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fibrosis 17,1s, the  m e t a c h r o m a t i c  mate r ia l  is m a d e  of 
mucopolysacchar ides .  

In  the  o the r  diseases w i th  me t ach romas i a  posi t ive  
f ibroblas t  cultures,  t he  na tu re  of th is  mater ia l  has  no t  
ye t  been establ ished.  In  vivo, in g lycogenos i s  t ype  II ,  
me t ach romas i a  located in the  glycogen rich areas of t he  
mul t ivacuo la t ed  muscle  cells has  been  observed,  af ter  
s ta in ing wi th  to luidine  blue 0~9, 2~ His tochemica l  analysis  

Skin fibroblast metachromasia, leukocyte and fibroblast a-glueo- 
sidase activity in patients with glyeogenosis type II and in their 
next of kin 

cr 4-Glucosidase 
Subjects Metachromasia activity ~ 

(% positive 
cells) Leukocytes Fibroblasts 

Patient L.U. 40-80 0 4.5 
FamiIy of L. U. : 

Father 10-50 7.6 - 
Mother 30-70 4.8 16.5 
Brother A 40 80 5.9 23.1 
Brother B 40-80 6.1 16.0 

Patient L.M. 40-90 0 - 
Family of L. M. : 

Father 40-90 6.0 - 
Mother 40-80 5.8 - 
Brother 40 90 5.2 - 

Controls 10 1 5 - - 
Controls 9 11.9 • 3.6 - 
Controls 1 - - 36.2 
Controls 1 - - 45.7 

Millimicromoles maltose hydrolyzed per min/mg protein. 

resul ts  indica ted  t h a t  these  m e t a c h r o m a t i c  areas con ta in  
a glycogen complex  only par t ia l ly  digest ible w i th  diastase,  
resembl ing  acid mucopolysacchar ides  ~9,~0. This c o m p o u n d  
p robab ly  needs acid glucosidase for degradat ion~k We  
are no t  able to  say w h e t h e r  the  m e t a c h r o m a t i c  mate r ia l  
found  in t he  skin f ibroblas t  cul tures  of our pa t i en t s  has  
the  same features  as t h a t  found  in vivo. F u r t h e r  invest iga-  
t ion clarifying th is  po in t  could con t r ibu te  to  the  know- 
ledge of the  na tu re  of m e t a c h r o m a s i a  in glycogenosis 
t ype  II.  

Riassunto. F r a m m e n t i  di  cute di due sogget t i  a f fe t t i  
da  glicogenosi t ipo I I e  dei  loro genitori  e fratel l i  sono 
s ta t i  col t iva t i  in vi tro.  Sis  helle cul ture  dei paz ien t i  che 
dei loro familiari  si g osserva ta  la presenza  di mater ia le  
me tac roma t i co  dopo colorazione con blu di to lu id ina  0. 
Nei leucociti  di t u t t i  i famil iar i  esamina t i  l'attivith~ della 
m-I, 4-glucosidasi g r i su l ta ta  r idot ta .  
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F e t a l  E n c e p h a l o p a t h y  F o l l o w i n g  I n g e s t i o n  of  T e l l u r i u m  

Non-obs t ruc t ive  hydrocepha lus  m a y  be p resen t  in new- 
born  ra ts  if the i r  mo the r  ingests  e lementa l  te l lur ium 
dur ing  gestat ion.  There  are pathological  changes  p resen t  
in t he  e p e n d y m a l  ceils of the  la teral  ventr ic les  of these  
ra t s  dur ing fetal  l i fe  a t  the  si te of the  C S F - e p e n d y m a l  
barrier.  

There  are 2 t ypes  of hydrocephalus ,  obs t ruc t ive  and 
non-obs t ruc t ive .  In  obs t ruc t ive  hydrocepha lus  there  is 
an i m p e d i m e n t  to t he  flow of t he  cerebrospinal  fluid 
(CSF) f rom the  choroid plexus  where  i t  is secreted,  to  
t he  venous  sinuses, where  i t  is absorbed.  Non-obs t ruc t ive  
hydrocepha lus  m a y  resul t  f rom a t r o p h y  of t he  neural  
t issue in t he  brain,  or f rom overp roduc t ion  of CSF  by  the  
choroid plexus.  There  is an exper imen ta l  m e t h o d  to  
produce  non-obs t ruc t ive  hydrocephalus ,  which  consists  
of add ing  e lementa l  te l lur ium to the  diet  of a ges ta t ing  
rat .  This  c a n  resul t  in t he  b i r th  of a l i t ter  of hydrocepha l ic  
animals  w i thou t  a p p a r e n t  ill-effects on the  mother~,  2. 
The p resen t  communica t i on  is t he  repor t  of a s t u d y  of 
the  pathological  changes  p resen t  in t he  bra in  of fe ta l  
rats,  whose mothe r s  had  inges ted  te l lur ium in the i r  d ie t  
and  eventua l ly  gave b i r th  to hydrocepha l ic  animals.  

The a m o u n t  of te l lur ium needed  in t he  d ie t  of t he  mo t h e r  
to p roduce  hydrocepha lus  var ied f rom 500 to  3500 p p m  
of the  diet~, 2. 50 to  100% of t he  ges ta t ing  ra ts  who 
inges ted  te l lur ium gave b i r th  to hydrocepha l ic  animals  

and  10 to  100% of the  animals  in the  l i t ter  were hydro-  
cephalic.  The incidence of hydrocepha lus  was propor t iona l  
to  the  a m o u n t  of te l lur ium presen t  1, 2. 

E l emen ta l  t e l l u r i u m  is m u c h  less toxic  t h a n  telluri tes,  
te l lura tes  and tel lurous acid. I t s  min ima l  le thal  dose is 
u n k n o w n  a, 4. Tel lur ium is easily absorbed  into t he  b o d y  5 
and i t  remains  there  a long t ime.  The classic sign of 
te l lur ium in tox ica t ion  in m a n  and  ra t  is the  garlic odor  
of t he  b r ea t h  caused by  d i me t h y l  telluride,  a b r e a k d o w n  
p roduc t  of te l lur ium 3, 4. Pa t i en t s  receiving i.m. in ject ions  
of e lementa l  te l lur ium in suspension,  for t he  t r e a t m e n t  
of syphilis,  compla ined  of a pe r s i s t an t  odor  of garlic in 
t he  brea th ,  2 years  af ter  the  end of the  t r e a t m e n t  6. 
Rep ea t ed  inject ions  of a suspension conta in ing  e lementa l  
te l lur ium to animals  resul ted  in t he  presence  of g ranular  
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black deposi ts  in t he  cy top la sm of renaI and  neuronal  
cells, w i thou t  clinical mani fes ta t ions .  These animals  
survived these  exper imen t s  for years~-9. 

The mechan i sm by  which  te l lur ium produces  hydro-  
cephalus  is unknown.  I t  obvious ly  acts  dur ing  fetal  life, 
because the  hydrocepha lus  has been observed dur ing  
fetal  life and  at  b i r th  1,2. AGNEW et al. 2 d e m o n s t r a t e d  
t h a t  radioact ive  te l lur ium, Te 127m, as tel lurous acid, 
in jec ted  into a p r egnan t  ra t  fed the  te l lur ium diet, 
crossed the  p lacenta l  barr ier  and was p resen t  in fetal  
blood, CSF and brain,  4 h later.  

The purpose  of the  p resen t  s t u d y  was to  examine  the  
bra ins  of ra t  fetuses,  dur ing  early fetal  life on days  13 
and  151% The i n s t r u m e n t s  employed  in th is  s tudy  were 
l ight  and electron microscopes.  T w e n t y  female Wis ta r  
ra t s  were fed a d ie t  consis t ing of 3000 p p m  e lementa l  
te l lur ium added  to  Pur ina  Lab  Chow Meal, every  day  of 
pregnancy .  In  my  experience,  th is  a m o u n t  of te l lur ium 
in the  diet  results  in 50% of the  rats,  giving b i r th  to 
l i t ters  whose every  m e m b e r  is hydrocephal ic .  The first  
day  of p regnancy  was de t e rmined  by  the  presence of 
sperm in the  vaginal  swabs.  The animals  weighed an 

average of 250 g a t  the  beginning  of pregnancy ,  a te  abou t  
15 g of food per  day, conta in ing  45 mg  of e lementa l  
tel lurium. I t  has been  e s t ima ted  t h a t  63 to 84% of 
inges ted  e lementa l  te l lur ium is excre ted  by  ra ts  3 so t h a t  
an average of 14 mg of te l lur ium was  re ta ined  per  day. 
A contro l  group of 20 p r eg n an t  female ra ts  of the  same 
s tock were fed Pur ina  Lab Chow Meal. Fe tuses  were 
r emoved  f rom the  te l lur ium fed and  normal  ges ta t ing  
animals  t h rough  an opening in the  abdomina l  wall, on 
days  13 or 15 of pregnancy .  The abdomina l  wall was 
then  closed and the  animals  t e r m i n a t e d  the i r  p r egnancy  
and gave bir th .  Only the  fetuses of te l lur ium-fed an imals  
(hencefor th  referred to as ' te l lur ium'  fetuses) who eventu-  
ally gave b i r th  to hydrocephal ic  animals,  and fetuses  of 
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Fig. 2. Electron micrograph (• 7000) of the 
ependyma bordering the lateral ventricle of 
a 'tellurium' fetal rat, age 15 intrauterine 
days. Note the absence of mierovilli and the 
smaller number of mitochondria (M) compared 
to that in the ependymal cells in Figure 1. 
The line = 1 g.. 

Fig. 1. Electron micrograph (• 3300) of the 
ventricular portion of the ependyma of a 
normal fetal rat, age 15 intrauterine days. 
Note the microvilli (arrow) projecting into 
the lateral ventricle, the mitochondria (M), 
the junctional complexes (J), and the nucleus 
(N). The line = 1 [z. 

Fig. 3. (• 10,000) Normal (M) and abnormal 
(AM) mitochondria in the cytoplasm of an 
ependymal cell of a 'tellurium' fetal rat, age 
15 intrauterine days. N, nucleus. The line 
~ l [ t .  
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s imi la r  age f rom the  con t ro l  rats ,  were e x a m i n e d  and  are 
r e p o r t e d  in t h i s  s tudy .  

The  size and  a p p e a r a n c e  of t he  ' t e l l u r i um '  and  con t ro l  
fe tuses  were s imilar .  No anomal i e s  were no t ed  in sect ions  
of  t h e  b r a i n s  of t he  t e l l u r i u m  fetuses,  s t a i ned  w i t h  hema-  
toxyl in-eos in .  The  t issues des t ined  for e lec t ron-micro-  
scopic  s tudies ,  were f ixed in 20/o g lu te ra ldehyde ,  buf fe red  
w i t h  0.1 M s o d i u m  cacodyla te ,  to  p H  7.2. T he  t i ssues  were 
f ixed for 1 h, pos t f ixed  for 30 m i n  in 1% osmic acid, 
buf fe red  w i t h  0 . 1 M  sod ium p h o s p h a t e  to  p H  7.2, washed  
d e h y d r a t e d ,  e m b e d d e d  in E p o n  Res in  812 (Fisher  Sci- 
en t i f ic  Co.). 

There  were morpho log ica l  anomal i e s  in t he  ceils in  t he  
e p e n d y m a l  layer  of t h e  t e l l u r i um fetuses,  13 and  15 
i n t r a u t e r i n e  days  old. T he  e p e n d y m a l  layer  of t he  n o r m a l  
fe ta l  r a t  r e sembled  t h a t  descr ibed  in  the  h u m a n  fe tus  n,  
fe ta l  r a b b i t  12 and  ch ick  ~3. I n  t he  n o r m a l  fe ta l  r a t  
(Figure 1) microvi l l i  were a b u n d a n t  on t he  v e n t r i c u l a r  

su r f ace  of t he  e p e n d y m a l  ceils. T he  m i t o c h o n d r i a  were 
g rouped  in t he  ap ica l  po r t i on  of t he  c y t o p l a s m  sur- 
r o u n d e d  b y  small ,  p r e s u m a b l y  p inocy to t i c ,  vesicles. The  
nuc leus  was in the  basa l  po r t i on  of t h e  cy top lasm.  I n  
t h e  e p e n d y m a l  cells of all ' t e l l u r i um '  fe tuses  (Figure 2) 
t h e  v e n t r i c u l a r  p l a s m a l e m m a  was w i t h o u t  microvi l l i  a n d  
t he  n u m b e r  of m i t o c h o n d r i a  was  g rea t ly  d iminished .  The  
m i t o c h o n d r i a  were of ten  a b n o r m a l ,  smal le r  and  d a r k e r  
t h a n  n o r m a l  and  showed d i s to r t ion  of cr i s tae  (Figure  3). 
T h e  cells in  t h e  res t  of t he  t e l encepha lon  appea red  to 
be  normal .  

The re  is ev idence  t h a t  t e l l u r ium crosses t he  p l a c e n t a  
and  reaches  t he  ce rebrosp ina l  f luid (CSF) and  t he  fe ta l  
b r a i n  a f te r  i t  is i n j ec ted  in to  t he  m o t h e r  ~. Since t he  
t e lencepha l ic  wal l  is so poor ly  vascu la r ized  d u r i n g  fe ta l  
life 14 and  t he  choroid  p lexuses  are  well  vascular ized ,  i t  
appea r s  t h a t  t he  t e l l u r i um reaches  t h e  e p e n d y m a  of t he  
l a t e ra l  ven t r ic les  b y  way  of t he  CSF, where  t he  lesions 
were found  15. 

Rdsumd. L' inges t io  n de tel lure,  associ6 X la di6te nor-  
male,  p a r  une  r a t e  en  g e s t a t i o n , ' p e u t  d o n n e r  des r a t o n s  
hydroc6pha l iques .  Des anomal ies  cellulaires s ' o b s e r v e n t  
dans  le ce rveau  du  foetus  de 13 ~ 15 jours.  
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The Pathogenic Role of the Inflammatory Reaction in Poliomyelitis.  Immunofluorescence, Electron- 
microscopic and Virological Studies with Type 3 Poliovirus 

In  m o s t  h is to logica l  s tud ies  of pol iomyel i t i s ,  t h e  in f lam-  
m a t o r y  r eac t ion  has  been  r ega rded  as a defense  reac t ion .  
New i n f o r m a t i o n  a b o u t  the  r e l a t ionsh ip  of t h e  v i rus  to  
t he  i n f l a m m a t o r y  e l emen t s  was  o b t a i n e d  w i t h  i m m u n o -  
f luorescence  t echn iques ,  wh ich  h a v e  d e m o n s t r a t e d  t he  
p resence  of v i rus  an t i gen  w i t h i n  the  m e s e n c h y m a l  cells 
of the  cen t r a l  ne rvous  tissues,  inc lud ing  t he  i n f l a m m a t o r y  
e l e m e n t s  ~-4. These  f ind ings  raise t he  ques t ion  w h e t h e r  
or  no t  some of t h e  i n f l a m m a t o r y  cells p l ay  a p a t h o g e n i c  
role in  t he  course  of the  infec t ious  process.  Our  s t u d y  
deals  w i t h  th i s  p r o b l e m  a n d  a p r e l i m i n a r y  r epo r t  is g iven  
here.  98 rhesus  a n d  cynomolgus  m o n k e y s  were inocu la ted  
i n t r a s p i n a l l y  (0.1 ml) or s.c. (0.5 ml) w i t h  u n d i l u t e d  v i rus  
suspens ion  of v i r u l e n t  and  a t t e n u a t e d  t y p e  3 pol iovi rus  
of t i t r e  f rom 5.6 to 6.8 log~0 TCDs0/0.1 ml.  2 con t ro l  ani-  
ma l s  were g iven  0.1 ml  of bov ine -g lobu l in  c o n j u g a t e d  
w i t h  f luorescein  i s o t h i o c y a n a t e  (FITC).  The  an i m a l s  were 
sacr i f ied a t  t i m e  i n t e rva l s  be t w een  12 h a n d  21 days  a f t e r  
inocu la t ion .  Light ,  f luorescence a n d  e lec t ron  microscopic  
s tudies ,  a n d  v i rus  assays,  were car r ied  ou t  on  t he  cen t ra l  
n e r v o u s  s y s t e m  of t he  inocu la t ed  animals .  

The  v i r u l e n t  s t r a i n  p r o d u c e d  t he  expec ted  h i s t o p a t h o l -  
ogical  p i c tu re  of severe,  r ap id ly  progress ive  n e u r o n a l  
d a m a g e  w i t h  ex tens ive  i n f l a m m a t o r y  reac t ion .  Af te r  
i n t r a s p i n a l  i nocu la t i on  th i s  i n f l a m m a t o r y  response  com- 
pr ised  t he  ea r ly  a p p e a r a n c e  of p o l y m o r p h o n u c l e a r  leuko-  
cy tes  a n d  m a c r o p h a g e s  (wi th in  12 h) and  r ep re sen t ed  t he  
' s e conda ry '  non-specif ic  r eac t ion  to  n e u r o n a l  des t ruc t ion .  
L y m p h o i d  ceils a n d  m a c r o p h a g e s  p r e d o m i n a t e d  l a t e r  
(be tween  48 a n d  72 h) ; in  our  opinion,  th i s  is t h e  ' p r i m a r y '  
specific r eac t ion  a n d  r ep resen t s  t he  local i m m u n e  response  
to v i r a l  an t igen .  A s imi la r  sequence  of changes  was 
obse rved  4 days  a i t e r  s.c. in jec t ion .  

W i t h  t h e  a t t e n u a t e d  virus ,  lesions in t h e  cen t r a l  
ne rvous  sys t em only  occur red  a f t e r  i n t r a s p i n a l  inocula t ion .  
T h e y  were of the  ' p r i m a r y '  specific c h a r a c t e r  and  were 
seen b e t w e e n  48 a n d  72 h. The  m a j o r i t y  of n e r v e  cells 
were in tac t ,  t h e  r e m a i n d e r  exh ib i t ed  degene ra t i ve  changes ,  
m o s t l y  of a revers ib le  n a t u r e  ~-s. No changes  were seen 
in t he  b ra in  or cord  a f te r  i n t r o d u c t i o n  of a t t e n u a t e d  polio- 
v i rus  b y  t he  s u b c u t a n e o u s  route .  I n  t h e  an ima l s  i nocu la t ed  
w i t h  t he  v i ru l en t  s t ra in ,  3 0 - 6 0 %  of t h e  m o t o r  neu rons  
showed  some degree of f luorescence.  This  could be  seen 
a l r eady  a f te r  12 h W i t h  t he  a t t e n u a t e d  s t r a in  of polio- 
virus,  an  excep t iona l  n e u r o n  could be  obse rved  to f luoresce 
a f te r  an  i n t e r v a l  r a n g i n g  f rom 48 to  72 h. However ,  f luor-  
escence was seen a f te r  i nocu la t ion  w i th  e i the r  s t r a i n  
of v i rus  in the  n o n - n e u r o n a l  e lements ,  i.e. in  the  in f lam-  
m a t o r y  a n d  glial  cells as well  as in  the  va scu l a r  walls.  
Af te r  i n t r a s p i n a l  inocula t ion ,  t h i s  f ind ing  was obse rved  
soonest ,  i.e. a f t e r  12-24 h, in t he  i n f l a m m a t o r y  cells of 
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