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the  mode  of s t imula t ion  of R N A  polymerase  ac t iv i ty  by 
his tones  and po lymers  of basic amino  acids is not  clear, 
t h e y  m a y  func t ion  as po lyamines  a t  low concent ra t ions  
and s t imula te  R N A  polymerase  ac t i v i t y  by  displacing 
newly  synthes ized  1RNA from DNA,  by  dissociat ing or  
p reven t ing  p o l y m e r a s e - R N A  complex  fo rmat ion  or  by  
inf luencing the  conformat ion  of D N A  s-l*. 

The  fol lowing po lypepf ide  hormones  also s t imula ted  
the  R N A  polymerase  ac t i v i t y  of E. coli (Figure 4): 
adrenocor t ico t rop in  (Sigma Chemical  Co.), g rowth  hor-  
mone  (Armour  Lab.), insulin (Eli Li l ly  & Co.), lu te in iz ing 
ho rmone  (Endocr ine  S t u d y  Section, NIAMD) ,  and oxy-  
tocin  (Sigma Chemical  Co.). Growth  hormone  possessed 
the  grea tes t  s t imula to ry  capac i ty  and oxy toc in  was least  
effect ive.  W h e n  adrenocor t ico t rop in  and growth  ho rmone  
were  t r ea ted  wi th  maleic  anhydr ide  ~, t h e y  lost  the i r  
ab i l i ty  to  s t imula te  t he  R N A  polymerase  ac t iv i ty .  The  
above  resul ts  suggest  t h a t  po lypep t ide  hormones  m a y  
ac t  as po lyamines  and  s t imula te  R N A  polymerase  
ac t iv i ty .  The  s t imula t ion  of cyclic A M P  format ion  by  
pept ide  hormones  m a y  be a funct ion  of the i r  capac i ty  
to act  as po lyamines  xo. 

Zusammen[assung. Decalysin,  Polyarginin,  Polylysin ,  
Polyorni th in ,  Ka lbs thymush i s tone  und Po lypep t idhor -  
mone  s t imul ieren  in niedriger  Konzen t r a t ion  die D N A -  
abhgngige  R N S - P o l y m e r a s e - A k t i v i t g t  yon Escherichia 
coli, wghrend  sie in hoher  Konzen t r a t i on  die E n z y m -  
akt iv i tAt  hemmen .  
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Demonstration of Neurofibrillary Degeneration Induced by Anoxia in Spinal Motor Neurons in vitro 

Anoxic  effects  on the  cen t ra l  nervous  sys tem are  
c o m m o n l y  encountered  in a va r i e ty  of h u m a n  condit ions.  
Character is t ic  morphologica l  changes have  been well  
documented  1. I n  general,  neuronal  d is in tegra t ion  leading 
to ex tens ive  cell  loss is observed.  The  processes leading 
to  these  changes are less well  known.  In  an a t t e m p t  to  
e lucidate  some of these processes resul t ing f rom anoxic  
condit ions,  we tu rned  to use of t issue cul ture  me thod  
in order  to  be able to  examine  the  changes under  more  
careful ly  control led condit ions.  Dur ing  the  course of 
these  studies,  in which  s i lver  impregna t ion  t echn ique  
was util ized, p rominen t  neurof ibr i l la ry  changes  were 
observed  in t he  anoxic  cultures.  

E x p l a n t s  of spinal  cords of ch ick  embryos ,  10-14 days  
in ovo, were p laced on col lagen coa ted  coversl ips  and 
ma in ta ined  in rol ler - tubes  2. The  cul tures  were fed once 
a week  wi th  a nu t r i en t  m e d i u m  consist ing of 32% h u m a n  
p lacen ta l  cord serum or fe ta l  cal f  serum, 32% Eagle ' s  
medium,  32% S imms '  ba lanced salt  solut ion and 4% 
8-day-old chick embryo  ext rac t ,  to which  glucose was  
added  to  give a final  concen t ra t ion  of 600 mg  per  100 ml  
medium.  Af te r  2-4 weeks in vi t ro ,  cul tures  were exposed 
to anoxic  condi t ions  for per iods  of f rom 30 min  to  48 h 
using alkal ine pyrogal lo l  me thod  3. At  var ious  in te rva ls  
anoxic  and cont ro l  cul tures  were t aken  f rom the  roller-  
tubes,  f ixed in f o r m o l - a m m o n i u m  b romide  solut ion and 
s i lver  impregna ted  by  a modi f ica t ion  of Bod ian ' s  pro-  
ta rgol  me thod  4. 

Dur ing  the  second week of cul ture  large mo to r  neurons  
could be ident i f ied by  means  of the i r  large vesicular  
nuclei  and p r o m i n e n t  nucleoli (Figure 1) 5. Myelin sheaths  
could also be seen as ear ly  as 6 days  in v i t ro ,  bu t  ac t ive  
myel in  fo rmat ion  usual ly  s ta r t ed  in t he  midd le  of the  
second week in vi t ro ,  and the rea f t e r  neurons  and myel in  
sheaths  ma tu r ed  considerably.  These  neurons  were pro-  
m i n e n t  in f ixed cul tures  impregna ted  w i t h  s i lver  and  
showed normal ,  del icate,  argentophi t ic  neurofibri ls  in t he  
per ikarya  and dendr i tes  (Figure 2). I n  t he  anoxic  cul- 
tures,  neurons  appeared  to  con ta in  th icker ,  s t rong ly  

argentophi l ic  neurofibr i ls  in the i r  pe r ika rya  and  den-  
drites.  In  anoxic  neurons,  the  neurofibri ls  were found in 
3 kinds of conf igura t ions :  1. A tangle  of th ickened  neuro-  
fibrils forming  a ball- l ike s t ruc ture  wi th in  the  pe r ika ryon  
(Figure 3). Somet imes  the  neurof ibr i l lar  balls occupied 
the  ent i re  pe r ika rya  (Figure 4). 2. A whir l - l ike ar range-  
m e n t  of concent r ica l ly  d i s t r ibu ted  fibrils in a neuron  
devoid  of recognizable  nucleus (Figure 5). 3. A condensed 
neurof ibr i lar  mass which  re ta ined  the  out l ine  of a neuron 
b u t  lacked any  non-argentophi l ic  nuclear  s t ruc tu re  and 
was, therefore,  t e r m e d  'ghost  cell '  (Figures 6 and  7). 
The  earl iest  neurof ibr i l la ry  changes  could be observed  
a f te r  1 h of exposure  to  anox ia  and  consis ted of tangles  
of the  neurofibr i ls  (Figure  3). Subsequent ly ,  t he  changes 
proceeded to  whirls,  and  f inal ty  to  the  last  s tage of  
degenerat ion,  the  'ghost  cells ' .  The  degree of neuro-  
f ibr i l lary a l te ra t ions  increased wi th  the  length  of exposure  
to anoxia .  

The  f indings in th is  s tudy  are in general  ag reemen t  
wi th  the  observa t ions  of t he  effects  of anoxia  in cer ta in  
o ther  condit ions.  HORNET and ~qEREANTIU ~ descr ibed 
the  appearence  of neurof ibr i l la ry  changes af ter  exper i -  
men ta l  induc t ion  of mic roembol i  in the  bra in  of a dog. 
Similar ly ,  MINAGAVCA et  a l. ~ h a v e  repor ted  appa ren t l y  
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Fig. 1. Large motor neurons (arrows) of chick spinal cord in a living 
control culture of 24 days in vitro. They are identified by large 
vesicular nuclei. Myelin sheath (my) can also be seen nearby. 

Fig. 2. A group of large motor neurons in a control culture demon- 
strated by Bodian's protargol method. Fine neurofibrillary networks 
are seen in neuronal perikarya and in dendrites. 

Fig. 3. Note the eccentric positioning of neuronal nucleus and 
strongly argentophilic neurofibrillary tangle in the perikaryon 
(arrow). 1 h exposure to anoxia. Bodian method. 

Fig. 4. Neurofibrillary tangles occupy entire neuronal perikarya 
(arrows). 2 h exposure to anoxia. Bodian method. 
Fig. 5. A whirl-like arrangement of neurofibrils. Nuclear structure 
is not any more recognizable. 18 h exposure to anoxia. Bodian 
method. 
Fig. 6. Condensed masses of neurofibrils localize in neuronal peri- 
karya (arrows). 24 h exposure to anoxia. Bodian method. 

Fig. 7. Final stage of neurofibrillary alteration. Neurofibrillary 
masses occupy entire perikarya and deform their contours. They 
are termed as 'ghost cells'. 48 h exposure to anoxia. Bodian method. 

i den t i ca l  a l t e r a t i o n s  in  a h u m a n  p a t i e n t  a f t e r  c a r b o n  
m o n o x i d e  po ison ing .  R e c e n t l y  s im i l a r  neu ro f ib r i l l a ry  
t a n g l e s  h a v e  b een  d e m o n s t r a t e d  in n e r v o u s  t i s sue  a f t e r  
e x p o s u r e  to  a v a r i e t y  of m i t o t i c  i nh ib i t o r s  s,9 a n d  a lu-  
m i n u m  c o m p o u n d s  10-13. A n o x i a  m a y  n o w  be a d d e d  to  
t h e  l i s t  of  a g e n t s  r e s u l t i n g  in  neu ro f ib r i l l a ry  changes ,  

T h e  bas ic  m e c h a n i s m  of neu ro f ib r i l l a ry  d e g e n e r a t i o n  
in  n e u r o n s  is s t i l l  n o t  fu l ly  u n d e r s t o o d .  I t  is r e a s o n a b l e  
to  a s s u m e  t h a t  s u c h  neu ro f ib r i l l a ry  p ro l i f e r a t ion  or 
exces s  p r o t e i n  s y n t h e s i s  m i g h t  be  i n d u c e d  a f t e r  cell  
i n j u r y  or  o t h e r  poss ib le  d a m a g i n g  i m p a c t s .  I n  t h i s  con-  
nec t ion ,  i t  is n o t e w o r t h y  t h a t  s o m e  n e u r o n s  g r o w n  in 
poor ly  con t ro l l ed  cu l t u r e  c o n d i t i o n s  a lso occas iona l ly  
s how s imi l a r  neu ro f ib r i l l a ry  m a s s e s  w i t h  h i g h l y  a rgen to -  
phi l ic  cha rac t e r .  A n o x i a  m i g h t  be a m a i n  u n d e r l y i n g  
caus e  for  t h e  c h a n g e s  o c c u r r i n g  in  s u c h  poor  c u l t u r e  
cond i t ions .  To  c la r i fy  t h e  bas ic  m e c h a n i s m  of these  
changes ,  f u r t h e r  u l t r a s t r u c t u r a l  s t u d y  of neu ro f ib r i l l a ry  
c h a n g e s  b r o u g h t  a b o u t  b y  a n o x i a  is u n d e r w a y  13. 

Zusammenfassung. Die  neurofibr i l lAre D e g e n e r a t i o n  
d u r c h  An o x ie  w u r d e  an  Ne rvenze l l en  des  R i i c k e n m a r k s  

v o n  H i i h n e r e m b r y o n e n  m i t  de r  B o d i a n - S i l b e r i m p r ~ g n a -  
t ion  in G e w e b e k u l t u r  s t ud i e r t .  
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