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Summary. Experimental lead encephalopathy was produced in developing rats. The 
cerebellar changes that developed were studied by light and electron microscopy. Although 
edema was observed in all phases of the encephalopathy, changes in the blood vessels, 
formation of platelet thrombi, and alterations of the Purkinje cells and their dendrites 
warranted special attention. The lead and calcium content of the brain and of the blood 
in the lead poisoned and control groups were determined chemically. The results are 
discussed from a morphological point of view and a hypothesis of their pathogenesis is 
presented. 

Zusammen[assung. Wir haben bei neugeborenen t~atten eine experimentelle Blei-Enee- 
phalopathie hervorgerufen und die cerebellaren Ver/inderungen licht- und elektronen- 
mikroskopisch untersucht. In allen Stadien der Encephalopathie war ein Ödem vorhanden, 
darüber hinaus fanden sieh Anzeichen für Capillarsch~den, Bildung von P1/~ttchenthromben 
und Ver/inderungen der Purkinje-Zellen mit ihren Dendriten. Blei- und Calciumgehalt 
des Gehirnes wie des Blutes von bleivergifteten Ratten und von Kontrolltieren wurden 
chemisch untersucht. Die Ergebnisse werden aus der Sicht des Morphologen besprochen, 
die Pathogenese der VerKnderungen diskutiert. 

The effeets of lead  poisoning in humans  have  been known from ane ien t  
t imes.  Ramazz in i  in 1739 and  Tanquera l  des P lanches  in 1839 were among the  
f irst  to note  the  effects of th is  me ta l  on the  nervous  system.  Al though  m a n y  
s tudies  since then  have  been made  on h u m a n  mater ia l ,  a t t e m p t s  to  reproduce  
comparab le  nervous  disease in animals  for the  purpose  of s tudy ing  the  sequence 
of events  t h a t  gave rise to  cerebellar  lesions genera l ly  have  failed. Pen tsehew 
and  Garro  (1966), however,  i n t rodueed  a new exper imen ta l  model  of lead  poisoning 
in whieh t h e y  utf l ized young  rats .  They  took  a d v a n t a g e  of the  fact  t h a t  lead 
red the  mothe r  r a t  is t r a n s m i t t e d  to  the  young  b y  the  mate rnM milk.  I n  eon- 
cluding the i r  s tudies  t h e y  pos tu l a t ed  t h a t  a cer ta in  para l le l  ex is ted  be tween 
l ead  eneepha lopa thy  and  Wern icke ' s  eneepha lopa thy ,  and  t h a t  bo th  these  mala-  
dies belonged to wha t  t h e y  called " s y s t e m  bound  dysor ie  eneepha lopa th i e s "  

Recen t  s tudies  b y  Ule and  K o l k m a n n  (1967) have  proven,  however,  t h a t  the  
p r i m a r y  lesion of expe r imen ta l  Wern icke ' s  eneepha lopa thy  is a hydrop ie  swelling 
of the  neuropi l  t h a t  develops  i ndependen t  of vaseu la r  involvement .  To learn  
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w h e t h e r  t h a t  pe r t a in s  also for  e x p e r i m e n t a l  l ead  e n c e p h a l o p a t h y  we i n s t i t u t e d  t h e  

p r e sen t  s t u d y .  

T h e  m e t h o d s  t h a t  we e m p l o y e d  in  th is  s t u d y  of t he  d e v e l o p m e n t  of cere-  

be l la r  changes  in  l ead  e n c e p h a l o p a t h y  were  based  on P e n t s c h e w ' s  work ,  b u t  

were  m o d i f i e d  to  su i t  our  e x p e r i m e n t a l  needs .  I t  was  our  a im  to  d e t e r m i n e  t h e  

poss ible  cause  a n d  sequence  of e v e n t s  t h a t  ]ed up  to  t h e  p e a k  of t h e  d isease  

processes  wh ich  were  m a r k e d ,  clinica]]y, b y  pa ra lys i s  in  t h e  an ima l ,  a n d  mic ro -  

scopica l ly ,  b y  seve re  ce rebe l la r  edema .  F o r  t h a t  pu rpose  t h e  an ima l s  were  s t u d i e d  

in t h e  a c u t e  or  p r e p a r a l y t i c  a n d  pa ra ]y t i c  phase ,  w h e r e a s  a s t u d y  of t h e  post -  

p a r a l y t i c  p e r i o d  r e v e a l e d  t h e  r e p a r a t i v e  ehanges  t h a t  occu r r ed  a f t e r  l ead  po isoning .  

Mate r i a l  and Methods  

Thirty seven pregnant Wistar rats were utilized in our series of experiments. 
The diet used to produce lead poisoning was made as follows: To normal laboratory 

chow 1, which was first softened in distilled water, we mixed laboratory reagent Lead Car- 
bonate to give a 4.5% concentration. The mixture was then allowed to harden in an oven. 
The drinking water given to the mothers was a 1% solution of laboratory reagent Lead 
Acetate and distilled water. As soon as each female gare birth to her young, she was 
started on the lead diet and lead drinking water. Comparable litters that  received normal 
laboratory chow and distilled water were used as controls and studied concurrently. 

From preliminary studies we learned how many days of lead poisoning it generally took 
before the infant rats revealed paralysis (31 days). For studying the acute changes we selected 
and killed newborn rats flora different litters, starting ten days before the expected onset 
of their paralysis, and thereafter killed litter-mates every alternate day until the day of 
paralysis. The animal utilized for the study of the reparative processes were changed flora 
a lead diet to a normal diet immediately after the paralysis manifested itself, and killed 
5, 10, 15, 20, 30 and 60 days after the onset of their paralysis. Only animals that  had 
exhibited a florid paralysis were used for these studies of the reparative p,'oeesses. To 
ensure optimal fixation of the brain for electron microscopy, we inieeted the animals intra- 
peritoneal]y with Liquemin (a heparin antieoagulant) anaesthetized them with Thiogenal (a 
short aeting barbiturate) and perfused them by way of the left cardiac ventricle with 
Haemaccel (a plasma substitute) followed by 3.5 % gluteraldehyde at a pressure of one meter 
of water. The brains were removed 30 min after completion of the perfusion. Since it 
was felt the contents and size of blood vessels could best be studied in unperfused brains, 
a parallel group of poisoned newborns were killed under anaesthesia by quiek deeapitation 
and the brains removed, carefully sectioned and immersed immediately in 3.5 % gluteraldehyde, 
the whole procedure never lasting more than two minutes. For these nonperfusion studies 
we used animals only up to the expected day of paralysis. The tissue for the light and 
eleetron microscopie studies were selected from the cerebellum since that  part of the brain 
proved to be the most severely involved in lead encephalopathy. For light microscopic 
studies the hematoxylin-eosin, Nissl, Klüver-Barrera, Masson-Goldner and the PAS stains 
were used. When study of the nature of deposits on the Purkinje cells and their dendritie 
processes required it, Turnbull's reaction for iron and von Kossa's reaction for calcium 
were done. The tissues for electron microscopy were processed and embedded in Araldite, 
sectioned by the Reichert Om U 2 ultramicrotome and examined with the Zeiss EM 9A 
electron microscope. 

Since it is well known that  lead displaees ealcium in the body, the amounts of these 
substances in pooled rat brain and blood were determined chemieally by the atom absorption 
teehnique. Ten rats in the paralytic phase were used for this purpose and the results ob- 
tained from them were compared with those from live control rats of similar age. 

The results of the chemical analysis of the lead and calcium in the brains and blood of 
the lead poisoned and eontrol animals are shown in the Table. 

1 Altromin. 
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Table. The determinations o] lead and calcium in the brain and blood o/the experimental and 
control animals by the atom absorption method 

Brain Blood 
(in ~g/G fresh weight) (in ~g/G) 

Experi- Control Experi- Control 
mental mental 

LeacI 11.5 Nil 3.0 Nil 
Calcium 137.0 24.0 25.0 25.0 

Observations 

The newborn rats in both the experimental and eontrol groups appeared to 
develop normally. This was jndged by way of assessing eertain cardinal mflestones, 
such as the first appearance of hair, the opening of the eyes and the ability to 
eat. The differenees in size between the experimental and control groups however 
were remarkable, as revealed by comparing the weights of lead poisoned rats 
with the eontrol rats born on the same day. Those of the lead poisoned group 
weighed on an average 15 g per animal 15 days after birth whereas the eontrol 
group of similar age weighed on an average 44.2 g. 

The proeesses tha t  brought about  lead encephalopathy eventually eaused 
paralysis, a sign we aceepted as indicating severe internal pathology. The 
paralysis in the experimental group developed about 31 days after birth and 
manifested itself as weakness of the rear limbs and ineontinenee. These mani- 
festations progressed over the next 12 h to frank paraplegia with lethargy and 
extreme generalized weakness. Some animals developed intraocular hemorrhages. 
When the lead diet was replaced by a normal diet, most of the animals survived 
and reeovered from their paralysis within a period of 24 to 48 h. I t  was remarkable 
how rauch more suseeptible the animals belonging to the experimental groups 
were to the barbiturate,  Thiogenal, than were the controls. 

The longer the period of poisoning the more extensive were the hemorrhages 
in the cerebellar eortex; they became maximal on the day of paralysis (Fig. 1). 
In  spite of the good fixation of the rest of the brain, the eerebel]um usually 
was soft and friable. The cerebella of animals kflled after the day of paralysis 
were discolored. The longer the anima]s survived in the postparalytie period, 
the less the eerebellum showed this diseoloration. Vacuo]es in the folia of the 
cerebellum of these animals beeame evident and were always larger in the older 
animals. 

Microscopic Stndies 
Light Microscope: Acute Phase. The most striking changes in the cerebellum 

of infant rats killed ten days before the expeeted date of paralysis were the 
small fresh hemorrhages seattered here and there throughout the moleeular and 
granular layers and in the pial membranes.  Although most were loeated about  
small eapillaries, many  of whieh were eollapsed, other extravasations of red blood 
eells eould not be related to blood vessels. Most red blood eells exhibited distinet 
variation in size and shape. Clearing about  the eapillaries by aeeumulation of 
edema fluid made most eapillaries stand out prominently. 
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Fig. 1. On the right a brain removed on day of paralysis. Note the appearance of the 
cerebellum in comparison to that of the brain on the left, which was taken from a control 

animal of similar age (29th day after paralysis) 

Modera te  numbers  of Pu rk in j e  cells were found  shrunken,  thei r  nuclei  pykno t ic ,  
the i r  cy top la sm condensed and  d a r k l y  s t a ined  b u t  somet imes  vacuola ted ,  wi th  
the i r  borders  i r regular ]y  scalloped,  s epa ra t ed  f rom ad j acen t  s t ruc tures  b y  clear 
spaces,  and  wi th  the i r  dendr i t ic  processes th ickened.  

A l though  all of these  changes were seen in the  non-perfused  brains,  t h e y  were 
generaUy rauch more conspicuous in those perfused.  

I n  the  bra ins  of the  animals  ki l led e ight  days  before the  e s t ima ted  da te  of 
para lys is ,  the  changes descr ibed above  had  become more numerous  and  more 
extensive.  I n  addi t ion ,  m a n y  capi l lar ies  were found  to be ]ined b y  degenera t ing  
endothe l ia l  cells, the  nuclei  of which were of ten ei ther  swollen and  vacuola ted ,  
or pyknot ic .  Most  s t r ik ing a t  th is  t ime,  however,  were the  occasional  t h r õ m b i  
found  in larger  capillaries.  These were fo rmed  of agg lu t ina ted  red  b lood cel]s, 
b r igh t ly  acidophil ic  p ro te inaceous  ma te r i a l  and  f inely g ranu la r  deposi ts  of platelets .  
The cont iguous  wall  of the  vesse] of ten was th ickened  and  hyal inized.  A d j a c e n t  
capi l lar ies  were b]oodless and  collapsed,  the i r  l ining cells appear ing  enlarged and  

conspicuous.  

Fig. 2. a Note the large lakes of edema Iluid in the white marter and the hemorrhages. 
Cerebellum. Klüver-Barrera. (On the day of paralysis. Perfused specimen). Magnification 
× 56. b Notable in this picture are the dark-stained vacuolated Purkinje cells with swollen 
glial processes, Cerebellum. Azur II-Methylene Blue. Semi-thin 1 [z section, Araldite 
embedded. (6 days before paralysis. Perfused specimen). Magnification × 600. c "Inkrusta- 
tionen" in the cerebellar cortex in relationship to the Purkinje cell dendrites. Some Purkinje 
cells have disappeared. Cerebellum. Nissl. (15 days after paralysis. Perfused specimen). 

Magnification × 500 
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Fig. 3 a. A capillary showing thickening of the endotheliat cytoplasm with numerous vacuolated 
mitoehondria containing remnants of eristae mitoehondriales within. A part of the basement 
membrane appears to be dissolved (arrows) and there is mueh edema around the capillary. 
(On the day of paralysis. Perfused sl0ecimen). Magnification ×7200. E Edema, G Granular 

eell, M Maerophage, Mi Mitoehondria 

The longer the period of lead poisoning, t ha t  is, the closer to the expected 
date of paralysis t ha t  the animals  were killed, the more severe the vaseular 
ehanges and  hemorrhages. The lesions, ini t ia l ly foeal, extended to coalesee and  
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Fig. 3 b. Part of another capillary showing some swelling with rarefaction of cytoplasm 
of the endothelial cell. The swelling of the mitochondria, widening of the endoplasmic 
cisternae and increase in the number of pinocytie vesieles are noteworthy. Note also the 
decrease in luminal size and the edema of the astrocytic foot processes. (On the day of 
paralysis. No perfusion). Magnification × 18000. A Astrocytie foot proeesses, BÆ Basement 

membrane, Ci Endoplasmic cisternae, L Lumen, Mi  Mitoehondria 

become widespread,  showing no predi lee t ion  however  for any  pa r t  of the  oere- 
bel lum. The  edema  fluid, aceumula t ed  a t  f i rs t  in the  per ivascu la r  end proeesses 
oB the  astrogli~,  ex t ended  to beeome confluent ,  forming shor t ly  before the  da te  of 

5* 
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Fig. 3 c. Note the platelet thrombi in the unperfused capillary that appear to be 
degTanulating and adhering to the endothelial cell. This vessel also shows a prominent 
Virchow-Robin space and edema in the astrocytic foot processes. (10 days before paralysis. 
No perfusion). Magnification × 7200. E Edema, L Lumen, Pl Platelet, V-R Virchow-Robin 

space 

paralysis large lakes within the white mutter  (Fig. 2a). Itere, dispersed small 
necroses of neurogliM elements beeame more eonspicuous, especiMly by the day 
of parMysis. Swollen macrophages, located about larger vessels and near older 
hemorrhages and focM regions of necroses, contained yellow pigment that  gave a 
positive stain for it-on. Although the scattered numbers of pyknotic Purkinje 
cells were found in the brains of all animals (Fig. 2b), they did become numerous 
at later stages of the lead poisoning but  were not locMized in any speciM 
region of the cerebe]lum. 

Reparative Phase. During the postparMytic phase the hemorrhages, which 
had been such a prominent feature of the acute phase, were less apparent  
by the 5 th  postparMytic day, und by the 10th postparMytic day were in- 
conspieuous. The capillary prominenee that  had been so marked during the acute 
phases disappeared between the 10th und 15th postparMytie days. The lakes of 
edema fluid in the white mutter  reaehed their maximal size by the 30th post- 
paralytie day, apparently by coMescing. By the 60th postparMytie day very 
little edema remained. 

The degenerative ehanges in the Purkinje cells became less frequent and were 
lust found 15 days after the day of parMysis. At the samt  time irregular 
ù Inkrustat ionen" (in the sense used by  Colmant, 1965) first appeared und were 
related to remnants of Purkinje eells and their dendrites (Fig. 2c). These 
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"Inkrusta t ionen" inereased in number up to the 30th postparalytie day. They 
gare  a negative reaetion for iron (Turnbull 's blue reaetion) and a negative von 
Kossa's  test  for caleium. 

Electron-Microseopic Studies. In  these studies the earliest and most prominent 
changes were found in the capillaries and Purkinje eells. As early as the 10th 
day before the expeeted date of paralysis most  of the endothelial eells of the 
capillaries were swollen, in some so greatly that  the lumen of the vessels was 
almost obliterated. In  the eytoplasm of these swollen cells three types of vaeuoles 
eould be distinguished. First, there were the double-walled rounded vacuoles that  
eontained remnants  of eristae mitoehondriales and were situated near mitoehon- 
dria. A seeond type of vacuole had a clear interior and a rim stippled with 
granules of RNA; they resembled a swollen segment of endoplasmic retieulum. 
The third and smallest type of vaeuole was eharacteristic of pinoeytosis. Although 
most endothelial eells exhibited these changes, some instead had a rarefied 
eytoplasm and few granules of I~NA (Fig. 3a and b), or their endoplasmie eisternae 
were great]y widened. The endothelial ee]ls of venules or arterio]es rarely dis- 
elosed these patho]ogie changes. 

Also on the 10th day before the excepted day of paralysis, small thrombi 
of platelets, red blood eells, and plasma proteins were found adherent to an 
oeeasional altered endothelial eell of a eapillary in the cerebella of the non-per- 
Bused animals (Fig. 3 e). Such thrombi were rarely eneountered in the perfused 
brains, although these revealed more extensive perieapil]ary hemorrhage and 
hydrops of the astroglial footproeesses. In  later stages of the aeute phase, shortly 
beßore the day of paralysis when virtually all endothelial cells oB the eapillaries 
showed pathologie change and the thromboses were rauch more eommon, the 
basement membranes of the eapillaries were still normal. Only in a few vessels 
was the membrane thickened or partial]y destroyed by dissolution. 

In  the earliest phases (the 10th preparalytic day) the footprocesses of the 
astroglia] cells were generally swollen by edema fluid and dispersed amongst 
them were variable numbers of red blood cells of all shapes and sizes, and oecasional 
macrophages. Later the edema had extended to disseet between neural structures 
of the white marter,  orten widely separating them. Few of these struetures, 
however, diselosed pathologie ehange (Fig. 4a). In  later stages in the regions of 
the white mat ter  where the edema seemed especially severe, eellular debris and 
maerophages were distinet. Many of the macrophages eontainedprominent vacuoles 
and rounded dense bodies. Myelin bodies, first evident in the brains of animals 
killed two days before exeepted paralysis, were numerous by the day of paralysis. 

From the very earliest phase (10 days before exeepted paralysis) some Pur- 
kinje eells were pyknotie with loss of the nuelear-eytoplasmie demarcation. In  
their cytoplasm there were many  double-walled vacuoles whieh eontained remnants 
of mitoehondrial cristae (Fig. 4 b). These vaeuoles eorresponded to those oceasionally 
apparent  in the Purkinje eells with the light mieroseope. The eytoplasmie borders 
of the affeeted cells appeared frayed and were surrounded by profound hydrõps 
of the Bergmann astroglia. 

Reparative Phase. In  some respects it was surprising how rapidly some of the 
pathologie changes reso]ved. By the 5 th postparalytie day the capillaries appeared 
generally normal, lined by healthy endothe]ial eells. Intravaseular  thrombi were 
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Fig. 4. a Note the extreme extracellul~r edema, with wide separation of the cells which in 
general ~ppear unaffected. (0n the day of paralysis. Perfused specimen). Magnification 
×3600. C A P  Capill~ry, E Edema, E R Y  Erythrocyte, G Granular cell, M Macrophage, 
OL Oligodendrocyte. b A Purkinje cell showing condensation of nuclear and cytoplasmic 
structures, with loss of detail. Some pericellular edema is notable in the glial processes. 
(15 days ~fter p~ra]ysis. Perfused specimen). M~gnification x 4000. E Edem~, Mi  Mitochon- 

dria, P Purkinje cell 



Experimental Lead Eneephalopathy 71 

gone. By the Iifteenth day the Purkinj e eells were normal, a finding that  eorrelated 
well with the light mieroeopie studies. Oecasional axons, however, diselosed 
dystrophy and degenerative ehanges between the 10 th and 15 th day after paralysis. 
The number of maerophagës and mieroglial eells inereased up to about  the 
lõ th  postparalytie day, then diminished slowly thereafter but were still evident 
by the 60 th postparalytie day. The lakes of edema in the white substanee disappëar- 
ed slowly, and traees of them were still evident by the 60th postparalytie day. 

Discussion 

In  our preliminary studies we eonfirmed the observations of Pentschew et al. 

that  newborn rats developed an eneephalopathy at  about 31 days of age if their 
mothers were maintained on a diet eontaminated with lead. We assumed, as did 
Pentschew, that  the newborn rats were poisonëd by lead in the mother 's  milk. 
To learn what the sequenee of pathologie ehanges was in the development of the 
eneephalopathy we killed the newborn rats at various times before the expected 
date of paralysis at  31 days ol age. Out light and ëlectron mieroscopie studies 
of the eerebellum indieated elearly that  the eapillaries and the Purkinje eells 
exhibited the first pathologie ehanges, and tha t  the ehanges tha t  followed merely 
represented progression of the eapillary injury and its consequenees. 

At ten days before the expeeted date of paralysis, long beIore the animals 
manifested any signs or symptoms of eerebellar disease, we noted degenerative 
ehanges in endothelial cells of nmnerous eapillaries in all parts of the eere- 
bellum. Vaeuoles were deteeted in these altered endothelial eells with the eleetron 
microseope, and eould be elassißied into three groups. One of these represented 
degenerated mitochondria, another alterations in the endoplasmic retieulum. Simi- 
lar ehanges were reeorded by Itill (1964) in anoxie-isehemie lesions of the brain, 
but since the mitoehondria were not involved he believed the ehanges were of 
pinoeytic nature. Altered mitoehondria were noted by Watraeh (1964) in the liver 
eells of lead-intoxieated swine. Totovié (1964) however found no pr imary 
alterations of mitochondria in the epithelial eells of the kidney of lead poisoned 
rats. 

Invar iably  assoeiated with these degenerative ehanges were hemorrhages, 
perivaseular edema, and oeeasional thromboses, all of whieh became more exten- 
sive as the animals grew older. The capillary thrombi were espeeially distinet 
in the non-perfused brains, whereas the perieapillary ëxtravasations of red blood 
eells and the edema of the perivaseular footproeesses of astroglia were mueh 
more apparent  in the perfused brains, no doubt an expression of the capillary 
fragility and the effeet of the pressure of injection. 

Electron-mieroseopieally, the aggregation of platelets in the lumina of the 
eapillaries was striking; it progressed as the day of paralysis was approaehed. 
Platelet degranulation and fibrin produetion beeame inereasingly apparent,  and 
resembled those ehanges described by Sehulz und Rabanus (1965). Hirsch et al. 

(1965) found similar aggregates of platelets and tibrin in the isehemie brains of 
dogs; they thought  these aggregates were eapable of slowing or stopping the 
flow of blood and were even capable of produeing ehanges ha the vaseular wall 
of the oeeluded blood vessels. Whether alterations of the red blood eells, as 
evideneed by the anisoeytosis and poikiloeytosis, promoted thrombosis we do not 
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know. The red blood eells of these lead poisoned animals did display marked 
variation in their size and shape. Sinee we did not study the eoagulation of the 
blood or përform eounts on its eellular elements we eannot say whether anemia or 
thromboeytosis developed in the animals to eomplieate the eerebellar disease. 

I t  was interesting to note tha t  the first aeeumulation of edema fluid found 
was in the footproeesses of astroglia, indieating tha t  the eapillary walls had be- 
eome abnormMly permeable. In  later phases the edema fluid spread throughout 
the white matter ,  separating its eomponents. When the edema persisted for a long 
time then mierogliM eells appeared and the neural parenehyma underwent degen- 
eration and foeM neeroses developed. The peeuliar eharaeter of tha t  observation 
suggësted two etiologieM possibilities. The site of aetion of lead has been variously 
thought  to be either on the nerve and gliM tissue (Hassin, 1921; Aub et al., 
1925; MaeLaurin and Niehols, 1957) or on the eapillaries (Okazaki et al., 1963; 
Pentsehew and Garro, 1966). In  our experimental model it seemed unlikely tha t  
sinee morphologieM evidenee of neural damage was laeking in the initiM stages 
of the disease the expansion of the edema was eaused by the loss of fluid from 
injured degenerating neural eells. 

On the eontrary, it seemed most probable from the ehanges in the blood 
vessels and astroglial footproeesses early in the disease tha t  the pr imary ehange 
in lead intoxieation was eapillary damage. 

Bauer (i970) in his studies of the eapillaries of the developing fetal brMn 
stares tha t  the basement membrane at this time of life may  vary in thiekness 
between 37 and 500 •. I-Ie mMntMns the membrane performs no mechanieM 
supporting funetion for the endotheliM eell and its funetion in ultrafilter is 
poorly developed. Toraek (1961) studied the ultrastrueture of the eapillaries of 
brMn tumors and the edema tha t  invariably developed; he eommented that  the 
eapillary ehanges varied depending upon their involvement in the pathologieM 
proeess. 

The Mterations in the Purkinje eells were seen both with the light and eleetron 
mieroseopes as early as the 10th day before the expeeted date of parMysis. The 
eellular shrinkage, with seMloping oB the eytoplasmie borders, loss of nuelear- 
eytoplasmie detail, and the appearanee of vaeuolated mitoehondria suggested 
an anoxie etiology. Bakay and Lee (1965), in reviewing the findings of other 
authors in eerebrM edema, noted tha t  such aeute degenerative ehanges as 
vaeuolations, tigrolysis, pyknosis and neerosis of neurons with neuronophagia 
may  oeeur as a result of eerebrM edema. They further stated that  in some types 
of eerebrM edema the large nerve eells and the Pnrkinje eells were usuMly 
affeeted. The slight edema we noted around the Mtered Purkinje eells suggested 
tha t  the Iluid had been extruded from the Purkinje eells themselves and was not 
the eause of the degenerative ehanges in these eells. We know Irom other studies 
tha t  Purkinje ee]]s are more resistant to edema than are the granular eells. 

The " Inkrus ta t ionen"  (in the meaning of Colmant, 1965) were elosely related 
to the Mtered Purkinje eells and their dendritie systems. Although he Mways saw 
the " I n k r u s t a t i o n e n "  in relation to ganglion eells with well vaeuolated eytoplasm, 
Colmant emphasized tha t  these ehanges were by no means obligatory. He stated 
further tha t  the basophilie material tha t  gave the " I n k r u s t a t i o n e n "  their granular 
appearanee was a deposit on the Golgi network and was possibly made up of RNA. 
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Környey (as quoted by Colmant, 1965) postulated these " I n k r u s t a t i o n e n "  might 
represent a synaptic or membrane disturbance or ruptured endings of nerve cells. 
Pentschew and Garro (1966) mentioned the appearanee of what they called 
"bushy  formations" in the molecular layer of the cerebella of their lead- 
poisoned rats. They found these formations only in the reparative stages where 
the dendritic systems of the Purkinje eells had been loeated. In  electron microseop- 
ic studies of experimental lead eneepha]opathy Lamper t  et al. (1967) were unable 
to demonstrate injury of Purkinje eells or dendritic " Inkrus ta t ionen"  

Himwich and Fazekas (1941) experimenting with the brains of developing 
dogs, and Tyler and r a n  tIarreveld (1942) working on the developing rat  brain, 
found the highest leve]s of oxygen and glucose utilization in these aninlals 
between the 4 th  and 7th week after birth. They observed tha t  this high utili- 
zation corresponded roughly with the phylogenetic development of the brain. 
When their observations wert  eorrelated with ours it was noted that  out experi- 
mentM lesions aehieved their maximal intensity between the mid-third and fourth 
week after birth. From such a correlation and with the morphologieal endothelial 
cell changes, it is our hypothesis that  in lead poisoning the respiratory enzymes 
of the endothelial eells are interfered with, preventing them in some way from 
taking par t  in the inereased metabolic demand of the developing cerebellum. The 
patchy nature of the lesions in the early stages of the disease suggested tha t  
not all of the microcireulation was affected at the same time, but rather tha t  
eertain eells of the capillaries were more sensitive than others. Therefore, we 
eoncur with the theory pur forward by Pentschew and Garro (1966) in that  these 
vaseular lesions with the resultant edema are eaused in part  by a chronic metabolic 
dysoxidosis. 

Although several explanations of the ehanges of the Purkinje eells are possible, 
their early foeal nature best eorrelates with the patchy occlusion of eapillaries 
by swollen endothelial eells and platelet thrombi, suggesting that  the Purkinje eells 
were injured by anoxia. As the day of paralysis approached the vaseular damage 
and plate]et thrombi inereased, more Purkinje eells were affected andthey  exhibited 
greater degenerative change. 

Whether  capillary damage represents direct toxie action of ]ead, or indirect 
injury mediated by defieieney of a vi tamin or other substanee indueed by the 
poisoning with lead, we do not know. Lead eompetes with ealeium ion in eellular 
metabolic processes and binds readily to -SH radieMs of enzyme systems and 
eomponents of eells. The ehemical estimations of lead and ealeium in the brain 
and blood of the lead-poisoned animals and of the control animals indicated that  
lead had reached the brMn in large amounts. Whether  it had beeome bound, and 
if so where, we do not know. The results of our ehemical analyses suggest that  
lead had interfered with the metabolism of the calcium ion. Perhaps the 
inereased coneentrations of caleium found in the brains of the lead poisoned 
animals represented ca]eium needed for and ineorporated into the thrombi found 
in the capillaries. 

In  eonelusion, from the findings we have presented and diseussed we believe 
that  the ehanges of experimental lead encephalopathy, although primarily the 
result of ehronie metabolie dysoxidosis from injury to the eapillary endothelial 
cells, a r t  in par t  due to anoxia eaused by disturbanees in the mieroeirculation. 



74 J .A. Thomas, F. D. Dallenbach and )5. Thomas: Experimental Lead Encephalopathy 

References 

Aub, J. C., Fairhill, L. T., Minot, A. S., Reznikoff, P. : Lead poisoning. Medicine (Baltimore) 
4, 1-250 (1925). 

Bakay, L., Lee, J. C. : Cerebral edema. Springfield, Illinois U. S. A. : C. C. Thomas Publishers 
1965. 

Bauer, K. Fr., Vester, G. : Das elektronenmikroskopische Bild der Hirnkapillaren mensch- 
licher Föten. Fortsch. :Neurol. Psychiat. 38, 270-318 (1970). 

Colmant, H. J. : Zerebrale hypoxie, p. 19-22. Stuttgart: Georg Thieme 1965. 
Hassin, G. B. : The contrast between brain lesions produced by lead and other inorganic 

poisons and those caused by epidemic encephalitis. Arch. :Neurol. Psychiat. (Chic.) 6, 
268-285 (1921). 

Hills, C. P.: Ultrastructural changes in the capillary bed of the rat cerebral cortex in 
anoxie-ischaemic brain lesions. Amer. J. Path. 44, 531-552 (1964). 

Himwich, H. E., Fazekas, J. F.: Comparative studies of the metabolism of the brain of 
infant and adult dogs. Amer. J. Physiol. 132, 454-459 (1941). 

Hirsch, H., Breuer, M., Künzel, H.P.,  Marx, E., Saehweh, D.: Über die Bildung von 
Thrombozytenaggregaten und die Änderung des Hämatokrits durch Komplete Gehirn- 
ischämie. Dtsch. Z. :Nervenheil. 186, 58-66 (1964). 

Lampert, P., Garro, F., Pentschew, A.: Lead encephalopathy in suckling rats. An eleetron 
microscopic study, p. 207-222. Brain edema, ed. Klatzo, I. and Seitelberger, F. Wien-- 
:New York: Springer-Verlag 1967. 

MeLaurin, R. L., :Nichols, J. B.: Extensive cranial decompression in the treatment of lead 
eneephalopathy. Pediatrics 20, 653 667 (1957). 

Okazaki, H., Aronson, S. M., Di Maio, D. J., 01iviera, J. E. : Acute Lead encephalopathy of 
childhood. Histologic and chemical studies with particular reference to angiopathic aspects. 
Trasn. Amer. neurol. Ass. 88, 248-250 (1963). 

Peutschew, A., Garro, F. : Lead encephalomyelopathy of the suckling rat and its implications 
on the porphyrinopathic nervous diseases. Acta neuropath. (Berl.) 6, 266478 (1966). 

Schulz, H., Rabanus, B.: Die kapilläre P1/ittehenthrombose im elektronenmikroskopischen 
Bild. Ziegler's Beiträge 131, 290-311 (1965). 

Toraek, R. M.: Ultrastructure of the capillary reaction to brain tumours. Arch. :Neurol. 
(Chic.) 5, 416428 (1961). 

Totovic, V. : Elektronenmikroskopische Befunde in der :Niere bei chronischer Bleivergiftung 
der Ratte. Verh. Dtsch. Ges. Path. 48. Tagg. 193-197 (1964). 

Tyler, D. B., Harreveld, A. Van: The respiration of the developing brain. Amer. J. Physiol. 
136, 600-603 (1942). 

Ule, G., Kolkmann, F. W., Brambring, P.: Experimentelle elektronenmikroskopische Unter- 
suchungen zur formalen Pathogenese der Werniekeschen Encephalopathie. Klin. Wschr. 
17, 886-887 (1967). 

Watraeh, A. M.: Degeneration of mitochondria in lead poisoning. J. Ultrastruct. t~es. 10, 
177-181 (1964). 

Prof. Dr. F. D. Dallenbaeh 
Institut für Experimentelle Pathologie 
Deutsches Krebsforschungszentrum 
BRD-6900 Heidelberg, Berliner Str. 29 
Deutschland 

Request .For Reprints: 
John A. Thomas, M. D. 
Dept. of Pathology 
St. John's Medical College 
Bangalore--34, India 


