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Summary

A mouse model o f  t r i c h o m o n i a s i s  was d e v e lo p e d  u s in g  T.

v a q i n a l i s « , i n t r a v a q in a l l y  i n o c u l a t e d  i n t o  B a l b / c  m ice .  A l t h o u g h

the  i n f e c t i o n  ra te s  obta ined  were not  c o n s i s t e n t l y ,  o r  f r e q u e n t l y ,  
2

100?ojover /3  o f  exper iments  y ie l d e d  ra te s  o f  over  50?o. Es t rogen- 

t r e a t m e n t  o f  m ice ,  p r i o r  t o  i n t r a v a g i n a l  i n o c u l a t i o n  w i t h  t h e  

p a r a s i t e s ,  was found  t o  be n e c e s s a r y  f o r  t h e  e s t a b l i s h m e n t  o f  

i n f e c t i o n  but  o the r  v a r i a b l e s  such as ro u te ,  t i m i n g  and amount o f  

es t rogen ,  d i e t  fed to  mice,  age and breed o f  mice and v a r i a b l e s  i n  

m a in te n a n c e  o f  the p a r a s i t e  l i n e  proved to  be o f  le ss  importance.  

The a d m i n i s t r a t i o n  o f  f e r r i c  ammonium c i t r a t e ,  p r i o r  to  i n f e c t i o n ,  

was found to  s i g n i f i c a n t l y  in c rease  the  i n f e c t i o n  ra te s .

The r o l e  o f  t h e  pH o f  t h e  v a g in a  and th e  i r o n  and z i n c  

c o n te n t  o f  the va g ina l  s e c re t i o n s  was a ls o  i n v e s t i g a t e d .  The pH 

o f  the  mur ine vagina was found t o  be around n e u t r a l  and t h i s  was 

not  a f f e c t e d  by e s t r o g e n - t r e a tm e n t  or the  presence o f  i n f e c t i o n .  

Tr fea tmen t  o f  t h e  mouse w i t h  i r o n ,  h o w e v e r ,  does s i g n i f i c a n t l y  

in c rease  the  va g in a l  pH. The i r o n  and z in c  con te n t  o f  the  vagina 

was ex tremely  low.

The i m p o r t a n c e  o f  t h e  m u r in e  immune re spon se  was a l s o  

i n v e s t i g a t e d  by the use o f  SolcHsTr ichovac,  a vaccine  i n  use f o r  

t h e  t r e a t m e n t  o f  t r i c h o m o n i a s i s ,  and ' v a c c i n e s '  p r e p a r e d  f ro m  

p a r a s i t e  homogenates. N e i th e r  o f  these p r e p a ra t io n s  appeared to  

have any t h e r a p e u t i c  e f f e c t .

O vera l l ,  a l though t h i s  mouse model i s  not  i d e a l  f o r  s tud y in g  

t r i c h o m o n i a s i s , i t  p ro ved  t o  be u s e f u l  i n  s t u d y  o f  t h e  v a g i n a l  

m i c r o e n v i r o n m e n t ,  and i t s  r e l a t i o n s h i p  w i t h  t h e  p re s e n c e  o f  T. 

v a g i n a l i s , and an i n v e s t i g a t i o n  o f  t h e  immune re s p on s e  t o  

i n f e c t i o n .

v i



INTRODUCTION



1 .1 .  THE TRICHOMONADS

1 . 1 . 1 .  C l a s s i f i c a t i o n  and Im p or ta n t  P a r a s i t i c  Species

Trichomonads are a e r o t o l e r a n t ,  anaerobic f l a g e l l a t e  

p ro tozoa  be long ing  t o  the  o rder  Trichomonadida,  f a m i l y  

T r i chomonid idae .  They are c l a s s i f i e d  i n t o  th re e  genera; 

genus T r i c h o m o n a s , genus P e n t a t r i c h o m o n a s  and genus 

T r i t r i c h o m o n a s . C l a s s i f i c a t i o n  i s  based m a in ly  on the 

number o f  f l a g e l l a ,  T r i t r i c h o m o n a s  having th re e  a n t e r i o r  

f l a g e l l a  and T r i c h o m o n a s  and P e n t a t r i c h o m o n a s  h a v in g  

f o u r  and f i v e  r e s p e c t i v e l y .  T h r e e  s p e c i e s  o f  

t r i chomonad i n f e c t  humans; Pentatr ichomonas hom in is  in  

t h e  i n t e s t i n e ,  T r i c h o m o n a s  te n a x  i n  t h e  mouth and 

Trichomonas v a g i n a l i s  w h ic h  i n h a b i t s  t h e  u r i n o g e n i t a l  

t r a c t .  T̂ _ v a g i n a l i s  i s  t h e  o n l y  one o f  t h e  t h r e e  

spec ies  known to  cause disease.  Another t r i chomonad o f  

i m p o r t a n c e  i s  T r i t r i c h o m o n a s  foe tus  which p a r a s i t i s e s  

t h e  u r i n o g e n i t a l  t r a c t  o f  c a t t l e  c a u s in g  a b o r t i o n  and 

i n f e r t i l i t y .  T r i t r i c h o m o n a s  s u i s  i n h a b i t s  t h e  n a s a l  

passages  and l a r g e  i n t e s t i n e  o f  s w in e  and has been 

demonst ra ted t o  be very s i m i l a r  to  T^ fo e tu s  ( H i b l e r  e t  

a l ., 1960;  Doran,  1957).  T r i c ho m o na s  q a l l i n a e  and 

T r i c h o m o n a s  q a l l i n a r u m  b o th  p a r a s i t i s e  b i r d s .  O th e r  

s p e c i e s  o f  t r i c h o m o n a d s  a re  common p a r a s i t e s  o f  t h e  

i n t e s t i n a l  t r a c t  o f  many a n i m a l s  b u t  none have been 

shown to  be pathogenic.



1 .1 . 2 .  General B io logy

T r i cho m o na d s  a re  o v o i d  o r  p e a r - s h a p e d  o rg a n is m s  

w i t h  t h r e e  t o  f i v e  f l a g e l l a  and an a t t a c h e d  r e c u r r e n t  

f l a g e l l u m  t h a t  f o r m s  an u n d u l a t i n g  membrane.  A l l  

f l a g e l l a  a r i s e  f rom basal  bodies grouped a t  the  a n t e r i o r  

end j u s t  i n  f r o n t  o f  the s i n g le  ovoid  nucleus (Honigberg 

and K in g ,  1964). The n u c l e u s  c o n t a i n s  s e v e r a l  l a r g e  

e l e c t r o n - d e n s e  g r a n u l e s  and t h e  w h o le  s t r u c t u r e  i s  

s u r r o u n d e d  by ro ugh  e n d o p l a s m i c  r e t i c u l u m .  The c o s ta  

o r i g i n a t e s  i n  t h e  k i n e t o s o m a l  co m p lex  and e x te n d s  

beneath the u n d u la t i n g  membrane. Trichomonads a lso  have 

a p rom inan t  n o n -m o t i l e  a x o s ty le  which may p ro t rud e  from 

t h e  p o s t e r i o r .  P a r o a x o s t y l a r  b o d ie s  and p a r a c o s t a l  

bod ies  are found grouped around the  cos ta  and a xos ty le  

and are known as hydrogenosomes.

R e p r o d u c t i o n  i s  by l o n g i t u d i n a l  b i n a r y  f i s s i o n ,  

n uc le a r  d i v i s i o n , b e i n g  m i t o t i c .  Only one deve lopmental  

s tage i s  known and they are not  g e n e r a l l y  cons idered to  

p ro du c e  c y s t s .  They fee d  by p i n o c y t o s i s  o r  b o th  

p i n o c y t o s i s  and p h a g o c y t o s i s  as t h e r e  a r e  no 

s t r u c t u r a l l y  d i f f e r e n t i a t e d  o r g a n e l l e s  o f  f e e d i n g  

comparable to  cytosomes.

1 . 1 . 5 .  Morphology o f  T. v a g i n a l i s

T rophozo i tes  o f  T^ v a g i n a l i s  range f rom between 10 

and 30 yum in  l e n g th  and 3 and 15 /jm i n  w id th .  They move 

r a p i d l y  w i t h  a j e r k y ,  n o n - d i r e c t i o n a l  movement.  They

2



have f o u r  a n t e r i o r  f l a g e l l a  and a s h o r t  u n d u l a t i n g  

membrane, ex tending about h a l f  the d is tan ce  o f  the  body; 

the  f l a g e l l u m  i s  not  f r e e  p o s t e r i o r l y ,  u n l i k e  most o th e r  

spec ies.  The u n d u la t i n g  membrane g ives  a r o t a r y  mot ion 

t o  t h e  body w h i l e  t h e  a n t e r i o r  f l a g e l l a  s e rv e  f o r  

p r o p u l s i o n .  A s l e n d e r  r o d ,  t h e  a x o s t y l e ,  e x te n d s  

th rough  the body and p ro t rud es  beyond the  p o s t e r i o r .  A 

long  parabasal  body i s  p re sen t ,  comple te  w i t h  parabasal  

f i l a m e n t .  A c o s ta  i s  a l s o  p r e s e n t  b u t  i s  r e l a t i v e l y  

inconsp icuous ,  as i s  the cytosome. However, the  nucleus 

i s  u s u a l l y  c l e a r l y  de f in ed  and c o n ta in s  many ch romat in  

g r a n u l e s  ( F i g .  1).

1 .2 .  TRICHOMONIASIS

1 . 2 . 1 .  C l i n i c a l  M a n i fe s ta t io n s

C l i n i c a l  m a n i f e s t a t i o n s  o f  t r i c h o m o n i a s i s  v a r y  

c o n s id e ra b ly  between males and females  and a ls o  p a t i e n t s  

o f  the  same sex. Symptoms may a ls o  va ry  i n  i n t e n s i t y  i n  

a s i n g l e  p a t i e n t ,  w o r s e n i n g  and i m p r o v i n g  r e p e a t e d l y .  

The d i s e a s e  i s  c h a r a c t e r i s e d ,  i n  women, by a c o p i o u s ,  

foamy y e l l o w i s h - g r e e n  d i s c h a r g e  t h a t  may have  a 

t y p i c a l l y  f o u l  odour, as w e l l  as m i l d  t o  severe va g in a l  

i t c h i n g  and burning .  The v a g in a l  mucosa may be a f f e c te d  

w i t h  p r o n o u n c e d  h y p e r a e m i a  and m i n u t e  a r e a s  o f  

hae m o r rh a ge .  A d d i t i o n a l  s y m p t o m s  i n c l u d e  l o w e r  

abdominal  pain,  p a i n f u l  u r i n a t i o n  and c o i t u s ,  ch a f in g  o f  

t h e  t h i g h s  and r e c t a l  a re a  and s w e l l i n g  o f  t h e  lymph

3



Figure 1, Diagram of Trichomonas vaginalis
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g la n d s  i n  and a round  t h e  g r o i n  (Fe lm an and N i k i t a s ,

1979).  However ,  as many as 25?o o f  i n f e c t e d  women have 

no symptoms a t  a l l  (Felman and W ik i t a s ,  1979).

T r i chom o n ias is  i n  men i s  m o s t l y  a s y m p to m a t i c  b u t  

c l i n i c a l  symptoms may be l i k e  those found i n  gonorrhoea 

and n o n - s p e c i f i c  u r e t h r i t i s  and i n c l u d e  p u r u l e n t  

d ischarge ,  d i s c o m fo r t  on m i c t u r i t i o n  and i n f l a m m a t io n  o f  

t h e  e x t e r n a l  meatus.  The i n f e c t i o n  can t a k e  t h r e e  

f o r m s :  a s y m p to m a t i c ,  c h r o n i c  and a c u te  ( J i r a ,  1958).

The a c u te  i n f e c t i o n  as d e s c r i b e d  above can l e a d  t o  

c h ro n ic  and l a t e n t  s tages and the  i n f e c t i o n  can change 

type  re pea ted ly .  Chronic i n f e c t i o n  i s  c h a r a c te r i s e d  by 

a s l i g h t  i t c h i n g  sensa t ion  i n s i d e  the pen is and s l i g h t  

m o is tu re  a t  the  t i p .  Many i n v e s t i g a t o r s ,  however,  t h i n k  

t h a t  men s e r v e  p r i m a r i l y  as c a r r i e r s ,  s p r e a d i n g  

symptomat ic  t r i c h o m o n ia s i s  among women.

1 . 2 . 2 .  Inc idence  o f  t r i c h o m o n ia s is

The a p p a r e n t  i n c i d e n c e  o f  t r i c h o m o n i a s i s  v a r i e s  

g r e a t l y  a c c o r d i n g  t o  t h e  p o p u l a t i o n  s t u d i e d  and t h e  

method o f  d e te c t i o n  used. The h ig he s t  r a te  o f  i n f e c t i o n  

o c c u r s  w i t h  women who a re  a t  g r e a t e s t  r i s k  f o r  o t h e r  

v e n e r e a l  d i s e a s e s  (Fe lm an  and N i k i t a s ,  1979),  so t h e  

h ig h e s t  in c idence  i s  i n  females  between the ages o f  16 

and 35,  f a l l i n g  r a p i d l y  a f t e r  t h e  menopause.  Cases o f  

t r i c h o m o n i a s i s  i  . p repub  t a l  g i r l s  have been r e c o r d e d  

( P e t e r ,  1945) bu t  a re  v e r y  r a r e .  The p r e v q l a n c e  o f
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i n f e c t i o n  i n  t h e  U.S.A. has been r e p o r t e d  t o  ra nge  f ro m  

3 t o  5% o f  a s y m p t o m a t i c  women exam ined  by p r i v a t e  

p hys ic ian s  to  13 to  25% o f  asymptomat ic  women examined 

i n  g y n e c o l o g i c a l  c l i n i c s .  Among p r o s t i t u t e s ,  r a t e s  

be tween  30 and 10% have been r e p o r t e d  (Fe lm an and 

N i k i t a s ,  1979).  Thus t h e  o v e r a l l  i n c i d e n c e  o f  T. 

v a g i n a l i s  i n  t h e  p o p u l a t i o n  o f  a d u l t  women p r o b a b l y  

f a l l s  be tween  t h e  ran ge  o f  2.6% ( f o u n d  w i t h  a g ro up  o f  

m ar r ied  women) t o  the  70?o re p o r te d  f o r  venerea l  d isease 

c l i n i c  p a t i e n t s  (Naguii> ert al_., 1966).

The p revcx lance  o f  t r i c h o m o n i a s i s  i n  t h e  ma le  

p o p u l a t i o n  has a l s o  been e s t i m a t e d  and found  t o  be 50% 

t o  60% o f  t h e  r a t e  r e p o r t e d  f o r  f e m a le s .  E i g h t y  p e r  

cent  o f  male sexua l  p a r tn e rs  o f  i n f e c t e d  women have been 

found to  harbour T^ v a g i n a l i s , w h i l e  female p a r tn e r s  o f  

i n f e c t e d  males are a lm ost  a lways i n f e c t e d  (Brown, 1972). 

The d i f f e r e n c e  i n  re p o r te d  i n f e c t i o n  r a te s  may be due to  

t h e  d i f f i c u l t y  o f  d e t e c t i n g  t r i c h o m o n a d s  i n  ma le  

u r i n o g e n i t a l  specimens.  I t  has been e s t im a te d  t h a t  T. 

v a g i n a 1 i s  i s  n o t  d e t e c t e d  up t o  5 0 % o f  t h e  t i m e  

( K n 'e g e r ,  1981).

1 . 2 . 3 .  Transmission

T r a n s m i s s i o n  i s  g e n e r a l l y  r e c o g n i s e d  t o  be by 

s e x u a l  i n t e r c o u r s e  b u t  i t  i s  p o s s i b l e  t h a t  i n  u n u s u a l  

c i rcumstances  the  d isease may be c o n t ra c te d  th rough non- 

venerea l  means. Protozoans can s u r v i v e  o u ts id e  the  body
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f o r  some t i m e  and r e m a in  a c t i v e  i n  u r i n e  f o r  s e v e r a l  

days and i n  t a p  w a t e r  f o r  s e v e r a l  h ou rs  (Mason,  1980),  

so t h e o r e t i c a l l y  an i n f e c t i o n  may be c o n t r a c t e d  by 

c o n t a c t  w i t h  c o n t a m i n a t e d  b a th  o r  t o i l e t  a r t i c l e s .  

T h e r e  i s  no d e c i s i v e  e v i d e n c e  t h a t  c o n t a c t  w i t h  

c o n t a m i n a t e d  a r t i c l e s  i s  a s o u rce  o f  t r i c h o m o n a l  

i n f e c t i o n .  A d o c u m e n t e d  n o n - v e n e r e a l  means o f  

t r a n s m i t t i n g  i n f e c t i o n  i s  t h a t  o f  c h i l d b i r t h  t o  i n f e c t e d  

m o th e rs  (K r i& .g e r ,  1981) and i t  has been s u g g e s te d  t h a t  

T. v a g i n a l i s  can cause  pneumon ia  i n  b a b ie s  i n f e c t e d  i n  

t h i s  way (H iemstra  et_ ail., 1984).

1 . 2 . 4 .  D iagnos is

D iagnos is  o f  t r i c h o m o n i a s i s  i s  by dem ons t ra t ion  o f  

T. v a g i n a l i s  i n  u r i n o g e n i t a l  specimens,  commonly using 

e i t h e r  wet  o r  d r y  sm ears  o r  c u l t u r e .  U n f o r t u n a t e l y ,  

none o f  t h e s e  methods  i s  t o t a l l y  r e l i a b l e .  The wet  

smear  i s  p re p a re d  by m i x i n g  v a g i n a l  m a t e r i a l  w i t h  a 

s a l i n e  s o l u t i o n  and m i c r o s c o p i c a l l y  e x a m in i n g  i t  f o r  

l i v i n g  t r i c h o m o n a d s ,  most  r e a d i l y  i d e n t i f i e d  by th e  

t y p i c a l  t r ichomonad movement. Success w i t h  t h i s  method 

depends on t h e  e x p e r i e n c e  o f  t h e  o b s e r v e r  and t h e  

m o t i l i t y  o f  t h e  t r i c h o m o n a d s  ( t h e y  t e n d  t o  be f a i r l y  

s lo w  mov ing  a t  room t e m p e r a t u r e ) .  V a r i o u s  s t u d i e s  

co n d u c te d  i n d i c a t e  t h a t  t h e  method i s  o n l y  60-70% 

( K r o g e r ,  1981) o r  80% ( F o u ts  and K ra us ,  1980) a c c u r a t e  

f o r  women. Another method i s  to  use dry mounts prepared 

u s in g  v a r i o u s  s t r a i n s .  T h i s  t e c h n i q u e  i s  p r o b a b l y  o f
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l e ss  va lue  than wet mounts because dead t r ichomonads are 

d i f f i c u l t  t o  d i s t i n g u i s h  f ro m  l e u c o c y t e s ,  c a u s in g  

inaccuracy. Even c u l t u r i n g ,  the most s e n s i t i v e  techn ique  

may a l l o w  t r i c h o m o n i a s i s  t o  go u n d e t e c t e d  i n  t e n  per  

cent  o r  more o f  asymptomat ic  women (Felman and N i k i t a s ,  

1979; N ie lson  1973; Spence e t  a l . , 1980).

S e r o l o g i c a l  d e te c t i o n  o f  d isease us ing  the  enzyme- 

l i n k e d  im m u n o s o r b e n t  a s s a y  ( E L IS A )  h as  a l s o  been 

a t temp ted  ( S t r e e t  ert _al., 1982) but  was found to  be less  

s e n s i t i v e  than the  c u l t u r e  method. A problem assoc ia ted  

w i t h  t h i s  method i s  t h a t  serum an t ib ody  to  v a g i n a l i s  

i s  fo u n d  i n  a p p a r e n t l y  u n i n f e c t e d  women, p o s s i b l y  

because p re v iou s  i n f e c t i o n s  have reso lved  or  the re  are 

c r o s s - r e a c t i o n s  w i t h  o th e r  t r ichomonads.  P roduc t ion  o f  

l o c a l  a n t i b o d i e s  a pp ea rs  t o  be o f  no d i a g n o s t i c  v a lu e  

( S t r e e t  e_t a_ l . , 1 9 8 2 ) .  The d i f f i c u l t y  o f  u s i n g

i m m u n o l o g i c a l  methods i s  i n c r e a s e d  g r e a t l y  by the  

f i n d i n g  o f  s i g n i f i c a n t  a n t i g e n i c  v a r i a t i o n s  i n  T. 

v a g i n a l i s  ( K o t t  and A d l e r ,  1961;  K r i e g e r  ert _al., 1983; 

Te ras  e t  a l . ,  1966).  R e c e n t l y  a n o t h e r  ELISA has been 

developed which  d e te c ts  Jj_ v a g i n a l i s  a n t ig ens  p resen t  i n  

v a g i n a l  s e c r e t i o n s  ( M a t t  e t  a l . ,  198b).  A l t h o u g h  t h i s  

i s  n o t  as s e n s i t i v e  as i_n v i t r o  c u l t i v a t i o n  i t  i s  

c o n s i d e r a b l y  more r a p i d .  I t s  u s e f u l n e s s  i s  y e t  t o  be 

e s ta b l i s h e d .

. 2 . 5 .  Treatment

S i n c e  t h e  1 9 6 0 ' s  t h e  s t a n d a r d  t r e a t m e n t  f o r
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t r i c h o m o n i a s i s  has  been c h e m o t h e r a p y  u s i n g ,  i n  

p a r t i c u l a r ,  m e t ro n id a z o le  ( m a n u fa c t u r e d  i n  t h e  U.K. by 

May and Bake r under  t h e  t r a d e  name F l a g y l ) .  T h i s  i s  a 

member o f  a g roup  o f  3 ' - n i t r o i m i d a z o l e s  t h a t  a l s o  

i n c l u d e s  t i n i d a z o l e  and n i m o r a z o l e .  The 5 ' -  

n i t r o i m i d a z o l e s  a r e  e f f e c t i v e  a g a i n s t  a n a e r o b i c  

organisms.  The drug en te rs  by pass ive  d i f f u s i o n  a long 

the  c o n c e n t r a t io n  g r a d ie n t  w h e re u p o n  i t  i s  reduced to  

g ive  a f r e e  r a d i c a l .  The mechanism f o r  c y t o t o x i c i t y  i s  

not  understood but  may in v o l v e  b in d in g  to  macromolecules 

such  as DNA (Edwards  1979,  1980,  1981).  The r e d u c t i o n  

o f  m e t r o n i d a z o l e  i n s i d e  th e  c e l l ,  unde r  a n a e r o b i c  

c o n d i t i o n s ,  in c reases  the  g r a d ie n t  o f  d i f f u s i o n  o f  the 

drug i n t o  the  c e l l .

The e f f i c a c y  o f  m e t r o n i d a z o l e  i s  a c c e p te d  and 

u n s u rp a s s e d  w i t h  c u re  r a t e s  o f  95% o r  more u s in g  th e  

s t a n d a r d  dose (,200 mg o r a l l y ,  t h r e e  t i m e s  a day f o r  

seven days  o r  a s i n g l e  2 g dose) (Roe, 1977).  The 5% o f  

i n f e c t i o n s  t h a t  p e r s i s t e d  i n  t h i s  s t u d y  were  p o s s i b l y  

because o f  poor a b s o rp t io n  or  excessive  d e s t r u c t i o n  o f  

t h e  d ru g  by v a g i n a l  f l o r a  (K o c h - W e s le r  and Goldman,

1980) a l though  m e t r o n i d a z o l e - r e s i s t a n t  l i n e s  have been 

re p o r te d  (Benazet and G u i l l a im e ,  1971; Meingassner et  

a l ., 1978; L oss ick  ert a l ., 1986). M e t ron idazo les  s id e -  

e f f e c t s  a re  m i l d ,  such as headache and d ry  mouth ,  b u t  

t h e r e  i s  concern over r e p o r t s  o f  p o s s ib le  c a rc in og e n ic ,  

mutagenic and t e r a t o g e n i c  e f f e c t s  (Goldman, 1981).



There  i s  a l s o  a r e c e n t l y  i n t r o d u c e d  v a c c in e ,  

S o l c o T r i c h o v a c , on t h e  m a rk e t  w h ic h  i s  c l a i m e d  t o  be 

h i g h l y  s u c c e s s f u l  i n  t r e a t i n g  n o n - s p e c i f i c  v a g i n i t i s  

and t r i c h o m o n ia s i s  (see 'So lcoTr ichovac :  a new concept

f o r  the  t re a tm e n t  and p ro p h y la x i s  o f  t r i c h o m o n ia s i s  and 

n o n - s p e c i f i c  v a g i n i t i s ' .  P u b l i s h e d  by S o lco  B as le  

L t d . ) .  I t  i s  p r o d u c e d  f r o m  k i l l e d  v a r i a n t s  o f  

L a c t o b a c i l l u s  a c i d o p h i l u s , i s o l a t e d  f ro m  t h e  v a g i n a l  

s e c r e t i o n s  o f  p a t i e n t s  w i t h  t r i c h o m o n i a s i s ,  and th e  

makers suggest t h a t  mechanism o f  a c t i o n  i s  due to  c ro ss -  

r e a c t i v i t y  be tween  s t r a i n s  o f  L^ a c i d o p h i l u s  and T. 

v a g i n a l i s . An i n d e p e n d e n t  s t u d y  o f  t h i s  c r o s s -  

r e a c t i v i t y ,  however, f a i l e d  to  show any such a n t i g e n i c  

r e l a t i o n s h i p  (Gombosova _et_ a l . ,  1986) and f u r t h e r  

i n v e s t i g a t i o n  o f  t h e  r e l a t i o n s h i p s  b e t w e e n  

mic roo rgan isms i n  the  vagina i s  re qu i red .

1 .3 .  EXPERIMENTAL MODELS OF TRICHOMONIASIS

The study o f  t r i c h o m o n ia s i s  would g r e a t l y  b e n e f i t  

f r o m  t h e  a v a i l a b i l i t y  o f  a good e x p e r i m e n t a l  model  o f  

t h e  d i s e a s e ,  t h a t  w o u l d  a l l o w  i n v e s t i g a t i o n  o f  

f u n d a m e n t a l  a s p e c t s  o f  t h e  h o s t - p a r a s i t e  r e l a t i o n s h i p  

such as p a t h o g e n i c i t y ,  im m un o lo g y  and c h e m o th e ra p y .  

There have been numerous a t te m p ts  p r e v io u s l y  to  i n f e c t  a 

v a r i e t y  o f  a n i m a l s  and m o s t  a u t h o r s  a g r e e  t h a t  

t r a n s m i s s i o n  o f  v a g i n a l i s  t o  l a b o r a t o r y  a n i m a l s  

p resen ts  d i f f i c u l t i e s .
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Many w o rk e rs  have c o n c e n t r a t e d  on i n t r a m u s c u la r ,  

i n t r a p e r i t o n e a l  o r  su b c u ta n e o u s  r o u t e s  o f  i n f e c t i o n  

using r a t s  (De Carner i ,  1966), guinea p ig s  (Teras,  1934) 

and m ic e  ( S c h n i t z e r  e t  a l . ,  1930; T e ra s ,  1954; I v e y  

and H a l l ,  1964;  T s a i  and P r i c e  1973).  These m ode ls  

have a i d e d  s t u d i e s  o f  p a t h o l o g i c a l  a s p e c t s  o f  t h e  

d i s e a s e  ( H o n i g b e r g ,  1 96 1 )  b u t  can p r o v i d e  l i t t l e  

i n f o r m a t i o n  on th e  n a t u r a l  c o u r s e  o f  i n f e c t i o n .  They 

h a v e  a l s o  been u sed  e x t e n s i v e l y  i n  s t u d i e s  o f  

c h e m o t h e r a p y ,  b u t  c l e a r l y  t h e y  p r o v i d e  l i t t l e  

p h a r m a c o k i n e t i c  i n f o r m a t i o n  r e l e v a n t  t o  n o r m a l  T. 

v a g i n a l i s  i n f e c t i o n s .  There i s  t h e r e f o r e  a need f o r  an 

i n t r a v a g i n a l  model.

There have been se ve ra l  r e p o r ts  on the expe r im en ta l  

i n f e c t i o n  o f  l a b o r a t o r y  a n i m a l s  by t h e  i n t r a v a g i n a l  

r o u t e ,  and t h e r e  a re  some r e p o r t s  o f  success  w i t h  

a t t e m p ts  to  e s ta b l i s h  i n t r a v a g i n a l  i n f e c t i o n s  o f  monkeys 

( T r u s s e l  1947;  Johnson e_t a^l., 1950;  S t r e e t  e_t a l . , 

1983).  The i n f e c t i o n  r a t e s  d i f f e r e d  be tween  s t u d i e s ,  

w i t h  some w o r k e r s  r e p o r t i n g  s y m p t o m a t i c  i n f e c t i o n s .  

However ,  a l t h o u g h  monkeys c o u l d  be a u s e f u l  model  f o r  

s t u d i e s  i n v o l v i n g  s m a l l  g ro up s  o f  a n i m a l s ,  t h e y  a re  

u n s u i t a b l e  f o r  most r o u t i n e  exper iments .  The i n f e c t i o n  

o f  g u in e a  p i g s  (Soszka,  1962,  1963;  Kazanowska 1966; 

Kazanowska  e t  a l . ,  1973;  M a e s t ron e  and Seraar, 1967),  

r a t s  (C av ie r  and Mossion, 1956; M ichae ls  et. elL., 1962, 

Chappaz,  1964;  M e in g a s s n e r  e_t al^., 1975) and h a m s te r s  

( K r a d o l f e r ,  1954;  U h le n h u th  and S c h o e n h e r r ,  1955) has



a l s o  been i n v e s t i g a t e d  w i t h  some success .  C a v ie r  and 

Mossion (1956) and o th e r  workers  found i t  necessary to  

o v a r i e c t o m i s e  the  r a t s  and a d m i n i s t e r  e s t r o g e n  t o  

a c h ie v e  'p e rm a ne n t  e s t r o u s '  b e f o r e  i n f e c t i o n  c o u l d  be 

a c h ie v e d .  Inde ed ,  most  w o r k e r s  have used exogenous 

estrogen.  These models t h e r e f o r e ,  w h i l e  dem ons t ra t ing  

su ccess fu l  i n f e c t i o n s ,  even i f  s h o r t - l i v e d  and not  100% 

i n f e c t i o n  r a t e ,  p r e s e n t  p r o b l e m s  o f  h a n d l i n g  i f  

ovar iec tomy o f  the an ima l  must be per formed be fo re  use 

i n  the exper iment .  In  a d d i t i o n ,  the  s i z e  o f  the  an ima ls  

means t h e y  a re  c o s t l y  i n  t e r m s  o f  m a in ten a n c e  and, i f  

used i n  c h em o th e rap y  s t u d i e s ,  d rug  a d m i n i s t r a t i o n .  

H a m s te rs  p r e s e n t  t h e  a d d i t i o n a l  problem o f  ha rbour ing  

n a t u r a l  t r i chomonads (Uhlenhuth  and Schoenherr,  1955) so 

p re - t r e a tm e n t  w i t h  drugs and cons tan t  m o n i to r in g  o f  the 

i n f e c t i o n  i s  necessary to  avo id  concomitan t  i n f e c t i o n s  

c o m p l i c a t i n g  the r e s u l t s .

A m u r in e  i n t r a v a g i n a l  model  w ou ld  be th e  most  

s u i t a b l e  f o r  i n v e s t i g a t i o n  because  mice f u l f i l  t h e  

r e q u i r e m e n t s  o f  b e in g  easy t o  h a n d le  and i n e x p e n s i v e .  

I t  i s  a l s o  p o s s i b l e  t o  o b t a i n  i n b r e d  s t r a i n s  o f  mouse 

w h ic h  s h o u ld  a l l o w  more r e p r o d u c i b l e  r e s u l t s .  There  

have been severa l  r e p o r t s  o f  a t te m p ts  to  develop such a 

model  a l r e a d y  ( C a p p u c c i n e l l i  ejt al_., 1974; W i ld fe u e r ,  

1974;  M e in g a s s n e r ,  1977;  L a n d o l f o ,  1981).  The 

i n f e c t i o n  r a t e s  a c h ie v e d  h o w e v e r ,  where  s t a t e d ,  were  

g e n e r a l l y  c o n s i d e r a b l y  l e s s  th a n  100% and d ec re a s e d  

r a p i d l y  w i t h  t i m e .  However ,  t h e  l o n g e v i t y  o f  t h e



i n f e c t i o n  was n o t  o f t e n  i n v e s t i g a t e d .  A l l  w o r k e r s  

agreed  t h a t  exogenous e s t r o g e n  i s  needed t o  e s t a b l i s h  

the  i n f e c t i o n ,  a l though  C a p p u c c in e l l i  jet al (R7iVeported 

t h a t  once i n f e c t i o n  was e s ta b l i s h e d  the p a r a s i t e s  cou ld  

s u r v i v e  i n  the  v a g i n a  i n  t h e  absence o f  exogenous 

estrogen.  W i ld fe u e r  (1974) a d m in i s te re d  c o r t i c o s t e r o i d  

t o  some m ice  t o  i n c r e a s e  th e  i n f e c t i o n  r a t e s  b u t  

r e p o r t e d  t h a t  t h i s  i m p a i r e d  t h e  s t a t e  o f  h e a l t h  o f  t h e  

animals.  He a lso  found i t  necessary to  i n f e c t  the  mice 

und e r  sod ium h e x o b a r b i t o l  n a r c o s i s .  C a p p u c c i n e l l i  e_t 

a l . (1974) found i t  necessary t o  i n f e c t  the mice on two 

consecu t i ve  days to  achieve h igh  i n f e c t i o n  ra tes .  In  no 

case was th e  i d e a l  model  a c h ie v e d  and,  i n  most  o f  t h e  

cases ,  i t  appears  t h a t  t h e  i n f e c t i o n  r a t e s ,  l o n g e v i t y  

and cons is tency  were f a r  f rom o p t im a l .  For t h i s  reason 

the  models have been used r a t h e r  l i t t l e  f o r  s tud y ing  the 

h o s t - p a r a s i t e  i n t e r a c t i o n  i n  t r i c h o m o n ia s i s .

1 .4 .  THE VAGINAL ENVIRONMENT

1 . 4 . 1 .  Comparison o f  the Es t rous  and Menst rua l  Cycles

Knowledge o f  t h e  s i m i l a r i t i e s  and d i f f e r e n c e s  i n  

the anatomy and phys io logy  o f  the  vagina o f  humans and 

m ice  i s  n e c e s s a ry  t o  e x p l o r e  m u r in e  models o f  human 

t r i c h o m o n ia s i s .  Th is i n f o r m a t i o n  could  then p o s s ib l y  be 

e x p l o i t e d  t o  a l l o w  m o d i f i c a t i o n  o f  t h e  mouse v a g i n a l  

phys io logy  to  mimic t h a t  o f  the  human. The morphology 

and h i s t o l o g y  o f  t h e  v a g i n a  i n  b o th  women and m ice
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changes th roughou t  the  m e n s t r u a l / e s t r o u s  c y c le  but  these 

changes cannot  be d i r e c t l y  compared because the  e x te r n a l  

s i g n s  a re  r e f l e c t i o n s  o f  d i f f e r e n t  i n t e r n a l  e v e n t s .  

U n t i l  t h e  1930 's  c o n f u s i o n  was such t h a t  m e n s t r u a t i o n  

was t h o u g h t  t o  be a t y p e  o f  e s t r o u s .  I t  i s  t h u s  

i m p o r t a n t  t o  u n d e r s t a n d  th e  d i f f e r e n t  s t a g e s  i n  t h e  

e s t r o u s  and m e n s t r u a l  c y c l e s  and t h e i r  a ccom pa n y in g  

morpholog ies  i f  any r e a l  compar ison between them i s  t o  

t a k e  p lace.

The p a t t e rn s  o f  hormonal a c t i v i t y  o f  women hav'ebeen 

o bse rve d  d u r i n g  n o r m a l  c y c l e s  w i t h  good a g ree m e n t  

be tween  i n v e s t i g a t o r s  (Abraham e t  a l ., 1972;  Dhont  e t  

a l . ,  1974;  M o g h i s s i  et_ al_., 1972;  S p e r o f f  and Vande 

Wie le  1971). I n f o r m a t i o n  on the mouse e s t rou s  cy c le  was 

reviewed by Bronson et_ a l . ,  (1966). The human m ens trua l  

c y c le  l a s t s  a pp ro x im a te ly  28 days w i t h  the  f i r s t  day o f  

m en s t rua t io n  being number one. M en s t rua t ion  l a s t s  about  

4 - 5  d a y s  and i s  f o l l o w e d  by a f o l l i c u l a r  o r  

p r o l i f e r a t i v e  phase,  l a s t i n g  abou t  tw o  weeks.  T h i s  

phase i s  s i m i l a r  i n  t h e  mouse a l t h o u g h  i t  i s  much 

s h o r t e r ,  and b o th  a re  c h a r a c t e r i s e d  by f o l l i c l e -  

s t i m u l a t i n g  hormone (FSH) re le ase  f rom the  p i t u i t a r y  to  

promote f o l l i c l e  growth.  Leu te in is ing hormone (LH) then 

a ids  the  development o f  the  f o l l i c l e  and p ro d u c t io n  o f  

es trogens  by the  t h e c a - i n t e r n a  c e l l s  o f  the FSH-primed 

f o l l i c l e .  The r i s i n g  e s t r o g e n  l e v e l s  be fo re  o v u l a t i o n  

depress the  s e c r e t i o n  o f  FSH and t r i g g e r  an o v u l a t o r y



surge o f  l e u te in is in g  hormone w i t h  r e s u l t i n g  ru p tu re  o f  

the  f o l l i c l e  and o v u la t io n .

P r o g e s t e r o n e  i s  a l s o  s e c r e t e d  t h r o u g h o u t  t h e  

p r e o v u la to r y  stage i n  both the  female  and the  mouse bu t ,  

i n  humans, the  progesterone  i s  secre ted  i n  a s s o c i a t i o n  

w i t h  e s t r o g e n  by t h e  t h e c a - i n t e r n a  c e l l s  o f  t h e  

G r a a f i a n  f o l l i c l e .  I n  t h e  mouse i t  i s  s e c r e t e d  by t h e  

i n t e r s t i t i a l  t i s s u e  w h ic h  p ro du c e s  an enorm ous p r e ­

o v u l a t o r y  surge o f  p rogesterone a lm os t  c o in c i d e n t  w i t h  

t h e  LH peak.  T h is  f o r m s  t h e  e s s e n t i a l  f u n c t i o n  o f ,  i n  

c o m b i n a t i o n  w i t h  e s t r o g e n ,  p r o d u c i n g  b e h a v i o u r a l  

e s t r o u s ,  marked by i n c r e a s e d  a c t i v i t y ,  l o r d o s i s  and 

acceptance o f  the male.

The n e x t  s ta g e  i n  b o th  women and m ice  i s  t h a t  o f  

l e u tn in i s a t i o n  o f  the G raa f ian  f o l l i c l e  to  form a corpus 

luteum and s e c re t i o n  o f  l a rg e  amounts o f  p roges terone.  

The f a t e  o f  the, corpus lu te u m  i n  women and m ic e  t h e n  

d i f f e r s .  In  women the  corpus luteum has a l i f e  o f  about  

14 days d u r in g  which i t  se c re tes  l a r g e  amounts o f  17®< -  

h y d r o x y p r o g e s t e r o n e ,  p r o g e s t e r o n e  and e s t r a d i o l  17-yS. 

I t t h e n  r e g r e s s e s  c a u s i n g  a d ro p  i n  l e v e l s  o f  a l l  t h r e e  

s t e r o i d s  and subsequent spasm o f  e n d o m ^ e t r ia l  a r t e r i e s .  

The e p i t h e l i u m  i s  s loughed o f f  and a new c y c le  begins.

The m u r in e  c y c l e  i s  such t h a t  i f  no m a t i n g  o c c u r s  

d u r in g  o v u l a t i o n  the corpus luteum never r e a l l y  becomes 

f u n c t i o n a l  and another e s t rou s  cy c le  s t a r t s ,  making the  

w h o l e  c y c l e  4 - 5  d a y s .  I f  m a t i n g  d oe s  o c c u r  t h e
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mechanical  s t i m u l a t i o n  o f  the c e r v i x  a c t i v a t e s  re le ase  

o f  p r o l a c t i n  f ro m  t h e  p i t u i t a r y  w h ic h  i s  needed to  

render the  corpus lu teum f u l l y  f u n c t i o n a l .  The l u t e a l  

phase i f  no p r e g n a n c y  o c c u r s  i s  t h e n  11-12  days m ak ing  

t h e  w h o le  e s t r o u s  c y c l e  13-14  days .  T h i s  a b i l i t y  t o  

ab b re v ia te  the  e s t ro u s  cy c le  thus in c reases  the chance 

o f  success fu l  re p ro d u c t i o n  by in c re a s in g  the  p ro p o r t i o n  

o f  t im e  the  female  w i l l  re ce ive  the male.

There  a re  t h u s  many d i f f e r e n c e s  i n  t h e  c y c l i c a l  

n a t u r e  o f  women and m ic e ,  t h e  most  o b v i o u s  b e in g  th e  

le n g th  o f  the  whole c y c le ,  the  t im e s  a t  which the  female 

can r e c e i v e  t h e  ma le  and t h e  r e l a t i v e  u n i m p o r t a n c e  o f  

the l u t e a l  phase i n  the  unmated mouse. The a b b r e v ia t i o n  

o f  t h e  l u t e a l  phase means t h a t  t h e  mouse does n o t  

c y c l i c a l l y  b u i l d  up e n d o m e t r i u m  i n  p r e p a r a t i o n  f o r  

p re g n a n c y .  There  i s  t h u s  no r e g u l a r  b l o o d  l o s s .  The 

t i m i n g  o f  the  c y c le  i n  r e l a t i o n  to  e x te r n a l  f a c t o r s  a lso  

d i f f e r s .  The p e r io d  o f  e s t rou s  and t i m i n g  o f  o v u l a t i o n  

i n  the  mouse are n o r m a l l y  c o n t r o l l e d  by d i u r n a l  rhythms 

o f  l i g h t  and darkness.  Revers ing the  t im e  o f  l i g h t  and 

d a r k n e s s  r e v e r s e s  t h e  t i m e  o f  e s t r o u s  and o v u l a t i o n  

( S n e l l  e t  a l ., 1940).  I t  i s  t h o u g h t  t h a t  t h e  m i d - p o i n t  

o f  the  o v u l a t i o n  i s  de te rm ined  more by the  m id - p o in t  o f  

t h e  d a r k  phase t h a n  t h e  o n s e t  o r  c o m p l e t i o n  (B ra den ,  

1957).  I n  c o n t r a s t ,  women do n o t  e x h i b i t  e x t e r n a l  

i n f l u e n c e  over t h e i r  m ens trua l  cyc le .  A d iagram o f  the 

human m ens t rua l  c y c le  and the r a t  es t rous  c y c le  found to
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be very  s i m i l a r  t o  the  mur ine cyc le )  i s  g iven  i n  F igu re  

2 .

The changes  i n  h o rm o n a l  s u p p o r t  o f  t h e  f e m a le  

vag ina  cause accompanying c h a r a c t e r i s t i c  changes i n  the 

s t r u c t u r e .  D u r i n g  t h e  f o l l i c u l a r  phase ,  when o o c y t e s  

are undergoing m a tu r a t io n  befo re  be ing  ovu la te d ,  the re  

i s  inc reased  m i t o s i s  i n  basa l  and parabasa l  l a y e r s  w i t h  

an i n c r e a s e  i n  e p i t h e l i a l  t h i c k n e s s  and number o f  

l a y e r s .  There i s  an inc reased  accum u la t io n  o f  g lycogen 

i n  i n t e r m e d ia t e  t r a n s i t i o n a l  and s u p e r f i c i a l  l a y e r s  and 

l i p i d  d r o p l e t s  ap p e a r  d u r i n g  l a t e  f o l l i c u l a r  phase 

( A v e r e t t e  e t  a l ., 1970).

L u t e a l  phase i s  c h a r a c t e r i s e d  by d e s q u a m a t io n  o f  

c e l l s  b e f o r e  c o m p le t e  d i f f e r e n t i a t i o n .  The n u c le u s  

s h r i n k s ,  becomes i r r e g u l a r  i n  shape and p y k n o t i c .  The 

edges o f  the  c e l l s  r o l l  back g i v i n g  the  c h a r a c t e r i s t i c  

p a t t e r n  o f  e x f o l i a t i o n .  E x f o l i a t e d  c e l l s  appear  

w r i n k l e d  w i t h  lo s s  o f ,  o r  obscured,  s u r face  r id g e s  and 

are  shed i n t o  the  v a g in a l  lumen. G lycogen i s  degraded 

i n t r a c e l l u l a r l y  by lysosomal enzymes l e a v in g  empty spaces 

(Burgos and Roig de Vargas L in a res ,  1978).

The e f f e c t  o f  t h e  c h a n g in g  hormone l e v e l  can be 

shown t o  have c h a r a c t e r i s t i c  e f f e c t s  on t h e  m u r in e  

v a g i n a l  t r a c t  ( A l l e n ,  1922).  V a g i n a l  smears  ta k e n  

t h r o u g h o u t  t h e  c y c l e  f a i t h f u l l y  r e f l e c t  changes i n  

v a g in a l  c y to l o g y  (Papan ica laou,  1923). Th is  shows t h a t  

e s t r o g e n s  in d u c e  an i n c r e a s e d  m i t o t i c  a c t i v i t y  i n  t h e
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Figure 2. Hormone changes in the rat estrous cycle
and the human menstrual cycle
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v a g i n a l  s u r f a c e  e p i t h e l i u m  w i t h  a t e n d e n c y  t o  

kercvt i ncase. The c y c l i c  changes  i d e n t i f i e d  t h u s  are  

g i v e n  i n  T ab le  1 and th e  a cc o m p a n y in g  c e l l  t y p e s  a re  

shown i n  F igu re  3.

I n  a p o l y e s t r o u s  a n i m a l ,  such as t h e  mouse, one 

c y c l e  i s  u s u a l l y  f o l l o w e d  by a n o t h e r  one. The human 

f e m a l e  e n t e r s  a p r o l o n g e d  s t a t e  o f  a n e s t r o u s  w i t h  t h e  

v a g i n a  and o t h e r  p a r t s  o f  t h e  g e n i t a l  t r a c t  i n  a 

regressed s t a t e .

The h is to c h e m ic a l  changes d u r in g  e s t rou s  have a ls o  

been s t u d i e d  and B a lm a in  e_t a l . , (1936) found  t h a t

co n s id e ra b le  amounts o f  g lycogen are found i n  the  mouse 

v a g i n a  a f t e r  k e r ^ i i n i s a t i o n  and t h i s  i s  p r o b a b l y  

c o m p a r a b le  t o  t h e  i n c r e a s e  i n  g l y c o g e n  i n  t h e  human 

female d u r ing  the l a t e  f o l l i c u l a r  phase. L i p i d  d r o p le t s  

appear p o s s ib l y  s l i g h t l y  l a t e r  i n  the  c yc le  i n  the mouse 

than i n  humans. ,

1 . 4 . 2 .  Composi t ion and C h a r a c t e r i s t i c s  o f  Vag ina l  Secre t ions

The vaginae o f  both mice and women are covered w i t h  

s t r a t i f i e d  squamous e p i t h e l i u m  and c o n t a i n  no g l a n d s ,  

e x c e p t  f o r  B a r t h o l i n ' s  and Skene 's  g la n d s  nea r  t h e  

u r e th a l  o r i f i c e  i n  women and p a i re d  c l i t o r a l  g lands i n  

mice. Vag ina l  d ischarge i s  t h e r e f o r e  p redo m in an t ly  f rom 

t r a n s u d a t e  t h r o u g h  th e  v a g i n a l  e p i t h e l i u m  and f ro m  

c e r v i c a l  mucus.  I t  c o n t a i n s  e x f o l i s a t i n g  e p i t h e l i a l  

c e l l s ,  e n d o m e t r ia l  and t u b a l  f l u i d  and leucocy tes .  The
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Table 1 Summary o f  events du r ing  estrous cyc le  o f  the mouse.

Stage Length Vaginal Smear Associated events

Proestrous 12 hours nucleated e p i t h e l i a l  
c e l l s

f o l l i c l e s  in  ovary growing 
fas t ;  corpus luteum 
regresses

Estrous 12 hours few co rn i f ied  c e l l s f o l l i c l e s  maximum size; 
acceptance o f  male; 
lordosis

Ear ly
Metaestrous

15 hours many co rn i f ied  c e l l s ovulat ion;  c o rn i f ied  
layer  o f  vagina becomes 
detached

Late
Metaestrous

6 hours co rn i f ied  c e l l s  plus 
many leucocytes

New corpus leteum

Diestrous 57 hours leucocytes plus 
nucleated e p i t h e l i a l  
c e l l s

funct ional  corpus leteum 
during ear ly  par t

Adapted from Al len (1922) and gronson et  a l .  (1966).
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Proestrous
Metaestrous

Estrous
Diestrous

Vaginal cycle in the mouse.
The cell types obtained in a vaginal smear. In 
proestrous nucleated epithelial cells; in estrous 
cornified squamous cells only; during metaestrous 
squamous cells ana leucocytes are present, while 
the diestrous smear is composed of nucleated cells, 
leucocytes and mucus.
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p r o p o r t i o n  and amoun t ,  o f  each c o n s t i t u e n t  v a r i e s  

t h r o u g h o u t  t h e  e s t r o u s  and m e n s t r u a l  c y c l e s ,  (see 

Paavonen 1983 f o r  re v ie w ) .

L i t t l e  i n f o r m a t i o n  i s  a v a i l a b l e  on the  c o n s t i t u e n t s  

o f  mouse v a g in a l  s e c r e t i o n s  beyond what has a l re a d y  been 

s t a t e d ,  so m o s t  d i s c u s s i o n  i s  l i m i t e d  t o  human 

s e c r e t i o n s .  The m a j o r  o r g a n i c  c o n s t i t u e n t s  a r e  

p r o t e i n s ,  c a r b o h y d r a t e s ,  u re a  and f a t t y  a c i d .  The 

va g in a l  f l u i d  p r o te i n s  a r i s e  f rom t ra n s u d a t io n  o f  serum 

p r o t e i n s  and f ro m  p r o t e i n s  p roduced  i n  t h e  c e r v i x  and 

upper vagina.  The ma jo r  p r o t e i n  components are a lbumin ,  

immunog lobu l ins  and amino ac ids  (Huggins & P r e t i ,  1981). 

The v a g in a l  f l u i d  o f  a l l  women co n ta in s  ac id s ,  p r i m a r i l y  

a c e t i c  and l a c t i c ,  and i n  some women t h e y  a re  a t  h i g h  

l e v e l s .  The p r o d u c t i o n  n o r m a l l y  i n c r e a s e s  d u r i n g  t h e  

m i d - c y c l e  and d e c r e a s e s  d u r i n g  t h e  l u t e a l  p h a s e  

( M i c h a e l ,  B o n s p l l  & W a rne r ,  1974).  Most  o f  t h e s e  

o r g a n i c  a c i d s  a r e  t h o u g h t  t o  a r i s e  as m e t a b o l i c  

e x c r e t i o n s  f ro m  t h e  v a g i n a l  f l o r a  w h ic h  d eg ra de  t h e  

g lycogen i n  the  v a g in a l  e p i t h e l i u m .

The pH o f  the  normal  human vagina can va ry  between 

4.1 a t  day 14 t o  pH 7.8 a t  day 2, and depends on t h e  

p a t i e n t  and a rea  o f  v a g in a .  The mean v a g i n a l  pH has 

been fou nd  t o  be s i g n i f i c a n t l y  h i g h e r  on day 2, (6.6 +

0.3) t h a n  day 4 (5.3 + 0.3)  and day 14 (4.2 + 0.2)  i n  

a l l  18 p a t i e n t s  i n v e s t i g a t e d  (Wagner & O t t e s o n ,  1982).  

T r a d i t i o n a l l y  t h e  pH changes  a re  t h o u g h t  t o  be due t o  

e s t r o g e n  c a u s i n g  an i n c r e a s e  i n  t h e  v a g i n a l  g l y c o g e n  

con ten t  and subsequent  deg rada t ion  o f  t h i s  to  l a c t a t e  by
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l a c t o b a c i l l i  (Cruickshank and Sharman, 1934). Evidence 

e x i s t s ,  h o w e ve r ,  t o  i n d i c a t e  t h a t  e s t r o g e n  i s  a b l e  t o  

l o w e r  v a g i n a l  pH b e f o r e  an i n c r e a s e  i n  l a c t o b a c i l l u s  

C o lo n isa t io n  (Lewis and W e ins te in ,  1936; W e in s te in  and 

Howard,  1939).  The a p p a r e n t  r e l a t i o n s h i p  b e tw e e n  

v a g i n a l  a c i d i t y  and th e  p re sen ce  o f  l a c t o b a c i l l i  may 

s im p ly  r e f l e c t  the  f a c t  t h a t  r e l a t i v e l y  few spec ies  o f  

b a c te r i a  are s u i t e d  to  g rowth  i n  an ac id  env i ronment .

The pH o f  t h e  m u r in e  v a g in a  has n o t  been r e p o r t e d  

b u t  t h e r e  i s  i n f o r m a t i o n  on th e  v a g i n a l  pH o f  t h e  r a t .  

These two spec ies have s i m i l a r  es t rous  cyc les  and so the  

i n t r a v a g i n a l  e n v i r o n m e n t  may a l s o  be s i m i l a r .  I t  was 

found t f i a t ,  i n  complete c o n t r a s t  to  the c y c l i c a l  na tu re  

o bs e rv e d  i n  humans,  t h e  r a t  v a g in a  i s  m a i n t a i n e d  a t  

a round  n e u t r a l  pH t h r o u g h o u t  t h e  g e n i t a l  t r a c t  d u r i n g  

t h e  w h o le  e s t r o u s  c y c l e  (B la n d a u  e t  a l . ,  1938;  L a r s e n  

et  a l . , 1976). '

1 . 4 . 3 .  The M i c r o b ia l  F lo ra

The i n t e r r e l a t i o n s h i p s  between m i c r o b i a l  f l o r a  and 

v a g in a l  p hys io lo gy  are not  ye t  understood and l i t e r a t u r e  

i s  sparse i n  t h i s  area. However, i t  i s  known t h a t  many 

f a c t o r s  such as g l y c o g e n  c o n t e n t  o f  e p i t h e l i a l  c e l l s ,  

p r e g n a n c y ,  use o f  c o n t r a c e p t i o n ,  c o i t u s ,  pH and 

adherence o f  b a c t e r i a l  c e l l s  do i n f l u e n c e  the  m i c r o b i a l  

f l o r a .  The r e p r o d u c t i v e  hormones p ro du ce  numerous 

p h y s i o l o g i c a l  changes  i n  t h e  h o s t  and a p p e a r s  t o
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i n f l u e n c e  m ic r o b ia l  f l o r a  to  a l a rg e  e x te n t  (see rev iew 

Paavonen, 1983).

Whi le  presence or  absence o f  o v a r ia n  a c t i v i t y  has 

been repo r te d  to  have no e f f e c t  on v a g i n a l  c o l o n i s a t i o n  

i n  women (Osborne e t  a l . ,  1974) ,  L a r s e n  e t  a l ., (1977) 

re p o r te d  t h a t  es trogen caused a s i g n i f i c a n t  in c rease  i n  

the v a g in a l  f l o r a  o f  r a t s ,  p a r t i c u l a r l y  not iceable w i t h  

resp ec t  t o  anaerobes. The i n f l u e n c e  o f  normal  menst rua l  

c y c le s  on g e n i t a l  m i c r o f l o r a  has a lso  been documented, 

a l t h o u g h  r e s u l t s  o f  d i f f e r e n t  i n v e s t i g a t i o n s  v a r y  

con s ide ra b ly .  Thus B a r l e t t  e t .  a l . (1977) re p o r te d  t h a t  

t h e  c o n c e n t r a t i o n  o f  anae ro bes  i n  t h e  human v a g i n a  i s  

m a in ta ined  a t  r e l a t i v e l y  cons tan t  l e v e l s  th roughou t  the 

mens t rua l  cyc le ,  whereas p re m e n s t ru a l l y  th e re  i s  a 1000- 

f o l d  decrease i n  c o n c e n t r a t io n s  o f  a e ro b ic  b a c te r ia .  In 

c o n t r a s t ,  Brown (1982) found  t h a t  a e r o b i c  b a c t e r i a  

outnumbered anaerobic i n  the mens trua l  and p rem ens t rua l  

c y c le s  and th a t  whereas the  number o f  a e ro b ic  b a c t e r i a  

r e m a i n e d  r e l a t i v e l y  c o n s t a n t  t h e r e  was a marked 

v a r i a t i o n  w i t h  a n a e r o b i c  b a c t e r i a .  He r e p o r t e d  

p r e m e n s t r u a l  s p e c im en s  u s u a l l y  c o n t a i n e d  t h e  h i g h e s t  

number o f  b a c t e r i a  (a p p ro x im a te ly  10^ /m l)  bu t  the lo w e s t  

number o f  s p e c i e s  ( a p p r o x i m a t e l y  11) .  The m e n s t r u a l  

s p ec im en s  c o n t a i n e d  t h e  l o w e s t  number  o f  b a c t e r i a  

( a p p r o x i m a t e l y  4 x 1 0 ^ / m l )  and t h e  h i g h e s t  number o f  

spec ies (a p p ro x im a te ly  14). Most o f  the  d i f f e r e n c e  i n  

counts was due to  anaerob ic  b a c te r ia .  B a r l e t t  and Polk 

(1984) found the number o f  ae rob ic  b a c t e r i a  t o  be h ig he r
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d u r i n g  th e  f i r s t  week o f  t h e  c y c l e  and s u b s e q u e n t l y  

decreased i n  the  p remens t rua l  week. In  t h i s  case they 

r e p o r t e d  t h a t  t h e  number o f  a n a e r o b i c  b a c t e r i a  was 

r e l a t i v e l y  c o n s i s t e n t  a t  each i n t e r v a l  assessed. Larsen 

and Galask  (1982) found  a g r e a t e r  number o f  o r g a n i s m s  

dur ing  m e ns t rua t ion  than a f te rw a rd s .  The e f f e c t  was not  

s e l e c t i v e  w i t h  respec t  to  anaerobes. Mehta (1982) found 

t h a t  t h e r e  was no c o r r e l a t i o n  be tween  th e  h o r m o n a l  

s t a t u s  o f  t h e  v a g in a  and g r o w t h  o f  e i t h e r  a e r o b i c  o r  

anaerobic  b a c t e r i a .

There i s  l i t t l e  i n f o r m a t i o n  a v a i l a b l e  on m u r i n e  

b a c t e r i a l  f l o r a  b u t  c y c l i c a l  changes i n  t o t a l  numbers  

have been re por ted .  C o rb e i l  _et_ a l . ,  (1985) found a more 

th a n  f i f t y - f o l d  i n c r e a s e  i n  b a c t e r i a l  f l o r a  a t  e a r l y  

m e t a e s t r o u s  compared  t o  any o t h e r  s ta g e  o f  t h e  c y c l e ,  

w i t h  t h e r e  b e i n g  no b a c t e r i a  d e t e c t a b l e  a t  e a r l y  

p roes t rous  and d ie s t r o u s .  More i n f o r m a t i o n  i s  a v a i l a b l e  

on th e  r a t  v a g i n a l  f l o r a  w h ic h  a l s o  shows c y c l i c a l  

changes .  H igh  numbers o f  b a c t e r i a  a re  p r e s e n t  a ro un d  

es trous  and low numbers d u r ing  the remain ing  p a r t  o f  the 

c y c l e  (Van d e r  S choo t ,  1975;  La rsen  et_ a l ., 1976;  

K o i t e r  ert _al., 1977). Th is i n f o r m a t i o n  agrees w i t h  t h a t  

r e p o r t e d  by C o r b i e l  et_ al_. i n  f i n d i n g  low  numbers  o f  

b a c t e r i a  d u r ing  d ie s t r o u s  and high  b a c t e r i a l  l e v e l s  are 

o n l y  p r e s e n t  i f  t h e r e  a re  low  numbers o f  n e u t r o p h i l s ,

i . e .  a ro und  e s t r o u s .  L a rsen  e t  a l . ,  (1977) s u g g e s te d  

t h a t  the c y c l i c a l  v a r i a t i o n  i n  b a c t e r i a l  con ten t  o f  the 

r a t  vagina cou ld  be exp la ined  p r i m a r i l y  as the  e f f e c t  o f
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the  s e c re to ry  p a t t e r n  o f  ovar ian  est rogen.  A f a i l u r e  to  

i s o l a t e  any anaerobic b a c te r ia  f rom o v a r iec tom ise d  r a t s  

has been re por ted ,  whereas normal  r a t s  were shown to  be 

c o l o n i s e d  r e a d i l y  by a n a e r o b i c  f l o r a  (L a rs e n  e_t a l . ,  

1977). They suggested t h a t  the es trogen i s  im p o r ta n t  i n  

r e g u l a t i n g  the  va g ina l  f l o r a  bu t  because o f  the t im e  lag 

b e tw ee n  s t e r o i d  a d m i n i s t r a t i o n  and t h e  e f f e c t  o f  the  

hormones on b a c t e r i a l  counts i n  o v a r ie c to m is e d  r a t s ,  i t  

i s  p r o b a b l y  m e d ia te d  r a t h e r  t h a n  d i r e c t .  A ls o  the  

f i n d i n g  t h a t  p la s m a  e s t r a d i o l  i s  m ax im um  d u r i n g  

p r o e s t r o u s  and low  d u r i n g  e s t r o u s  ( S m i t h  e t  a l .  1975) 

w he reas  b a c t e r i a  a re  i n  h i g h e s t  number d u r i n g  e s t r o u s  

a lso  suggests t h a t  a secondary f a c t o r  i s  in vo lved .

An a s s o c i a t i o n  be tween l a r g e  am oun ts  o f  c e l l u l a r  

d e b r i s  i n  the  va g in a l  lumen o f  r a t s  and l a rg e  numbers o f  

b a c t e r i a  has been r e p o r t e d  and i t  has been s u g g e s te d  

t h a t  t h e  e x f o l i a t e d  c e l l s  a re  t h e  f a c t o r  s t i m u l a t i n g  

g rowth  o f  the b a c te r ia  (K o i t e r  _et al_., 1977). Larsen ert 

a l ., (1977) r e p o r t  b a c t e r i a l  c o l o n i s a t i o n  o c c u r r in g  co- 

i n c i d e n t l y  w i t h  c o r n i f i c a t i o n .  They  f o u n d  t h e  

e x f o l i a t e d  c e l l s  were co lon ised  by a v a r i e t y  o f  b a c te r i a  

and suggested t h a t  the e f f e t e ,  e x f o l i a t i n g  c e l l s ,  i n  the 

e s t r o g e n - s t i m u l a t e d  v a g in a ,  may r e l e a s e  a b a c t e r i a l  

g r o w t h - p r o m o t i n g  s u b s ta n c e .  The i n f o r m a t i o n  f rom  

C o r b e i l  _et_ a_l., (1985) a l s o  shows many d e s q u a m a t in g  

c e l l s  i n  t h e  m u r in e  v a g in a ,  w i t h  l u m i n a l  s u r f a c e s  

c o v e r e d  i n  b a c t e r i a .  The s u g g e s t i o n  o f  e f f e t e  c e l l s  

r e l e a s i n g  g r o w t h - p r o m o t i n g  s u b s ta n c e s  p u t  f o r w a r d  by

26



et al. (1977) and Larsen et al. (1977^may thus  be r e le v a n t  to  

mice as w e l l  as r a t s .

W h i l e  r e l a t i v e  numbers o f  b a c t e r i a  a re  i m p o r t a n t  

when compar ing rodent  and human va g in a l  f l o r a ,  i t  may be 

j u s t  as u s e fu l  to  compare b a c t e r i a l  spec ies  c o lo n i s i n g  

t h e  v a g i n a .  The f l o r a  o f  t h e  human v a g i n a  i s  

c o n t r o v e r s i a l  but  the  concept o f  aerob ic  l a c t o b a c i l l i  as 

the 'dominant '  organism has g r a d u a l l y  been m o d i f i e d  as 

t h e  r e s u l t  o f  q u a n t i t a t i v e  m e t h o d s  and i m p r o v e d  

anaerob ic  te c h n iq ue s .

Ideas on the c o n s t i t u t i o n  o f  a e rob ic  v a g in a l  f l o r a  

h ave  n o t  c h a n g e d  -  l a c t o b a c i l l i ,  c o r y n e b a c t e r i a ,  

coagulase -  nega t i ve  s tap h y lo co cc i  and s t r e p t o c o c c i  are 

s t i l l  cons idered  to  be the most common organ isms (W i lks  

et__al . , 1982).  What has changed i s  D o d e r l e i n ' s  c o n c e p t  

t h a t  t h e  v a g i n a l  f l o r a  i s  e s s e n t i a l l y  homogenous and 

c o n s i s t s  a l m o s t ■e n t i r e l y  o f  l a c t o b a c i l l i .  W i lks  et  a l . ,  

(1982) f ou nd  v a r i a b l e  c o n c e n t r a t i o n s  o f  L a c t o b a c i l l u s  

sp. i n  p a t i e n t s ,  i t  b e in g  d o m in a n t  i n  tw o  o u t  o f  f i v e  

p a t i e n t s .  La rsen  and Ga lask  (1982) f ou nd  a e r o b i c  

L a c t o b a c i l l u s  sp. i n  Ql% o f  p a t i e n t s  and B a r l e t t  and 

P o l k  (1984) and F a i r  e_t a l . , (1970) fou n d  a e r o b i c

Lac t o  b a c i l l u s  sp. i n  58 and 57 p e r  c e n t  o f  women, 

r e s p e c t i v e l y .

The n u m e r i c a l l y  d o m in a n t  a n a e r o b i c  b a c t e r i a  a re  

g r a m - p o s i t i v e  cocc i  (peptococc i  and pep tos t rep tococc i jand  

g r a m - p o s i t i v e  b a c i l l i  ( l a c t o b a c i l l i ,  e u b a c t e r i a  and
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c h l o s t r i d i a )  ( B a r l e t t  and Polk,  1982). However, Hamman 

(1982) found anaerobic  b a c t e r i a  to  be absent  f rom 65?o o f  

p a t i e n t s  under i n v e s t i g a t i o n .

The s p e c i e s  o f  b a c t e r i a  found  i n  t h e  r a t  v a g in a  

d i f f e r - ,  cons ide ra b ly  from t h a t  o f  humans, r e f l e c t e d  by a 

r e l a t i v e l y  low presence o f  l a c t o b a c i l l i  (Larsen j3t_ a l ., 

1976;  K o i t e r  ejt j a l . ,  1977).  L a r s e n  e t  a l . ,  (1976) and 

Yamada et_ _al., (1983) found the  dominant  organisms to  be 

s t r e p t o c o c c i  and b a c t e r i o d a c e a e .  Both  pap e rs  a l s o  

r e p o r t  a h ig h  f r e q u e n c y  o f  P a s t e u r e l l a  p g e u m o t r o p i c a  

w h ic h  has n o t  been i s o l a t e d  f ro m  t h e  human v a g in a .  

L a r s e n  e_t a_l., (1976)  a l s o  n o te d  a h i g h  f r e q u e n c y  o f  

P r o te u s  s p , w h ich  i s  i s o l a t e d  f ro m  l e s s  th a n  10?o o f  

human v a g i n a l  c u l t u r e s .  The a u t h o r s  s p e c u l a t e d  th e  

d i f f e r e n c e s  i n  f l o r a  may be due t o  d i f f e r e n c e s  i n  

m i c r o e n v i r o n m e n t s  p r o v i d e d  by humans and r a t s  -  

e s p e c i a l l y  the d i f f e r e n c e  i n  pH v a l u e s .  A l t e r n a t i v e l y  

t h e re  may be d i f f e r e n c e s  due t o  the  a s s o c ia t i o n  o f  r a t s  

w i t h  t h e i r  f a e c a l  m a t e r i a l  i n  t h e i r  cages.  T h i s ,  

however,  i s  le s s  l i k e l y  as the  predominant  organisms i n  

t h e  fa e c e s  o f  r a t s  i . e .  l a c t o b a c i l l i ,  s t a p h y l o c o c c i ,  

p i f i d o b a c t e r i a  and c l o s t r i d i a  ( M i t s u o k a  & K a n e u c h i ,  

1977) were i s o l a t e d  f rom the  vagina  i n f r e q u e n t l y  or  not

a t  a l l  (Yamada e t  a l ., 1983).

1 .4 .4 .  E f f e c t  o f  T. v a g i n a l i s  c>n the  Vag in a l  Envi ronment

As m e n t io n e d  e a r l i e r  t h e  pH o f  t h e  n o r m a l  h e a l t h y  

human vagina i s  s l i g h t l y  ac id  (Stamey and Kaufman, 1975;
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P a rso n s  e_t a_l., 1977;  Wagner and O t t e s o n ,  1982) and i t  

has been sugges ted  t h a t  t h i s  i s  a s i g n i f i c a n t  d e fe nce  

mechan ism (Stamey and T im o th y  1975).  I n  c o n t r a s t  t h e  

v a g in a l  pH o f  women w i t h  t r i c h o m o n a l  v a g i n i t i s  i s  pH 5-6 

(P a rs o n s  e t  a l . ,  1977).  A change i n  pH i s  p re s u m a b ly  

c o r r e l a t e d  w i t h  a change i n  b a c t e r i a l  f l o r a .  V a g i n a l  

f l u i d  f rom normal women was found to  be b a c t e r i c i d a l  t o  

E s c h e r i c h i a  c o l i , b u t  when t h e  pH was i n c r e a s e d  w i t h  

so d ium  h y d r o x i d e ,  t h e  same f l u i d  s u p p o r t e d  b a c t e r i a l  

growth .  Yeaw (1940) found t h a t  most b a c t e r i a  grew w e l l  

i n  u r i n e  a t  pH .5-7 but  were k i l l e d  below pH 4.4. I t  has 

a l s o  been sugges ted  t h a t  t h e  b a c t e r i c i d a l  a c t i v i t y  o f  

v a g in a l  f l u i d  may be due to  an a n t i m i c r o b i a l  f a c t o r ,  as 

was f o u n d ,  bu t  no t  i d e n t i f i e d ,  i n  p r o s t a t i c  f l u i d  

(S tamey e_t jelL., 1968).

There i s  very l i t t l e  i n f o r m a t i o n  on the  a s s o c ia t io n  

be tw e e n  th e  n o rm a l  v a g i n a l  f l o r a  and t r i c h o m o n a d s  i n  

humans, but  Trusse l  (1947) and Robinson and Mirchandani  

(1965) and Thadepa l l i  et_ a l . ,  (1973) found a decrease i n  

l a c t o b a c i l l i  i n  p a t i e n t s  w i t h  t r i c h o m o n ia s i s .  Goldacre 

e t  a l . ,  (1980) r e p o r t e d  an i n c r e a s e  i n  t h e  number o f  

anaerobes i n  p a t i e n ts  w i t h  t r i c h o m o n ia s i s .  Parsons e t  

a l ., (1977) and Pfau and Sacks (1981) f oun d  many g ram -  

n eg a t i v e  e n t e r i c  b a c te r i a ,  m a in ly  E s c h e r i c h ia  c o l i , w i t h  

a h ea v ie r  i n t r o i t a l  c o l o n i s a t i o n  by c o l o n i c  o rg a n is m s .  

In  c o n t r a s t  W i lks et_ a l ., (1984) found t h a t  the presence 

o f  T^ v a g i n a l i s  d id  not  g r e a t l y  a f f e c t  the  v a g in a l  f l o r a  

when compared to  the c o n t r o l  group i n  the  study.
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1 .5  PATHOGENICITY OF T. VAGINALIS

The p a t h o g e n i c i t y  o f  T^ v a g i n a l i s  may depend on 

many f a c t o r s  such as e s ta b l i s h m e n t  and c o l o n i s a t i o n  o f  a 

s u i t a b l e  s i t e ,  r e s i s t a n c e  o r  e v a s io n  o f  h o s t  d e fe n c e  

m e c h a n is e s ,  d i r e c t  t i s s u e  damage by the p ro du c t io n  o f  

t o x i n s  o r  c o n t a c t - d e p e n d a n t  mechan isms,  o r  i n d i r e c t  

damage such as in f l a m m a t io n .

Successfu l  c o l o n i s a t i o n  o f  a su r face  depends on the 

adhe rence  o f  t h e  m i c r o o r g a n i s m  t o  e p i t h e l i a l  c e l l s  

(Smith ,  1977) so i t  i s  p robab le  t h a t  t r i chomonads must 

e s t a b l i s h  themselves r a p i d l y  t o  avoid  being washed away 

w i t h  mucosal s e c re t i o n s .  Adherence o f  Jj_ v a g i n a l i s  to  

e p i t h e l i a l  c e l l s  has o f t e n  been repor ted .  Ovt f inikov e t  

a l . , ( 1975 ) ,  u s in g  s p e c im e n s  f ro m  i n f e c t e d  p a t i e n t s ,  

re p o r te d  amoeboid forms o f  t r ichomonads w i t h  pseudopodia 

c a p a b le  o f  p e n e t r a t i n g  e p i t h e l i a l  c y t o p la s m .  They 

s t a t e d  i n  c o n c l u s i o n  t h a t  t h i s  a t t a c h m e n t  i s  f o r  

p h a g o c y t o s i s  r a t h e r  t h a n  f i x a t i o n  t o  t h e  e p i t h e l i u m .  

K r u e g e r  ert a_l ., ( 1 9 8 5 ) ,  h o w e v e r ,  r u l e d  o u t  t h i s  

p o s s i b i l i t y  by t h e  use o f  r a d i o l a b e l l e d  t a r g e t  c e l l s .  

There  have been many o t h e r  r e p o r t s  o f  a t t a c h m e n t  o f  

t r ichomonads to  va r ious  mammalian c e l l  types ( F a r r i s  and 

H o n ig b e rg  1970; Hea th ,  1981;  A l d e r e t e  and P e a r lm a n ,  

1984; Rasmussen ^ t  a l ., 1986).

The p a t h o g e n i c  e f f e c t  t o w a r d s  t i s s u e  c u l t u r e  has 

v a r i o u s l y  been r e p o r t e d  t o  be due t o  t h e  r e l e a s e  o f
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e x t r a c e l l u l a r  t o x i n s  o r  t h e  m e c h a n i c a l  p ro c e s s  o f  

a t t a c h m e n t .  There a re  v a r i o u s  r e p o r t s  o f  v e r t e b r a t e  

c e l l  i n j u r y  due to  exposure to  c e l l - f r e e  f i l t r a t e s  o f  

o l d  t r i c h o m o n a d  c u l t u r e s  (Hogue, 1943;  H on igbe rg  and 

E w a l t ,  1961) N ie lson and N ie lson  (1973) a lso  specu la ted 

t h a t  s ince  t r i chomonads were not  p resen t  i n  every area 

o f  e p i t h e l i a l  d i s r u p t i o n ,  most  c y to p a th o lo g y  re s u l t e d  

f ro m  c e l l - f r e e  c y t o t o x i n s .  P in d a k  e_t a l . , (1986)

s u p p o r t e d  t h i s  v ie w .  A l t h o u g h  t h e y  c o n f i r m e d  t h a t  a 

f o c a l  l e s i o n  i s  p roduced  by a d d in g  v a g i n a l i s  t o  a 

c u l t u r e  o f  mammal ian  c e l l s ,  t h e y  o bse rved  t h a t  t h e  

l e s i o n  expanded u n t i l  the e n t i r e  monolayer was destroyed 

and a substance i n  the medium prevented the at tachment  

o f  a new monolayer.

The o t h e r  p o s s i b l e  mechan ism o f  p a th o g e n e s is  i s  

t h a t  some m e c h a n ic a l  p r o c e s s  i s  i n v o l v e d  t h a t  i s  

igdependant  on th e  a t t a c h m e n t  o f  t h e  t r i c h o m o n a d  t o  t h e  

t a r g e t  c e l l .  A r e p o r t  on t h e  h a e m o l y t i c  a c t i v i t y  o f  

t r i chomonads supports  t h i s  p r o p o s i t i o n  (K r i&ger et_ a l ., 

1983) .  A l d e r e t e  and P e r lm a n  (1984) c o n c lu d e d  t h a t  t h e  

re le ase  o f  a t o x i n  r e s p o n s ib le  f o r  c e l l  d e s t r u c t i o n  i s  

u n l i k e l y  because t h e y  o b s e rv e d  t h e  e f f e c t  o f  t h e  

t r i c h o m o n a d  was a lw a y s  f o c a l ,  w i t h  some a p p a r e n t l y  

normal  c e l l s  a lways p resen t ,  and c e l l - f r e e  supernatants  

f ro m  c y t o p a t h o g e n i c  Tj_ v a g i n a l i s  had no e f f e c t  on 

mammalian c e l l s .
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1.6 HOST IMMUNITY TO T. VAGINALIS

I n f e c t i o n  w i t h  Jj_ v a g i n a l i s  may cause i n f l a m m a t io n  

o f  the  vagina and c e r v i x  w i t h  s u b e p i t h e l i a l  i n f i l t r a t i o n  

by plasma ceUs, lymphocytes and n e u t r o p h i l s  (N ie lson  & 

N ie lson ,  1975). However, asasymptomat ic  i n f e c t i o n s  are 

common i t  f o l l o w s  t h a t  i n  many cases the  host  response 

i s  m i n i m a l ,  p o s s i b l y  due t o  p a r a s i t e  e v a s io n  o f  t h e  

immune response. The f i n d i n g s  t h a t  some i n f e c t i o n s  are 

l o n g - l i v e d  and t h a t  r e i n f e c t i o n  can occur im p l i e s  t h a t  

no p r o t e c t i v e  lo n g - t e rm  im m un i t y  e x i s t s .

There  i s  r e a s o n a b l e  e v id e n c e  t h a t  t h e  f e m a l e  

g e n i t a l  t r a c t ,  p a r t i c u l a r l y  the c e r v i x ,  i s  able t o  b u i l d  

up a l o c a l  exoc r ine  response. I n f e c t i o n  o f  the g e n i t a l  

t r a c t  w i t h  v a r i o u s  m i c r o o r g a n i s m s  has been shown t o  

i n d u c e  l o c a l  a n t i b o d y  p r o d u c t i o n ;  f o r  e x a m p l e  

u n c o m p l i c a t e d  g o n o r r h e a ^  ( O ' R i e l l y  _et a_l., 1 9 7 6 ) ,

Candida a lb ic a n s  (Waldman ert jal_., 1972) and i n a c t i v a t e d  

p o l i o  v i r u s  (Ogra & Q^ra ,  1973).  T r i c h o m o n i a s i s  i t s e l f  

induces a marked r i s e  i n  the number o f  im m uno g lobu l in -  

bear ing  plasma c e l l s  f o l l o w i n g  i n f e c t i o n  ( C h ip p e r f i e l d  & 

E v a n s ,  1 9 7 2 ) .  A c k e r s  e_t_ a_I^., ( 1 9 7 5 )  f o u n d

immunog lobu l in  A ( IgA) versus T^ v a g i n a l i s  i n  v a g in a l  

s e c r e t i o n s  f ro m  76% o f  women w i t h  t r i c h o m o n i a s i s  

compared  w i t h  42% o f  u n i n f e c t e d  women. The s e c r e t o r y  

TTgA t i t r e s  were t w i c e  as h igh i n  i n f e c t e d  women compared 

w i t h  u n in fe c te d  women. Su (1982) detec ted  XgG versus 

T. v a g i n a l i s  i n  70.8% o f  s e c re t i o n s  f rom in fe c te d  women



compared  t o  23.3?o o f  n o n - i n f e c t e d  women. Of t h e  17 

a n t i p a r a s i t e  s e c r e t i o n s ,  o n l y  2 were o f  TUgA. No 

c o r r e l a t i o n  c o u l d  be o b s e rv e d  be tween th e  s e v e r i t y  o f  

the  d isease and the  a n t ibody  l e v e l  i n  the p a t i e n t .

The p r e s e n c e  o f  se ru m  a n t i b o d i e s  v e r s u s  T♦ 

v a g i n a l i s  i s  j u s t  as c o n f u s i n g  as t h e y  a re  commonly  

found  i n  p a t i e n t s  who have had no c o n t a c t  w i t h  t h e  

p a r a s i t e .  Some i n v e s t i g a t o r s  (T e ra s ,  1961; N ig e s o n ,  

1966) c o n s i d e r  t i t r e s  o f  1:80 t o  1:160 as n o n - s p e c i f i c  

when e v a l u a t i n g  a g g l u t i n a t i o n  t e s t s  and m o s t  

i n v e s t i g a t o r s  agree t h a t  the re  i s  not  a s in g le ,  r e l i a b l e  

d ia g n o s t i c  t e s t  f o r  t r i c h o m o n ia s i s  i n v o l v i n g  the  immune 

response.

The o r i g i n  o f  t h e  a n t i b o d y  i n  t h e  c e < 9 i c o - v a g in a l  

s e c re t i o n s  o f  i n f e c t e d  p a t i e n t s  i s  a lso  unknown and i t  

must  be remembered t h a t  t h e  f i n d i n g  o f  a n t i b o d y  a t  a 

s e c r e t o r y  s i t e  does n o t  n e c e s s a r i l y  i n d i c a t e  t h a t  t h e  

a n t i g e n  s t i m u l a t e d  t h e  immune re sponse  a t  t h a t  s i t e .  

This i s  e s p e c ia l l y  im p o r ta n t  i n  t r i c h o m o n ia s i s  as common 

a n t i g e n s  have been r e p o r t e d  be tween  the  v a g i n a l  and 

i n t e s t i n a l  t r ichomonads (K o t t  & Ad le r  1961; Su, 1982). 

The l o w  l e v e l s  o f  ZTgA compared t o  IgG fou nd  i n  t h e  

s e c r e t i o n s  by Su, (1982) may i n d i c a t e  t h a t  i t  i s  n o t  a 

l o c a l  s e c r e t o r y  immune re sp onse  t h a t  i s  p r o c e e d i n g  

(Vaerman & F e r i n ,  1977).  The im p o r t a n c e  o f  a n t i b o d i e s  

i n  both the g e n i t a l  t r a c t  and the serum i s  no t  known but  

because o f  the n o n - in v a s iv e  natu re  o f  t r i c h o m o n ia s i s  the 

use fu lness  o f  serum a n t ib o d ie s  i s  d o u b t fu l .

33



The r o l e  o f  n o n - s p e c i f i c  immune re s p o n s e s  a l s o  

r e m a in s  unknown i n  t r i c h o m o n a d  i n f e c t i o n s  b u t  the  

p o t e n t i a l  importance  o f  n e u t r o p h i l s  i s  c l e a r  as they are 

p r e s e n t  i n  h i g h  numbers d u r i n g  a t  l e a s t  p a r t  o f  the  

m e n s t r u a l  c y c l e .  C l u s t e r s  o f  l e u k o c y t e s  have been 

descr ibed as " the  s i n g le  most va lu ab le  i n d i c a t i o n  o f  the 

p re sen ce  o f  t h e  o r g a n is m "  i . e .  T^ v a g i n a l i s  ( F r o s t ,  

1962). V i a b l e  T. v a g i n a l i s  r e l e a s e s  f a c t o r s  w h ic h  are 

l e u c o c y t o t o x i c  i n  v i t r o  (Mason and Forman, 1980) and 

po lymorphonuc lea r leuco^cy tes  have been shown t o  possess 

t r i c h o m o n i c i d a l  a c t i v i t y  v i a  r e a c t i v e  o x y g e n  

intermediates.  The r e a c t i o n  i s  i n d e p e n d e n t  o f  a n t i b o d y  

b u t  may i n v o l v e  co m p lem en t  (Re in  e t  a l ., 1980).  O the r  

a u t h o r s  r e p o r t  a c t i v a t i o n  o f  c o m p l e m e n t  by t h e  

a l t e r n a t i v e  pathway (Holdbrook _et a l . ,  1982) which may 

be im p o r ta n t  because o f  a re lease  o f  f a c t o r s  le a d in g  to  

an i n f l u x  o f  n e u t r o p h i l s .  M a r t i n o t t i  e t  a l .  (1983) 

repor ted  macrophpge c y t o t o x i c i t y  v e rs u s  t r i c h o m o n a d s ,  

but  the in v i v o  importance i s  not  known.

1 .7 .  AIMS OF THE PROJECT

The ma in  pu rpose  o f  t h i s  p r o j e c t  was t o  d e v e lo p  a 

mur ine model o f  d isease s u i t a b l e  f o r  use i n  s t u d ie s  o f  

i n t r a v a g i n a l  t r i c h o m o n ia s i s .  I t  was hoped t h a t  i t  would 

be r e l i a b l e  and the  i n f e c t i o n  s u f f i c i e n t l y  tenac io us  and 

l o n g - l a s t i n g  t o  a l l o w  f u r t h e r  s tudy o f  the  h o s t - p a r a s i t e  

r e l a t i o n s h i p .  To t h i s  end s e v e r a l  a p p ro a c h e s  were 

f o l l o w e d .  F i r s t l y ,  t h e  s t u d y  o f  t h e  i n f l u e n c e  o f  h o s t  

phys io logy  on the  course o f  d isease,  such as the  use o f
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e x p e r i m e n t a l l y - m a n i p u l a t e d  m ice  and e x p l o i t a t i o n  o f  

im p o r ta n t  gen e t i c  v /a r ia t ion .  Secondly,  a study o f  the 

va g ina l  m ic ro  env i ronment w i t h  the aim o f  d e te rm in in g  

f a c t o r s  im p o r ta n t  i n  e s t a b l i s h i n g  d isease and using t h i s  

knowledge to  mod i fy  the  envi ronment i n  ways favou ra b le  

t o w a r d s  th e  e s t a b l i s h m e n t  o f  i n f e c t i o n .  T h i r d l y ,  t o  

e v a l u a t e  t h e  i n f l u e n c e  o f  c h a r a c t e r i s t i c s  o f  t h e  

p a r a s i t e  i s o l a t e  on the  e s ta b l i sh m e n t  o f  an i n f e c t i o n .

I t  was h ope d  t o  use t h e  m o d e l  d e v e l o p e d  t o  

e lu c id a te  the  i n t e r a c t i o n s  between the  p a r a s i t e  and the 

h o s t ,  p a r t i c u l a r l y  t o  e v a l u a t e  t h e  immune re s p o n s e  t o  

i n f e c t i o n  and to  a t te m p t  t o  understand the  reasons f o r  

the l o c a t i o n  o f  the p a r a s i t e  i n  the vagina .
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MATERIALS AND METHODS



2.1 MICE

Female  m ice were p u rch a se d  3 -5  weeks o l d  f rom  

B a n t i n  and Kingman ( H u l l ,  E ng la nd )  o r  b re d  i n  t h e  

D e p a r tm e n t  o f  Z o o lo g y ,  Glasgow U n i v e r s i t y .  M ice  were 

matched  f o r  age and s o u r c e ,  as f a r  as p o s s i b l e  i n  a l l  

exper iments .

2 .2 .  PARASITES

Three l i n e s  o f  Trichomonas v a g i n a l i s , named 6950^, 

39 and G3 were used throughout  t h i s  s tudy .  L ine  69500* 

was o r i g i n a l l y  i s o l a t e d  f rom  a s y m p t o m a t i c  male  and 

o b t a i n e d  f ro m  Dr J. A cke rs  (London S c h o o l  o f  T r o p i c a l  

Med ic ine  and Hygiene). L ine  39 was o r i g i n a l l y  i s o l a t e d  

f rom a p a t i e n t  at  the g e n i t o - u r i n a r y  c l i n i c  a t  Glasgow 

Roya l  I n f o r m a r y  and l i n e  G3 i s  a c lo n e d  l i n e  f rom 

Bushby's s t r a i n  which had been m a in ta ine d  a x e n i c a l l y  i n  

v i t r o  f o r  m o r e ' t h a n  20 y e a r s .  M a in te n a n c e  o f  t h e  

p a r a s i t e s  was i n  m o d i f i e d  D ia m o n d s  M e d iu m  (MDM) 

(D iam ond ,  1957) supp lemented  w i t h  10?o h e a t - i n a c t i v a t e d  

h o r s e  serum (HIHS) c o n t a i n i n g  b e n z y l  p e n i c i l l i n  (1000 

U / m l )  and S t r e p t o m y c i n  (1 m g /m l ) .  I n c u b a t i o n  was a t  

37°C and the  l i n e s  were subpassaged every  two to  th ree  

days .

2 .3 .  CRY0PRESERVATI0N OF T. VAGINALIS

A 10% (v / v )  s o lu t i o n  o f  s t e r i l e  d i m e t h y l s u p h o x i d e  

i n  MDM w i t h  10 % ( v / v )  HIHS and p e n i c i l l i n  and
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s t re p to m y c in  was prepared.  To t h i s  was added an equal  

vo lume o f  an a x e n i c  l o g - p h a s e  c u l t u r e  o f  T. v a g i n a l i s . 

The s o l u t i o n s  were  m ixed  and a l i q u o t e d  i n t o  Nunc 2 ml 

c r y o t u b e s .  The tu b e s  were  p l a c e d  i n  a p o l y s t y r e n e  

c o n t a i n e r  and f l o a t e d  o v e r n i g h t  on l i q u i d  n i t r o g e n  

be fo re  being p laced i n  the  l i q u i d  n i t r o g e n .

2 .4 .  INFECTION OF MICE WITH T. VAGINALIS

The standard  i n o c u l a t i o n  p r o t o c o l  was as f o l l o w s :  

two days before  exposure t o  p a r a s i t e s  Ba lb /c  mice aged 

10-12 weeks were a d m in i s te re d  e s t r a d i o l  -  Mfi - c y p io na te  

(Sigma 5 mg/ml,  prepared by s o n i c a t i o n  i n  a MSE Soniprep 

150,  u s i n g  an e x p o n e n t i a l  m i c r o p r o b e ,  and 4 25-second 

b u r s t s  o f  6 a m p l i t u d e  s o n i c a t i o n ?w i t h  a 20 -seco nd  

c o o l i n g  p e r i o d  b e t w e e n  b u r s t s ) .  E s t r o g e n  was 

ad m in i s te re d  subcutaneously except  where s ta ted .

Trichomonads were prepared by c e n t r i f u g a t i o n  (1000 

g, 10 minutes)  o f  a log-phase  c u l t u r e  (40-150 x 1 o V m l )  

and resuspended  i n  MDM p l u s  0.3% ( w / v )  b a c t o - a g a r  

( D i f c o ) ,  b u t  no a n t i b a c t e r i a l s  o r  se rum,  t o  5 x 1 0 ^ / m l .  

10^ t r i c h o m o n a d s  were  i n o c u l a t e d  d i r e c t l y  i n t o  t h e  

v a g i n a  u s in g  a ro u n d -e n d e d  n e e d le .  The v a g in a  was 

p lu g g e d  w i t h  a s m a l l ,  d r y  s t e r i s p o n  p l u g  ( A l l e n  and 

Hayburys, England) where i n d i c a t e d .

Ten to  e ighteen  days a f t e r  p a r a s i t e  i n o c u l a t i o n  the 

vagina was washed out  w i t h  0.2 ml MDM. These 'washouts'  

were  added t o  1 ml o f  t h e  MDM w i t h  10% HIHS and
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p e n i c i l l i n ,  s t r e p t o m y c i n  and r v y s t a t i n  (20 U /m l )  and 

p laced i n  a L in b ro  2 4 - m u l t i w e l l  p l a t e  (Gibco).  This was 

p l a c e d  i n  an a n a e r o b i c  i n c u b a t o r  ( W h i t l e y  A n a e ro b i c  

C a b i n e t  MarK I I )  and e x a m i n e d  d a i l y  f o r  m o t i l e  

t r i c h o m o n a d s  f o r  up t o  7 d a y s  u s i n g  an i n v e r t e d  

m ic r o s c o p e .  A c u l t u r e  a r i s i n g  f r o m  a 10 day p o s t ­

i n f e c t i o n  washout was i n o c u la te d  i n t o  f r e s h  medium a day 

o r  two  be fo re  use f o r  i n f e c t i o n  o f  more mice.

2 .5 .  METRONIDAZOLE-TREATMENT OF MICE

M e t r o n i d a z o l e  (May and Bake r  L t d ,  Eng land)  was 

fo r m u la te d  i n  0.2% c e l l a c o l  i n  d i s t i l l e d  water  and b a l l -  

m i l l e d  o ve rn ig h t .  I t  was a d m in i s te re d  o r a l l y  a t  a dose 

o f  50 mg/kg body w e i g h t  (0.1 m l /m o u s e )  d a i l y  on days 3 

to  8 p o s t - i n f e c t i o n .

2 .6 .  OVARIECTOMY OF MICE

M ic e  were s e da ted  u s in g  S a g i t a l  (May and Bake r ,  

E ng la n d )  (20% s o l u t i o n  i n  20% e t h a n o l ,  0.1 m l / 1 0  g body 

w e i g h t ) .  A b i l a t e r a l  o v a r i e c t o m y  was p e r f o r m e d  v i a  a 

d o r s a l  i n c i s i o n .  The mice were a l lo w e d  to  recover f o r  

a t  l e a s t  3 weeks befo re  use i n  an exper iment .

2 .7 .  IRON-TREATMENT OF MICE

F e r r i c  ammonium c i t r a t e  (S igm a ,  Eng la nd)  was 

d is s o lv e d  i n  phosphate b u f f e r e d  s a l i n e  (0.02M Na2HP0^, 

0.02M Nah^PO^ pH 7.4) a t  a c o n c e n t r a t i o n  o f  20 m g /m l .
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T h is  was a d m i n i s t e r e d  i m m e d i a t e l y ,  0.1 ml p e r  mouse 

i n t r a p e r i t o n e a l l y .  Mice were i n o c u la te d  w i t h  p a r a s i t e s  

one day l a t e r .

2 .8 .  VACCINATION OF MICE

2 . 8 . 1 .  P re pa ra t io n  and use o f  So lcoTr ichovac

S o l c o T r i c h o v a c  was p r e p a r e d ,  a c c o r d i n g  t o  t h e  

m a n u f a c t u r e r ' s  i n s t r u c t i o n s ,  by r e c o n s t i t u t i o n  o f  t h e  

r e p o l ^ m e r i z e d  g e l a t i n e  ( c o n t a i n i n g  l a c t o b a c i l l i ,  

g e l a t i n e  and phenol)  w i t h  the  s t e r i l e  d i l u e n t  p rov ided .  

I t  was then used im m e d ia te l y .

The p r o t o c o l  was as f o l l o w s :  m ice  were e i t h e r

i n j e c t e d  i n t r a p e r i t o n e a l l y  w i t h  the f u l l  human dose or  

i n t r a m u s c u la r l y  w i t h  2/5  o f  the  human dosage. Th is was 

repeated t w ic e  a t  10 day i n t e r v a l s .  F ive  days a f t e r  the  

t h i r d  a d m i n i s t r a t i o n  o f  S o l c o T r i c h o v a c  t h e  m ice  were  

e s t r o g e n - t r e a te d .  I n f e c t i o n  was 2 days l a t e r ,  f o l l o w i n g  

the  s tandard  procedure.

2 . 8 . 2 .  P re pa ra t ion  o f  t r ichomonad l y s a t e s  f o r  use as vacc ine

T r i c h o m o n a d s ,  f r o m  a l o g - p h a s e  c u l t u r e ,  were  

p r e p a r e d  by b e in g  washed t w i c e  w i t h  PBS, pH 7 .4 ,  and 

t h e n  resuspended  i n  PBS t o  a c o n c e n t r a t i o n  o f  0.5 -  2.5 

x 10^/m l .  They were then e i t h e r  son ica ted  w h i l e  cooled 

on i c e  ( u s in g  an MSE S o n ip r e p  150 f i t t e d  w i t h  an
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e x po nen t ia l  m icrop robe  and programmed to  d e l i v e r  4, 10- 

second b u r s ts  o f  6 yjm a m p l i t i t u d e  w i t h  10-second c o o l i n g  

p e r i o d s  b e tw e e n  b u r s t s ]  o r  s u b j e c t e d  t o  c y c l e s  o f  

f r e e z i n g  ( - 2 0 ° C )  and t h a w i n g  ( 3 7 ° C )  u n t i l  v i a b l e  

t r ichomonads were not  v i s i b l e  m ic r o s c o p ic a l l y .

The v a c c i n e s  i n  F re u n d 's  c o m p le t e  a d j u v a n t  (FCA) 

were  p r e p a r e d  by m i x i n g  e q u a l  vo lum es  o f  FCA (S igm a ,  

England) and the  t r ichomonad l y s a t e  u n t i l  a homogenous 

emuls ion  was obta ined .  Other vacc ines were d i l u t e d  w i t h  

PBS o n l y .

2 . 8 . 3 .  V a cc ina t ion  Procedure

The mice were vacc ina ted  w i t h  l y s a te s  o f  1-3 x 10^ 

t r ichomonads,  0.1 ml per mouse. The 'vacc ines '  prepared 

w i t h  FCA were a d m in i s te re d  subcutaneously and the  o th e r  

' v a c c i n e s '  i n t r a p e r i t o n e a l l y  o r  s u b c u t a n e o u s l y  as 

i n d i c a te d .  Th is  was repeated t w i c e  a t  10-day i n t e r v a l s .  

E s t r o g e n  was a d m i n i s t e r e d  3 d a y s  a f t e r  t h e  l a s t  

i n j e c t i o n  and the  s tandard  i n f e c t i o n  p r o to c o l  f o l l o w e d  2 

days l a t e r .

The o r a l  v a c c in e  was p r e p a r e d  by f r e e z i n g  and 

t h a w i n g  (as d e s c r i b e d  i n  s e c t i o n  2 .8 .2 ) .  0.1 m l  o f  t h e

suspension,  a d jus te d  to  co n ta in  the  a p p r o p r ia t e  amount 

o f  p r o t e i n ,  was a dm in i s te re d  by the  use o f  a round-ended 

needle.
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2 .9 .  DETERMINATION OF ESTROUS

The s t a t e  o f  e s t r o u s  was d e t e r m i n e d  by g e n t l y  

sc rap ing  the vag ina l  w a l l  w i t h  a round-edged in s t ru m e n t  

and m ix ing  the va g in a l  m a t e r i a l  so ob ta in ed  w i t h  a drop 

o f  PBS, pH 7.4,  on a s l i d e .  E x a m i n a t i o n  o f  t h e  s l i d e  

was th e n  p e r f o r m e d  a f t e r  f i x i n g  w i t h  m e th a n o l  and 

s t a i n i n g  w i t h  Giemsa s t a i n  (Gurr ,  England).

2 .10 .  DETERMINATION OF THE pH OF VAGINAL WASHOUTS

Vag ina l  washouts were per fo rmed us ing  a sy r in g e  and 

a ro u n d -e n d e d  n e e d le .  0SS> ml o f  w a t e r ,  measured as 

a c c u r a t e l y  as p o s s i b l e  u s in g  th e  s y r i n g e ,  were  washed 

i n t o  the  vagina and the  needle g e n t l y  rubbed around the 

s ide s  o f  the vagina. The r e s u l t i n g  suspension was then 

removed and each washou t  p l a c e d  i n d i v i d u a l l y  i n  an 

E p p e n d o r f  v i a l .  The tu b e s  were  l e f t  s t a n d i n g  f o r  

a p p r o x i m a t e l y  one hou r  t o  a l l o w  l a r g e  p a r t i c l e s  t o  

s e t t l e  and then the pH was measured on a Radiometer  BMS 

2, MK 3 B lo od  M i c r o  System pH m e te r .  The pH o f  each 

w ashou t  was measured t w i c e  o r ,  i f  t h e r e  was enough 

supe rna tan t ,  th re e  t imes .

2 .11 .  ASSESSMENT OF ACTIVITY OF ZINC AND IRON AGAINST JN 

VAGINALIS IN VITRO

M o d i f i e d  D iamond 's  Medium, supplemented w i t h  10?o 

H IHS ,  p e n i c i l l i n  and s t r e p t o m y c i n ,  and w i t h  t h e  

a p p r o p r i a t e  c o n c e n t r a t i o n  o f  z i n c  c h l o r i d e  o r  i r o n
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s u l p h a t e  were p r e p a r e d  and 19 m is  o f  each medium were 

a l i q u o te d  i n t o  s t e r i l e  u n i v e r s a l s .  To t h i s  was added 1 

ml o f  an a x e n ic  l o g - p h a s e  c u l t u r e  o f  v a g i n a l i s  o f  

known d ens i ty .  The i n i t i a l  d e n s i t y  o f  T̂_ v a g i n a l i s  was 

then c a l c u la te d  and the  c u l t u r e s  incuba ted  at  37°C. At  

a p p ro p r ia te  t im es ,  samples were removed, us ing a s t e r i l e  

p i p e t t e ,  and t h e  p a r a s i t e  d e n s i t y  i n  each c u l t u r e  

determined using an im p r o v e d  Neubauer  h a e m o c y to m e te r .  

Each exper iment  was per fo rm ed i n  d u p l i c a te .
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3 .1 .  THE MURINE MODEL OF TRICHOMONIASIS

3 . 1 . 1 .  T y p i c a l  i n f e c t i o n  r a t e s  o f  B a l b / c  m ice  i n o c u l a t e d

i n t r a v /a q in a l l y  w i t h  T. v a g i n a l i s  6930c?1 and 39

Mice  were  i n t r a v a g i n a l l y  i n o c u l a t e d  w i t h  T . 

v a g i n a l i s  f o l l o w i n g  the  s tandard  p r o to c o l ,  and ten  days 

l a t e r  t h e  m ice  were exam ined  f o r  t h e  p re s e n c e  o f  

i n f e c t i o n .  Any t r i c h o m o n a d s  p r e s e n t  i n  t h e  v a g i n a l  

washouts were m a in ta ined  i j i  v i t r o  f o r  fo u r  days befo re  

use i n  i n f e c t i o n  o f  f u r t h e r  mice. The whole procedure 

th e r e fo r e  took  fou r te e n  days. As i n f e c t i o n  o f  mice was 

u s u a l l y  p e r f o r m e d  w e e k l y  i t  was n e c e s s a r y  t o  

s im u l ta n e o u s ly  m a in ta in  two passage l i n e s  o f  both 6930 d* 

and 39. F i g .  4 shows th e  r e s u l t s  o f  t h e s e  w e e k ly  

exper iments  over a p e r io d  o f  more than a year.

I n f e c t i o n s  were  u s u a l l y  o b t a i n e d  w i t h  b o th  l i n e s  

b u t  t h e  i n f e c t i o n  r a t e  was v a r i a b l e ,  h o w ev e r ,  r a n g i n g  

f rom 0 to  100% w i t h  i n f e c t i o n  ra te s  being 50% or  over in  

more  t h a n  t w o - t h i r d s  o f  t h e  e x p e r i m e n t s .  The 

v a r i a b i l i t y  occur red  w i t h  both 39 and 6930 c? i n d i c a t i n g  

t h a t  i t  was n o t  a p r o p e r t y  o f  j u s t  one l i n e  o f  

t r i c h o m o n a d .  The r e a s o n  f o r  t h e  d i f f e r e n c e s  i n  

s u s c e p t i b i l i t y  t o  i n f e c t i o n  w i t h  T. v a g i n a l i s  be tween  

exper iments  was not  c l e a r  bu t  i t  was a drawback o f  the 

model. There fo re  exper iments  were designed w i t h  the aim 

o f  i n c r e a s i n g  t h e  i n f e c t i o n  r a t e  o b t a i n e d  t o  be 

c o n s i s t e n t l y  100% and a l s o  d i s c o v e r i n g  t h e  re a s o n  f o r  

t h e  v a r i a t i o n .
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3 . 1 . 2 . The v a r i a t i o n  o f  i n f e c t i o n  r a te s  w i t h i n  e x p e r im e n ts

The e x ten t  o f  v a r i a t i o n  i n  the  i n f e c t i o n  ra te s  t h a t  

can occur w i t h i n  a s i n g le  exper iment  was dete rm ined by 

s e p a r a t i n g  a l a r g e  g roup  o f  i n b r e d  B a l b / c  m ice  o f  th e  

same age, not  a l l  s i b l i n g s  but  randomised,  i n t o  separa te  

cages and then i n o c u l a t i n g  them w i t h  ]j_ v a g i n a l i s  us ing  

the  standard  i n f e c t i o n  procedure.  Table 2 d e t a i l s  the 

r e s u l t s .  O v e r a l l  t h e y  show t h a t  t h e r e  was some 

v a r i a t i o n  be tween  g ro up s  b u t  l e s s  th a n  t h a t  be tween  

exper im en ts .  The i n f e c t i o n  ra te s  w i t h i n  an exper iment  

t e n d e d  t o  be e i t h e r  c o n s i s t e n t l y  h ig h  o r  c o n s i s t e n t l y  

l o w  -  e x p e r i m e n t  1, g roup  4 b e in g  an e x c e p t i o n  t o  t h i s  

r u l e .

As t h e  i n f e c t i o n  r a t e s  w i t h i n  an e x p e r i m e n t  were 

f a i r l y  c o n s i s t e n t ,  t h i s  model  c o u l d  be s u c c e s s f u l l y  

e m p loyed  i n  e x p e r i m e n t s  com par ing  i n f e c t i o n  p r o to c o l s  

and was a l s o  s u i t a b l e  f o r  use  i n  c h e m o t h e r a p y  

e x p e r i m e n t s .  I t  was n o t  i d e a l  f o r  t h e  l a t t e r  p u rp o s e ,  

h o w e v e r ,  t h e  v a r i a b i l i t y  meaning  t h a t  one e x p e r i m e n t  

w o u ld  n o t  be s u f f i c i e n t  t o  i n d i c a t e  t h a t  a d ru g  has no 

t h e r a p e u t i c  va lu e .

3 .2 .  THE INFLUENCE OF HOST PHYSIOLOGY ON SUSCEPTIBILITY TO 

INTRAVAGINAL INFECTION BY T .V A G IN A L IS

3 .2 . 1 .  The use o f  e x p e r im e n ta l l y -m a n ip u la te d  mice

3 . 2 . 1 . 1 .  The e f f e c t  o f  estrogen t r e a tm e n t

The e f f e c t  o f  e s t r o g e n  t r e a t m e n t  o f  m ice  p r i o r  t o  

i n o c u l a t i o n  o f  p a r a s i t e s  was d e t e r m i n e d  by c o m p a r in g
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Table Z  The extent of variation within an experiment involving 

intravaginal infection with T. vaginalis of identically 

treated mice.

Number of mice infected/group size 
at TO days

Group, number Experiment Number

1 2 3 4 5
1 4/6 6/6 5/6 5/6 2/6
2 4/6 5/6 5/6 6/6 3/6

3 5/6 5/6 6/6 6/6 1/6

4 2/6 4/6 3/6 3/6 -

5 4/6 4/6 3/6 - -

6 5/6 - - - -

- not done

a all mice were infected using the standard protocol and 

T. vaginalis 6950 cf

-o



i n f e c t i o n  ra te s  o f  e s t r o g e n - t r e a te d  mice and mice t h a t  

had been s i m i l a r l y  i n o c u l a t e d  w i t h  co rn  o i l  as a 

c o n t r o l .  The r e s u l t s  are g iven  i n  Table 3a. They show 

t h a t  w h i l e  i n f e c t i o n s  were  n o t  e s t a b l i s h e d  i n  t h e  

c o n t r o l  mice, such t h a t  p a r a s i t e s  were not  recovered a t  

10 d ays  p o s t - i n f e c t i o n ,  m o re  t h a n  h a l f  o f  t h e  

e x p e r i m e n t a l  g roup  were i n f e c t e d  a t  t h a t  t i m e .  These 

r e s u l t s  c l e a r l y  i n d i c a t e  a r e q u i r e m e n t  f o r  esbfogen 

t re a tm e n t  o f  mice.

The rou te  o f  a d m i n i s t r a t i o n  o f  es trogen was found 

to  be r e l a t i v e l y  u n im p o r ta n t  as s i m i l a r  i n f e c t i o n  ra te s  

were obta ined  i f  the  mice were i n j e c t e d  subcutaneous ly 

or  i n t r a p e r i t o n e a l l y  or the  dose s p l i t  e q u a l l y  between 

th e s e  r o u t e s .  The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  a re  

d e t a i l e d  i n  Table 3b.

The importance  o f  the  t i m i n g  o f  the t re a tm e n t  was 

a l s o  e v a l u a t e d .  T h is  was p e r f o r m e d  by a d m in i s t_ e  r i n g  

e s t r o g e n  a t  v a r i o u s  t i m e s  b e f o r e  i n o c u l a t i o n  o f  t h e  

p a r a s i t e s  f rom fou r  days to  a few hours.  The r e s u l t s  o f  

t h e  e x p e r i m e n t s  a re  g i v e n  i n  T a b le s  3c and 3d. They 

show t h a t  estrogen must be g iven  more than a few hours 

b e f o r e  i n o c u l a t i o n  o f  t h e  p a r a s i t e s ;  b u t  t h a t  a p a r t  

f ro m  t h i s  l i m i t a t i o n  t h e  t i m i n g  does n o t  appear  t o  be 

c r u c i a l .  E x te n d in g  th e  p e r i o d  t o  f o u r  days,  h ow e v e r ,  

r e s u l t e d  i n  s l i g h t l y  fewer mice becoming i n f e c te d .

An exper iment  to  de te rm ine  the  r e l a t i o n s h i p  between 

r o u t e  and t i m i n g  o f  a d m i n i s t r a t i o n  o f  e s t r o g e n  was
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Tab le  3  The e f f e c t  o f  e s t r o g e n  on i n t r a v a g i n a l  i n f e c t i o n  o f  m ice

w i th  v a g i n a l i s

V a r ia b le  procedure r o u te / t im e Number o f  mice / group 
in f e c t e d  ' s i z e

days p o s t - i n f e c t i o n

1 0 25

Requirement f o r  estroqen t rea tm en t o f  mice

No es trogen t rea tm en t 0 /3 4 _
40 mg/Kg e s t r a d i o l  c yp iona te 2 3 /4 0 -

(pooled  r e s u l t s  f rom fo u r exper iments)

Route o f  estrogen a d m in i s t r a t i o n

ip  sc 4 / 6 2 / 6

sc 4 /6 4 /6
i p 3 /6 3 /6

c Timing o f  estrogen a d m i n i s t r a t i o n

2 hours be fo re  i n f e c t i o n 0 / 6 -

2 5  n ii ii 2 9 /4 8 -

30 " " " 2 / 6 -

2 days " " 3 0 /4 8 -

^ If H 1! 1 4 /2 4 -

4. 11 M 11 4 /1 2 -

The e f f e c t  o f  
a d m in i s t r a t i o n  o f

v a r y i n q  t h e  r o u t e  and 
estroqen

t i  m i n q o f

Days between estrogen  
a d m i n i s t r a t i o n  and i n o c u l a t i o n  

p a r a s i t e s  
1 2 3

o f

Route sc 6 / 8  7 /8 7 /8

sc + i p 7 /8  7 /8 7 /8

a. S ta n d a rd  p r o t o c o l  used i n  a l l  cases e x c e p t f o r
parameter under i n v e s t i g a t i o n .

b. I n o c u la t i o n  i n t r a v a g i n a l l y  o f  5 x 10^ t r ichomonads i n  
MDM w i t h  0.3?o agg^r 
Not done
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p e r f o r m e d  by a d m i n i s t e r i n g  e s t r o g e n  t o  t h e  m ice  by 

subcutaneous or  i n t r a p e r i t o n e a l  rou tes  e i t h e r  one, two 

o r  t h r e e  days b e f o r e  i n o c u l a t i o n  o f  p a r a s i t e s .  T h i s  

showed t h a t ,  w i t h i n  the chosen parameters ,  the  i n f e c t i o n  

r a t e s  do n o t  depend on r o u t e s  o r  t i m i n g  o f  e s t r o g e n  

a d m i n i s t r a t i o n  (Table 3e).

These  e x p e r i m e n t s  d e m o n s t r a t e d  t h a t  e s t r o g e n  

t r e a t m e n t  o f  t h e  m i c e  b e f o r e  i n o c u l a t i o n  o f  t h e  

p a r a s i t e s  was a n e c e s s i t y  i f  i n f e c t i o n s  were  t o  be 

e s ta b l i s h e d .

The dose o f  e s t r o g e n  r e q u i r e d  was s t u d i e d  and t h e  

r e s u l t s  a re  g i v e n  i n  T ab le  4. I t  was found  t h a t  t h e  

dosage t h a t  i s  a d m in i s te re d  cou ld  be v a r ie d  c o ns id e ra b ly  

w i t h o u t  a f f e c t i n g  the  i n f e c t i o n  ra te s .  A dose as low as 

0.3 mg.v' e s t r a d i o l  c y p i o n i a t e  p e r  kg body w e i g h t  was 

e f f e c t i v e .  Four  e x p e r i m e n t s  were p e r f o r m e d  ( T a b le  4) 

u s i n g  v a r i o u s  doses and w i t h i n  each e x p e r i m e n t  t h e r e  

were s i m i l a r  i n f e c t i o n s  ra te s  f o r  a l l  the  dosage l e v e l s  

used.

3 . 2 . 1 . 2 .  E f f e c t  o f  b i l a t e r a l  ovapectomy

The e f f e c t  o f  re m o v in g  endogenous e s t r o g e n  by 

b i l a t e r a l  o v a r i e c t o m y  o f  t h e  m ice  a few weeks b e f o r e  

e x p e r i m e n t s  commenced and s u b s e q u e n t l y  t r e a t i n g  w i t h  

exogenous e s t r o g e n  tw o  days b e f o r e  i n f e c t i o n  was a l s o  

determined.  The r e s u l t s  f rom two expe r im en ts  are g iven  

i n  T a b l e  3. I n  n e i t h e r  c a s e  was i t  f o u n d  t h a t  

ovar iec tomy r e s u l t e d  i n  inc reased i n f e c t i o n  ra te s  and i n



Table 4  The e f f e c t  o f  estrogen  a t  d i f f e r e n t  dose l e v e l s 3

estrogen 
(mg/kg body we igh t )

Number o f  m ice /g roup  s iz e  
i n f e c t e d  on day 10

Exper iment  1

40 5/6

30 5/6

20 6/6

10 6 /6

Exper iment  2

40 3/6

30 2/6

20 2/6

10 4/6

Exper iment  3

40 3/10

10 3/10

6 5/10

3 4/10

0 0/10

Exper iment  4

40 7/10

4 6/10

1 8/10

0.3 7/10

0 0/1

a. est rogen a d m in i s te re d  as a s i n g le  subcutaneous dose 
tw o  days b e f o r e  p a r a s i t e  i n o c u l a t i o n  u n l e s s  s t a t e d  
o th e rw ise .

b. estrogen g iven  1 day be fo re  i n o c u l a t i o n .
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T ab le  ^  The e f f e c t  o f  b i l a t e r a l  o v e r i e c t o m y  o f  m i c e  on t h e i r

s u s c e p t i b i l i t y  t o  i n t r a v a g i n a l  i n f e c t i o n  w i t h  T .

v a g i n a l i s

Procedure

Number o f  mice /g roup  s iz e  
i n f e c t e d  on day 10

Exper iment

1 2

ova r iec tom ise d  miceac 2/3 1/4

i n t a c t  mice*30 6/12 3/6

a t h e  o v a r i e c t o m y  was p e r f o r m e d  3 -4  weeks b e f o r e  the  

mice were used i n  the exper iment ,  

b i n t a c t  mice were not  sub jec ted  to  a sham o p e ra t io n ,

c b o t h  g ro u p s  o f  m ice  were  s u b j e c t e d  t o  e s t r o g e n  

a d m i n i s t r a t i o n  b e f o r e  i n o c u l a t i o n  o f  T^ v a g i n a l i s  

l i n e  39 f o l l o w in g  the standard  p rocedure .
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exper imen t  two the i n f e c t i o n  r a t e  o f  the  o va r iec to m ise d  

a n i m a l s  was m a r k e d ly  l o w e r  th a n  i n  t h e  c o n t r o l  g roup .  

I t  s h o u ld  be n o te d  t h a t  t h e  c o n t r o l  g ro up  were  n o t  

sub jec ted  to  sham opera t io ns .

3 . 2 . 1 . 3 .  E f f e c t  o f  d i e t  fed to  mice

An i n v e s t i g a t i o n  o f  the  e f f e c t s  o f  the  d i e t  o f  the  

mice,  on s u s c e p t i b i l i t y  t o  v a g i n a l i s , was per formed 

by weaning groups o f  mice onto d i f f e r e n t  d i e t s  -  41B or 

CRM. The r e s u l t s  o f  the  e x p e r i m e n t  a re  g i v e n  i n  T ab le

6. Those o f  e x p e r i m e n t  1 s u g g e s te d  t h a t  d i e t  c o u l d  be 

an im p o r ta n t  f a c to r .  The f i n d i n g s  were not  con f i rm ed  in  

e x p e r i m e n t s  tw o  and t h r e e ,  h o w e v e r ,  and o v e r a l l  t he  

r e s u l t s  i n d i c a t e  t h a t  the d i e t  g iven to  the  mice i s  not  

by i t s e l f  t h e  f a c t o r  d e t e r m i n in g  t h e i r  s u s c e p t i b i l i t y ,  

t o  i n f e c t i o n  consequent ly  a l l  mice were subsequent ly  fed 

w i t h  d i e t  41B.

3 . 2 . 1 . 4 .  The e f  f  ec t  o f  i r o n - t  r e a t  m e n t  o f  m i c e  p r i o r  t  o 

i n o c u l a t i o n  o f  p a r a s i t e s

The e f f e c t  o f  p re - t r e a tm e n t  o f  the  mice w i t h  f e r r i c  

ammonium c i t r a t e  was a lso  assessed. Groups o f  c o n t r o l  

m ice  were  a d m i n i s t e r e d  t h e  same vo lum e  o f  PBS. The 

r e s u l t s  o f  e i g h t  e x p e r i m e n t s  a re  d e t a i l e d  i n  T ab le  7. 

In  each o f  the  exper iments  the i n f e c t i o n  r a t e s  f o r  i r o n -  

t r e a t e d  m ice  were h i g h e r  th a n  t h o s e  f o r  P B S - t r e a t e d  

mice.  When the  r e s u l t s  were expressed as a percentage,
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T ab le  6 The e f f e c t  o f  t h e i r  d i e t  on th e  s u s c e p t i b i l i t y  o f  mice t o

T . v a g i n a l i s 3

D ie t

Number o f  mice/group s iz e  
in f e c t e d  on day 10

Exper iment

1 2 3

CRM 8/10 5/10 3/6

41B 2/6 7/10 3/6

a m ice  i n f e c t e d  w i t h  Jj_ v a g i n a l i s  6950 cf* u s in g  t h e  

standard  p r o to c o l .
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Table 7 The e f f e c t  o f  i r o n  t r e a t m e n t  on th e  s u s c e p t i b i l i t y  o f  

mice to  i n t r a v a g i n a l  i n f e c t i o n  w i t h  Trichomonas v a g i n a l i s

Exper iment  number

Number o f  mice
i n f e c t e d  a t  day 10/group s i z e  
i r o n  t r e a t e d 3 c o n t r o l

1 8/9 4/10

2 4/10 3/10

3 6/6 7/7

4 1/6 0 /6

5 6/10 4/10

6 9/10 8/10

7 4/10 3/10

8 5/10 2/10

mean i n f e c t i o n  ra tes  % 
± SD

60.8 + 29.5 35.4 + 22.8

The i n f e c t i o n  r a t e s  were  shown t o  be s i g n i  f i c a n t l y

d i f f e r e n t  (P < 5) us ing the  p a i re d  t - t e s t •

a f e r r i c  a m m o n iu m c i t r a t e  was a d m i n i s t e r e d

i n t r a p e r i t o n e a l l y  100 mg/kg  body w e i g h t ,  i n  0.1 ml 

PBS, 1 day befo re  i n o c u l a t i o n  o f  the  p a r a s i t e s ,  l i n e  

6950 cT .

b 0.1 ml  PBS was a d m i n i s t e r e d  i n t r a p e r i t o n e a l l y  as a 

c o n t r o l .
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so t h a t  r e s u l t s  f o r  each g ro up  c o u l d  be com pared ,  t h e  

d i f f e r e n c e  b e t w e e n  t h e  g r o u p s  was f o u n d  t o  be 

s i g n i f i c a n t .  The r e s u l t s  t h e r e f o r e  s u g g e s t  t h a t  

p r e - t r e a t m e n t  o f  t h e  m ice  w i t h  i r o n  i n c r e a s e s  t h e i r  

s u s c e p t i b i l i t y  t o  T^ v a g i n a l i s  i n o c u l a t e d  

i n t r a v a g i n a l l y .

3 . 2 . 1 . 5 .  The e f f e c t  o f  t e s t o s t e r o n e - t r e a t m e n t  o f  mice

I t  has been r e p o r t e d  t h a t  s i n g l e  i n j e c t i o n s  o f  

t e s to s te r o n e  p rop iona te  t o  f i v e  day o ld  mice r e s u l t e d  i n  

cons tan t  estrogen s e c r e t i o n  and p e r s i s t a n t l y  c o r n i f i e d  

va g in a l  mucosa (Barrac lough ,  1961). An expe r im en t  was 

d e s ig n e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  t h i s  t r e a t m e n t  on 

th e  s u s c e p t i b i l i t y  o f  m ice  t o  i n t r a v a g i n a l  i n f e c t i o n  

w i t h  T^ v a g i n a l i s .

M ice  were i n j e c t e d  w i t h  t e s t o s t e r o n e  (1mg p e r  

mouse, i n  c o r n o i l ,  su bcu tan eou s ly }a t  5 days o ld  and then 

l e f t  f o r  10 weeks be fo re  f u r t h e r  e x p e r im e n ta t i on .  They 

were then a dm in i s te re d  corn  o i l  subcutaneous ly  (0.2 ml) ,  

as a c o n t r o l ,  f o l l o w i n g  the s tandard  p r o to c o l .  Two days 

l a t e r  t h e y  were  v a g i n a l l y  e xam ined  f o r  t h e  s t a g e  o f  

e s t rous  and in o c u la te d  i n t r a v a g i n a l l y  w i t h  T^ v a g i n a l i s  

39. A c o n t r o l  g roup  was s e t  up by t r e a t i n g  them w i t h  

e s t r a d i o l ,  us ing  the s tandard  procedure d esc r ibe d  i n  the  

m a t e r i a l s  and methods s e c t i o n ,  and th e n  v a g i n a l l y  

examin ing and i n o c u l a t i n g  them w i t h  T̂_ v a g i n a l i s  i n  an 

i d e n t i c a l  fash ion  to  the  o th e r  group.



A l l  m ic e ,  i n  b o th  g ro u p s ,  were  found  t o  be i n  

e s t r o u s  a t  t h e  t i m e  o f  i n o c u l a t i o n  o f  p a r a s i t e s .  The 

r e s u l t s  c o n c e r n i n g  s u s c e p t i b i l i t y  ( T a b l e  8)  a r e  

c o n f l i c t i n g .  In  exper iment  1 t e s t o s t e r o n e - t r e a t e d  mice 

were  found  t o  be more s u s c e p t i b l e  t o  i n f e c t i o n  t h a n  

c o n t r o l  mice. In  c o n t r a s t  the  r e s u l t s  o f  e xpe r im en ts  2 

and 3 i n d i c a t e  t h a t  t e s t o s t e r o n e - t r e a t m e n t  a l o n e  does 

n o t  i n c r e a s e  s u s c e p t i b i l i t y  t o  i n f e c t i o n .  I t  i s  

n o t e w o r t h y  t h a t  by day 10 p o s t - i n f e c t i o n  most  m ic e  o f  

the  t e s t o s t e r o n e - t r e a t e d  groups t h a t  became i n f e c t e d  i n  

both exper iments  had reso lved  t h e i r  i n f e c t i o n s .

Desp i te  the  somewhat c o n t r a d i c t o r y  r e s u l t s  o f  the  

d i f f e r e n t  e x p e r i m e n t s ,  i t  i s  i n t r T i g i n g  t o  n o te  t h a t  

some t e s t o s t e r o n e - t r e a t e d  m ice ,  a l t h o u g h  t h e y  had 

r e c e i v e d  no e s t r a d i o l  p r i o r  t o  i n f e c t i o n ,  w e r e  

s u s c e p t i b l e  t o  . i n f e c t i o n  f o r  a t  l e a s t  f i v e  days .  I t  

w o u ld  be i n t e r e s t i n g  t o  p e r f o r m  t h i s  e x p e r i m e n t  a g a in  

w i t h  t h e  a d d i t i o n  o f  a c o n t r o l  g roup  t h a t  had n e i t h e r  

been t e s t o s t e r o n e - t r e a t e d  nor rece ived  any e s t r a d i o l  and 

i n  which a l l  the  c o n t r o l  groups were sham i n j e c t e d  a t  5 

days o ld .

T e s to s te ro n e - t r e a te d  mice, subsequent  t o  r e s o l v i n g  

t h e i r  i n f e c t i o n s ,  were  a g a in  v a g i n a l l y  e x a m in e d  t o  

d i s c o v e r  t h e i r  s t a t u s  w i t h  r e g a r d  t o  e s t r o u s .  These 

e x a m i n a t i o n s  r e v e a l e d  t h a t  p e rm a n e n t  e s t r o u s  had n o t  

been achieved by testosterone a d m i n i s t r a t i o n .



T ab le  8 The e f f e c t  o f  t e s t o s t e r o n e - t r e a t m e n t  o f  m i c e  on t h e i r

s u s c e p t i b i l i t y  t o  i n f e c t i o n  w i t h  JT v a g i n a l i s  39

Treatment
Number o f  mice i n f e c t e d /  

group s iz e

5 days 10 days

Exper iment  1 Testosterone3 6/6 1/6

Contro l*3 4/6 2/6

Exper iment  2 Testosterone3 0/6 1/6

Contro l*3 3/6 3/6

Exper iment  3 Testosterone3 0/6 0/6

Contro l*3 6/6 6/6

a te s to s te r o n e  was a d m in i s te re d  t o  5 day o ld  mice.  The

mice were i n j e c t e d  w i t h  c o r n o i l  and i n o c u la te d  w i t h

T. v a g i n a l i s  when 11 weeks o ld .  

b c o n t r o l  m i c e  w e r e  e s t r a d i o l  i n j e c t e d  a nd

in o c u la t e d  i n t r a v a g i n a l l y  w i t h  T. v a g i n a l i s  f o l l o w i n g  

the  standard  p ro to c o l  a t  11 weeks o ld .

57



3 . 2 . 2 .  The i n f l u e n c e  o f  g e n e t i c a l l y - b a s e d  v a r i a t i o n s  upon mouse

s u s c e p t i b i l i t y  t o  i n t r a v a q i n a l  i n f e c t i o n s  w i t h  T. 

v a q i n a l i s

3 . 2 . 2 . 1 .  The e f f e c t  o f  age

The i n f l u e n c e  o f  age on t h e  i n f e c t i o n  r a t e  was 

dete rm ined  by i n o c u l a t i n g  p a r a s i t e s  i n t o  mice o f  between 

e i g h t  weeks and a y e a r  i n  age. The r e s u l t s  ( g i v e n  i n  

Table 9) i n d i c a t e  t h a t  age o f  mouse a lone  i s  not  c r u c i a l  

i n  d e te rm in in g  whether t r ichomonads c o lo n i s e  the  vagina.

3 . 2 . 2 . 2 .  The s u s c e p t i b i l i t y  o f  d i f f e r e n t  mouse s t r a i n s

The i n f l u e n c e  o f  t h e  g e n e t i c  b a c k g ro u n d  o f  t h e  

mouse was e v a l u a t e d  by a t t e m p t i n g  t o  i n f e c t  v a r i o u s  

s t r a i n s  o f  m ice  u s in g  th e  s t a n d a r d  p r o t o c o l .  The 

r e s u l t s  a re  p r e s e n t e d  i n  T a b le  10. They show t h a t  a l l  

t h e  s t r a i n s  o f  m ice  i n v e s t i g a t e d  c o u l d  be i n f e c t e d .  

There was, however, cons ide ra b le  v a r i a t i o n  i n  i n f e c t i o n  

r a t e s  a t  10 days,  b o th  be tween  g ro u p s  o f  m ic e  o f  t h e  

same s t r a i n  and mice o f  d i f f e r e n t  s t r a i n s .  C3H/He mice 

were r e l a t i v e l y  r e f r a c t o r y  t o  i n f e c t i o n  and o n ly  one out  

o f  t h e  t h i r t y  mice  used was i n f e c t e d  a t  10 days.  The 

h ig h e s t  i n f e c t i o n  ra te s  were ob ta in ed  w i t h  DBA/2, CFLP, 

CBA and  B a l b / c  m ic e  t h a t  had b ee n  b r e d  i n  t h e  

depa r tm en t .
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Tab le  9 The e f f e c t  o f  age o f  mouse on i n f e c t i o n  r a t e s

Experiment Age o f  mouse 
(months)

Number o f  mice /g roup  s iz e  
i n f e c t e d  

a t  10 days 18 days

1a 2 2/5
7 2/5

2b 3.3 10/12
11 4/5

3b 4 3/6
9 4/6

4b 2.5 4/6
6 0/6
9 3/6

12 3/6

5b 2.5 7/20
6 5/10

a m ice  i n t r a v a g i n a l l y  i n o c u l a t e d  w i t h  v a q i n a l i s , 

l i n e  39.

b m ice  i n t r a v a g i n a l l y  i n o c u l a t e d  w i t h  T. v a q i n a l i s , 

l i n e  6950a*
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T a b le lO  The s u s c e p t i b i l i t y  o f  d i f f e r e n t  s t r a i n s  o f  m ice  t o  

i n t r a v a g i n a l  i n f e c t i o n  w i t h  1\_ v a q i n a l i s

Mouse
s t r a i n

Number o f  m ice /g roup  s iz e  
i n f e c t e d  a t  10 days

1 2

Exper iment

3 4 5

B a lb / c (M3a ) 6/8 7/9 - 2/10 -

B a lb / c (B+K) 1/8 0/9 4/10 5/10 1/10

DBA/2 3/10 4/6 4/10 - -

C3H/He 0/10 1/10 0/11 - -

C37/B1 2/10 2/8 1/8 - -

CFLP - - - 6/6 3/5

CBA - - - 4/10 7/10

a one group o f  mice (M3) were bred i n  the  Department  o f  

Z o o lo g y ,  Glasgow U n i v e r s i t y .  The o t h e r  g roup  (B&K) 

were purchased from Bantim & Kingman, 

no t  done.
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3 . 2 . 2 . 3 .  The v a r i a t i o n  i n  s u s c e p t i b i l i t y  o f  groups o f  mice

V a r ia t i o n  i n  s u s c e p t i b i l i t y  o f  mice w i t h i n  a group 

was a constant  f e a tu r e  and an exper im en t  was designed to  

dete rm ine  i f  s u s c e p t i b i l i t y  was a permanent  or tempora ry  

c h a r a c t e r i s t i c .  S i x  g roups  o f  m ice  o f  d i f f e r e n t  ages 

were  i n o c u l a t e d  w i t h  p a r a s i t e s  and t e n  days l a t e r  t h e  

i n f e c t i o n  r a t e s  were  d e t e r m i n e d .  A month l a t e r  t h e  

p ro c e d u re  was r e p e a t e d  u s in g  some m ice  f rom  t h e  same 

groups as those used i n  the  f i r s t  exper iment  and o th e rs  

o f  s i m i l a r  ages. The two ha lves  o f  the  exper iments  were 

i d e n t i c a l  as f a r  as p o s s ib le  but  th e re  was a d i f f e r e n c e  

i n  the  t r ichomonads used. The t r ichomonads used i n  the  

f i r s t  h a l f  o f  t h e  e x p e r i m e n t  was a 6950 c f c u l t u r e  t h a t  

had been i n  s t a b i l a t e  u n t i l  a week b e f o r e  use i n  t h e  

exper iment .  The t r ichomonads used i n  the  second h a l f  o f  

t h e  e x p e r im e n t  came f rom  t h e  same o r i g i n a l  6950 cf 

c u l t u r e  but  had been subpassaged i n t r a v a g i n a l l y  i n  mice 

us ing  the standard p r o to c o l  f o r  more than a year.

The f i n d i n g s  a re  d e t a i l e d  i n  T a b le  11. There  was 

c o n s i d e r a b l e  v a r i a t i o n ?  i n  i n f e c t i o n  r a t e s  i n  b o th  

ha lves  o f  the exper iments .  Most r e l e v a n t ,  however,  was 

t h e  f i n d i n g  t h a t  m i c e  t h a t  w e r e  c o m p l e t e l y

r e s i s t a n t  t o  i n f e c t i o n  d u r i n g  t h e  f i r s t  p a r t  o f  t h e  

exper iment  became in f e c t e d  d u r ing  the  second p a r t  o f  the 

e x p e r i m e n t  s u g g e s t i n g  t h a t ,  a t  l e a s t  i n  some c a s es ,  

r e s i s t a n c e  t o  i n f e c t i o n  was a t e m p o r a r y  r a t h e r  t h a n  a 

pe rm a ne n t  f e a t u r e  o r  r e l a t e d  t o  t h e  p r o p e r t i e s  o f  t h e  

p a r a s i t e  r a th e r  than the  mice.
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Table 11 The e f f e c t  o f  t i m e  o f  a r r i v a l  and t i m e  o f  i n f e c t i o n  on 

the  course o f  the d isease.

Mouse batch Number o f  mice 
i n f e c t e d  a t  10 days/group s i z e

D a t e  o f  
a r r i v a l

Date o f  i n o c u l a t i o n  o f  p a r a s i t e s  
14 .4 .863 9 .5 .8 6

14.11.85 - 3/6
4 .12 .85 5/6 -

16. 1.86 0/6 5/6
13. 2.86 2/6 -

18. 2.86 - 6/10
27. 2.86 0/6 -

13. 3.86 0/6 3/6
27. 3.86 - 2/6
23. 4.86 — 1/6

a 6950 (f tr ichomonad c u l t u r e  m a i n t a i n e d  i n  s t a b i l a t e  
u n t i l  one week be fo re  use i n  exper iment .

b t r i chomonads t h a t  had been subpassaged i n t r a v a g i n a l l y  
i n  m ic e  u s in g  t h e  s t a n d a r d  p r o t o c o l  f o r  more t h a n  a



3 .3 .  CHARACTERISTICS OF THE PARASITE ISOLATE THAT AFFECT IT$ 

ABILITY TO INFECT MICE INTRAVAGINALLY

3 . 3 . 1 .  Comparison o f  the i n f e c t i v i t y  o f  l i n e s  6930 cf and 39

An e x p e r i m e n t  was p e r f o r m e d  t o  c o m p a r e  t h e  

i n f e c t i v i t y  o f  l i n e s  6930 cP and 39 d u r i n g  l o n g  te r m  

subpassaging between mice. The c u l t u r e s  were ma in ta in ed  

i d e n t i c a l l y  th roughou t  the exper iment  us in g  the  standard  

p r o to c o l  descr ibed  i n  the M a t e r i a l s  and Methods se c t i o n .  

The v a g i n a l  i n f e c t i o n  o f  m ice  w i t h  l i n e s  39 and 6950 c? 

was c a r r i e d  o u t  o v e r  23 passages f ro m  m o u s e , v i a  i n  

v i t r o  c u l t u r e ,  t o  mouse and t h e  i n f e c t i o n  r a t e  a t  10 

days determined f o r  each passage. The r e s u l t s  are g iven 

i n  T a b le  12. The i n f e c t i o n  r a t e s  were e x p r e s s e d  as a 

percentage and the  averages f o r  b o th  l i n e s  c a l c u l a t e d .  

S t a t i s t i c a l  a n a ly s i s  us ing the p a i red  t - t e s t  showed t h a t  

th e re  i s  no s i g n i f i c a n t  d i f f e r e n c e  between the  i n f e c t i o n  

r a t e s  w i t h  l i n e s  6950 cf and 39, a l t h o u g h  t h e r e  was a 

g re a te r  v a r i a t i o n  between passages w i t h  l i n e  39. Note 

t h a t  a l l  m i c e  w e r e  f o u n d  t o  be i n f e c t e d  on f i v e  

occasions  w i t h  l i n e  6950 cT, bu t  only on t h r e e  occas ions 

w i t h  l i n e  39.

3 . 3 . 2 .  The e f f e c t  o f  i n  v i t r o  m a i n t e n a n c e  on p a r a s i t e  

i n f e c t i v i t y

The e f f e c t ,  on the  i n f e c t i v i t y  o f  the  p a r a s i t e s ,  o f  

m a i n t a i n i n g  them a x e n i c a l l y  i_n v i t r o  c o n t i n u o u s l y  o r



passaging them i n t r a v a g i n a l l y  i n  m ic e ,u s in g  the  standard  

p r o t o c o l  was a l s o  e v a l u a t e d .  The r e s u l t s  f rom  tw o  

exper im en ts  show t h a t  up to  t h r e e  months axen ic  i_n v i t r o  

c u l t i v a t i o n  had very l i t t l e  e f f e c t  on the  i n f e c t i v i t y  o f  

the  p a r a s i t e .  Conversely,  subpassage th rough  mice d id  

n o t  r e s u l t  i n  enhanced i n f e c t i v i t y  o f  t h e  p a r a s i t e s .  

However ,  c o m p a r i s o n  o f  t h e  i n f e c t i v i t y  o f  t h e  t h r e e  

l i n e s  o f  T_̂  v a g i n a l i s , 39, 6950 cf and G3, show t h a t  

t h e r e  w<a®> co ns ide ra b le  d i f f e r e n c e s  between them (Table 

13) .  No i n t r a v a g i n a l  i n f e c t i o n s  o f  m ice  w i t h  l i n e  G3 

w e r e  o b s e r v e d ,  w h e r e a s  a t  l e a s t  5 0 % o f  t h e  m i c e  

i n o c u la te d  w i t h  o the r  t r i chomonads were i n f e c t e d  a t  10 

d a y s .  L i n e  G3 i s  a c l o n e  o f  T^ v a g i n a l i s  l i n e  

o r i g i n a l l y  i s o l a t e d  more  t h a n  t e n  y e a r s  ago and 

m a i n t a i n e d  a x e n i c a l l y  i_n v i t r o  by s e r i a l  subpassage  

s i n c e  t h e n .  I n  c o n t r a s t  l i n e s  6950 c? and 39 had been 

i s o l a t e d  f rom p a t i e n t s  i n  re ce n t  years and m a in ta ined  i n  

l i q u i d  n i t r o g e n  s ince  then, except  f o r  a p e r io d  up to  a 

y e a r  b e f o r e  e x p e r i m e n t a t i o n  when t h e y  had e i t h e r  been 

s e r i a l l y  subpassaged t h r o u g h  m ic e  u s i n g  t h e  s t a n d a r d  

p rocedure o r  m a in ta ined  a x e n i c a l l y  i j i  v i t r o

The e f f e c t  o f  t h e  g r o w t h  phase o f  t h e  t r i c h o m o n a d  i n  

v i t r o

The im portance  o f  o th e r  p a r a s i t e  f e a tu r e s ,  such as 

the  g rowth  phase o f  the  p a r a s i t e ,  when ha rves ted  be fo re  

use f o r  i n o c u l a t i o n  o f  m ic e ,  t o  i n f e c t i v i t y  were  a l s o  

eva lua ted .  P a ra s i te s  a t  d i f f e r e n t  phases o f  g rowth  i n  

v i t r o  were ob ta in ed  by seeding c u l t u r e s  w i t h  a range o f



Table 1£ A c o m p a r i s o n  o f  t h e  i n f e c t i o n  r a t e s  w i t h  T. v a g i n a l i s  

l i n e s  6950 cT and 39.

Number o f  mice
i n f e c t e d  a t  day 10/g roup  s i z e

Week o f T. v a q i n a l i s  l i n e
exper iment

number 6950 d* 39

1 4/6 3 /6
2 4/6 3 /6
3 6 /6 * 5 /6 *
4 6/6 4 /6
5 12/12 11/12
6 9/10 4 /6
7 6/6 5 /6
8 5/6 4 /6
9 5/6 5 /6

10 5/6 5/6
11 4/6 1/6
12 3/6 2 /6
13 3/6 5 /6
14 4/6 6 /6
15 5/6 5 /6
16 6/6 5 /6
17 3/6 6/6
18 3/6 3 /6
19 5/6 6 /6
20 5/6 4 /6
21 6/6 5/6
22 4/6 6/6
23 4/6 5/6

mean % i n f e c t i o n  + 5D 79.2% + 15.32 68.6?o + 26.4

No s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  g r o u p s  a t  5%

l e v e l .

*  i n f e c t i o n  r a t e s  a re  f o r  a l l  v a g i n a l  w a s h o u t s  on day 10 

p o s t - i n f e c t i o n  except  where marked *  w'Tere the  r e s u l t s  

f o r  day 5 washouts are g iv en .
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Table 13 The e f f e c t  o f  a per iod  o f  Jji  v i t r o  maintenance o f  v a g i n a l i s  on i t s

i n f e c t i v i t y  t o  mice i n t r a v a g i n a l l y 3

Experiment

passaged in t ra vag in a l l y  
in  mice

Number Length Length o f  
o f  o f  t ime axenic 

passages (months) c u l t i v a t i o n Line

number o f  
mice infected/g roup 

day 10 size

1 26 13 6950 cT 7/10

1 week^ 6950 a* 9/10

3 months^ 6950 cf 7/10

> 1 0  years G3 0/10

2 21 12 39 6/6

19 12 1 month 39 5/6

23 12 6950 a* 5/6

1 week^ 6950 a* 6/6

> 1 0  years G3 0/6

a using the standard protocol  invo lv ing  an i n  v i t r o  cu l t u re  step as 

described i n  the mater ia ls  and methods.

k these cu l tu res  were from the same o r i g i n a l  cu l tu re  o f  6930 c fbu t  had 

been maintained in  l i q u i d  n i t rogen u n t i l  the stated per iod before use 

i n  the experiment.
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numbers o f  t r ichomonads so t h a t  they  could  be harves ted  

on the  same day f o r  i n o c u l a t i o n  i n t o  mice. Thus a l l  the  

c u l t u r e s  f o r  t h e  e x p e r i m e n t  were  f rom  a s i n g l e  s o u r c e  

and had been c u l t i v a t e d  Ln v i t r o  f o r  the same t im e .  The 

r e s u l t s  ob ta ined  f o r  t h i s  expe r im en t  are g iven i n  Table 

14. They show c u l t u r e s  i n  l o g  phase r e s u l t e d  i n  h ig h e r  

i n f e c t i o n  r a t e s .  No i n f e c t i o n s  were p ro d u ce d  by 

t r i chomonads f rom la g  phase.

3 . 3 . 4 .  The n u m b e r  o f  p a r a s i t e s  r e q u i r e d  t o  p r o d u c e  an 

i n t r a v a q i n a l  i n f e c t i o n

The e f f e c t  o f  a l t e r i n g  the  number o f  t r i chomonads 

i n o c u l a t e d  was a l s o  d e t e r m i n e d .  The r e s u l t s  a re  

d e t a i l e d  i n  Tab le  13. They show t h a t  i n f e c t i o n s  were  

p ro du c e d  even when t h e  number o f  p a r a s i t e s  i n o c u l a t e d  

was reduced 1 0 0 - fo ld  whereas in c r e a s in g  the  dose 1 0 - f o l d  

d i d  n o t  e nsu re  100?o i n f e c t i o n s .  C l e a r l y  t h e  number o f  

p a r a s i t e s  i n o c u l a t e d  i s  n o t  t h e  m a j o r  f a c t o r  i n  

d e te rm in in g  s u s c e p t i b i l i t y  o f  mice t o  i n f e c t i o n s .

3 . 3 . 5 .  The e f f e c t  o f  m a in te n a n c e  o f  T. v a g i n a l i s  j^n v a r i o u s  

mammalian sera be fo re  i n o c u l a t i o n  i n t o  mice

T r i c h o m o n a d ,  l i n e  6 9 5 0 ^  was m a i n t a i n e d  f o r  f o u r  

days i n  MDM s u p p le m e n te d  w i t h  h e a t - i n a c t i v a t e d  se rum 

from e i t h e r  a horse,  sheep, ch icken ,  guinea p ig ,  r a b b i t ,  

c a l f  f o e t u s  o r  s w in e .  The c u l t u r e s  were  h a r v e s t e d  

s e p a r a t e l y  and used t o  i n f e c t  B a l b / c  m ic e ,  p r e v i o u s l y
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T a b le  1^ The e f f e c t  o f  t h e  g r o w t h  phase o f  t r i c h o m o n a d s  i n  v i t r o

upon t h e i r  i n f e c t i v i t y  t o  m ic e  i n t r a v a g i n a l l y .

Number o f  
t r i chomonads/  
ml o f  c u l t u r e  
when ha rves ted3

Growth
phase

Number o f  mice 
i n f e c t e d  on day 10/  

group s iz e

35 x 104 d e c l i n e 4/8

82 x 104 l a t e  lo g 8/8

30 x 104 mid lo g 4/8

100 x 104 e a r l y  s t a t i o n a r y 2/6

4
40 x 10

mid log 4/6

15 x 104 lag 0 /6

a a l l  t r i c h o m o n a d  c u l t u r e s  ( l i n e  6950) were  f r o m  a 

s i n g l e  source and had been c u l t u r e d  f o r  the same t im e
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Table  '\cj The n u m b e r  o f  p a r a s i t e s 3 r e q u i r e d  t o  p r o d u c e  an 

i n t r a v a g i n a l  i n f e c t i o n  i n  mice

Number o f  
t r ichomonads 

i n o c u la te d

Number o f  mice i n f e c t e d  
a t  day 10/  
group s i z e

1 X 106 7/8

1 X 105 8/8

5 x
4

10
5/7

1 X 104 5/8

5 x 103 6/8

1 X 103 6/7

mice were i n o c u la te d  i n t r a v a g n a l l y  w i t h  T\_ v a g i n a l i s  

l i n e  6950 cf.
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i n j e c t e d  w i t h  est rogen using the standard  p r o to c o l .  The 

r e s u l t s  a r e  d e t a i l e d  i n  t a b l e  16.  T r i c h o m o n a d s  

m a in ta ined  i n  a l l  o f  the sera were capable  o f  p roduc ing  

an i n f e c t i o n  a t  10 days, but  t r i chomonads m a in ta ine d  i n  

f o e t a l  c a l f  serum gave a lower  i n f e c t i o n  r a t e  than those 

m a in ta ined  i n  the o th e r  sera,  a l though  t h i s  expe r im en t  

would need to  be repea ted to  v e r i f y  t h i s .

CHARACTERISTICS OF THE VAGINAL ENVIRONMENT THAT' AFFECT 

SUSCEPTIBILITY TO T^ VAGINAL IS

The e f f e c t  o f  t h e  use o f  agar o r  s t e r i s p o n  i n  t h e  

i n o c u l a t i o n  procedure

The r e s u l t s  d e s c r i b e d  p r e v i o u s l y  suggest  t h a t  the  

m i c r o e n v i r o m e n t  o f  t h e  mouse v a g in a  i s  c r u c i a l  t o  t h e  

s u s c e p t i b i l i t y  o f  t h e  i n d i v i d u a l  t o  T. v a g i n a l i s . The 

p a r a s i t e  i n o c u l u m  p r o c e d u r e  w i l l  e f f e c t  t h e  

m i c r o e n v i r o m e n t  o f  t h e  v a g in a ,  so d i f f e r e n c e s  i n  t h i s  

c o u l d  p o s s i b l y  have e f f e c t s  upon t h e  i n f e c t i o n  r a t e .  

The e f f e c t s  u s i n g  s t e r i s p o n  i n s t e a d  o f ,  o r  i n  a d d i t i o n  

t o ,  a g a r ,  and a l s o  v a r y i n g  t h e  c o n c e n t r a t i o n  o f  a g a r  

used i n  the inoculum medium, upon mouse s u s c e p t i b i l i t y  

were eva lua ted.  The r e s u l t s  (Table 17) suggest  t h a t  the  

use o f  aga r  as a v a g i n a l  p lu g  does n o t  i n c r e a s e  t h e  

i n f e c t i o n  r a t e  compared  t o  u s in g  no v a g i n a l  p l u g .  An 

e x p e r i m e n t  c o m p a r in g  th e  i n f e c t i o n  r a t e s  when u s i n g  

e i t h e r  s t e r i s p o n  o r  a ga r  showed l i t t l e  d i f f e r e n c e  

be tw e e n  t h e  tw o  ( T a b le  17) . Agar a t  0.5?o, h o w e v e r ,  

appeared to  be d e t r i m e n t a l .



T ab le  16 The e f f e c t  o f  m a i n t j e l n a n c e  o f  T. v a g i n a l i s  i n  v a r i o u s

m a m m a l i a n  s e r a  on t h e  i n t r a v a g i n a l  i n f e c t i o n  r a t e  o f

m ic e .

Serum3
Number o f  mice i n f e c t e d / g r o u p  s i z e  

a t  10 days

Horse 6/7

F o e ta l  C a l f 1/6

Sheep 4/6

Chicken 4/6

Guinea p ig 3/6

Rabb i t 6/6

Swine 4/8

a T r i c h o m o n a d ,  l i n e  6 9 5 as m a i n t a i n e d  i n  MDM 

s u p p le m e n t  w i t h  t h e  v a r i o u s  h e a t - i n a c t i v a t e d  s e r a  

(10?o v / v )  f o r  f o u r  d a y s  b e f o r e  b e i n g  u s e d  t o  

i n o c u l a t e  B a lb /c  mice.
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Table 17 The e f f e c t s  o f  us ing  agar and s te r i s p o n  upon i n f e c t i v i t y  

o f  v a g i n a l i s  i n  mice3

Experiment C on d i t io ns
Number o f  mice i n f e c t e d  

a t  day 10/g roup  s iz e

1 No ster ispon or  agar 3/6

0.3% agar 3/6

2 + s te r ispon*3 6/6 1/6 3 /6

-  s te r is pon*3 4/6 5/6  5 /6

3 + s te r i s p o n  c 13/18

+ 0 .3  % w/v agar3 16/16

4 % agar3

0.2 4/6

0.3 5/6

0.4 3/6

0.3 1/6

a S t e r i s p o n  p l u g  was n o t  used i n  a d d i t i o n  t o  a g a r  a t  

the  t im e  o f  i n f e c t i o n ,  

b t r i c h o m o n a d s  were  suspended i n  MDM + 0.3% a g a r  f o r  

use i n  i n f e c t i o n ,  

c no agar was presen t  i n  the i n f e c t i n g  inocu lum



3 . 4 . 2 .  The e f f e c t  o f  f r e q u e n t  s a m p l i n g  o f  v a g i n a l  c o n t e n t s

I t  was p o ss ib le  t h a t  f re q u e n t  samp l ing  o f  v a g in a l  

s e c r e t i o n s  would adverse ly  a f f e c t  i n f e c t i o n s .  This was 

i n v e s t i g a t e d  and th e  r e s u l t s  o f  t h e  s t u d y  a re  shown i n  

Table 18. There was an apparent  s l i g h t  decrease i n  the  

i n f e c t i o n  ra te s  o f  the  groups o f  mice t h a t  had undergone 

f r e q u e n t  v a g i n a l  w a sh ou ts .  C l e a r l y ,  h o w e v e r ,  most  

i n f e c t i o n s  were a b le  t o  s u r v i v e  i n t e r f e r e n c e  by t h e  

p rocedure .

3 . 4 . 3 .  V a g i n a l  pH as _a d e t e r m i n a n t  o f  s u s c e p t i b i l i t y  t o  

i n t r a v a q i n a l  i n f e c t i o n  w i t h  T. v a g i n a l i s .

S t u d i e s  were c a r r i e d  o u t  t o  see i f  t h e r e  was a 

c o r r e l a t i o n  be tween pH o f  t h e  v a g i n a  a t  t h e  t i m e  o f  

i n o c u l a t i o n  o f  p a r a s i t e s  and s u s c e p t i b i l i t y  o f  mice to  

i n f e c t i o n .  Mice were e s t r a d i o l - t r e a t e d ,  f o l l o w i n g  the 

s tandard  p ro to c o l ,  or  s i m i l a r l y  i n j e c t e d  w i t h  corn o i l  

o n l y .  Two days l a t e r  t h e  v a g i n a l  pH was d e t e r m i n e d .  

The r e s u l t s  (T a b le  19) i n d i c a t e  t h a t  t h e  pH o f  t h e  

mur ine vagina i s  n o rm a l l y  near n e u t r a l  and t h a t  estrogen  

does n o t  s i g n i f i c a n t l y  a f f e c t  t h i s .  O th e r  g ro u p s  o f  

m i c e  w e r e  s i m i l a r l y  t r e a t e d  a n d  i n o c u l a t e d  

i n t r a v a g i n a l l y  w i t h  t r i chomonads t h r e e  hours a f t e r  the  

pH o f  t h e  v a g in a  had been d e t e r m i n e d .  The number  o f  

i n f e c t e d  mice was dete rm ined  on day 10 pos t  i n f e c t i o n .  

The r e s u l t s  (Table 20) show t h a t  pH i s  a p p a re n t l y  not  an 

im p o r t a n t  de te rm inan t  i n  the  a b i l i t y  o f  the  t r ichomonads
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Tab le  18 The e f f e c t  o f  m u l t i p l e  v a g i n a l  w a s h o u t s  on p a r a s i t e 3

i n f e c t i o n s

Number o f  mice i n f e c t e d / g r o u p  s i z e

C o n d i t i o n s day pos t  i n f e c t i o n

day 3 day 7 day 10

CONTROL - - 7/20

f re q u e n t  v a g in a l  
sampl ing 13/20 10/20 4 /20

day 4 day 7 day 10

CONTROL - - 1 / 6

f re q u e n t  v a g in a l  
sampl ing 3/6 b 1/6

• day 4 day 6 day 10

CONTROL - - 8/8

f re q u e n t  v a g in a l  
sampl ing 8/8 7 /8 5 /7 a

v a g in a l  sampl ing no t  per fo rmed, 

a one i n f e c t e d  mouse k i l l e d  a t  day 8 

b vag ina  washed ou t  but  samples no t  c u l t u r e d .

7k



a bTable 19 Comparison o f  vaginal pH le ve ls  o f  ^ t r a d i o l - t r e a t e d  and PBS-treated 

mice

Age o f  mice 
(months) Treatment

Group
Size

Number o f  
washouts

pH o f  vaginal  washouts0 
mean standard dev ia t ion

2 Est rad io l 6 12 6.8 0.2

3 Estrad io l 6 12 6.7 0.3

4 Estrad io l 6 14 7.0 0.4

3 PBS 6 13 6.7 0.3

No s i g n i f i c a n t  d i f ference (P > 5?o) between e s t r a d i o l  and P BS- t rea ted  

mice.

a e s t ra d io l  t reatment ca r r ied  out fo l low ing  standard procedure, 

k PBS given subcutaheously, 0.2 ml per mouse. 

c Vaginal pH was determined two days a f t e r  es t rad io l  t reatment.
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Table 20 The e f fe c t  o f  va g in a l pH on s u s c e p t ib i l i t y  o f  m ice8 to  in t ra v a g in a l

in fe c t io n  w ith  L_ v a g in a lis

pH o f  vaginal
Age o f  washout 2 days a f t e r
mice Number o f  e s t rad io l  t reatment

(months) mice infected/group Number o f  standard
at  10 days s ize washouts mean dev ia t ion

7 3/6 15 6.66 0.4

3 4/6 12 6.82 0.17

3 2/6 13 6.84 0.44

2 1/6 13 6.93 0.38

pH o f  vaginal  
washout 2 days a f t e r  
e s t ra d io l  t reatment  

Number o f  standard
Group Group s ize washouts mean devia t ion

mice wi th  in fe c t io n  10 23 6.7 0.3
at  10 days

mice wi th  no 14 32 6.84 0.42
i n fe c t i o n  at  
10 days

No s i g n i f i c a n t  d i f ference (P > 5%) between the vaginal  pH le v e ls  o f  

mice tha t  were infec ted  a t  10 days and those tha t  were not .

a Mice were es t rad io l  t reated fo l low in g  the standard procedure. The 

pH o f  the vaginal  secret ions were measured 2 days l a t e r  and 3 hours 

l a t e r  mice were inoculated i n t ra v a g in a l l y  wi th  T^ va g ina l i s .
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t o  c o l o n i s e  t h e  v a g i n a  as t h e r e  was n o t  a s i g n i f i c a n t  

d i f f e r e n c e  b e tw e e n  t h e  v a g i n a l  pH o f  t h o s e  m ic e  t h a t  

became i n f e c t e d  and those t h a t  d id  not .

3 . 4 . 4 .  The e f f e c t  o f  i n f e c t i o n  on the  v a g in a l  pH

To d e t e r m i n e  w h e th e r  i n f e c t i o n  w i t h  T. v a g i n a l i s  

changed t h e  pH o f  t h e  mouse v a g in a  g ro u p s  o f  m ic e  were  

t r e a t e d  w i t h  e s t r a d i o l  and some were i n t r a p e r i t o n e a l l y  

i n j e c t e d  one day l a t e r  w i t h  f e r r i c  ammonium c i t r a t e  (100 

m g /kg ,  0.1 m l ) ,  t h e  r e m a i n d e r  b e in g  g i v e n  PBS i n s t e a d .  

The f o l l o w i n g  day t h e y  were  a l l  i n o c u l a t e d  w i t h  T. 

v a g i n a l i s  i n t r a v a g i n a l l y .  The i n f e c t i o n  r a t e  a t  10 days 

was d e t e r m i n e d  and 8 days l a t e r  t h e  v a g i n a l  pH v a l u e s  

were de te rm ined  again.  The r e s u l t s  are shown i n  Table 

21. S t a t i s t i c a l  a n a l y s i s  o f  the  data  revea led  the  pH o f  

t h e  v a g i n a l  w a s h o u t s  o f  i r o n - t r e a t e d  m i c e ,  was 

s i g n i f i c a n t l y  g r e a t e r  than t h a t  o f  PBS-t rea ted mice but  

t h a t  t h e r e  i s  no d i f f e r e n c e  b e tw een  t h e  pH l e v e l  o f  

v a g in a l  washouts o f  mice t h a t  became i n f e c t e d  and those  

t h a t  d i d  n o t .

A s i m i l a r  expe r im en t  was c a r r i e d  out  i n  wh ich  the  

o rde r  o f  m a n ip u la t i o n s  was reve rsed,  t h a t  i s  the  v a g i n a l  

pH was measured  a t  6 days and i n f e c t i o n  d e t e r m i n e d  a t  

day 11. M ice  had been a d m i n i s t e r e d  e s t r o g e n  doses  o f  

e i t h e r  40 mg/kg body we ig h t  o r  4mg/kg body w e ig h t .  The 

r e s u l t s  are shown i n  Table 22. There was no s i g n i f i c a n t  

d i f f e r e n c e  b e tw e e n  th e  v a g i n a l  pH v a l u e s  a t  6 days o f  

the  groups g iven  d i f f e r e n t  e s t r a d i o l  doses. S t a t i s t i c a l
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Table 21 Comparison o f  the  va g in a l pH o f  iro n - tre a te d  and c o n tro l m ice.

Treatment
Nunber o f  

mice infected/group 
at  10 days s ize

Number of/group 
washouts

pH o f  vaginal  
washout 2 days a f t e r  

e s t ra d io l  t reatment  
standard 

mean dev ia t ion

PBSb 5/9 24 7.44 0.59

Fer r ic
ammonium
c i t r a t e 0

6/9 22 8.01 0.49

The f igures are s i g n i f i c a n t l y  d i f f e r e n t  at  0.1%

Group Group
size

Number o f  
washouts

pH o f  vaginal  
washout at  18 days 

stadard 
mean dev ia t ion

Mice wi th in fec t io n  11 
a t  10 days

29 7.8 0.5

Mice with no 
at  10 days

in fec t io n  7 17 7.56 0.7

No s i g n i f i c a n t  d i f fe rence  (P > 5%) between the vaginal  pH o f  in fec ted  and

uninfected mice.

a Mice were es t rad io l - t re a ted  fo l low ing the standard procedure.

b 0.1 ml o f  PBS was administered o r a l l y  one day before in ocu la t ion  w i th  

parasi tes.

c Feiric ammonium c i t r a t e  was administered as described in  the M ater ia ls  

and Methods Section.
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Table 22 Comparison o f vaginal pH fo llow ing  d iffe re n t e s tra d io l treatments.

Estradiol
(mg/kg)

Number o f 
mice infected/group 
a t 11 days size

Number o f . ", 
washouts/group

pH o f vaginal 
washouts a t 6 days 

standard 
mean deviation

40 2/10 24 6.9 0.2

4 5/8 18 7.04 0.27

Vaginal pH o f infected and non infected mice at 11 days

pH o f vaginal wash­
out a t 18 days

Group Number o f standard
Group Size washouts mean deviation

Mice w ith in fection  at 11 days 7 17 6.98 0.26

Mice w ith no in fec tion  a t 11 days , 11 25 7.03 0.21

No s ig n ifica n t difference (P > 5%) between the vaginal pH o f in fected and nor>-

infected mice.



a n a l y s i s  o f  the  pH va lues  o f  mice t h a t  were shown t o  be 

i n f e c t e d  on day 11 and t h o s e  t h a t  w e re  n o t  r e v e a l e d  no 

s i g n i f i c a n t  d i f f e r e n c e ,  w i t h  r e s p e c t  t o  v a g i n a l  pH, 

between the  groups.

3 .4 . 5 .  I r o n  l e v e l s  i n  the  v a g in a l  s e c r e t i o n s  o f  mice

I t  has been r e p o r t e d  t h a t  i r o n  a v a i l a b i l i t y  can 

a f f e c t  t h e  r a t e  o f  h y d r o g e n o s o m a l  a c t i v i t y  o f  T. 

v a g i n a l i s  ( G o r r e l l  1985).  The e f f e c t  o f  v a r i o u s  i r o n  

s u l p h a t e  c o n c e n t r a t i o n s  on t h e  g r o w t h  o f  T. v a g i n a l i s  

m a in ta ine d  i n  axen ic  c u l t u r e  under norma l  c o n d i t i o n s  was 

i n v e s t i g a t e d  ( F i g u r e  5 ) .  I n c r e a s i n g  t h e  i r o n  

c o n c e n t r a t i o n s  o f  t h e  medium up t o  100 m g /1 ,  w h i c h  i s  

the  usua l  c o n c e n t r a t i o n  i n  MDM, seemed t o  a c c e l e r a t e  the  

d e c l i n e  phase o f  t h e  c u l t u r e  b u t  had l i t t l e  a p p a r e n t  

e f f e c t  on t h e  g r o w t h  r a t e s  o r  maximum c e l l  number 

ob ta in ed .  S u r p r i s i n g l y  the  p a r a s i t e s  grew w e l l  i n  MDM 

i n  which a l l  i r o n  su lp h a te  had been o m i t t e d .  I t  must  be 

remembered  h o w e v e r  t h a t  t h e  i n i t i a l  i n o c u l u m  o f  

p a r a s i t e s ' were  suspended  i n  MDM w i t h  100 mg/1  i r o n  

s u l p h a t e  w h i c h  w o u l d  h a v e  r e s u l t e d  i n  a f i n a l  

c o n c e n t r a t i o n  o f  5 yug/1.

The l e v e l s  o f  i r o n  found i n  the  c e l l  f r e e  f r a c t i o n  

o f  t h e  v a g i n a l  w a sh ou t  ( c o l l e c t e d  as d e s c r i b e d  i n  t h e  

M a t e r i a l s  and Methods s e c t i o n )  were d e te rm ined  by a to m ic  

a b s o rp t io n  sp e c t ro m e t ry .  The r e s u l t s  are shown i n  Table 

23. The i r o n  l e v e l s  o f  a l l  s a m p le s  t e s t e d  were  v e r y
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FIGURE 5  THE EFFECT OF IRON SULPHATE ON T. VAGINALIS
GROWTH IN VITRO.
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T a b le  23 I r o n  c o n te n t o f  v a g in a l s e c re t io n s 3

Treatment I r o n  c o n ce n t ra t io n  
(mg/1)

i de tec ted

Experiment  1 Experiment 2

e s t r a d i o l bb 0.08 0.09

f e r r i c  ammonium 
c i t r a t e 0 0.04 0.15

u n t r e a te d ^ - 0.04

u n t r e a t e d 8 - -

3 The vag inas  o f  the mice (20 mice per group) washed out  w i t h  0.5 

ml PBS o r  H20 (as ind ica ted )  and a l l  samples i n  each group were 

p o o le d .  The p o o le d  samples were c e n t r i f u g e d  a t  1000 g f o r  10
9.

m i n u t e s  and t h e  s u p e r n a ta n t  removed.  The v o lu m e  o f  t h i s  was 

2.1 m is ,  g i v i n g  a d i l u t i o n  f a c t o r  o f  t h e  v a g i n a l  f l u i d  o f  

a p p ro x im a te ly  2 - f o l d .  

b e s t r a d i o l - c y p i o n a t e  a d m i n i s t e r e d  a t  40 mg/kg body w e i g h t ,  

subcu taneous ly ,  2 days before v a g in a l  washout.

8 f e r r i c  ammonium c i t r a t e  a d m i n i s t e r e d  . i f l t r a p e r t i o n e a l l y  a t  100 

mg/kg body w e ig h t  (0.1 ml) 1 day befo re  washout. 

b v a g i n a l  washout per formed using PBS. 

e v a g i n a l  washout  per formed using d i s t i l l e d  wa te r .



low,  most ly  below the l e v e l  o f  accurate d e te c t i o n  (0.12 

mg/1)  o f  t h e  i n s t r u m e n t  used. T h is  was th e  case  even 

when th e  mouse had been p r e - t r e a t e d  w i t h  i r o n .  The 

c o n c e n t r a t i o n s  d e t e c t e d ,  even  a l l o w i n g  f o r  t h e  

a p p r o x im a te  2 - f o l d  d i l u t i o n  o f  v a g i n a l  s e c r e t i o n s  

i n t r o d u c e d  by the  washout  p ro c e d u r e ,  a re  lo w  and t h i s  

low l e v e l  o f  i r o n  a v a i l a b le  may a f f e c t  the chances o f  T. 

v a g i n a l i s  becoming e s ta b l i s h e d .

Zinc l e v e l s  i n  vag ina l  s e c re t i o n s  o f  mice

I t  has been r e p o r t e d  t h a t  the  c o n c e n t r a t i o n s  o f  

z i n c  a f f e c t  the  s u r v i v a l  o f  T̂ _ v a g i n a l i s , w i t h  h i g h  

l e v e l s  b e ing  t o x i c  t o  t h e  p a r a s i t e .  I s t u d i e d  t h i s  by 

d e t e r m i n i n g  the  e f f e c t  o f  z i n c  on th e  g r o w t h  o f  T. 

v a g i n a l i s  and by measuring the concen t ra t ion s  o f  z in c  i n  

v a g in a l  sec re t ions .  The e f f e c t  o f  z inc  c h lo r i d e  on the  

g r o w t h  o f  T. v a g / n a l i s  i n  v i t r o  i s  shown i n  F i g u r e  6. 

A d d i t i o n  o f  z inc  c h lo r i d e  a t  concen t ra t io ns  o f  g r e a te r  

than 200 mg/1 re s u l t e d  i n  c u l t u r e s  growing more s l o w l y  

and r e a c h in g  a l o w e r  maximum d e n s i t y  tha n  c o n t r o l  

c u l t u r e s .  Cu l tu res  w i t h  z inc  c h lo r i d e  a t  500 mg/1 grew 

v e r y  s l o w l y ,  a l t h o u g h  t h e  p a r a s i t e s  were n o t  k i l l e d .  

The z inc  concen t ra t ion s  detec ted  in  the v a g ina l  washouts 

a re  g i v e n  i n  Tab le  24. I n  a l l  cases th e  l e v e l s  were  

low, some 1 00 - fo ld  lower than the l e v e l  shown to  a f f e c t  

g r o w t h  o f  T. v a g i n a l i s  i n  v i t r o , even a l l o w i n g  f o r  t h e  

t w o - f o l d  d i l u t i o n  caused by t h e  washout  p ro c e d u r e  and 

a d j u s t i n g  th e  c o n c e n t r a t i o n s  o f  z i n c  c h l o r i d e  t o  g i v e  

the l e v e l s  o f  the z inc  ion .
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T a b le  24 Z in c  c o n te n t o f  v a g in a l s e c re t io n s

Treatment Z inc  c o n c e n t r a t i o n  de te c ted
(m g /1 )

e s t r a d i o l 3 c 0.4

f e r r i c  ammonium c i t r a t e  ^ c 0 .2

u n t r e a te d 0 0 .3

a e s t r a d i o l  c y p i o n a t e  a d m i n i s t e r e d  a t  40 mg /kg  body w e i g h t ,  

subcu taneous ly ,  2 days b e fo re  v a g in a l  washout , 

k f e r r i c  ammonium c i t r a t e  a d m in i s t e r e d  i n t r a p e r i t o n e a l l y  a t  100 

mg/kg body w e ig h t  (0.1ml)  1 day b e fo re  v a g in a l  washout . 

c v a g i n a l  washout per fo rm ed us ing  PBS.

0 20 mice i n  each group.

The vaginae. o f  the  mice (20 mice per group) were washed ou t  w i t h  

0.05 m is  PBS and a l l  s a m p le s  i n  each g ro up  we re  p o o le d .  The 

p o o le d  s a m p les  were  c e n t r i f u g e d  a t  100 g 10 m i n u t e s  and t h e  

supe rn a tan t  removed. The volume o f  t h i s  was 2.4 mis ,  g i v i n g  a 

d i l u t i o n  f a c t o r  o f  the  v a g in a l  f l u i d  o f  a pp ro x im a te ly  2 - f o l d .
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3 . 4 . 7 .  The Est rous Cycle

I t  was i m p l i e d  i n  t h e  r a t i o n a l e  f o r  p r e - t r e a t i n g  

the  mice w i t h  e s t r a d i o l  t h a t  s u s c e p t i b i l i t y  o f  mice to  

T. v a g i n a l i s  was de te rm ined  by the  stage o f  the  e s t r o u s  

c y c l e  t h e y  were  a t  when i n o c u l a t e d  w i t h  p a r a s i t e s .  I  

i n v e s t i g a t e d  whether t h i s  was t r u e  by d e t e r m in in g  d a i l y  

t h e  e s t r o u s  s t a t e  o f  u n t r e a t e d  and e s t r a d i o l - t r e a t e d  

B a b l / c  females.  Th is  was c a r r i e d  out  by p r e p a r a t i o n  o f  

v a g i n a l  s m e a r s  w i t h  s u b s e q u e n t  m i c r o s c o p i c a l  

exam ina t ion .

Most  o f  t h o s e  m ic e  t h a t  were  u n t r e a t e d  o r  g i v e n  

corn o i l  on ly ,  had a f a i r l y  r e g u la r  e s t ro u s  c y c le ,  w i t h  

d i e s t r o u s  l a s t i n g  between one and f i v e  days (Tab les  25-  

28) .  The c y c l e s  d i f f e r e d  f r o m  c l a s s i c a l  d e s c r i p t i o n s  

(e .g .  Boot  c i t e d  i n  Von E b b e r h o r s t  T e rgbegon ,  1955) i n  

t h a t  both p roes t rou s  and e s t rou s  may l a s t  c o n s id e ra b l y  

l o n g e r  t h a n  th e  d e s c r i b e d  21 h o u rs .  H ow e ve r ,  o t h e r  

au thors  ( A l l e n ,  1922; Parkes,  1928; S n e l l ,  1941) have 

a ls o  observed t h a t  the  c y c le  le n g th  i s  h i g h l y  v a r i a b l e  

and e a s i l y  i n f l u e n c e d .

Those mice t h a t  were g iven  estrogen were g e n e r a l l y  

b r o u g h t  i n t o  e s t r o u s  w i t h i n  tw o  days  and t h e  e s t r o u s  

o f t e n  l a s t e d  f o r  a day o r  tw o .  Subsequ en t  t o  t h i s  

t h o u g h  t h e  c y c l e  f r e q u e n t l y  e n t e r e d  a p r o l o n g e d  

d i e s t r o u s  o f  up t o  t e n  d a y s .  I n o c u l a t i o n  o f  T . 

v a g i n a l i s  i n t r a v a g i n a l l y  i n t o  e s t r o g e n - t r e a t e d  f e m a l e s
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Estrous cycle o f  corn o i l  and estroge n-trea ted  mice and mice th a t 

had been inocu la ted  in tra v a g in a lly  w ith  T. v a g in a lis  6950 </.

Experiment 2 

Day
Treatment 1 2 3 4 3 6 7 8 9 10 11 12

corn o i l D P E M D D
adm inistered N E E M D D D E E M D P
day 3 D E M D D P E M M D D D

E M D D P/E E D D D D D E
E M/D D D P/E E D D D P E M
D E M D - P/E E M D D/P E M

estrogen D D D P/E E E E M D D D D
adm inistered D P/E E E E E M D D D D D
day 3 D P P E E M D D D D D D

E D D D P E E E E M M M
D P/E E E E M D D D D D D
E E E E E E D D D D D D

estrogen M M D E E E E M M E E M
adm inistered M/D D D P E E E M M M M M
day 3 and P E D D E D D D D D D D
T. v a q in a lis D E E E E M D D D D D D
inocu la te d E M D E E E E E E E E E
in tra v a g in a lly M D D P/E E E E E E E E E
on day 5

D = d ie s tro u s  

P = proestrous 

E = estrous 

M = m etaestrous 

-  re s u lts  unava ilab le
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d i d  n o t  a lw a y s  a l t e r  t h i s  p a t t e r n ,  w i t h  d i e s t r o u s  i n  

some m ice  l a s t i n g  up t o  f i f t e e n  days.  O th e r  i n f e c t e d  

an ima ls  showed pro longed e s t r o u s  (up to  n in e  days) or  a 

r e t u r n  t o  c y c l i c a l  b e h a v i o u r .  Thus ,  t h e r e  appe a red  t o  

be a v a r i e t y  o f  p a t t e r n s  o f  e s t r o u s  f o r  mice i n o c u la te d  

w i t h  p a r a s i t e s  and c e r t a i n l y  t h e  i n t r o d u c t i o n  o f  

p a r a s i t e s  i n  many cases  i n t e r f e r e d  w i t h  t h e  ' n o r m a l  

c y c l e ' .

U n f o r t u n a t e l y  i t  was n o t  p o s s i b l e  t o  m o n i t o r  

i n f e c t i o n s  a t  t h e  same t i m e  as t h e  e s t r o u s  c y c l e  and 

c o r r e l a t i o n s  between the  e s ta b l i s h m e n t  o f  i n f e c t i o n  and 

the  e f f e c t  on the  e s t rou s  c y c le  cou ld  no t  be made.

3 .5 .  THE S U I T A B I L IT Y  OF THIS  MODEL FOR CHEMOTHERAPY,

IMMUNOLOGY AND VACCINE EXPERIMENTS

3 . 5 . 1 .  Use o f  m e t ron idazo le

The a v a i l a b i l i t y  o f  a p o s i t i v e  c o n t r o l  w o u ld  be 

i m p o r t a n t  i f  t h i s  m o d e l  was t o  be s u c c e s s f u l  i n  

a s s e s s i n g  th e  t h e r a p e u t i c  v a l u e  o f  a n t i t r i c h o m o n a l  

d r u g s .  The s t a n d a r d  a n t i t r i c h o m o n a l  d r u g ,  

m e t r o n i d a z o l e ,  was fo u n d  t o  be e x t r e m e l y  e f f e c t i v e  i n  

t h i s  model o f  v a g in a l  t r i c h o m o n i a s i s ,  when a d m in i s te re d  

o r a l l y  o r  s u b c u t a n e o u s l y .  The t h r e s h o l d  l i m i t  o f  

e f f e c t i v e n e s s  was b e t w e e n  10 a n d  25 mg o f  

m e t r o n i d a z o l e / k g  body w e i g h t ,  a d m in i s te re d  once d a i l y  

over f i v e  days (Table 29).
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Table  29 The e f f e c t i v e n e s s  o f  .O'tetronidazole i n  t h i s  mouse model 

o f  va g ina l  t r i c h o m o n ia s i s 3

Cond i t io ns  
o f  t rea tmen t

M e t ro n ida zo le
dose

(mg/kg)
ro u te  o f  

P.O.
a d m i n i s t r a t i o n

C.

C e l l a c o l - t r e a t e d - 33/44 6/11

f f c t r o n id a z o le - 10 12/10 2/10

t r e a te d 25 0/10 0/10

50 0/42 0/10

3 mice were i n f e c t e d  w i t h  v a g i n a l i s , l i n e  6950 c? 

k C e l l a c o l  o r  M e t r o n i d a z o l e  we re  a d m i n i s t e r e d  d a i l y  

over 5 days,  s t a r t i n g  3 days p o s t - i n f e c t i o n .
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3 . 5 . 2 . The e f f i c a c y  o f  S o l c o T r i c h o v a c  u s i n g  t h i s  m o d e l  o f

v a g in a l  t r i c h o m o n i a s i s

The mode l  was used t o  a ssess  th e  e f f i c a c y  o f  

S o l e  oT r i c h o v a c ,  a n e w l y - m a r k e t e d  v a c c i n e  f o r  

t r i c h o m o n ia s i s  (Rippman ET 1982). I t  was a d m in i s te r e d  

to  mice e i t h e r  i n t r a p e r i t o n e a l l y  a t  the  f u l l  human dose 

or  i n t r a m u s c u l a r l y  g i v i n g  o n e - f i f t h  o f  the  human dosage.

g
T h i s  c o r r e s p o n d s  t o  7 x 10 l y o p h i l i z e d  l a c t o b a c i l l i

g
a d m in i s te re d  subcu taneous ly  or  1.4 x 10 i f  a d m in i s te r e d  

i n t r a m u s c u l a r l y .  These were  th e  doses recommended by 

t h e  m a n u f a c t u r e r .  The r e s u l t s  a re  p r e s e n t e d  i n  T a b le  

30. They show t h a t  t h e r e  i s  no d i f f e r e n c e  i n  t h e  

i n f e c t i o n  r a t e s  o f  the  S o lc o T r i c h o v a c - t r e a te d  mice and 

the  c o n t r o l  groups g iven on ly  PBS.

3 . 5 . 3 .  A t te m p ts  t o  v a c c in a te  mice w i t h  p a r a s i t e  homogenates

To i n v e s t i g a t e  whether p a r a s i t e  homogenates induced 

any p r o t e c t i v e  immune r e s p o n s e ,  hom ogena tes  were  

p r e p a r e d  by s o n i c a t i o n  o r  f r e e z e - t h a w i n g  T. v a g i n a l i s  

and a d m i n i s t e r e d  e i t h e r  i n  F re und s  C o m p le te  A d j u v a n t  

(FCA) o r  PBS as d e t a i l e d  i n  t h e  M a t e r i a l s  and M e thods  

s e c t i o n .  The r e s u l t s  f ro m  t h i s  s e r i e s  o f  e x p e r i m e n t s  

were v a r i a b l e  (Tab le 30). In  expe r im en ts  1 and 2 th e re  

was no in c reased  re s i s t a n c e  to  i n f e c t i o n  i n  v a c c in a te d  

m ice  compared  t o  c o n t r o l s  w h i l e  i n  e x p e r i m e n t  3 t h e r e  

was a c o n s i s t e n t  d rop  i n  t h e  i n f e c t i v i t y  r a t e s  o f  

" va cc in a te d "  mice.  The mice used i n  expe r im en t  3 were
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subsequent ly  t r e a te d  w i t h  m e t ro n id a z o le  a t  a l e v e l  t h a t  

would ensure t h a t  the i n f e c t i o n  was cured (as d e t a i l e d  

i n  M a t e r i a l s  and Methods) and r e - i n f e c t e d  a week l a t e r  

u s i n g  t h e  s t a n d a r d  p r o t o c o l .  The r e s u l t s  ( T a b le  JO, 

e x p e r i m e n t  4) showed t h a t  a g a in  f e w e r  o f  t h e  g ro up  o f  

mice o r i g i n a l l y  vacc in a ted  w i t h  t r i chom onad  homogenates 

became i n f e c t e d  than the  c o n t r o l  group.  Th is  apparent  

' l o n g - t e r m '  r e s is ta n c e  was not  dem onst ra ted  i n  a l l  mice 

t h a t  had been r e s i s t a n t  to  i n f e c t i o n  i n  expe r im en t  3.

I t  i s  l i k e l y  t h a t  much o f  t h e  r e s i s t a n c e  t o  T. 

v a g i n a l i s  i n f e c t i o n s ,  as f a r  as i t  e x i s t s  w h i c h  i s  n o t  

c o n f i rm e d ,  i s  mediated by the s e c r e to r y  immune system. 

In  an a t te m p t  t o  e s t a b l i s h  the  im po r ta nce  o f  t h i s  type  

o f  r e s p o n s e ,  f r e e z e - t h a w e d  t r i c h o m o n a d s  w e re  

a d m in i s te re d  o r a l l y  t o  mice i n  an a t t e m p t  t o  t r i g g e r  the  

s e c r e t o r y  immune re s p o n s e .  A s h o r t  e x p e r i m e n t  was 

d e s i g n e d  i n v o l v i n g  o n l y  one o r a l  a d m i n i s t r a t i o n  o f  

t r ichomonads.  The r e s u l t s  (Table 30) show no d i f f e r e n c e  

be tw e e n  t h e  i n f e c t i o n  r a t e s  o f  m ic e  t h a t  were  T. 

v a g i n a l i s - t r e a t e d  and mice t h a t  were a d m in i s te r e d  PBS.

3 . 3 . 4 .  The e f f e c t  o f  re -exposure  o f  mice to  T. v a g i n a l i s

I n  o r d e r  t o  s t u d y  f u r t h e r  t h e  o c c u r r e n c e  o f  

im m un i t y  t o  T4_ v a g i n a l i s  i n o c u la te d  i n t r a v a g i n a l l y  mice 

t h a t  had e i t h e r  r e s o l v e d  an e a r l i e r  i n f e c t i o n ,  o r  had 

been i n o c u l a t e d  w i t h  p a r a s i t e s  b u t  had n e v e r  become 

i n f e c t e d ,  were  r e - e x p o s e d  t o  Tj_ v a g i n a l i s , u s i n g  th e
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s t a n d a r d  i n f e c t i o n  p r o c e d u r e ,  and e x a m i n e d  f o r  

i n f e c t i o n s  a t  t e n  days .  The r e s u l t s  ( T a b le  31) show 

t h a t  a f a i l u r e  to  i n f e c t  mice a t  the  f i r s t  a t te m p t  does 

n o t  p r o h i b i t  an i n f e c t i o n  on s u b s e q u e n t  a t t e m p t s .  

S i m i l a r l y  those mice t h a t  r e s o lv e d  the  f i r s t  i n f e c t i o n  

do n o t  n e c e s s a r i l y  show  r e s i s t a n c e  t o  f u r t h e r  

ch a l len ges .

I t  was a l s o  shown t h a t  s u b c u ta n e o u s  i n f e c t i o n  o f  

mice w i t h  t r ichomonads p r i o r  t o  i n t r a v a g i n a l  e x p o s u re  

does n o t  i n c r e a s e  t h e  r e s i s t a n c e  o f  t h e  mouse t o  an 

i n t r a v a g i n a l  i n f e c t i o n .  M i c e  w e r e  i n f e c t e d  

s u b c u t a n e o u s l y  i n  a s h a v e n  ru m p  w i t h  1 x 10^  

t r i c h o m o n a d s  i n  0.16% a g a r  p l u s  MDM p l u s  10% HIHS and 

the  subcutaneous l e s i o n  t h a t  was formed was a l lo w ed  to  

b u r s t  and heal  n a t u r a l l y .  Two weeks p o s t - i n f e c t i o n  the  

m ice  were exposed t o  t r i c h o m o n a d s  by th e  i n t r a v a g i n a l  

r o u t e .  I t  was foun d  ( T a b le  31) t h a t  m ice  t h a t  had 

recovered  f rom subcutaneous i n f e c t i o n  w i t h  v a g i n a l i s  

d e m o n s t r a t e d  no a c q u i r e d  r e s i s t a n c e  t o  v a g i n a l  

i n f e c t i o n s .
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DISCUSSION



4 .1 .  SUITABILITY OF THIS MODEL FOR STUDYING TRICHOMONIASIS

The d e v e lo p m e n t  o f  a good a n i m a l  model  o f  human 

disease r e l i e s  on f u l f i l l i n g  severa l  c r i t e r i a .  F i r s t l y  

the  a e t i o l o g i c  agent o f  the  an imal  d isease shou ld  be the  

same as t h a t  found i n  human i n f e c t i o n s .  I t  i s  im p o r t a n t  

t h a t  t h e  i n f e c t i n g  o r g a n is m  i s  c a p a b le  o f  p r o d u c i n g  

d isease i n  humans. Secondly the  an imal  d isease produced 

s h o u ld  have c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  o f  t h e  

human i n f e c t i o n  i n c l u d i n g  ro u te  o f  i n f e c t i o n ,  symptoms 

and d u r a t i o n .  T h i r d l y  i t  must be r e p r o d u c ib l e .

Perhaps  th e  i d e a l  mode l  w ou ld  be a n a t u r a l l y  

o c c u r r i n g  i n f e c t i o n  i n  a s u i t a b l e  l a b o r a t o r y  hos t  t h a t  

f u l f i l l s  the above c r i t e r i a .  U n fo r tu n a te l y  t h i s  i s  no t  

a v a i l a b l e  f o r  T^ v a g i n a l i s  so these p a r a s i t e s  have to  be 

i n t r o d u c e d  i n t o  t h e  a n i m a l .  The i s o l a t e s  i n o c u l a t e d  

i n t o  the  mice were f rom p a t i e n t s  p re sen t in g  d isease  a t  a 

g e n i t o u r i n a r y  c l i n i c ,  so they were i n i t i a l l y ,  a t  l e a s t ,  

c a p a b le  o f  i n f e c t i n g  humans.  I t  i s  f o r t u n a t e  t h a t  T. 

v a g i n a l i s  w i l l  i n f e c t  mice as venerea l  i n f e c t i o n s  tend 

to  be s p e c i e s - s p e c i f i c  (C o rb e i l ,  1980), p o s s i b l y  due to  

t h e  o r g a n is m s  h a v i n g  s p e c i e s - s p e c i f i c  r e c e p t o r s  f o r  

a t tachment  to  the v a g in a l  e p i t h e l i u m .

The r o u t e  o f  i n f e c t i o n  o f  m ice  i s  t h e  same as i n  

the  human p op u la t i o n ,  i.e . i n t r o d u c t i o n  o f  t r ichomonads  

i n t o  t h e  v a g i n a ,  so a l l o w i n g  s t u d y  o f  t h e  i n f e c t i o n  

under c o n d i t i o n s  as s i m i l a r  as p oss ib le .  The symptoms 

o f  t h e  i n f e c t i o n  i n  t h e  a n i m a l  model  a re  n e g l i g i b l e ,
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d i s e a s e  o n l y  b e in g  d e t e c t e d  by o b s e r v i n g  a v a g i n a l  

w a s h o u t ,  a l t h o u g h  a h e a v i l y  i n f e c t e d  a n i m a l  may 

o c c a s i o n a l l y  p roduce  a w h i t e  d i s c h a r g e .  A l t h o u g h  th e  

female d isease i s  descr ibed  as p roduc ing  a green f r o t h y  

d is charge ,  many women are a ls o  p r a c t i c a l l y  asymptomat ic .

The d u r a t i o n  o f  the  d isease i s  hard t o  compare w i t h  

t h a t  found i n  the  human p o p u la t i o n  as the  onse t  o f  human 

d i s e a s e  may n o t  be known and th e  d i s e a s e  i s  o f t e n  

asymptomat ic .  However, t h i s  e x p e r im e n ta l  model commonly 

has i n f e c t i o n s  l a s t i n g  18 days and i n f e c t i o n s  l a s t i n g  

more t h a n  10 weeks have been r e c o r d e d  by me. An 

i n f e c t i o n  o f  t h i s  d u r a t i o n  a l l o w s  t im e  to  e va lu a te  the 

e f f e c t  o f  a d rug  t r e a t m e n t ,  i f  used i n  a c h e m o th e r a p y  

s tudy ,  o r  to  f o l l o w  the course o f  d isease.  A l though  the 

i n f e c t i o n s ,  u n l i k e  those found i n  human p o p u la t i o n s ,  are 

u s u a l l y  a p p a re n t l y  s e l f - r e s o l v i n g  i t  l a s t s  s u f f i c i e n t l y  

long t o  be o f  co ns ide rab le  use as a model.

A c o m p a r i s o n  o f  t h i s  model  w i t h  o t h e r  r e p o r t s  o f  

mur ine  i n t r a - v a g i n a l  i n f e c t i o n s  shows s e v e r a l  advantages 

o f  the  model I  developed. F i r s t l y  t h i s  model re q u i r e s  

much l e s s  an imal  hand l ing  than some o f  those  p r e v io u s l y  

r e p o r t e d .  On ly  one e s t r o g e n  dose i s  n e c e s s a r y  t o  

e s t a b l i s h  i n f e c t i o n  compared w i t h  the  weekly  i n j e c t i o n s  

advocated by W i ld fe u e r  (1974). My r e s u l t s  a re  t h e r e f o r e  

i n  accordance w i t h  those o f  C a p p u c c in e l l i  e t  a l . ,  (1974) 

who re p o r te d  t h a t  once the i n f e c t i o n  i s  e s ta b l i s h e d  the 

p a r a s i t e s  s u r v i v e  i n  t h e  v a g i n a  i n  t h e  absence  o f  

subsequent  estrogen  t re a tm e n t .

1?1



The method o f  i n f e c t i o n  i n v o l v e s  o n l y  a s i n g l e  

i n o c u l a t i o n  o f  t r i c h o m o n a d s  w h i c h  can p r o d u c e  an 

i n f e c t i o n  r a t e  o f  100?o. This compares fa v o u r a b l y  w i t h  

t h a t  o f  C a p p u c c i n e l l i  e t  a l .  (1 9 74 ) ,  who fo u n d  t h a t  t o  

o b ta in  t h i s  i n f e c t i o n  ra te  i t  was necessary t o  i n o c u l a t e  

the  mice on 2 consecu t i ve  days. Th is  double i n o c u l a t i o n  

was f o l l o w e d  by p e r i t o n e a l  t r i c h o m o n i a s i s  i n  one o f  the  

s i x  m ic e ,  t h i s  has n o t  been o b s e rv e d  i n  my w o rk .  The 

s i n g l e  i n o c u l a t i o n  i n v o l v e s  much l e s s  t i m e  i n  

p re p a r a t i o n  and an imal  hand l ing .

Another  sav ing  i n  animal  s u p e r v i s i o n  t im e  compared 

t o  o th e r  r e p o r te d  procedures was t h a t  o f  i n f e c t i n g  the  

a n i m a l s  w h i l e  co rs r io us .  W i l d f e u e r  (1974) i n o c u l a t e d  

m ice  w h i l e  unde r  sod ium h e x o b a r b i t o l  n a r c o s i s  so 

l e n g th en in g  the procedure c o n s id e ra b l y .

Throughout t h i s  s tudy the  i n o c u l a t i o n  has been w i t h  

a p u re  c u l t u r e  o f  t r i c h o m o n a d s  w h ic h  i s  an a d v a n ta g e  

o v e r  t h a t  chosen by M e in g a s s n e r  (1 9 7 4 ) .  M e i n g a s s n e r  

i n o c u la te d  mice w i t h  a m ix tu re  o f  Candida a l b i c a n s  and 

T. v a g i n a l i s  t o  study the e f f e c t  o f  an a n t i - t r i c h o m o n a l  

drug. Chemotherapeut i c  t r i a l s  o r  s t u d ie s  f o l l o w i n g  the  

cause o f  i n f e c t i o n  are much s i m p l i f i e d  i f  the  i n f e c t i o n  

i s  o f  a s i n g l e  organism.

The i n f e c t i o n  r a t e s  o b t a i n e d  d u r i n g  t h i s  s t u d y  

compare  w e l l  w i t h  o t h e r  r e p o r t s .  N e i t h e r  L a n d o l f o  e_t 

a l . (1981) nor  Meingassner (1974) re p o r te d  on the  r a t e s  

o f  i n f e c t i o n  b u t  C a p p u c c i n e l l i  e_t a_l. (1 9 7 4 )  and



W i l d f e u e r  (1974)  o b t a i n e d  r e s u l t s  s i m i l a r  t o  t h o s e  I 

o b s e rv e d .  The i n f e c t i o n  r a t e s  w e re  v a r i a b l e  b u t  as no 

o t h e r  w o r k e r  i n  t h i s  f i e l d  has p u b l i s h e d  t y p i c a l  

i n f e c t i o n  ra te s ,  or the  amount o f  v a r i a b i l i t y  t h a t  can 

be expected,  then compar ison o f  t h i s  model w i t h  those  o f  

o t h e r s  i s  i m p o s s i b l e .  The l a c k  o f  d a ta  f ro m  o t h e r  

worke rs  could be due to  the  s m a l l  numbers o f  expe r im en ts  

c o n d u c te d  o r  the  f a c t  t h a t  v a r i a b i l i t y  o f  i n f e c t i o n  

r a t e s  was n o t  o bse rve d  by the m .  I t  i s  a l s o  p o s s i b l e  

t h a t  any v a r i a b i l i t y  t h a t  d id  occur was not  repor ted .

W i l d f e u e r  (1974) r e p o r t e d  i n f e c t i o n s  l a s t i n g  42 

days and t h e  i n f e c t i o n  r a t e s  show a g r a d u a l  d e c r e a s e  

w i t h  t im e .  I  have observed i n f e c t i o n s  l a s t i n g  more than 

100 days  b u t  a l s o  f i n d  t h a t  t h e  number o f  a n i m a l s  

showing an i n f e c t i o n  decreases over t im e .  There i s  a l s o  

a g r e e m e n t  on t h e  f i n d i n g  t h a t  t h e r e  i s  l i t t l e  

c o r r e l a t i o n  be tween t h e  p e r c e n t a g e  o f  a n i m a l s  t h a t  

became in f e c t e d  and the  d u r a t i o n  o f  i n f e c t i o n s  t h a t  d id  

o c c u r .

O v e r a l l ,  a l t h o u g h  t h e  mode l  i s  n o t  i d e a l ,  i t  i s  

f a i r l y  s u i t a b l e  f o r  use i n  c h e m o th e r a p y  s t u d i e s .  The 

i n f e c t i o n  i s  t e n a c i o u s  enough t o  w i t h s t a n d  w a sh o u t  o f  

the  vag ina  as may occur d u r in g  t o p i c a l  drug a p p l i c a t i o n  

o r  m o n i t o r i n g  o f  t h e  i n f e c t i o n  and t h e r e  i s  a s u i t a b l e  

n eg a t i v e  c o n t r o l  a v a i l a b le .  M e t r o n i d a z o l e  i s  t h e  d rug  

o f  cho ice  f o r  most t r i c h o m o n a l  i n f e c t i o n s  p resen ted so 

i t  i s  b e n e f i c i a l  t o  have a method  o f  c o m p a r in g  t h e
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e f f i c a c y  o f  a p r o p o s e d  d r u g  and  m e t r o n i d a z o l e .  

M e t r o n i d a z o l e  cu red  a l l  i n f e c t i o n s  when g i v e n  a t  t h e  

a p p r o p r ia t e  dose l e v e l  (Tab le 29). I t  appeared t h a t  the  

e f f e c t  was c o n c e n t r a t i o n - d e p e n d e n t .  I t  w ou ld  be o f  

i n t e r e s t  t o  e v a l u a t e  t h e  t h r e s h o l d  a t  w h i c h  a l l  

i n f e c t i o n s  were reso lved .  More work needs to  be done i n  

t h i s  area.

T h i s  m o d e l  has  d i s t i n c t  a d v a n t a g e s  o v e r  t h e  

e q u i v a l e n t  h a m s te r  model  and r a t  m o de l .  The h a m s te r  

mode l  has s e v e r a l  d i s a d v a n t a g e s  i n  t h a t  t h e y  a re  

c o p r o p h a g i c ,  can c r o s s  i n f e c t ,  r e q u i r e  more a n i m a l  

ha n d l in g  and, most im p o r t a n t  o f  a l l ,  harbour a n a t u r a l  

t r i c h o m o n a d  t h a t  can o v e r g r o w  Jj_ v a g i n a l i s . The r a t  

m ode l  i s  a l s o  more e x p e n s i v e  and r e q u i r e s  more a n i m a l  

h a n d l i n g  and work  done so f a r  ( C a v i e r  & M oss ion  1956,  

Meingassner et_ a l . ,  1975) i n d i c a t e s  t h a t  r a t s  need to  be 

o va r ie c to m is e d  befo re  use i n  expe r im en ts .

The model  i s  a l s o  s u i t a b l e  f o r  s t u d y i n g  t h e  h o s t -  

p a r a s i t e  i n t e r a c t i o n ,  f o r  i n s ta n c e  the  immune mechanism 

t h a t  may o p e r a t e  a g a i n s t  t h e  p a r a s i t e  as w i l l  be 

d iscussed  l a t e r ,  and unde rs tand in g  o f  the  p a t h o g e n i c i t y  

o f  the  p a r a s i t e  _in v i v o .

However, the re  are prob lems w i t h  t h i s  model, m a in ly  

i t s  v a r i a b i l i t y  and the  f a c t  t h a t  100% i n f e c t i o n  ra te s  

were not  c o n s i s t e n t l y ,  o r  f r e q u e n t l y ,  achieved.  These 

d isadvantages mean t h a t  i t  i s  more expensive  to  use than 

w o u ld  be hoped f o r ,  r e q u i r i n g  an i n c r e a s e d  use o f



an imals  and more t im e  t o  repea t  exper iments  i n  o rd e r  t o  

achieve r e l i a b l e  r e s u l t s .  A lso  more work i s  r e q u i r e d  to  

d e t e r m i n e  why some e x p e r i m e n t s  y i e l d  no p o s i t i v e  

i n f e c t i o n s  a t  a l l ,  as t h i s  i s  c l e a r l y  a d i f f i c u l t y .  The 

model  a l s o  does n o t  a l l o w  f o r  q u a n t i t a t i v e  s t u d i e s  o f  

t r i c h o m o n a d s  i n  t h e  v a g i n a  as t h e  method  o f  d e t e c t i o n  

p rov ides  data on ly  on presence or  absence o f  p a r a s i t e s  

r a t h e r  than degree o f  i n f e c t i o n .

4 . 2 .  THE DEVELOPMENT OP THE MODEL: FACTORS IMPORTANT IN

ESTABLISHING INFECTIONS.

I n  my a t t e m p t  t o  d e v e l o p  a mouse m o d e l  o f  

i n t r a v a g i n a l  t r i c h o m o n ia s i s ,  I  t r i e d  to  i d e n t i f y  f a c t o r s  

t h a t  a re  c r u c i a l  t o  t h e  ou tcome o f  t h e  d i s e a s e .  I t  i s  

c l e a r  t h a t  the  outcome o f  a p a r a s i t e  c h a l len ge  i s  by no 

means s t r a i g h t f o r w a r d  b u t  depends on t h e  i n t e r p l a y  

between a t  l e a s t  t h r e e  parameters .  One f a c t o r  i s  t h a t  

o f  t h e  innate v a r i a t i o n  i n  t h e  h o s t ,  such as g e n e t i c  

b a c k g ro u n d ,  and e n v i r o n m e n t a l  c o n d i t i o n s  such  as d i e t  

and t h e  p r e s e n c e  o f  o t h e r  i n f e c t i o n s .  A s e c o n d  

de te rm in a n t  i n  the  s e v e r i t y  o f  i n f e c t i o n  i s  the  e x te n t  

o f  t h e  c h a l l e n g e  t o  w h i c h  t h e  a n i m a l  i s  exposed.  A 

t h i r d  parameter  i s  t h a t  o f  v a r i a t i o n  i n  p a t h o g e n i c i t y  o f  

t h e  i n f e c t i n g  o r g a n i s m .  The r e s u l t s  s e c t i o n  was, f o r  

ease o f  p r e s e n t a t i o n ,  d i v i d e d  i n t o  s e c t i o n s  on h o s t  

c h a r a c t e r i s t i c s ,  p a r a s i t e  c h a r a c t e r i s t i c s  and t h e  

v a g i n a l  e n v i r o n m e n t .  The d i s c u s s i o n  w i l l  a l s o  f o l l o w
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t h i s  fo rm a t ,  but  i t  must be remembered t h a t  they  are no t  

e x c lu s ive  but  t o g e th e r  i n f l u e n c e  the course o f  d isease.

I t  i s  c l e a r  f r o m  t h e  r e s u l t s  p r e s e n t e d  and 

p u b l i s h e d  work  t h a t  t h e  p h y s i o l o g y  o f  t h e  h o s t  i s  

c r u c i a l  i n  d e t e r m i n i n g  s u s c e p t i b i l i t y  t o  T r i c h o m o n a s  

v a g i n a l i s . One way i n  wh ich  s u s c e p t i b i l i t y  was m o d i f ie d  

was by est rogen t r e a tm e n t .

The need f o r  e s t r o g e n  t r e a t m e n t  o f  m ice  p r i o r  t o  

i n f e c t i o n  w i t h  t r i chomonads has a l read y  been re p o r te d  by 

many a u t h o r s  ( L a n d o l f o  ert a_l., 1981;  C a p p u c c i n e l l i  e t  

a l . ,  1 974 ,  W i l d f e u e r ,  1 9 7 4 )  and o u r  r e s u l t s  h a v e  

c o n f i r m e d  t h i s  f i n d i n g .  The r e a s o n  f o r  t h i s  

p r e r e q u i r e m e n t  o f  e s t r a d i o l  i s  u n c l e a r ,  a l t h o u g h  many 

e x p l a n a t i o n s  have been p ro po s e d .  K up fe n b e rg  e_t a l . 

(1948) suggested t h a t  es trogen  p o t e n t i a t e d  i n f e c t i o n  by 

enhancing v a g in a l  c e l l  g lycogen l e v e l s  and so i n c r e a s in g  

food sources a v a i l a b l e  t o  the  t r i chomonads.  They a lso  

foun d  t h a t  e s t r o g e n  d i d  n o t  have a d i r e c t  e f f e c t  on 

t r i c h o m o n a d s .  T h i s  was c o n f i r m e d  by th e  f i n d i n g  o f  

C a p p u c c i n e l l i  et_ elL. (1974) t h a t  e s t r o g e n  i s  i m p o r t a n t  

o n l y  i n  t h e  i n i t i a l  s t a g e s  o f  t h e  i n f e c t i o n .  I f  t h e  

e f f e c t  was d i r e c t  r a t h e r  than mediated then i t  would be 

e x p e c te d  t h a t  a d m i n i s t r a t i o n  w o u ld  need t o  c o n t i n u e  

d u r in g  the e n t i r e  course o f  i n f e c t i o n .  Another  p roposa l  

f o r  t h e  e f f e c t  o f  e s t r o g e n  t r e a t m e n t  was t h a t  i t  

pro longed e s t rou s  and so preven ted the appearance o f  the  

p o l y m o r p h o n u c l e a r  l e u c o c y t e s  i n t o  t h e  v a g i n a l  lum en .



This i s  the  p roposa l  by W i ld fe u e r  (1974) who recommended 

t h a t  mice shou ld  be g iven es trogen a t  weekly i n t e r v a l s  

so t h a t  t h e y  were  m a i n t a i n e d  i n  e s t r o u s .  T h i s  i s  

c l e a r l y  no t  necessary however, as C a p p u c c in e l l i  et_ al_. 

(1974) and my r e s u l t s  show; t h e  p a r a s i t e s  can s u r v i v e  

f o r  l o n g  p e r i o d s  i n  t h e  v a g in a  w i t h o u t  t h e  p re s e n c e  o f  

exogenous e s t r o g e n  subsequen t  t o  t h e  i n i t i a l  dose.  

Indeed, a l though  po lymorphonuclear  le u cocy te s  have been 

r e p o r t e d  t o  d e m o n s t r a te  t r i c h o m o n i c i d a l  a c t i v i t y  i n  

v i t r o  (R e in  e_t al_., 1980) i t  does app e a r  t h a t  t h e i r  

presence ijn v i v o  i s  not  by i t s e l f  s u f f i c i e n t  t o  lead  to  

t h e  e r a d i c a t i o n  o f  p a r a s i t e s .  T r i c h o m o n a d s  and 

p o l y m o r p h o n u c l e a r  l e u c o c y t e s  were  o f t e n  p r e s e n t  i n  

washouts f rom an in f e c t e d  mouse on success ive  occasions .  

I f  t r i c h o m o n a d s  c o u l d  n o t  s u r v i v e  d i  v i v o  w i t h  t h e  

l e u cocy te s  then they  would have disappeared by the  next  

washout . However, i t  i s  p robab le  t h a t  i t  i s  b e n e f i c i a l  

i f  po lymorphonuc lea r  leucocy tes  are absent  i n i t i a l l y  i n  

o r d e r  t o  e s t a b l i s h  i n f e c t i o n .  C e r t a i n l y  i t  was found  

t h a t  the  washouts i n  which t r i chomonads appeared f i r s t  

g e n e r a l l y  were those c o n ta in in g  few le u cocy te s  bu t  many 

e p i t h e l i a l  c e l l s .

I t  i s  c l e a r  t h a t  e s t r o g e n  t r e a t m e n t  o f  m ice  d i d  

b r i n g  them i n t o  apparent  es trous .  Changes i n  b a c t e r i a l  

f l o r a  d u r in g  the  es t rous  cyc le  and a s s o c i a t i o n s  between 

T. v a g i n a l i s  and b a c t e r i a  have a l re ad y  been mentioned as 

im p o r t a n t  f a c t o r s  and i t  i s  p o s s ib le  t h a t  t r i chomonads 

w i l l  o n l y  become e s t a b l i s h e d  i n  t h e  v a g i n a  i n  t h e
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p r e s e n c e  o r  absence o f  c e r t a i n  b a c t e r i a .  I t  may be 

p o s tu la te d  t h a t  i f  these b a c t e r i a  were o n l y  p resen t  or  

a b s e n t  d u r i n g  e s t r o u s  the n  th e  need f o r  e s t r o g e n  

t r e a t m e n t ,  p r i o r  t o  i n f e c t i o n ,  c o u l d  be e x p l a i n e d .  

Larsen jet a l .  (1977) suggested t h a t  the  c y c l i c a l  changes 

i n  b a c t e r i a l  f l o r a  are caused by the  presence o r  absence 

o f  a g r o w t h  f a c t o r  s e c r e t e d / e x c r e t e d  by e f f e t e  

e p i t h e l i a l  c e l l s .  I t  i s  c o n c e i v a b l e  t h a t  t r i c h o m o n a d s  

have a r e q u i r e m e n t  f o r  t h e  p re s e n c e  o f  t h i s  g r o w t h  

f a c t o r  be fo re  they can become e s ta b l i s h e d  i n  the  vagina.

I t  i s  p o s s i b l e  t h a t  e s t r o g e n  t r e a t m e n t  has an 

e f f e c t  u n r e l a t e d  t o  t h a t  on th e  e s t r o u s  c y c l e  b u t  i s  

c r u c i a l  i n  e n a b l i n g  Jj_ v a g i n a l i s  t o  e s t a b l i s h ;  an 

e f f e c t  on the  immune s ta tu s  o f  the  hos t  co u ld  f a l l  i n t o  

t h i s  c a t e g o r y .  I t  has been o b s e rv e d  t h a t  e s t r a d i o l  

t r e a t m e n t  (1yUg /day ,  r o u t e  n o t  s t a t e d ) ,  p r i o r  t o  

im m u n is a t io n  o f  o va r ie c to m ise d  r a t s  w i t h  sheep red b lood 

c e l l s ,  v i a  t h e  Peye rs  p a t c h  ( p a r t  o f  t h e  s e c r e t o r y  

immune system),  r e s u l t s  i n  g r e a t l y  decreased IgA and IgG 

a n t i b o d y  l e v e l s  i n  t h e  v a g i n a l  s e c r e t i o n s  ( W i r a  and 

Sandoe, 1987). The t h e r a p e u t i c  e f f e c t  o f  es trogen  could  

t h u s  be t o  i n h i b i t  t h e  immune r e s p o n s e  v e r s u s  T. 

v a g i n a l i s . I t  i s  l i k e l y  t h a t  t h e r e  i s  more t h a n  one 

mechan ism o f  a c t i o n  o f  e s t r o g e n  and t h a t  t h e  e f f e c t  

observed i s  p robab ly  a comb ina t ion  o f  those  mechanisms 

ment ioned above.

The a d m i n i s t r a t i o n  o f  e s t r o g e n  se e m s  t o  be 

r e l a t i v e l y  u n im po r ta n t  w i t h  regards t o  ro u te ,  t i m i n g  and



amount. There was l i t t l e  d i f f e r e n c e  i n  the  e f f e c t s  o f  

subcutaneous,  combined subcutaneous and i n t r a p e r i t o n e a l ,  

and i n t r a p e r i t o n e a l  a d m i n i s t r a t i o n .  The subcutaneous 

a d m i n i s t r a t i o n  o f  e s t r o g e n  became th e  chosen method 

because i t  i n v o lv e d  on ly  one i n j e c t i o n  and was found t o  

be e a s ie r  and s a fe r  than i n t r a p e r i t o n e a l  i n o c u l a t i o n ,  as 

a w id e  bore  n e e d le  was n e c e s s a r y  f o r  use w i t h  the  o i l  

s u s p e n s io n .  The t i m i n g  o f  e s t r o g e n  a d m i n i s t r a t i o n  

b e f o r e  i n o c u l a t i o n  o f  p a r a s i t e s  was a l s o  foun d  t o  be 

r e l a t i v e l y  u n i m p o r t a n t  i n  t h e  ra nge  o f  one t o  t h r e e  

days .  I t  was c o n s i d e r e d  t h a t  due t o  t h e  n a t u r e  o f  t h e  

l i g h t / d a r k  c y c l e s  and t h e i r  c r i t i c a l  i n f l u e n c e  on th e  

t i m i n g  o f  o v u la t i o n  (Braden, 1957) t h a t  th e re  might  be a 

d i f f e r e n c e  i o  s u s c e p t i b i l i t y  t o  i n f e c t i o n  between groups 

t h a t  had estrogen a d m in i s te re d  d u r in g  the  morning or  the  

a f t e r n o o n .  However,  t h i s  h y p o t h e s i s  p ro v e d  t o  be 

i n c o r r e c t  (see Tables 3 c, d).

The amount o f  es trogen u s u a l l y  a d m in i s te re d  to  the  

m ice  (40 mg/kg body w e i g h t )  i s  c o n s i d e r a b l y  more t h a n  

t h e  p h y s i o l o g i c a l  l e v e l  needed t o  i n i t i a t e  e s t r o u s .  

I nd e e d  i t  i s  p r o b a b le  t h a t  even t h e  l o w e s t  dose used 

(0 .05  mg/kg body w e i g h t )  i s  w e l l  above t h e  t h r e s h o l d  

l e v e l ,  which may e x p la in  why re duc in g  the  l e v e l  to  t h i s  

amount had l i t t l e  e f f e c t  on the  r e s u l t s .  I t  was thought  

though t h a t  these low l e v e l s  may have a d i f f e r e n t  e f f e c t  

t o  t h e  h i g h  l e v e l s  on t h e  g e n e r a l  p h y s i o l o g y  o f  t h e  

mice,  and i n  so doing in c re ase  t h e i r  s u s c e p t i b i l i t y  and 

so i n f e c t i o n  ra tes .  In  p a r t i c u l a r  C a p p u c c in e l l i  j3t_ _al_.
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(1974) had r e p o r t e d  t h a t  c e r v i c a l  s e c r e t i o n s  r i c h  i n  

es trogen  may be capable o f  p re v e n t in g  p a r a s i t e  adhesion 

to  the  e p i t h e l i u m .

As a l ready  mentioned the  e s ta b l i s h m e n t  and course 

o f  an i n f e c t i o n  i s  p robab ly  dependant  on the  i n t e r p l a y  

b e tw e e n  tw o ,  o r  more,  p a r a m e t e r s .  F o r  t h i s  re a s o n  

e x p e r i m e n t s  t h a t  assessed  t h e  e f f e c t  o f  tw o  v a r i a b l e s  

t o g e th e r  ( rou te  and t i m i n g  o f  es trogen  t r e a tm e n t )  were 

p e r f o r m e d .  I n  t h i s  e x p e r i m e n t  ( T a b l e  3e ) no 

r e l a t i o n s h i p  between the  parameters  was i n d i c a t e d .

One p e r iod  o f  u nu su a l ly  low s u s c e p t i b i l i t y  o f  mice 

t o  i n f e c t i o n  f o l l o w e d  on f r o m  when t h e r e  had been a 

change o f  d i e t  g iven to  the  mice. To de te rm in e  whether 

t h e  d i e t  change was th e  cause o f  a change i n  t h e  mouse 

p h y s i o l o g y ,  h a v in g  a s u b s e q u e n t  e f f e c t  on i n f e c t i o n  

r a t e s ,  m ice  were weaned o n to  e i t h e r  t h e  o r i g i n a l  d i e t  

(41B) o r  t h e  new d i e t  (CRM). I t  a p p e a r s  f ro m  t h e  

r e s u l t s  (T a b le  6) ,  h o w e v e r ,  t h a t  n e i t h e r  o f  t h e  d i e t s  

s i g n i f i c a n t l y  im p a i red  the  s u s c e p t i b i l i t y  o f  the  mice.

D e te rm in a t io n  o f  the e f f e c t s  o f  g e n e t i c a l l y - i n d u c e d  

v a r i a t i o n  i n  p h y s i o l o g y  on t h e  s u s c e p t i b i l i t y  o f  t h e  

m ic e  t o  T. v a g i n a l i s  i s  o f  c o n s i d e r a b l e  i n t e r e s t .  Of  

e s p e c ia l  i n t e r e s t  are those changes t h a t  accompany the  

a g i n g  p r o c e s s ,  as t h e s e  have been shown t o  be c r i t i c a l  

i n  d e t e r m i n i n g  s u s c e p t i b i l i t y  t o  o t h e r  d i s e a s e s .  The 

s i t u a t i o n  w i t h  r e s p e c t  t o  a p a r a s i t e  o f  t h e  v a g i n a l  

t r a c t  i s  a s p e c i a l  case,  as t h e  e n v i r o n m e n t  changes
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a p p r e c i a b l y  a t  c e r t a i n  t i m e s  o f  l i f e .  S t u d i e s  on t h e  

prevalence o f  human t r i s c h o m o n i a s i s  i n d i c a t e  t h a t  age i s  

o f  g r e a t  r e l e v a n c e  as v e r y  few  p r e p u b e r t a l  g i r l s  show 

i n f e c t i o n .  T h i s  may p a r t i a l l y  be e x p l a i n e d  by 

ep idemio logy  and p a r t i a l l y  by the  f a c t  t h a t  v a g i n a l i s  

c a n n o t  s e t t l e  i n  p r e p u b e s c e n t  g i r l s  due t o  a l a c k  o f  

est rogen,  causing an absence o f  g lycogen i n  the  v a g i n a l  

mucous membrane ( P e t e r ,  1943).  The age o f  t h e  m u r i n e  

h o s t ,  how eve r ,  a p p e a rs  t o  be o f  much l e s s  r e l e v a n c e .  

Our r e s u l t s  i n d i c a t e  no d i f f e r e n c e  i n  s u s c e p t i b i l i t y  t o  

i n f e c t i o n  o f  m ic e  b e tw e e n  e i g h t  weeks ( m ic e  become 

s e x u a l l y  m a tu re  a t  4 weeks o f  age (B ro n s on ,  Dagg & 

S n e l l ,  1966^) and one year.  Th is  may i n d i c a t e  t h a t  t h e re  

i s  t r u l y  no d i f f e r e n c e  or  t h a t  the  e f f e c t  ageing has on 

the  hormonal support  o f  the  vagina  was abrogated  by the  

use o f  exogenous e s t r o g e n .  H ow ever ,  t h e  v i a b i l i t y  o f  

t r i chomonads to  i n f e c t  non -es t rogen  t r e a t e d  mice cou ld  

r e l a t e  t o  Pete rs f i n d i n g  (1943)  t h a t  t r i c h o m o n a d s  need 

estrogen to  p rov ide  g lycogen i n  the  vagina.

These r e s u l t s  are i n  c o n t r a s t  to  those o f  Lan d o l fo  

e t  a l .  (1981) who r e p o r t e d  t h a t  s u s c e p t i b i l i t y  t o  T. 

v a g i n a l i s  v a r i e d  w i t h  age,  even i n  e s t r o g e n - t r e a t e d  

mice,  being maximal  a t  t h r e e  t o  f o u r  weeks and m in im a l  

a t  f o r t y  t o  f o r t y  tw o  weeks .  I t  was n o t  p o s s i b l e  t o  

de te rm ine  the s u s c e p t i b i l i t y  o f  s e x u a l l y  immature  mice 

as the  vagina on ly  opens a t  the  onset  o f  m a t u r i t y .

The importance  o f  g e n e t i c  background i n  d e te rm in in g  

s u s c e p t i b i l i t y  t o  T^ v a g i n a l i s  was s t u d i e d  by u s i n g



s e v e r a l  b reed s  o f  m ic e .  A l l  s t r a i n s  I used were  fo u n d  

t o  be s u s c e p t ib le  t o  i n f e c t i o n ,  but  i n  v a ry in g  degrees. 

Lando l fo  e t  a l .  (1981) s i m i l a r l y  observed t h a t  C3H mice 

were less  s u s c e p t i b le  than  B a lb / c  and DBA but  they  a ls o  

r e p o r t e d  t h a t  C3H and C37B1 m ic e  were c o m p l e t e l y  

r e s i s t a n t  t o  i n t r a v a g i n a l  i n f e c t i o n .  My r e s u l t s  show 

t h a t  C37B1 can be i n f e c t e d .  T r i c h o m o n a d s  a re  a l s o  

capable o f  i n f e c t i n g  Sw iss /T  mice ( C a p p u c c in e l l i  _et_ a l ., 

1974) and NMRI mice (Meingassner,  1977). The h ig h  r a t e  

o f  i n f e c t i o n s  ob ta ined  w i t h  CFLP i s  i n t e r e s t i n g  because 

t h i s  i s  an o u t b r e d  mouse w h i c h  t h e r e f o r e  has a more 

v a r i a b l e  g en e t i c  background.  An ou tb red  mouse cou ld  be 

u s e f u l  i n  c h e m o th e r a p y  s t u d i e s  where  t h e  v a r i a b l e  

g e n e t i c  b ackg rou nd  o f  t h e  e x p e r i m e n t a l  a n i m a l  g ro u p  

would more a c c u r a te l y  m i r r o r  the  g e n e t i c  spectrum found 

i n  a normal ,  random human p o p u la t i o n .

A g e n e r a l  f i n d i n g  t h a t  n o t  a l l  m ice  i n  a g ro u p  

became i n f e c t e d ,  and t h a t  the  percentage i n f e c t i o n  r a t e  

v a r ie d  between groups even o f  the  same inb red  s t r a i n  o f  

mice, prompted me to  see i f  s u s c e p t i b i l i t y  was a l o n g -  

l a s t i n g  o r  p e rm a n e n t  c h a r a c t e r i s t i c  o r  a r e l a t i v e l y  

ephemeral  one.

An exper iment  was designed to  eva lua te  d i f f e r e n c e s  

i n  s u s c e p t i b i l i t y  between groups o f  mice t h a t  a r r i v e d  a t  

d i f f e r e n t  t i m e s  and t o  see i f  t h e s e  d i f f e r e n c e s  were  

m a i n t a i n e d  (T a b le  11) .  F ou r  o f  t h e  s i x  g ro u p s  gave no 

i n f e c t i o n s  w h i l e  one group y i e l d e d  a moderate i n f e c t i o n



r a t e  and one group showed a h igh  i n f e c t i o n  ra te .  These 

d i f f e r e n c e s  c a n n o t  be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  

s o u r c e  o f  t h e  m ic e  as most  were f ro m  a s i n g l e  s o u r c e ,  

i n c l u d i n g  t h e  g roup  w i t h  a h i g h  i n f e c t i o n  r a t e  and t h e  

g ro u p s  w i t h  no i n f e c t i o n s .  D i f f e r e n c e s  i n  age a re  

u n l i k e l y  t o  be the  cause as p rev iou s  expe r im en ts  showed 

age to  be u n im p o r ta n t  and the two o ld e s t  groups i n  t h i s  

e x p e r i m e n t ,  a l t h o u g h  n ea r  each o t h e r  i n  age,  gave 

i n f e c t i o n  r a te s  o f  f i v e  ou t  o f  s i x  and none ou t  o f  s i x .

M ice  f ro m  tw o  o f  t h e  o r i g i n a l  g r o u p s ,  f ro m  w h ic h  

m ice  used i n  e x p e r i m e n t  one were  t a k e n ,  we re  i n f e c t e d  

a p p r o x i m a t e l y  a month  l a t e r ,  a g a in  u s i n g  t h e  s t a n d a r d  

p r o c e d u r e .  The i n f e c t i o n  r a t e s  f ro m  t h i s  e x p e r i m e n t  

were much h ig h e r ,  w i t h  the  groups t h a t  had no i n f e c t i o n s  

i n  e x p e r i m e n t  one,  h a v i n g  h i g h  i n f e c t i o n  r a t e s  i n  t h e  

subsequent  exper iment .  The r e s i s t a n c e  to  i n f e c t i o n  t h a t  

was observed the'  f i r s t  t im e  was t h e r e f o r e  tem pora ry  o r ,  

l e s s  l i k e l y ,  s p e c i f i c  t o  t h e  f i r s t  g ro up  o f  m ic e .  A 

change i n  t h e  i n f e c t i n g  t r i c h o m o n a d  c u l t u r e  i s  a 

p o s s i b l e  re a s o n  f o r  t h i s  i n c r e a s e  i n  i n f e c t i o n  r a t e s ,  

b u t  i s  an u n l i k e l y  e x p l a n a t i o n  because  s u b s e q u e n t  

e xpe r im en ts  show l i t t l e  d i f f e r e n c e  between c u l t u r e s  t h a t  

had been passaged f ro m  m ice  t o  c u l t u r e  o v e r  a y e a r  and 

c u l t u r e s  t h a t  were f re sh  f rom s t a b i l a t e .  A lso  the  f i r s t  

c u l t u r e ,  a l t hough  not  p roducing  a h igh  i n f e c t i o n  r a t e  i n  

mos t  g ro u p s  o f  m ic e ,  d i d  g i v e  a r e s u l t  o f  f i v e  o u t  o f  

s i x  i n f e c t e d  f o r  one g r o u p .  The c u l t u r e  c a n n o t



t h e r e f o r e  be d e s c r i b e d  as l a c k i n g  v i r u l e n c e .  The 

d i f f e r e n c e s  i n  i n f e c t i v i t y  o f  p a r a s i t e  p o p u l a t i o n s  i s  

d iscussed  below.

I t  i s  d i f f i c u l t  t o  understand why these  exper iments  

s h o u l d  y i e l d  s u c h  d i f f e r e n t  r e s u l t s  when t h e  

e x p e r i m e n t a l  p r o c e d u r e  was c o n t r o l l e d  as f a r  as 

p o s s i b l e .  One s u g g e s t i o n  i s  t h a t  o f  d i f f e r e n c e s  i n  

v a g i n a l  m i c r o e n v i r o n m e n t ,  p o s s i b l y  i n  r e l a t i o n  t o  

changes  i n  t h e  f l o r a .  The p o s s i b l e  r o l e  o f  b a c t e r i a l  

c o l o n i s a t i o n  o f  the vagina and i t s  r e l a t i o n s h i p s  w i t h  T. 

v a g i n a l i s  w i l l  be d iscussed i n  more d e t a i l  l a t e r .

The c h a r a c t e r i s t i c s  o f  the p a r a s i t e  i s o l a t e  p lay  an 

i m p o r t a n t  p a r t  i n  i n f l u e n c i n g  t h e  ou tcom e  o f  t h e  

i n f e c t i o n .  D i f f e r e n c e s  i n  v i r u l e n c e  o f  p a r a s i t e  l i n e s  

have been r e p o r t e d  f o r  many o t h e r  d i s e a s e s  i n c l u d i n g  

L e i s h m a n ia  ( S c o t t ,  e t _ a l . ,  1 983),  m a l a r i a  ( W a l l i k e r  e t  

a l . , 1976) and t r y p a n o s o m e s  ( C l a y t o n ,  1978).  I s o l a t e s  

o f  v a g i n a l i s  ha ve  been s h ow n  t o  d i f f e r  i n

p a t h o g e n i c i t y  when i n v e s t i g a t e d  u s i n g  c e l l  c u l t u r e  

( F a r r i s  and Honigberg,  1970), i n t r a p e r i t o n e a l  i n f e c t i o n s  

(T e ra s  and R o igas ,  1966) and s u b c u ta n e o u s  i n f e c t i o n s  

( H o n ig b e r g  e t  a l . ,  1966).  W in s to n  (1974)  r e p o r t e d  a 

r e l a t i o n s h i p  between p a r a s i t e  s i z e  and p a t h o g e n i c i t y  f o r  

T. v a g i n a l i s . However, the  p a t h o g e n i c i t y  index  i n  t h i s  

i n s t a n c e  was d e t e r m i n e d  f rom  p a t i e n t s '  r e c o r d s ,  w h ic h  

takes no account  o f  d i f f e r i n g  s u s c e p t i b i l i t i e s  between 

t h e  women. I t  i s  a l s o  p o s s i b l e  t h a t  s i z e  o f  t h e



p a r a s i t e  depends on the c o n d i t i o n s  i n  which i t  r e s id e s  

and has n o t  a d i r e c t  r e l a t i o n s h i p  t o  t h e  i n h e r e n t  

p a t h o g e n i c i t y  o f  the p a r a s i t e .

The work presented here shows th e re  i s  no apparent  

d i f f e r e n c e  i n  p a th o g e n i c i t y  between l i n e s  6950c/' and 39. 

The r e s u l t s  d e t a i l e d  i n  T a b le  12 show t h a t  l i n e s  6950d* 

and 39 caused s i m i l a r  i n f e c t i o n  r a t e s ,  a l t h o u g h  th o s e  

w i t h  l i n e  39 v a r i e d  more b e tw e e n  passages .  I t  i s  n o t  

p o s s i b l e  f ro m  t h i s  e x p e r i m e n t ,  h o w e v e r ,  t o  d e c id e  

whether the re  i s  a spectrum o f  p a t h o g e n i c i t y ,  o r  i f  most 

T. v a g i n a l i s  are o f  r e l a t i v e l y  u n i fo rm  v i r u l e n c e .  More 

s t u d i e s ,  w i t h  a r a n g e  o f  i s o l a t e s ,  a r e  n e e d e d .  

Compar ison o f  severa l  i s o l a t e s ,  however suggested t h a t  

v i r u l e n c e  does vary (Coombs et_ _al., 1986).

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  l i n e  6950(7* was 

o r i g i n a l l y  i s o l a t e d  f ro m  a s y m p t o m a t i c  ma le .  As has 

a l r e a d y  been mentioned,  males t h a t  are i n f e c t e d  w i t h  T. 

v a g i n a l i s  a re  u s u a l l y  s y m p t o m le s s ,  so i t  i s  p o s s i b l e  

t h a t  e i t h e r  l i n e  6950c7, and by i n f e r e n c e  a l s o  l i n e  39,  

i s  u n u s u a l l y  p a t h o g e n i c  o r  t h a t  t h e  ma le  was v e r y  

s e n s i t i v e  t o  t r i c h o m o n ia s i s .

The s t a b i l i t y  o f  p a t h o g e n i c i t y  has a l r e a d y  been 

ques t ioned .  Laan (1966) observed t h a t  the  p a t h o g e n i c i t y  

o f  T. v a g i n a l i s , assessed  u s i n g  p a t h o l o g i c a l  changes  

i n d u c e d  i n  w h i t e  m ice  by i n t r a p e r i t o n e a l  i n f e c t i o n ,  

remained e s s e n t i a l l y  unchanged on s h o r t - t e r m  passage _in 

v i t r o  f o r  up t o  f o u r  m o n th s ,  b u t  t h a t  i t  d e c rea s e d
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t h e r e a f t e r .  He a l s o  r e p o r t e d  t h a t  t h e  v i r u l e n c e  

inc reased w i t h  an imal  passage. Ivey  (1975) re p o r te d  a 

d ro p  i n  t h e  v i r u l e n c e  o f  v a g i n a l i s  t h a t  had been 

m a i n t a i n e d  i n  v i t r o  f o r  t h r e e  m o n th s ,  t h e  method  o f  

a s s es s m e n t  o f  v i r u l e n c e  a g a in  b e i n g  i n t r a p e r i t o n e a l  

i n j e c t i o n  o f  mice w i t h  p a r a s i t e s .

To p r o v i d e  f u r t h e r  i n f o r m a t i o n  on t h i s  a s p e c t ,  I  

compared  t h e  i n f e c t i v i t y  o f  a l i n e  o f  _T̂_ v a g i n a l i s  

m a i n t a i n e d  by s e r i a l  passage i n t r a v a g i n a l l y  w i t h  t h e  

same o r i g i n a l  l i n e  ma in ta ined  a x e n i c a l l y  in_ v i t r o . My 

r e s u l t s  d i f f e r e d  f ro m  t h o s e  o f  L a a n ^ f o r  I  f o u n d  v e r y  

l i t t l e  d i f f e r e n c e ,  o r  p e r h a p s  a s l i g h t  d r o p  i n  

v i r u l e n c e ,  o f  those t r ichomonads t h a t  had been passaged 

t h r o u g h  a n i m a l s  f o r  one y e a r  compared  t o  t h e  o r i g i n a l  

c u l t u r e .  There  was o n l y  a s l i g h t  d ro p  i n  i n f e c t i v i t y  

when t r i chomonads were m a i n t a i n e d  a x e n i c a l l y  _in v i t r o  

f o r  3 m on ths ;  th e  d rop  i n  i n f e c t i v i t y  i s  p r o b a b l y  n o t  

s i g n i f i c a n t .  Thus my r e s u l t s  i n d i c a t e  t h a t  i n f e c t i v i t y  

was r e l a t i v e l y  s t a b l e  w i t h  t h i s  l i n e .  I t  w o u ld  be 

i n t e r e s t i n g  to  eva lua te  the  e f f e c t  o f  a lo n ge r  p e r io d  o f  

maintenance in_ v i t r o , e s p e c i a l l y  as o th e r  work i n  t h i s  

l a b o r a t o r y  s u g g e s te d  t h a t  m a in te n a n c e  for as l o n g  as 

seven o r  ten  months re s u l t e d  i n  an a lm os t  t o t a l  l o s s  o f  

i n f e c t i v i t y  (Coombs e_t _al., 1986).

The reasons f o r  the re p o r te d  lo s s  o f  v i r u l e n c e  w i t h  

t i m e  i n  c u l t u r e  a re  n o t  u n d e r s t o o d ,  b u t  i t  has been 

s u g g e s t e d  t h a t  t h e  p r e s e n c e  o f  p e n i c i l l i n  and



s t r e p t o m y c i n  may be f a c t o r s  ( S t a b l e r  _et_ a l . , 1967;

H o n igb e rg  _et jJ-L, 1970).  Such changes ,  h o w eve r ,  have 

a ls o  been rep o r te d  f o r  o th e r  p a r a s i t e s  and p robab ly  are 

s im p ly  a r e s u l t  o f  the  s e l e c t i o n  o f  l i n e s  w e l l  adapted 

to  the n o n - p h y s io l o g i c a l  c o n d i t i o n s  _in v i t r o .

The f a i l u r e  o f  l i n e  G3 to  i n f e c t  mice a lso  suggests 

t h a t  l o n g - t e r m  c u l t u r e  _in v i t r o  can l e a d  t o  l o s s  o f  

i n f e c t i v i t y .  Neve r the le ss  i t  has been shown t h a t  l i n e  

G3 has a 'marked, r a p id  e f f e c t '  on mammalian c e l l  l i n e s  

( B r e m n e r  e_t a l . ,  1 9 8 6  ) .  T h i s  s u g g e s t s  t h a t  

p a th o g e n i c i t y  i n  mice i s  de te rm ined  by more than s im p le  

p a t h o g e n i c i t y  t o w a r d s  mam m a l ian  c e l l s  and t h a t  t h e  

l a t t e r  i s  n o t  a good i n d i c a t i o n  o f  v i r u l e n c e .  L i n e  G3 

i s  a c lone from a l i n e  t h a t  has been ma in ta in ed  _in v i t r o  

s i n c e  th e  1950's .  I t  w o u ld  ap p e a r  t h a t  i t  has e i t h e r  

l o s t  i t s  i n f e c t i v i t y  tow ards  mice d u r in g  t h i s  t im e ,  or  

l e s s  l i k e l y ,  was n e v e r  i n f e c t i v e  f o r  m ic e .  I t  was n o t  

p o s s ib le  to  o b ta in  an o r i g i n a l  s t a b i l a t e  to  compare i t s  

p a th o g e n i c i t y .

I  was able to  c o n f i r m ,  however, t h a t  t r ichomonads 

p r e s e r v e d  i n  l i q u i d  n i t r o g e n  r e t a i n  most  o f  t h e i r  

o r i g i n a l  v i r u l e n c e ,  as was p r e v i o u s l y  r e p o r t e d  by 

Diamond (1963).  The r e s u l t s  a l s o  a g ree  w i t h  t h o s e  o f  

I vey  (1975) t h a t  t r i chomonads t h a t  have not  undergone a 

l o n g  p e r i o d  o f  Jun v i t r o  c u l t i v a t i o n ,  and t h e r e f o r e  

p o s s ib le  s e le c t i o n  or  s t a b i l i s a t i o n  o f  v i r u le n c e ,  b e fo re  

c r y o p re s e rv a t io n  s t i l l  r e t a i n  t h e i r  v i r u l e n c e .
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C ond i t ions  under wh ich  T̂_ v a g i n a l i s  were m a in ta ine d  

could  have profound e f f e c t s  on i t s  p a th o g e n i c i t y .  One 

o f  t h e  f a c t o r s  c o n s i d e r e d  was t h e  g r o w t h  phase o f  t h e  

p a r a s i t e s  a t  t h e  t i m e  o f  i n f e c t i o n .  The p r e l i m i n a r y  

r e s u l t s  ob ta ined  (Table 4) show t h a t  even an overgrown 

c u l t u r e  i n  the  d e c l i n e  phase can i n f e c t  mice.  However, 

no i n f e c t i o n s  were produced w i t h  p a r a s i t e s  f rom the  l a g  

phase o f  growth.

Trichomonads were a lso  grown i n  v a r i o u s  sera be fo re  

i n o c u l a t i o n  i n t o  t h e  m ice  (T a b le  16) .  T r i c h o m o n a d s  

grown in  the v a r io u s  h e a t - i n a c t i v a t e d  sera (horse,  c a l f ,  

sheep,  c h i c k e n ,  g u i n e a  p i g ,  r a b b i t  and s w i n e )  we re  a l l  

c a p a b l e  o f  e s t a b l i s h i n g  an i n f e c t i o n  a l t h o u g h  

t r ichomonads grown i n  f o e t a l  c a l f  serum gave n o t i c a b l y  

l o w e r  i n f e c t i o n s  r a t e s .  T h i s  e x p e r i m e n t  needs t o  be 

repeated  but  i s  p o t e n t i a l l y  o f  i n t e r e s t .  Peterson and 

A l d e r e t e  (1984)'  have a l r e a d y  d e m o n s t r a t e d  t h a t  T. 

v a g i n a l i s  undergoes a b s o rp t io n  o f  plasma p r o t e i n s ,  and 

t h e y  s p e c u l a t e d  t h a t  t h i s  i s  t o  evade t h e  h o s t  immune 

r e s p o n s e .  I t  i s  p o s s i b l e  t h a t  t h e s e  key p r o t e i n s  a re  

p r e s e n t  i n  t h e  s e r a  o f  o l d e r  a n i m a l s  b u t  n o t  i n  f o e t a l  

c a l f  serum.

The importance  o f  the  number o f  t r i chomonads i n  the  

inoculum was a lso  i n v e s t i g a t e d  and the  r e s u l t s  show good 

i n f e c t i o n  ra te s  can be achieved even w i t h  as few as 1Cp 

p a r a s i t e s  -  86% o f  mice in o c u la te d  w i t h  10"5 p a r a s i t e s

were s t i l l  i n f e c t e d  on day 10. My r e s u l t s  c o n t r a s t  w i t h
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t h o s e  r e p o r t e d  by W i l d f e u e r  (1974) and C a p u c c i n e l l i  e t  

a l . (1 974 ) .  W i l d f e u e r  r e p o r t e d  t h a t  o f  t h e  m ic e  

i n o c u l a t e d  w i t h  1.25 x 10^ t r i c h o m o n a d s ,  67% were  

i n f e c t e d  a t  7 days.  A t  t h e  same t i m e  o n l y  15% o f  the  

m i c e  i n o c u l a t e d  w i t h  1.5 x 10^  p a r a s i t e s  became 

i n f e c t e d .  C a p p u c c i n e l l i  e t  a l .  f o u n d  no r e l a t i o n s h i p  

b e t w e e n  p a r a s i t e  i n o c u l u m  and number o f  a n i m a l s  

i n f e c t e d ,  a l t h o u g h  t h e y  r e p o r t e d  t h a t  t h e  m in imum 

i n f e c t i n g  dose was 5 x 10^ t r i chomonads.

I t  i s  d i f f i c u l t  t o  e x p la in  the  d i f f e r e n c e s  between 

r e s u l t s  as t h e  m e t h o d s  u s e d  w e r e  n o t  t h e  sam e,  

n eve r th e less  i t  does suggest  t h a t  the  e x p e r im e n ta l  model 

I  d e v e lo p e d  was more s e n s i t i v e  t h a n  t h e  o t h e r s .  I t  i s  

not  known whether the re  i s  a minimum i n f e c t i v e  dose o f  

T. v a g i n a l i s  i n  humans.

There  a re  many o t h e r  v a r i a b l e s  t h a t  c o u l d  be 

e v a l u a t e d  i n  o r d e r  t o  u n d e r s t a n d  f u l l y  t h e  p a r a s i t e  

c h a r a c t e r i s t i c s  t h a t  p lay  c r u c i a l  p a r t s  i n  d e te rm in in g  

t h e  ou tcome o f  t h e  i n f e c t i o n .  Such e x p e r i m e n t s  m ig h t  

i n c lu d e  use o f  more s t r a i n s ,  which would be p a r t i c u l a r l y  

i n t e r e s t i n g  i f  t h e  o r i g i n a l  c l i n i c a l  p a t h o l o g y  was 

known, the  use o f  d i f f e r e n t  c u l t u r e  media and the  e f f e c t  

o f  m a i n t a i n i n g  t h e  t r i c h o m o n a d s  a t  v a r i o u s  pH v a l u e s  

be fo re  i n o c u l a t i o n .  I t  m igh t  a ls o  be o f  i n t e r e s t ,  g iven 

t h a t  a r e l a t i o n s h i p  b e t w e e n  v a r i o u s  b a c t e r i a  and 

t r i chomonads has a l ready  been e s ta b l i s h e d ,  t o  i n o c u la t e  

the  vagina  w i t h  a mixed c u l t u r e  o f  v a r io u s  b a c t e r i a  and 

T . v a g i n a l i s .
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The m i c r o e n v i r o n m e n t  o f  t h e  v a g i n a  i s  a l s o  an 

i m p o r t a n t  c o n s i d e r a t i o n  i n  e s t a b l i s h i n g  a model  o f  

t r i c h o m o n i a s i s .  I t  m u s t  be a c c e p t a b l e  t o  t h e  

t r ichomonads i n  o rde r  f o r  them to  e s t a b l i s h  an i n f e c t i o n  

and,  j u s t  as i m p o r t a n t l y ,  i t  must  m a i n t a i n  t h o s e  

c o n d i t i o n s  so t h a t  t h e  i n f e c t i o n  c o n t i n u e s  o v e r  t i m e .  

I t  was i n i t i a l l y  though t  t h a t  a 'p lug '  would be h e l p f u l  

i n  c o n ta in in g  the  t r ichomonads i n  the  vagina  and to  t e s t  

t h i s  aga r  and s t e r i s p o n  were  b o th  i n v e s t i g a t e d .  The 

r e s u l t s  i n  T a b le  17 s u g g e s t  t h a t  n e i t h e r  r e s u l t e d  i n  

c o n s i s t e n t l y  h i g h e r  i n f e c t i o n s .  I  d i d  n o t ,  h ow e v e r ,  

c a r r y  out  many expe r im en ts  i n v e s t i g a t i n g  the  advantages 

o f  p l u g g i n g  t h e  v a g i n a  and so t h e s e  r e s u l t s  need t o  be 

i n t e r p r e t e d  w i t h  c a u t i o n .  O th e r  a u t h o r s  have used 

Spongostan (Meingassner,  1977) t o  avo id  lo s s  o f  inoculum,, 

and W i l d f e u e r  (1 9 7 4 ) ,  as a l r e a d y  s t a t e d ,  a d m i n i s t e r e d  

the inocu lum to  mice under sodium h e x o b a r b i t o l  n a rc o s is ,  

presumably t o  stop  the  an im a ls  moving and the  inocu lum 

being fo rced  out  o f  the  vagina.

The p r o c e d u r e  o f  w a s h in g  o u t  t h e  v a g i n a  t o  assess  

the presence o f  t r i chomonads may have had an e f f e c t  on 

t h e  l o n g e v i t y  o f  i n f e c t i o n ,  d e c r e a s i n g  t h e  i n f e c t i o n  

r a t e .  A d v e rs e  e f f e c t s  c o u l d  have been due t o  t h e  

d i s r u p t i o n  o f  t h e  v a g i n a l  m i c r o e n v i r o n m e n t ,  e i t h e r  by 

p i e c e s  o f  t h e  e p i t h e l i u m  b ecom ing  d e ta c h e d  o r  o t h e r
Cc u j S A cL

changes^ by the  i n t r o d u c t i o n  o f  the  new medium i n t o  the 

vagina;  t h i s  cou ld  a f f e c t  the  c o l o n i s i n g  t r i chomonads.  

I n  an a t t e m p t  t o  d e t e r m i n e  i f  a d e c r e a s e  i n  i n f e c t i o n

120



r a t e  d i d  i n d e e d  o c c u r  unde r  t h e s e  c o n d i t i o n s  i t  was 

f ou n d  t h a t  i n  2 o f  t h e  3 e x p e r i m e n t s  c a r r i e d  o u t  t h e r e  

were  h i g h e r  i n f e c t i o n  r a t e s  i n  t h e  c o n t r o l  g roup  

r e c e i v i n g  l e s s  w a s h o u t s .  The d i f f e r e n c e  i s  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t ,  h o w e v e r ,  and t h e s e  

e x p e r i m e n t s  w i l l  have t o  be r e p e a t e d  b e f o r e  a f i r m  

c o n c l u s i o n  can  be r e a c h e d .  N e v e r t h e l e s s ,  t h e  

e x p e r i m e n t s  show t h a t  f r e q u e n t  w a s h in g  o u t  does n o t  

r e s u l t  i n  lo s s  o f  i n f e c t i o n  i n  a l l  cases.

A l though  t h i s  method o f  d e t e c t i n g  the  i n f e c t i o n  may 

cause  t h e  l o s s  o f  some i n f e c t i o n s  a f t e r  t h e  f i r s t  

washout,  i t  does a l l o w  most i n f e c t i o n s  to  co n t inu e  and, 

g iven  the  la c k  o f  o th e r  s u i t a b l e  d e t e c t i o n  methods, i t  

i s  the  most r e l i a b l e  method c u r r e n t l y  a v a i l a b l e .  I f  the  

w a s h o u t  i s  p e r f o r m e d  i d e n t i c a l l y  i n  s t u d ie s  compar ing 

i n f e c t i o n  ra te s ,  then the  p o s s i b i l i t y  o f  a drop o f  r a te s  

i s  r e n d e r e d  u n i m p o r t a n t .  O v e r a l l  i t  i s  a q u i c k ,  easy 

method  o f  d e t e c t i n g  i n f e c t i o n s  t h a t  does n o t  seem t o  

g r e a t l y  i m p a i r  the  v a g in a l  m ic roen v i ron m en t  w i t h  re sp ec t  

t o  the  t r ichomonads.

T h e r e  a r e  many o t h e r  f a c t o r s  o f  t h e  v a g i n a l  

e n v i r o n m e n t  t h a t  c o u l d  a f f e c t  t h e  a b i l i t y  o f  t h e  

t r ichom onad  to  co lo n is e .  Glycogen l e v e l s  i n  the  v a g in a l  

e p i t h e l i a l  c e l l s  have a l r e a d y  been m e n t i o n e d  as b e i n g  

i m p o r t a n t  i n  t h e  e s t a b l i s h m e n t  and m a in te n a n c e  o f  

i n f e c t i o n s  i n  humans and i t  w o u ld  be i n t e r e s t i n g  t o  

m o n i t o r  t h e  i m p o r t a n c e  o f  t h i s  on a mouse model  o f



i n f e c t i o n .  A n o th e r  a rea  w h ic h  i s  p r o b a b l y  c r u c i a l  i s  

t h e  p r e s e n c e  o r  a b s e n c e  o f  b a c t e r i a  and o t h e r  

m i c r o o r g a n i s m s  i n  t h e  v a g in a .  B a c t e r i a  have been 

o b s e rv e d  t o  i n f l u e n c e  th e  g r o w t h  o f  v a g i n a l i s  i n  

c u l t u r e ,  even so f a r  as th e  p re s e n c e  o f  S t a p h y l o c o c c u s  

aureus p ro lon g in g  the  l i f e  o f  the  c u l t u r e  beyond t h a t  o f  

b a c t e r i a  f r e e  c o n t r o l s ,  whereas o th e rs  g r e a t l y  decreased 

m u l t i p l i c a t i o n  (e .g .  E s c h e r i c h i a  c o l i , Pseudomonas 

a e r u g i n o s a , P r o te u s  m i r a b i l i s ) (P ra y ,  1932). B a c te r ia  

can have a cons ide ra b le  e f f e c t  on the  vagina  i n  te rm s  o f  

waste  p roduc ts ,  causing changes i n  pH, and th e re  may be 

c o m p e t i t i o n  i n  t h e  v a g in a  f o r  m e t a b o l i t e s ,  a n d / o r  

n iches .  I n f o r m a t io n  on the f l o r a  o f  the  mur ine vagina 

i s  n o t  a v a i l a b l e ,  so i t  i s  n o t  p o s s i b l e  t o  f i n d  i f  t h e  

b a c t e r i a l  s p e c i e s  known t o  a f f e c t  t h e  g r o w t h  o f  T. 

v a g i n a l i s  a re  l i k e l y  t o  be p r e s e n t  d u r i n g  i n f e c t i o n .  

However, F\_ m i r a b i l i s  i s  common i n  the  r a t  vagina and i s  

t h e r e f o r e  p o s s ib ly  common i n  mice and S taphy lococcus i s  

i s o l a t e d  i n f r e q u e n t l y  f rom r a t s  (Yamada, et_ a l . ,  1983).

A s h o r t  s t u d y  i n v o l v i n g  l o c a l  a p p l i c a t i o n  o f  

a n t i b a c t e r i a l s  p e n i c i l l i n ,  s t r e p to m y c in  (a t  two or  t h r e e  

t i m e s  t h e  l e v e l s  n o r m a l l y  used i n  c u l t u r e d  m ed ia )  o r  

s y s t e m i c  a d m i n i s t r a t i o n  o f  a n t i b a c t e r i a l s  p e n i c i l l i n ,  

s t r e p t o m y c i n ,  e r y t h r o m y c i n ,  n e o m y c in ,  g e n t a m y c in  ( a t  

t h r e e  t im e s  the l e v e l s ,  pro r a t a ,  n o r m a l l y  used i n  human 

b a c t e r i a l  i n f e c t i o n s )  a t  t im e  o f  es t rogen  a d m i n i s t r a t i o n  

and  i n o c u l a t i o n  o f  p a r a s i t e s  y i e l d e d  no p o s i t i v e  

r e l a t i o n s h i p  be tween  use o f  a n t i b a c t e r i a l s  and t h e



s u s c e p t i b i l i t y  o f  t h e  mouse t o  i n f e c t i o n  ( r e s u l t s  n o t  

s h o w n ) .  As t h e  r e s o u r c e s  w e r e  n o t  a v a i l a b l e  t o  

de te rm ine  i f  the chosen a n t i b o t i c s  were removing c e r t a i n  

b a c t e r i a  f rom the v a g in a l  f l o r a  i t  cannot  be dec ided,  a t  

p r e s e n t ,  w h e t h e r  t h e  a n t i b i o t i c s  w e r e  h a v i n g  no 

m e a s u r a b le  e f f e c t  on t h e  b a c t e r i a  p r e s e n t  o r  i f  t h e  

p re s e n c e  o f  b a c t e r i a  does n o t  i n f l u e n c e  t h e  m u r i n e  

t r ichomonad i n f e c t i o n .  Neve r the less  t h i s  i s  an area o f  

s tudy o f  g rea t  p o t e n t i a l  i n t e r e s t .

4 . 3 .  THE VAGINAL MICROENVIRONMENT

Comparisons were made o f  the  normal  mur ine  vag ina  

and vaginae under v a r io u s  p h y s i o l o g i c a l  s t r e s s e s ,  such  

as e s t r o g e n  and i r o n  t r e a t m e n t ,  i n  an a t t e m p t  t o  g a i n  

more i n f o r m a t i o n  on both  the  e f f e c t  o f  the  p r e i n f e c t i o n  

p r o c e d u r e s  and th e  c o n d i t i o n s  i n  the  vagina conducive ,  

o r  r e f r a c t o r y ,  t o  i n f e c t i o n  w i t h  v a g i n a l i s . The 

p a r a m e t e r s  t h a t  were  s t u d i e d  were pH, i r o n  and z i n c  

c o n t e n t  o f  v a g i n a l  f l u i d s ,  and t h e  e s t r o u s  c y c l e .  The 

e f f e c t s  o f  i n f e c t i o n  upon t h e s e  p a r a m e t e r s  were  a l s o  

s tu d ie d  to  ga in  f u r t h e r  i n s i g h t  i n t o  both the  c o n d i t i o n s  

i n  t h e  v a g i n a  f a v o u r a b l e  t o  t r i c h o m o n a d  p r o l i f e r a t i o n  

and how the  i n f e c t i o n  changes the  v a g in a l  env i ronment .

4 . 3 . 1 .  Vag ina l  pH

I t  was though t ,  t h a t  the  pH o f  the  vagina may be an 

i m p o r t a n t  f a c t o r  as t o  w h e t h e r  a f a v o u r a b l e
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m i c r o e n v i r o n m e n t  i s  p r o v i d e d  f o r  c o l o n i s a t i o n  by t h e  

t r ichomonads.  As s ta te d  e a r l i e r ,  i t  has been re p o r te d  

t h a t  t h e  pH o f  t h e  r a t  v a g i n a  i s  nea r  n e u t r a l  and does 

no t  f l u c t u a t e  w i t h  changes i n  the  es t rous  c y c le  (Blandau 

e t  a l . ,  1958;  La rse n  e t  a l . ,  1976) whe reas  t h e  f e m a l e  

v a g i n a  i s  more a c i d i c ,  w i t h  c y c l i c a l  changes  i n  pH 

a c c o r d i n g  t o  h o rm o na l  s u p p o r t  (Wagner and O t t e s o n ,  

1982).  I t  was o f  i n t e r e s t  t o  d i s c o v e r  w h ic h  o f  t h e s e  

m o d e ls  t h e  v a g i n a l  pH o f  t h e  mouse was most  l i k e  w i t h  

the  idea  t h a t ,  i f  necessary,  I  may a t te m p t  t o  change the  

pH t o  o f f e r  a more f a v o u r a b l e  e n v i r o n m e n t  t o  t h e  

t r i chomonads.

Resu l t s  d e t a i l e d  i n  Table 19 show t h a t  the  v a g in a l  

f l u i d  was near n e u t r a l  pH whether f rom e s t r o g e n - t r e a t e d  

m ic e ,  a t  e i t h e r  4 o r  40 mg/kg  body w e i g h t ,  ( i . e .  i n  

apparent  es trous )  o r  u n t re a te d  mice.  The im po r tance  o f  

e s t r o g e n  i s  t h e r e f o r e  p r o b a b l y  n o t  due t o  an e f f e c t  on 

t h e  v a g i n a l  pH. The pH v a l u e s  o f  t h e  v a g i n a l  f l u i d s  o f  

d i f f e r e n t  groups o f  mice ( a r r i v i n g  i n  the  department  a t  

d i f f e r e n t  t i m e s )  were a l s o  compared .  Four g ro u p s  o f  

mice w i t h  an age spectrum o f  13 weeks to  31 weeks were 

e s t r o d i o l - t r e a t e d ,  t h e  v a g i n a l  pH ta k e n  9 days  l a t e r ,  

and t h e y  were  the n  i n t r a v a g i n a l l y  i n f e c t e d  w i t h  T. 

v a g i n a l i s . The pH v a l u e s  f o r  a l l  t h e  g ro up s  o f  m ic e  

w ere  v e r y  s i m i l a r  a t  a ro u n d  pH 6 .8 ,  r e g a r d l e s s  o f  how 

many mice i n  any group became i n f e c t e d .  When the  mean 

o f  t h e  v a g i n a l  pH v a l u e s  were  compared  f o r  m ice  t h a t  

becam e  i n f e c t e d  and t h o s e  t h a t  d i d  n o t  show an
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i n f e c t i o n ,  t h e re  was no s i g n i f i c a n t  d i f f e r e n c e  between 

the  two groups. I t  appears f rom these r e s u l t s  then t h a t  

the  pH o f  the  vagina a t  the  t im e  o f  p a r a s i t e  i n o c u l a t i o n  

does not  a f f e c t  the  s u s c e p t i b i l i t y  o f  mice to  i n f e c t i o n .

The v a g in a l  pH was a ls o  measured d u r in g  i n f e c t i o n  

t o  assess i f  th e re  was a d i f f e r e n c e  between the  va lues  

f o r  m ice  w i t h  an i n f e c t i o n  and n o n - i n f e c t e d  m ic e .  I n  

a d d i t i o n ,  t h e  m ic e  had been e i t h e r  p r e v i o u s l y  t r e a t e d  

w i t h  f e r r i c  ammonium c i t r a t e  o r  PBS, becau se ,  as 

d e t a i l e d  a l r e a d y  ( T a b le  7) ,  i r o n  seems t o  have a 

b e n e f i c i a l  e f f e c t  on t h e  i n f e c t i o n  r a t e s .  I t  was 

decided to  de te rm ine  i f  t h i s  was due to  change i n  the  pH 

o f  the  vagina.  Al though  the r e s u l t s  show a s i g n i f i c a n t  

decrease i n  the  v a g in a l  pH o f  i r o n - t r e a t e d  mice ,  i t  can 

be seen t h a t  t h e r e  i s  no d i f f e r e n c e  i n  pH o f  i n f e c t e d  

and u n in fe c te d  mice. The inc rease  i n  s u s c e p t i b i l i t y  t o  

T. v a g i n a l i s  t h a t  i r o n  t r e a tm e n t  c on fe rs  on mice cannot  

t h e r e f o r e  be due to  pH alone.

Both  e x p e r i m e n t s  i n v o l v i n g  m o n i t o r i n g  the  v a g i n a l  

pH o f  m i c e  and t h e  p re s e n c e  o f  T. v a g i n a l i s  a r e  open t o  

c r i t i c i s m .  The mice were e i t h e r  examined f o r  i n f e c t i o n  

a t  10 days  and t h e  pH m o n i t o r e d  8 days  l a t e r ,  o r  t h e  pH 

measured  a t  6 days and t h e  number o f  i n f e c t e d  a n i m a l s  

e v a l u a t e d  5 days l a t e r .  Bo th  p r o c e d u r e s  s e v e r e l y  

d i s r u p t  c o n d i t i o n s  i n  t h e  v a g i n a  d u r i n g  t h e  f i r s t  

e x a m i n a t i o n ,  w h ic h  i s  why i t  was d e c id e d  t o  a l l o w  t h e  

v a g i n a  s e v e r a l  d a y s  t o  r e - e s t a b l i s h  t h e  n o r m a l
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e n v i r o n m e n t .  However ,  i t  i s  p o s s i b l e  t h a t  c o n d i t i o n s  

c o u l d  d e t e r i o r a t e  d u r i n g  t h i s  t i m e ,  p o s s i b l y  w i t h  t h e  

l o s s  o f  t h e  i n f e c t i o n  o r  a change i n  t h e  pH. However ,  

o t h e r  e x p e r i m e n t s  i n d i c a t e  t h a t  t h e  i n f e c t i o n  i s  

u n l i k e l y  t o  be l o s t  (see T a b le  19) .  An a l t e r n a t i v e  

design o f  the  exper imen t  t o  the  ones c a r r i e d  out  would 

be to  execute the  second exam ina t ion  im m e d ia te l y  a f t e r  

t h e  f i r s t .  I t  was d e c id e d  t h a t  t h i s  w o u ld  be l e s s  

f a v o u r a b l e  as th e  second w ashou t  w o u ld  be a b n o rm a l  

g i v i n g  u n r e l i a b l e  r e a d i n g s .  I t  i s  n o t  c l e a r  how, w i t h  

the  c u r r e n t l y  a v a i l a b l e  techn ig ues ,  e xpe r im en ts  such as 

t h e s e  can be c a r r i e d  o u t  w i t h o u t  t h e s e  a s s o c i a t e d  

problems.

Perhaps what would be the  most a p p r o p r ia te  method 

was not  a v a i l a b l e  t o  me, g iven the  equ ipment a v a i l a b l e .  

The i d e a l  e x p e r i m e n t  w o u ld  i n v o l v e  d e t e r m i n i n g  t h e  pH 

va lue  and d e te c t i n g  Jj_ v a g i n a l i s  i n  the  same washout  or  

e v a l u a t i n g  t h e  pH l e v e l  in_ s i t u  by i n s e r t i n g  an 

e l e c t r o d e  i n t o  t h e  v a g i n a  (as p e r f o r m e d  by Wagner and 

O t t e s o n ,  1982 and Pa rson s  e t  a l . ,  1977) i m m e d i a t e l y  

p r i o r  to  the washout  procedure.

O v e r a l l  the  r e s u l t s  show t h a t  the  mur ine v a g i n a l  pH, 

as has  been  d e m o n s t r a t e d  w i t h  t h e  r a t ,  d o e s  n o t  

f l u c t u a t e  w i t h  hormonal support .  I t  appears t h a t  pH i s  

n o t  i m p o r t a n t  i n  d e t e r m i n i n g  t h e  p r o b a b i l i t y  o f  an 

i n f e c t i o n  e s t a b l i s h i n g  i t s e l f  and t h e  p re s e n c e  o f  an 

i n f e c t i o n  does not  seem to  a f f e c t  the  v a g in a l  pH.
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4 . 3 . 2 .  Z in c  l e v e l s  i n  mur ine  v a g i n a l  s e c r e t i o n s

As s ta te d  e a r l i e r ,  males seem to  be more res is tcxn t  

to  t r i c h o m o n i a s i s  than females and t h i s  cou ld  p o s s i b l y  

be a t t r i b u t e d  t o  the  presence o f  z in c  i n  the  males l o w e r  

u r i n a r y  t r a c t .  I t  has been i d e n t i f i e d  as the  p r o s t a t i c  

a n t i b a c t e r i a l  f a c t o r  ( F a i r  ert a l . ,  1976) and has a broad 

s p e c t r u m ,  i t s  ran ge  i n c l u d i n g  p o t e n t i a l  g e n i t o u r i n a r y  

p a t h o g e n s  s u c h  as C a n d i d a  a l b i c a n s , C h ^ l a m y d i a  

t r a c h o m a t i s  and g r a m - p o s i t i v e  and g r a m - n e g a t i v e  

b a c t e r i a .  I t  has a l s o  been r e p o r t e d  t h a t  c a n i n e  

p r o s t a t i c  s e c r e t i o n s  k i l l  Tr ichomonas v a g i n a l i s  p o s s i b l y  

due t o  a h i g h  l e v e l  o f  z i n c  (W leg e r  e t  a l . ,  1982).  The 

b lood  z in c  l e v e l  may a lso  be o f  im po r ta nce  as W i l l m o t t  

e t  a l . (1983) r e p o r t e d  t h e  c u r e  o f  a p a t i e n t  w i t h  

r e c a l c i t r a n t  t r i c h o m o n ia s i s  by a d m i n i s t r a t i o n  o f  z inc .

I t  i s  c l e a r  t h e r e f o r e  t h a t  a s t u d y  o f  t h e  z i n c  

l e v e l s  i n  t h e  m u r in e  v a g i n a  w o u ld  be o f  i n t e r e s t  

e s p e c i a l l y  i f  t h i s  was compared  t o  t h e  l e v e l  o f  z i n c  

t h a t  i s  t r i c h o m o n o c i d a l .  K r i e g e r  and R e in  (1982) had 

found most t r ichomonad i s o l a t e s  t e s t e d  were k i l l e d  a t  a 

c o n c e n t r a t i o n  o f  more than 1.6 mM z in c  c h l o r i d e  (= 0.46 

g / 1 ) .  My r e s u l t s  show t h i s  l e v e l  (0.3  g / 1 )  t o  be 

i n h i b i t o r y  bu t  no t  l e t h a l .  However, a compar ison  o f  the  

z i n c  c o n c e n t r a t i o n  t h a t  i s  i n h i b i t o r y  t o  T̂ _ v a g i n a l i s  

and  t h a t  f o u n d  i n  t h e  mouse v a g i n a  u s i n g  a t o m i c  

a b s o rp t i o n  sp ec t ro m e t ry  (0-0.38 mg/1) ,  even a l l o w i n g  f o r  

d i l u t i o n  f a c t o r  o f  2, re v e a ls  t h a t  z in c  i s  p robab ly  not
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a t  a s u f f i c i e n t l y  h i g h  c o n c e n t r a t i o n  t o  a f f e c t  t h e  

i n f e c t i o n  r a t e s .

4 . 3 . 3 .  I r o n  l e v e l s  i n  murine v a g in a l  s e c r e t i o n s

My r e s u l t s  ( T a b l e  7 )  i n d i c a t e  t h a t  t h e  

a d m i n i s t r a t i o n  o f  i r o n  t o  m ic e ,  b e f o r e  i n t r a v a g i n a l  

i n o c u l a t i o n  w i t h  t r i c h o m o n a d s ,  d o e s  i n c r e a s e  t h e  

i n f e c t i o n  r a te .  I t  i s  a lso  r e s p o n s ib le  f o r  a change i n  

pH o f  t h e  v a g i n a ,  b u t  t h i s  p h y s i o l o g i c a l  m o d i f i c a t i o n  

a l o n e  does n o t  seem t o  i n f l u e n c e  t h e  p r o b a b i l i t y  o f  

e s t a b l i s h i n g  an i n t r a v a g i n a l  i n f e c t i o n .  From th e s e  

r e s u l t s ,  i t  i s  d i f f i c u l t  t o  de te rm ine  the  mechanism o f  

i n c r e a s i n g  th e  i n f e c t i o n  r a t e s  o r  w h e t h e r  i r o n  has a 

d i r e c t  o r  m e d ia te d  a f f e c t  on p a r a s i t e  s u r v i v a l  i n  t h e  

vag ina .

The e f f e c t  o f  i n c r e a s i n g  t h e  i r o n  c o n t e n t  i n  t h e  

media was eva lua ted  and the  r e s u l t s  agree w i t h  those o f  

G o r r e l l  (1985) who found t h a t  a 1 0 - f o l d  in c re a s e  i n  the  

i r o n  c o n t r a c t i o n  does n o t  a f f e c t  t h e  g r o w t h  r a t e  i n  

v i t r o  i n  a x e n i c  c u l t u r e ,  o r  maximum c e l l  d e n s i t y  

o b t a i n e d .  My r e s u l t s  show even a 1 0 0 - f o l d  d i f f e r e n c e  

had l i t t l e  e f f e c t .  I r o n  does,  h o w e v e r ,  have an e f f e c t  

on t h e  h y d r o g e n o s o m a l  a c t i v i t i e s ,  p a r t i c u l a r l y  

p y r u v a t e f e r r e d o x i n  o x i d o r e d u c t a s e  ( G o r r e l l  1985,  

Pete rson and A ld e re te  1985).

The amount o f  i r o n  i n  the  vagina assessed by a tom ic  

a b s o r p t i o n  s p e c t r o m e t r y  was fo u n d  t o  be v e r y  l o w ,
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re g a rd le s s  o f  whether the  mice had been f e r r i c  ammonium 

c i t r a t e - t r e a t e d  or  not .  The t r i chomonads are t h e r e f o r e  

g o i n g  f ro m  a medium o f  h i g h  i r o n  c o n c e n t r a t i o n  (100 

mg/1) to  an env i ronment  o f  low i r o n  c o n c e n t r a t i o n  ( l e s s  

th a n  3 mg/1)  when t h e y  a re  i n o c u l a t e d  i n t o  t h e  mouse 

vag ina .

There are a t  l e a s t  t h r e e  p o s s ib le  e x p la n a t i o n s  f o r  

the  o bs e rv a t io n  t h a t  f e r r i c  ammonium c i t r a t e  t r e a tm e n t  

i n c r e a s e s  i n f e c t i o n  r a t e s  w i t h o u t  i n c r e a s i n g  t h e  

presence o f  i r o n  i n  the  vagina.  F i r s t l y ,  i r o n  does not  

have a d i r e c t  e f f e c t  on p a r a s i t e  p a t h o g e n i c i t y  b u t  

i n s t e a d  a l t e r s  t h e  s u s c e p t i b i l i t y  o f  t h e  m ice  t o  

i n f e c t i o n .  I r o n  has a l r e a d y  been shown t o  a f f e c t  t h e  

v a g i n a l  pH and i t  may i n f l u e n c e  o t h e r  p h y s i o l o g i c a l  

m e c h a n i s m s  m a k i n g  t h e  v a g i n a  a m ore  f a v o u r a b l e  

env i ronment  f o r  Tj_ v a g i n a l i s .

S e c o n d l y ,  t h e  i r o n  i n  t h e  v a g in a  i s  n o t  b e i n g  

r e c o v e r e d  by a s i m p l e  w a s h ou t  p r o c e d u r e .  I f  t h e  i r o n  

was p resen t  i n  deeper l a y e r s  o f  the  e p i t h e l i u m  t h a t  are 

n o t  y e t  r e a d y  t o  be s lo u g h e d  o f f  t h e n  i t  i s  u n l i k e l y  i t  

w o u ld  a ppear  i n  t h e  v a g i n a l  w a s h ou t .  The i r o n  may be 

a v a i l a b l e  t o  t r i c h o m o n a d s  a t  t h i s  t i m e  because  o f  

p o s s i b l e  a t t a c h m e n t  o f  t h e  p a r a s i t e s  t o  t h e  v a g i n a l  

mucosa.

T h i r d l y ,  and perhaps most l i k e l y ,  i s  t h a t  the  i r o n  

has n o t  y e t  moved f ro m  t h e  p e r i t o n e u m  and e n t e r e d  t h e  

v a g i n a .  The i r o n  c o n t e n t  o f  v a g i n a l  w a s h o u ts  was 

assessed on ly  24 hours a f t e r  a d m i n i s t r a t i o n  o f  i r o n  to
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the  mouse; i t  would be i n t e r e s t i n g  to  measure the  i r o n  

c o n te n t  a few days a f t e r  a d m i n i s t r a t i o n .  I t  i s  p o s s ib le  

t h a t  t r ichomonads s u r v i v e  i n  the  vagina f o r  a few days 

r e g a r d l e s s  o f  i r o n  c o n t e n t ,  b u t  a f t e r  t h i s  t i m e  t h e  

s u r v i v a l  decreases un less  i r o n  then becomes a v a i l a b le .

I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  o f  i r o n  has a 

s i g n i f i c a n t  e f f e c t  on the  course o f  an i n t r a p e r i t o n e a l  

i n f e c t i o n  o f  mice w i t h  T r i t r i c h o m o n a s  f o e tu s . Bud i lo va  

& Kulda (1977) r e p o r te d  inc reased  v i r u l e n c e  o f  fo e tu s  

when f e r r i c  ammonium c i t r a t e  was a d m in i s te re d  a t  25-200 

mg /kg  body w e i g h t ,  f o r  6 days a f t e r  i n t r a p e r i t o n e a l  

i n f e c t i o n .  H o w e v e r ,  t h e i r  e x p e r i m e n t  d i d  n o t  

d i s t i n g u i s h  b e tw ee n  i n c r e a s i n g  s u s c e p t i b i l i t y  o f  mice 

and inc reased v i r u l e n c e  o f  t r i chomonads.

B i n d i n g  o f  i r o n  t o  T. v a g i n a l i s  has been r e p o r t e d  

( P e te r s o n  and A l d e r e t e ,  1985).  The a u t h o r s  f oun d  t h a t  

t r i chomonads have low a f f i n i t y  re c e p to r  s i t e s  f o r  a hos t  

mo lecu le  l a c t o f e r r i n .  L a c t o f e r r i n  i s  a p r o t e i n  produced 

by t h e  mucosa l  s u r f a c e  o f  t h e  v a g i n a  t h a t  has a h i g h  

a f f i n i t y  b in d in g  s i t e  f o r  f e r r i c  i r o n s .  The b in d in g  o f  

l a c t o f e r r i n  t o  T^ v a g i n a l i s  r e s u l t s  i n  i n t r a c e l l u l a r  

i r o n  a c c u T m u l a t i o n .  The a u t h o r s  s p e c u l a t e d  t h a t  t h e  

b i n d i n g  o f  h o s t  m a c r o m o le c u l e s  such as l a c t o f e r r i n ,  

l i p o p r o t e i n s  (Peterson & A ld e r e te  1982, 1983, 1984) and 

o th e rs  c o n t r i b u t e  to  the  p a r a s i t i c  c a p a b i l i t i e s  o f  the  

protozoan.  I t  seems l i k e l y  t h e r e f o r e  t h a t  the  e f f e c t  o f  

i r o n  t re a tm e n t  on s u r v i v a l  r a t e  i n  the  vagina i s  d i r e c t
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r a t h e r  than mediated. More work i s  needed i n  t h i s  area,  

p a r t i c u l a r l y  a s tudy on the c o n c e n t r a t i o n  o f  i r o n  over 

t im e  in  the vagina o f  i r o n - t r e a t e d  mice.  I n f o r m a t i o n  o f  

t h i s  s o r t  may l e a d  t o  more e f f e c t i v e  changes  i n  t h e  

i n o c u l a t i o n  p r o c e d u r e  such as a d d in g  i r o n  t o  t h e  

i n o c u l a t i o n  medium o r  g i v i n g  m ice  s m a l l e r  b u t  more 

r e g u la r  i r o n  t r e a tm e n ts .

4 . 3 . 4 .  The Estrous Cycle

The e s t r o u s  c y c l e  i s  g e n e r a l l y  d e s c r i b e d  as b e i n g  

o f  4 -5  days l e n g t h  composed o f  a s h o r t  p r o e s t r o u s  and 

e s t r o u s  (12 h o u rs  each) and a l o n g e r  m e t e s t r o u s  (21 

h o u rs )  and d i e s t r o u s  (57 h o u r s )  (B ro nson  e t  a l . ,  1966).  

However, many o b s e rv a t io n s  s ince  then have cas t  doubt  on 

the  v a l i d i t y  o f  c h a r a c t e r i s i n g  a normal  e s t ro u s  cyc le .

The r e s u l t s  presented  here concern ing  the  cy c le  o f  

un t re a te d  mice show a pro longed  d ie s t r o u s  p e r io d  i n  many 

cases and t h i s  i s  i n  agreement w i t h  f i n d i n g s  o f  W h i t ten  

(1959) and Marsden & B ronson  (1 965 ) .  These w o r k e r s  

found t h a t  e s t rou s  i s  suppressed when mice are crowded 

i n t o  a l l  f e m a l e  g r o u p s  and t h i s  has been r e l a t e d  t o  

o l f a c t o r y - m e d ia t e d  s t i m u l i .

I  found  t h a t  t r e a t m e n t  o f  m ic e  w i t h  e s t r o g e n  

l a r g e l y  d i s r u p t s  t h e  c y c l e ,  m ice  u s u a l l y  e n t e r i n g  

e s t ro u s  a p p ro x im a te ly  2 days l a t e r .  The c y c le  u s u a l l y  

t h e n  e n t e r e d  d i e s t r o u s  f o r  up t o  10 days .  I f  t h e  m ice  

were then i n f e c t e d  t h e re  seemed to  be 3 ma jo r  p a t t e r n s



t h a t  t h e  e s t r o u s  c y c l e  f o l l o w e d .  The m ice  e i t h e r  

e n t e r e d  a p r o l o n g e d  d i e s t r o u s  o f  up t o  15 days o r  

e n t e r e d  a p r o l o n g e d  e s t r o u s  o r  r e t u r n e d  t o  n o r m a l  

c y c l i n g .  None o f  t h e  m ice  t h a t  r e t u r n e d  t o  n o r m a l  

c y c l i c a l  behav iour  were i n f e c t e d  a t  day 10 bu t  one mouse 

t h a t  had e n t e r e d  t h e  p r o l o n g e d  d i e s t r o u s  s t i l l  was 

i n f e c t e d  a t  t h i s  t im e .  The presence o f  l a r g e  numbers o f  

n e u t r o p h i l s  i n  t h e  v a g i n a  does n o t  t h e r e f o r e  seem t o  

p reven t  t r ichomonad  s u r v i v a l .

The f a c t  t h a t  t h e r e  i s  g r e a t  v a r i a b i l i t y  i n  

response to  estrogen  t re a tm e n t  or  i n f e c t i o n  i m p l i e s  t h a t  

t h i s  may be a f a c t o r  i n  t h e  v a r i a b i l i t y  o f  i n f e c t i o n  

r a t e s  f rom week to  week. I t  would be o f  va lue  to  re pea t  

these exper iments  to  ga in  more data on the  e f f e c t  o f  the  

e s t ro u s  c y c le  on i n f e c t i o n  d u ra t io n .  Some o th e r  work i n  

t h i s  l a b o r a t o r y  i n d i c a t e s  t h a t  t h e r e  i s  a c o r r e l a t i o n  

between stage o f  e s t rou s  and s u s c e p t i b i l i t y  o f  mice to  

i n t r a v a g i n a l  i n f e c t i o n ,  mice being most r e a d i l y  i n f e c t e d  

d u r in g  e a r l y  p ro e s t ro u s  (Coombs ert a l . ,  1986) wh ich  i s  a 

t im e  o f  e le va te d  hormone l e v e l s  and t h e r e f o r e  decreased 

l e v e l s  o f  a n t i b o d ie s  i n  the  v a g in a l  s e c r e t i o n s  (Wira  and 

Sandoe,  1987).

F u r t h e r  work i n  t h i s  area should i n c l u d e  assessment 

o f  t h e  e s t r o u s  c y c l e  by t h e  a pp ea ran ce  o f  t h e  v a g i n a  

(C h a m p l in  e t  a l . ,  1983) ,  as f r e q u e n t  v a g i n a l  s a m p l i n g  

has been r e p o r t e d  t o  r e s u l t  i n  an a b n o r m a l l y  h i g h  

in c id ence  o f  c o r n i f i e d  smears (Emery and Schwabe, 1956;
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Wade and D a i s y ,  1935) w h ic h  p o s s i b l y  c o n f u s e s  th e  

r e s u l t s  a l i t t l e .

I  used t h e  model  I  had d e v e lo p e d  i n  an a t t e m p t  t o  

d e t e r m i n e  l o c a t i o n  o f  t h e  t r i c h o m o n a d s  i n  t h e  v a g in a .  

One a im was t o  see i f  t h e y  i n h a b i t  p a r t i c u l a r  n i c h e s  

w i t h  s p e c i a l  m i c r o e n v i r o n m e n t s .  M ic e  we re  g i v e n  a 

g e n t le  v a g in a l  scrape w i t h  a round-ended imp lement  and 

the  v a g in a l  m a t e r i a l  ob ta ined  im m e d ia te l y  examined f o r  

the  presence o f  v a g i n a l i s . I f  the t r ichomonads  were 

p r e s e n t  t h e n  t h e  mouse was s a c r i f i c e d  and t h e  v a g in a  

d i s s e c t e d  o u t .  T h i s  was f r o z e n  and s e c t i o n e d  on a 

c r y o s t a t  and s e c t i o n s  so o b t a i n e d  were  s t a i n e d  u s in g  

a c r u d i n e  o ra nge  ( F r i p p ,  Mason and S up e r ,  1975) o r  

Papanicalaou (1954) or  May-Grunwald-Giemsa (Cook, 1974). 

A l t e r n a t i v e l y  t h e  v a g i n a  was p r e p a r e d  f o r  s c a n n in g  

e l e c t r o n  microscopy by e i t h e r  c r i t i c a l  p o i n t  d r y in g  or  

f r e e z e - d r y i n g .  , These p r o c e d u r e s  were  p e r f o r m e d  on 

v a g i n a  t h a t  had e i t h e r  been g e n t l y  washed w i t h  PBS ( t o  

remove mucus) o r  unwashed vag inae.

None o f  t h e s e  p r o c e d u r e s ,  h o w e v e r ,  r e v e a l e d  th e  

p re s e n c e  o f  t r i c h o m o n a d s  ( r e s u l t s  n o t  show n) .  The 

s t a i n i n g  o f  s e c t i o n s ,  u s i n g  M a y - G r u n w a ld - G ie m s a  o r  

P a p a n i c a l a o u ,  f o r  use i n  l i g h t  m i c r o s c o p y  d i d  n o t  

d i s t i n g u i s h  be tween  T. v a g i n a l i s  and m a m m a l ian  c e l l s ,  

w h i l e  t h o s e  s t a i n e d  w i t h  a c r t d i n e  o ra ng e  d i d  n o t  show 

s t a i n e d  t r i c h o m o n a d s  i n  s e c t i o n s .  S c a n n in g  e l e c t r o n  

m ic r o s c o p y  d i d  n o t  r e v e a l  any t r i c h o m o n a d s ,  p o s s i b l y
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because  o f  t h e  w a sh ing  p r o c e d u r e .  H ow ever ,  t h i s  

p r o c e d u r e  was found  t o  be n e c e s s a r y  as s p e c im e n s  l e f t  

unwashed were  c o v e re d  i n  l a y e r s  o f  mucus,  o b s c u r i n g  

d e t a i l  underneath.  Whi le  i t  i s  p o s s ib le  t h a t  the  random 

s e l e c t i o n  o f  s e c t i o n s  e xam ine d  d i d  n o t  a c c u r a t e l y  

r e f l e c t  the  t r u e  presence o f  t r ichomonads  i n  the  vag ina ,  

i t  i s  more l i k e l y  t h a t  t h i s  f i n d i n g  i n d i c a t e s  t h a t  T. 

v a g i n a l i s  i s  no t  i n  h igh numbers i n  the  mur ine i n f e c t i o n  

and any a t tachment  i t  does make t o  e p i t h e l i a l  c e l l s  i s  

weak o r  t h a t  the  c e l l s  are e a s i l y  s loughed o f f  w i t h  the  

t r ichomonads f rom the  vagina .

4 .4 .  THE IMPORTANCE OF THE MURINE IMMUNE RESPONSE TO 

INTRAVAGINAL TRICHOMONIASIS.

S o l c o T r i c h o v a c  (STV) i s  c u r r e n t l y  m a r k e te d  as a 

v a c c i n e  a g a i n s t  u r i n o g e n i t a l  t r i c h o m o n i a s i s .  I t  i s  

p r e p a r e d  f r o m  i n a c t i v a t e d ,  a b ^ e r a n t  s t r a i n s  o f  

L a c t o b a c i l l u s  a c i d o p h i l u s  w h ic h  t h e  make rs  o f  STV 

propose share an t igens  w i t h  Tj_ v a g i n a l i s . They suggest  

t h a t  t h e  v a c c i n e  i n d u c e s  c r o s s - r e a c t i n g  a n t i b o d i e s  

versus  the  abnormal  l a c t o b a c i l l i  and v a g i n a l i s .  They 

a l s o  s u g g e s t  t h a t  t h i s  does n o t  a d v e r s e l y  a f f e c t  t h e  

norma l  l a c t o b a c i l l i  ( S to i k o v i c ,  1982).

When t h i s  v a c c in e  was t e s t e d  i n  t h e  mouse m o d e l ,  

f o l l o w i n g  t h e  p r o t o c o l  s u g g e s t e d  f o r  h u m a n  

t r i c h o m o n i a s i s  ( w h i c h  i n v o l v e d  t h e r e f o r e  an 

a p p r o x i m a t e l y  3000 t i m e s  g r e a t e r  dose p e r  body  w e i g h t
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t h a n  used i n  human t r e a t m e n t ) ,  o r  r e d u c i n g  t h e  dose by 

o n e - f i f t h ,  t h e r e  was no d i f f e r e n c e  i n  t h e  i n f e c t i o n  

r a t e s  be tween  t h e  v a c c i n a t e d  and unvacc ina ted  an im a ls .  

I t  i s  p o s s i b l e  t h a t  t h e  l a c t o b a c i l l i  a n t i g e n s  i n  t h e  

vacc in e  p r e p a ra t i o n  do no t  c ross  r e a c t  w i t h  v a g i n a l i s  

a n t i g e n s  so t h a t  an immune r e s p o n s e  w i t h  an a c t i v i t y  

towards  t r ichomonads i s  not  t r i g g e r e d .  This e x p la n a t i o n  

i s  favoured by Gombosova _et_ a l  (1986) who re p o r te d  t h a t  

t h e r e  i s  no evidence o f  a n t i g e n i c  s i m i l a r i t y  between the  

two organisms us ing  immunof luorescence ,  a g g l u t i n a t i o n  o r  

h a e m o u g g lu t  i n a t  i o n  a s s a y s .  These r e s u l t s  a re  n o t  

s u r p r i s i n g  g i v e n  t h a t  t h e  o r g a n i s m s  a re  so u n r e l a t e d .  

The au tho rs  sp ecu la te  t h a t  the  im m un o - the ra p e u t ic  e f f e c t  

o f  t h e  v a c c in e  ( G o i s i s  e t  a l . ,  1982;  Ripman 1982) i s  

due  t o  s t i m u l a t i o n  o f  t h e  n o n - s p e c i f i c  r e s p o n s e .  

A l t e r n a t i v e l y  i t  i s  p o s s i b l e  t h a t  t h e  v a c c i n e  d i d  n o t  

w o rk  i n  t h i s  model  because  th e  a n t i g e n s  were  n o t  

p r e s e n t e d  i n  s u c h  a way as t o  t r i g g e r  an im m u n e  

response.

I  a lso  a t tempted  v a c c in a t i o n  o f  mice w i t h  so n ica te d  

o r  f reeze - thaw ed  t r i c h o m o n a d s .  The ' v a c c i n e '  dose was 

d e r i v e d  f rom between 1-5 x 10^ t r i chomonads.  Th is  would 

have con ta ined  0.1 - 0 . 5  mg p r o t e i n  ( G o r r e l l ,  1985). The 

amount o f  immunogen necessary t o  i n i t i a t e  a p r o t e c t i v e  

immune re sp on se  i n  t h e  h o s t  i s  n o t  known, b u t  t h e s e  

amounts ensured t h a t  the  vacc ine  would c o n ta in  more than 

t h e  l o w - t o l e r a n c e  l i m i t  ( t h a t  i s  t h e  s p e c i f i c  n o n ­
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r e a c t i v i t y  o f  t h e  l y m p h o i d  t i s s u e  i n d u c e d  by 

a d m i n i s t r a t i o n  o f  ve ry  low l e v e l s  o f  an t ig en ) .

Never the less ,  v a c c in a t i o n  us ing  t h i s  procedure had 

no apparent  a f f e c t  on the  i n f e c t i o n  r a te .  C l e a r l y  th e re  

was no p r o t e c t i v e  immune re s p o n s e  s t i m u l a t e d .  The 

d e v e lo p m e n t  o f  v a c c i n e s  i s  a c o m p le x  p r o c e s s  and t h e  

e f f e c t  p ro du ce d  depends ,  among o t h e r  t h i n g s ,  on t h e  

dosage, ro u te  and t i m i n g  o f  a d m i n i s t r a t i o n .  So i t  was 

p e r h a p s  n o t  s u p r i s i n g  t h a t  t o t a l  p r o t e c t i o n  was n o t  

a c h i e v e d  b u t  i t  w o u ld  be v e r y  i n t e r e s t i n g  t o  s t u d y  t h e  

amount o f  an t ib ody  produced i n  response to  the  vacc ine.  

I t  i s  l i k e l y  t h a t  h i g h  t i t r e s  o f  a n t i b o d y  were  p r e s e n t  

i n  t h e  serum b u t ,  as w i t h  o t h e r  d i s e a s e s  and t h e  

s i t u a t i o n  found  i n  c l i n i c a l  p r a c t i c e ,  t h i s  c o r r e l a t e s  

p o o r l y  w i t h  c l i n i c a l  immune s t a t u s .  Inde ed  i t  may be 

t h a t  m ice  c a n n o t  mount  a p r o t e c t i v e  immune re s p o n s e  

a g a i n s t  i n t r a v a g i n a l  t r i c h o m o n i a s i s ;  and may be t h e  

same i s  t r u e  w i t h  humans.  N e v e r t h e l e s s  t h e  model  

produced p rov ided  a good o p p o r t u n i t y  t o  i n v e s t i g a t e  the  

immune response to  i n t r a v a g i n a l  t r i c h o m o n ia s i s .

I m m u n o g e n i c i t y  o f  v a g i n a l i s  has a l r e a d y  been

o b s e r v e d  and some o f  t h e  a n t i g e n s  c h a r a c t e r i s e d  

( A ld e re te ,  1983; Conne l l y  1985; A ld e r e te  and Kasmala , 

1986; Garber 1986) and hyperimmune serum i s  r e l a t i v e l y  

e a s i l y  o b t a i n e d  (G o m b o s o v a  ejb a j ^ . , 1 9 8 6 ) .  I t  i s  

t h e r e f o r e  p r o b a b l e ,  g i v e n  t h a t  T^ v a g i n a l i s  i s  

im m u n o g e n ic ,  t h a t  my v a c c i n a t i o n  p r o c e d u r e  y i e l d e d  a



h igh  t i t r e  o f  a n t i b o d ie s .  I t  seems p o s s ib le  t h a t  these 

a n t i b o d i e s  were  n o t  p r o t e c t i v e  because t h e  s e c r e t o r y  

immune system was no t  t r i g g e r e d  e f f e c t i v e l y  or  t h a t  the  

a n t i b o d i e s  were not  d i r e c t e d  a ga in s t  mo lecu les  p resen t  

on the  i n t a c t  su r face .  The a c q u i s i t i o n  o f  s o lu b le  serum 

a n t i g e n s  by Jj_ v a g i n a l i s  has a l r e a d y  been o b s e rv e d  

(Peterson and A ld e r e te ,  1983) and i t  was specu la ted  t h a t  

t h i s  i s  a method o f  evad ing the  immune response.

I t  i s  p o s s ib le  t h a t  an e f f e c t i v e  s e c r e to r y  response 

can b e s t  be a c h i e v e d  by s t i m u l a t i o n  o f  t h e  s e c r e t o r y  

sys te m  r a t h e r  t h a n  s y s t e m i c  v a c c i n a t i o n  and t h a t  

s u b c u ta n e o u s  v a c c i n a t i o n  i s  p a r t i c u l a r l y  i n e f f e c t i v e  

(Wira  and Sandoe, 1987). Reports are a v a i l a b l e  o f  o r a l  

v a c c i n a t i o n  a f f o r d i n g  p r o t e c t i o n  a g a i n s t  H e r p e s  

i n f e c t i o n  and c h la m y d ia l  i n f e c t i o n s  o f  the  g e n i t a l  t r a c t  

( S t u r n  and S c h n e w e is ,  19?8;  N i c h o l s  et_ a l . ,

1978). For t h i s  .reason a s h o r t  exper iment  i n v o l v i n g  one 

a d m i n i s t r a t i o n ,  by t h e  o r a l  r o u t e ,  o f  f r e e z e - t h a w e d  

t r i chomonads was perfo rmed. Th is  a lso  had no e f f e c t  on 

t h e  i n f e c t i o n  r a t e .  A g a in  i t  w o u ld  be n e c e s s a r y  t o  

f o l l o w  up t h i s  s tudy w i t h  measurements o f  a n t ib o d y  t i t r e  

o f  the  v a g i n a l / c e r v i c a l  s e c r e t i o n s  t o  de te rm ine  whether 

t h e  immune re s p o n s e  was n o t  b e in g  s t i m u l a t e d  o r  i f  a 

response was t r i g g e r e d  but  was no t  p r o t e c t i v e .  Th is  was 

a t tem p ted  by me but  r e s u l t s  are not  a v a i l a b le .

There i s  a r e p o r t  o f  a s tudy  i n v o l v i n g  i n j e c t i o n  o f  

h y p e r im m u n e  serum i n t o  t h e  c e r v i x - u t e r i  and v a g i n a  o f
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p a t i e n t s  w i t h  t r i c h o m o n i a s i s  r e f r a c t o r y  to  t r e a tm e n t .  A 

number o f  p a t i e n t s ,  t o o  s m a l l  t o  be s i g n i f i c a n t ,  

r e p o r t e d  g r e a t  i m p r o v e m e n t  i n  t h e  c l i n i c a l  symptoms 

( A b u r e l  e t  a l . ,  1963).  T h i s  k i n d  o f  e x p e r i m e n t  w o u ld  be 

v e r y  i n t e r e s t i n g  t o  p e r f o r m  u s i n g  t h e  a v a i l a b l e  mouse 

model. Other expe r im en ts  i n v o l v i n g  passive  im m u n is a t io n  

would a lso  be va lu a b le .

A n o t h e r  p o s s i b i l i t y  t o  e x p l a i n  t h e  l a c k  o f  

p r o t e c t i v e  im m un i t y  observed both i n  these expe r im en ts  

and c l i n i c a l  i n f e c t i o n s  (Mason,  1979;  S t r e e t  e t  a l . ,  

1982) i s  t h a t  o f  a c t i v e  s u p p r e s s i o n  o f  t h e  immune 

re sp o n se  by t h e  p a r a s i t e s .  Other  pro tozoan i n f e c t i o n s  

have been shown t o  s t i m u l a t e  s u p p r e s s o r  T - l y m p h o c y t e s  

( D i a m a n s t e i n  e t  a l . ,  1980;  F e r r a n t e  and Smythe ,  1984) 

and  Mason and  P a t t e r s o n  ( 1 9 8 3 )  r e p o r t e d  t h a t  T. 

v a g i n a l i s  s t i m u l a t e d  a T - l ymphocy te  p o p u la t i o n ,  a l though  

i t s  i d e n t i t y  i s  no t  ye t  known, f rom p a t i e n t s  w i t h  a c t i v e  

t r i c h o m o n i a s i s .  They s p e c u l a t e d  t h a t  because  a n o n -  

pathogenic  a m o e b o f l a g e l l a t e  N a e q l e r i a  q rube i i  does n o t  

s i m i l a r l y  s t i m u l a t e  m i to g e n ic  a c t i v i t y ,  then suppresso r 

c e l l  s t i m u l a t i o n  i s  an im p o r t a n t  f a c t o r  i n  d e te rm in in g  

t h e  p a t h o g e n i c  p o t e n t i a l  o f  p r o t o z o a .  However ,  no 

d i f f e r e n c e  i n  t h e  re s p o n s e  o f  T - c e l l s  t o  a n t i g e n s  

d e r i v e d  f rom pa thogen ic  and non-pathogen ic  s t r a i n s  o f  T. 

v a g i n a l i s  was observed.  I t  i s  t h e r e f o r e  u n l i k e l y  t h a t  

s u p p r e s s i o n  o f  t h e  h o s t  r e s p o n s e  i s  e s s e n t i a l  t o  t h e  

s u r v i v a l  o f  J\_ v a g i n a l i s .

138



The i n f l u e n c e  o f  t h e  e s t r a d i o l  t r e a t m e n t  o f  t h e  

mice on the  e f f e c t  o f  the immune response should a lso  be 

cons idered.  Prev ious  s t u d ie s  have shown t h a t  the l e v e l s  

o f  t o t a l  i m m u n o g l o b u l i n s  i n  t h e  f e m a l e  r e p r o d u c t i v e  

t r a c t  a re  under  t h e  c o n t r o l  o f  t h e  sex hormones ( W i r a  

and Sandoe,  1977).  A l t h o u g h  e s t r o g e n  a p p e a r s  t o  

in c rease  l e v e l s  o f  XgG, XgA and s e c r e to r y  component i n  

t h e  u t e r i n e  lumen ( W i r a  and Sandoe,  1980;  S u l l i v a n  e t  

a l . , 1983) i t  i n h i b i t s  t h e i r  l e v e l s  i n  c e f v i c o v a g in a l  

s e c r e t i o n s  ( W i r a  and S u l l i v a n ,  1983).  W i ra  and Sandoe 

(1987) o b s e rv e d  t h a t  r a t s  t h a t  r e c e i v e d  P e y e r ' s  p a t c h  

im m un is a t io n  w i t h  sheep red b lood c e l l s  showed s p e c i f i c  

TgA and XgG a n t ib o d ie s  i n  the  v a g i n a l  s e c re t i o n s .  This 

was m a r k e d l y  i n h i b i t e d  by p r i o r  e s t r a d i o l  t r e a t m e n t .  

A l though  t h i s  may be im p o r t a n t  i n  the  mouse model (and 

more work on t h i s  aspect  would be very  i n t e r e s t i n g )  i t  

i s  p r o b a b l y  n o t  so i m p o r t a n t  i n  humans,  as t h e r e  i s  no 

c l i n i c a l  ev idence to  suggest  t h a t  i n f e c t i o n  on ly  occurs  

d u r in g  p a r t  o f  the mens t rua l  c y c le .  A lso ,  g iven t h a t  a 

p r o t e c t i v e  immune re s p o n s e  does n o t  appear  t o  be 

e v i d e n t ,  t h e  i n f l u e n c e  o f  e s t r o g e n  on p re se n ce  o f  

a n t i b o d i e s  t o  t r i c h o m o n a d s  may be o f  l i t t l e  c l i n i c a l  

va lu e .

Assessment o f  the  immune response by r e c h a l l e n g in g  

m ice  t h a t  a l r e a d y  r e s o l v e d  an i n f e c t i o n  was a l s o  

a t t e m p t e d .  There  seemed t o  be no p r o t e c t i v e  re sp on se  

g e n e r a te d  by t h e  r e s o l u t i o n  o f  a p r e v i o u s  i n f e c t i o n ,  

even th o u g h  t h e  c h a l l e n g e  was w i t h  t h e  same p a r a s i t e
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l i n e .  A t t e m p t s  t o  i n f e c t  m i c e  t h a t  had been  

i n t r a v a g i n a l l y  in o c u la te d  w i t h  v a g i n a l i s , but  had not  

shown an i n f e c t i o n ,  were a ls o  su c c e s s fu l ;  many o f  the  

m ice  became i n f e c t e d .  T h i s  s u g g e s t s  t h a t  r e s i s t a n c e  

demonstrated on the  f i r s t  exposure t o  J\_ v a g i n a l i s  was 

p r o b a b l y  n o t  i n a t e  b u t  was e i t h e r  due t o  a s l i g h t ,  

unde te c tab le  v a r i a t i o n  i n  the  i n f e c t i o n  procedure,  or  a 

s l i g h t  change i n  host  p h y s io lo g y ,  p robab ly  p a r t i c u l a r l y  

t h e  v a g i n a l  m i c r o e n v i r o n m e n t .  M ice  t h a t  have been 

p r e v i o u s l y  s u b c u t a n e o u s l y  i n f e c t e d  a r e  a l s o  n o t  

p r o te c te d  from i n t r a v a g i n a l  i n f e c t i o n s .

O t h e r  e x p e r i m e n t s  t h a t  w o u l d  be h e l p f u l  i n  

e v a lu a t i n g  the  immune response would i n v o l v e  assessing 

i f  subcutaneous i n f e c t i o n  p ro te c te d  mice f rom subsequent  

su b c u ta n e o u s  i n f e c t i o n s .  O th e r  w o rk  c o n d u c te d  i n  t h e  

l a b o r a t o r y  i n d i c a t e d  t h a t  t h i s  was n o t  so (A. B re m n e r -  

pe rsona l  communicat ion) .  More study o f  d i f f e r e n t  mouse 

s t r a i n s  may a l s o  p r o v i d e  an i n s i g h t .  Fo r  i n s t a n c e  i t  

would be u s e fu l  t o  d e te rm ine  i f  the  apparent  r e s i s t a n c e  

t o  i n f e c t i o n  o f  some s t r a i n s  was due t o  a m o re  

r e s p o n s i v e  immune re s p o n s e  o r  l e s s  fa v o u ra b le  v a g in a l  

env i ronm e n t .

O v e r a l l ,  the r e s u l t s  concern ing  the  immune response 

t o  an i n t r a v a g i n a l  i n f e c t i o n  w i t h  t r ichomonads ,  i n d i c a t e  

t h a t  the  t r i g g e r i n g  o f  a p r o t e c t i v e  immune response i n  

the  mouse (by o r a l ,  subcutaneous or  i n t r a v a g i n a l  rou tes )  

p resen ts  d i f f i c u l t i e s .  As t r i chomonads  have been shown
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to  be immunogenic and the  vagina i s  capable o f  mount ing  

an immune re s p o n s e ,  t h e s e  r e s u l t s  s u g g e s t  t h a t  i f  a 

re sp onse  was t r i g g e r e d  t h e n  i t  has l i t t l e  t h e r a p e u t i c  

e f f e c t  o r  t h a t  t h e r e  i s  p a r a s i t e  e v a s i o n  o f  t h i s  

response. Th is  would c o r r e l a t e  w e l l  w i t h  knowledge o f  

t h e  human i n f e c t i o n  as a n t i b o d i e s  v e r s u s  T. v a g i n a l i s  

have been shown t o  be p r e s e n t  i n  t h e  m a j o r i t y  o f  

i n f e c t e d  p a r a s i t e s  b u t  no c o r r e l a t i o n  b e tw e e n  t h e  

s e v e r i t y  o f  the  d isease and a n t ib o dy  s e c r e t i o n  cou ld  be 

d i s c e r n e d  (Su, 1982).  I t  a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  

response i s  no t  p r o t e c t i v e .
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