el
J Prcblem: ¥hat happens.to tetraethyllead (TEL) in the body ?

Work‘of previous investigators:

In the four previous investigations (Norris & Gettler '25,
Kehoe & Thamangv'Sl, Rihovskaya ‘45, Kr8ller '49), only a dozen
enalyses of tiésues for TEL have been reported. These analyses
were determinations of lead volatilized with steam. Boiling

various decomposition products of TEL in water actually regeneratss

TEL, as Calingaert et al. ('48) recently demonstrated, This
sugs.ests that methods other than steam distillation might be
useful, The pauclity of data also suggests the difficulty of

the ?rcblemc

Plen of attack:

Lt the beginning two main objectives #re evident:
(1) distribution of TEL among tissues under various conditions, and

(2) reactions of TEL in vivo, -~ their products, rates and mechanishs,

To spproach these objlectives, snalytical methods must be
developed, (a) methods of measuring TEL and (b) methods of
detecting and of measuring its decompoéition products, For
example, there are ﬁo published methods for TEL in water and no
preven methods for TEL in tissues. Until anaslytical tools are
developed, the problems of more physiological interecct serve

principelly to direct and to set reguirements for the snalytical

develonment.
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Progress:

In 1953 analytical methods were developed in this
leboratory for meesurement of TEL in air and ihlwater. These
were applied to the fundamental problem of the distriﬁution
of TEL between air and water at equilibrium. The finding, of
preliminary nature,-was thet about 0.4 mgnm. of'TEL dissolve in
& liter of water at room temperature.  About 106 times this
much had previocusly been reported to dissolve (Ethyl Corp.
memorandum no, 45-72). Other work of exploratcry character,
beth analytical and synthetlc was slso done that year, es

given in my annual report of January 1l8th, 1954,
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Progress (continued):

During 1954 attention has beenvdireéted~to biologieal
problems. I summarize our findings here, with some

interpretetion of their significance end implications.

For the first time, direct evidence on the following @

points has been obtained:
(1) Persistence of TEL in live animels for at least 3 days

The continuing presence of TEL inlthe body for dsys has
long been suspected, Its presence is a fact of considerable
impcrtance in planning prophylactic and therapeutlic regimes.
Methods should be devised to hasten elimination of TEL frém the
beody before it decomposes. Specific proposals for this are
included in the peragraphs that follow., Msasures should be

taken to sfford the body continuous help in detoxification of /2

Qng
- the decomposition products of TEL as they are continually SQQ“LQ_O
produced in vivo. Also, continuing help should bé given the
metabolic systems bsing attacked by these decomposition products
before they are detoxified. Both aid in detoxification and
protection for metebolic systems can be sought with improved
rationale as we increase our knowledge of TEL metabolism end

of its effects. Ncte the underlying assumption here that the -

e T

w2 Bsn A, :(/;“_‘ . Ay

TEL molecule is intrinsicslly less toxic than its products.
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Progress (continued):
(2) Distribution of TEL among 16 different tissues

Now we have evidence of where TEL goes in the Eody; we are
no longer solely dependent ﬁpon analyéés‘for ;ead, 233'33. The
date are basic to ﬁnderstanding\thefmechanism'df TEL polscning.
Any explansation must be reconcilaﬁle with thisuihfofmation. A
new limit is thus set to speculaéioh. At the same time, the

physiclogical problems of TEL poisoning ere seen in a new light.

Briefly, concentrations of pentane-scluble lead ( in
milligrams per kilo of fresh tissue) were found to be, in

.ascending order:

bloed serum « + ¢« ¢ « « « . .« DONDE
stomach & dontents., . . . . . 0O.4
caecum % contents . . . . . . 0.5
lungs « ¢ o v s 4 e e e e 0 . 1.3
large bowel & contents. . . . 1.5
leg muscle, . . . B I §
abdcominal musele. « ¢ ¢ . o « 2.0
hide, ¢ o ¢« v ¢ v v & o « +« « 2.1
smgll bowel & cordtents. ... . 2.6
braein . . ¢ ¢ ¢+ ¢ v ¢ 4 . o . 2.7
spleen. . « « « + ¢« ¢« o+ . . B4
CBrCaASS o « + o o 2 o o o o o BT
'Whele blOOd ¢ o * & B s+ e 8 @ 307
heart . 4 o ¢ ¢ o o o o o o « 4.8
fat * . * . L 2 * . L2 [ ] [ » » * 503
kidneys o « ¢« ¢« o ¢ ¢« ¢ o o-0 6,2
liver . *» e ¢ & e e ¢« o s ® @ 23-

These data are from a 193 gram rat that was exposed for 2 hours

to 2.3 milligrames of TEL vapor, then killed with carbecn monoxide.
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Progress (continued):

(3) Locelization of TEL in liver

Tr.e high degree of locallzation of TEL in liver suggests
'that this organ is acting as the bedy?e prbncipal(&efeneeJ
Here is, chiefly, where the body combéts TEL poisening. What
assistence can be given to the liver ¢ What proPhyiexis ?
Answers to these questions would be more rational 1f we knew

what defensive-metébolic mechanisms are involved,

Perhaps it 1s to the liver that we may best look for

signs of slight exposure to TEL. For example, is serum or s Lo
Au; t(q. o=l 7?&*&% '3

chollnesterase depressed after slight repeated exposures to Mt e et

xuxg{*‘ilwz
TEL 2 This mi&ht occur as & result of interference with imwﬂ”}/“g"
synthesis of this enzyme by the liver. If it does occur, St ahotd,

might it serve as a clinical aid in detectinb and followiné.e{faaﬁgu

»JA.S;. .!)L(.e"* id&r}

TEL poisoning ? L [ T o o
; B ' enfier f 2ol
a . ’ ) \,&i\’-‘. \44%}" %w,, £t
w4 f..w 3’..\ L‘,{ ST
I al(p/ A - 4 v

am q‘w [N P Y otlig T eCu sy
G&(}(‘,w Jb‘;u}, = rl ufap -i’/‘vit ia. Wa_{'?;', Lroal, el
Ao Hlr Fraeet ._Ct ‘ oans 3 i-z' AL Thank s

. QI m«uwt e ,.,j..(y ,u!"‘ o o,tt&oizaxf,’g,%
\1:--*‘\2( ﬁ-&-tb {’«bs—u':z&o g, ‘{
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Progress (coatinued):

(4) Excrestion of TEL via bile _
| | | ~

The concentrations of TEL found 1n various parts of the
G-I tract point to biliary excretion of_TEL. Administration
of cathartics may thus have a rational basis in hasténihg
disposel of TEL excreted by the liver. If bile provides one
~of the major excretqry rbutes for TEL, Steps to prevent
recirculation of TEL from bile'afe’iﬁperative. Its ebsorption
from the bowel must be minimized in one way or another,
Catharsis is‘éne way., &lso, consider the possibility of
absorhing TEL into the intsstinal contents. Pefhaps a wax or
indigestible 0il might absorb end hold TEL, possibly with the
ald of some bulky material such as agaerr methyl cellulose.
or'adsopptidn on a fatty resin might prbve practicable.
Destruction of TEL in the bowel 1s theoretically possible
through processés of oxidation or, less likely, of acid
hydrolysis; however, disposal of the decomposition products

might be more troublesome than disposal of TEL as such from

the body. .

or, lboking at‘fhisefinding in another way, it would.seém.
appropriate to incre;séwthe:rate of foﬁmétion of bile andvto
hasten egcretionjéf TEvarbﬁ the liver. Tﬁis might be pic£ﬁred
as. 8 "fiushing éﬁtﬁ 6f therliver. Presumably, procedureg‘aré

aveilable for stimulastion of these two fﬁnctidns.
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progress (continued):

(8) Formﬁtion of triethyllpad ion igtvivo»

This ion may prove to be cne of the initial products of
‘@eCOMDOSitiOR of TEL in vivo. If se, one may expect a prompt
lowering of cho‘lnesterase activity in tissues where it appeAars.
Reversal of effects of TEL by arugs antagcnistic to such 8 process

mey then be anticipated. For instance, ingection of atropine and
R ukt e

J»«; ? A e

magnesium aalts or of cholinesterase miéht reverse effects of TEL

Presence of the positive triethyllead lon suggests other
possibilities, too., Positive ions, in general, are known to move
slowly in and out of living cells. Therefore, movement of
friethyllead ion is probably slow and qﬁite possibly is much slowsr
than movement of TEL. Here again one sees the importance of
ridding the body of TEL before it decomposes in vivo, that is,

before movement ofvthe lead atom through the tissues is slowed

')‘w G e 3 sn Al U cu;}-w«‘ émwé._‘ rn._ror‘,:{fr NEY 2V YOy ”‘° TE L aalE 2 wr’w“rﬂ:‘l)

down. 0“{%}{. ﬁ\.,e., U.wt;ww:f ool MM 514’&3 ”'&1‘”&*“" . 'r""«(vv ‘V) 0‘-“1"""‘“ ff TEL e
P £ i o L IO ey
e {/f\\(,.&-t%‘ﬁe") ’Z,IJ((A"‘" “ ‘a-"bérwai Fe .{i o L\f:: A ‘.,L,i,ms-fs' f kol [ (;uu.: tevc(‘«.{ L |
§

?vm o&&- e

In this finding one may also see reason for expecting different
physiolocgical responses to peisoning by TEL and by ionic lead
compounds, Ceii inﬁerioré‘are probably more~easily accessible to
TEL thaﬁ to lead‘inuiénié fobm. »Aiso, one meay predict on this
basis that higher concentrations of lead will ogcur in brain after
polsoning by TEL than after poisoning by tr?é%igii;QEEQEZT‘“gy
further extension of the same ldea, higher concentrations of lead
will occur in brain after poisoring by TEi than after poisoning by
inorgenlc lesd lon. This speculaticn is éubstantiated in part by

Kehoet!s data on fetel ceses of lead polsoning.
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Progress (continued):

(6) Absorption spectrum of‘diethyllead dithironate

In the search fcr methods of detectingrdecomposition products
of TEL in tissues, it is advisable 1o seek certain classes of
facts about the behavior of known lead compounds, Particularly
is this true of compounds that may'ocawr with decormposition ef THL
in the body. Thus, one needs sblubility information»to‘aid in
separating compounds from tissuss and from each other, Chemical
rescticns of various kiﬁds mey, llkewise, Dbe of enalytical utility.
With such ends in vieﬁ, absorrtion spectra of triethyllead
dithizonete and of dlethyllesd dithizonate were measursd. (We hagd,
of course, first svrthesized the lead compounds,) These spéctra
differed from each other and from the spectrum of inorganic lead
dithizonate. The spectrum of diethyllead dithizonate lies between
those of the other two dithizonstes. Thus, the reaction with |
dithizone serves to distinguish among these three types of lead
compounds. Furthermore, these three types of cémpounds can be
distinguished from TEL by its fsilure to react with dithizone.
Differences among these spectra are small. They may prove most
useful after separation of the lead compounds has first been

effected.
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Progress (continued): E

(7) Detection of inorganic lead in pentane extracts of tTissues

The presence of 1norganic lead iﬁﬁthese pentane'extracts is
“an unexpected and annoying findihg, Diséovary of tﬁe presence of
this lead is so recent that thé obvigus methods_of dealing with
it are only partiaily"exPloEed.‘ Fbrtunaﬁeiy,jtﬁe inofganic lead
appearé>under'some'circuhstanCes.ﬁuf not ﬁndér éii é}rcuﬁstances;.

It does, of course, é&mplicate fhé analyttcél procedﬁres.

(8) Regeneration of TEL at room temperature from products of

1ts decomposition with air and water

WWhen TEL,‘air and water are shaken togethhr, I find-that &
white preclipitete forms. If the mixturs is‘allowed to remaln gt
room temperature and the water 1s tested from dsy to day for
pentane=-soluble lead, a progreﬁsive increase is found. Thus,.
regeneration of TEL is probably occurring; Thié process'may
occur wherever such decomposition products of TELvare in contact -
with air and water. Might this be of interest where spills of
TEL are cleaned up ? Or, might 1t explain why concrete continues
to give cff TEL vapor long after contamination with TEL ? The
nature of the decomposition products and the reacitions involved

remain to be determined,

RE 001935w
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progress (continued):

(9) Stabllity of triethylllead chloride in weter at room

temperature and st refrléerator temperature.

t

' Because there was no ihfbrmétioh‘on this subjeot and becsuse
triethyllead conpounds nay be expected &n the bodv among the
decompésition products of TEL, we synthesized triethyllead chloride
and observed'its stability. Shaking triethyllead chloride with L
elr and water produced less than 0.1% of conversion of 270 micrograms
into pentane-soluble lead compounds. Nor was any pentane-soluble
lead found in the soluticn after standing & days at room temperéture.
_Likewise, a refrigerated agueous solution of triethyllead chloridet

ylelded no pentane—séluble'lead after standing for 6 ménths.

This kind of information is important 1if one is to search the:.—
tissues for such a compound. It gives hope‘that the compound will
not decompose“before one has time to extract, lsolate, identify and.
measure it., It complements .the information abaut stability in o
boiling water of this and other compounds published by Calingasert
et al. ('48).
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’Progress (continued): -

Other work of the year is less interesting, in part becauseli;f'

its promise is yet to ba fully realized. For example'

(1)

(2)

(3)

(4)

(8)

Development of a téchnic fof expdsing rats to TEL vépor‘fA

for hours sat a'time with‘minimal loss of TEL 6n\fur

Changes in technin of measuring TEL in tissues, modification§

of extraction procedures, testing of extracts in various.

3

ways, etc.

Attempts to 1lsolate decomposition products of TEL from
tissues by use of varions solvents (particularly>methylenéi;

chlorids), by reaction with dithizone, and in other ways

Synthesis of several triethyllead eand diethyllead compounds

that mey bs formed in vlvo, and observation of certain of
thelr properties of anslytical interest such as partitioning

between agueous and’non-aqueoaa solvents and reaction with

_sulfide

Experiments in detection of triethyllead and diethyllesd

compounds after their addition to tissues, with and

withouthadded TEL
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Propbsél for continuation:

I suggest the work proceed albng»thesevtwO lines:

(1) Improvement of technic for msasufing'TEL in tissues
There are various reasons for pursulng this problem:

(a) Need of a standardlzed and relisble technic for étudyfof both

the two mainfobjéctives, - distribution of TEL & reactiocns of TEL

(b) Insufficiencies and uncertainties in present technics, =-
contamination of tissue extracts with inorganic lead, lack of

adequate ancillary evidence for estimation of accuracy

(¢) Advéntages of getting rid of TEL from tissue preperations

befcfe attempting to extract other organolead compounds

(2) Extraction, isolation, identification and measurement of

organolead derivatives of TEL from tissyes

- Extraction of TEL from tissues should preferably be
accomplished by a technic that leaves its lead-conbaining
derivatives unchanged. - One could then attempt to draw them

into sdlution in one or znother solvent. Perhaps addition of

reggants to the tissué may be helpful in altering sclubilities'
and partitibhs batween solvents. Or, one may resort to addition
of known organolead compounds to tissues to obtain suggestions
of how the unknown derivatiﬁes of TEL may behave under such

conditions.
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f“Proposél for continuation (continued):

8 écificallym in immediate continuafion of this work, I
‘pr0p;sa'to examine serles of pentane extracts of liver, blecod and;”5
pcssibly, urins of rats after they have inhaled TEL. I propose -fﬁ
to f£aéticﬁ§te the lead cémpounds in those extractS‘and to measure';
the quantitiss of lead'present 1n"thoée fraction | with further ;fif
cheracterization of the nature of the lesd nresent (ionic, inorganic

stc.) where practicaole.

If it appears that the fractionation technic used at first 1s'®
impracticable, I will try others. Perhaps the proﬁiem will yleléd f?'
rnore readily to different treatment of the tissue than the simple |
hoﬁogenization with water that I am currently using. Other

treatments will be tried. It may be there is no simple satisfactory

" solution to this problem. Then I will of necessity proceed to the -

extraction of organolead derivatives of TEL burdened with a complex

preliminary'treatment of tissues for removal of TEL

I enticipate that work along these two lines will take mbre

than a year.

As a budget I suggest

Stevens + . . 4 4 . . . . . $8500
Feldhake (part time). . . . 2000
Cocllege graduate (full time) 3200

$ 13,700
Supplies . . . . . . . . . $6000

Equipment (including Toledo
scale & Evelyn colorimeter) $1000

0 ”w}

$ 20,700 -
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