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7. Summary of Reports on Environmental Levels

|

The concentration of lead in soeil: foods, watler, .and

ir is highly variable. Alimentary lead intake coviers a rang

w
D

of approximately 0.12 to 0.35 mg/dsy.  The absorption of lead

from the atmosphare varies 6 to-10-fold. Ih s
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lead in man
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wide range of leaz
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intake levels, the amouﬂ% o
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Blood iead levels are evén.more constant, remarkably s0

in view of the wide range of exposures. When the mgan blood
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seems to be an increase in the blood level as one goes from
a rural to an urbanized area. This phenomenon is not well
related to the density of motor vehicles in|these respective

nities, and the urban-rural gradient 1g chserved in arsas
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of the world with very low numd
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sgoiety to society the differences in bleood||lead level: are

not impressive. whe blecod lesnd level of rumal for
exawple, approximates that for rural North amcricans.

Soft tissue lead levels and bone lead levels de not cor-

b relate well in individuals. The lead in the& bone seems to
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increase with age whereas the
not rise after the end of the second decadell In females the

scft tissue lead levels tend to be slightly||iocwer than in

nales, while in bone the lead concentration|/lin females is

very mwuch lower than in males. This lower bone level' of lead,
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the Civil War in this country. contain™Tead in concentrations

which approximate those noted in modern autopsy materials, viz,

™n view of the very great range of lead |intake petween

i
|

indiv 'ilals)and varisbiiity in lead zbsorption, the gonsisitency

of bleood 'lead levels is extremely impressive. One wonders if

there is a biolcgical basis for this consistency of plood

frt

ad levels, and whether in fact the biologi ils of the
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conzistency reflects a biclogil cal necequity fo
no evidence for this, but we hava no evidence that it is not

the case, It is generally true, however, that when ja metal
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ent werely on en incidental basis but rather as a subsitance
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b with specific biological importance, One cannot help but ve-

coillect the eariy studies of sc-called zinc toxicity, in which

zince was regarded solely as a toxic metal responsible for
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metal fume fever. Zinc was a tyvpilcal trace metal -present in
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amounts difficult to detect and in association with | only traces

of information abouh_its significance, When in 1941
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apparent that zinc was an essential constituent of the

mrtalleoenzyme carbonlic anhydrase it bzcame apparent [that zinc
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in making inferences from blood lead level deteérmination,

sistent rasults. In many situations the varia

replications is greater than the variation between individuals
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tive or negative. There is still active disgscussion|as to whether

selenium and chromium are essential trace metals or simply in-
cidental metals incorporated into tissues. |Lead is|in a
similar category. We do not know whether oy not lead has an

essoentiazl hiclogical function,

lere metals have been known te interagi
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be removed without loss of

ated to activation or

s bound in such a spe

ively are the enzymes;

the intrinsic activit y of thc e”zYme.

1s are bound to nucleic acids..

I-containing nucleic acids is presenitly

"he relationship of metals to organell
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which

not irfinite.

group of lysine, to the carboxy

the case of metals such as lead,

associates only with sulfhydeyl
We de know that lead can be toxic under
stunces, but so can any metal. Essential

When these metals ave present i
which are not the norwal active
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Cav Jnxyoer dase is a zinc-containing e enzyne which

has two functions: first as a peplidase, seéoadly as an esterase
It is possiblie to remove the normal zinc constituent of the
enzyme and replace it with various other met#ls. When the

zinc is removed and replaced with lead, c¢ne [finds that the

metalloenzyme nas lost is peptidase properties, but [the esterase
properties are increased; in fact, the lead *‘?ooyvoeptidase

!
iz au bhetier esterase than the raturally occurring zine analog,

The woint here is that a lead metalloenzvme Ean havel a par-
b ‘ Y :

fectly legitimate biological purpose,

It has been found that the metal of carboxypentidass|is attached
to three ligands: two imidazolium groups of histidine and

one carboxy group. Suirhur-containing amino|acids are not in-

volved. This chservation is contrary to many of the
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which have been expressed in
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Another metulloprotein, metallothicnein, was discovered

first in the horse, then in cother species and| certainly in man.
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The pﬁxwpnerdl Nnervous ma nxf stations of lead poisoning
: : !
| ‘
are not related to these phenomena, but it is entirelv possible
that lead may attach to sulfhydryl groups of the nzuroconducti
=4 P L
|
system peripherally.
Another system where investigation may| yield in formation

on the biochemi

e

stry of lead is that related) to oxidgtive phos-

phorylation. This prceocess depends upon the| integrity of
mitochondrial membranes, which among other things, presexve
the respective levels of calcium and potass i insife and
utside the mitochrondria. Impairment of this menbrane by
carpben tetrachloride is assoriated with a dramatic £hift of
Cololun into the wilochandria and an uncoupling of (xidation
T T el od - o b S A
|
and phesphoryviation., The sulfhydryl ligands of the |mitochon
1
cérial mermbrane suggest that the attachument qi lead or othex
metals to the membrane may interfere with 15% intripnsic weta-
i
bolism and its ability to protect ihc intra-mitochondrial

environnent, Under such circumstances. the metals milght be
' |
expected to cause sig nifi ant age to thekenergv rdetabolism
%
systemn, 1
|
i
There are undoubtedly ways in which thel effect [of lead
: x
on nucleic acids mayv be neasured, We know that the binding
|
1
of lead to nucleic acids causes LTheir hydrolysis. Rpseawch
in this area is currently less wall developed, however.
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calcium in the urine increzased 3- to 4-fold, there
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i3 increased more than that for xhe other amino acids. Since
lead can forn bonds with the phenoxy group of tyrosine and
2. - - oy 2 P 1 ¥ S ePCh ™
“he me can speculgte that

It has been suggested that the amino-aciduria may be
related to changez in mitochondria. Isolaeted mitcochondria
have baen stuﬁleu and show swelling and a defect ipn oxidative
pucsphoryvlation, This defect is demonstragted with| a pyruvate
substrate but not with succinate. These fiindings [indicate

clectron) transport,

e e SR PR, gy v
D1 OCA LY

0]

regquirpd to

localize the effect of lead on molecules in the "cpmplex cona"

part of the electron transport systen

3

[N
s .

Mitochondria from normal kidneys have| been isclated and
|

lium with pyruvate-pliospl

-

ate buffer, no

n

py

EDTA, and various corcentrations of lead. |At a lead concen-—
traticon of 1L x 10 7 nolar, there is a small effect with partial

uncoupling. At a concentration of 2.x 1077 molar there is

1
PR, 1., . - 3 Ky o e oy - S o S . PR - g o g [ Sy o
cenmplete paralysis of respiration indica l#g a towic effect ‘-

of the lesd upon xidney mitochondria. The|concentration of

KE 0017381
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mitochondria are much lowar than those

lead leocealizatiocon in organelles. TTn control rats thers 1S

more lead in the cell nucletus than in the mitechondyiz;

)

ts on 1% lead acetate diets there s a small

ever for those r
incremant of lead in the nucleus, primz rily in the fintra=--

nuclzar inclusicn hodies, It is not possib

]
1.
the concentrations of icad in miLocaondria

T ComMpare b from
ip vitro studies to in vivo studies, Nevertheless,| the con~-

systems appear to be of| the same order of

Concentracion of lead.in th

o
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Tmin

ie technigue follow-
ing sxposure to labellie
The nmorpholoegical appearance of the intramicledr 1h~1uw

ts is the same as that observed in humans

B

sion bhody in ¥

1.

acutely exposed to lead. The electron microscopic appearance

surrouarided by = periphery of fibrillar material containing -

some kind of material in tha matrix., The nucleclus|in the

nucliaus is nowmal under these conditions indicating| that
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is formed by accreticn .of lead-

ition

jel

1C

iy grows by continual

of this material. The intranuclear inclusionh bedW opcux, typi-

cally onlv in the nuclei of the proximal-tubular cellls. The

e
|

consisting of laminar figures representing some lyosoma

° N . (34
shencmenon comeonly  seen in the cells of the,distﬁ%l.tubles

. - Py
oY the

nucleoli,

doeg not damags the intranuclcar inclusion

L

sixteen rat kidnevs.. When the bodies are treated with RIA- .

ase or DWA-ase there is Iittle if any defecl, indicating the
i 3 K i
i O ek AN S wntE ek !

0

=

encse Of RWA or DNA or thelr complete abst

Fi

P

: PR
wilth proteolyviic enzymes such as. tripsin . does cause |a change

which apparently reflects the splitting off loff a protein

fragment., 7The remaining materials presumzbly still |contain

bid

cad and. some

hare is evidence that lead enters the |urine by both glo-

by aFmrs T e 3o d s
cubular [Lining

. .
Lltvration . and by secroiion
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Lead in the urine has been shows

=

sparently ithe organically

les may represent s ctorage
of excess cuantities of lead that enter thle nucleus of the

proximal tubule cell. Bodies are notad in rats when their

y A mee AF lozd o -u'»-i ol Terxradl ~L
e T O L REXD i, 2 CVCa S
expcsure waich does nobt cause anemia or obh iagnes of detri-
cRPGEUILS T LCT SH L0 Juse anemia o QTnerr Signs O aelli--
i

mantal effect. Thus inv*ﬂnu”le“" iLClUSiLF bodieg may be
among the most sensitive indicators of Lhabge.

It has been noted, however,lthat effects can [be obsenved
at this and lower doge levels if rats-até placed on a low-

calcium diet, i.e., 0.1 gram percent, which is jusk sufficient
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T shouLd be qm%ca'that-cunc ntraviong of lead |in drink-

ing water to which rats show no significant response arve

still relatively high, and that the rat is 2z relstively resis-
tant species to lead intoxication. 7The rat wmay serve, however,
as a model to gtudy the varicus factors which influsnce lead

. |
intoxication such as low-calcium diets or pyge—-existing renal

. 3 24 £
l
dicease, f :
It is pcezsible to develop an hypoth ‘elates

solute transport failure, disturbances phosphoryia-

- o 3]
Livg pokIutda

o

bound diffusable form of lead which passes aLrOSS'the ren
tupular cell., Mitochondria are exposed to this lead, which moves
against a gradicnt into the nucleuvs and into the intranulear
inclusion bodies, probably as a lead lipéprctein conplex. In

“\"L."

a sense, the inclusicn bvuy eprenentm a protective mechanism

If one is tw examine the effect of lead
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