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Summary. Four cases of accidental poisoning with tetraethyllead are described. 
Three out of four of the patients died. 

In the first case, pure ethyl fluid was accidentally ingested. Dominating the 
clinical picture of this patient were signs of greatly elevated intracranial pressure. 
Three other persons were poisoned as a group. They unknowingly inhaled tetra- 
ethyllead contained in a paint solvent they used. In these three cases, the intoxication 
manifested itself predominantly as a mental disorder suggestive of schizophrenia. 

Gross and microscopic changes observed in the fatal cases gave evidence of a 
capillary vascular lesion, particularly involving the vessels of the CNS. Liver damage 
and less severe damage to the heart muscle and kidney parenchyma were also noted. 

The distribution as well as the extent of the above mentioned lesions correlate 
approximately with the distribution and concentration of triethyllead in the various 
internal organs. 

Key- Words: Tetraethyllead - -  Mental Disorder - -  Damage to Parenchymatous 
Organs. 

Zusammen/assung. Die Verfasser berichten fiber 4 F/ille, yon denen 3 tSdlich 
waren, zuf~lliger Vergiftungen durch das sog. Ethylfluid, das Bleitetra~thyl enthElt. 

Im ersten Fall trat  die t6dliche Vergiftung infolge irrtfimlich getrunkenem 
Ethylfluid auf. Als klinisches Symptom entstand erh6hter intrakranieller Druck. 

In den drei n~ehsten F~llen besa6 die Vergiftung einen kollektiven Charakter 
und war durch den Respirationstrakt zustande gekommen; zwei von den Vergifteten 
sind gestorben. Die Vergiftung trat  infolge der Einatmung des Ethylfluids, das als 
Farbl6sungsmittel benutzt worden war, auf. Im klinischen Bild dominierten die 
Gehirnst6rungen. 

In allen tSdliehen F~illen dieser Bleitetra~ithylvergiftung wiesen die Obduktions- 
befunde eine Sch~digung der Capillaren des zentralen Nervensystems und eine 
Leberentartung auf. Es wurden auch Herzmuskel- und Nierensch~digungen fest- 
gestellt. 

Die Lokalisierung und die Intensit~t der histologischen VerEnderungen der 
inneren 0rgane stimmte im wesentlichen mit der in diesen Organen festgestellten 
Bleitetra/ithylkonzentration fiberein. 

~chli~sselwSrter: BleitetraEthyl - -  Gehirnst6rungen - -  SchEden der Parenchym- 
organe. 

T e t r a e t h y l l e a d  (TEL)  po i son ings  occur  m o s t  o f ten  du r ing  t h e  p roduc-  
t i on  of t he  subs tance ,  b y  i ts  a d d i t i o n  to  gasol ine,  a n d  b y  careless  use of 
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it as a solvent. I n  comparison, poisonings resulting from intentional  or 
unintent ional  ingestion of T E L  are t ru ly  rare. 

The clinical course of four cases of poisoning with te traethyl lead are 
presented. Three of the patients died as a result of the accident. The 
morphological and histochemieal findings of these cases are also presented. 

Clinical Observations 1 

Poisoning by Ingestion 
Case I .  T. K.,  a 32 year  old male with a defective sense of smell 

(caused presumably  by  an in jury  to the skull suffered several years before), 
swallowed approx.  3 spoonfuls of ethyl  fluid by  mistake. Immedia te ly  
afterwards he drank  a large quan t i ty  of water  and vomited profusely. 
Two hours later he was admi t ted  to the Clinical Depar tment  for Occu- 
pational  Diseases. 

At  the t ime of admission the pat ient  was conscious. I t e  complained 
of headache, drowsiness and epigastric pain, and continued to vomi t  a 
reddish colored liquid. The conjunct ivae of both eyes Were congested. The 
oral cavi ty  emit ted an aromatic  odor. The pat ient  was apathet ic  but  
showed signs of motor  excitement when vomiting. His blood pressure was 
90/60 m m  Hg;  pulse was 82/min, respirations 18/min, and temperature  
36.5 ~ C. 

I n  spite of immediate  administrat ion of 1.0 gm of E D T A  and s tomach 
lavage with An t ido tum Metallorum "Sauter", as well as intensive symp- 
tomat ic  t reatment ,  the pat ient ' s  condition underwent  a gradual  but  con- 
t inuous deterioration. The pupils became dilated and lost power of acco- 
modation,  the retinal vessels narrowed, tendon reflexes increased, and 
incontinence of excrements ensued. 

Laboratory findings revealed a reduced plasma alkali reserve of 11 mEq/1 and 
a prothrombin time (Quick) of 42 sec (control was 15 sec). Urine: Protein 0.528~ 
sugar 1.9 %, and cylinders and erythroeytes were found in the sediment. Peripheral 
blood count: Her. 60%, tlb 12.2 gin-%, RBC 5,200,000, color index 1.16, and WBC 
10,400. 

B y  the eigth hour  after ingestion of the poison, the pat ient  was ap- 
proaching a state of coma. On the second day  after admission, several epi- 
sodes of beginning pu lmonary  edema were recorded. The pulse rate  was 
l16--142/min,  blood pressure 85/50--140/90 m m  I-Ig, respirations 26 to 
38/rain, temperature  36.8--37.6 ~ C. Meningealirri tat ion signs appeared and 
tendon reflexes became more accentuated.  Examinat ion  of the muscles 
showed an elevated tone and presence of fasciculations. Muscle excit- 
ability increased to actual  twitching in response to moderate  touch stimuli. 

1 The results of chemical studies carried out in these cases were reported by 
BOLANOWSKA et al.: Arch. Toxikol. 22, 287 (1967). 
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A spinal  t a p  per formed  a t  t h a t  t ime showed a t u r b i d  and  sanguine- 
ous l iquor  under  increased pressure.  L a b o r a t o r y  examina t ion  of the  CSF 
revealed  a pleocytosis  of 15,600 cel ls /mm s, p ro te in  52.8 m m - % ,  sugar  
156 rag- %, chloride 127 mEq/1, P a n d y  posit ive,  and  Nonne-Ape l t  post ive.  
I m m e d i a t e l y  following the  spinal  tap ,  there  was a s l ight  decrease in mus- 
cle tone and  the  pa t i en t  broke out  in profuse sweating.  Subsequent ly ,  there  
was a g radua l  decrease in the  deep t endon  reflexes ending in t o t a l  are- 
flexia.  The pa t i en t  d ied  34 hours af ter  admiss ion with  t e rmina l  signs and 
s y m p t o m s  of pu lmona ry  edema.  

Group Poisoning 

Three persons,  a mar r ied  couple I .W.  and  J .W. ,  toge ther  wi th  a home 
decora tor  S.C. h i red  b y  them,  used approx.  250 ml of an unknown "sol- 
v e n t "  over  a 3 d a y  per iod  for pa in t ing  the  floor of an apa r tmen t .  The 
remain ing  solvent  was la te r  examined  and  ident i f ied  to  be e thyl  fluid. 
The mar r i ed  couple cont inued  to live in the  a p a r t m e n t  dur ing the  entire 
period.  

The to ta l  exposure  to the  T E L  differed among the  par t ies  invo lved :  
I .W.  abou t  95 hours,  J .W.  72, and  S.C. approx.  27 hours.  I t  is assumed 
t h a t  the  ma in  rou te  of T E L  absorp t ion  was th rough  the  r e sp i r a to ry  t rac t ,  
bu t  absorp t ion  th rough  the  skin  cannot  be excluded.  

On the  four th  day,  count ing f rom the f irst  d a y  t h e y  began to p a i n t  
the i r  apa r tmen t ,  I .W.  and J .W.  developed s y m p t o m s  of abdomina l  pain,  
d iarrhea,  and  vomit ing.  They  were bo th  t aken  to the  hosp i ta l  where a 
diagnosis  of a l imen ta ry  in tox ica t ion  was made.  A t  abou t  the  same t ime,  
the  t h i rd  pa r ty ,  S.C. suffered only headaches,  and  d id  not  seek out  
medical  a t ten t ion .  

Case II. I.W., a 44 year old female, developed on the l l t h  day (as counted 
above) signs of mental derangement including motor exitability and total disorien- 
tation. At the psychiatric hospital where she was admitted, a diagnosis of an acute 
state of confusion attributable to alimentary intoxication was made. Thirty hours 
later she died with symptoms of acute circulatory insufficiency preceded by hyper- 
thermia. 

Case 1II. J.W., a 40 year old male, was taken to the clinical Department for 
Occupational Diseases on the 13th day. He exhibited signs of mental dysfunction 
consisting of depressed level of consciousness with psychomotor exitability, partial 
disorientation and amnesia, as well as ataxia. Laboratory studies revealed 76 ~zg/ 
100 ml of ionic lead in the urine, and a plasma alkali reserve of 13 mEq/1. 

On the next day the patient's excitment increased and he left the clinic against 
the physician's advice. That same day he was readmitted to a psychiatric hospital 
where a diagnosis of acute schizophrenia was made. He was given specific treatment 
including injections of EDTA, but died 10 days later. 

Case IV. S.C., the decorator, a 55 year old male, was called into the Clinic for 
Occupational Diseases. He complained of anorexia and total insomnia. The latter 
persisted for over a week in spite of hypnotic drugs. The level of ionic lead in the 
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urine was 17.6 ~zg Pb/100 ml. The patient spent 14 days in the hospital and was 
discharged in good condition. 

In the poisonings described above, the toxic substance was identified as ethyl 
fluid containing 59% TEL in the first case and 31% in the remaining three cases. 

T h e  fo l lowing  a re  t h e  c o n c e n t r a t i o n s  of l ead  c o m p o u n d s  f o u n d  in t h e  

b io logica l  f lu ids  of t h e  t h r ee  cases of T E L  poisoning ,  g i v e n  in  ~g/100 ml  
(a ~- t r i e t h y l l e a d ;  b ~ t o t a l  lead)  : 

Fluid I (T.K.) I I I  (J.W.) IV (S.C.) 

a b a b a b 

Blood 243.0 a 400.0 a 15.0 333.0 12.1 130.0 
Urine 18.5 a 550.0 ~ 4.6 90.0 8.8 66.0 
CSF 266.0 a . . . . .  

a After EDTA treatment. 

Pathomorphologieal and Histoehemieal Investigations 
P o s t m o r t e m  e x a m i n a t i o n  was  p e r f o r m e d  in t h r ee  of t h e  cases. Sec t ions  

were  t a k e n  f r o m  d i f f e ren t  reg ions  of t h e  bra in ,  m y o c a r d i n m ,  spleen,  l iver ,  

panc reas ,  s t o m a c h ,  i n t e s t i n a l  wall ,  k idneys ,  a n d  a d r e n a l  g lands .  These  

were  f i xed  in ice cold  B A ~ I ~ ' S  f o r m a l i n - c a l c i u m  a n d  in  abso lu t e  e thano l .  

In  Cases I (T.K.), I I  (I.W.), and I I I  (J.W.), routine paraffine sections were 
stained with hemMumeosin for general morphology, and Mallory's phosphotungstic 
acid hematoxylin stain (PTAH) for connective tissue, muscle, fibrin and mitoehondria 
(PEAlCSE, 1960; M c M A ~ s  and MOWl~u 1960). Frozen sections of the liver and kidneys 
were stained with OilRedO for the presence of neutral lipids. 

An additional set of sections were taken from the brain, myocardium, liver 
and kidneys in Case I (T. K.). These were cut on a freezing-microtome with a knife- 
cooling device, and were fixed in formalin-calcium. Histochemica] tests were then 
carried out to determine the activity of the following enzymes: Succinate (SD), 
lactate (LD) and Mphaglycerophosphate (GPD) dehydrogenase (THOMAS and PEAI~SE, 
1961); alkaline (AlkP) and acid (AcP) phosphatase (P~ARS~, 1960); and carboxyl 
(Est) esterase (Gomori, modified by S~NITKE and SELm~A~, 1961). In  addition, 
the activity of aminopeptidase (NAc~LAS and S~Lm~A~, according to P~ARS~, 
1960) using L-leucyl-beta-methoxynaphtylamide as substrate was studied in sections 
of kidney. 

Case I (T.K.) was examined 7 hours post mortem. The following pathomor- 
phological changes were found: Dilated heart ventricles, acute congestion of all 
internal organs but  particularly of the CNS including meninges, pronounced edema 
of the brain and pia, pulmonary edema, fresh focal hemorrhages in the lungs, most 
frequent within the subpleurM regions of the lower lobes, and separate hemorrhagic 
spots scattered throughout the gastric and duodenal mucosa. No autolytic alterations 
were noted. 

The histopathologicM findings were as follows: Erythrorrhagia into the peri~ 
vascular spaces of the striatum and pons Varoli (the latter within the region of 
the fundus of the IV ventricle), loss of cross-striation in the majority of the myo- 
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Fig. 1. Case I. Liver; parenchymal degeneration mostly of the hydropic type, an area 
of early necrosis in the upper left. H. E, • 300 

cardial fibers and fragmentation of the same, a pronounced congestion of tile liver 
with abundant amounts of protein-precipitate in the pericapillary spaces, and fatty 
degeneration of liver parenchyma predominantly involving cells near the periportal 
spaces in conjuction with a minimal degree of presumably beginning necrosis (Fig. 1). 
In  the majority of the proximal renal tubule cells there wa.s a loss of normal affinity 
to PTAH in the basal region of the cells (Fig. 2), and an abundant precipitate of 
protein within the lumen of the tubules and pericapillary spaces of the glomeruli. 

All results of histochemical procedures carried out were significant except those 
for SD activity. Here there was presumably considerable post mortem and formalin 
inactivation of the enzyme. In  the CNS, the activity of Est, AcP, LD and GPD in 
ganglion cell cytoplasm was essentially preserved although slightly depressed, whereas 
the test for AIkP in the capillary walls was almost entirely negative. LD and GPD 
activity in the myocardial fibers was greatly reduced. Liver parenehyma showed 
in numerous scattered areas a very low activity of all enzymes investigated. The 
cytoplasm of the parenchyma cells contained large granules, visable because of 
their strongly positive reaction to the test for AcP activity. These were especially 
large and numerous in the periportal regions (Fig. 3) and presumably represent 
enlarged lysosomes or large phagolysosomes. Distinct decreases in the LD, GPD and 
Est  activity as well as decreased and diffusely distributed AlkP activity were observed 
in the proximal tubule cells of the kidneys. The reaction for AcP activity was weak 
in some but very strong in other segments of individual nephrons, where numerous 
large granular bodies similar to those in the liver parenchyma were observed. The 
distribution of LA activity was more uniform. I t  was most intense in the endothelinm 
of the proximal convoluted tubules. AlkP activity in the walls of stromal eappilaries 
was of a moderate and fairly uniform intensity. 
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Fig.2. Case I. Kidney cortex, PTAH stained; loss of affinity to the stain in the 
epithelium of the convoluted tube (left) ~s compared to the partially preserved 

affinity in another one (upper right). • 500 

Fig. 3. Case I. Liver, a section after the test for acid phosphatase activity. Numerous 
enlarged bodies showing a strong positive reaction. X 300 
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Three phenomena reveMed by the histozymatic investigations in Case I deserve 
special attention: 1. Considerable reduction of AlkP activity in the cerebral capillar- 
ies lends additional proof of the abnormal permeability of these vessels; 2. the 
presence of enlarged cytoplasmic structures in hepatic and renal parenchyma showing 
high AcP activity and appearing similar to liver lysosomes, may be accepted as 
proof of injury, with the resulting partial desintegration of certain cell components; 
3. the relatively large changes in enzymatic activity of the renal tubule cells indicates 
together with the changes revealed by PTAH staining an acute damage to the renal 
parenchyma. 

In case II (I.W.), the autopsy was performed 82 hours after death. The following 
important morphological changes were recorded: Considerable congestion of all 
internal organs, especially of the brain, meninges, lungs and spleen; edema of the 
pia and brain; scattered loci of subendocardial hemorrhage and into the interven- 
tricular septum; degeneration of the liver; distinct signs of advanced putrefaction. 

Case III  (J.W.), which was examined 52 hours post mortem, revealed a high 
degree of congestion of the internal organs, edema of the brain and pia, pulmonary 
edema, and atherosclerotic loci in the coronary vessels. 

The process of autolysis was suffieienly advanced in the last two cases, but 
especially in Case II  (I.W.), to prevent precise delineation of subtle cytological 
changes. In both cases, however, the microscopic examination confirmed and supple- 
mented the gross autopsy findings. Predominantly venous congestion and edema 
of the brain and lungs were found. Hemosiderin granules were detected in the 
marcrophages present around the small vessels of the brain. Fatty degeneration of 
the liver was also observed. This was multifocM and limited almost exclusively to 
the cells of the periportM regions in both cases. Fatty degeneration of limited 
degree was also found within the renal cortex. In spite of autolytic changes, the 
affinity of the cytoplasm of the basal region of renal tubule cells to PTAI-I stain 
was only slightly reduced. PTAtt stained myocardium clearly gave evidence of 
extensive fragmentation, yet cross striation was preserved, particularly in Case II  
(LW.). 

Discussion 

The clinical course in  the above described cases of serious poisoning 
varied somewhat,  p resumably  because of differences in the amoun t  of 
T E L  ingested and  the different routes by  which i t  was absorbed. 

I n  the case of accidental  oral ingestion oi the substance, dis t inct  
clinicM symptoms developed remarkably  fast, wi thin  minutes ,  while in  
the group poisoning there was a la tent  period of three days. The first 
symptoms  to appear were gastrointest inal  dis turbances which preceded 
yet  part ial ly overlapped with the subsequent  period of menta l  disorder. 

I n  all of our cases, i n ju ry  to the central  nervous system was evident,  
as manifested by  the following signs and symptoms:  Insomnia ,  byper- 
thermia,  signs of increased in t racrania l  pressure and acute menta l  disorder 

An acute state of confusion and  acute episode of schizophrenia were 
the most  striking menta l  disorders observed in the group poisoning. Acute 
psychoses s imulat ing manic  or acute schizophrenic syndromes arc said 
to occur rarely in T E L  poisonings [5]. I n  all ten  of the cases reported 
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by LVC~A (1951) [5], the mental  disorder took instead the form of a toxic 
delirium. 

I typer thermia  in acute TEL poisoning has been observed by  Co~sI 
and PICOTTY (1967) [2]. In ju ry  to the CNS in tetraethy]lead poisoning 
is a t t r ibuted mainly to the action of triethyllead, a major metabolite 
of TEL. I t  has been shown experimentally by  CRE51E~ (1959) [3] tha t  
the degree of disruption in the glucose metabolism of the brah~ is directly 
proportional to the local tricthyllead concentration. According to MAGI- 
S~RETTI et al. (1961) [6], the monoxidase in the brain is inhibited by 
the presence of TEL. This would imply tha t  the symptoms of simul- 
taneous neurological and mental  disturbances are to be explained by an 
accumulation of serotonine within the CNS. 

Defective oMdation of glucose manifests itself here clinically as a 
metabolic aeidoAs. 

Certain of our observations may  prove of importance in further eluci- 
dating the mechanism of brain injury as caused by triethyllead. In  Case I 
(the oral poisoning), the concentration of triethyllead in the peripheral 
blood and in the CSF was 243.0 and 266 ~g- % respectively. The above 
figures make clear the fact tha t  this highly toxic metabolite of T E L  passes 
through the blood-brain barrier with eomparitive ease. This phenomenon 
is accompanied by  an increase in the permeabi~ty of brain vessels with 
a tendency towards erythrorrhagia, as was observed in all our eases but  
most  strikingly in the case of oral poisoning. 

In jury  to the liver in the form of fa t ty  degeneration of the central 
zone of hepatic acini (peripheral area of the lobulus) was present in all 
our cases, in spite of the different doses and different routes of absorp- 
tion of TEL. The kidneys and myocardium were the two organs most. 
affected in the patients who died from oral poisoning, as was brought 
out most  clearly in the histoenzymatic studies. 

Our observations indicate a correlation between the distribution and 
intensity of the microscopic changes in haternal organs and the triethyllead 
concentration in these organs as recorded by BOLANAWSKA and her eo- 
workers [1]. Histopathologieal changes of a similar character and distri- 
bution were also found in dogs and rats exposed to T E L  under experimcn- 
taI conditions [4]. 
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