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Discussion. Apr~s Fac t ion  de la pepsine ,  on  c o n s t a t e  
une  rdduc t i on  gdndrale  du  c o n t r a s t e  de la  p r d p a r a t i o n  
p a r  r a p p o r t  au  t~moin .  Sur  les coupes  t r a i tdes  il se pro-  
d u i t  une  a l t f i ra t ion  progress ive  e t  d i f fdrent ie t le  de cer- 
t a i n s  616ments d u  I lagelle;  d a n s  le s p e r m a t o z o i d e  ndan-  
moins ,  ~ l ' e x c e p t i o n  d u  noyau ,  d o n t  les a l t e r a t i o n s  subies  
f e ron t  o b j e t  d ' u n e  6rude  ul tdr ieure ,  les a u t r e s  ~Mments  
cel lulal res  ne  s o n t  pus  s e n s i b l e m e n t  touches .  

Duns  le cy l ind re  c e n t r a l  du  flagelle, une  d i s t i n c t i o n  
semble  ex i s t e r  e n t r e  l '61~ment  dense  ax ia l  le p lus  sens ib le  
de  t ous  tt Fac t i on  e n z y m a t i q u e ,  e t  la  ga ine  cor t icale ,  la  
p lus  rds i s t an te .  Les  r a y o n s  s e m b l e n t  ~tre  associds in t i -  
m e m e n t  avec  celle-ci, pu i squ ' i l s  y r e s t e n t  t o u j o u r s  lids 
e t  o n t  la  m d m e  rds i s t ance  e t  densi td ,  t e l  que  le sugg~ren t  
aussi  d ' a u t r e s  6 tudes  p a r  mic roscop ic  61ectronique a. 
R i e n  ne  p e u t  8 t re  d d d u i t  /~ l ' dgard  de  la  zone i n t e rmd-  
d ia i re  d u  cyl indre ,  car  elle n ' e s t  pas  c o n t r a s t d e  p a r  l 'acd-  
t a r e  d ' u r a n y l e  e t  le p l o m b  a. 

D~s que  la  peps ine  a une  ac t ion  t rbs  sp6cif ique sous 
les cond i t i ons  ut i l isdes ici x, il es t  poss ib le  d ' a f f i r m e r  que  
l '616ment  ax ia l  du  cy l indre  c e n t r a l  d u  flagelle ((9 + 1 ,  e t  
les f ibr i l les  pdr iphdr iques  s o n t  de n a t u r e  p ro td ique ,  ce 
qu i  es t  d ' a c c o r d  avec  les rdsu l t a t s  de  GIBBONS a e t  de  
RENAUD et  c o l l )  p o u r  les f ibri l les  isoMes des  cils de  
Tetrahymena. D ' a u t r e s  6 tudes  s o n t  encore  ndcessalres  
p o u r  ddceler  la n a t u r e  de la ga ine  cor t ica le  de ce flagelle 
e t  des r a y o n s  qui  r e s t e n t  p r e s que  insens ib les  au  t r a i t e m e n t  
utilisd. BURTON7 a auss i  no t6  p o u r  le t r d m a t o d e  Haema- 
toloechus une  p lus  g r a n d e  rds i s tance  du  cy l indre  c e n t r a l  
que  des  a u t r e s  616ments du  flagelle, ve r s  le m e r c a p t o -  
6 thanol ,  la  colchic ine  e t  l 'urde.  

B i e n  q u ' u n e  c e r t a i n e  s imi l i t ude  m o r p h o l o g i q u e  so i t  
6v iden te  e n t r e  f ibr i l les  pd r iphdr iques  d u  flagelle e t  mic ro-  

t u b u l e s  du  corps  de la cellule s, Fac t ion  va r i ab l e  de la 
peps ine  ind ique  que  d ' a u t r e s  di f fdrences  e x i s t e n t  e n t r e  
ces 2 c o n s t i t u a n t s  ~. 

Summary. E n z y m a t i c  e x t r a c t i o n  w i t h  peps in  was 
ca r r ied  o u t  on  u l t r a t h i n  sec t ions  of t he  '9 + 1' f lagella 
of Dugesia tigrina, us ing  t he  m e t h o d  of MONNERON a n d  
BERNHARD. T h e  9 pe r iphe ra l  f ibri ls  a n d  t he  axia l  zone 
of i t s  u n i q u e  c e n t r a l  cy l inde r  b e c o m e  a l t e red  w i t h i n  
40 ra in  e x p o s u r e ;  fol lowing 1 h of i n c u b a t i o n  these  s a m e  
e l e m e n t s  a re  b a d l y  d a m a g e d ,  whereas  t he  cor t ica l  s h e a t h  
a n d  assoc ia ted  rad ia l  spokes  r e m a i n  fa i r ly  welt  p r e s e r v e d  
ins ide  t h e  f lagel lar  m e m b r a n e .  Con t ro l  sec t ions  do  n o t  
show a n y  sens ib le  a l t e r a t i on .  T h e  p r o t e i n  n a t u r e  of 
pe r iphe ra l  d o u b l e t s  a n d  ax ia l  e l e m e n t  of t h e  c e n t r a l  
cy l inde r  seems the re fo re  i n d i c a t e d ;  t h e  cor t ica l  s h e a t h  
a n d  t h e  spokes  h a v e  a v e r y  s imilar ,  if n o t  iden t i ca l  na tu ro ,  
t h o u g h  t h e i r  chemica l  c o n s t i t u t i o n  st i l l  r e m a i n s  t o  b e  
inves t iga t ed .  
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On the Association Between Lysogeny and Carcinogenicity in Nitroquinolines and Related Compounds 

Since t h e  d e m o n s t r a t i o n  of p h a g e  i n d u c t i o n  in b a c t e r i a  
b y  LWOFF x'~, lysogeny,  i.e. i nduced  lysis in  b a c t e r i a  ca r ry -  
ing  a n  o r d i n a r i l y  h a r m l e s s  t e m p e r a t e  phage ,  h a s  been  
s h o w n  to  be  assoc ia ted  w i t h  r a d i o m i m e t i c  a n d  a n t i - t u m o r  
ac t iv i t i e s  8,4. I n t e r r u p t i o n  of D N A  syn thes i s  a p p e a r s  pre-  
r equ i s i t e  for i n d u c i n g  a c t i v i t y  a. P h a g e  i n d u c t i o n  ha s  been  
d e m o n s t r a t e d  for 4 - n i t r o q u i n o l i n e - l - o x i d e  (4-NQO), a 
p o t e n t  w a t e r  soluble  ca rc inogen ,  a n d  i ts  r e d u c t i o n  p r o d u c t  
a n d  t i le  p r e s u m e d  p r o x i m a t e  carc inogen ,  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  (4-HAQO)6,  whose  p rope r t i e s  also 
inc lude  m u t a g e n i c i t y  7, D N A  bindingS,L p r o d u c t i o n  of 
h i g h  t o x i c i t y  1°, m a l i g n a n t  t r a n s f o r m a t i o n  n ,  nuc l ea r  in-  
c lus ions  12 a n d  c h r o m o s o m a l  a b e r r a t i o n s  13 in c u l t u r e d  
m a m m a l i a n  cells;  4 -NQO is also p h o t o d y n a m i c a l I y  
a c t i v e  14. W e  r e p o r t  he r e  t h e  r e su l t s  of lysogenic  t e s t s  in  
a ser ies  of  n i t r oqu ino l i ne s  a n d  r e l a t e d  c o m p o u n d s  of 
k n o w n  carc inogen ic i ty .  

A series  of 16 n i t r oqu i no l i ne s  a n d  h y d r o x y a m i n o q u i n o -  
lines, of  k n o w n  ca rc inogen ic i t y  a n d  p h o t o d y n a m i c  
a c t i v i t y  14 (Table) ,  were  t e s t e d  f r o m  f resh  s tock  so lu t ions  
in  a ce tone  or  95% alcohol ,  a t  c o n c e n t r a t i o n s  r a n g i n g  f rom 
100-0.1 txg/ml. S tock  cu l tu re s  of Escherichia coli C-600 (;t) 
a n d  C-600, t he  lysogenic  a n d  i n d i c a t o r  s t r a i n s  respec t ive ly ,  
were  c u l t u r e d  for  24 h a t  37 °C o n  n u t r i e n t  aga r  s l a n t s  a n d  
t h e n  m a i n t a i n e d  for I week  a t  4°C. E. coli C-600 (2) 
cu l tu re s  were  i n c u b a t e d ,  in  250-ml f lasks  c o n t a i n i n g  

100 ml  of n u t r i e n t  b r o t h ,  for  18 h on  a s h a k e r  (45 rpm)  
a t  37 °C, w a s h e d  twice  a n d  r e s u s p e n d e d  in n u t r i e n t  b r o t h  
to  give a n  O.D. of 0.2 a t  625 nm.  C o m p o u n d s  in 0.1 ml  
v o l u m e  were a d d e d  to  0.9 ml  cell suspens ion  in screw cap  
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Phage induction in E. coli C-600 ~ by nitroquinolines and related compounds of known carcinogenic photodynamic and mutagenic activities 

Compound Formula Relative Carcino- Mutagen- Phage yield/plate at specified Minimal 
photo- genicity 14 icity 1~ concentrations (~tg/ml) inducing 
dynamic concentration 
potency 14 100 10 1 0.1 0 (gglml) 

(A) Nitroquinotines NO 2 
A t.. 

1. 4-Nitroquinoline ~ 1.7 -- 

~ / N O ~  

2. 3-Nitroquinoline- < 0.1 -- 
1 -oxide 

NO2 
! 

4-Nitroquinoline- S Y ~  11.1 + 3. 
1-oxide 

O 

NO~ 

4. 5-Nitroquinoline- ~/" T ""~ < 0.1 -- 

1-oxide 
N 

O 

NO~ 

5. 2-Methyl-4-nitro- [" ] "] 2.9 + 
quinoline-l-oxide " ~ , J / ~ N  / " C H  3 

O 

NO 2 

6. 3-Methyl-4-nitro- < 1.0 -- 
quinoline-l-oxide " ~ / / " ' . . ~ "  

N 

O 

NO~ 

7 6Moth,14°itro tl I 13 ÷ 
quinoline-1 -oxide ~ / ' ~ / / "  

N 

NO~ 

8. 7-Methyl-4-nitro- 
quinolineloxide I !i I 7I ÷ 

C H ~  ~ / " . . ~  
N 

O 

NO 2 

9. 8-MethyI-4-nitro- ~ / ' 7 ~  2.4 + 
quinoline-l-oxide 

CH3 
O 

+ < 1  4 8 10 15 >100  

< 1  9 10 10 18 ;>100 

+ 20 142 28 12 19 1.8 

6 10 6 7 23 2;-100 

+ 117 41 16 8 18 17 

28 12 11 8 11 > 1 0 0  

+ 106 106 19 10 10 1,8 

+ 14 >1000  84 14 14 0.40 

+ 496 89 13 9 16 4.8 
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Compound Formula Relative 
photo- 
dynamic 
potency 14 

Carcino- Mutagen- Phage yield/plate at specified Minimal 
genicity t4 icitylS concentrations ([zg/ml) inducing 

concentration 
100 10 I 0.1 0 ([zg/ml) 

NO~ 

10. 7-Chloro-4-nitro- C ~  
quinoline-l-oxide 1.1 

C1 / N 

O 

(B) Hydroxyaminoquinolines 
NHOH 

11. 4-Hydroxyamino- ~ < 0.1 
quinoline-1- • HC 
oxide- HC1 

N 

O 

NHOH 
1 

12. 6-Methyl-4-hydroxy- [ l [  [ < 0.I 
aminoquinoline-l- ~ . / " N / j  
oxide 

O 

NHOH 

13. 6-Nitro-4-hydroxy- | [[ [. HC1 <0.1 + 
aminoquinoline- 1- ~ " 1 ~  
oxide" HC1 

O 

NHOH 

14. 7-Chloro-4-hydroxy- ~ ' x . . / ~  
aminoquinoline-1- ] H l" HC1 < 0.1 + 
oxide" HC1 C l J ~ q / / J  

0 

(C) Hydroxyaminopyridines NO 2 

15. oxide4"Nitr°pyridine'l" 

O 

NHOH 

16. 4-Hydroxyamino- ~ 
pyridine-1 - 
oxide. HC1 

O 

< 1.0 

HC1 < 0.i 

+ + 37 12 10 I0 12 94 

+ + >1000 50 19 19 14 8.0 

+ no data >1000 76 10 7 10 5.1 

19 16 12 12 27 >100 

80 46 21 18 14 7.9 

5 11 13 16 13 >100 

5 9 9 10 14 :>100 

tubes  (20 × 125 mm),  g iv ing final  concent ra t ions  of 100 to 
0.1 ~tg/ml. So lven t  controls  apar t ,  m i t o m y c i n  C a t  20 tzg/ml 
was used as a posi t ive  control ,  Cul tures  were incuba ted  
on a shaker  (70 rpm) for 10 min in the  dark  to al low phage  
induct ion,  which was then  t e rmina t ed  by  d i lu t ing  10-fold 
wi th  media.  Cultures  were re - incuba ted  for 2.5 h under  
the  same condit ions,  to  p e r m i t  cell g rowth  and phage  
l iberat ion,  and  then  d i lu ted  1]10,00 o in 4.5 ml  of med ia  to  
give a p p r o x i m a t e l y  300 celts/ml. Subsequent ly ,  1 ml  of 
E.  coli C-600 suspension was added  to  each  tube  of lyso- 
genic cells, well  m ixed  and 0.1 ml  of the  m i x t u r e  was 

p la ted  in t r ip l ica te  on nu t r i en t  agar  in plast ic pla tes  
(15 × 60 mm).  P laques  were counted  on each pla te  af ter  
24 h incuba t ion  in the  dark  a t  37 °C and the  min imal  con- 
cen t ra t ion  of compound  inducing a B-fold increase in the  
average  phage yield was der ived graphical ly  as a measure  
of lysogenic po tency .  

As can be  seen (Table), t he  inducing ac t iv i ty  of these  
compounds  falls in to  3 groups:  h ighly  ac t ive  ( inducing 
concent ra t ion ,  < 2 ~g/ml),  7-methyi-4-ni t roquinol ine-1-  
oxide,  4-n i t roquinol ine- l -oxide ,  and 8-methyl-4-ni t ro-  
qu ino l ine - l -ox ide ;  mode ra t e ly  ac t ive  ( inducing concen-  
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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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