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be tween  germfree and convent iona l  animals  (figure 1). 
E x p e r i m e n t  3. Vaginal  graf t  h is to logy revealed cyclic 
changes in the  appearance  of ceils which had been shed 
f rom the  vaginal  epi thel ia l  surface a t  var ious  stages of the  
ovar ian  cycle. Massive pene t ra t ion  of leucocytes  was 
observed in 4 graf ts  of 2 animals  autopsied a t  metoe-  
strus-2 (figure 2). Ea r ly  signs of leucocyt ic  inf lux were 
visible in the  ep i the l ium of two vagina l  grafts in 1 animal  
sacrified at  metoestrus-1.  Signs of leucocyt ic  r emnan t s  
were present  in the  shedded cell layers of all vag ina l  
t ransp lan ts  ob ta ined  dur ing other  stages of the  ovar ian  
cycle. 
Discussion. The present  exper iments  confirm cyclic 
changes in bacter ia l  numbers  dur ing the  ovar ian  cycle in 
the  vag ina  of female mice ~-9. In  accordance wi th  da ta  in 
rats,  bacter ia l  numbers  are low during the  dioestrous 
period, and, general ly,  high when the  vagina l  ep i the l ium 
shows max ima l  deve lopmen t  around the  t ime  of ovula-  
tion. I t  was no t  clear whether  the  bac ter ia  had  a l ready  
disappeared a t  metoestrus-1 when  leucocytes  were present  
in the  upper  layers of the  vagina l  epi the l ium bu t  no t  ye t  
in the  vagina l  lumen,  or whe ther  disappearance of bac- 
ter ia  coincided wi th  the  appearance  of leucocytes  in the  
vag ina  lumen  a t  metoestrus-2.  
Da i ly  vag ina l  smears  from germfree mice revealed cyclic 
changes in the  vagina l  smear  contents .  Leucocyt ic  smears 
occurred regular ly  in all 3 s trains of mice. In  the  germfree 
animals,  leucocytes  appeared in the  vag ina l  ep i the l ium at  
the  same stage of the  cycle (metoestrus-1 ; figure 1) in tbe  
upper  epi thel ial  layers as in conven t iona l  animals  s, 10; the  
crowding of leucocytes  in the  ep i the l ium at  t h a t  t ime  did 
no t  seem to be different  f rom tha t  in convent iona l  ani- 
mals.  Leucocytes  were present  in large numbers  in the  
vag ina l  epi thel ium,  lumen, and smear  at  metoestrus-2.  
I t  thus  seems clear t ha t  inf lux of leucocytes  in the  post-  
ovu la to ry  period in mice occurs in the  absence of leuco- 
tac t ic  s t imul i  f rom bacter ia l  origin. I t  is difficult  to con- 
c lude f rom the  lower number  of leucocytes  in vagina l  
smears  f rom germfree animals  t h a t  the  leucocyt ic  re- 
sponse in germfree mice is q u a n t i t a t i v e l y  different  from 

t h a t  in convent iona l  mice. The technique  of making  
smears f rom germfree animals  in thei r  special homecages  
is different  f rom t h a t  of making  smears f rom convent iona l  
animals  in open cages. 
The  morphology  of sterile t r ansp lan ted  vagina l  t issue in 
cyclic mice revealed large numbers  of leucocytes  pene- 
t r a t ing  into the  ep i the l ium at  metoestrus-1 and metoe-  
strus-2 bu t  no t  dur ing the  period wi th  epi thel ia l  kera- 
t inizat ion.  Such leucocyt ic  response was never  seen in 
s imilar  studies wi th  rats  3. This f inding conf i rm s the  above 
conclusion of leucocyt ic  inf lux into the  vagina l  epi the l ium 
in the  absence of leucotact ic  s t imuli  of bacter ia l  origin. 
I t  is concluded from the  occurrence of leucocytes  in the 
t ransplants  t h a t  leucotact ic  s t imuli  arise in the  epi the l ium 
itself. This conclusion is fur ther  suppor ted  by  comparison 
of the  his tology of leucocytic  inf lux in ra ts  and mice. In  
rats  leucocytes  only pene t ra te  the  vagina l  ep i the l ium 
after  i t  has lost its cover ing layers of cornified cells about  
12 h af ter  ovu la t ion  4. In  mice, however ,  leucocytes  s tar t  
to pene t ra te  in large numbers  into the  vagina l  epi the l ium 
when still  covered by  a th ick  densely packed layer  of 
cornified cells 6,10 (figure 1). Since cornified cells by  them-  
selves are no t  leucotact ic  u and, indeed, aggregat ion of 
leucocytes  onto cornified cells is never  observed,  one 
would assume t h a t  the  layers of d is in tegra t ing nucleated 
cells benea th  the  cornified cells s t a r t  the  format ion  of 
leucotact ic  mater ia l  in  the  period af te r  ovulat ion.  I t  is 
wel lknown t h a t  dying cells can produce leucotact ic  sub- 
s tances dur ing autolysis  12. 
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Summary. Free  SH or SS groups of infected cells are no t  

Dichloropyr imidines  inhibi t  the  g rowth  of Polio 1, Vac- 
cinia and Herpes  s implex virus in cell cul tures ~, 3. Con- 
sidering t h a t  the  inh ib i to ry  effect is antagonized by  the  
combined  addi t ion  of cysteine (or cystine) plus g lu tamine  
to the  cul ture  med ium 4 and, in addit ion,  t h a t  several  
thiols  and disulphides enhance virus  growth  6, the  hypo th -  
esis migh t  be advanced  according to which dichloropyri-  
midines  react  wi th  ei ther  SH or SS groups needed for 
v i rus  growth,  thus  impair ing  produc t ion  of infectious 
particles.  To shed some l ight  on tha t  quest ion,  i t  has been 
deemed useful to establish whe ther  sulphidryl  reagents,  
known to reac t  s t rongly wi th  thiols, have  an an t iv i ra l  
effect  or po ten t i a t e  t h a t  of d ichloropyr imidines  and, on the  
o ther  hand,  to de te rmine  if and which thiols and disul- 
phides antagonize  d ichloropyr imidine  inhibi t ion of virus 
growth.  
Material and methods. Cysteine and cystine,  cys teamine  
and cystamine,  mercaptopropionylglycine ,  g lu ta th ione  
SH and SS, N-e thylmale imide ,  parachloromercur ibenzoic  

involved  in the an t iv i ra l  act ion of dichloropyrimidines .  

acid (CMB), and CuC1, were furnished by  Fluka ,  Buchs 
SG, Switzerland,  as well  as 2-amino-4, 6-dichloropyrimi-  
dine (ADCP), which was the  only dichloropyr imidine  
tested.  E thac ryn ic  acid was obta ined as aqueous  ex t rac t  
f rom table ts  of R e o m a x  (Bioindustria,  I taly) .  Virus 
strains (kindly provided  by  the  Nat iona l  Ins t i tu tes  of 
Heal th ,  Bethesda,  Md., USA) were Polio 1, Vesicular 
s tomati t is ,  Encephalomyocard i t i s ,  Newcast le  disease, 
Vaccinia  and Herpes  s implex 1 virus. Expe r imen t s  were 
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Table 1. Effect of sulphidryl reagents on virus growth and on antiviral effect of 2-amino-4,6-dichloropyrimidine (ADCP) 

Virus growth (in infectious units) after 24 h at 37 ~ 
Drugs in Eagle's MEM ({xg/ml)* Polio 1 Vaccinia Herpes simplex 1 Encephalomyo- Vesicular Newcastle 

virus virus virus carditis virus stomatitis virus disease virus 

- 6 . 5  • 107 1 . t  x 107 3.4 x 10 ~ 5.9 x I07 8.2 x 102 6.9 x l0 s 
ADCP 100 3.6 x 105 3.2 • 105 8.4 x 105 6.2 • 107 7.1 x 10 s 5.5 • 10 s 

N-ethylmaleimide 1.5 5.8 x 107 9.9 x 106 1.8 x 107 3.8 • 107 9.2 x 105 6,6 x l0 s 
CMB 1.5 6.3 x 107 1.2 x 107 1.9 x 107 4.1 • 107 1:2 x 107 5.3 x 10 s 
CuCl~ 1.2 3.9 • 107 8.4 ~ 10 ~ 3.6 • 107 4.5 • 107 5.9 x l0 s 7.2 x l0 s 
Ethacrynic acid 15 4.4 x 107 4.5 • 105 2.2 • 107 5.6 x 107 7.1 • 108 4.8 x 10 s 

ADCP 4- N-ethylmaleimide 100 + 1.5 3.5 x 105 4.1 • 105 9.1 x 105 6.2 x 107 6.5 x 10 s 6.6 x 10 s 
ADCP + CMB 100 + 1.5 1;8x105 3.2x105 7.5x105 5,1x107 6 .9•  s 5 .4•  s 
ADCP + CuCI 2 100 + 1.2 5.1 x 105 3.3 • 105 1.1 x 10 e 1.1 x 107 8.4 x 106 3.7 x l0 s 
ADCP + ethacrynic acid 100 + 15 2.2 x 105 2.0 x 104 9.5 • 104 6.3 • 107 8.3 x 105 4.4 x 10 s 

* ADCP was used at  1/2 of one MNCTD; the other drugs at 2/2 of one MNCTD. 

c a r r i e d  o u t  o n  h u m a n  a n e u p l o i d  H E p  2 cel ls  ( A m e r i c a n  
t y p e  c u l t u r e  co l l ec t i on ,  R o c k v i l l e ,  Md. ,  U S A )  w h i c h  w e r e  
g r o w n  in  E a g l e ' s  M E M  ( H a n k ' s  b a s e ,  p H  7.3)s  s u p p l e -  
m e n t e d  w i t h  7 %  ca l f  s e r u m .  16 -h -o l d  cel l  m o n o l a y e r s  
(2 • 106 c e l l s / s a m p l e )  w e r e  i n f e c t e d  w i t h  10 i n f e c t i o u s  u n i t s  
o f  e a c h  v i r u s  p e r  cel l  a n d  i n c u b a t e d  a t  20 ~ for  1 h .  Cel ls  
w e r e  t h e n  w a s h e d  3 t i m e s  in  H a n k ' s  B S S  a n d  i n c u b a t e d  
a t  3 7 ~  e i t h e r  i n  E a g l e ' s  M E M  (2% ca l f  s e r u m ,  p H  7.5) 
o r  in  t h e  s a m e  m e d i u m ,  d e p r i v e d  o f  t h e  a m i n o  a c i d  s u p -  
p l e m e n t .  D r u g s  w e r e  a d d e d  a t  t i m e  zero  a f t e r  i n f e c t i o n ,  
a t  2/3 o f  t h e  m a x i m u m  n o n - c y t o t o x i c  d o s e  ( M N C T D )  p r e -  
v i o u s l y  d e t e r m i n e d .  P r o d u c t i o n  of  i n f e c t i o u s  v i r u s  w a s  
m e a s u r e d  24 h l a t e r ,  s t a r t i n g  w i t h  t h e  w h o l e  c u l t u r e s .  
M o r e  d e t a i l s  o f  t e c h n i q u e  h a v e  b e e n  g i v e n  p r e v i o u s l y L  
Resul ts .  D a t a  f r o m  e x p e r i m e n t s  w i t h  s u l p h i d r y l  r e a g e n t s  
( r e p o r t e d  in  t a b l e  1) s h o w  t h a t  p o t e n t  t h i o l  i n a c t i v a t i n g  
a g e n t s ,  s u c h  as  N - e t h y l m a l e i m i d e  7 C M B  8 a n d  CuC129 a r e  
p r a c t i c a l l y  d e p r i v e d  o f  b o t h  a n t i v i r a l  a c t i o n  a n d  p o t e n -  
t i a t i n g  e f f ec t  o n  t h a t  o f  2 - a m i n o - 4 ,  6 - d i c h l o r o p y r i m i d i n e ,  
e v e n  if  a d d e d  a t  2/a o f  M N C T D .  T h e  so le  a c t i v e  c o m p o n e n t  
of  t h i s  g r o u p  is  e t h a c r y n i c  a c i d  10 w h i c h ,  h o w e v e r ,  i n h i b i t s  
v a c c i n i a  v i r u s  o n l y  a n d  p o t e n t i a t e s  t h e  e f f ec t  o f  2 - a m i n o -  

Table 2. Antagonism produced by thiols and disulphides on the anti- 
polio effect of 2-amino-4,6-diehloropyrimidine (ADCP) 

Virus yield at 24 h 
in AFE medium 
containing 

Drugs in amino acid-free (ng/ml)* no glutamine 
medium (AFE) glutamine (20[zg/ml) 

3.5 x 107 6.4 x 107 
ADCP 100 4.1 • 105 4.3 x 105 

Cysteine 40 3.9 x 107 6.9 x 107 
Cystine 40 5.1 x 107 5.4 • 107 
Cysteamine 20 4.1 x 107 4.8 x 107 
Cystamine 20 5.3 x 107 4.2 x 107 
Glutathione SH 800 6.9 x 107 6.4 x 107 
Glutathione SS 800 7.1 x 107 7.7 • 107 
Mercaptopropionylglycine 600 7.0 x 107 6.4 x 107 

ADCP + cysteine 100 + 40 9.4 • 105 2.2 • 107 
ADCP + cystine 100 + 40 8.5 x 105 3.1 x 107 
ADCP 4- cysteamine 100 + 20 6.6 X 105 7.5 X 105 
ADCP q- cystamine 100 4- 20 5.4 x 105 4.1 x 105 
ADCP 4- glutathione SH 100 4- 800 6.1 x 105 6.4 x 105 
ADCP 4- glutathione SS 100 4- 800 7.1 x 105 7.4 x 105 
ADCP 4- 
mercaptopropionylglycine 100 4- 600 2.8 x 107 1.9 x 107 

*ADCP was used at 1/2 of one MNCTD; the other drugs at */3 of 
one MNCTD. 

4, 6 - d i c h l o r o p y r i m i d i n e  o n  V a c c i n i a  a n d  H e r p e s  s i m p l e x  
v i r u s .  S ince  c y s t i n e  a n d  g l u t a m i n e ,  w h i c h  t o g e t h e r  
c o u n t e r a c t  t h e  a n t i v i r a l  e f f ec t  of  d i c h l o r o p y r i m i d i n e s  3, 
a r e  b o t h  i n c l u d e d  in  t h e  a m i n o  ac id  s u p p l e m e n t  of  E a g l e ' s  
M E M ,  e x p e r i m e n t s  o n  t h e  a n t a g o n i s t i c  e f f e c t  of  t h i o l s  a n d  
d i s u l p h i d e s  w e r e  c a r r i e d  o u t  in  a m i n o - a c i d - f r e e  E a g l e ' s  
M E M  a n d  t h e r e f o r e  r e s t r i c t e d  to  Po l io  v i r u s  1 w h i c h ,  
a m o n g  d i c h l o r o p y r i m i d i n e - s e n s i t i v e  v i r u s e s ,  is t h e  o n l y  
o n e  a b l e  t o  g r o w  in  s u c h  p o o r  m e d i u m .  D a t a  f r o m  t h e s e  
e x p e r i m e n t s ,  r e p o r t e d  in  t a b l e  2, s h o w  t h a t ,  a m o n g  al l  
t h i o l s  a n d  d i s u l p h i d e s  t e s t e d ,  o n l y  m e r c a p t o p r o p i o n y l -  
g l y c i n e  a n t a g o n i z e s  t h e  a n t i p o l i o  e f f ec t  o f  2 - a m i n o - 4 ,  6- 
d i c h l o p y r i m i d i n e ,  wh i l e  c y s t e i n e  a n d  c y s t i n e ,  c y s t e a m i n e  
a n d  c y s t a m i n e ,  g l u t a t h i o n e  S H  a n d  SS  a r e  d e p r i v e d  of  
t h i s  a n t a g o n i s t i c  e f fec t .  A s  s h o w n  in  t h e  s e c o n d  c o l u m n  
of  t a b l e  2, s i m u l t a n e o u s  a d d i t i o n  of  g l u t a m i n e  t o  t h e  
m e d i u m  m a k e s ,  a s  e x p e c t e d  4, c y s t e i n e  a n d  c y s t i n e  a b l e  to  
a n t a g o n i z e  a n t i v i r a l  a c t i o n  of  t h e  d i c h l o r o p y r i m i n e ,  b u t  
h a s  n o  s u c h  e f f ec t  on  t h e  o t h e r  t h i o l s  a n d  d i s u l p h i d e s .  I n  
c o n c l u s i o n ,  d a t a  r e p o r t e d  h e r e  i n d i c a t e  t h a t  t h e  t y p i c a l ,  
w i d e - r a n g e  a n t i v i r a l  e f f e c t  of  d i c h l o r o p y r i m i d i n e s  is 
n e i t h e r  s h a r e d  n o r  p o t e n t i a t e d  b y  s t r o n g  s u l p h i d r y l  re -  
a g e n t s ,  n o r  is  i t  a n t a g o n i z e d  b y  s e v e r a l  t h i o l s  a n d  d i s u l -  
p h i d e s ,  a l l  f o u n d  ab l e  t o  e n h a n c e  v i r u s  g r o w t h  ~ a n d  
i n c l u d i n g  c y s t e i n e  a n d  c y s t i n e  as  wel l  a s  g l u t a t h i o n e  S H  
a n d  SS  w h i c h  a m o u n t  t o  a b o u t  1 0 0 %  of  t h e  i n t r a c e l l u l a r  
S H  a n d  SS  g r o u p s .  T a k i n g  i n t o  a c c o u n t  t h e s e  d a t a ,  t h e  
p o s s i b i l i t y  t h a t  d i c h l o r o p y r i m i d i n e s  i n h i b i t  v i r u s  g r o w t h  
b y  m e r e l y  i m p a i r i n g  f u n c t i o n s  o f  i n t r a c e l l u l a r  t h i o l s  a n d  
d i s u l p h i d e s  is  t o  be  r u l e d  o u t .  I n  p r e v i o u s  p a p e r s ,  a 
h y p o t h e s i s  w a s  a d v a n c e d  t e n t a t i v e l y  t o  e x p l a i n  t h e  
m e c h a n i s m  of  a n t i v i r a l  a c t i o n  o f  d i c h J o r o p y r i m i d i n e s .  
B a s e d  o n  t h e  a b i l i t y  o f  t h e s e  d r u g s  t o  i m p a i r  a s s e m b l y  of  
Po l i o  v i r u s  a n d  o n  t h e  a n t a g o n i s m  p r o d u c e d  b y  c y s t e i n e  
(or c y s t i n e )  p l u s  g l u t a m i n e  o n  t h a t  e f fec t ,  i t  w a s  p r o p o s e d  
t h a t  d i c h l o r o p y r i m i d i n e s  i n t e r a c t  w i t h  c y s t e i n e  a n d  g lu -  
t a m i n e  r a d i c a l s  l o c a t e d  i n  c r i t i c a l  p o i n t s  of  s t r u c t u r a l  
p o l y p e p t i d e s  o f  Po l io  v i r u s ,  t h u s  p r e v e n t i n g  o r g a n i z a t i o n  
o f  v i r u s  p a r t i c l e s  3. I n  t h e  l i g h t  of  t h e  d a t a  r e f e r r e d  t o  h e r e ,  
t h a t  h y p o t h e s i s  s e e m s  e v e n  m o r e  t e n a b l e .  T h e  p r e s e n c e  
o f  t h e  a b o v e  r a d i c a l s  in  m e r c a p t o p r o p i o n y l g l y c i n e  w o u l d  
m a k e  t h i s  t h i o t  a p o t e n t  a n t a g o n i s t  of  t h e  a n t i v i r a l  e f f e c t  
of  d i c h l o r o p y r i m i d i n e s .  
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