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Summary. Rat s  infected wi th  Trypanosoma lewisi or d e c o m p l e m e n t e d  by  in jec t ion  of cobra  v e n o m  factor  or comple-  
m e n t  ac t iva t ing  factor  of t r y p a n o s o m e s  were found to be more  suscept ible  to infect ion wi th  Salmonella typhimurium. 
Dec0mplemen ted  ra ts  subsequen t ly  infected wi th  T. lewisi deve loped  h igher  blood pa ras i t emia  than  did no rma l  
T. lewisi infec ted  rats.  

We  have  previous ly  r epor ted  t h a t  Trypanosoma lewisi 
con ta ins  mate r ia l s  which are capable  of ac t iva t ing  com- 
p l e m e n t  in vi t ro  9, 8. This f inding has  also been  repor ted  
in vivo for ra t s  infected wi th  T. lewisi ~ as well as in ca t t le  
infec ted  wi th  T. congolense ~ and  in Gambian  sleeping 
sickness in m a n  ~, ~. The significance of decreased comple-  
m e n t  levels in t r y p a n o s o m e  infec ted  hos ts  is no t  under -  
s tood,  b u t  m a y  be of impor t ance  in the  depress ion  of the  
i m m u n e  response  observed in such animals  s,9 or in the  
suscept ib i l i ty  to  sehondary  infect ions  10 and  tumors  11. 
Thus  250-g male Wis t a r  ra t s  were infected wi th  109 T. 
lewisi ob ta ined  f rom ra t  blood 7 days  af ter  inject ion.  24 h 
previous  to T. lewisi infect ion,  groups  of ra t s  were de- 
c o m p l e m e n t e d  by  i.p. in jec t ion  of 80 uni ts  of cobra  v e n o m  
fac tor  12 or 1.0 mg of c o m p l e m e n t  ac t iva t ing  factor  f rom 
.T. lewisi 3. 7 days  later,  the  ra t s  were chal lenged by  i.p. 
in jec t ion  of 109 Salmonella typhimurium (this n u m b e r  was  
es tab l i shed  to be 1/9 of an LDs0 dose). Blood samples  were 
t aken  f rom all animals  prior  to  in jec t ion  of S. typhimurium 
for pa ras i t e  counts  and for de t e rmina t i on  of hemoly t ic  
c o m p l e m e n t  levels. In  addi t ion,  b lood samples  were t aken  
f rom surviving ra ts  48 h af ter  in jec t ion  of S. typhimurium 
for hemoly t ic  c o m p l e m e n t  de te rmina t ion .  The overal l  ex- 
pe r imen ta l  design is out l ined  in tab le  1. 
Blood paras i te  counts  were es tab l i shed  using a hemacy to -  
meter .  The level of hemoly t ic  c o m p l e m e n t  con ta ined  in 
each  se rum sample  was de t e rmined  by  the  micro t i t e r  
d i lu t ion m e t h o d  using sheep e ry th rocy t e s  op t imal ly  sen- 
si t ized w i t h  r abb i t  hemolysin ,  The last  well in which all 
t he  sens i t i zed  e ry th rocy te s  were lysed af ter  incuba t ion  a t  
37 ~ for 1 h was considered t o b e  a measure  of the  comple-  
m e n t  levels of the  animals.  
As is a p p a r e n t  f rom table  2, the  animals  of groups 1 and  
10 (decomplemented  wi th  CoF or CAF-T respec t ive ly  and  
t h e n  infected wi th  T. lewisi) h a d  a p p r o x i m a t e l y  4 t imes  

Table 1. Injection schedule of each of group of rats 

Group No. of T. lewisi CoF* CAF-T** S. typhi- 
animals murium 

1 10 109 
2 10 109 
3 10 10 ~ 
4 10 
5 10 
6 10 
7 10 
8 6 
9 6 

10 6 10 ~ 

80 units 
109 

80 units 109 
80 units 

109 

1 mg 
1 mg 
1 mg 

10 9 

* Cobra venom factor, injected in 3 equal amounts 24 h prior to 
T. lewisi or S. typhimurium injection. ** Complement activating 
factor of T. lewisi, injected in 3 equal amounts prior to injection 
with T. lewisi or S. typhimurium. 

as h igh  a pa ras i t emia  as groups  2 and  3 (infected a t  the  
same t ime  wi th  T. lewisi). I t  is also ev iden t  t h a t  as ex- 
pected,  t he  d eco mp l emen t ed  animals  had  low or no hemo-  
lyt ic  t i t e r s  as compared  to  the  non t r ea t ed  controls  (group 
7) and t h a t  the  T. lewisi infected animals  (groups 2 and  3) 
had  'been par t i a l ly  dep le ted  of c o m p l e m e n t  as well. In  
addi t ion ,  ra t s  which  had  been depr ived  of a func t iona l  
c o m p l e m e n t  cascade or infected wi th  T. lewisi were m u c h  
more  suscept ible  to  subsequen t  infect ion wi th  S. typhi- 
murium. In  fact,  the  ra t s  of groups 2 and 10 (infected 
wi th  T. lewisi and  d e c o m p l e m e n t e d  wi th  CAF-T) began  
to  die 4-5 h af ter  chal lenge wi th  the  freshly cu l tured  S. 
typhimurium while the  contro l  group (6) and the  CoF 
c o m p l e m e n t  deple ted  group (4) did no t  commence  to  die 
unt i l  18 h af ter  challenge.  No dea ths  were observed in the  
u n t r e a t e d  group (6) or in the  complemen t  deple ted  contro l  
groups  (5 and  8). A t  the  t e rmina t ion  of the  expe r imen t ,  
48 h a f te r  in jec t ion  of S. typhimurium and 9 days  a f t e r  
infect ion wi th  T. lewisi, all the  remain ing  animals  ap-  
peared  hea l thy .  
Whi le  the  adverse  effects  of secondary  infect ions on hos t s  
paras i t i zed  wi th  t r y p a n o s o m e s  are well es tabl ished (re- 
v iewed b y  Losos 10 the  re la t ionship  be tween  such second-  
a ry  infect ions  and c o m p l e m e n t  deple t ion  by  t r y p a n o s o m e s  
has  no t  been  explored.  I t  s t ands  to reason t h a t  in ter ference  
wi th  t he  hos t  defense mechanisms ,  such as complemen t ,  
would allow invad ing  pa thogens  near ly  unh inde red  
growth,  especial ly if the  c o m p l e m e n t  cascade was in ter -  
fered wi th  a t  the  C3 level (for example  wi th  CoF) as C3 is 
of considerable  significance in p ro tec t ing  the  hos t  agains t  
infect ion x3. 
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Table 2. T. lewisi parasitemia (organisms per ml o ! whole blood) and hemolytic complement levels in each group of rats 

119  

Group No. of parasites/nil Complement levels before 
(mean 4- SD) S. typhimurium infection 

(mean 4- 1 SD) 

Complement levels 48 h 
after S. typhimurium infection 
(mean 4- 1 SD) 

1 6.0I :4 10 ~ ~ 2.54 • 109 (10)** 1.0 ! 1.41 (10) 
2 1.39 • 109 ~_ 0.76 X 109 (10) 7.0 • 4.35 (10) 
3 1.38 • 109 -- 0.60 • 109 (10) 7.2 ~ 2.53 (10 
4 - 1.2 :k 2.14 (10) 
5 1.2 • 2.14 (10) 
6 20.0 4- 6.47 (10) 
7 24.0 • 11.31 (10) 
8 o (6) 
9 0 (6) 

10 5.83 • 109 4- 3.41 • 109 (6) 0 (6) 

0.6 -L 0.97 (10) 
ND* 

8.0 =c 1.00 (10) 
1.33 • 1.15 (3) 
0.4 4- 0.84 (10} 

22.4 • 7.93 (9) 
23.6 • 11.18 (10) 

0 (6) 
ND 
o (6) 

* ND, not done due to 100% mortality within group. ** Nmnber in bracket denotes number of animals in the group. 

F r o m  t h e  e x p e r i m e n t s  r e p o r t e d  in  t h i s  c o m m u n i c a t i o n ,  
i t  is q u i t e  c lea r  t h a t  d e p r i v a t i o n  of  C3 b y  CoF ,  f o l l owed  b y  
i n f e c t i o n  w i t h  S. typhimurium i n c r e a s e d  t h e  s u s c e p t i b i l i t y  
o f  t h e  r a t s  to  t h i s  b a c t e r i a .  H o w e v e r ,  i n t e r f e r e n c e  a t  t h e  
C1 leve l  of  t h e  c o m p l e m e n t  s e q u e n c e  b y  i n j e c t i o n  of 
C A F - T  or  on  T. lewisi i n f e c t e d  r a t s  h a d  m u c h  m o r e  s e v e r e  
c o n s e q u e n c e s  a f t e r  i n f e c t i o n  w i t h  S. typhimurium. T h u s  
al l  t h e  r a t s  in t h e  l a t t e r  g r i u p s  d ied  w i t h  c l a s s i ca l  s y m p -  
t o m s  of  S a l m o n e l l a  e n t e r i t i s  wh i l e  o n l y  7 0 %  of  t h e  C o F -  
t r e a t e d  r a t s  s u c c u m b e d  t o  t h e  i n f e c t i o n .  I n  a d d i t i o n ,  a l l  
d e a t h  o c c u r r e d  in t h e  T. lewisi i n f e c t e d  g r o u p  a n d  t h e  
C A F - T  t r e a t e d  g r o u p  5 - 1 2  h a f t e r  S. typhimurium in fec -  
t i o n  wh i l e  C o F  t r e a t e d  r a t s  a lso  i n j e c t e d  w i t h  S. typhi- 
murium d id  n o t  b e g i n  to  d ic  un t i l  18 h a f t e r  i n f e c t i o n .  I t  is 
r e a l i z e d  t h a t  T. lewisi i n f e c t i o n  m a y  c o n t r i b u t e  to  in-  
c r e a s e d  p a t h o g e n i c i t y  of  S. typhimurium in o t h e r  w a y s  
t h a n  b y  l o w e r i n g  h e m o l y t i c  c o m p l e m e n t  leve ls ,  h o w e v e r ,  
no  s u c h  i n f l u e n c e s  s h o u l d  be  t h e  ca se  in a n i m a l  t r e a t e d  
w i t h  C A F - T ,  as  t h e  c o n t r o l  g r o u p  (8) s h o w e d  no  o t h e r  
a d v e r s e  e f f ec t s  w i t h i n  t h e  d u r a t i o n  of t h e  e x p e r i m e n t .  

I t  w a s  a l so  n o t e d  t h a t  C o F  a n d  C A F - T  t r e a t m e n t  of  r a t s  
p r e v i o u s  to  i n f e c t i o n  w i t h  T. lewisi ( g r o u p s  1 a n d  10 
r e s p e c t i v e l y )  i n c r e a s e d  t h e  b l o o d  p a r a s i t e m i a  of  b o t h  
g r o u p s .  T h i s  a g a i n  w o u l d  i n d i c a t e  t h a t  i n t e r f e r e n c e  w i t h  
t h e  n o n s p e c i f i c  h o s t  d e f e n s e  m e c h a n i s m s  a l l ow  i n f e c t i o n s  
to  p r o c e e d  r e l a t i v e l y  u n h i n d e r e d .  T h i s  p h e n o m e n o n  m a y  
be  t h e  r e s u l t  of  s e v e r a l  m e c h a n i s m s ,  for  e x a m p l e ,  i n i t i a l  
a n d  c o n t i n u e d  d e p l e t i o n  of  c o m p l e m e n t  w o u l d  n o t  a l l o w  
n o r m a l  i m m u n e  c l e a r a n c e  o f  t h e  p a r a s i t e  t h u s  a l l o w i n g  i t  
to  c i r c u l a t e  w i t h i n  t h e  b o d y  in  m u c h  g r e a t e r  n u m b e r s .  
A g r e a t  d e a l  m o r e  w o r k  is r e q u i r e d  to  e s t a b l i s h  m e c h a n i s m s  
b y  w h i c h  t r y p a n o s o m e s  i n t e r f e r e  w i t h  h o s t  d e f e n s e s  es-  
p e c i a l l y  in  v i e w  of  t h e i r  a b i l i t y  to  loca l ize  in m i c r o e n v i r o n -  
m e n t s  a n d  p r o d u c e  a v a r i e t y  of  s o l u b l e  s u b s t a n c e s  for  
i n s t a n c e ,  h e m o l y t i c  f a c t o r s  1% c o m p l e m e n t  a c t i v a t i n g  f ac -  
t o r s  2 a n d  m i t o g e n i c  f a c t o r s  75. 
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Summary. P r e i n c u b a t i o n  of  b l ood  f r o m  n o r m a l  h u m a n  v o l u n t e e r s  w i t h  e p i n e p h r i n e  s i g n i f i c a n t l y  d e c r e a s e d  t h e  g r a n u l o -  
c y t e s  a b i l i t y  to  a d h e r e  to  n y l o n  f ib res .  P o s s i b l e  s i g n i f i c a n c e  for  t h e  in  v i v o  c o r r e l a t i o n  is d i s c u s s e d .  

G r a n u l o c y t e s  m u s t  a d h e r e  to  t h e  e n d o t h e l i a l  w a l l s  of  
c a p i l l a r i e s  a n d  t h e n  d i a p e d e s i s  t h r o u g h  t h e  v e s s e l  wa l l  in  
o r d e r  to  b e c o m e  loca l i zed  in  a n  a r e a  of  i n f e c t i o n .  K i n e t i c  
s t u d i e s  h a v e  r e v e a l e d  t h a t  o v e r  h a l f  of  t h e  g r a n u l o c y t e s  
w i t h i n  t h e  v a s c u l a t u r e  n o r m a l l y  a r e  a d h e r e n t  to  t h e  e n d o -  
t h e l i a l  wa l l s  2. T h e s e  m a r g i n a t e d  g r a n u l o c y t e s  a re  in e q u i -  
l i b r i u m  w i t h  f r ee ly  c i r c u l a t i n g  ones .  
D e f e c t s  in g r a n u l o c y t e s '  a b i l i t y  to  a d h e r e  to  e n d o t h e l i a l  
l i n i n g s  m i g h t  be  e x p e c t e d  to  be  a s s o c i a t e d  w i t h  i n c r e a s e d  
i n c i d e n c e  of i n f e c t i o n .  T h e  g r a n u l o c y t e  a d h e s i v e n e s s  to  
n y l o n  f ib re s  or  g l a s s  in  v i t r o  h a s  b e e n  u s e d  as  a m e a s u r e  of  
a d h e s i o n  in  v i v o  b u t  w h e t h e r  t h e  in  v i t r o  t e s t i n g  s y s t e m  
p a r a l l e l s  w h a t  o c c u r s  in  v i v o  r e m a i n s  to  be  p r o v e n .  S ince  
e p i n e p h r i n e  h a s  b e e n  s h o w n  to  d e c r e a s e  g r a n u l o c y t e  a d -  
h e s i o n  in  v ivo ,  i t  w o u l d  be  e x p e c t e d  to  c a u s e  a d e c r e a s e d  

a d h e s i o n  in v i t r o  as  wel l .  T h e  p u r p o s e  of t h i s  s t u d y  w a s  t o  
d e t e r m i n e  if e p i n e p h r i n e  i n h i b i t s  g r a n u l o c y t e  a d h e s i o n  
in  v i t r o .  
Methods and materials. T h e  a d h e s i o n  of  g r a n u l 0 c y t e s  t o  
n y l o n  f i b r e s  w a s  m e a s u r e d  u s i n g  a m o d i f i c a t i o n  o f  a 
p r e v i o u s l y  d e s c r i b e d  m e t h o d  a. N y l o n  f ib re  (3 den i e r ,  4 c m ,  
T y p e  200, F e n w a l l  L a b o r a t o r i e s ,  M o r t o n  G r o v e ,  I l l inois )  
w a s  w e i g h e d  a n d  70 • 0.5 m g  w a s  p a c k e d  i n t o  a P a s t e u r  
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