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syn thes i s  d u r i n g  c o n j u g a t i o n  in o t h e r  ci l iates is on ly  
a v a i l a b l e  f rom t h e  de t a i l ed  s tud ies  b y  Supra  a n d  A m m e r -  
m a n n  w i t h  S t y l o n y c h i a  13,18 These  inves t iga to r s  m e a s u r e d  
t he  i n c o r p o r a t i o n  of R N A  precursors  in to  R N A  of con-  
j u g a t i n g  S t y l o n y c h i a  as well  as R N A  inh ib i t i on  b y  Ac- 
t i n o m y c i n  D. 
T h e y  conc luded  t h a t :  a) R N A  syn thes i s  du r ing  t he  f i rs t  
5 h a f t e r  pa i r  f o r m a t i o n  was s u b s t a n t i a l l y  lower in com- 
pa r i son  to  t h e i r  v e g e t a t i v e  s ta te ,  b) 1 h later ,  i.e. b e t w e e n  
5 -6  h since pa i r ing ,  t h e y  no t i ced  a m a r k e d  increase  in 
R N A  synthes is ,  c) 6 h since pa i r i ng  and  the rea f t e r ,  l i t t le ,  
if any,  R N A  syn thes i s  could  be  observed .  I n  a d d i t i o n  t he  
i n h i b i t i o n  of R N A  syn thes i s  b y  A c t i n o m y c i n  D d u r i n g  
5 -6  h since in i t ia l  pa i r ing ,  r e su l t ed  in t he  b lockage  of 
f u r t h e r  d e v e l o p m e n t a l  processes  in con juga t ion .  
In  t he  ci l ia tes  S t y l o n y c h i a  a n d  T e t r a h y m e n a ,  a s h o r t  
d u r a t i o n  of a b o u t  1 h of c r i t i ca l  m R N A  syn thes i s  seems 
to  govern  t he  c o n t i n u a t i o n  of sexua l  r ep roduc t ion .  How-  
ever  t h i s  cr i t ica l  m R N A  syn thes i s  in  b o t h  ci l iates occurs  
a t  d i f fe ren t  per iods  of t he  c o n j u g a t i o n  process.  I n  T e t r a -  
h y m e n a  such  m R N A  syn thes i s  occurs  d u r i n g  cos t imu-  
la t ion,  i.e. before  pa i r i ng ;  in  S t y l o n y c h i a  i t  occurs  a f t e r  
a b o u t  5 h pos tpa i r ing .  H o w e v e r  these  d i f fe ren t  t i m i n g s  of 
long ac t ing  m R N A s  do n o t  cause  a p r inc ip le  d i f ference in  
t h e i r  m o d e  of ac t ion .  
I n  S t y n l o n y c h i a  as well  as T e t r a h y m e n a ,  i t  seems t h a t  
t h e  ' sequence  of e v e n t s  d e p e n d e n t  u p o n  p re syn thes i zed  
messengers  include,  in  a s t r i c t  chronologica l  order ,  mei-  
osis of t he  micronuc leus ,  f o r m a t i o n  exchange ,  a n d  fer t i l -  

i za t ion  of t he  game t i c  nuclei ,  a n d  d i f f e r en t i a t i on  of t he  
new m a c r o n u c l e u s  f rom t h e  zygote '  18. 
As p rev ious ly  m e n t i o n e d ,  l i t t l e  has  been  p u b l i s h e d  on  
R N A  syn thes i s  in  o t h e r  c o n j u g a t i n g  cil iates.  Rao  14 a n d  
Berge r  is conc luded  t h a t  IZNA syn thes i s  occurs  con t in -  
uous ly  d u r i n g  t h e  course of "macronuclear  d e v e l o p m e n t  in  
c o n j u g a t i n g  E u p l o t e s  a n d  P a r a m e c i u m ,  respec t ive ly .  
H o w e v e r  Nobi l i  TM p r e s u m e d  t h a t  ' syn thes i s  of p r o b a b l y  
specific R N A  occurs  a n y  t i m e  sexua l ly  m a t u r e  p a r a m e c i a  
become  reac t ive ' .  The  fac t  t h a t  T e t r a h y m e n a  cells a p p e a r  
to  ove rcome  t h e  i n h i b i t o r y  e f f ec t s  of co rdycep in  a f t e r  
severa l  h o u r s  fol lowing e x p e r i m e n t a l  t r e a t m e n t  (figure 3) 
is mi r ro red  b y  t h e i r  r e ac t i on  to c e r t a i n  a n t i m i t o t i c  drugs.  
Such  a p h e n o m e n o n  was s h o w n  b y  W u n d e r l i c h  a n d  
P e y k  ~: whi le  t e s t i ng  the  effect  of colchicine a n d  colcemid 
on  v e g e t a t i v e  d iv i s ion  of T e t r a h y m e n a ,  a n d  b y  R o b e r t s  
a n d  Orias  TM b y  t e s t i ng  p r o t e i n  syn thes i s  inh ib i to r s .  
The  sys t ems  i n v o l v e d  in o v e r c o m i n g  such  i n h i b i t o r y  ef- 
fects  are as ye t  l i t t l e  unde r s tood .  P e r h a p s  T e t r a h y m e n a  
possesses a n  e n z y m e  s y s t e m  capab l e  of decompos i t i on  of 
these  drugs,  inc lud ing  cordycepin .  
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Summary. I n f l u x  of leucocytes  in  t h e  v a g i n a  a t  m e t o e s t r u s  occurs  in  germfree  mice a n d  also in s ter i le  i s o t r a n s p l a n t s  
of v a g i n a l  t i ssue  in c o n v e n t i o n a l  mice. I n  c o n t r a s t  to  t he  s i t u a t i o n  in ra ts ,  b a c t e r i a  t h u s  do n o t  seem to  be  requ i red  
for  t he  p r o d u c t i o n  of p o s t o v u l a t o r y  l euco tac t i c  s t imul i  in  t he  vag ina .  

I n f l u x  of leucocytes  in to  t h e  v a g i n a l  ep i the l i um a n d  
l u m e n  is a we l lknown  cha rac t e r i s t i c  of t he  ea r ly  pos t -  
o v u l a t o r y  pe r iod  (metoes t rus)  in  sma l l  roden ts .  I n  ra ts ,  
t h i s  in f lux  appea r s  to  d e p e n d  on  t he  presence  of b a c t e r i a  
in  t h e  vag ina l  lumen3,  *. No d a t a  are  ava i l ab le  on  t he  
mic rob ia l - l eucocy t ic  r e l a t i ons h i p  a t  m e t o e s t r u s  in  t he  
o t h e r  roden t s .  However ,  t h e  occur rence  of a l eucocyt ic  
v a g i n a l  e x u d a t e  in  germfree  mice  ha s  been  r epo r t ed  a f t e r  
r e p e a t e d  in jec t ions  of p roges t e rone  5. Th i s  suggests  t h a t ,  
in mice,  leucocyt ic  in f lux  of t h e  v a g i n a  a t  m e t o e s t r u s  does 
n o t  d e p e n d  on  t he  p resence  of m i c r oo r gan i s m s  in  t h e  
v a g i n a  a n d  t h a t ,  thus, species d i f ferences  ex i s t  in  t h e  
m e c h a n i s m  u n d e r l y i n g  in f lux  of leucocytes  in to  t he  
v a g i n a l  e p i t h e l i u m  a f t e r  ovu la t ion .  T he  d a t a  on  mice,  
however ,  were o b t a i n e d  exc lus ive ly  a f t e r  in j ec t ion  of 
p roges te rone ,  a n d  n o t  d u r i n g  t he  n o r m a l  o v a r i a n  cycle. 
W e  the re fo re  e x a m i n e d  t h e  possible  r e l a t i onsh ip  b e t w e e n  
b a c t e r i a  a n d  leucocytes  w i t h  t he  same  m e t h o d s  as used 
in r a t s  8, 4. 
Materials and methods. E x p e r i m e n t  1. T he  n u m b e r s  of 
aerobic  a n d  f a c u l t a t i v e  a n a e r o b i c  b a c t e r i a  were de te r -  
m i n e d  in Swiss (9 animals)  a n d  ND, / I~i j  (8 animals)  cyclic 
mice.  Vag inas  w i t h  t he  ce rv ix  st i l l  a t t a c h e d  were r e m o v e d  
a n d  p laced  in bo t t l e s  w i t h  10 ml  sa l ine  a n d  3 g g lassbeads  
( ~ 3 ram) wh ich  were s ter i l ized before  use. T he  b a c t e r i a  

in  t he  v a g i n a s  were su spended  b y  s h a k i n g  t he  bo t t l e s  on  
a w h i r l m i x e r  for  2 min.  F r o m  the  suspens ions ,  1 : 10 dilu-  
t ion  series were m a d e  in n u t r i e n t  b ro th ,  w h i c h  were 
i n c u b a t e d  for  48 h a t  37~ The  s tages  of t he  o v a r i a n  
cycle, a t  w h i c h  t he  v a g i n a s  were ob t a ined ,  were approx i -  
m a t e d  b y  e x a m i n i n g  t h e  c o n t e n t s  of t h e  F a l l o p i a n  t u b e s  
microscopica l ly  (fresh oocy tes  w i t h  s u r r o u n d i n g  cumulus -  
cells: d a y  of o v u l a t i o n ;  old oocytes  w i t h o u t  s u r r o u n d i n g  
cumulus-ce l l s  : d a y  a f t e r  o v u l a t i o n  ; no  oocytes  b u t  c lear ly  
vis ible  co rpo ra  lu tea  in  t h e  ovar ies  : all  o the r  s tages  of t h e  
o v a r i a n  cycle). 
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E x p e r i m e n t  2. A compar i son  was made  of t he  vaginal  
smear  cycles of conven t iona l  and germfree  mice f rom 
3 s t ra ins :  Swiss (8 germfree  mice; 10 convent ional ) ,  
N D J R i j  (3 germfree  mice;  9 convent ional ) ,  and  D B A  
(5 germfree ;  17 convent ional ) .  Smears  were t a k e n  dai ly 
over  2 subsequen t  weeks (5 t imes  a week);  au tops y  was 
done on the  day  of the  last  smear  be tween  11.00 and  
16.00 h to  s t u d y  ovar ian  and  vaginal  his tology.  Germfree  
an imals  were t e s t ed  for ge rmf ree  condi t ion  a t  au tops y  by  
cul tur ing  faeces on blood agar  plates.  For  histological  
s tudy ,  t issues were f ixed in Bouin ' s  solut ion and  em- 
bedded  in paraf f in  wax;  10 ~m sections were s ta ined  wi th  
h a e m a t o x y l i n  and  eosin. 
E x p e r i m e n t  3. Vaginal  g ra f t  h is to logy and  in si tu vaginal  
h is to logy were compa red  in 9 CzH-mice. Fo r  graf t ing,  
pieces of vagina l  t issue (2-4 ram2; 2 pieces per  recipient)  
were ob ta ined  f rom isogeneic p repubera l  donors  which  
still  had  a closed, sterile vagina ;  the  graf ts  were placed 
under  the  left renal  capsule and  left there  for 3 weeks. 
Af te r  3 weeks vaginal  g ra f t  histology,  in situ vaginal  
histology,  and  ovar ian  h is to logy were analyzed.  
Results .  E x p e r i m e n t  1. There  were 105-10 ~ bac te r ia  in the  
vag ina  of 4 out  of 5 mice examined  on the  day  of ovula-  

t ion ;  in the  5th animal ,  no bac te r ia  were found.  In  8 out  
of 12 mice examined  dur ing  the  d ioes t rous  period,  there  
were 102 or less bac te r ia ;  in the  r emain ing  4, the re  were 
103 (1 mouse),  104 (1 mouse),  and  105 (2 mice). Gram- 
s ta ined  vaginal  smears  revealed the  presence  of m a n y  
bac te r ia  on days  wi th  vaginal  cornif ica t ion:  the  bac ter ia  
of ten  adhered  in large n u mb er s  to  cornified cells. 
E x p e r i m e n t  2. There  were no differences b e t w een  the  
vaginal  smear  p a t t e r n s  ob ta ined  f rom the  3 s t ra ins  of 
germfree  mice. All mice showed cyclic changes  in vaginal  
smear  morpho logy  charac te r ized  b y  the  regular  occur- 
rence of leucocytes.  All animals  showed at  least  once a 
sequence of 2 successive days  wi th  cornified vaginal  
smears  followed by  a d a y  wi th  a leucocyt ic  smear  and  no 
cornif ied cells. This  sequence represen t s  in convent iona l  
an imals  the  sequence of oestrous,  metoes t rous-1 ,  and 
metoes t rous-2  smears  e. Metoest rous-2  smears  f rom germ- 
free mice con ta ined  less leucocytes  t h a n  those  f rom con- 
ven t iona l  mice. Ovar ian  h is to logy of germfree animals  
revealed  t h a t  5 an imals  had  been  killed in the  a f te rnoon  
of t he  day  of ovula t ion  (oestrus), 3 on the  f irs t  d a y  af ter  
ovula t ion  (metoestrus-1)  and  8 dur ing  the  d ioes t rous  
period.  No differences  in vaginal  h is to logy were not iced  

Fig. 1. Vaginal epithelial histology in germfree mice on the day after 
ovulation (metoestrus-1; Allen'). The epithelial surface consists of 
continuous layers of densely packed COnlified cells (B) ; such cells are 
also present throughout the vaginal lumen (A) and are obtained in 
vaginal smears at that stage of the cycle. Leucocytes have pene- 
trated the vaginal epithelium and are present in the layers of nucle- 
ated epithelial cells just below the eornified cells (C). This picture 
is not different from that obtained in conventional mice ~. • 350. 

Fig. 2. Vaginal graft histology at metoestrus-2. The vaginal graft had 
been removed on the 2nd day after ovulation; the vagina in situ 
showed extensive leucocyte invasion. During the period preceding 
autopsy, there had been the shedding of nucleated cells (A) from the 
vaginal graft epithelium (D) followed by the shedding of cornified 
cells (B) and again nucleated cells (C). The last cells are surrounded 
by large numbers of leucocytes which can also be seen penetrating 
the vaginal epithelium. The small black dots present in the 'old' 
layers of nucleated cells (A) probably represent the remnants of dis- 
integrated leucocytes. In rats, leucocytes are never observed in 
grafted vaginal epithelium. • 370. 
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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. 

6 E. Allen, Am. J. Anat. 30, 297 (1922). 
7 N. Takasugi and H. A. Bern, Proc. S0c. exp. Biol. Med. 109, 622 

(1962). 
8 G.J.  Fruhman, Proc. Soc. exp. Biol. Med. 122, 493 (1966). 
9 N. Lavenda, I. Y. Mahmoud and J. D. Leith, J. Reprod. Fert. 

18, 171 (1969). 
10 A, S. Bingel and N. B. Schwartz, J. Reprod. Fert. 19, 215 (1969). 
11 H. Burrows, J. Path. Bact. 41, 43 (1935). 
12 M. Bessis, Antibiotics Chemother. 19, 369 (1974). 

On the i m p o r t a n c e  of thiols  and d isu lphides  and the antiviral  act ion of d i ch loropyr imid ines  1 

R. Pompei ,  M. A. Marcialis, O. Flore, M. E. Marongiu and A. Garzia 

Institute o/Microbiology I I ,  University o/Cagliari, via G. T. Porcell 12, Cagliari (Italia), 21 February 1977 

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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