SUMMARY OF PRELIMINARY TOXICOLOGIC INVESTIGATION
OF THE LEAD ALKYLS

The toxicologic behavior of tetramethyl lead and certain of
the other lead alkyls was investigated at The Kettering Laboratory

some 'years ago. Although these studies were limited in scops

the information obtained has been reviewed and constitutes the subjiszo+

of this report.

For the most part, rabbits were employed as the experimental

animals in these investigations, which consisted primarily cf atna-.:

ML T

to obtain information as to the lethal dosages of tetramethyl liez:,
dimethyl-diethyl lead, trimethyl-ethyl lead, triethyl-methyl lez:
and a mixture containing tetraethyl lead and the other alkyis iun
definite proportion.- In order to pcint up possible differences

in the toxic responses induced by tetramethyl lead and tetraethyl Le: .,

AN

n

P

comparisons with the latter material have been msde so far

al

were available. Certain of the chemical properties of these matari:z

)

are listed in Table 1.

SUMMARY OF INVESTIGATION AND RESULTS
The investigation of tetramethyl lead included observations of
the toxic manifestations resulting from its administration to rztbhiss
intravenously, subcutaneously, orally, upon the intact skin, and by

inhalation; determination of the approximate lethzl dosages by each
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route of administration, as compared to tetraethyl lead; analytical
determinations of the distribution of lead in the blocd &znd . body
tissues, &t various intervals after the administration of the cow-
pound; end, demonstration of the pertinent gross pathologic changzs
produced in the body tissues. Similar observations were made with
the other alkyls except that the intravenous znd subcuhbaneouds reutés

of administration were omitted.

The data relative to the lethal wosages, &3 surmerized in Ju - .,
suggest that there are certain differences in tie toxicoiciic beinai i

of tetraethyl leesd znd tetramethyl lead, wiiich can be aceocunvea for
in part (but not entirely) by differences in tiieir chemicul compozi -
tion. It will be noted that, when the two qpmpoﬁnas are Laureduct..
directly into the blood stream of ravbits, aeaths occur ac & lower

dosage of tetraetvhyl lead than of tetramethyl lead. Tne grozs putlio-

injected intravencusly with tetraethyl lead incicate that trne ezrliy
deat s were the result of tne immiscibilivy oif tiie compouna witn vlowu.
Conversely, when these two materisls (TEL and ML) were administersd
subcutaneously (&s &« 20 per cent sclutiorn in elmonc oil), teSramets:l

lead appeared the more toxic, & reversal of the relstionship nccged

efter intravenous sdministraticn.

The results obtaired, foliowing the oral zdminisvrecion of tetlre-
ethyl lead &nd tetramethyl lead, revesl snovher striking ailiferencs,
which deserves comment. Tetramethyl lead administered crally, was
lethal at one-half tiae lethsl intravenous cose, €.g., it was twice &o
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goxic, via the oral route. On the other hend TEL wus founa to ue

ljess lethal, when ad~inistered orally, than intravenously, & phenom-
enon whica may be explained in pért on the basis of its immiscibility
with blood, as noted above.*

Observations mede following the applicetion of the several com-
pounds upon the intact skin of rebbits demonstrated higily divergernt
results. Whereas tne lethal effect of the spplicetion of tesraethyl
lead upon the skin of the ravbit was evident and uniform &% & suitzbile
dosage (750 mg./Pb per kilogram), no fatalities were proauced by
tetramethyl lead under comparable or even much more severe consitions,
j.e., contact of the skin of the rabbit with &s much as 7000 mg./Fo rer
kilogram,for periougitc 3 hours. This discrepeancy can be explaiuac,
in part, at least, by the high volatility of tetramethyl leaa, wherael s
thz quzantity on the skin desreasss progressively following its eprliou-
tion. Support for this opinion is proviced by the fact tnat 500 mg.,Fb
per kilogram (as TML) applied unaer a glass cell cemented &2 tine skin
produced i1llness which was followed by sliow recovery. It would ceem
that this dose (500 mg./Pb per liter for 1 hour) is not far from the
lethal range when the liquia is confined to prevent its beroming
volatilized.

The inhalistion for 1 hour of pure tetramethyl lead, in air, unaer

¥ This is not the ertire explanztion, for the earlier observationz on
tetraethyl lead demonstrzted its appreciably grecter toxicivy when
administered intravenously, than when given orzlly, even under

- eonditions (in emulsion) which eliminsted pulmonery infazrcticn., Tt wes
evident that tne absorption of tetraetnyl lezd irom the slimencary

. tract was comperastively slow &nd incomplete.
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conditions in which 4.5 mg./Pb per liter (as TML) were delivered
jnto the respiratory chember (after this concentration had been
achieved) produced deaths, whereas the concentration of 2.3 mg./Pb
per liter, delivered similarly, was not lethal. Exactly comparabler
experiments with tetraethyl lead are not available, and strictly
parallel experiments will have to be carried out in order to mzke
satisfactory comparison. The available information, which is neither
sufficiently brecise nor sufficiently aefinitive of the minimum lethzl
concentraticn, in relation to specific periods of exposure, inuicates
that the concentration of tetraethyl lead which is lethal,; following
1 hour of exposure, is lower than thet of tetramethyl lead,

When deaths occurred from 12 hours to 7 days after the administra-
tion of tetramethyl lead by any route, anslyses of the tissues demon-
strated quantities of lead of the same general order of magnitude,
and distributed in the tissues in much the szme manner, &s those found
previously, following the admiristration of tetrasethyl lead. Liver,
kidneys, bone znd brain consistently showed the highest concentrations
of lezd. When deaths occurred within the first 24 hours, the levels
of lead concentration in the blood and blood-conteining organs (hoart;
:spleen, ki@neys) were elevated well zbove normal values.

The most consistent features of the illness wnich foliowed tle

-absorption of tetramethiyl lead were weakness, alarrhesa, weightloss,
irritability, tremors alu convulsions. Patuologic finaings incluced
ipongestion of lungs, liver, brain and kidneys, in most iunstances,

_regardless of the rcute of administration.

4t
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It can be seen from Tzble 2 thet, following the orasl sdministra-

tion of the individual lead alkyls aznd of the mixture of &ll of them,
the lethal doszges were of the same approximate order of megnituae

(in mg.of Pb per kilogram) &s that of tetramethyl lead. fompsrison

of the lethal dosages of the seversl compounds applied upon the 1rtuct
skin, suggests that there is & close resemolance btetween trametr,l -
etiisl lead end tetramethyl lead, in that respech, in ziyv like inocd

tecazuse of thelr siwmilar volatility. [lne percutedsous ussorptica -« f
aimethyl~-diethyl lead, triethylemethyl loegc enu the ~ixtors of -
alkyls produceu uestis only whnen the acsups arjilec apct e § 1o ver -
increawsed two to three times niguer taoan bhat of tetraet.yl leaw,

fne triethyl-metuyl derivative, as weill &35 tne mixed a.ky:s, were

cf
lotiel, foliowing 1 houg/exposure Lo alr contalning apiroxirately 4. ° mg.o
Pt pur litver. Tivrvethyleetnyl lewa was lethal at apjroximztely ore- o'l

of that coricentration (2.0 mg./Pb per literi,

Jien geatis resulbes from the administration of these compounas.
eraivees o0 the nlssues uemonstrated the wvresence of lead o ouwcatat. o
Lra in manner of distribution generally comparable to those Frana 0o
ing the administration of tetrametibvl lead. Tire gross petholoyricul
changes induced by the absorption of the verious metbhyl-etiyl ~eriva
tires, enc the mixsture thereof, were of generaliy similzr tveoe. 4

.
$ooere

mLeh more detalled anslyticael investizetion ol the tlatues ol Loy
Subjected tc various experimenteal conaitiony with respect Lo compounu.
Uosage end lungerval o1 time wlter trie adminlstration of the compound

in & specific mezuner, woulc bLe required to Glecloses any cignificnet
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consistent differences in tne extent &nd the pattern of distribution

of the orgenic lead compounds &nd their metabolic (cegradation)

products. These matters will require further investigation if justi -

cr commercial utilizastion of these compounas.

fication is .afforded for such further investiguztion by the techrnolo;iical

From the Kettering lsboratory in tne Departmert of Preventive Meaicise
¢rnd Industrial Health, College of Meaicine, University of Cincinrnati
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Taole 1
Corpound Formula Density Per Cent | p-25°C
Lesd
Tetraethyl lead (CyHg ) =Pl l.00 o4 .0 0.5
fetramethyl lead (CHg), =PDb 1.99 77.5 30.0
I‘ri*ethyl-ethyl lead (CHs)al\ Fb 1,98 73.7 10.0
(C,Hg)”
Dimethyl-diethyl lead (CH3)2§Pb 1.79 70.2 3,0
2
Triethyl-methyl lead (CHg) ~Pb 1.71 67.0 1.0
(C Hg ) Z |
3
Alkyl Mixturex 1.795 07.0 0.2

%*This mixture contained the following amounts of tne leau aixyls

(expressed in moles per cent):

trimethyl-ethyl 24.0;

tetraethyl 5.4
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tetrametiiyl 7.5;

dimethyl-diethyl 35.5 and triethyl-methyl 27.0
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B lL.ethal Dosages of the Leod Alkyls ¥Following Theiln
Adwinistrstion o Rablliys
ST _ Cutgne:
Cowpound I.V. Subcut . Gral Applica
g (ug.Pb/kg. ) (ug.Pb/kg.) (g . Pb/keg. ) (wg . Pb/
Not Tot Not ot
Lethal |Lethal |Lethal | LethalfLlethal | Lethed | Lethal |
Tetraethyl lead
20% in almond oil 15 17 250 (1) - - -
pure compound - 20(4) 20 4,0 500(3)
Tetramethyl lead
20% in almond oil 30 L0 50 70 - - -
pure coupound 30 (1) | - - 10 20 7000
500(3) (!
— e e —— m““W‘-'“:;mF
Trimethyl-ethyl lead - - - - 10 15 2100(1
= . :
Diwmethyl-diethyl lead - - - - 7 10 1200
‘Triethyl-methyl lead - - - - 15 20 700(1 hr
Alkyl Mixture - - - - 20 25 | 1700

) Not carried to lethal level,
) Cowmparable inforustion not obtained.

g Deaths accowpanied by ewbolisw, not necessarily assccisted with, or indepen
Aniual becawe ill but survived.

(1

(2

éZ) Contained in glass cell cewmented to skin; duration of exposure 1 bhour.
(5



