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t r a t i on ,  2 -20  ~g/mI),  6 - m e t h y l - 4 - n i t r o q u i n o l i n e - l - o x i d e ,  
6 - m e t h y l - 4 - h y d r o x y a m i n o q u i n o l i n e -  1-oxide, 7-chloro-4- 
h y d r o x y a m i n o q u i n o l i n e - l - o x i d e .  HC1, 4 - h y d r o x y a m i n o -  
qu ino l ine - l -ox ide .HC1 ,  a n d  2 -me thy l -4 -n i t roqu ino l ine -1 -  
oxide ;  low a c t i v i t y  ( induc ing  c o n c e n t r a t i o n  20-100 ttg/ml), 
7 - ch lo ro -4 -n i t roqu ino l ine - l -ox ide  ; i nac t i ve  ( induc ing  con-  
c en t r a t i on ,  > 100 ttg/ml),  3 -me thy l -4 -n i t roqu ino l ine -1 -  
oxide,  4 - n i t roqu ino l ine ,  4 - h y d r o x y a m i n o p y r i d i n e  - 1 - 
oxide .HC1,  4 -n i t r opy r id i ne - l - ox i de ,  3 -n i t roqu ino l ine -1-  
oxide,  6 -n i t r o -4 -hyd roxyam i noqu i no l i ne - l - ox i de .H C 1 ,  a n d  
5-n i t roqu ino l ine-1  -oxide.  

These  r e su l t s  i n d i c a t e  a c lear  pos i t i ve  a s soc ia t ion  be-  
t w e e n  p h a g e  i n d u c t i o n  a n d  ca rc inogen ic i ty .  All  6 non-  
ca rc inogens  were  also non- lysogen ic  a n d  of t h e  10 car-  
cinogens,  all  were lysogenic  w i t h  t h e  e x c e p t i o n  of 
6 - n i t r o - 4 - h y d r o x y a m i n o q u i n o l i n e - l - o x i d e .  I t  is of addi -  
t i ona l  i n t e r e s t  t h a t  of t h e  15 c o m p o u n d s  for w h i c h  m u t a -  
gen ic i ty  d a t a  is ava i l ab le  ~5, th i s  p r o p e r t y  is closely 
assoc ia ted  w i t h  lysogeny  w i t h  2 excep t ions  (Nos. 1 
a n d  14) 16 

Zusammen[assung. I n  e iner  Serie v o n  16 N i t r o q u i n o l i n e n  
u n d  v e r w a n d t e n  S u b s t a n z e n  w u r d e  eine gu t e  l~bere in-  
s t i m m u n g  zwischen  P h a g e n i n d u k t i o n  in Escherichia coli 
C-600 u n d  Karz inogenese  nachgewiesen .  
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E x c e s s i v e  Pro l i f era t ion  of  E p i t h e l i u m  of the  Rabb i t  C o r n e a  ~ 

E p i t h e l i a l  g r o w t h  in to  t h e  d a m a g e d  c o r n e a  is n o t  a 
c o m m o n  p h e n o m e n o n ,  a l t h o u g h  i t  is recognized  t h a t  pro-  
l i fe ra t ion  a n d  m o v e m e n t  of ep i the l i a l  cells is respons ib le  
for c losure of a n y  gap  in t h e  cornea l  sur face  2. T h e  usua l  
l im i t  of i n g r o w t h  a p p e a r s  to  be  severa l  layers  of cells, as 
in  t h e  case of m u c o p u r u l e n t  c o n j u n c t i v i t i s  in  m a n  
r e p o r t e d  b y  SIHOTA s, or  in t he  ep i the l i a l  t h i c k e n i n g  a f t e r  
i n j u r y  of  t h e  r a b b i t  c o r n e a  r e p o r t e d  b y  BERENS e t  al. 4. 
I n  t h e  course  of  s tud ies  of t h e  p r o d u c t i o n  of  co l lagenous  
t i ssue  in  t h e  r a b b i t  c o r n e a  b y  i n j e c t i o n  of t h e  po lysac-  
cha r i de  c a r r a g e e n a n  5, u n c o n t r o l l e d  ep i the l i a l i za t ion  was  
obse rved  in  13 o u t  of 90 eyes,  in  b o t h  e x p e r i m e n t a l  a n d  
con t ro l  r a b b i t s .  I n  s eve ra l  of t he se  t h e  excess ive  pro l i fe ra-  
t i on  of ep i the l i a l  cells o b l i t e r a t e d  t h e  co rnea l  s t roma .  W e  
h a v e  fai led to  f ind  cornea l  ep i the l i a l i za t ion  of t h i s  
m a g n i t u d e  desc r ibed  in  t h e  l i t e r a tu re .  

Methods. Deta i l s  of t h e  m a t e r i a l s  used  a n d  of t h e  
a n i m a l  e x p e r i m e n t s  h a v e  a l r e a d y  b e e n  desc r ibed  in  a 
p r ev ious  p u b l i c a t i o n  s. I n j e c t i o n s  of 0.05 m l  1% ~ ca r ra -  
g e e n a n  (Mar ine  Colloids, Inc . )  in  0 .9% NaC1, or of 0 .9% 
NaC1 alone,  were  m a d e  i n to  t he  c e n t r e  of t h e  cornea,  
u s ing  a 0 .25-ml  sy r inge  a n d  30 gauge  needle .  No f u r t h e r  
t r e a t m e n t  was  app l i ed  to  t h e  c o r n e a  u n t i l  t h e  a n i m a l s  
were  ki l led for  h i s to logica l  ana lys i s  a t  i n t e r v a l s  u p  to  
2 m o n t h s  pos t in j ec t ion .  

Results and discussion. Microscopic  e x a m i n a t i o n  of  
sec t ions  f r o m  t h e  a rea  i n t o  w h i c h  m a t e r i a l  h a d  b e e n  
in j ec t ed  revea led  a m a r k e d  p ro l i f e ra t ion  of ep i the l i a l  cells 
in  5 o u t  of 20 con t ro l  (saline in jec ted)  co rneas  a n d  in 8 o u t  
of 58 c a r r a g e e n a n  in jec ted  corneas .  T h e  cells w h i c h  pa r -  
t i c i p a t e d  in t h e  ep i the l i a l i za t ion  process  s t a i ned  l ike 
n o r m a l  ep i the l i a l  cells, viz. b lue  w i t h  h e m a t o x y l i n  a n d  
eosin, d a r k  p u r p l e  w i t h  Masson ' s  t r i ch rome ,  yel low w i t h  
t h e  y o n  Gieson  m e t h o d ,  g reen  w i t h  d ia lyzed  i ron,  b r i c k  
red  in t h e  per iod ic  acid Schiff  r e ac t i on  a n d  o r t h o c h r o -  
m a t i c a l l y  w i t h  to lu id ine  blue.  T h e  co rneas  w h i c h  ex- 
h i b i t e d  t h i s  p h e n o m e n o n  were  t a k e n  f rom co r neas  
sacr i f iced 3 -49  d a y s  a f t e r  t h e  o r ig ina l  in jec t ion .  A l t h o u g h  
15 of 58 c a r r a g e e n a n  i n j e c t e d  co rneas  b e c a m e  u lce ra ted ,  
t he  ep i the l i a l i za t ion  process  was  n o t  a s soc ia t ed  w i t h  t h i s  
compl ica t ion ,  as ep i the l i a l i za t ion  occur red  in none  of 
these .  

The  ep i the l i a l i za t ion  p e n e t r a t e d  t h e  s t r o m a  a t  va r ious  
p laces  a n d  was n o t  u n i f o r m  a t  i t s  va r ious  levels  of pene-  
t r a t i on .  T h e  inc reas ing  mass  of ep i the l i a l  cells e n c r o a c h e d  
u p o n  t h e  s t r o m a  to  v a r y i n g  ex t en t s ,  as s h o w n  in F igu res  1 
a n d  2, sec t ions  f rom t h e  s ame  cornea.  T h e  p ro l i f e r a t ion  
was  usua l ly  30-40 cells th ick ,  b u t  in  2 cases i t  was  
a p p r o x i m a t e l y  75 cells t h i c k  a n d  c o m p l e t e l y  o b l i t e r a t e d  
t h e  s t roma .  One  of  these  cases is i l l u s t r a t ed  in F igu re  3. 
I n  a few cases, co rnea l  e n d o t h e l i a l  cells also d iv ided  a n d  
i n v a d e d  t h e  s t r oma .  

O n l y  a few m i t o t i c  f igures  were  o b s e r v e d  in  n o r m a l  
ba sa l  cells of  t h e  ep i the l i um,  a n d  n o n e  a t  a l l  were  seen  
in  t h e  p ro l i f e r a t ing  ep i the l i a l  cells. T o  a s c e r t a i n  w h e t h e r  
t h e y  h a d  been  missed  because  of a d i u r n a l  r h y t h m  in  
mi to t i c  a c t i v i t y  w i t h  a m a x i m u m  a t  n igh t ,  r e p o r t e d  in  
o t h e r  speciesS,L 6 a d d i t i o n a l  r a b b i t s  were  i n j ec t ed  a n d  
ki l led 11 a n d  14 days  l a t e r  a t  23.00, 03.00 a n d  07.00 w i t h  
en t i r e ly  n e g a t i v e  resul ts .  

The  s igni f icance  of t h e  usua l  r e s t r i c t i on  of t h e  n u m b e r  
of l ayers  of ep i the l i a l  cells in  t h e  n o r m a l  c o r n e a  is rea l ly  
n o t  unde r s tood .  The  o b s e r v a t i o n s  of  SIHOTA 8 a n d  BERENS 
e t  at. 4 h a v e  a l r e a d y  b e e n  m e n t i o n e d .  E v e n  in  r a b b i t  
co rneas  c u l t u r e d  in v i t ro ,  t h i s  r e s t r i c t i on  a p p e a r s  to  b e  
o p e r a t i v e  s. On  t he  o t h e r  h a n d ,  KNOWLES ~ found  h y p e r -  
p las ia  a n d  d o w n g r o w t h  of ep i the l i a l  cells 18-30 cell l ayers  
t h i c k  in r a b b i t  co rneas  wh ich  h a d  u l ce r a t ed  a f t e r  i n se r t ion  
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of p las t ic  m e m b r a n e s ,  in wh ich  case  b o t h  t h e  ep i the l i a l  
b a s e m e n t  m e m b r a n e  a n d  B o w m a n ' s  m e m b r a n e  h a d  been  
in jured .  I n  t h e  p r e s e n t  s tudy ,  where  no  r e s t r i c t i on  to  
d o w n g r o w t h  was  p rov ided ,  a n d  whe re  p r e s u m a b l y  t h e  
m e m b r a n e s  h a d  also b e e n  p e n e t r a t e d ,  t h e  p ro l i f e r a t ion  
was more  ex tens ive ,  a n d  occas iona l ly  c o n t i n u e d  to  t h e  
endo the l i a l  surface.  I t  is n o t  c lear  h o w  these  las t  2 s i tua -  
t ions  differ  f rom t h e  fo rmer  more  usua l  c i r cums tance ,  
unless  i t  is in  d a m a g e  to  t h e  m e m b r a n e  bar r ie rs .  

A second  p r o b l e m  is t h e  m e c h a n i s m  b y  w h i c h  t h e  in- 
crease  in cell n u m b e r  occurred .  A l t h o u g h  t h e  cornea l  
e p i t h e l i u m  i tself  h a s  g rea t  powers  of r egene ra t ion ,  a n d  
a l t h o u g h  mi tos i s  occurs  in  n o r m a l  ba sa l  ep i the l i a l  cells 3, 
v e r y  few m i t o t i c  f igures  were seen in t h e  p r e s e n t  s tudy .  
I n  e x p e r i m e n t s  of RIGa a n d  RIGa s, c losure  of  a co rnea l  
w o u n d  b y  m i g r a t i n g  ep i the l i a l  cells occur red  in as  s h o r t  
a t i m e  as 6 h a f t e r  in ju ry .  I m m e d i a t e l y  a f t e r  w o u n d i n g ,  
mi tos i s  a p p e a r e d  to  be  depressed ,  hence  t h i s  m i g r a t i o n  
occur red  w i t h o u t  c o n c o m i t a n t  cell d iv is ion.  S u b s e q u e n t l y ,  
however ,  m i t o t i c  a c t i v i t y  was  increased .  Th i s  s e c o n d a r y  
increase  was n e v e r  seen  in t h e  p r e s e n t  e x p e r i m e n t s ;  t h e  
r a re  m i t o t i c  f igure  wh ich  was o b s e r v e d  could h a r d l y  
a c c o u n t  for  t h e  ex t ens ive  w o u n d  h ea l i n g  process.  

BINDER an d  BINDER 10 sugges ted  t h a t  a m i t o t i c  d iv i s ion  
of e n d o t h e l i a l  cells is t h e  n o r m a l  m e c h a n i s m .  T h e y  also 

lo R. F. BINDER and H. F. BINDER, Archs Ophthal., Chicago 57, 11 
(t957). 

Fig. 1. Proliferation of epithelial cells; saline injected cornea, 15 days 
after injection. Von Gieson stain. 

Fig. 3. Proliferation of epithelial cells, epithelial layer about 75 ceils 
deep, obliterating the corneal stroma; carrageenan injected cornea, 
15 days after injection. Von Gieson stain. 

Fig. 2. Proliferation of epithelial cells; saline injected cornea, 15 days 
atter injection. Von Gieson stain. 
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o b s e r v e d  mi to t i c  d iv i s ions  w h i c h  t h e y  p o s t u l a t e d  were  
due  to in ju ry .  However ,  in t h e  occas ional  i n s t a n c e  of 
endo the l i a l  cell p ro l i f e ra t ion  o b s e r v e d  here ,  mi tos i s  was  
n o t  p r o m i n e n t ,  e i ther .  

A l t h o u g h  t h e  m e c h a n i s m s  i n v o l v e d  in ce l lu lar  prol i fera-  
t ion  in t he se  e x p e r i m e n t s  could  n o t  be  a sce r t a ined ,  i t  is 
c lear  f rom t h e  inc idence  of ep i the l i a l i za t ion  in  con t ro l  as 
well  as  c a r r a g e e n a n  i n j ec t ed  co rneas  t h a t  t h e  p h e n o m e n o n  
was  r e l a t ed  to  t h e  p r o d u c t i o n  of a w o u n d  in  t h e  ep i the l i a l  
surface,  a n d  p e r h a p s  in t h e  b a s e m e n t  m e m b r a n e  a n d / o r  
B o w m a n ' s  m e m b r a n e ,  r a t h e r  t h a n  to  t h e  d e v e l o p m e n t  of 
a co l lagenous  c a r r a g e e n a n  g r a n u l o m a  in  t h e  u n d e r l y i n g  
s t roma .  P r e s u m a b l y  t h i s  ep i the l i a l i za t ion  r e p r e s e n t s  a n  

e x a g g e r a t i o n  of p a r t  of t h e  hea l ing  process  of t h e  w o u n d  
caused  b y  t h e  ac t  of i n j ec t i on  in to  t h e  cornea.  

Zusammenfassung. Die  Sch i id igung  de r  B a s a l m e m b r a n  
d u r c h  eine S t i c h v e r l e t z u n g  h a t  e ine P ro l i f e ra t ion  u n d  E in -  
w a n d e r u n g  v o n  Corneaep i the l i en  zur  Folge.  E igena r t i ge r -  
weise s ind bei d iesem Prozess  ke ine  Mi tosen  nachwe i sba r ,  
was  d a r a u f  h i n zu w e i s en  sche in t ,  dass  A m i t o s e n  exper i -  
men t e t l  ve r fo tg t  w e r d e n  k 6 n n e n .  

B. D. GARG a n d  E. L. MCCANDLESS 
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A x o - A x o n i c  S y n a p s e s  i n  the  M a i n  S e n s o r y  T r i g e m i n a l  N u c l e u s  

Axo-axon ic  synapses  h a v e  b e e n  found  b e t w e e n  t h e  o u t e r  
sur faces  of a x o n a l  b o u t o n s  in severa l  loca t ions  in  t h e  
c e n t r a l  n e r v o u s  sys t em,  i nc lud ing  t h e  sp ina l  co rd  1,2, t h e  
c u n e a t e  nuc leus  3, sp ina l  t r i g e m i n a l  nuc leus  4 a n d  t h e  
l a t e ra l  gen icu la te  b o d y  5,e. T h e  pu rpose  of th i s  c o m m u n i -  
ca t ion  is to  r e p o r t  t h e  p resence  of axo -axon ic  synapses  on  
u n u s u a l  i n t e r d i g i t a t i o n s  of some  a x o n a l  b o u t o n s  in t h e  
m a i n  sensory  t r i g e m i n a l  nuc leus  a t  t h e  level  of t h e  m o t o r  
t r i g e m i n a l  nucleus .  

A d u l t  ca t s  a n d  r a t s  were pe r fused  t h r o u g h  t h e  h e a r t  
w i t h  p o t a s s i u m  d i c h r o m a t e - b u f f e r e d  o s m i u m  t e t rox ide .  
I n  some  ins tances ,  t h e  b r a i n s t e m  b locks  were  p l aced  in  
2% u r a n y l  a c e t a t e  before  d e h y d r a t i o n  (F igure  lb ) .  Mara -  
glas 7 was used as t h e  e m b e d d i n g  m e d i u m .  T h i n  sec t ions  
were s t a i n e d  w i t h  lead c i t r a t e  for  e l ec t ron  microscopy .  

T h r o u g h o u t  t h e  m a i n  senso ry  t r i g e m i n a l  nucleus ,  a x o n a l  
b o u t o n s  of d i f f e ren t  size h a v e  b e e n  f o u n d  w h i c h  re l a t e  to  
each  o t h e r  b y  smal l  evag ina t ions .  I n  F igu re  la ,  a large  
b o u t o n  receives  a n  e v a g i n a t i o n  f rom a smal l e r  b o u t o n .  
T h e  s y n a p t i c  vesic les  in  t h e  b o u t o n  rece iv ing  t h e  evagi-  
n a t i o n  a p p e a r  l a rge r  t h a n  t hose  in  t h e  e v a g i n a t i n g  one.  
T h e  reverse  r e l a t i onsh ip  is s h o w n  in F igu re  l b ;  a b o u t o n  
w i t h  sma l l  s y n a p t i c  vesicles receives  a n  e v a g i n a t i o n  con-  
t a i n i n g  large  s y n a p t i c  vesicles.  

One  s y n a p s e  is usua l ly  seen  on  s m a l l  e v a g i n a t i o n s  
(F igure  lb )  ; howeve r ,  2 m a y  b e  seen  o n  some  la rger  ones  
(Figure  2a). Such  a x o - a x o n i c  synapses  are  r a t h e r  s h o r t  
a n d  cha rac t e r i s t i c a l l y  occupy  a sma l l  p a r t  of t h e  apposed  
a x o n a l  p l a s m a  m e m b r a n e s .  F o r  t h i s  r e a s o n  s y n a p s e s  a re  
n o t  seen in  al l  sec t ions  t h r o u g h  t h e  a x o n a l  e v a g i n a t i o n s .  
I t  is ou r  i n t e r p r e t a t i o n  however ,  t h a t  a t  l eas t  1 a x o - a x o n i c  
synapse  is p r e s e n t  on  some  p a r t  of t h e  c i r cumfe rence  of 
these  evag ina t ions .  T h e  axo -axon ic  s y n a p s e s  are  cha rac -  

t e r i zed  b y  a w iden ing  of t h e  in te rce l lu la r  space  a n d  t h e  
p resence  of e lec t ron  dense  m a t e r i a l  w i t h i n  t h e  s y n a p t i c  
c lef t  (F igures  l b  a n d  2b). T h e  b o u t o n s  c o n t a i n i n g  sma l l  
s y n a p t i c  vesicles usua l ly  show smal l  c lus te r s  of s y n a p t i c  
vesicles nea r  t h e  axo -axon ic  s y n ap s e  (Figures  l b  a n d  2b). 

In  some ins t ances  3 a x o n a l  processes  h a v e  been  seen 
r e l a t ed  to  each  o t h e r  b y  evag ina t i ons .  I n  F igu re  3 a large  
b o u t o n  s u r r o u n d s  a sma l l e r  a x o n a l  process  w h i c h  in t u r n  
s u r r o u n d s  a t h i r d  a x o n a l  process  (A X  3). A x o n  3 m a y  
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Fig. 1 (a) An axonal bouton en passant (AX 2) sends a projection 
(arrow) into a larger axonal bouton (AX 1). The synaptic vesicles (V) 
in AX 1 appear larger than those in AX 2. Mitochondria (M). 
× 60,000. (b) An axon containing small vesicles (AX 1) receives an 
axonal evagination containing large vesicles (AX 2). An axo-axonic 
synapse is seen at the arrow. At the synapse, note the widened inter- 
cellular space containing dense material. Synaptie vesicles in AX 1 
are accumulated in the vicinity of the synapse. × 70,000. 


