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ISOLATION FROM LIVER OF TETRAETIVLLEAD
AFTER ITS INHALATION

Chnrles D, Stevens, Charles J. Feldhake and Robsrt A, Kohoo
(Fromt The Kottering Laboratory in the Depertment of Prevene

tive Modicine snd Industrial Hoalth, College of Hodieine,
Univorsity of Cincinnati, Cincinnati, Ohio

Several inveoastizabtors have obtained volatllo losd from
certain tissues of subjocta intoxicated with totreethylload
{TEL) and haveo assumed that this volatile mnterisl is indeed
TEL and thet TEL, as such, is present in the tissue (Norrls
and Cettler, 19253 Xehoo and Thamann, 1931:; Mortensen, 19L2;
Plitovskaya, 19418; E::z*é'ller, 1%49). Certain potentiasl defects
in the isolailon ond analytical technics open those sssumptions
to ~uestlion (Kehoo and Thamsnn, 19313 Calingeort et al., 1939;
Calingeert gt al., 1940; Calingeort ot al., 1948; Heap ot sl.,
1951; Loeper et ol., 19:).

To clarify tho provlen, aqualitat}ye -analytical mothod ;
nore speqifs.c for TEL was developed a'm‘i. appliod to analysis of
liver tissue Ifrom rats oxposod to T8L. The description of i .
this mothod and the reosults of this application are the ' f§

subjects of this report,
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KETRODS, Exposurs of rats to TELwasmade in this way. Core
worth rats were oncesed individually in wirs mesh ard lrmersed
up to their necks in glass jars which wore rilled with water
and set in a water bath., Tuo-tenths ml, of TEL was placed in
shallow glass cup which was clamped to one of tho jurs. 4
twonty liter glass jar was inverted over them, forming & waterw
sealed chamber, Alp was st once partislly evacumted until only
four to five liters remained. Sodium hydroxide was edded to
the wator beth end oxygen wes bubbled inte the inverted Jar,
keeping tho zas volume fairly constent and the water lovel just
below the heads of the rats, Lisht was k&pﬁ st a minimam by plac-
ing tho ontire apparatus in a Aimly lighted fume hood and by
nsing sn infrared heater to incresase veporizetlon. The hoater
wrs twrned on for 3 minutes out of oach 15 m.nut:e period.s 4&n
attompt wes made to maintaln the air in the Jar nearly scturated
with T2L (8 to 9 mem. por liter), after Li to 7 hours the animals
vere k1lled by the additlon of carbon monoxide.

The rata' livers woro homopenizoed for 5 minutos in a chilled
“aring Dlondor, Aliquots were rinsed into 14ter bottlos with
0.8 of thoir weight of water, Here they wore mixed with 0.11
of thelr wolight of a normal solutlon oi‘ sodlium byercxide. Redis-
$t31led n-pentane was added (37.5 ml. per grem of liver) a.nd Lhe
bottles were sheken vigorously for 1/2 hour. Thoy were stored
overnizht at -2k C. ‘The pentene was decanted throwh Whetman -
Yo. 1 pepor, the residue thawed and the pontane azain d-acax;ted,
This procedurs of pontans extraction was repoatods Fot all the
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pentane-soluble lead was extracted from the homogonate.
' © Pentons extraocts fyom 12 rats (&ppz’cxﬁmtaly. fifteen
. 11§ers) were combinod snd concentrated to ebout 45 ml.
volume by distillatlon in vacuo below 0 °C. in & dimly 11{:111;6&
roorte The distillate was collected at =706 C. and set aside
for lead snnlysis. The residual concentrate (L5 ml,) was
rinsed into a 250 ml. flsek with pentzne end the solvent re-
movoed bolow 00C, with an sspirator. The rosidus was subjected
to vacuum distilletlon (1.5 to 2 ma. Hg) at 30s C. for 2 hours
while the distillate was collected at ~700 €. on & cold-fingcer
condenser, using on errangoment similer to f_:hat' described by
Quaife end Harris (2948). The condonser wos then trensferred
to a speclal sample holder /modifled Trom the design of DoTar
and Gold (DeTar aend Kasimi, 1955)/ and there rinsed off with
5 to 6 ml. of pentans. All but 1 mnl. of this pentans was re-
moved below O (. with an aspirstor. The infrared absorptlon
spectrut of this pentane solution was measured in a cell of
1 . thiclkness with a model 21 Perlzin-Ilmer double beam spoc-
trophotometer. A second dlstilla tion was made of the residue
in the flesk (6.3 to 0.6 mm. Hg) at 36 €. for 1 hour, and this
second distillate was pimilsply processed. Afbor their spec~
trophotometric measurezz;g‘nt, these two final distillatos wore
analysed for lond by an mipublished modification of the high
pH dithizone proceduro.

Becoune earlier investligators suzgested that tissuss of
aninals intoxlcated with TEL mizht cczxtnin trieuzyllead and
dieb‘xyllead ions, 1t becans irwortanh to rule out the
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pasaibiliﬁy that these substances were included in the
anslytical method Just described. Both indirect and direct
svidence ruled aralnst this possibility. Thus the fact that
triethyllead lons and diethyllend ions resct directly with
dithizone vhereas pentene extracts of livers taken from rats
irmodlately aftor treatment with TEL cave no such reaction
is presumptive evidence that these compounds if present in
livor were not removed by the eutraction procedure., 4nother
kind of evidence wes provided by control exporiments involve
ing attempbed recovery of TEL, btriethyllead chloride end
lead nitrate when aodded o liver homosenate. E.Z., in one
of thoso oxperiments, 17 gms. of liver homopenate wore mixed
with the usuzl proportions of nlkall, water ond pentane,
togother with 270 nicrosms. of triethyllesd chloride, 1600
nicrocns, of lecd nitrate and 925 microgms. of TEL., Twenty
nl. sliguots of extract were reacted with dithizons. Ho
color sppesred othor than thet slisht wmmount regularly found
in ths reagent blanks. Sensitivity of thoe method used in

o of
Y

this particular test pornitted reedy daﬁegﬁian of’ 1 microgm.
of triethyllead ion or of inorgenic lgéé;' Retention in
alkaline homosenate of materials giving color with dithizone
was less complete vhen livers wore ﬁakén.fram,rats a day
after their exposure to TEL: whether thila color was due to
ionlc organolead compounds renmnins to be agceritained.

Another check on the analytical mothod was the recovery
of most of the TEL ndded to concentrated liver oxtract,

demonstrating the fossibility of the latter part of the
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exéérimental procedure [Fls. 1 {(a)/.

TEL of high purlty was itindly =upplled Ly Dre. Coorge
Theméon of Bthyl Corporation, Triethiyllead chlorido wes
synthesized (Hoap end Saunders, 1549), 1ts purity osteb-
liched oy chloride anslyeis (found: 11.) por cent (1,
theoryt 10.75 per cent), snd the aboonce of inorpanic

load was assured by tesbing with armionium suliide.
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Results

| Tho infrared absorption of TEL in pentane /[Tig. 1 (a)/
_wns found to be charzictemzed by nexina at 15.1, 10.5, 10.0 and
| £.7 micronas, These maxima could also be ldentified in a solu=-

tion propared from the extracts of 212 gms. of liver fron 12
rats oxposed to TEL [Fig. 1 (b)7 but not in a solution similerly
propared from non-exposed rats /fFiz. 1 (c)/. As determined by
absorption at 19.1 microns, 0.5 mgm. of TEL was proesent in the
first dilstillate end 0.2 mym. in the second diatillete. These
correctod values were obtained by subtracting a constant value
from tho obzorved cbsorptions. Thls value was arrived at from
2 moasurements, osch on n dlstills te prepared Irom 200 gms. of
liver of uncxposed rates. They showoed ebsarption comparsble to
0.16 and 0.18 rym. of TEL per ml. |

The corracted values were conflrmed by leed cnelyses of the
same two finel distillates which showed 0.5 mome and 0,1l mom.
of lesd, respectively, equivalont to 0.71 mpm. and 0.22 mgm. of
TEL. This accounted for only part of the lead found in the —
orizinal pontane extracts of liver; of the remainder, 1.12 mgm.
wero found in the 1l liters of reccovered pentane end 0.1l mem.

in the rosidue loft after 2131 4istillstions. The differonce

votween tho sum of theso, 1;85 nem., and the amount in the g

originﬁl extrects, which wes 1,72 mom., nmpoy be attributed to

enalytical error end accidental contamination. The following

diagrem pletures the distributlon of lead in thias experiment. .
| | kg
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original punbane extracts ;
. § (1Q7§ m‘ Pb) , N § - ‘ '
i 1. of aistillote “ L5 ml. of concentrate s
{1.12 mgm. PDH) r ' 1 T
. first distillate second dlstillate ~ residue’
(0.5 mgme Pb) (0,1 wgne Po.) (0.2 mem.Ph)

Discussion

"he smallness of the quantitles of TEL preaent in tissues,
with the resulting reatriction of methods, raises a question
of the wvalidity of the inference thet TEL was present in the
livor. 4Are the spectra and the lead nnalyses nufficient evie
dence of the prosence of TEL in the finel solution, or could
thoy be ressonably attridbuted to other sources?

Indefar os the spactrnyhotomatric riﬁﬁinas are concerned,
it is svideont that the abgorption mexims proesent in the known
TEL solution wers plso present in the solution Irom tho exposed
rata. whilo the maxima differed in relative inbensity in the
two solutions, these daifferences were considerable only ab
wave lengths less than 10.5 microns., In tho soclutions fron
both exposed and unexposed rats the spectrs in thls region
showed considerable absorption by materials other than TEL.

The maxims, other than thoso related to TEL, failed to coincide

in this region. This wkg not investigated {further.
The discrepancics betwoon the resulits os moesured by iInfrae-
red absorption (0.5 and 0.2 mgm.) and the results by lead

snalyses (0.71 and 0.22 ngm.) are &ttribuﬁeé to these sourcess

{(a) error in measurcment of the final volume of solutlon in
the speclal somple holder (DeTer ond Kazimi, 1955) before the
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spectrum was obtained (this could be in error by ¥ 10 per

fﬁézhz), (b) incdmpiabe'?ecevbry of solutions from the infra-
rod shsorption cell, {e) the difficulty of ovaluating
corrcctions of the opticel densitles of the spoetra for
tissue "blanks,” and {(d) the limitations of the spoctro-
rhotonmotore.

There 1s a possibility of the interchense in liver tissue
of sthyl and rmothyl grouwps on the lead aton, Such an intore
chanro occurs in vitro (Calingsert ot al., 1939 and 1940).
Thet it nmay also ocour in vive is susrested by work on transe
mothylation {Cantoni, 1952).

Tho four m&th&lated homologs of TE§ in puro form all show
naried sbsorpbion between 13 snd 1Y microna (A.P.I. cabtalog)
vhere TEL 1s transparent, As demonatreied in Figpure 1 (@)
this sbsorption is also obviouws in 2 sclution of tetramethyl-
leed in pontone., It was asbsent from the solutions obiained
from oxposed rats and, therefore, 1t i1s unlikely that the final

distillates included significant guintitles of nethylated hono-

logzs of TEL, ‘
4 ronmote poésibiliﬁy of orror wss conbsmination of dise

tillates with CO, and acotone. A solution of ¢0; in penténa

showed a maximm only at 15.2 ulcrons, but it showed no other e
absorption between 5 end .5 nierons. A solublon of acétoﬁa’

in pentane showed & nmber of maxima; none coincided wiﬁh those’

of any of tho liver extracta.
Explanation of some procedural deteils may be of interest,
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TEL, were chosan in preferencs to rabbits which developed
pulmonary congestion and died within & fow hours, The
inhalation route was chosen to minimire the sdministration
of non-volntile decomposition products of TEL, and teo avoid
arbitrarily localiczed deposits. OCarbon nonoxide was added
during 7EL exposure to aveild a terminal respiratory loss of
T8L. Liver was taken for analysis because it wvos found to
contain much pentano-soluble leed, Pontone /Usod by Kroller
{16LoY ves choson as a solvent because 1t dissolves so little
water /U.006 por cont w/v (Black ¢t gl., 1948)7and differs
widely from TEL in volatility. The proportions of pentane,
tissue, snd wator in the tissue extroction were chosen to derive
a ~ood dlspersion on shalking with o minimsl velww of emulsion,
| Surmery

Tetraothyllond {TEL) has Leen shown to be prosent in livoer
tissue of rals which have inhaled TEL vapor. TEL was exbtracted
by pentang, concontrated by low Lompersture vecuum dlstilis tlon,
and 1dentified by infrared spoctra and 19&& snalyses, Ho homoe

lons contolining mothyl groups were dotected in the concentratea,
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Figure l. Infrared spectra ofs (a) & solution containing
36 mem. of TEL per nl, of pentans, (b) = pontane solution
propared from livers of rats intoxicated with T8L, (c) a
peninane solutlion prepared from livers of rats not cxposed
to TEL, (d) a pentans solution prepared throuch redistilla-
tion of the r»esidual prease from (c¢) te wnich had been

" added 3.2 mgm. of TEL, and (e) a solution containing 10 mom,

of tetramethyllead por ml. of pexntanse.
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A 1list of ltems for the index:

Totreetnyllesd, lsolation from liver

Liver, fsoletion of tebrasthyllesd from
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A condensed title running pege headline:

COLATION OF THTRAETIYLLEAD
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