  do  

not show obvious cl in ical  plumbisra has b een raised by Lane  

and otheres who bel ieve that lead burdens insuff i ci ent to caus e  

symptoms or to produ c e disabi l i ty  have shortened life expe c-can­

dl es be caus e of premature development of '.nephritis or in some  

instan c es c erebral hemorrhage. •

inifestations of lead poisoning areneurol ogi cal

e and wi o. 0 sprs

illtv, d epress

ymptoms are th­

ally dev roe sad
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peripheral neuropathy is consid ered a common n eurologi c  

anit estat ion of lead poisoning, and involvement of the radial  

erve is f requent ly des crib ed. Whi le  the c l inical  p ic tur e may  

resent as a mononeuropa fhy , neurologi cal  examinat ion wil l

fren demonstraro o. r .rc ̂  Ir in ra o  c* other m u s c l es , and neuroele ctrici

tudi es rnay show pro longed conduct ion tim es or de cr eases in  

he ampli tudes of the a ct ion
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ti c parapl egia and

ron damage. In su

lead ’ neuroxnyel opat •

imary  lateral solecord d egenerat ion su ch as in  

amyotrophic lat eral s cl erosis may be diff i cult.

L ead en c ephoiopathy has been consid ered more common in •  

chi ldr en than in adults, in whom it may be  misdiagnosed a s a  

bra in  tumor responsib le for su ch symptoms as h e a d a c h e , vomi t ­

ing , diplopia, and per iodi c confusion, in conjunct ion with  

eviden c e of in cr eased int ra cranial  .pr essure. Opthalmo.l cg.ica 1

disturbanc es are not common in syst emi c l ead poisoning although
t\ ” ”

Ocular symptoms of l ead poisoning have been more common in  

chi ldr en in whom it is possib le to re cogniz e disturban c es of  

the v isual  cort ex, suprageni culat e pa th w a y s , opti c n erve, ret ina  

lens, and intra- and extra-o cular  muscl es.

uf the neuro log i c 'mani f estat ions of lead poisoning in  

childr en, p e r i p h e r a l .neuropathies have not been the most ap­

parent, and c entral  nervous system manifestat ions have been  

consid ered mere common. It is lik ely, however, that examples  

of per iphera l  neuropathy in chi ldr en go.: unre cogniz ed in

many eases, in cluding thos e in w h o m  .en c ephalop Ci tU V - u

•tuva eorji cuvacirï c.u.nicdi aiLCint i. < Cil x l a x v: v:-  c n c . 1. x a  i  c. h J

tfE. 001*7403
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eviden c e of pher ipheral  neuropathy, viz:.-,-  sen-soyy l o s s - a n d - --  

•weakness , ch-ow eviden c e of denervat ion when tested ele ctrically.

Neuro ch emi cai  studi es of the bra in  in lead poisoning  

have been te chnical ly  dif f icul t  and hav e most commonly focus ed  

upon the effe ct of alkyl l ead compounds, th e pharma colcgy  

for which is undoubt ed ly  d iss imi lar  to that for inorgani c  

load. Al though s eizures en count ered in a cut e lead ohe'ephalo- '  

pa thy may be due to neur on o-~ ex ci tat ion r elated to lo cal - edema 

or vas cular  l esions, these manifestat ions may be due to an  

in ierteren c e with glutarai c acrid transport  or m etabo l ism re-'  

suit ing in a redu ct ion of aminobutyr ic -acid (GABA) product ion

t  O  C _-- i. G -V X;a eiXi x nr}. i c OJ.. y  J- Cl' .!.o

sent moderator, and interferen c e wi th  GABA proda ct ion mightfc  

produc e seizures by in cr easing neuronal ex citabi l i ty. M e ta ­

boli c- st eps whi ch might b e . sus c ept ib le to- the effe cts of l ead  

in clud e (1 ) glutaraic acid d e carboxylas e (GAD ) which carboxylat e  

glutamate, to GABA; (2 ) glutamic acid d ehydrogenase, (GHD ) -which  

r edu c es 2-ket o . glut ar-at e to glut auri c acid; and (3). pyridoxal'  

phosphat e  (B.gP ) m etabol ized from pyridox.tne whi ch functions  

as th e co- enzyme for t ransaminat ion rea ct.ions in th e synthesis  

of GABA. Evaluat ion of those systems and of the cl in ical  

ef f i cacy of py r idomin e or g lutamate in chi ldr en -with seizures  

of a cut e lead poisoning might be warranted.
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Rec ent ele ctron microscopic studi es in experimental  lead  

neuropathy have shown that the pr imary  damage is to  S chwann  

c el ls and mye l in  sheaths but that axons also show de generat ive  

and rea ct iv e chang es. Steps in the .remyei inat ion pro c ess,  

have been  demonsrrated mi croscopical ly.  Two  m e chanisms hav e  

been suggested in explanat ion ox the pro c ess of derayelination.  

and remyei inat ion in lead nephropathy. One possib i l i ty  is  

that a substan c e hav ing porphobi l inogen as a pre cursor is  

essent ia l  for the maintenan c e of myelin. It is. known that .  

in porphyr ia there is a metabol i c bl ech, which r esults, in the  

ex cr et ion of ex c ess porphobi l inogen and d-JILA ana c-oncurr entXy  

a dop.ye. 1 xr.ar ~ eg puiveija the .sp ecific. l V u s s  >..'i wiii’j:.: not

known. The second poss i b i l i ty  is that lead caus es vasodi la t ion  

and altered vas cular  p ermeabi l i ty  whi ch caus e -intraenaensara 1  

edema and cons equent damage to the B chwaim c ells b y  pressure  

or is ch emia.

Bio ch emi cal  studi es of lead nephropathy have conc entrated  

on the motor endplate region of str iated mus cl es, the point  

where the greatest  propor t ion of synapt i c ac etyl chol in esterase  

is lo caliz ed. The introdu ct ion of l ead into suitable neuro­

muscular pr eparat ions results in the pre c ip i ta t ion of l ead at .  

the cot erat i c  sit e of this e n z yme , . The pr ime binding site for  

load appears to be  the post-synapt i c  sub- n erve.:, apparatus of  

the motor endplate. The b puling of the sub-neural apparatus

KE 0017405 'Co • : y
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by lead ' Is not influen ced by  the pr i c&y administration. di-  

iscpropyl fluorophosphat e {DFF} or neostigmine. H cwever, t-

PTipIetely 'inhibits - ciholin- esterase a ctivi  

rity do es appear to. be  redu c ed in mus cl e  

:ai apparatus lias been, bound by lead . s  

an attempt to identify, some properties  

re c eptor and the charact er ist i cs of l ead

V- v of ■ tree traent c

ft  v
*w-< -1_ ™ ne otera se. a cti'

in vd: :1.C h th e sxibneu.

St a i are part of

o i th choli nergi c

;ding at th e

sets of the

Other S X li <

,ly prese Tit <

-r A 5-T pfl ?XS r "h -

'0-3 relai X OXi. i

: site of b i 1

'lain the ‘¡ -x -v * ,

it the motor endplate in a bound  form and is

the site of b inding of divalent metal  ions su ch as l ead may  

explain the pred i le ct ion for palsy in th e more a ctiv e rr.us c.l  

Load and ca lc ium may .also b e  interrelated through a meohuni  

whi ch is r ef le ct ed in the fa ct that a r ed.u ct.ion in calc ium  

conc entrat ion may produ c e neuromus cular  b lockad e by de cr ees  

trig 'the presynapt i c  r elease of a c etyl cholin e.
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Vï. C o n f eren c e Summary ' . .

• T h i s ' confér en c e reaf f i rmed a long known fa ct that'

. po ison ings du e to moonshine l iquor containing D ead, pi ca for  

l ead- contain ing mat erial, and ex c essive o ccupational exposure  

to lead cont inu e to o ccur. This fact r epresents a fai lure  

on the part cf h eal th  experts and other responsible elements  

. of so ci ety to  prevent gross exposures to -lead.. .

The presentat ions of this conf eren c e i l lustrate tho in­

cr eas ing ly  sophist i cat ed methodology be ing used to study the  

■  lead ■

mani festat ions of absorption. Su ch studi es are obvi cuslv
f-  . ‘

. .important t o  our und erstanding of the me chanisms and cons e- .  

queneos of lead intoxi cation, Gf even-greater iimportan c e,

■ however', would be  the development of sensit ive a nd spe cif ic

measures whi ch could establ ish whether 'or  not ”n o rma l ” people  

are be ing harmed b y  curr ent conc entrat ions of lead in the  

■ ’n o r m a l " environment. No  new, pra ct ica l  m easures are as yet  

. ' ava i lable as s cr eening pro c edures to .dete ct v ery  e a r l y ■ adverse  

responses to lead. The va l id i ty  of new enzyme studi es is  

curr ent ly  under examinât ion.

Aminoa c idu r l a . Abnormal  quant i t i es of amino a cids in  

urin e o ccur only in p eople wi th  overt lead poisoning. Barely  

elevated levels of amino a cids can b e dete ct ed in urine of
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workers wi th  ex c ess lead ■  exposure , Aminoa ciduria,. .th erefore^  

does not appear to  be a -highly sensit ive cl inical  study p ro ­

c edure  for “nonsal"  populat ions, al though it .is : c ertainly_ ■  

important for. resear ch in cas es of .lead, intoxi cation,

Inc Ins ion Bodi es. Nucl ear in clusion bodi es in kidney  

cells appear., to.be re la t i ve ly  ; spe cif  i d b u t . . to  plat e, have only,  

bee n  found after re lat ive ly  high exposures ‘to lead . ...Their'. .'  

only presently, known fun ct ion is as a storag e site for ex c ess  

lead 'whi ch has entered the nu cl eus., of k idney c ells and comp l e  

with, mito chondria. In t ranucl ear in clpp ioru bodi es should be .  

looked for in. cadav er studies, par t i cu lar ly  in thos e v?ith  

hxgh  body  burdens of load,and in c el ls in the ur inary sediman  

of humans w i th  chronic, l ead exposure. In addi t ion various

animal  spe ci es should be used in laboratory studies of n u d e  a  

in c lus ion bodi es. . . . . ■ . ■  '

G l o m e rular F i l t ra t ion Rate. It was’ suggested that the  

glomeru la r  ...filtration .rate .might be  a -useful s cr eening measur  

However  this measure 'was quest ioned as la cking sp ecif-ity .for  

l ead exposure relative' to renal d isease in general.

'‘Sodium P u m p ” Inh ib i t i on . This phenomenon presents  as  

a. hypothe t i ca l  l ead effe ct and r equires .resear ch for v er i f i ca  

B roch emi cal Func t i ons . Two pot ent ia l ly  sensit ive indiea  

are avai lab ler  the .measurement of the respirat ion of rniro-  

cnondrxa ot r et i culocyt es and ..the . measurement  of. potass ium
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loss a cross tli e red b lood , cel-1. meiTtoranè. - Both’ of ' these -

'phenomeiia-xpqui're.-evaluat-i-o’n in 'animal-s-- and humans-with.--lead-  

'•ihtpxi cation. • : . ' . ' •. • ■

Enzyra e Changes. Enzymes wh i ch  .ar e consid ered to be most  

sensi t ive- t o -;léad ."exposure are dai-ta : ainino le vu l in i c  aci'd '  

dehydr.ase:, .Tippamide. dehydrogenase - and ATP-ase.  ■ Changes- .in  

enzymes levels-need to be corr e la ted.wi th  possib le adverse .  

ef fe cts in  man - a n d . an ima ls . ’ ..... - - — . • - ---  - ---  —  -

- E ss ential. Tra ce. Met a l a .. - Many . t ra c e metals are essent ial  

for normal body . fun ctions,..: and .l ead may .b.e'  compét i t iv e wi th  .  

these metals. However  there 'are .no known examples of  su ch •  

inh ib i t ion by  l ead in in v ivo  sys tems» Cadaver  s tudies have  

shown. that essent ia l - t ra c e-metals in-.soft-tissues are normal'  

despite,.in cr eased conc entrations, of lead. .

Heme.. Syn th cs is .. Coproporphyr in  and d elta amino "levülini c  

acid in u r i n e  are.sensitive and reasonably spe cif ic indicators  

of. l ead exposure, .. These .measurements' are'.'of  value in studies  

wi th  adult s',""hut  may.bë  of less' value' i n ’: studies wi th chi ldr en  

There are marked diurnal  var ia t ions in these indi cators, and  

it is r e commended that- conc entrat ions be-expressed in un.i-t.s- • •  

relative, to ur ine flow rather than to urine volume . t-eira  

avnino ievul ini c acid determinations in serum are suggested  

as ..a more ref ined measure of lead effe ct .upon h eme synthesis..
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-. T h é  behavior.. of-.A L  A-dehy.drase. under  lead e xposure si tuations

'requires examinât ion a n d ‘in terpretat ion from the point o f .v iew  

of health.- . - - ' : •

--  --nerve- Condu ction- T i m a . On e of- the more pra ct ica l  -and •

r ef ined "tests -.- for ‘‘‘neuroLogx cab chang e, is the- measurement of : ;  

nerve - conduction- tim e.- -However-; this pre c edure is cons id ered :  

t-o be-more usefu l - for  fol lowing' cas es of lead intoxi cat ion tha  

for scr eening pu rpo s e s . * -

* Analyt i ca l  Variability.' For almost -every s tudy , quest ion  

about- analyt i cal  ■  accuracy-and pr e cis ion can b e raised. It is  

suggested'■ that.' comparisons'-of data .would b e  fa ci l i tat ed b y  -  

col lab oration, .through, a. c entra l  laboratory, This vaohnigue .

' wou ld  avoid mu ch controv ersy and'expedi te interpretat ions of  

data. : ' ' '

- This conf eren c e reviewed thé state of- curr ent knew .ledge-,  

about, how  lead intera cts wi th  man'and.  exper imental  .living  

-■ systems. .It a p p e a r s .that the bes t  "indi cators : of early respons  

-to-lead" are. a l ready in use.. Several areas of re sear ch which  

may i ead to, improved measures of early response are app ateut..

. It. "has been reassur ing- to  note that ..exhaustiv e animal. -  

studies have not led to the, d is cov ery of new lesi ons due . to  

lead, a l though it is also- cl ear that there- are major differer.- c 

b etween spe ci es in response to' load absorption, ’
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- ......  -s.ev-er ai-ineeds • -for the immediate future-.-a rerhighlighted* ,

" ’ 1, Prevention- of ex c essive ’and unusual  exposures to lead

a broad prob lem for so ci ety-at-large.- ’

’• 2r lief ined-studies of those- cas es of . lead intoxi cat ion •  

which, ■  un fo r tuna t e l y . c ent inue to o ccur. ' . ■

’ 3. ■ R ef ined studies on populat ions wi th  elevated, but no t

ne c essar i ly  c l ear ly  harmful,  exposures to lead* espe cia l ly  .  

v.?ifh_ respect to.lchanges in- r e n a l  funetioiwand. he me syn thes is .

. . - 4. - Resear ch .with. animals .on .corr elations be tween enzyme

chang es and adverse ef fe cts of l ead. ... ' ‘ .

■ 5. Survei l lan c e of- the environment and .populations fox-

V d.*iClC ?  v j-ClCrliC t? Oi_ iflci.il  ’ hi  01^X3 L aiid OU.K C C.

load, " ..  V" . ' . -

. 6. Survei l lance for potent ia l ly .suscept i b le  individuals  

and indi cat ions ' of syn ergist i c . act ions .or . .aggravation of exist  

ing disease. - -- ..  .. -■  - -• • - -


