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THE EFFECT OF CARBON MONOXIDE EXPOSURE ON SUSCEPTIBILITY 

OF MICE TO RESPIRATORY INFECTION WITH 

LISTERIA MONOCYTOGENES

CHAPTER I 

INTRODUCTION

Carbon m onoxide (CO), a  c o lo r l e s s  n o n i r r i t a t i n g  g a s ,  

i s  th e  m ost ab u n d an t and w id e ly  d i s t r i b u t e d  a i r  p o l l u t a n t  

found  i n  th e  lo w er a tm osphere  (15)* E m ission  o f  CO g en ­

e r a l l y  ex ceed s t h a t  o f  a l l  o th e r  g aseo u s p o l l u t a n t s  com­

b in e d , p a r t i c u l a r l y  i n  u rb a n  a tm o sp h e re s . T h is  gas c o n s t i ­

tu te s  an  im p o r ta n t ,  w o rld  w ide e n v iro n m e n ta l h a z a rd . More 

p e rso n s  i n  th e  U n ite d  S ta te s  succumb each  y e a r  to  a c u te  CO 

p o iso n in g  ( > 1000 ) th a n  to  any o th e r  s in g le  to x ic  a g e n t ex ­

c e p t a lc o h o l  (2 5 ) .

The a c u te  t o x i c i t y  a s s o c ia te d  w ith  t i s s u e  h y p o x ia  

d u rin g  CO ex p o su re  i s  w e l l  u n d e rs to o d  and in v o lv e s  th e  p r e f ­

e r e n t i a l  b in d in g  o f  CO in s te a d  o f  oxygen to  hem og lob in  fo rm ­

ing  carboxyhem og lob in  (COHb) ( 1 ) .  Because th e  a f f i n i t y  o f  

CO f o r  hem oglob in  i s  200 to  250 tim es t h a t  o f  oxygen, a  sm a ll 

q u a n t i ty  o f  CO can  r e v e r s i b l y  i n a c t i v a t e  a s u b s t a n t i a l

1



2
p e rc e n ta g e  o f  th e  o x y g e n -c a rry in g  c a p a c i ty  o f th e  b lo o d  (1 ) .  

I t  i s  p o s s ib l e ,  t h e r e f o r e ,  t h a t  e x p o su re  t o  c o n c e n tr a t io n s  

o f CO above 0 .1  p e r  c e n t  (1000 ppm) can  be f a t a l  to  b o th  

low er a n im a ls  and humans (35)» A nother m ajo r e f f e c t  o f CO 

may be a t t r i b u t e d  to  a l t e r a t i o n  o f oxyhem oglobin  (C^Hb) d i s ­

s o c i a t io n  c h a r a c t e r i s t i c s  p ro d u ced  by COHb, w i th  a r e s u l t a n t  

im p a ire d  u n lo a d in g  o f  O2 a t  th e  t i s s u e s .

The r e s u l t s  o f  an im al e x p o su re  to  c o n c e n tr a t io n s  o f  

CO below  1000 ppm p r e s e n t  a p i c t u r e  w h ich  i s  f a r  l e s s  c l e a r .  

However, d i f f e r e n c e s  o f  e x p o su re  re s p o n s e  o ccu r among an im als  

o f  th e  same s p e c ie s  w h ile  r e p e a te d  s u b - l e t h a l  e x p o su res  may 

r e s u l t  i n  a c c l i m a t i z a t i o n  to  c o n c e n tr a t io n s  o f  CO w hich a re  

l e t h a l  to  u n a c c l im a t iz e d  a n im a ls .

The more o b v io u s  a d v e rse  e f f e c t  o f  CO on human h e a l th  

i s  g e n e r a l ly  a s s o c i a t e d  w ith  i t s  a b i l i t y  t o  im p a ir  oxygen 

t r a n s p o r t  i n  b lo o d  by m echanism s a lr e a d y  m e n tio n e d . T h ere ­

f o r e ,  a t t e n t i o n  sh o u ld  be g iv e n  to  th e  f a c t  t h a t  CO does 

u n d e r c e r t a i n  c ir c u m s ta n c e s ,  p ro d u ce  p ro fo u n d  e f f e c t s  on 

m echanism s o th e r  th a n  th e  oxygen-hem oglob in  sy s te m . S e v e ra l 

s p e c i f i c  a l t e r a t i o n s  i n  a  number o f  e n d o c r in e  o rg an s  have 

been  a t t r i b u t e d  to  CO. L i l i e n t h a l  (25) i n  h i s  rev ie w  on c a r ­

bon m onoxide, made r e f e r e n c e  to  s e v e r a l  c a s e s  o f  a c u te  h y p e r­

th y ro id is m  fo l lo w in g  ex p o su re  to  CO and in c r e a s e d  a c t i v i t y  o f  

th e  th y r o id  and b io a s s a y  o f h y p o p h y sea l d e p le t i o n  o f th y ro ­

t r o p i c  hormone a s  e v id e n c e d  by a n a to m ic a l c h a n g e s . P a t te r s o n  

and cow orkers fo u n d  t h a t  fo o d  in ta k e  and g a s t r o - i n t e s t i n a l



3
m o t i l i t y  w ere i n h i b i t e d  by re p e a te d  ex p o su re  to  CO (3 0 ) .

Among th e  m ost s u b t l e  a l t e r a t i o n s  o c c u r r in g  i n  re s p o n se  to  

CO ex p o su re  a re  th o s e  w h ich  in v o lv e  s h i f t s  i n  com partm en ta l 

c o n c e n tr a t io n s  o f  t r a c e  m e ta ls .  New te c h n iq u e s  now a llo w  

f o r  d e te c t io n  o f  m in u te  amounts o f  th e s e  im p o r ta n t  su b - 

c e l l u l a r  c o n s t i t u e n t s ,  and  t h e i r  a l t e r a t i o n s  d u rin g  th e  c o u rse  

o f  v a r io u s  d is e a s e  s t a t e s ,  in c lu d in g  c h ro n ic  CO ex p o su re  (28, 

3 2 ) .  The a c t i v i t y  o f  s e v e r a l  enzymes h as  been  found  to  be 

a l t e r e d  d u rin g  e x p o su re  to  CO (1 2 , 3 6 ) .  The s ig n i f i c a n c e  o f 

th e s e  and o th e r  f in d in g s  (7 , 18 ) and th e  e x t r a p o la t io n  to  

th e  w hole o rgan ism  m u st, o f  n e c e s s i t y ,  a w a it  f u r t h e r  i n v e s t i ­

g a t io n s  r e l a t i v e  to  th e  e f f e c t  o f  CO on b i o lo g i c a l  p r o c e s s e s .

The b io lo g ic  and to x ic  e f f e c t s  o f a tm o sp h e ric  g a se s  

such  a s  s u l f u r  d io x id e  (SO2 ) ,  n i t r o g e n  d io x id e  (NO2 ) ,  ozone 

(0 ^ ) , and c a rb o n  m onoxide (CO) i n  u rb a n  p o p u la t io n s  c o n tin u e  

to  a t t r a c t  much a t t e n t i o n ;  p a r t i c u l a r l y  w i th  r e g a rd  to  th e  

r o l e  th e s e  p o l l u t a n t s  p la y  i n  a l t e r i n g  m an 's  s u s c e p t i b i l i t y  

to  i n f e c t i o n .  I n  th e  p a s t ,  th e  e f f e c t  o f  a i r  p o l l u t a n t s  on 

r e s i s t a n c e  to  i n f e c t i o n  h a s  been  s tu d ie d  from  two v ie w p o in ts , 

nam ely , e p id e m io lo g y  and  an im al e x p e r im e n ta t io n . T his i n ­

v e s t i g a t i o n  w i l l  be l im i t e d  p r im a r i ly  to  th e  e f f e c t  o f low 

ex p o su res  o f  th e  a i r  p o l l u t a n t ,  CO, on r e s i s t a n c e  to  i n f e c ­

t i o n  by r e s p i r a t o r y  c h a l le n g e  w ith  L i s t e r i a  m onocy togenes.

I t  i s  w e ll  e s t a b l i s h e d  now, t h a t  c e r t a i n  in h a le d  

g a se s  a l t e r  th e  s u s c e p t i b i l i t y  o f  e x p e r im e n ta l  an im a ls  to  

b a c t e r i a l  i n f e c t i o n .  In c re a s e d  in c id e n c e  o f  sp o n tan eo u s



pneum onia h a s  been  n o te d  i n  g u in e a  p ig s  u n d e rg o in g  ozone e x ­

p o su re  (39) and  c h ro n ic  ex p o su re  to  l i g h t  i r r a d i a t e d  a u to  

d u s t  (2 2 ) . P u r v is ,  e t  a l . (33) s tu d ie d  th e  e f f e c t  o f  a tm os­

p h e r ic  p o l l u t a n t s  on th e  s u s c e p t i b i l i t y  o f  an im a ls  to  r e s p i r ­

a to r y  i n f e c t i o n .  He r e p o r te d  a  d e c re a s e  i n  th e  r e s i s t a n c e  o f  

m ice to  r e s p i r a t o r y  i n f e c t i o n  w i th  K l e b s i e l l a  pneum oniae 

when exposed  f o r  3 h o u rs  to  *+ ppm o f  ozone. E h r l i c h  (10) r e ­

p o r t in g  on th e  e f f e c t  o f NO2 on r e s i s t a n c e  o f  m ice to  

K l e b s i e l l a  pneum oniae n o te d  t h a t  a  2 h o u r p re -e x p o s u re  to  

3 . 5  ppm o f  th e  gas enhanced th e  m o r t a l i t y  r a t e .  C o ff in  (5) 

has  shown enhanced  m o r ta l i t y  o f  m ice  to  group *C  S t r e p to ­

c o c c i  by e x p o su re  to  25 ppm o f CO and 0 .1 5  ppm t o t a l  o x id a n t .  

The l i t e r a t u r e  c o n ta in s  s i g n i f i c a n t  s c i e n t i f i c  in fo rm a tio n  on 

p o l l u t a n t  g a se s  802, O3 , and NO2 r e l a t i v e  to  t h e i r  e f f e c t  on 

th e  p a th o g e n e s is  o f  d i s e a s e .  The r e p o r t s  as a w hole r e f l e c t  

a  c o n s i s t a n t  p a t t e r n ,  nam ely , t h a t  th e s e  p a r t i c u l a r  a i r  p o l ­

l u t a n t s  im p a r t  p ro fo u n d  a l t e r a t i o n s  i n  th e  h o s t s '  r e s i s t a n c e  

to  r e s p i r a t o r y  i n f e c t i o n .  However, th e  e x p e r im e n ta l e v id e n ce  

r e l a t i v e  to  CO and i t s  e f f e c t  on s u s c e p t i b i l i t y  i s  n o t  as 

p r e v a l e n t .  One such  s tu d y  was u n d e r ta k e n  by S tu p f e l ,  e t  a l . 

(40) who r e p o r te d  i n  a m onograph d e v o te d  to  th e  b io lo g ic a l  

e f f e c t s  o f  CO, t h a t  th e  LD^q &ose o f  S e r r a t i a  m arcescen s was 

th e  same f o r  two g roups o f m ice 5 one exposed  to  50 ppm o f  CO 

(5 d ay s/w eek  f o r  56 days) and th e  o th e r  unex p o sed . N ever­

t h e l e s s ,  c o n tr a r y  to  S tu p e l 's  f i n d i n g s ,  i t  was n o te d  d u rin g  

t h i s  s tu d y  t h a t  m ice exposed to  100 ppm o f CO f o r  a  5 day
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p e r io d  d e m o n s tra te d  in c re a s e d  r e s i s t a n c e  to  a  l i s t e r i a  i n ­

f e c t i o n .  S ea rch  o f  th e  l i t e r a t u r e  f a i l e d  to  r e v e a l  any 

o th e r  p e r t i n e n t  s tu d i e s  r e le v a n t  to  t h i s  s p e c i f i c  a r e a .

As m en tio n ed  e a r l i e r ,  CO i s  c o n s id e re d  one o f  th e  

m ost im p o r ta n t  and  w id e ly  d i s t r i b u t e d  u rb a n  a tm o sp h e ric  p o l ­

l u t a n t s  and r e p o r t e d ly  c o n s t i t u t e s  a  h e a l th  h a z a rd . The 

f a c t  t h a t  so  few  in v e s t ig a t io n s  have been  co n ce rn ed  w ith  

t h i s  gas and i t s  e f f e c t  on h o s t  r e s i s t a n c e  i s  somewhat d i f ­

f i c u l t  to  com prehend; p a r t i c u l a r l y  i n  v iew  o f  th e  d e t a i l e d  

s tu d ie s  d ev o ted  to  th e  o th e r  a i r  p o l l u t a n t s .  The e x p e r i ­

m en ta l and e p id e m io lo g ic a l  d a ta  p e r t a in in g  t o  CO and i t s  e f ­

f e c t  i n  man and an im a ls  a re  p a r t i c u l a r l y  s p a r s e  i n  r e g a rd  to  

th e  low c o n c e n tr a t io n  l e v e l  found  i n  community a i r  p o l lu t i o n .  

In  c ase  o f a c u te  p o iso n in g  w ith  h ig h  c o n c e n tr a t io n s  o f  th e  

gas th e  b io lo g ic  e f f e c t s  on m an 's h e a l th  and a c t i v i t i e s  i s  

w e l l  u n d e rs to o d . However, m ean in g fu l e f f e c t s  o f ex p o su re  to  

low c o n c e n tr a t io n s  o f  CO have n o t  a s  y e t  b een  c l e a r l y  i d e n t i ­

f i e d .

One w onders a t  t h i s  p o in t  i f  th e  p re s e n t- d a y  am bien t 

a i r  ex posu re  l e v e l s  o f CO a re  h a rm fu l on ly  t o  th e  e x te n t  o f  

i t s  r e a c t io n  w ith  h em o p ro te in s  o r can  CO p e r  se  a l s o  e x e r t  an 

e f f e c t  q u i te  a p a r t  from  t h i s ,  w hich in  t u r n ,  c o u ld  a l t e r  th e  

c o u rse  o f an i n f e c t i o n .  I f  i t  co u ld  be d e m o n s tra te d  t h a t  

a m b ie n t- a ir  c o n c e n tr a t io n s  o f CO can  i n  f a c t  m ed ia te  c e l l u l a r  

o r s u b - c e l l u l a r  r e s p o n s e s ,  be th e y  d e le t e r i o u s  o r  n o t ,  p e r ­

haps th e  r o l e  o f CO i n  th e  p a th o g e n e s is  o f  m ic ro b ia l  d is e a s e
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m ight be somewhat c l a r i f i e d .  Some know ledge o f  th e  com plete  

spec trum  o f  b io lo g i c a l  a c t io n s  o f  CO u n d e r am b ien t a i r  con­

c e n t r a t i o n s  m ig h t f u r n i s h  an a l t e r n a t i v e  b a s i s  f o r  a n a ly z in g  

th e  e f f e c t s  o f t h i s  gas on man.

I n  a n  e f f o r t  to  s tu d y  th e  u n d e r ly in g  c a u se s  o f  

a l t e r e d  r e s i s t a n c e  to  b a c t e r i a l  i n f e c t i o n  im p a rte d  by gaseo u s 

p o l l u t a n t s ,  c o n s id e r a t io n  m ust be g iv e n  to  b a c t e r i a l  c le a ra n c e  

r a t e s  g o v ern ed  by a  sum m ation o f  th e  m echanism s t h a t  con­

s t a n t l y  rem ove b a c t e r i a  from  th e  system  and r e n d e r  them  non 

v ia b le  i n  s i t u .  Mechanisms p o s s ib ly  in v o lv e d  a r e :

a ) Removal by means o f  c i l i a r y  a c t i v i t y  and mucus

flo w .

b) Removal by means o f  ly m p h a tic  d ra in a g e .

c ) B a c t e r i a l  i n a c t i v a t i o n  o r  d e a th  i n  s i t u  (phago­

c y to s is  and d e s t r u c t io n  by i n t r a c e l l u l a r  enzym es, a n t ib o d ie s  

and o th e r  a n t i b a c t e r i a l  s u b s ta n c e s ) .

S t im u la t io n  o r  s u p p re s s io n  o f any one o f  th e s e  m echanism s 

would o f  n e c e s s i t y  s e rv e  i n  a l t e r i n g  th e  h o s t s '  r e s i s t a n c e  to  

a g iv e n  b a c t e r i a l  i n f e c t i o n .

T h is  s tu d y  was u n d e r ta k e n  to  d e te rm in e  th e  e f f e c t  o f 

low CO ex p o su re  l e v e l s  on r e s p i r a t o r y  i n f e c t i o n  w ith  L i s t e r i a  

m onocytogenes and  th e  p a r t  t h i s  g as p la y s  i n  a l t e r i n g  th e  

norm al f u n c t io n s  a s s o c ia te d  w ith  th e  l a t t e r  m echanism  (c 

a b o v e ). O ther a s p e c ts  w ere d e s ig n e d  f o r  m easu rin g  th e  p a ­

ra m e te rs  w h ich  g e n e r a l ly  a re  c o n s id e re d  in d ic e s  o f  a c q u ire d  

( c e l l u l a r )  r e s i s t a n c e .
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L i s t e r i a  m onocytogenes i s  a member o f  th e  fa m ily  

C o rn y b a c te r ia c e a , o rd e r  E u b a c te r ia l e s .  The sm ooth , p a th o ­

g e n ic  form  i s  a  sm a ll g r a m - p o s i t iv e ,  n o n sp o re fo rm in g , n o n - 

a c id  f a s t ,  d i p h th e r o id - l i k e  ro d  w ith  rounded  ends m easu rin g  

1 .0  to  2 . 0  |i  by 0 .5  Y>

L i s t e r i o s i s  i s  one o f  th e  m ost r e c e n t ly  re c o g n iz e d  

and l e a s t  u n d e rs to o d  o f  a l l  b a c t e r i a l  i n f e c t i o n s  o f  man, 

d o m e s tic a te d  a n im a ls  and w i ld  l i f e .  T h is  b a c te r iu m  i s  o f t e n  

r e l e g a t e d  to  th e  c la s s  o f  l a b o r a to r y  c u r i o s i t i e s — a m ic ro ­

o rgan ism  t h a t  can  p ro d u ce  a h ig h  c i r c u l a t i n g  m o n o cy to s is  o f  

th e  p e r ip h e r a l  b lo o d  o r  a  m arked p u r u le n t  c o n j u n c t i v i t i s  i n  

a s u s c e p t ib l e  l a b o r a to r y  a n im a l. I n v e s t ig a to r s  o f  t h i s  d i s ­

e a se  se e  i t  a s  a  p o t e n t i a l  m enace, an  in d i s c r im in a te  k i l l e r  

o f young and  o ld  a l i k e ,  a n d , u n t i l  th e  a d v e n t o f  a n t i b i o t i c s ,  

in d iv id u a ls  known to  s u rv iv e  a t t a c k s  w ere  u s u a l ly  l e f t  w i th  

perm anen t p h y s ic a l  o r  m e n ta l d e f e c t s .

L i s t e r i a  m onocytogenes i s  a f a c u l t a t i v e ,  i n t r a c e l l u l a r  

p a r a s i t e  w ith  a  h ig h  p a th o g e n ic i ty  f o r  many a n im a ls  s p e c ie s  

in c lu d in g  m ice ( l 6 ) .  The d is e a s e  i n  man was b e l ie v e d  to  be 

l im i te d  l a r g e l y  to  m e n in g i t i s .  However, S e e l ig e r  (38) h as  

r e p o r te d  t h a t  i t  f r e q u e n t ly  c a u se s  a b o r t io n s  and s t i l l b i r t h s  

i n  women. The mode o f  i n f e c t i o n  a p p e a rs  to  be hem atogenous 

a n d /o r  u p p e r  r e s p i r a t o r y  (1 6 ) .

L i s t e r i a  m onocytogenes p ro v id e s  an  e x c e l l e n t  m odel i n ­

v o lv in g  an  a c u te  i n f e c t i o n  i n  l a b o r a to r y  an im a ls  i n  w h ich  a c ­

q u ire d  r e s i s t a n c e  depends upon a  c e l l - m e d ia te d  form  o f
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im m unity w hich  i s  a s s o c i a t e d  w ith  m ononuclear c e l l s .  I t  has 

been  w e ll  e s t a b l i s h e d  t h a t  th e  p r i n c i p l e  a g e n t  o f  r e s i s t a n c e  

to  a  l i s t e r i a  i n f e c t i o n  i n  m ice i s  th e  m acrophage (p h a g o c y tic  

c e l l s )  and  t h a t  c e l l u l a r  im m unity p la y s  a  v i t a l  r o l e  i n  t h i s  

p r o t e c t io n  (2 6 , 2 9 , 3 1 ) .

The m ajo r p o in t s  to  be c o n s id e re d  i n  t h i s  s tu d y

fo llo w :

a) D e te rm in a tio n  o f  w hat e f f e c t  a  low  c o n c e n tr a t io n  

o f  CO h as  on r e s i s t a n c e  o f  m ice i n f e c te d  v i a  u p p e r r e s p i r a ­

to r y  t r a c t .

b) I n f lu e n c e  o f  CO on th e  p h a g o c y tic  a c t i v i t y  o f  

a lv e o la r  and p e r i t o n e a l  m acrophages.

c) I n v e s t i g a t i o n  o f  th e  i n t r a c e l l u l a r  f a t e  o f  L. 

m onocytogenes w i th in  no rm al and CO in f lu e n c e d  m acrophages.

d) To d e te rm in e  i f  th e  r e s i s t a n c e  p ro v id e d  by 

l i s t e r i a  im m u n iza tio n  i s  a l t e r e d  by CO e x p o su re .



CHAPTER II

MATERIALS AND METHODS

R e s p ir a to ry  E xposure  o f  Mice 
t o  L i s t e r i a  m onocytogenes

The H enderson  A p p a ra tu s , a  m o d if ic a t io n  o f  t h a t  d e ­

s c r ib e d  by H enderson  (1 9 ) , was u se d  to  expose  th e  m ice to  

a e r o s o ls  g e n e ra te d  by a  C o l l i s o n  n e b u l i z e r .  The t o t a l ,  n on ­

c i r c u l a t i n g  a i r  f lo w  th ro u g h  th e  a p p a ra tu s  was 28 l i t e r s / m i n  

o f  w hich th e  n e b u l i z e r  c o n tr ib u te d  8 l i t e r s / m i n  o f d r o p le t  

p a r t i c l e s  o f  5 m ic ro n s  o r l e s s .  The c lo u d  was a s sa y e d  by 

sam pling  w i th  p o r to n ,  a l l  g l a s s ,  s h o r t  stem  im p in g e rs  (12 

l i t e r s / m i n )  w hich  o n ta in e d  10 ml o f  D ifco  t r y p to s e .

The a e r o s o l  was sam pled f o r  1 m in p e r io d s .  The m ice 

w ere exposed  f o r  1 m in d u rin g  t e s t  ru n s  and e x p o su re s  y a r ie d  

from  1-9  m in i n  MLD d e te rm in a t io n s  fo llo w e d  by a  1 m in 

s t e r i l e  a i r  w ash . Inoculum  f o r  t e s t  ru n s  and  MLD d e te rm in a -
o

t io n s  was 1 . 5  x  10 c e l l s /m l  n e b u l i z e r  f l u i d .

The am b ien t a i r  te m p e ra tu re  i n  th e  e x p o su re  chamber 

was 76-80  F . and th e  r e l a t i v e  h u m id ity  was 70# . P r io r  to  

r e tu r n in g  th e  m ice to  t h e i r  c a g e s ,  t h e i r  n o se s  w ere  swabbed 

w ith  5^ fo rm a ld eh y d e . The fo rm u lae  f o r  d e te r m in a t io n  o f

9
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sp ra y  f a c t o r  and  i n f e c t i v e  dose w ere th o se  e la b o r a te d  by 

E lb e rg  and H enderson  (1 1 ) . S e r i a l  t e n - f o l d  d i l u t i o n s  w ere 

made o f  im p in g e rs  w hich w ere u s e d  to  sam ple th e  a e r o s o l  f o l ­

low ing an im al e x p o su re . A sam ple was w ithdraw n from  th e  

n e b u l iz e r  su s p e n s io n  p r i o r  to  a n im a l e x p o su re . A p p ro p r ia te  

d i l u t i o n s  o f  th e  im p ing ing  l i q u i d  w ere made i n  a  0 . 1# 

t r y p to s e —0 . 5#  sodium  c h lo r id e  s o l u t io n ,  and 0.1  p o r t io n s  

were sp re a d  on T ry p tic a s e  soy a g a r  (ISA) w ith  g la s s  r o d s .

The p l a t e s  w ere in c u b a te d  o v e rn ig h t  a t  37 C.

Carbon Monoxide (CO)
Exposure System

The ex p o su re  system  c o n s i s t e d  o f  a 12 -cu  f t  p l e x ig l a s s  

chamber ( 2 - f t  x  3 - f t  x  2 - f t )  i n t o  w hich  carbon  m onoxide was 

in tro d u c e d  a f t e r  h av ing  been  d i l u t e d  w ith  o i l - f r e e  com pressed  

a i r  i n  a m ix ing  chamber j u s t  p r i o r  to  e n t r y .  The d i l u t e d  CO 

e n te re d  th e  cham ber th ro u g h  f o u r  0 . 25 - in c h  p o r t s  l o c a te d  a t  

th e  c o rn e rs  o f  one end o f th e  cham ber. The r a t e  o f  f lo w  

th ro u g h  th e  cham ber was d e te rm in e d  to  be 0 .5  cfm (2 3 ) . E x it  

p o r t s  a t  th e  o th e r  end o f th e  cham ber w ere i d e n t i c a l  to  th e  

e n try  p o r t s  i n  s i z e  and l o c a t i o n .  Each e n t r y  p o r t  was con­

n e c te d  to  th e  m ix ing  cham ber by a  0 . 25 - in c h  p o ly v in y l  tu b e .

The m ix ing  chamber was a p o ly e th y le n e  b o t t l e  w hich 

had  been  s e a le d  and m o d if ie d  su ch  t h a t  th e  p o ly v in y l  tu b in g , 

a f t e r  b e in g  i n s e r t e d  i n to  a  b o re d  h o le ,  form ed an  a i r t i g h t  

s e a l  w i th  th e  b o t t l e .  An i d e n t i c a l  a rrangem en t fo llo w in g  th e  

e x i t  p o r t s  a llo w e d  th e  c h a m b e r 's  gaseo u s en v iro n m en t to  be
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hom ogenized p r i o r  to  e x i t  v i a  an  e x h a u s t  tu n n e l .  C onnected 

to  th e  e x i t  m ix ing  cham ber was a  1$ - f t  0 . 25 - in c h  p o ly v in y l  

gas sam pling  l i n e  w hich t i e d  th e  cham ber i n to  a Beckman I n ­

f r a r e d  A n a ly ze r Model 315A(L) (^ -1 -inch  c e l l  l e n g t h ) .  Both 

m ix ing  cham bers and  th e  ex p o su re  cham ber i t s e l f  w ere lo c a te d  

i n  a  l a r g e  90 - c u  f t  hood w hich  was m a in ta in e d  u n d e r  s l i g h t  

n e g a t iv e  p r e s s u r e  u t i l i z i n g  an  e x h a u s t f a n .  T h is  a llo w e d  

any e sc a p in g  g as  to  be r a p id ly  e v a c u a te d  from  th e  hood . At 

th e  gas e n t r y  end o f  th e  ex p o su re  chamber was a 1 - f t  by 

1 . 5- f t  a c c e s s  p o r t  w hich c o u ld  be s e a le d  by a  o v e rla p p in g  

p l e x i g l a s s  p o r t  c o v e r .

The CO so u rc e  ta n k  was lo c a te d  o u ts id e  th e  hood and 

c o n n ec ted  to  th e  gas m ix ing  cham ber in s id e  th e  hood by a l i n e  

from  a  Mine S a fe ty  A p p lian ce  s i n g l e  s ta g e  r e g u l a to r  on th e  

ta n k  w hich  e n te r e d  th e  hood th ro u g h  a sm a ll a p e r t u r e .  The 

com pressed  a i r  was s i m i l a r ly  c o n n e c te d  from  th e  com pressed  

a i r  so u rc e  t o  th e  gas m ix ing  cham ber th ro u g h  a  s e p a r a te  a p e r ­

tu r e  w h ile  a n o th e r  a p e r tu r e  p e rm i t te d  th e  gas sam p ling  l i n e  

to  e x i t  from  th e  hood f o r  q u a n t i t a t i v e  a n a ly s i s .

The CO i n f r a r e d  a n a ly z e r  c o u ld  be a d ju s te d  t o  m o n ito r 

th e  ex posu re  cham ber e i t h e r  c o n tin u o u s ly  o r ,  by m anual ad ­

ju s tm e n t ,  i n t e r m i t t e n t l y .  D uring  th e  even ing  and e a r l y  morn­

in g  h o u rs  th e  ex p o su re  cham ber was m o n ito red  on a  c o n tin u o u s  

b a s i s .  P r i o r  t o  e x p o su re , th e  a n a ly z e r  was c a l i b r a t e d  w ith  

100 p e rc e n t  n i t r o g e n  and th e n  w i th  CO o f  known c o n c e n tr a t io n .  

F o llo w in g  c a l i b r a t i o n  o f  th e  a n a ly z e r ,  th e  m ix tu re  o f  CO and
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com pressed  a i r  w i th in  th e  ex p o su re  cham ber c o u ld  be a d ju s te d  

f o r  p ro p e r  p ro p o r t io n s  to  m eet th e  d e s i r e d  CO c o n c e n t r a t io n .  

Once th e  c a l i b r a t i o n  was c o m p le te d , th e  d e s i r e d  CO co n ce n ­

t r a t i o n  c o u ld  be m a in ta in e d  w i th in  -  10 ppm u s in g  t h i s  e x ­

p o su re  a rra n g e m e n t. A ll e x p e r im e n ta l  an im al e x p o su re s  w ere 

co n d u c ted  a t  CO c o n c e n tr a t io n s  o f  100 -  10 ppm. The ex p o su re  

tim es v a r i e d  from  1 to  6 days and  w i l l  be d is c u s s e d  w ith  th e  

a s s o c ia t e d  e x p e r im e n t.

E x p e rim e n ta l A nim als

Male in b r e d  BALB/cJ m ic e , 6 -  to  8 -w eeks o ld ,  w ere  u sed  

i n  a l l  e x p e r im e n ts . They w ere  h o u sed  i n  m e ta l cag es  and g iv e n  

w a te r  and  mouse chow ad l i b i t u m .

L i s t e r i a  m onocytogenes

T hree  d i f f e r e n t  s t r a i n s  w ere  u se d  th ro u g h o u t th e

s tu d y .

a )  V i r u le n t ,  s t r e p to m y c i n - r e s i s t a n t  4 -$ 2  s t r a i n .  The 

c u l tu r e  was r e c e iv e d  from  Guy P . Youmans, D epartm ent o f  Mi­

c ro b io lo g y , N o rth w e ste rn  U n iv e r s i ty  M edical S c h o o l, C h icago , 

I l l i n o i s .  The Minimum I n h ib a to r y  C o n c e n tra t io n  (MIC) to  

s tre p to m y c in  was 500 p g /m l.

b) V i r u le n t  A *+̂ -13 (TL-2) s t r a i n .  C u ltu re  was r e ­

c e iv e d  from  S idney  S ilv e rm an , U .S . Army B io lo g ic a l  L a b o ra to ­

r i e s ,  F o r t  D e t r ic k ,  Md. The MIC to  s tre p to m y c in  was 15 p g /m l.

c )  A tte n u a te d  ATI6 (By) s t r a i n .  T his c u l t u r e  was 

a ls o  r e c e iv e d  from  Sidney S ilv e rm a n . The MIC to  s tre p to m y c in  

was 15 p g /m l.
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C u ltu re s  w ere k e p t a t  ^  C on TSA p l a t e s  w i th  human 

b lo o d . They w ere  s u b - c u l tu r e d  m on th ly  to  f r e s h  TSA p la t e s  

and p a sse d  th ro u g h  m ice a t  6 m onth i n t e r v a l s .

T is su e  C u ltu re

T is s u e  c u l t u r e  medium c o n s i s te d  o f  E a g le 's  Minimun 

E s s e n t ia l  Medium, (MEM) c o n ta in in g  i n a c t i v a t e d  f e t a l  c a l f  

serum in  a  f i n a l  c o n c e n tr a t io n  o f  2Q%. The pH was a d ju s te d  

to  7 . 0  w i th  sodium  b ic a r b o n a te .  A ll  g la s sw a re  was washed 

i n  7x  c l e a n s e r ,  a c id -w a sh e d , and th o ro u g h ly  r i n s e d  i n  d o u b le ­

d i s t i l l e d  w a te r .

Macrophage D is r u p t io n

The p ro c e d u re  f o r  q u a n t i t a t i v e  r e c o v e ry  o f  v i a b l e  i n ­

t r a c e l l u l a r  l i s t e r i a  was d ep en d en t upon an  e f f e c t i v e  m ethod 

f o r  d i s i n t e g r a t i o n  o f  th e  p h a g o c y tic  c e l l s .  The p ro c e d u re  as 

o u t l in e d  by Hsu (21) was i n v e s t i g a t e d  and as  r e p o r t e d  by th e  

a u th o r ,  im m ed ia te  and com plete  d i s i n t e g r a t i o n  o f  m acrophages 

was o b se rv ed  u s in g  a 0 . 5^ s o l u t io n  o f  sodium  d e s o x y c h o la te .  

However, th e  v i a b i l i t y  o f l i s t e r i a  was fo u n d  to  be m arked ly  

re d u c e d . A c o m b in a tio n  o f p ro c e d u re s  r e p o r te d  by Maxwell e t. 

a l .  (2 7 ) and  A rm strong (2) and s l i g h t l y  m o d if ie d  i n  t h i s  

l a b o r a to r y  was em ployed. M acrophages w ere a llo w e d  to  a t t a c h  

to  th e  in n e r  s u r f a c e  o f  16 x  85 mm ru b b e r - s to p p e r e d  L e ig h to n  

tu b e s  w hich  c o n ta in e d  1 ml o f  MEM. Medium was d e c a n te d  and 

r e p la c e d  w i th  1 ml o f  an a p p r o p r i a te ly  d i l u t e d  s u s p e n s io n  o f  

l i s t e r i a  i n  MEM. A f te r  th e  m acrophages had  been  i n f e c te d
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f o r  th e  d e s i r e d  tim e , th e  tu b e s  w ere w ashed s e v e r a l  tim es 

w ith  HBSS. To e ac h  tu b e  was added 1 ml o f MEM and s e v e r a l  

d ro p s  o f s t e r i l e  g l a s s  beads (0 .1  mm i n  d ia m e te r ) .  A ll tu b e s  

w ere s u b je c te d  to  1C seconds o f  s o n ic a t io n  w ith  th e  B ro n w ill-  

B lac k s to n e  s o n ic a to r  (2 0 ,0 0 0  c p s ) .  The L e ig h to n  tu b e s  w ere 

h e ld  h o r i z o n t a l l y  o v e r th e  p ro b e  and th e  f l a t  window a re a  

ex p o sed . The c o n te n ts  o f  each  tu b e  w ere m ixed th o ro u g h ly  on 

a  v o r te x  m ix e r im m e d ia te ly  and a t  f r e q u e n t  i n t e r v a l s  t h e r e ­

a f t e r  f o r  a p p ro x im a te ly  30 m in u te s . Samples w ere rem oved, 

d i l u t e d ,  and p l a t e  c o u n ts  c a r r i e d  o u t on TSA w ith  5^ b lo o d .

E num eration  and  I s o l a t i o n  o f 
Endogenous M icroorgan ism s in  
Mice

Mice w ere exam ined b e fo re  and a f t e r  c a rb o n  m onoxide 

ex posu re  (100 ppm/ 5  d ays) to  d e te rm in e  th e  e f f e c t  on q u a n t i ­

t a t i v e  d i s t r i b u t i o n  o f  endogenous m ic ro o rg an ism s . Mice w ere 

e th e r  k i l l e d  and p la c e d  i n  i s o p ro p y l  a lc o h o l  to  red u c e  th e  

number o f  e x te r n a l  c o n ta m in a n ts . The t i s s u e s  o f  each  an im al 

w ere removed a s e p t i c a l l y  and p ro c e s s e d  s e p a r a te ly .

To d e te rm in e  th e  number o f  r e c o v e ra b le  c o li fo rm  b a c ­

t e r i a  from  th e  i n t e s t i n a l  t r a c t ,  a  10 mg p o r t io n  o f th e  l a r g e  

c o lo n  was rem oved. T is s u e s  w ere  p la c e d  in  an  hom ogenizer 

tu b e  c o n ta in in g  5 ml o f  s t e r i l e  0 . 85#  s a l in e  and e m u ls i f ie d  

w ith  T e flo n  g r i n d e r .  S e r i a l  t e n f o ld  d i l u t i o n s  o f  f e c a l  em ul­

s io n s  w ere made and c u l tu r e d  to  n u t r i e n t  a g a r  p l a t e s  f o r  

c o lifo rm  c o u n ts .  U n d ilu te d  sam ples w ere  c u l tu r e d  to  E o s in  

M ethylene B lue (EMB), S a lm o n e lla  -  S h ig e l la  Agar (S -S ) and
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Sabouraud D e x tro se  Agar (SDA) w ith  30 u n i t s  o f  p e n i c i l l i n  and 

s t re p to m y c in .

The lu n g s ,  s p le e n ,  and  b lood  w ere exam ined f o r  th e  

p re se n c e  o f b a c t e r i a  and f u n g i .  T is su e s  w ere p la c e d  in  h o ­

m ogen izer tu b e s  and e m u ls i f ie d .  U n d ilu te d  em u lsio n s (0.1 ml) 

w ere c u l tu r e d  to  EMB, S-S , SDA and B ra in  H e a rt I n f u s io n  (BHI) 

w ith  10^ human b lo o d . Sabouraud p l a t e s  w ere h e ld  a t  room 

te m p e ra tu re . A l l  o th e r  in o c u la te d  m edia  w ere in c u b a te d  a t  

37 0 . C o n v e n tio n a l p ro c e d u re s  f o r  i d e n t i f i c a t i o n  w ere  f o l ­

low ed.

M acrophage I s o l a t i o n

a )  Lung. A lv e o la r  m acrophages w ere c o l l e c t e d  a c ­

co rd in g  to  a  m ethod m o d if ie d  from  t h a t  o f  B e n n e tt ( 3 ) .  The 

an im als w ere  s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n .  No e x u d a te -  

in d u c in g  a g e n t  was u s e d . Lungs w ere a s e p t i c a l l y  rem oved and 

d is e c te d  f r e e  o f  e x tra n e o u s  t i s s u e .  They w ere th e n  p ro c e s s e d  

th ro u g h  two r i n s e s  i n  s a l i n e  (50 u n i t s  o f  p e n i c i l l i n  and 

s t r e p to m y c in /m l) ,  two r i n s e s  i n  Hanks b a la n c e d  s a l t  s o lu t io n  

(HBSS) w i th  p e n i c i l l i n  and s tre p to m y c in  and one r i n s e  i n  

M inimal E s s e n t i a l  Medium w ith  s tr e p to m y c in . The lu n g s  w ere 

th e n  p la c e d  i n  s t e r i l e  p e t r i  d is h e s  (60 x  15 mm) w i th  5 ml o f 

MEM (6 u n i t s /m l  o f h e p a r in ) .  U sing a  26 gauge n e e d le  th e  

lu n g s  w ere c a r e f u l l y  i n f l a t e d  w ith  th e  medium and th e n  m inced 

w ith  sm a ll  f i n e  t i s s u e  s c i s s o r s .  A s t e r i l e  s t a i n l e s s  s t e e l  

f i n e  mesh s ie v e  was p la c e d  i n  th e  p e t r i  d i s h .  The t i s s u e
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s u s p e n s io n  was p i p e t t e d  w ith  c a re  u s in g  a 10 ml p l a s t i c  

s y r in g e  p re p a re d  by c u t t in g  th e  n e e d le  a tta c h m e n t b a se  and 

e n la rg in g  th e  o p en in g . The s u p e rn a te  was c o l l e c t e d  i n  s i l i c o n  

c o a te d  tu b e s ,  c a re  be ing  ta k e n  to  a v o id  clum ps and frag m e n ts  

o f t i s s u e .  The c e l l s  w ere c e n t r i f u g e d  a t  200 x  g f o r  10 

m in u te s . C e ll  p e l l e t s  w ere re su sp e n d e d  i n  5 ml o f  HBSS and 

a g a in  c e n t r i f u g e d .  The s u p e r n a ta n t  f l u i d  was d is c a rd e d  and 

c e l l s  a d ju s te d  w ith  MEM to  an  a p p r o p r ia te  c o n c e n tr a t io n .  

D i f f e r e n t i a l  c o u n ts  w ere p e rfo rm ed  on th e  c e l l  s u s p e n s io n s . 

V i a b i l i t y  was a s s e s s e d  by t ry p a n  b lu e  e x c lu s io n  t e s t .

b ) P e r i to n e a l .  P e r i to n e a l  c e l l s  w ere o b ta in e d  from  

m ice w i th o u t  th e  u se  o f an  e x u d a te - in d u c in g  a g e n t .  The a n i ­

m als w ere s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n .  E xudate  c e l l s  

w ere c o l l e c t e d  by a s c e p t ic  te c h n iq u e .  A sm a ll v e n t r a l  m id­

l i n e  i n c i s i o n  was made in  th e  p e r i t o n e a l  w a l l  and  th e  v i s c e r a  

and p e r i t o n e a l  c a v i ty  w ere w ashed w ith  a p p ro x im a te ly  3 ml of 

HBSS c o n ta in in g  6 u n i t s  o f  h e p a r in /m l .  The p e r i t o n e a l  w ash­

in g s  w hich  c o n s i s te d  o f a  p o o l o f  5 m ic e /e x p e r im e n ta l  ru n  

w ere c e n t r i f u g e d  a t  200 x  g f o r  10 m in u te s  and th e  s u p e rn a ta n t  

d is c a rd e d .  The packed  c e l l s  w ere w ashed tw ic e  w i th  HBSS w i th ­

o u t h e p a r in  and a d ju s te d  w ith  MEM t o  an a p p ro p r ia te  concen­

t r a t i o n .  D i f f e r e n t i a l  c e l l  c o u n ts  w ere done on c e l l  su sp e n ­

s io n s .  V i a b i l i t y  was a s s e s s e d  by t ry p a n  b lu e  e x c lu s io n  t e s t .

D e te rm in a tio n  o f  MLD f o r  
A ero so l I n f e c t io n

To d e te rm in e  w hat e f f e c t ,  i f  any , c a rb o n  m onoxide 

w ould have  on an u p p e r r e s p i r a t o r y  l i s t e r i a  i n f e c t i o n  i n
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m ice , an  MLD (d e f in e d  h e r e in  as th e  m in im al number o f o rg an ­

ism s p ro v id in g  100# m o r ta l i t y  betw een th e  5 th  and  7 th  day o f  

i n f e c t i o n )  was e s t a b l i s h e d .

Mice w ere  d iv id e d  i n t o  two m ajo r g ro u p s . The f i r s t  

group was f u r t h e r  d iv id e d  i n t o  6 su b g roups (8 m ic e /g ro u p )  

w ith  each  r e c e iv in g  a 1 , 2 , 3 ? 5 j 6 , o r  9 m in u te  l i s t e r i a  

a e ro s o l  ex p o su re  from  n e b u l i z e r  f l u i d  c o n ta in in g  1 . 5  x  10® 

o rg an ism s/m l o f s t r a i n  A^^-13 (T L -2 ). The seco n d  group se rv e d  

as th e  n o n - in f e c te d  c o n t r o l s .  Mice w ere o b se rv e d  f o r  a te n  

day p e r io d  and th e  number o f  d e a th s  o c c u r r in g  p e r  day r e ­

c o rd e d . A u to p s ie s  w ere f r e q u e n t ly  p e rfo rm ed  to  co n firm  th e  

c au se  o f  d e a th .

The in f e c t i n g  b a c te r iu m  was grown on T r y p t ic  Soy Agar 

(TSA) f o r  two days a t  37 C and s u b s e q u e n tly  t r a n s f e r r e d  to  

t r y p t i c  soy  b ro th  i n  a f l a t  s u r f a c e d  f l a s k  w ith  an  e l e c t r o ­

m ag n e tic  s t i r r e r .  C u ltu re s  w ere in c u b a te d  a t  37 C f o r  l 8 

h o u rs  w ith  c o n s ta n t  s t i r r i n g .  P re p a ra to ry  p ro c e d u re s  f o r  

a e ro s o l  su s p e n s io n s  i n  c o l l i s o n  n e b u l i z e r ,  d i l u e n t s  f o r  th e  

im p ing ing  l i q u i d  and s e r i a l  d i l u t i o n  f o r  p l a t e  c o u n ts  w ere 

e s s e n t i a l l y  th o s e  a s  o u t l in e d  by R o e s s le r  and K a u t te r  (3 4 ) . 

The number o f  o rgan ism s u se d  f o r  th e  a e r o s o l  i n f e c t i o n  was 

s ta n d a rd iz e d  t u r b i d i m e t r i c a l l y  a t  530 nm on a Coleman J u n io r  

sp e c tro p h o to m e te r . P er c e n t  t r a n s m i t ta n c e  was c o r r e l a t e d  

w ith  th e  number o f  o rgan ism s as d e te rm in e d  by p l a t e  co u n ts  

and M cF arland’s b a c t e r i a l  s ta n d a r d s .
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CO E xüosed -A eroso l I n f e c t io n  
o f  Mice w ith  L i s t e r i a  
M onocytogenes

To d e te rm in e  th e  e f f e c t  c a rb o n  m onoxide w ould have 

on an im als  i n f e c te d  v i a  th e  r e s p i r a t o r y  r o u te  w ith  l i s t e r i a  

( s t r  TL-2) 120 m ice w ere  d iv id e d  i n t o  t h r e e  m a jo r g ro u p s . 

F o r ty  m ice co m p rised  Group 1 w hich  was s u b d iv id e d  i n to  5 

s m a lle r  re g im e n ts  h a v in g  8 m ice p e r  su b g ro u p . Group 1 a n i ­

m als w ere exposed  to  100 ppm o f c a rb o n  m onoxide and t h e r e ­

a f t e r  a t  2 , 3 j 5j and 6 d a y s , 8 m ice p e r  day w ere rem oved 

and s u b je c te d  to  a e r o s o l  i n f e c t i o n  w ith  l i s t e r i a .  Group 2 -  

00 c o n tr o l  m ice (8 f o r  each  ex p o su re  day) w ere i d e n t i c a l l y  

exposed  to  th e  g a s .  However, t h i s  g roup  was n o t  i n f e c t e d .  

Group 3 c o n s i s te d  o f  40 m ice w hich d id  n o t  r e c e iv e  any ex ­

p o su re  to  c a rb o n  m onoxide b u t w ere i n f e c t e d .

E ig h t  m ice from  Group 1 and 8 m ice from  Group 3 w ere 

p la c e d  in  th e  e x p o su re  tu b e  s id e - b y - s id e  and s im u lta n e o u s ly  

exposed  to  u p a s s in g  a e r o s o l  g e n e ra te d  from  th e  n e b u l iz e r  

f l u i d  c o n ta in in g  1 .5  x  10® l i s t e r i a / m l .

Mice w ere  o b se rv e d  d a i l y  and d e a th s  r e c o rd e d . Au­

to p s ie s  w ere f r e q u e n t ly  p e rfo rm ed  to  c o n firm  cau se  o f  d e a th . 

S e v e r i ty  o f  i n f e c t i o n  was d e te rm in e d  by h ig h e r  m o r ta l i t y  r a t e  

and e a r l i e r  tim e  o f  d e a th .

I n  V itro  P h a g o c y to s is  o f  L. 
m onocytogenes by P e r i to n e a l  
and A lv e o la r  M acrophages

In  o rd e r  to  a s s e s s  th e  e f f e c t  o f CO on th e  p h a g o c y tic  

f u n c t io n  o f  m acrophages u n d e r m in im al in f lu e n c e  from  th e
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cellular immune mechanism, macrophages were obtained from 
animals pre-exposed to the gas. Cells were then infected 
with listeria in-vitro.

One hundred fifteen mice were divided into 3 major 
groups. Group 1 comprised 50 mice which were exposed to 
100 ppm of CO for 5 days. The animals were then divided 
into 2 subgroups of 25 mice each from which peritoneal and 
alveolar macrophages were obtained for phagocytic studies. 
Group 2 consisted of 50 mice which were not exposed to CO 
and served as the normal controls. The mice were divided 
into 2 subgroups of 25 mice each. Peritoneal and alveolar 
macrophages were obtained for phagocytic studies. Group 3 
animals, designed as CO shelf controls, were used to deter­
mine whether there was a stress connected simply to the ex­
posure protocol per se. Other than not having received any 
CO, the mice were treated identically to group 1.

One experimental run per day for 5 days was performed 
on group 1 and group 2 mice and two runs per day for 2 days 
were done with group 3* Each experimental run comprised a 
pool of either peritoneal macrophages from 4 to 6 mice or 
alveolar macrophages from 5 to 6 mice.

Experimental approach to 
phagocytic study

Peritoneal macrophages.— The cell pellets from the 
peritoneal macrophage pools were resuspended with MEM to a 
concentration of approximately 1 x 10̂  cell/ml. One ml of



2 0

m acrophage su s p e n s io n  was p i p e t t e d  i n to  a  s e r i e s  o f 8 

L e ig h to n  tu b e s  (15 x  85 mm) c o n ta in in g  10 x  50 mm c o v e r s l ip s .  

The tu b e s  w ere in c u b a te d  a t  37 0 f o r  3 h o u rs  d u rin g  w hich 

tim e  c e l l s  a t t a c h e d  to  th e  c o v e r s l i p s .  The medium was r e ­

moved fo llo w in g  in c u b a t io n  and r e p la c e d  w ith  1 ml o f MEM 

c o n ta in in g  s u f f i c i e n t  l i s t e r i a  to  g iv e  an  o rgan ism  to  m acro­

phage r a t i o  o f  1 2 :1 . C o n tro ls  r e c e iv e d  o n ly  MEM. Phagocy­

t o s i s  was a llo w e d  to  ta k e  p la c e  f o r  3 0 , 6 0 , and  90 m in a t  

37 0 fo llo w in g  w hich  3 L eig h to n  tu b e s  w ere rem oved p e r  tim e 

i n t e r v a l .  The c o v e r s l ip s  w ere removed from  1 c o n t r o l  tu b e  

and 2 i n f e c t e d  tu b e s ,  r i n s e d  i n  s a l in e  and s t a in e d  w ith  

W rig h ts . S l id e s  w ere exam ined f o r  th e  number and p ro p o r t io n  

o f  i n f e c te d  c e l l s  a s  compared to  c o n t r o l s  and th e  number o f  

in f e c te d  c e l l s  c o n ta in in g  1 to  5 , & to  10 , and g r e a t e r  th a n  

10 l i s t e r i a  was r e c o rd e d .

Alveolar macrophages.— The cell pellets from the al­
veolar macrophage pools were resuspended with MEM to a con­
centration of approximately 8 x 10^ cells/ml. One ml of 
macrophage suspension was pipetted into a series of 9 
Leighton tubes containing coverslips. The tubes were incu­
bated at 37 C for 5 hours during which time cells attached 
to the coverslips. The medium was removed following incuba­
tion and replaced with 1 ml of MEM containing a listeria to 
macrophage ratio of 3 0 :1 . Controls received only MEM. Mac­
rophages were maintained at 37 C during which time infection 
occurred. Three Leighton tubes were removed at 2, 3j and 4-
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hour i n t e r v a l s ,  c o v e r s l ip s  rem oved, r i n s e d  i n  s a l in e  and 

s ta in e d  w ith  W rig h ts . S l id e s  w ere exam ined a s  i n  th e  p e r i ­

to n e a l  s tu d y .

B a c t e r i a l  in o c u la  w ere p re p a re d  from  an o v e rn ig h t 

grow th o f  l i s t e r i a ,  s t r .T L - 2 ,  i n  TSB. The c u l tu r e s  w ere 

s ta n d a rd iz e d  by d e te rm in in g  th e  p e r  c e n t  t r a n s m it ta n c e  o f  a 

s a l in e  su s p e n s io n  a t  530 nm on th e  Coleman J r .  sp e c tro p h o ­

to m e te r . The p e r  c e n t  t r a n s m it ta n c e  was c o r r e l a t e d  w ith  th e  

number o f o rg an ism s as d e te rm in e d  by p l a t e  co u n ts  and th e  

M cF arlan d 's  b a c t e r i a l  s ta n d a rd s .

Experimental data represent the average of 5 sep­
arate experimental runs (4-6 mice/run) in which peritoneal 
macrophages from 20 oil immersion fields and 100 alveolar 
macrophages were counted in duplicate.

Q u a n t i ta t iv e  A ssay  o f  V iab le  
I n t r a c e l l u l a r  L i s t e r i a

An a t te m p t  was made to  exam ine th e  e f f e c t  o f CO on an 

in  v i t r o  i n f e c t i o n  o f  m acrophages. The in f e c te d  c e l l s  w ere 

m a in ta in e d  i n  t i s s u e  c u l tu r e s  and th e  b a c i l l a r y  m u l t i p l i c a ­

t io n  fo llo w e d  f o r  v a r io u s  tim e i n t e r v a l s .

One h u n d red  tw e n ty - f iv e  m ice w ere d iv id e d  in to  3 m a jo r  

g ro u p s: Group 1 com prised  th e  CO ex p o sed  m ice (100 ppm f o r  

5 d a y s ) ,  g roup  2 se rv e d  as th e  n o n -e x p o se d  (norm al) c o n t r o l s ;  

group 3 w ere th e  s h e l f  c o n t r o l s .  Each m ajo r group was su b ­

d iv id e d  in  th e  same manner a s  i n  th e  s tu d y  on p h a g o c y to s is . 

T h e r e a f te r ,  th e  p e r i t o n e a l  and a lv e o la r  m acrophages w ere ob­

ta in e d  f o r  a s s a y  s t u d i e s .
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One e x p e r im e n ta l  ru n  p e r  day f o r  6 days was p e rfo rm ed  

on g ro u p s 1 and 2 m ice . One e x p e r im e n ta l  ru n  was done w ith  

group 3* E ach e x p e r im e n ta l  ru n  co m p rised  a p o o l o f  e i t h e r  

p e r i t o n e a l  o r  a l v e o la r  m acrophages o b ta in e d  from  5 m ic e / c e l l  

p o p u la t io n .

E x p e rim e n ta l a p p ro a c h  to  
a s sa y  s tu d y

P e r i to n e a l  m acro p h ag es. —The c e l l  p e l l e t s  from  th e  

p e r i t o n e a l  m acrophage p o o ls  w ere re s u sp e n d e d  w i th  MEM to  a 

c o n c e n tr a t io n  o f  a p p ro x im a te ly  1 x  10^ c e l l s / m l .  One ml of 

m acrophage s u s p e n s io n  was p i p e t t e d  i n t o  a  s e r i e s  o f 10 

L e ig h to n  tu b e s  w i th o u t  c o v e r s l ip s  and in c u b a te d  f o r  3 h o u rs  

a t  37 C d u rin g  w h ich  tim e  c e l l s  a t t a c h e d  to  th e  in n e r  s u r f a c e  

o f  th e  tu b e s .  The MEM was rem oved and r e p la c e d  w ith  1 ml o f 

MEM c o n ta in in g  s u f f i c i e n t  l i s t e r i a  to  g iv e  an o rg an ism  to  

m acrophage r a t i o  o f  6 :1 .  C o n tro ls  r e c e iv e d  o n ly  MEM. The 

m ix tu re s  w ere  in c u b a te d  f o r  90 m in a t  37 0 d u r in g  w hich  tim e 

th e  c e l l s  became i n f e c t e d .  F o llo w in g  t h i s  p e r io d ,  th e  i n ­

f e c t in g  medium was rem oved and th e  tu b e s  w ere  w ashed t h o r ­

ough ly  w ith  HBSS and MEM. A ll tu b e s  r e c e iv e d  1 ml o f 15 

o f  s tre p to m y c in  p e r  ml o f  MEM (MEM-8). The a n t i b i o t i c  was 

added a t  t h i s  tim e  to  su p p re ss  th e  e x t r a c e l l u l a r  m u l t i p l i c a ­

t i o n  o f  l i s t e r i a  ( 2 ) .  Im m e d ia te ly , and  a t  12, 24-, and 36 

h o u rs  a f t e r  th e  a d d i t i o n  o f s t r e p to m y c in ,  L e ig h to n  tu b e s  w ere 

removed and i n t r a c e l l u l a r  o rgan ism s q u a n t i t a t e d .  C o n tro ls  

w ere exam ined a t  th e  36 hour i n t e r v a l .  MEM w ith  s tre p to m y c in
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•was r e p la c e d  w ith  1 ml o f  MEM w ith o u t  s tr e p to m y c in . The 

m acrophages w ere d i s r u p te d  a c c o rd in g  to  th e  p ro c e d u re  o u t­

l in e d  e a r l i e r .  Samples o f  l y s a t e  w ere  d i l u t e d ,  p l a t e d  on 

TSâ and in c u b a te d  a t  37 C f o r  -̂8 h o u r s .  I n t r a c e l l u l a r  co u n t 

was c a l c u l a t e d  as th e  number o f  l i s t e r i a / m l  o f  l y s a t e .

A lv e o la r  m acro p h ag es. — The c e l l  p e l l e t s  from  th e  

a lv e o la r  m acrophage p o o ls  w ere re s u sp e n d e d  w ith  MEM to  a 

c o n c e n tr a t io n  o f  a p p ro x im a te ly  8 x  10^ c e l l s / m l .  One ml o f  

th e  m acrophage su s p e n s io n  was p i p e t t e d  i n t o  a  s e r i e s  o f  10 

L e ig h to n  tu b e s  w ith o u t  c o v e r s l ip s  and  in c u b a te d  5 h o u rs  a t  

37 C f o r  c e l l  a tta c h m e n t. The MEM was rem oved and r e p la c e d  

w ith  1 ml o f  MEM c o n ta in in g  s u f f i c i e n t  l i s t e r i a  to  g iv e  an 

o rgan ism  to  m acrophage r a t i o  o f  1 0 :1 . C o n tro ls  r e c e iv e d  o n ly  

MEM. The m ix tu re s  w ere in c u b a te d  f o r  3 h o u rs  a t  37 C w h ile  

c e l l s  became i n f e c te d .  As w ith  th e  p e r i t o n e a l  s tu d y , tu b e s  

w ere w ashed i n  MEM w ith  15 jig /m l o f  s t r e p to m y c in .  Immedi­

a t e l y ,  and a t  8 , 16, and 2^ h o u rs  a f t e r  th e  a d d i t io n  o f  

s t r e p to m y c in ,  L e ig h to n  tu b e s  w ere  rem oved and i n t r a c e l l u l a r  

o rg an ism s q u a n t i t a t e d .  C o n tro ls  w ere  exam ined a t  th e  2 -̂ hou r 

i n t e r v a l .  P ro ced u re  f o r  co lo n y  c o u n ts  was i d e n t i c a l  to  t h a t  

d e s c r ib e d  ab o v e . B a c te r i a l  in o c u la  w ere  s ta n d a rd iz e d  as 

o u t l in e d  e a r l i e r  i n  th e  s tu d y  on p h a g o c y to s is .

E x p e rim e n ta l d a ta  f o r  e ac h  c e l l  p o p u la t io n  ( p e r i to n e a l  

and a l v e o l a r )  r e p r e s e n t  th e  a v e ra g e  o f  6 s e p a r a te  experim en­

t a l  ru n s  (5 m ic e / ru n ) .  Two L e ig h to n  tu b e s  w ere  u se d  f o r  each
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q u a n t i t a t i o n  i n t e r v a l  p e r  e x p e rim e n ta l ru n  and co lo n y  c o u n ts  

w ere done i n  d u p l ic a te  f o r  each  L e ig h to n  tu b e .

Blood C e ll  D e te rm in a tio n

Blood was o b ta in e d  by means o f c a rd ia c  p u n c tu re  from  

g roups 1 and 2 m ice u se d  i n  th e  p h a g o c y tic  a c t i v i t y  s tu d y . 

D u p l ic a tio n  b lo o d  sm ears w ere made and s ta in e d  w i th  W r ig h t 's  

s t a i n .  D i f f e r e n t i a l  c e l l  c o u n ts  w ere made from  th e s e  p r e p ­

a r a t i o n s .  The "w h ite "  le u c o c y te  p i p e t t e s  w ith  1.0% a c e t i c  . 

a c id  w ere u sed  f o r  t o t a l  WBC c o u n ts .

S p leen  A ssay f o r  V ia b le  
I n f e c t in g  L i s t e r i a

The en u m e ra tio n  o f  v ia b le  i n f e c t i n g  l i s t e r i a  i n  th e  

s p le e n s  o f  m ice h a s  been  u se d  s u c c e s s f u l ly  by M ackaness (26) 

and Coppel (6) a s  a  m eans f o r  m easu ring  th e  c e l l u l a r  immune 

re s p o n s e . M ackaness fo u n d  t h a t  90% o f an  i n f e c t i n g  su s p e n s io n  

o f  L i s t e r i a  m onocytogenes g iv e n  in tr a v e n o u s ly  ( I .V . )  c o u ld  be 

found  in  th e  l i v e r  and s p le e n .  A lso , th e  grow th  o f  l i s t e r i a  

i n  th e s e  two o rg an s  was e x a c t ly  th e  same; t h e r e f o r e ,  i n  sub ­

se q u e n t e x p e r im e n ts , he u se d  o n ly  th e  s p le e n  a s  th e  a s s a y  

organ  f o r  grow th  o f  l i s t e r i a  i n  v iv o .

To d e te rm in e  th e  e f f e c t  CO w ould have on c e l l u l a r  im­

m u n ity , 150 m ice w ere d iv id e d  in to  two m ajo r g ro u p s ; g roup  1 

was composed o f CO exposed  and group 2 non-CO exposed  m ice . 

Group 1 com prised  70 m ice  w hich  w ere d iv id e d  i n t o  3 s m a lle r  

subgroups d e s ig n a te d  a s  A-|, A2 , and A4 . The 3 su b g ro u p s w ere 

th e n  exposed to  100 ppm o f  CO f o r  5 d a y s . Im m ed ia te ly
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fo llo w in g  e x p o su re , m ice w ere i n f e c te d  ( I .V . )  w ith  2 x  10^ 

o f  a s t r e p to m y c in - r e s i s t a n t  l i s t e r i a  52. The s tre p to m y c in -  

r e s i s t a n t  m u tan t was u se d  b ecau se  a  m arker was needed  to  d i s ­

t in g u i s h  th e  i n f e c t i n g  from  th e  v a c c in a t in g  o rgan ism s w ith  

th e  Â2 and  Aî . m ice . The in f e c t in g  dose was one w hich p e r ­

m i t t e d  s u r v iv a l  o f a l l  th e  m ice , s in c e  u n d e r  th e s e  c o n d it io n s  

th e r e  was fo u n d  to  be l e s s  v a r i a t i o n  i n  s p le e n  c o u n ts  be­

tw een in d iv id u a l  an im a ls  (6 ) .  On th e  1 s t ,  2nd , 3 rd ,  and 4 th  

days fo l lo w in g  i n f e c t i o n ,  5 m ice p e r  e x p e r im e n ta l  ru n  were 

s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n .  S p leen s w ere  removed 

a s e p t i c a l l y ,  d i s s e c te d  f r e e  of e x tra n e o u s  t i s s u e  and p la c e d  

w i th  5 ml o f a  s t e r i l e  0 .01 M p h o sp h a te  b u f f e r  (pH 7 .0 )  in  

s t e r i l e  t i s s u e  g r in d e r  tu b e s .  The o rg an s w ere hom ogenized 

i n  a  T e f lo n  g r in d e r  and a p p ro p r ia te  d i l u t i o n s  made f o r  b a c ­

t e r i a l  c o u n ts .  P la t in g  was acco m p lish ed  on TSA c o n ta in in g  

200 u g /m l o f s t re p to m y c in . L i s t e r i a  c o u n ts  from  each  s p le e n  

hom ogenate w ere  done i n  d u p l ic a te .  C u l tu re s  w ere in c u b a te d  

and c o lo n ie s  co u n ted  a f t e r  48 h o u rs  in c u b a t io n  a t  37 C.

S p leen  c o u n ts  w ere c a lc u la te d  a s  th e  num ber o f l i s t e r i a  p e r  

m i l l i t e r  o f  s p le e n  hom ogenate. CO -exposed, n o n - in f e c te d  m ice 

w ere in c lu d e d  as c o n t r o l s .

Im m ed ia te ly  fo llo w in g  CO e x p o su re , m ice i n  th e  A2 

and  Aî  su b g roups w ere immunized i n t r a p e r i t o n e a l l y  w ith  

1 .2  X 10® o f th e  a t t e n u a te d  ATI6 (Ry) s t r a i n  o f  l i s t e r i a .

The A2 and  Ai,. g ro u p s , a f t e r  2 and 4  days r e s p e c t iv e ly ,  w ere 

i n f e c te d  in tr a v e n o u s ly  w ith  2 x  10^ o f  th e  s tre p to m y c in -
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resistant listeria (*+-52). Spleens were removed, processed 
and cultured in the same manner as that used with the 
group above.

Group 2 ,  non-CO exposed  m ice w ere  p ro c e s s e d  e x a c t ly  

as th o s e  i n  g roup  1 . The sc h e d u le  f o r  i n f e c t i n g  and im­

m unizing  a n im a ls  was pe rfo rm ed  as  w i th  th e  CO-exposed group  

1 m ice . T ab le  1 shows d e t a i l s  o f t h i s  s tu d y .

Statistical Analysis
CO-exposed v s n o n -exposed  m ice i n f e c t e d  w ith  a  

l i s t e r i a  a e r o s o l ;  The mean s u r v iv a l  tim e s  f o r  r e s p e c t iv e  

ex p o su re  days w ere  com pared by th e  one-way a n a ly s i s  o f v a r i ­

a n c e .

S tu d ie s  r e l a t i n g  to  th e  e f f e c t  o f  CO on p h a g o c y tic  

a c t i v i t y  i n  v i t r o  and s p le e n  a s sa y  w ere a s s e s s e d  by th e  

S tu d e n t’s "T” T e s t .  Means o f  exposed  g ro u p s w ere  com pared to  

th o se  o f  unexposed  c o n t r o l s .
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TABLE 1

SCHEDULE FOR SPLEEN ASSAY, CHALLENGE AND IMMUNIZATION 
OF MICE EXPOSED AND NON EXPOSED TO CO

Day

Mice Subgroup

4

1 c h a lle n g e * immunize** immunize

2 SA***

3 SA c h a lle n g e

If SA SA

5 SA SA c h a l le n g e

6 SA SA

7 SA SA

8 SA

9 SA

* C h a llen g ed  in t r a v e n o u s ly  w ith  2 x  10^ c e l l s  o f  k -^ 2  
L i s t e r i a .

** Immunized i n t r a p e r i t o n e a l l y  w ith  1 .2  x  10® c e l l s  o f  
A t l6 (R y) L i s t e r i a .

*** S p leen  a s s a y  (SA). F iv e  m ice w ere s a c r i f i c e d / a s s a y  day.



CHAPTER I I I  

RESULTS

M acrophage D is r u p t io n

A s h o r t  p e r io d  o f  s o n ic a t io n  (10 s e c )  fo llo w e d  by 

v o r te x  m ix ing  o f  a t t a c h e d  in f e c te d  m acrophages d u rin g  a 30 

m in p e r io d ;  p ro v ed  to  be an e f f e c t i v e  m ethod f o r  d i s r u p t io n  

o f  th e  p h a g o c y tic  c e l l s .  M ic ro sco p ic  e x a m in a tio n  r e v e a le d  

m acrophages to  be c o m p le te ly  d i s i n t e g r a t e d .  The e f f e c t  o f 

s o n ic a t io n  on v i a b i l i t y  o f  l i s t e r i a  su sp en d ed  i n  s a l in e  

(0 .8 5 ^  NaCl) and  d i s t i l l e d  w a te r  i s  shown i n  F ig u re  1. The 

v i a b i l i t y  i s  u n a f f e c te d  by p e r io d s  o f s o n ic a t io n  up to  90 

se co n d s , a t  w h ich  tim e  th e r e  w ere 2 .9  x  10^ o rgan ism s i n  th e  

s o n ic a te d  sam p les and 2 .7  x 10^ o rgan ism s i s  th e  non ­

s o n ic a te d  c o n t r o l s .

E num eration  and I s o l a t i o n  o f 
Endogenous M icroorgan ism s in  
Mice

The e f f e c t  o f  CO (100 ppm /5 d ay s) on th e  q u a n t i t a t i v e  

e v a lu a t io n  o f  c o l i fo rm  b a c t e r i a  i n  th e  c o lo n  o f  m ice i s  shown 

i n  T ab le  2 . No s i g n i f i c a n t  change i n  th e  number o f  c o lifo rm  

o rgan ism s was o b s e rv e d . The c o lifo rm  c o u n t i n  th e  CO-exposed

28



F ig u re  1 . —E f f e c t  o f  s o n ic a t io n  on v i a b i l i t y  o f  
L i s t e r i a  m onocytogenes suspended  i n  sodium  c h lo r id e  and 
d i s t i l l e d  w a te r .
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TABLE 2

A COMPARATIVE QUANTITATION OF COLIFORM BACTERIA IN 
10 MG OF FECES FROM CARBON MONOXIDE 

EXPOSED AND NON-EXPOSED MICE

E x p erim en ta l
Group*

Number o f  c o l i fo rm  b a c te r ia /s a m p le

Carbon Monoxide 
Exposed Non-Exposed

1 3 X 107 3 X 107
2 7 X 10̂ 5 .5 X 106

3 1.2 X 107 1.7 X 107
If 1 X 107 5 X 10̂
5 2 X 10̂ 1.6 X 107
6 3 X 10̂ 5 X 1q6
7 1 X 10̂ 2 X 10̂
8 6 X 10̂ 7 X 10̂
9 1 X 10̂
10 1.5 X 10̂

TOTAL MEAN: 8 .8 X 10̂ 9 X 10̂

* A verages o f  5 m ic e /e x p e r im e n ta l  g ro u p .
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m ice ran g e d  from  1 x  10^ to  1 .2  x  107 w h ile  i n  th e  unexposed  

m ice  th e  ra n g e  was 1 x  10^ to  I .7  x  10? . The b a c t e r i a l  

f l o r a  rem a in ed  e s s e n t i a l l y  unchanged . F ig u re  2 com pares th e  

f re q u e n c y  o f  r e c o v e r a b le  o rgan ism s from  th e  exposed  and  n o n - 

exposed  a n im a ls . E s c h e r ic h ia  and y e a s t  c e l l s  w ere  th e  p r e ­

d o m in a tin g  o rg an ism s i n  b o th  g roups o f  a n im a ls , CO-exposed 

and u nexposed . E s c h e r ic h ia  was i s o l a t e d  from  a l l  m ice i n  

b o th  g ro u p s , w h ile  th e  y e a s t  c e l l s  w ere  re c o v e re d  from  79^  

o f  th e  CO-exposed and 81^  o f  th e  unexposed  a n im a ls .

The y e a s t  c e l l  i s o l a t e d  from  b o th  g roups o f  m ice  was 

i d e n t i f i e d  as C and ida  r u e o s a . No fu n g a l  o rgan ism s w ere r e ­

co v e red  from  t i s s u e s  o r  b lo o d  fo l lo w in g  2 weeks in c u b a t io n .  

T here  w ere no s a lm o n e lla  o r  s h i g e l l a  re c o v e re d  from  th e  

s p le e n ,  lu n g , o r  f e c e s .  O c c a s io n a lly  s e v e r a l  c o lo n ie s  o f 

m ic ro co ccu s  from  s p le e n  and n e i s s e r i a e  from  lu n g  t i s s u e s  w ere 

o b se rv ed  i n  b o th  CO and non-CO exposed  m ice .

M acrophage I s o l a t i o n

The i s o l a t i o n  te c h n iq u e s  p ro v id e d  an a d e q u a te  y i e l d  

o f  b o th  p e r i t o n e a l  and  a lv e o la r  m acrophages. A lth o u g h  th e  

number o f  e r y th r o c y te s  from  lu n g  p r e p a r a t io n s  exceeded  th e  

number o f  n u c le a te d  c e l l s ,  l y s i s  o f  th e  fo rm er was n o t  found  

to  be n e c e s s a ry  i n  t h a t  th e y  a g g lu t in a te d  i n  su b se q u e n t t i s s u e  

c u l tu r e  w ork and w ere r e a d i l y  rem oved by s e v e r a l  w ash es .

M ic ro sco p ic  e x a m in a tio n  o f  W rig h t 's  s t a in e d  sm ears 

from  th e  c e l l  p r e p a r a t io n s  showed t h a t  a p p ro x im a te ly  85-90J?



F ig u re  2 . —E f f e c t  o f  CO on th e  i n t e s t i n a l  f l o r a  
(a e ro b e s )  i n  n o n - in f e c te d  m ice .
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o f th e  c e l l s  w ere m ononuclear (m acrophages), 8 -1 0 ^  lympho­

c y te s  and 3^  po ly m o rp h o n u c lea r c e l l s .

T rypan  b lu e  e x c lu s io n  t e s t  f o r  m acrophages from  b o th  

CO and non-CO an im als  r e v e a le d  a v i a b i l i t y  o f 90-95^*

D e te rm in a t io n  o f  MLD f o r  
A e ro so l I n f e c t io n

M inim al l e t h a l  dose (MLD) f o r  p u rp o se  o f  t h i s  s tu d y  

h as b een  d e f in e d  as th e  m in im al number o f o rg an ism s p ro v id ­

in g  100^ m o r ta l i t y  o f  m ice w i th in  5 to  7 d a y s . R e s u l ts  o f 

MLD d e te rm in a t io n  a re  shown i n  T ab le  3* The MLD f o r  m ice i n ­

f e c t e d  w ith  L i s t e r i a  (TL-2) was d e te rm in e d  to  be 5000 o rg an ­

is m s /a n im a l .  The dose was a c h ie v e d  by s u b je c t in g  m ice to  a 

1 m in u te  a e r o s o l  ex posu re  w h ich  se rv e d  as th e  inocu lum  f o r  

c h a l le n g e  ru n s  i n  th o se  e x p e rim e n ts  a s s o c ia te d  w ith  upper 

r e s p i r a t o r y  l i s t e r i a  i n f e c t i o n s .

T here  w ere no d e a th s  i n  th e  n o n - in f e c te d  c o n t r o l  m ice 

a t  th e  end o f  10 d ay s .

CO Exposed A e ro so l I n f e c t io n  
o f Mice w ith  L i s t e r i a  
m onocytogenes

The d a ta  i n  F ig u re  3A i n d ic a t e  t h a t  a 2 day exposu re  

o f  m ice to  100 ppm o f CO c o n fe r s  a  m arked d e g re e  o f p r o t e c t io n  

to  a l i s t e r i a  a e ro s o l  c h a l le n g e .  However, i t  sh o u ld  be n o te d  

t h a t  t h i s  group  re c e iv e d  3500 o rg a n ism s /a n im a l w hereas m ice 

i n  a l l  o th e r  subgroups r e c e iv e d  5000 o rg a n is m s /a n im a l. The 

in c r e a s e  i n  r e s i s t a n c e  i s  d e m o n s tra te d  by a lo w er m o r ta l i ty  

r a t e  and in c r e a s e d  s u r v iv a l  tim e  i n  th e  C O -e x p o se d -in fe c te d



TABLE 3
DETERMINATION OF MLD CHALLENGE DOSE FOR CARBON MONOXIDE 

EXPOSED AEROSOL INFECTED MICE*

A e ro so l e x p o su re  
(m in)

P e r c e n t  m o r t a l i t y  o f  m ice  
L i s t e r i a  m onocy to g en es

a e r o s o l i z e d  w i th  
(T -2  s t r . ) * *

1 2 3
Days

if
p o s t  i n f e c t i o n

5 6 7 8 9

1 1 2 .5 1 2 .5 25 62 8 7 . 5 100

2 0 1 2 .5 25 50 100 -

3 0 50 75 100 -

5 25 50 62 100 -

6 0 25 50 100 -

9 50 100 -

U)o\

* M inim al num ber o f  o rg a n ism s  p r o v id in g  100^ m o r t a l i t y  w i t h in  5 to  7 d a y s .

** I n f e c t i n g  a e r o s o l  f o r  a l l  m ice  was d e r iv e d  from  n e b u l i z e r  f l u i d  c o n ta in in g  
1 .5  X 10° o rg a n is m s /m l.
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m ice when com pared to  th e  n o n -C O -in fe c te d  m ic e . The d i f f e r ­

en ce , i n  term s o f  a v e ra g e  s u r v iv a l  t im e , betw een  th e s e  two 

g roups was s i g n i f i c a n t  a t  P < 0 .0 1 .  F ig u re s  3 (B, C, D, and 

E) p r e s e n t  d a ta  w h ich  i n d i c a t e  t h a t  a  3 , 5j and 6 day e x ­

p o su re  o f  m ice to  100 ppm o f  CO p ro v id e s  them w ith  a  h ig h  

d e g re e  o f  p r o t e c t i o n  to  a  l i s t e r i a  a e r o s o l  c h a l le n g e  con ­

t a in in g  1 . 5  X 10® o rg an ism s/m l o f  n e b u l i z e r  f l u i d  (5000 

o rg a n is m s /a n im a l) . The enhanced  r e s i s t a n c e  i n  CO exp o sed  

m ice i s  e v id e n c e d  i n  n o t  o n ly  th e  lo w e r d e a th  r a t e s  b u t  a ls o  

i n  th e  in c r e a s e d  l e n g th  o f  s u r v iv a l  t im e s .  The d i f f e r e n c e s  

r e l a t i v e  to  th e  a v e ra g e  s u r v iv a l  tim es among th e  CO exposed  

and u n ex p o sed  m ice w ere  s i g n i f i c a n t  a t  P < 0 . 0 5  w i th  th e  ex ­

c e p t io n  o f  th e  4  day ex p o su re  i n  w hich  c ase  th e  l e v e l  o f  s i g ­

n i f ic a n c e  was P < 0 . 2 5 . When th e  a v e ra g e  s u r v iv a l  tim e s  o f 

th e  m ice exposed  f o r  days 3 > 5 , and  6 w ere com bined and

com pared to  th e  com bined unexposed  a n im a ls , a  s t a t i s t i c a l l y  

s i g n i f i c a n t  d i f f e r e n c e  was o b se rv ed  ( P < 0 .0 1 ) .

No d e a th s  w ere  o b se rv ed  i n  th e  CO ex p o sed , non ­

in f e c te d  c o n tr o l  m ic e . L i s t e r i a  m onocytogenes was re c o v e re d  

from  s p le e n s  o f random ly s e l e c te d  m ice  a t  th e  tim e o f  d e a th .

I n - V i t r o  P h a g o c y to s is  o f  
L i s t e r i a  m onocytogenes

The e x te n t  o f  p h a g o c y tic  a c t i v i t y  o f  L i s t e r i a  mono­

c y to g e n es  by a lv e o la r  and p e r i t o n e a l  m acrophages o b ta in e d  

from  p re -e x p o se d  m ice was a s s e s s e d  i n  v i t r o .



Figure 3---Per cent mortality of CO exposed 
(100 ppm) ard non-exposed mice infected with Listeria 
(TL-2).

A) Two days exposure.
(Dose of 3 , 5 0 0 organisms/animal)

B) Three days exposure.
(MLD of 5,000 organisms/animal)

C) Four days of exposure.
(MLD of 5,000 organisms/animal)

D) Five days of exposure.
(MLD of 5,000 organisms/animal)

E) Six days of exposure.
(MLD of 5,000 organisms/animal)
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T ab le  k  sum m arizes th e  r e s u l t s  o f th e  p h a g o c y tic  

a c t i v i t y  d is p la y e d  by p e r i t o n e a l  m acrophages. P h a g o c y to s is  

by p e r i t o n e a l  m acrophages d e r iv e d  from  CO exposed an im a ls  

p ro g re s s e d  a t  a  s i g n i f i c a n t l y  h ig h e r  r a t e  when compared to  

th e  m acrophages from  unexposed  a n im a ls  ( P < 0 .0 1 ) .  The en ­

hanced  p h a g o c y tic  a c t i v i t y  was e v id e n t  d u rin g  th e  3 0 , 60 , 

and 90 m in sam p lin g  t im e s . A d e m o n s tra b le  d i f f e r e n c e  i s  a ls o  

a p p a re n t  i n  th e  CO in f e c te d  m acrophages c o n ta in in g  1 -5  o r ­

ganism s a t  th e  30 m in sam ple tim e  w ith  a m arked s h i f t  to  

in c r e a s e d  num bers i n  th e  >10 a s  com pared to  th e  c o n tr o l  

m acro p h ag es.

M acrophages o b ta in e d  from  CO ( s h e l f )  c o n tr o l s  phago - 

c y t iz e d  l i s t e r i a  a t  a  r a t e  s i m i l a r  to  th e  n o rm al, n o n -ex p o sed  

m ice . P e r  c e n t  o f in f e c te d  c e l l s  was 32 , 4-3, and 72 a t  3 0 , 

60 , and 90 m in r e s p e c t iv e ly .

T ab le  5 sum m arizes th e  r e s u l t s  o f th e  p h a g o c y tic  a c ­

t i v i t y  d is p la y e d  by a lv e o la r  m acro p h ag es. As w ith  th e  p e r i ­

to n e a l  m ac ro p h ag es , th e  p e r  c e n t  o f  in f e c te d  m acrophages from  

CO exposed  m ice showed an enhanced  c a p a c i ty  to  p h a g o c y tiz e  

l i s t e r i a  when com pared to  th e  n o n -ex p o sed , in f e c te d  c o n t r o l s .  

A s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was n o te d  betw een  th e  

two g roups a t  th e  2 and 3 h o u r sam p lin g  tim es ( P < 0 .0 1 ) .  The 

4 h o u r sam p le , a lth o u g h  n o t  r e v e a l in g  a  m arked d i f f e r e n c e  b e ­

tw een th e  two g ro u p s , was s i g n i f i c a n t  a t  P < 0 .0 5 .

T here  was no d e m o n s tra b le  d i f f e r e n c e  i n  p h a g o c y tic  

a c t i v i t y  be tw een  m acrophages o f CO ( s h e l f )  c o n tr o ls  and



TABLE
PHAGOCYTOSIS OF L. MONOCYTOGENES (T L -2) BY PERITONEAL MACROPHAGES DERIVED 

FROM MICE EXPOSED TO 100 PPM OF CARBON MONOXIDE FOR 5 DAYS, 
NON-CARBON MONOXIDE EXPOSED, AND SHELF CONTROL^

Sample 
tim e  

(m in . )

C arbon  M onoxide E xposed No C arbon  M onoxide

m acrophages
i n f e c t e d

% m acro p h ag es 
c o n ta in in g

1 -5  6 -1 0  >10

m acro p h ag es
i n f e c t e d

% m acro p h ag es 
c o n ta in in g

1-5  6-10 >10

S h e lf
C o n tro l

30 65^ ^ 5 18 2 31 28 3 0 __c

60 87b 11 36 40 58 21 31 6 — —

90 91+b 2 15 77 73 8 32 33 — —

^M ice h o u se d  i n  n o n -c a rb o n  m onoxide e n v iro n m e n t a d j a c e n t  to  c a rb o n  m onoxide 
e x p o sed  m ic e .

^ S i g n i f i c a n t  a t  P < 0 .0 1 .

°No d e m o n s tra b le  d i f f e r e n c e  i n  p h a g o c y t ic  a c t i v i t y  b e tw ee n  m acro p h ag es from  
s h e l f  c o n t r o l  and  n o n -c a rb o n  m onoxide e x p o sed  m ic e .



TABLE 5
PHAGOCYTOSIS OF L. MONOCYTOGENES (T L-2) BY ALVEOLAR MACROPHAGES DERIVED 

FROM MICE EXPOSED TO 100 PPM OF CARBON MONOXIDE FOR 5 DAYS, 
NON-CARBON MONOXIDE EXPOSED, AND SHELF CONTROL MICE&

C arbon  M onoxide E xposed No C arbon M onoxide
S h e lf

C o n tro lSam ple
tim e
( h r s )

% m acro p h ag es 
i n f e c t e d

% m acro p h ag es 
c o n ta in in g

% m acro p h ag es 
i n f e c t e d

% m acro p h ag es 
c o n ta in in g

1 -5 6 -1 0 >10 1 -5 6 -1 0 >10

2 l̂ _2b 25 10 7 24- 16 6 2 __d

3 14.5b 13 13 19 3 5 14- 13 8 —  —

1+8° Ilf 13 21 4-0 15 13 12 —  — &

3-Mice h o u se d  i n  n o n -c a rb o n  m onoxide e n v iro n m e n t a d j a c e n t  to  c a rb o n  m onoxide 
e x p o sed  m ic e .

^ S i g n i f i c a n t  a t  P < 0 .0 1 .

^ S i g n i f i c a n t  a t  P < 0 .0 ^ .

% o  d e m o n s tra b le  d i f f e r e n c e  i n  p h a g o c y t ic  a c t i v i t y  b e tw ee n  m acro p h ag es from  
s h e l f  c o n t r o l  and  n o n -c a rb o n  m onoxide e x p o sed  m ic e .
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non-CO exposed  m ic e . Per c e n t  o f  i n f e c t e d  m acrophages was 

25} 3 6 , and 43 a t  2 , 3 , and  4 h o u r s ,  r e s p e c t iv e ly .

Q u a n t i t a t iv e  A ssay  o f  V ia b le  
I n t r a c e l l u l a r  L i s t e r i a

M acrophages d e r iv e d  from  CO exposed  (100 ppm /5 d ay s) 

and n o n -ex p o sed  a n im a ls  w ere e v a lu a te d  w ith  r e g a r d  to  t h e i r  

a b i l i t y  to  cope w i th  a l i s t e r i a  i n f e c t i o n  in  v i t r o .  F o r 

p u rp o se  o f  t h i s  e x p e r im e n t, i t  was assum ed t h a t  th e  b a c te ­

r i a l  p l a t e  c o u n ts  on c e l l  l y s a t e s  ta k e n  a t  th e  v a r io u s  tim e  

i n t e r v a l s  a f t e r  i n i t i a l  i n f e c t i o n  in d ic a te d  e i t h e r  th e  e x te n t  

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

P e r i to n e a l  m acrophages

F ig u re  4  i l l u s t r a t e s  th e  r e s u l t s  o f t h i s  e x p e r im e n t. 

M acrophages o b ta in e d  from  CO exposed  m ice and i n f e c t e d  i n  

v i t r o ,  showed an  i n i t i a l  2 1 . 6^  in c r e a s e  i n  th e  num ber o f  i n ­

t r a c e l l u l a r  o rg an ism s d u rin g  th e  f i r s t  12 h o u rs  o f  i n f e c t i o n .  

T h e r e a f t e r ,  a  p r e c i p i t o u s  drop (6 2 .2 ^ )  was o b se rv e d  up to  th e  

36 h o u r sam ple a t  w hich  tim e th e  ex p e rim e n t was c o n c lu d e d .

I n  c o n t r a s t  th e  non-CO t r e a t e d  m acrophages showed an  i n i t i a l  

9^  in c r e a s e  i n  th e  number o f  i n t r a c e l l u l a r  o rg an ism s d u r in g  

th e  f i r s t  12 h o u rs  o f  i n f e c t i o n .  T h e r e a f t e r ,  th e  i n t r a c e l ­

l u l a r  r e p l i c a t i o n  s t e a d i l y  p ro g re s s e d  th ro u g h o u t th e  36 hou r 

i n f e c t i o n  d u r in g  w hich  tim e  we s e e  a 7 7 *8^  in c r e a s e  i n  th e  

number o f  o rg a n ism s .

The num ber o f  i n t r a c e l l u l a r  o rgan ism s a t  th e  b a se  l i n e  

l e v e l ,  'O ’ h r  sam p le , (7 . 5  x  10^) from  th e  CO t r e a t e d  c e l l s



F ig u re  k . —Q u a n t i t a t i v e  a s s a y  of v i a b l e  L. 
m onocytogenes (TL-2) w i t h i n  p e r i t o n e a l  m acrophages 
d e r iv e d  from  CO exposed  and no n -ex p o sed  m ice . C e l l s  
w ere  i n f e c t e d  i n  v i t r o .
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as  compared to  th e  nxunher o f o rgan ism s from  th e  non-CO 

t r e a t e d  c e l l s  ( 1 .9  x  10^) con firm s th e  o b s e r v a t io n  made 

e a r l i e r  r e g a r d in g  enhanced  p h a g o c y t ic  a c t i v i t y  o f  th e  CD- 

t r e a t e d  m acrophages ( s e e  T able  .

A lv e o la r  m acrophages

F ig u re  5 i l l u s t r a t e s  th e  r e s u l t s  o f  t h i s  e x p e r im e n t .  

A lv e o la r  m acrophages d e r iv e d  from CO exposed a n im a ls  and i n ­

f e c t e d  i n  v i t r o ,  showed an i n i t i a l  7 1 i n c r e a s e  i n  th e  

number o f i n t r a c e l l u l a r  organism s d u r in g  th e  f i r s t  8 hou rs  

o f  i n f e c t i o n .  T h e r e a f t e r ,  a  marked drop i i i  th e  number of 

o rganism s (6 3 . 3^ )  was ob se rv ed  i n  th e  f i n a l  2k- h o u r  sam ple .

I n  c o n t r a s t  th e  non-CO t r e a t e d  m acrophages showed an  i n i t i a l  

3k-. 5^ i n c r e a s e  i n  th e  number o f  i n t r a c e l l u l a r  o rgan ism s d u r ­

in g  th e  f i r s t  8 h o u rs  o f  i n f e c t i o n .  T h e r e a f t e r ,  th e  i n t r a ­

c e l l u l a r  r e p l i c a t i o n  p ro g r e s s e d  s t e a d i l y  th ro u g h o u t  th e  2k- h r  

i n f e c t i o n  d u r in g  w hich  tim e  a  7 0 . 9^  i n c r e a s e  i s  n o te d .

As w i th  th e  p e r i t o n e a l  m acrophages, th e  number o f  i n ­

t r a c e l l u l a r  o rgan ism s a t  the  base  l i n e  l e v e l ,  0 h r  sam ple , 

( 1 0 .5  X 10^) from  th e  C O -tre a te d  c e l l s  as  compared t o  th e  

number o f o rgan ism s from  th e  non-CO t r e a t e d  c e l l s  (3*9 x 10^) 

i s  i n  ag reem ent w i t h  th e  e a r l i e r  o b s e r v a t io n s  r e l a t i v e  to  en­

hanced p h a g o c y t ic  a c t i v i t y  o f th e  C O -trea ted  m acrophages (see  

T able  5 ) .

Blood C e l l  D e te rm in a t io n

Normal w h i te  b lo o d  co u n ts  (WBC) f o r  m ice  u se d  i n  t h i s  

s tu d y  were i n  th e  ra n g e  o f  k-,000 to  8 ,000  mm^. The mean



F ig u re  5*— Q u a n t i t a t i v e  a s sa y  o f  v i a b l e  L. 
m onocytogenes (TL-2) w i t h i n  a l v e o l a r  m acrophages d e r iv e d  
from CO exposed  and n o n -ex p o sed  m ice . C e l l s  w ere  i n f e c t e d  
i n  v i t r o .
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c o u n t  i n  th e  norm al c o n t r o l s  was 5>987* The c o u n ts  f o r  mice 

exposed  to  CO (100 ppm/5 d ay s)  v a r i e d  from  3 ,000  t o  8,800/mm^. 

The mean c o u n t  was 4 ,7 7 9 .  There was no s t a t i s t i c a l l y  s i g ­

n i f i c a n t  d i f f e r e n c e  i n  th e  WBC c o u n ts  be tw een  th e  norm al and 

CO exposed m ic e .

Per c e n t  c e l l  ty p e s  r e p r e s e n t i n g  th e  norm al and CO 

exposed  a n im a ls  show s i m i l a r  d i f f e r e n t i a l  c o u n ts .  R e s u l t s  

a r e  shown i n  T ab le  6 .

S p leen  A ssay f o r  V ia b le  
I n f e c t i n g  L i s t e r i a

P r i o r  t o  exam ining th e  e f f e c t s  o f  CO on th e  immune 

r e s p o n s e ,  a s  a s s e s s e d  by e n u m e ra t io n  o f  i n f e c t i n g  l i s t e r i a  

i n  th e  s p l e e n s  o f  m ic e ,  two p r e l i m i n a r y  s t u d i e s  w ere  u n d e r ­

ta k e n :

1 . D e te rm in a t io n  o f  th e  h i g h e s t  immunizing dose  o f  

th e  a t t e n u a t e d  l i s t e r i a  AT l6 (R y) t o l e r a t e d  when a d m in is te r e d  

i n t r a p e r i t o n e a l l y .  For t h i s  s tu d y ,  5 g roups of m ice w i th  

8 /g ro u p  w ere  i n j e c t e d  I . P .  w i th  1 o f  5 d oses  o f  th e  a t t e n u a t e d  

l i s t e r i a  and o b se rv e d  f o r  10 d a y s .  Mice showing s ig n s  o f  i l l -  

e f f e c t  and th o s e  dy ing  w ere r e c o r d e d .  The h i g h e s t  immunizing 

dose t o l e r a t e d  by m ice was a p p ro x im a te ly  1 .2  x 10® o rg an ism s . 

Coppel ( 6 ) ,  u s in g  a p p ro x im a te ly  1 .3  x  10® organ ism s as  th e  

t o l e r a t e d  imm unizing dose d e te rm in e d  th e  t im e  o f  o n s e t  o f  th e  

immune r e s p o n s e  a f f o r d e d  by l i s t e r i a  AT 16(Ry) to  be e v id e n t  

a t  2 days and  r e a c h in g  maximum p r o t e c t i o n  on th e  5 th  day.

2 .  E s t a b l i s h  a  c h a l le n g e  dose  w i th  v i r u l e n t  *+-52 

l i s t e r i a  w hich  w ould  p e rm i t  s u r v i v a l  o f  a l l  t h e  m ice  f o r



TABLE 6
PERIPHERAL WHITE BLOOD CELL COUNT (WBC) AND DIFFERENTIAL ON MICE EXPOSED

TO 100 PPM OF CARBON MONOXIDE AND NON-EXPOSED CONTROLS

Number p f  WBC 
( p e r  mm3)* ly m p h o c y te

P e r  c e n t  c e l l  t y p e s  

m onocy te  n e u t r o p h i l e e o s i n o p h i l

Carbon m onoxide 
ex p o sed ^ ,7 7 9 6 7 .0 9 . 0  2h.O 0

N o n -c a rb o n  m onoxide 
e x p o se d 5 ,9 8 7 7 2 . ^ 7 . 5  20 .1 0

'S

'Mean o f  5 s e p a r a t e  g ro u p s  o f  m ice  w i t h  ^  m ic e /g r o u p .
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10 days fo l lo w in g  in t r a v e n o u s  i n j e c t i o n .  F iv e  groups o f  mice 

w i th  8 /g ro u p  w ere i n f e c t e d  in t r a v e n o u s ly  w i th  1 o f  5 doses o f 

v i r u l e n t  k -^ 2  l i s t e r i a  and obse rved  f o r  10 d a y s .  The i n ­

f e c t i n g  dose  w hich  p e rm i t t e d  s u r v i v a l  o f  a l l  m ice when i n ­

j e c t e d  I .V .  was foun d  t o  be 2 x 10^ o rg an ism s .

F ig u re  6 shows th e  r e s u l t s  o f  th e  A-j g roup o f  mice 

i n f e c t e d  im m e d ia te ly  fo l lo w in g  5 days o f  e x p o su re  t o  CO and 

th e  n o n -expo sed  c o n t r o l s .  I n  th e  norm al c o n t r o l s ,  th e  o rg an ­

ism s r e p l i c a t e d  a t  a  r a t h e r  v ig o ro u s  r a t e  f o r  th e  f i r s t  2 

day s . T h e r e a f t e r ,  a  slow  bu t s te a d y  d e c l in e  was e v id e n t .

I n  th e  CO t r e a t e d  mice e a r l y  grow th o f  t h e  i n f e c t i n g  o rg an ­

isms was s low . The maximum number o f  o rgan ism s was re c o v e re d  

on th e  2nd day a f t e r  w hich  tim e a r a p i d  d e c l i n e  was o b se rv ed .  

When com paring th e  s p l e e n  coun ts  o f  th e  two g ro u p s ,  a  s i g ­

n i f i c a n t  d i f f e r e n c e  i s  n o te d  betw een each  subgroup r e s p e c t iv e  

to  the  day o f  p o s t  i n f e c t i o n .  For days 1 , 2 ,  and 4 th e  d i f ­

f e r e n c e s  a r e  s i g n i f i c a n t  a t  P < 0 .0 2 5  and f o r  day 3 P < 0 .1 0 .

F ig u re  7 shows th e  r e s u l t s  o f  th e  Â2 g roups of mice 

w hich  w ere  immunized im m ed ia te ly  a f t e r  CO ex p o su re  and i n ­

f e c t e d  2 days l a t e r .  R e p l i c a t io n  o f  o rgan ism s d u r in g  th e  

f i r s t  2k- h o u rs  i n  b o th  g roups o f  mice p ro c e e d e d  s lo w ly .  This 

r e p l i c a t i o n  was l e s s  a p p a re n t  i n  th e  CO t r e a t e d  g ro up . By 

th e  3 rd  day a f t e r  i n f e c t i o n ,  no o rgan ism s w ere found  i n  th e  

u n d i lu t e d  s p l e e n  hom ogenates o f  e i t h e r  g ro u p . When comparing 

th e  s p le e n  c o u n ts  o f  th e  two g ro u p s ,  a  s i g n i f i c a n t  d i f f e r e n c e  

was n o te d  be tw een  eac h  subgroup a t  days 1 and 2 .  (P < 0 .0 2 5 ) .



F ig u r e  6 . —The e f f e c t  o f  p re -e x p o s u r e  to  CO on 
s p l e e n  a s s a y  f o r  L i s t e r i a  m onocytogenes from  non-im m unized 
m ice i n f e c t e d  I .V .  w i th  2 x  105 o rg an ism s .
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F ig u r e  7*—The e f f e c t  o f  p r e -e x p o s u re  t o  CO on 
s p le e n  a s s a y  f o r  L. m onocytogenes (U-52 s t r a i n )  from mice 
immunized I .  P. w i t h  a t t e n u a t e d  l i s t e r i a  and c h a l le n g e d
I .V .  w i th  2 X 105 o rg a n ism s .
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No o rgan ism s were r e c o v e re d  from  th e  s p le e n s  o f  th e  Al,. g roup 

o f  m ice w hich were i n f e c t e d  h  days fo l lo w in g  im m un iza tio n .

S p leen  hom ogenates from  n o n - i n f e c t e d  c o n t r o l  mice 

were n e g a t iv e  f o r  L i s t e r i a  m onocy togenes .



CHAPTER IV 

DISCUSSION

E xp erim en ts  were p e rfo rm e d  t o  d e m o n s tra te  th e  e f f e c t  

o f  CO on s u s c e p t i b i l i t y  o f  m ice  t o  r e s p i r a t o r y  i n f e c t i o n .

Mice exposed  to  100 ppm o f  CO f o r  2 ,  3 ,  4-, 5 and 6 days and 

i n f e c t e d  w i t h  L i s t e r i a  m onocytogenes by th e  r e s p i r a t o r y  r o u t e  

e x h ib i t e d  in c r e a s e d  r e s i s t a n c e  to  th e  i n f e c t i o n .  T h is  was 

d e m o n s tra te d  by a  d e c re a s e  i n  m o r t a l i t y  and an  in c r e a s e  i n  

s u r v i v a l  t im e .  T r a d i t i o n a l  s t u d i e s  o f  CO to x ic o lo g y  have em­

p h a s iz e d  th e  d ra m a t ic  e f f e c t s  o f  heavy  e x p o su re s ;  re m a rk a b ly  

l i t t l e  i n f o r m a t io n  i s  a v a i l a b l e  a b o u t  th e  consequences o f  

exposu re  t o  th e  low c o n c e n t r a t i o n s  found  i n  t h e  p o l l u t e d  com­

m unity  a i r .  The c o n c e n t r a t i o n  o f  CO chosen  f o r  t h i s  s tu d y  was 

a l e v e l  to  w hich  a n im a ls  c o u ld  be exposed  w i th o u t  m a n i f e s t i n g  

an  a c u te  CO t o x i c i t y  and a l s o  a  l e v e l  below t h a t  n o rm a l ly  e n ­

c o u n te re d  by man i n  h i s  en v iro n m en t ( e .g .  400-^00 ppm o f  CO 

in h a l e d  i n  c i g a r e t t e  smoke) and  p r e s e n t  f o r  b r i e f  p e r io d s  i n  

c o n f in e d  a r e a s  o f  a u to m o b ile  c o n g e s t io n  ( l 4 ,  15» 2 4 ) .

No a t t e m p t  was made t o  c o r r e l a t e  th e  days o f  e x p o su re  

w i th  th e  d e g re e  o f  r e s i s t a n c e ,  A s tu d y  f o r  t h i s  p u rp o se  w ould  

in v o lv e  ex p o s in g  mice to  v a r i o u s  c o n c e n t r a t i o n s  o f  CO f o r
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d i f f e r i n g  t im e  p e r io d s  and s e rv e  t o  d e te rm in e  i f  a  d o s e - e f f e c t  

r e l a t i o n s h i p  e x i s t e d .

A c o n s i s t e n t  p a t t e r n  o f  a c q u i r e d  r e s i s t a n c e  was ob­

se rv e d  i n  th e  CO exposed  a n im a ls  f o r  th e  v a r i o u s  tim e i n t e r ­

v a l s ,  e ac h  o f  w h ich  t e n d  t o  c o n firm  th e  o t h e r .  T here  i s  l i t t l e  

e x p e r im e n ta l  e v id e n c e  a v a i l a b l e  i n  th e  l i t e r a t u r e  t o  su p p o r t  

the  c la im s  i n c r i m i n a t i n g  CO a s  a d i s t i n c t  h e a l t h  h a z a rd  a t  

the  low er l e v e l s  o f  e x p o su re .  R e s u l t s  o f  t h i s  p o r t i o n  o f  th e  

s tu d y  s u g g e s t  t h a t  low l e v e l s  o f  CO may p l a y  an  im p o r ta n t  

p a r t  i n  r e s p i r a t o r y  d i s e a s e .  The e f f e c t s  o f CO ex p o su re  as 

r e p o r t e d  h e r e i n ,  h o p e f u l l y ,  w i l l  s e rv e  to  s t i m u l a t e  f u r t h e r  

i n v e s t i g a t i o n  i n  t h i s  a r e a .

The p o s s i b i l i t y  t h a t  CO ex posu re  m ig h t i n f lu e n c e  th e  

endogenous m ic r o b ia l  f l o r a  i n  m ice was i n v e s t i g a t e d .  The 

c o l i f o rm  b a c t e r i a  c o n s t i t u t e  a  l a r g e  p a r t  o f  th e  norm al i n ­

t e s t i n a l  f l o r a  o f  man and a n im a ls .  W ith in  th e  i n t e s t i n e  th ey  

n o rm a l ly  do n o t  cau se  d i s e a s e  and may even c o n t r i b u t e  to  n o r ­

mal f u n c t i o n  and n u t r i t i o n .  I n  t h i s  h a b i t a t  t h e r e  i s  an ex­

t re m e ly  d e l i c a t 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 .  However, f a c t o r s  

s e rv in g  t o  c r e a t e  an im ba lance  cou ld  c o n c e iv a b ly  l e a d  to  p r o ­

l i f e r a t i o n  w i th  d i s s e m in a t io n  and d i s e a s e .  S c h a e d le  (3 7 ) 

o b se rv ed  a  r a p i d  and p ro fo u n d  change i n  th e  c o m p o s i t io n  of 

b a c t e r i a l  f l o r a  o f  mice by a v a r i e t y  o f  u n r e l a t e d  d i s t u r b ­

a n c e s .  P a r t i c u l a r l y  n o te d  w ere th e  changes a s s o c i a t e d  w i th  

e n v iro n m e n ta l  t e m p e r a tu r e s .  Should  any one o f  t h e  c o n d i t io n s  

( p r o l i f e r a t i o n ,  d i s s e m in a t io n ,  d i s e a s e )  be i n c u r r e d ,  i t  i s
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e n t i r e l y  p o s s i b l e  t h a t  c e l l u l a r  immunity would be invoked  

th ro u g h  th e  e f f e c t  o f b a c t e r i a l  e n d o to x ic  'O ' a n t i g e n s ;  thus  

p e r m i t t i n g  m acrophages to  e x h i b i t  n o n - s p e c i f i c i t y  i n  p h a g o c y t ic  

a c t i v i t y .  Under th e  c o n d i t i o n s  o f  t h i s  e x p e r im e n t  CO d id  n o t  

a l t e r  th e  numbers o r  d i s t r i b u t i o n  o f  c o l i fo rm  b a c i l l i .  Thus 

i t  i s  u n l i k e l y  t h a t  n o n - s p e c i f i c  a c t i v a t i o n  o f  m acrophages 

was in v o lv e d  i n  o r c o n t r i b u t e d  to  th e  enhanced p h a g o c y t ic  and 

b a c t e r i c i d a l  a c t i v i t y  o b se rv e d  i n  th e  s tu d y  a g a i n s t  l i s t e r i a  

i n f e c t i o n .

S a lm o n e lla  (31) and c e r t a i n  fu n g i  (20) have  been 

shown to  a c t i v a t e  m acrophages , and w h ile  i n  th e  a c t i v a t e d  

s t a t e  th e s e  c e l l s  d e m o n s tra te d  in c r e a s e d  p h a g o c y t ic  c a p a c i ty .  

The p o s s i b i l i t y  t h a t  m ice u se d  i n  t h i s  s tu d y  h a rb o re d  e n t e r i c  

p a th o g en s  ( s a lm o n e l l a ,  s h i g e l l a )  a n d /o r  fu n g i  was c o n s id e re d ,  

as w e l l  a s  th e  i n f lu e n c e  CO may have e x e r t e d  i n  p o t e n t i a t i o n  

o f  th e s e  o rg a n ism s .  The o b s e r v a t io n  t h a t  no e n t e r i c  pa th ogen s  

o r  fu n g i  w ere  r e c o v e re d  from  e i t h e r  group o f  m ice (CO exposed 

and un expo sed )  im p l ie s  t h a t  enhanced p h a g o c y t ic  a c t i v i t y  n o te d  

e a r l i e r  i n  th e  s tu d y  was i n  a l l  p r o b a b i l i t y ,  n o t  a s s o c i a t e d  

w i th  th e  s p e c i f i c  sequences f o r  a c t i v a t i o n  o f  m acrophages 

which i n  t u r n  c o u ld  i n a c t i v a t e  a  v a r i e t y  o f i n t r a c e l l u l a r  

o rg an ism s .

The m ononuclear p h a g o c y te s ,  which r e p o r t e d l y  o r i g i n a t e  

i n  th e  bone marrow, a r e  t r a n s p o r t e d  by the  p e r i p h e r a l  b lood  

as m onocytes and e v e n t u a l l y  become t i s s u e  m acrophages ( 13 ) .

An i n c r e a s e  i n  b lo o d  m onocytes ob se rv ed  i n  m ice exposed  to
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CO m ight w e l l  i n d i c a t e  enhanced h e m a to p o ie t ic  a c t i v i t y  i n  the  

m onocyte-m acrophage c e l l  sys tem . Should  t h i s  o c c u r ,  s u b s ta n ­

t i a l  numbers o f  p o t e n t i a l  m acrophages (b lo o d  m onocytes) would 

be r e a d i l y  a v a i l a b l e  and upon s t i m u l a t i o n  by an  in f la m m a to ry  

p r o c e s s ,  m ig r a te  i n  l a r g e r  numbers t o  c o n ta in  th e  in v a d in g  

a g e n t ( s )  more e f f e c t i v e l y .  E xam in a tion  o f  th e  p e r i p h e r a l  

w h i te  b lo o d  c e l l s  from CO exposed  and unexposed  mice d id  n o t  

r e v e a l  any n o t i c e a b l e  change i n  numbers n o r  ty p e s  o f  c e l l s .  

Thus i t  i s  h i g h l y  im probab le  t h a t  th e  i n c r e a s e d  r e s i s t a n c e  o f  

th e  CO e x p o s e d - l i s t e r i a  i n f e c t e d  m ice was a s s o c i a t e d  w i th  a 

p r e - c o n d i t i o n i n g  o f  th e  m onocyte-m acrophage sys tem .

The o b s e r v a t io n  t h a t  m ice exposed  to  low l e v e l s  o f  CO 

were endowed w i th  a  g r e a t e r  c a p a c i t y  to  r e s i s t  a  l i s t e r i a  i n ­

f e c t i o n  v i a  t h e  r e s p i r a t o r y  t r a c t  was o f  g r e a t  i n t e r e s t .  I n  

view  o f  t h i s ,  th e  n e x t  obvious avenue o f  i n v e s t i g a t i o n  was 

d i r e c t e d  a t  an  i n  s i t u  mechanism w hich  r e s i d e s  p r i m a r i l y  w i th  

th e  pulm onary  m acrophages and s e r v e s  t o  c l e a r  b a c t e r i a  i n  th e  

lung  Ĉ -, 17} 2 6 ) .  These c e l l s  make up a  s i g n i f i c a n t  t o t a l  of 

the  lung  c e l l  p o p u la t i o n  and r e p r e s e n t  th e  m ajo r c e l l u l a r  

h o s t  d e fe n se  a p p a r a tu s  r e s p o n s i b l e  f o r  e a r l y  r e s i s t a n c e  to  

b a c t e r i a l  i n f e c t i o n .

The r e s u l t s  o f  th e  s t u d i e s  a s s o c i a t e d  w i th  p h a g o c y to ­

s i s  i n d i c a t e d  t h a t  CO, u n d e r  t h e  e x p e r im e n ta l  c o n d i t i o n s  em­

p lo y e d ,  s e r v e d  to  enhance th e  p h a g o c y t ic  and b a c t e r i c i d a l  

a c t i v i t y  o f  n o t  o n ly  a lv e o l a r  b u t  a l s o  p e r i t o n e a l  m acrophages . 

Of i n t e r e s t  was th e  o b s e r v a t io n  t h a t  th e  p e r i t o n e a l
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m acrophages d e m o n s tra te d  a  much g r e a t e r  deg ree  o f  e f f i c i e n c y  

i n  th e  u p - t a k e  o f  l i s t e r i a  th a n  d id  th e  a l v e o l a r  c e l l s  u n d e r  

i d e n t i c a l  e x p e r im e n ta l  c o n d i t i o n s .  T h is  i s  i n  ag reem ent w i th  

th e  f i n d in g  o f  Degre ( 9 ) ,  who made a s i m i l a r  o b s e r v a t io n  w i th  

m acrophages from norm al m ic e .  I t  would ap p ea r  t h a t  th e  p r o ­

t e c t i o n  a f f o r d e d  to  th e  m ice  by GO e x p o su re ,  i n  a l l  p ro b a ­

b i l i t y ,  was r e l a t e d  t o  th e  d i r e c t  o r  i n d i r e c t  i n f lu e n c e  t h i s  

gas e x e r t e d  on th e  m acrophage p h a g o c y t ic  a c t i v i t i e s ;  p a r t i c ­

u l a r l y  th e  pulm onary p h a g o cy te s  w hich c o n s t i t u t e  th e  f i r s t  

l i n e  o f  c e l l u l a r  d e fe n se  a g a i n s t  a e r o s o l  i n f e c t i o n s .  Not 

o n ly  were th e  CO exposed  p h a g o cy te s  empowered to  i n g e s t  

l i s t e r i a  more e f f e c t i v e l y  b u t  th ey  a l s o  e x h ib i t e d  a marked 

d e g re e  o f  e f f i c i e n c y  r e l a t i v e  to  s u p p re s s in g  th e  r e p l i c a t i o n  

o f  t h i s  f a c u l t a t i v e  i n t r a c e l l u l a r  b a c te r iu m .  T h is  i s  a v e ry  

e s s e n t i a l  f u n c t i o n ,  i f  l i s t e r i a  i s  to  be c o n ta in e d  and th e  

h o s t  sp a re d  o f  any s e r i o u s  co n seq u en ces .

Supplem enting  t h i s  h o s t  d e fe n se  a g a i n s t  i n f e c t i o n  a re  

th e  m acrophages l o c a t e d  e lsew h e re  w i t h i n  th e  h o s t  and which 

no doubt p o s s e s s  th e  a c c e n tu a te d  a b i l i t y  f o r  p h a g o c y to s i s .

T h is  i s  i l l u s t r a t e d  by th e  enhanced a n t i b a c t e r i a l  a c t i v i t y  o f  

th e  m acrophages from th e  i n t r a p e r i t o n e a l  c a v i t y  and p h a g o c y t ic  

c e l l s  i n  th e  s p le e n s  o f  th e  CO exposed  m ice .

C e l l -m e d ia te d  im m unity (CMI) i s  i n v e s te d  i n  th e  " a c t i ­

v a te d "  macrophages w hich  i n  t u r n  r e p r e s e n t  th e  f i n a l  s t e p  

th ro u g h  w hich t h i s  form o f  r e s i s t a n c e  i s  e x p re s s e d .  The m ajor 

e f f e c t o r  arm i n  r e s i s t a n c e  a g a i n s t  l i s t e r i a  i s  th e
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" a c t i v a t e d "  m acrophage. Thus an a t t e m p t  was made to  examine 

th e  s p e c i f i c  a n t i b a c t e r i a l  mechanism known to  be e f f e c t i v e  

a g a i n s t  l i s t e r i a ,  nam ely , c e l l u l a r  im m unity.

The e f f e c t  of im m uniza tion  on th e  non-CO-exposed mice 

i s  r e f l e c t e d  by a  sh a rp  d e c re a s e  i n  numbers of l i s t e r i a  

w i t h i n  th e  s p l e e n  t i s s u e  d u r in g  th e  1 s t  and 2nd days of i n ­

f e c t i o n  and no r e c o v e r a b le  o rgan ism s t h e r e a f t e r .  The 00- 

ex p o sed ,  non-im m unized m ice , d e m o n s tra te d  a  marked c a p a b i l ­

i t y  f o r  s u p p re s s in g  r e p l i c a t i o n  o f  l i s t e r i a  as  e v id e n c e d  by 

a  70 and 55 p e r  c e n t  d e c re a se  f o r  t h e  1 s t  and 2nd d a y s ,  r e ­

s p e c t i v e l y .  The immune r e s p o n s e ,  i n  t h e  a b sen ce  o f  CO a c ­

c o u n te d  f o r  a  91 and 98 p e r  c e n t  d e c r e a s e  i n  l i s t e r i a  r e p l i ­

c a t i o n  f o r  th e  1 s t ,  and 2nd days r e s p e c t i v e l y .  However, th e  

d e c r e a s e  i n  r e p l i c a t i o n  was more a p p a r e n t  i n  th e  CO immunized 

a n im a ls  (99*2 and 99*9 p e r  c e n t  f o r  th e  1 s t  and 2nd days r e ­

s p e c t i v e l y ) .  These r e s u l t s  s u g g e s t  t h a t  CO may s e rv e  t o  i n ­

f l u e n c e  f a c t o r s  a s s o c i a t e d  w i th  c e l l - m e d ia t e d  im m unity . P e r ­

haps  a  more m ea n in g fu l  app roach  f o r  a  s tu d y  o f  t h i s  n a tu r e  

m ig h t  be d i r e c t e d  a t  a  few o f  th e  m ajo r  a s s a y s  d e v e lo p ed  f o r  

t h e  s tu d y  o f  CMI i n  v i t r o  ( e . g . ,  ly m p h o to x in  a c t i v i t y ,  lymph­

o c y te  t r a n s f o r m a t i o n ,  m ig r a t i o n  i n h i b i t o r  f a c t o r ) .  A lso  some 

c o n s i d e r a t i o n  co u ld  be g iv e n  to  a l l o g r a f t  immunity u s in g  th e  

mouse s k in  a l l o g r a f t  a s  a  model f o r  s tu d y in g  c e l l u l a r  immun­

i t y .

L i t t l e  i s  known r e g a r d in g  th e  d e te rm in a n ts  f o r  th e  

w e l l  documented p h a g o c y t ic  and b a c t e r i c i d a l  a c t i v i t i e s  o f  th e
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m acrophages . The a c t u a l  k i n e t i c s  by w hich m acrophages d e s t r o y  

b a c t e r i a  a r e  u n e q u iv o c a l ;  n e v e r t h e l e s s ,  much i s  known ab o u t 

th e  b a c t e r i c i d a l  mechanisms o f  th e  po ly m o rp h o n u c lea r  l e u c o -  ' 

c y t e s .  Any a t t e m p t  t o  p r e s e n t  a w orking h y p o th e s i s  a s  r e ­

l a t e d  t o  an i n t r a c e l l u l a r  m i c r o b i c i d a l  m echanism (s) u n d e r  th e  

i n f lu e n c e  o f  CO becomes e x t r e m e ly  d i f f i c u l t .

I n  view o f  th e  a l t e r a t i o n s  i n  m acrophage f u n c t i o n  as 

in d u c e d  by CO, i t  would be m ost d e s i r a b l e  to  c o n t in u e  s t u d i e s  

a lo n g  th e  fo l lo w in g  l i n e s :

(1) Many o f  th e  f u n c t i o n s  o f  m acrophages a r e  i n t i ­

m a te ly  r e l a t e d  t o  th e  c e l l  membrane. C ro ss ,  e t  a l . (8) have 

r e p o r t e d  t h a t  a l v e o l a r  m acrophage p lasm a membranes p o s s e s s  a 

Na'^-K'^ s t im u la te d  Mg'^'*'dependent AT Pas e system  w hich  may be 

d i r e c t l y  r e l a t e d  t o  th e  p h a g o c y t ic  and b a c t e r i c i d a l  a c t i v i t i e s  

o f  t h e  c e l l .  T h is  enzyme sy s tem  would s e rv e  a s  a  c o n v e n ie n t  

b io c h e m ic a l  m arker to  q u a n t i t a t e  th e  i n t e r a c t i o n  o f  lu n g  c e l l s  

and CO.

(2) The e f f e c t  o f  CO may be i n d i r e c t  o r se c o n d a ry .

The gas may i n f lu e n c e  s p e c i f i c  p h y s i o l o g ic a l  f a c t o r s  w hich  i n  

t u r n  m odify  th e  p h a g o c y t ic  p r o p e r t i e s  ( i . e . ,  a s s e s s  th e  e f f e c t  

o f  CO on th e  e n d o c r in e  f u n c t i o n ) .

(3) As s u g g e s te d  e a r l i e r ,  a  s tu d y  d e s ig n e d  f o r  m eas­

u r i n g  th e  e f f e c t  o f  CO on th o s e  p a ra m e te r s  g e n e r a l l y  c o n s id e r e d  

i n d i c e s  o f  c e l l u l a r  immune r e s p o n s e  w i th  p a r t i c u l a r  em phasis

on i n  v i t r o  a s sa y s  and a l l o g r a f t  immunity.
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(4) A sse ss  th e  e f f e c t  o f  CO on i n t r a c e l l u l a r  s o lu b le  

enzymes o r  a lo o k  a t  th e  a n t i b a c t e r i a l  a c t i v i t i e s  o f  e x t r a c t s  

from m acrophages o f  CO exposed a n im a ls .



CHAPTER V 

SUMMARY AND CONCLUSIONS

Male in b re d  BALB/cj m ice were exposed  to  100 ppm o f  

ca rbo n  monoxide (CO) f o r  v a ry in g  l e n g t h s  o f  tim e (2 , 3?

5, and 6 days) and s u b s e q u e n t ly  i n f e c t e d  v i a  th e  r e s p i r a t o r y  

r o u t e  w i th  L i s t e r i a  m ono cy togenes . Mice so t r e a t e d  ev id en ced  

in c r e a s e d  r e s i s t a n c e  t o  l i s t e r i a  i n f e c t i o n  a s  m a n i f e s te d  by 

a low er d e a th  r a t e  and an  i n c r e a s e d  l e n g t h  o f  s u r v i v a l .  No 

d o s e - e f f e c t  r e l a t i o n s h i p  c o u ld  be e s t a b l i s h e d  u n d e r  t h e  e x ­

p e r im e n ta l  c o n d i t i o n s  o f  t h i s  s tu d y .  The f i n d in g  i n  t h i s  p o r ­

t i o n  o f  th e  s tu d y  s u g g e s ts  t h a t  low l e v e l s  o f  CO can  e x e r t  a 

b e n e f i c i a l  e f f e c t  on th e  h o s t ' s  d e fe n s iv e  mechanism.

Carbon monoxide d id  n o t  a l t e r  th e  numbers or d i s t r i ­

b u t io n  o f  c o l i fo rm  b a c t e r i a  i n  th e  co lo n  o f  m i c e ^  The b a c ­

t e r i a l  f l o r a  p e r  se  rem a ined  e s s e n t i a l l y  unchanged .

E x p lo r a to r y  s t u d i e s  c o n d u c ted  t o  d e f in e  th e  mechanism 

r e s p o n s i b l e  f o r  i n c r e a s e d  r e s i s t a n c e  to  i n f e c t i o n  were d i r e c t e d  

a t  th e  c e l l u l a r  c a p a c i t i e s  f o r  p h a g o c y to s is  and b a c t e r i a l  i n ­

a c t i v a t i o n .  I n  v i t r o  p h a g o c y t ic  p r o p e r t i e s  o f  pulm onary  and 

p e r i t o n e a l  m acrophages d e r iv e d  from  mice exposed  to  CO demon­

s t r a t e d  enhanced p h a g o c y t ic  p r o p e r t i e s .  L ik ew ise  th e
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m acrophages e x h i b i t e d  a marked a b i l i t y  to  s u p p re s s  th e  i n t r a ­

c e l l u l a r  p r o l i f e r a t i o n  o f  l i s t e r i a .

The s u p p r e s s io n  of l i s t e r i a  r e p l i c a t i o n  was f u r t h e r  

r e f l e c t e d  i n  th e  s p le e n  a s sa y  s t u d i e s  of th e  CO exposed , n o n -  

immunized and immunized m ice . Both e x p e r im e n ta l  g roups e v i ­

denced enhanced a n t i b a c t e r i a l  a c t i v i t y .

I t  w ould  ap p ea r  t h a t  CO s e rv e d  as a  n o n - s p e c i f i c  a c ­

t i v a t o r  f o r  macrophage p h a g o c y t ic  a c t i v i t y  w hich i n  t u r n  

p la y e d  a dom inant r o l e  i n  a f f o r d i n g  th e  an im a ls  w i th  a marked 

d e g re e  of p r o t e c t i o n  a g a in s t  l i s t e r i a  i n f e c t i o n .

The a c t i o n  o f  CO, i n  a l l  p r o b a b i l i t y ,  i s  r e l a t e d  t o  

a l t e r a t i o n s  a s s o c i a t e d  w i th  b io c h e m ic a l  o r immunologic a c t i v ­

i t i e s  o f  th e  p h a g o c y t ic  c e l l s  i n  some as y e t  u n e x p la in e d  manner 

w hich  endows th e  c e l l s  w i th  a  g r e a t e r  c a p a c i ty  to  p h a g o c y t iz e  

and k i l l  m ic ro o rg a n ism s .

S u g g e s t io n s  f o r  f u t u r e  s t u d i e s  a re  in c lu d e d  i n  th e  

d i s c u s s i o n .
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