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p h o s p h o r y l a t i o n ;  f u r t h e r m o r e ,  i t  is k n o w n  t h a t  p r o t e i n s  
like m i o s i n e  a n d  a c t o m i o s i n e ,  w h i c h  a r e  of  e s s e n t i a l  i m -  
p o r t a n c e  t o  t h e  mio f ib r i l l e s ,  c a n n o t  be  b u i l t  u p  in t h e  
a b s e n c e  of  v i t a m i n  E,  t h e  v i t a m i n  w h i c h  a l so  p r e v e n t s  
the ox idat ion  of s t o r e d  l i p ids  a n d  l i p o s o l u b l e  v i t a m i n s  ~. 

A p o s s i b l e  c o r r e l a t i o n  w a s  c o n s i d e r e d  b e t w e e n  t h e  b io-  
c h e m i c a l  m o d i f i c a t i o n s  i n d u c e d  b y  v i t a m i n  E a n d  t h e  
m o r p h o l o g i c a l  c h a n g e s  i n s i d e  t h e  cell,  w h i c h  c o u l d  be  
bes t  d e t e c t e d  b y  u s i n g  e l e c t r o n  m i c r o s c o p e  m e t h o d s .  

2" 

Fig. 1. Miometrial preparation from castrated rabbit, ", 20oo0. 
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Fig. :2. Miometral preparation from castrated rabbits treated with 
vitamin E. ;x" 20 OotL f miofilaments, m mitochondria, c mitochon- 
drial cre~ts, illC cell membrane,  r endoplasmic rctic/lhllll, v piltocyt- 

OSiS vacuoles, p ribosonle% 

T h e  e x p e r i m e n t s  we re  c a r r i e d  o u t  ()11 o v a r i e c t o m i z e d  
r a b b i t s .  A g r o u p  of  o p e r a t e d  a m m a t s  we re  i n j e c t e d  s u b -  
c u t a n e o u s l y  daily- w i t h  v i t a m i n  E,  a t  t h e  d o s e  of  ~0 m g  
for 20 d a y s .  S a m p l e s  of  t h e  u t e r u s  wal l  were  f ixed  in 
o s m i c  ac id  a c c o r d i n g  to  t i le  n l e t h o d  of  I~AI.A|)|,: :~ a n d  
i n c l u d e d  in Ves to l ) a l4 ;  s e c t i ( m s  o b t a i n e d  w i t h  a l ' o r t e r -  
l~lum m i c r o t o m e  were  e x a m i n e d  u n d e r  a I ' h i l i p s  I:M 100 . \  
e l e c t r o n  m i c r o s c o p e .  

A n i m a l s  t r e a t e d  w i t h  v i t a m i n  E s h o w  n lo rph ( ) l og i ca l  
d i f f e r e u c e s  f rom o w t r i e c t f ) m i z e d  c o n t r o l s  b o t h  in m a c r o -  
s cop i c  a n d  m i c r o s c o p i c  e x a n l i u a t i o n s  (if t h e  u t e r u s :  t h e  
m u s c u l a r  l a y e r  is e n l a r g e d ,  a n d  t h i s  to  a c o n s i d e r a b l e  
e x t e n t .  

S a m p l e s  f r o m  t h e  t w o  g r o u p s  o f  a n i m a l s  a l so  ( l i f fer  
m a r k e d l y  a t  e l e c t r o n  m i c r o s c o p e  level .  T h e  b e h a v i ( m r  
o f  t h e  mio f ib r i l l e s  is t i le  m o s t  i m p r e s s i v e  f e a t u r e :  in 
s m o o t h  cel ls  o f  t h e  c a s t r a t e d  c o n t r o l  a n i m a l s ,  t h e s e  
s t r u c t u r e s  a r e  r e d u c e d  It) a f ine  f i b r i l l a r v  n e t w o r k  w i t h  
no  spec i f i ed  d i s t r i b u t i o n  a n d  no  m i c r o f i l a m e n t s  v i s i b l e  
s ing ly .  T h i s  a s p e c t  is p r o b a b l y  d u e  to  t h e  fac t  t h a t  t h e  
m u s c u l a r  p r o t e i n s  a r e  n o t  c o m p l e t e l y  d e v e l o p e d  a n d  
o r i e n t e d ,  l ) a r k  l )odies  a r e  a l w a y s  p r e s e n t  a n d  t h e y  c a n  
be  i n t e r p r e t e d  e i t h e r  as  n o n - c o n t r a c t i l e  p r o t e i n s ,  o r  as  
f u s i o n  p o i n t s  of  s e v e r a l  f ibr i l les  ( F i g u r e  1). 

I n  v i t a m i n  F. t r e a t e d  a n i m a l s ,  l, t e r i n e  s m o o t h  cel ls  
a r e  w e l l - d e v e l o p e d :  t h e y  r u n  a h m g  t h e  w h o l e  l e n g t h  of  
t h e  cell,  a r e  w e l l - o r g a n i z e d  in c o m p a c t  b u m l l e s  a n d  m i o -  
f i l a m e n t s  s h o w  a w e l l - d e f i n e d  r e s o l u t i o n ,  l ) a r k  b o d i e s  
a r e  i n c r e a s e d  in n u m b e r  a n d  s ize  ( F i g u r e  2). 

In  c o n c l u s i o n :  V i t a m i n  E e x e r t s  a n  e l e c t i v e  s t i m u l u s  
o n  t h e  s y n t h e s i s  a n d  o r g a n i z a t i o n  o f  l l lUscu la r  c o n t r a c t i l e  
p r o t e i n s  o f  t h e  u t e r i n e  wai l .  

T h e s e  m o r p h o l o g i c a l  d a t a  a r e  ill v e r y  g o o d  a g r e t q n e n t  
w i t h  t h e  b i o c h e m i c a l  e v i d e n c e  a l r e a d y  a v a i l a h l e  o f  s u c h  
a c t i o n  of  v i t a m i n  E. 

Riassunto. 11 t r a t t a m e n t o  con  v i t a m i n a  E di  con ig l i  
o v a r i e c t o m i z z a t i  d e t e r m i n a  tln;:l i p e r t r o f i a  (lell 'uter(~ a l ia  
q u a l e  c o r r i s p o n d e  a l ivel lo  u l t r a c e l l u l a r c  um~ s v i l u p p o  
p a r t i c o l a r m e n t e  e v i d e n t e  del le  p r o t e i n e  c o n t r a t t i l i  m u s c o -  
lari .  

I;. C I. l,; M l,." N T I 

lstituto di Farmacolo.,ia e eli Terapia, .llilam~ ( i ta ly ) ,  
M a y  29, 1962. 

2 3I. ALOlSL l'itamin E, Atti a t.'tmgr. Int., Vetwzia {P355), p. 175. 
,3 G. l;. I)ALADE, J. t'xp. M0d. /5, 2S5 (P,~52). 
4 A. I{YTER alia It. lx~I.]I.LENIII.]RtII<R, J.  l+ltra,;tr. R,'~. 2, 2ol t  (195S). 

B e h a v i o r  o f  H u m a n  C a r c i n o m a  R e m i n i s c e n t  o f  
V i r u s  1 

H i s t o l o g i c a l  e v i d e n c e  for  t r a n s f o r m a t i o n  o f  n o r m a l  
l iver  ce l l s  l o c a t e d  in  the  neighborhood of  c a r c i n o m a t o u s  
n e o p l a s m s ,  be  t h e y  o f  h e p a t o c e l l u I a r  o r i g i n  ( h e p a t o m a )  
or  m e t a s t a t i c  t o  t h e  l i ve r  h a s  b e e n  r e p o r t e d  in a t o t a l  
of 58 cases by  ELIAS ~-4 and b y  ELIAS, SHERRICK a n d  
BOULDIN 5. T h e  e p i t h e l i a l  ce l ls  o f  r e n a l  t u b u l e s  b e h a w ' d  
i d e n t i c a l l y  in  the  one c a s e  of  a m e t a s t a s i s  to  t h e  k i d n e y  
w h i c h  w a s  s t u d i e d .  T h e  m e t a s t a t i c  g r o w t h s  (22 cases )  
included in  t h e  a b o v e  m e n t i o n e d  o b s e r v a t i o n s  had 
o r i g i n a t e d  a t  t h e  f o l l o w i n g  p r i m a r y  s i t e s :  o e s o p h a g u s  

e p i t h c l i u n l ,  s t o m a c h ,  col (m,  l ung ,  p r ,~s ta te ,  b r e a s t ,  
e n d o m e t r i u n L  p a n c r e a s ,  a n d  v u l v a  e p i t h e l i u m .  

H i s t o l o g i c a l  s e c t i o n s  o f  t h e s e  tt, m o r s  i n c l u d i n g  l a r g e  
p o r t i o n s  o f  t h e  h o s t  o r g a n  we re  s u b m i t t e d  to  t h r e e  
s t a i n s :  h e m a t o x v l i n  a n d  e o s i n ;  \VII.I)I';R'S u r a n i u m  a n d  

Presented at the 75th Meeting of the Amm'icat~ A ~ c i a t i o n  of 
Anatondsts ,  .March 22, 1962, Mimwapolis, .Min,w~ota, I ' .S.A. 

~" H. I{I.IAS, .l- Nat. Cancer hist .  15, 1151 (I97,5}. 
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s i lver  i m p r e g n a t i o n 6 ;  a n d  f luorescence  a f t e r  ac r id ine  
o r a n g e  s ta in ,  a m e t h o d  o r ig ina ted  b y  SCHUEMMELFEDER 7 
a n d  modi f ied  for pa ra f f in  sec t ions  of formot  fixed m a t e r i a l  
b y  ABRAMS a n d  ELIAS 8. 

The  cance r  in fes ted  o r g a n  can  be d iv ided  in to  four  
zones  which  are  pa r t i cu l a r l y  well def ined w h e n  t he  
t u m o r  has  a n  e x p a n s i v e  appea r ance ,  i.e., w h e n  it  is 
a l m o s t  spher ica l  in shape.  T he  t u m o r  is d e s i g n a t e d  as 
zone 4 (zona mal igna) .  I t  is s u r r o u n d e d  b y  a n a r r o w  zone 
of compressed  l iver  (or k idney)  cells which ,  in sp i te  of 
compress ion ,  sti l l  fo rm a t yp i ca l  hepa t i c  m u r a l i u m  of 
bas ica l ly  n o r m a l  s t r u c t u r e  or  t yp i ca l  r ena l  tubu les .  Th i s  
t yp i ca l  a n d  in essence s t r u c t u r a l l y  n o r m a l  a p p e a r i n g  
p a r e n c h y m a  is c o n t i n u o u s  w i t h  t he  t u m o r ;  a n d  t r a n s -  
f o r m a t i o n  of i ts  cells in to  cance r  cells h a v e  been  c lear ly  
d e m o n s t r a t e d .  Th i s  p a r e n c h y m a  wh ich  ad jo ins  t he  t u m o r  
d i rec t ly  is d e s i g n a t e d  as zone 3 (zona d e t e r m i n a t a ) .  E x -  
t e r n a l  to  t h a t  zone follows a b r o a d  a rea  of p a r e n c h y m a  
s t r u c t u r a l l y  pe r fec t ly  no rma l .  Th i s  is zone 2 (zona 
affecta) .  The  r e m a i n d e r  of t he  o rgan  is occupied  b y  w h a t  
m u s t  be cons idered  a t  t h i s  t i m e  to  be  t r u l y  n o r m a l  
p a r e n c h y m a .  W e  call  i t  zone 1 (zona  sana) .  

W h i l e  a f t e r  ac r id ine  o range  s t a i n  t he  nucle i  of all  zones 
f luoresce red-orange ,  while  t h e i r  nuc l ea r  m e m b r a n e s  a n d  
c h r o m a t i n  par t ic les  become  b l ack  w i t h  t he  u r a n i u m  a n d  
s i lver  m e t h o d ,  a n d  whi le  t h e y  s t a i n  u l t r a m a r i n e  b lue  
w i t h  h e m a t o x y l i n ,  t he re  are m a r k e d  dif ferences  in  t he  
s t a i n i n g  qua l i t i es  of t he  cytoplasm a m o n g  t he  four  zones. 
These  di f ferences  in  s t a i n i n g  r eac t ion  m u s t  be  asc r ibed  
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- ~  green 

~ deep yellow 
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Zone # 
(zona maligna) 

to  c y t o c h e m i c a l  a l t e r a t i o n s  in  zones  2-4. T h e y  will 
p r e s e n t l y  be  desc r ibed  (and  th i s  desc r ip t ion  refers to  the 
p a r e n c h y m a l  c y t o p l a s m  only) .  

Zones  1-3 are  c h a r a c t e r i z e d  b y  un i fo rmly  aeidophil  
cy top l a sm,  in o t h e r  words,  t h e y  s t a in  red w i th  eosin, 
while  zone 4 ( the t u m o r  i tself  as well as a few isolated 
t u m o r  cells i n c o r p o r a t e d  in to  the  s t r u c t u r a l l y  normal  
p a r e n c h y m a )  is v e r y  s l igh t ly  basophi l .  Zone 1 (zona sana) 
f luoresces green  a f t e r  ac r id ine  o range  s ta in .  Zones  2 and  3 
f luoresce deep  yel low a f t e r  ac r id ine  o range  s ta in ,  while 
zone 4 f luoresces  red-orange .  

Af te r  i m p r e g n a t i o n  w i th  u r a n i u m  a n d  s i lver  according  
to WILDER, zones  1 a n d  2 s t a i n  p ink ,  zone 3 s t a i n s  black 
or  v e r y  d a r k  gray.  O f t e n  t h e  b l acknes s  is ve ry  finety 
g r a n u l a r  or  diffuse t h r o u g h o u t  th i s  r e l a t ive ly  nar row 
zone;  b u t  occasional ly ,  t he  o u t e r  layer  of zone 3 con ta ins  
coarse,  b l ack  granu les  w i t h  a fine g r a n u l a r i t y  or diffuse 
a r g y r o p h i l i a  n e a r e r  to  t he  t u m o r .  The  t u m o r  itself 
becomes  occas iona l ly  l igh t  gray,  b u t  is more  f r equen t ly  
qu i t e  a rgy rophobe ,  i.e., i ts  c y t o p l a s m  r e m a i n s  per fec t ly  
clear.  

An  i n t e r p r e t a t i o n  of these  p h e n o m e n a  ha s  become 
possible  because  of recen t  a d v a n c e s  in v i rok)gy (FoUCHET 
and OSTOYA9). 

These  d i f ferences  in s t a i n i n g  r eac t ion  sugges t  a n  in ter -  
p r e t a t i o n  such  as is s c h e m a t i c a l l y  p r e sen t ed  in the  
figure. 

Le t  us a s sume  t h a t  cance r  is cha rac t e r i zed  b y  a change  
in the  gene t ic  e n d o w m e n t  of t he  nuc leus  w i thou t ,  for the  
m o m e n t ,  a sk ing  w h a t  has  caused  th i s  genet ic  change.  
The  cance r  celt differs  f rom the  n o r m a l  in t h a t  i t  possesses 
a specific p a i r  of genes  or  D N A  molecules ,  symbol ized  
in t h e  F igure  as  a doub le  N s h a p e d  figure.  These  NN 
molecules  rep l i ca te  t h e m s e l v e s  a n d  m a n y  of t h e m  are 
e x t r u d e d  in to  t he  c y t o p l a s m  of t he  c a n c e r  cell i m p a r t i n g  
i t  t he  r ed -o range  f luorescence.  T h e y  also neu t r a l i ze  the  
o r ig ina l ly  a lka l ine  cy top l a sm,  t h u s  des t roy ing  i ts  acido- 
phil ia .  

Le t  us f u r t h e r  sugges t  t h a t  the  N N  molecules  fall a p a r t  
in to  smal l e r  uni t s ,  p r e sen t ed  in t he  F igure  as s imple  N 
s h a p e d  symbols .  These  N molecules  are  smal l  enough  
to  pass  t h r o u g h  cell m e m b r a n e s  a n d  are  the re fo re  able  
to  diffuse for  a cons ide rab le  d i s t a n c e  in to  t he  p a r e n c h y m a  
of t he  hos t  organ.  T h u s  m a n y  of t h e m  p e r m e a t e  the  
en t i r e  zones  3 a n d  2. I t  is these  N molecules  t h a t  p roduce  
deep  yel low fluorescence.  

N molecules  in zone 2 are r a t h e r  r ecen t  ar r ivals ,  while 
a t  a smal le r  d i s t ance  f rom the  t u m o r ,  i.e., in  zone 3, t hey  
are more  n u m e r o u s  a n d  m a n y  of t h e m  h a v e  been  presen t  
in th i s  zone for a longer  per iod  of t ime.  Th i s  p ro longed  
so jou rn  ha s  g iven  m a n y  N moIecules  an  o p p o r t u n i t y  to 
aggrega te ,  b u t  in  a n  a r r a n g e m e n t  d i f f e ren t  f rom the  
or ig ina l  one. Th i s  agg rega t ed  cond i t i on  is symbol ica l ly  
expressed  b y  N s h a p e d  f igures which  s i t  on  t op  of each 
o ther .  These  aggrega te s  of N molecules  p rov ide  conden-  
s a t ion  cen te r s  for  the  p r ec ip i t a t i on  of s i lver  a n d  thus  
p roduce  a rgyroph i l i a .  

S u b s e q u e n t l y ,  we m a y  specula te ,  t he  N aggrega tes  fall 
a p a r t  aga in  a n d  t h e i r  p a r t s  p e n e t r a t e  in to  a n o r m a l  
nucleus .  I t  is w i t h i n  t i le n o r m a l  nuc leus  t h a t  t he  N mole- 
cules r e - a r r ange  t h e m s e l v e s  to  r e c o n s t i t u t e  N N  molecules  
of t he  or ig ina l  s t ruc tu re .  W i t h  t h i s  l as t  s t ep  t h e y  h a v e  
i m p a r t e d  ' g e n e t i c  i n f o r m a t i o n '  to  a f o rmer ly  n o r m a l  

6 H.C. WILDER, Amer. J. Path. 11,817 (1935). 
7 N. SCHUEMMELFEDER, Virchow's Archly ,/18, 119 (195(0. 
a H. ABRAMS and H. ELIAS, Stain Technology 87, I (1962). 
a j .  FOUCHET and P. OSTOYA, La Nature No. 3319,472 (1961). 
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nucleus, inducing it to behave  ma l ignan t ly  as well as 
forcing it to repl icate  new NN molecules.  

If th i s  hypo thes i s  should  be verif ied by  biochemical  
methods ,  h u m a n  ca rc inoma would assume the  aspec t  
of a virus disease, a l though  the  origin of t h a t  virus 
remains,  for the  t ime being, unknown.  

chym,  um eine me t a s t a t i s c h e  Geschwuls t ,  ge s t a t t en  die 
. \ n n a h m e  eines \;irus-~ihnlichen Mechanismus  bei der  
( '~bertragung carc inogener  E igenscha f t en  von Zelle zu 
Zelle. 

H. I::LIAS 

Z u s a m m e n / a s s u n g .  Ver~inderungen der  Reakt ion  gegen- Department  o/ .4 tmtomy,  Chicago Med ica l  School, ( l l l im~is 
fiber Silber  und  Acr id in -Orange- tquorescenz  im l~aren - U.S . .4 . ) ,  .4pri l  ,\', 1962. 

S p o r e s  of  M i c r o o r g a n i s m s  
P e n i c i l l i n - I n d u c e d  D e s t r u c t i o n  of  S p o r u l a t i n g  

C e l l s  of  B a c i l l u s  c e r e u s  

DIJGUID'S 1 p r i m a r y  hypothes i s ,  t h a t  penicill in speci- 
fically in terfers  wi th  the  fo rmat ion  of rigid cell wall 
componen t ,  was  verif ied by  PARK 2 4, who found accu- 
mula t ion  of ur idine nucleot ides  in penic i l l in- t rea ted  Gram-  
posi t ive bacter ia .  These subs tances  are bound  wi th  hexos-  
amine,  a c e t y l - m u r a m i c  acid and  specific pep t ides  5,6. The  
au thors  p re sume  t h a t  penicil l in inhib i t s  t he  t r ans fe r  of 
these hexosamin -pep t id i c  fo rmat ions  f rom nucleot ide  to  
the  cell wall. Penicil l in also in ter fers  wi th  the  cell wall 
syn thes i s  in  Gram-nega t ive  bacter ia ,  where  incorpora t ion  
of the  c o m p o u n d s  like d iaminopimel ic  acid into nucleot ide  
precursors  'of the  cell wall is a f fec ted  ~,s. In te r fe rence  of 
penicill in wi th  the  cell walt syn thes i s  causes  the  fo rma t ion  
of osmot ica l ly  labile forms par t ia l ly  or comple te ly  depr i -  
ved of the  rigid layer  of the  cell wall, i.e. ' p r o t o p l a s t s  '"A° 
or ' s p h e r o p l a s t s  u. Penicil l in seems to  be a re la t ive ly  
specific inh ib i to r  of the  syn thes i s  of ' b a sa l  s t r u c t u r e '  of 
the cell wall in bo th  types  of mic roorgan i sms  ~2. 

Cell wall syn thes i s  is ahvays  l inked wi th  the  cell 
division,  so t h a t  penicil l in can inhibi t  main ly  the  growing  
culture.  F6LDES and  MERgTEV la have  descr ibed lysis 
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Fig. 1. Release of typical spore constituents after addition of peni- 
cillin to sporulating cells of Bacillus cereus. Abseisse ; age of culture 
(h); ordinate: percentage. All the values are expressed in percentage, 
values of control culture at 14 h of cultivation being taken as IIR)°~, 
(They were for number of spores 96%, for 4aealcium content 7300 
cpm/mg of dry weight of sporangia and for dipieolinie acid content 
30 g.g/mg dry weight.} Dashed lines : control culture ; full lines : peni- 
cillin-treated culture (addition of penicillin designed by arrow); 
a ~ spore formation ; e----o dipicolinic acid content ; o o 4acal- 

CiUlll content .  

(or p ro top las t s  fo rmat ion  in hype r ton ic  medium)  of the  
growing cells of penic i l l inase-producing  s t ra in  of Baci l lus  
cereus by pen ic i l l in - t r ea tmen t ,  while  a f te r  the  end  of 
g rowth  penicil l in has no effect  on the  cells. 

Sporula t ion  of bacilli is a special process,  by  which a 
new form of cel l -exis tence spore is formed in the  m o t h e r  
cell a f te r  the  end of growth ,  equ ipped  wi th  complex  
p ro tec t ive  mechan i sms  including ex t r eme ly  rigid enve-  
lopes. This  in te res t ing  and curious ana logy of the  cell 
divis ion a t t r a c t s  a t t e n t i o n  wi th  regard  to  the  possible 
effect  of penicill in.  

In examin ing  the  effect  of this  an t ib io t ic  on spore-  
genesis,  the  s t ra in  of Baci l lus  cereus (NCIB 8122) was 
used. I t  was cu l t iwt ted  in liquid me d i u m con ta in ing  
b a c t o p e p t o n e  (0.3°0), glucose (0.1%), p h o s p h a t e s  and 
t race  e l emen t s  ~a a t  30°C, the cul ture  being ae ra ted  by  
shaking.  Three  cr i ter ia  were used for tes t ing  the  ef fec t  
of penicil l in on sporu la t ing  cells: 

(1) Syn thes i s  of the  c o m p o n e n t  typ ica l  for spores  of 
bacil l i-dipicolinic acid, t es ted  by  the  m e t h o d  of J AXSSEN, 
LUND, and  ANDERSON 15. 

(2) Inco rpo ra t ion  of a~calcium (45CaC12 was added  to 
t he  cu l ture  a f t e r  the  end of g rowth ,  0.166 bzC/ml, final 
c o n c e n t r a t i o n  2.10 ~ ~I). Methods  of wash ing  of cells by 
0,001 N hydrochlor ic  acid and d e t e r mi n a t i o n  of radio-  
ac t iv i ty  were the  same as in recen t  work~% 

(3) Morphology of deve loping  spores  and the i r  final 
appea rance  a f te r  release from sporangia .  

Penicil l in was added  in high a m o u n t s  (1.000 uni ts /ml)  
to the cul ture ,  in which 95°0 of cells had  con ta ined  more  
or less ref rac t ive  prespores  ( lqgure  1), and  dur ing  the  
the rmos tab i l i z ing  process  cha rac te r i zed  by 45calcium ac- 
cumula t ion  in cells and dipicolinic acid syn thes i s  (Fi- 
gure 2) s ta r ted  to pass th rough .  After  add i t ion  of peni-  
cillin, dipicolinic acid con t inued  to syn the t i s e ;  but ,  
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