\/ Prcoblem: Vhat happens.to tetrsethyllead (TELK) in the body *?

Work‘of previous investigators:

In the four previous investigations (Norris &,Gettler 125,
Kehoe & Thamangv'3l, 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 regenerates

TEL, as Galingaert et al., ('48) recently demonstrated., This
sug.ests that methods other than steam distillation might te
useful. The paucity of data also suggests the difficulty of

the ?roblem,

Plan 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, -~ thelr products, rates and mechanishs.

»

To spproach these objectives, analytical 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 analytical tools are
developed, the problems of more physiological interect serve

principeally to direct and to set requirements for the snalytical

develooment.
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Progress:

In 1953 analytical methods were developed in this
lsboratory for meesurement of TEL in sir and in water. 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 mgm. of TEL dissolve in
g liter of webter at room temperature.  About 106 times this
much had previocusly been reported to dissolve (Ethyl Corp.
memorandum no. 45-72)., Other work of explorstory character,
beth snalytical and synthetic was slso done that year, es

given in my annual report of January 18th, 1954,
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_the decomposition products of TEL as they are continuslly
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Progress {continued):

During 1954 attention has been directed to biological
problems. I summarize our findings herse, with some

interpretetion of their significange end implications,

For the first time, direct evidence on the following 9

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

The continulng presence of TEL inlthe body feor dsys has
long been suspected, Its presence is a fact of considerable
impertance in planning prophylactic and therspeutic regimes,
¥ethods should be devised to hasten elimination of TEL frém the
body befcre it decomposes. Speciflc proposals for this are
included in the peragraphs that follow., Msasures should be

taken to sfford the body continuous help in detoxification of
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produced in vivo. Also, contiguing helr should be given the

metabolic systems baing ettacked by these decomposition products
before they are detoxified. bBoth aid in detoxification end
protection for metebolic systems csn be sought with improved

ratlonale as we increase ocur knowledge of TEL metsabolism end
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of its effects. Note the underlying assumption here that ths - ;

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 Body; we are
no longer solely dependent upon analyéésvfor leed, per se. The
data are bessic to ﬁnderstanding.the7mechanism'df TEL polscning.
Any explanstion must be reeoncilable with this:ihfofmation. A
new limit is thus set to s:peculaftio’n. At the same time, the

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

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

-ascending order:

blood serum . + . . .
stomach & dontents. .
caecum & contents . .
lungs « + v v e 4 e
large bowel & contents
leg muscle., . . . .
abdconinal muscle. . .
hide. o ¢« & ¢« « v « &
amall bowel & coxdtents,
brein . . . . « . . .
spleen. . .
carcass , .
whole blooed
heart . . .
fat . ., . .
kidneys . .
liver . . .
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These data are from a 193 gram rat that was exposed for 2 hours

to 2.5 milligrams of TEL vapor, then killed with carbcen monoxide.
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PpogneSSv(cogtinued):
(3) Localization of TEL in liver

Tre high degree of locallzation of TEL in liver guggests

'that this orgen is acting as the bedy?e préncipal(&eféneeJ
Here is, chiefly, where the body combéts TEL poisening. What |
assistence can be given to the liver 7 What prophylexis ?
Answers to these questions would be more_rational if we knew

what defensive metabolic mechanisins are involved.

Perhaps it is to the liver that we may best look for

g

signs of slight exposure to TEL. For example, is serum cﬂjc@weg
s g st Theda 22

chollnesterase depressed after slight repeated exposures to i“?w"i‘
Aol Fy

TEL, ? This might occur as & result of interference with £MWM»}§w§,:
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synthesis of this enzyme by the liver, If it does occur, e ahocked,
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Progress (coantinued):

(4) Excretion of TEL via bile _
The concentrations of TEL found in various perts of the

G-I tract point to biliary excretion of TEL. Administration
| of cathartics may thus have a rational basis in hasténihg
dispossl 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., Also, consider the possibility of
absorhing TEL into the intestinal contents. Pefhaps e wax or
indigestible oil might absorb end hold TEL, possibly with the
aid of some bulky material such as agar.or methyl cellulose.
or adsopptidn on a fatty resin might prbve practicable.
Testruction of TEL in the bowel is theoretically possible
through processés of oxidation or, less likely, of acid
hydrolysis; however, disposal of the decomposition products
might be more troublesoms th;n>disposa; of TEL as such from

the body. .

Or, léoking at‘fhisefinding in another way, it would‘seém.
appropriate to incr;aséwthe:rate of fofmétion of bile andﬂto
hesten egcretiontéf TEvarbm‘the liver; Tﬁis might be pictﬁred
as a "fiushing Eﬁt* 6f the 1iver. fresumably, procedures ére’ |

aveilable for stimulstion of these two fﬁnctidns.
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Progress (continued):

{8) Form@tion of triethyllead ilon in vivo

This ion may prove to be cne of tﬁe initial products of
‘decomPOSitian of TEL in vivo. If sa, one may expect a prompt
lowering of cho‘lnesterase activi%y in tissues where it appeAars.
Reversal of effects of TEL by drugs antagonistic to such & process
mey then be anticipatéd' For instance, inaection of atropine and

e 2 A ok lie

magnesium aalts or of cholinesterase might reverse effects of TEL

Presence of the positive triethyllead ilon suggests other
possibilities, too. Positive ions, in general, are known to move
slowly in and out of living cells. Therefors, movement of
iriethyllead ion 1s probably slow and qﬁite possibly is much slower
then movement of TEL. Here again one sees the importance of
ridding the body of TEL before it decomposes in vivo, that is,
before movement ofithe lead atom throuvgh the tissues 13 slowed
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In this finding one may also see reason for expecting different
physiological responses to peisoning by TEL and by ionlec lead
compeunds. Cell 1nteriors are probably more easily accessible to
TEL than to lead in ionic form. Also, one mey predict on this
basis that higher concentrations of lead will occur in brain after
poisoning by TEL than after poisoning by trzéég;EEZég[QEZT"ﬁy
further extension of the same idea, higher concentrations of lead
will occur in brain after poisoring by TEi than after poisoning by
inorgsnic lesd ion. This speculaticn is substantieted in pert by

Kehoe's data on fatsl cases of lead poisoning.
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Progress (continued):

(6) Absorption spectrum of "diethyllesd dithizonate

In the search fcr methods cf detectingrdecomposition products
of TEL in %tissues, 1t is advisable to seek certszin clas ises of
facts about the behavior of known 1ead compounds. Particularly
is this true of compounds that may oc"wr with deconposition cf TEL
in the body. Thus, one needs solubility information to aid in
separating ccmpounds from tissues and from each other, Chemical
rescticns of various kiﬁdq mey, likewise, be of enalyticsl utility.
With such ends in v1ew, absoarrtion spectra of triethyllead
dithizonete and of diethyllerd dithizonate were measured. (We had,
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 failure 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):

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

The presence of 1norganic lead iﬁ"theSB pantane‘extracts is
‘an unexpected and annoying findihg. Diséovery of tﬁ@ presence of
this lead is so recent that the obvious methods of deealing with
it are only pnrtially exnlored. Fortunately, the inorganic lead
appears under some circumstances but not under all circumstances.

It does, of course, c&mnlicate the analyttcal procedures.

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

its decomposition with air and water

When TEL, air and water are shaken to&ethhr I find that ¢
white precipitate forms. If the mixture is allowed to remain at
roorm temperature and the water 1s tested from desy to day for
pentane~-soluble lead, a progreqsive increase is found. Thus,.
regeneration of TEL 1s probably occuzring. This prccess may
occur wherever such dsecomposition products of TEL are in contact -
with eir and water. Might this be of interest where spills of
TEL are cleaned up ? Or, might it explain why concrete continues
to give cff TEL vapor long after contamination with TEL ? The
nature of the decomposition products and the reactions involved

remain to be determined,
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Progress (continued):

(9) Stebility of triethylllead chloride in weter at room

temperature and at refrigerator temperature..A'

t

. Because there was ﬁo ihfbrmotioo‘on this subject, and becsuse
triethyllead compounds ney bte expecféd gn the Eodv among the
decompésition products of TEL, we synthesized triethyllead chloride
and observed 1ts stability. Shsking triethyllead chloride with L
eir and water produced less than 0.1% of conversion of 270 microgroms
into pentane-soluble leasd compounds. Nor was any pentane-soluble
lead found in the soluticn after standing & days at room temperature.
Likewise, a refrigerated agueous solution of triethyllead chloride

yielded no pentane—solublevlead after standing for 6 ménths,

This kind of information is important if one is to search tﬁe:-u
tissues for such a compound, It gives hope‘that the compound will
not decompose“before one has time to extract, isolate, identify and‘
meésure it., It complements .,the information about stability in -
boiling water of this and other compounds published by Calingaert
et al. ('48).
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‘Progress (continued): - -

Other work of the year is less interesting, in part becauself;7"

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

(1)

(2)

(3)

(4)

(5)

. KE 0018359
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Development of a technic for exposing rats to TEL vapor'm

for hours at a time with- minimal loss of TEL on fur

Changes in technin of measuring TEL in tissues, modification§

of extraction procedures, testing of extracts in various.::

3

ways, etc.

Attempts to isolate decomposition products of TEL from
tissues by use of varions solvents (particulariy>methylenéT;

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

Synthesis of several triethyllead and diethyllead compounds

that may bs formed in vivo, and observation of certain of

thelr properties of anslytical interest such as partitioning

between agueous and’non-aqueona solvents and reaction with

_sulfide

Experiments in'detection of triethyllead and diethyllead _ﬂ

compounds after their addition to tissues, with and

withouthadded TEL
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Propbsal for contihuation:

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 standerdized and reliable technic for étudyfof both

the two maihfobjéctives, - distribution of TEL & reactions of TEL

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

adequate anclillary evidence for estimation of accuracy

(c) Advéntages of getting rid of TEL from tissue prepesrations

befcré attempting to extract other organolead compounds

(2) Extraction, isolation, identification and measurement of

orgzanolead 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 solution in one or znother solvent. Perhaps addition of

reagents to the tissué may be helpful in altering sclubilities B
and partitibhs between 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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'Propsgél for continuation (continued):

jsﬁécificallym in immediate continuaﬁion of this work, I

‘pr0p;sa'to examine series of pentane extracts of liver, blood_and;5i
possibly, urine of rats after they have inhaled TE'. I propose
to f?aéticﬁéte the lead cémpounds in those extracts and to measuref
the quantitiss of lead present 1n'thoée fractionq‘ with further ;j j

cheracterization of the nature of the lesd present (ioniec, inorganic

etc.) where practicaole.

If it appears that the fractionation technic used at first is

impracticable, I will try others. Perhaps the problem will yieléd %5'
nore 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 1s no simple satisfactory
" solution to this problem. Then I will of necessity proceed to the
extraction of orgsnolead derivatives of TEL burdened with a compléx

preliminary'treatment of tissues for removal of TEL

I anticipate that work along these two lines will take more

than a year.

As a budget I suggest

Stevens + . . . 4 . . . . . $8500
Feldhake (part time). . . . 2000 /

College graduate (full time) 3200
. $ 13,700
Supplies . . . . . . . . . $6000

Equipment (including Toledo loso, 0
scale & Evelyn colorimeter) $1000 ) '

$ 20,700
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