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N e w e r  Data  on  the Role  of C o m p l e m e n t  S y s t e m  in 

Recent ly ,  e x p e r i m e n t a l  ev idence  has  been  increas ing  
in s u p p o r t  of SPINK and  VICK'S ~ ear l ier  hypo thes i s  t h a t  
t h e  c o m p l e m e n t  sys t em p lays  a s u b s t a n t i a l  role in  t h e  
d e v e l o p m e n t  of e n d o t o x i n  shock.  BI~ADEN et  al. ~ obse rved  
fuI1 in v i t ro  a c t i v a t i o n  b y  e n d o t o x i n  of t he  en t i re  se rum 
c o m p l e m e n t  sys tem.  

P rev ious  s tud ies  in  finis l a b o r a t o r y  h a v e  shown  t h a t  
a c t i v a t i o n  of c o m p l e m e n t  b y  e n d o t o x i n  t akes  place also 
in v ivo  3. I t  seemed w o r t h w h i l e  tO inves t i ga t e  how the  
t i t r es  of t he  4 'c lassical '  c o m p l e m e n t  c o m p o n e n t s  changed  
in an ima l s  r ende red  t o l e r a n t  to  e n d o t o x i n  b y  serial  pre-  
t r e a t m e n t  a n d  c o n s e q u e n t l y  e x h i b i t i n g  increased  resist-  
ance  to  l e tha l  doses of endo tox in .  

Mater ia l  and method. T he  e x p e r i m e n t s  were pe r fo rmed  
on r a n d o m i z e d  female  W i s t a r  rats ,  weighing  140-160 g. 
The  e n d o t o x i n  used for p r e t r e a t m e n t  was  p r e p a r e d  f rom 
Serratia marcescens accord ing  to  BOlVlN and  ~V[ESRO- 
BEANU 4. 1 ml  of th i s  p r e p a r a t i o n  c o n t a i n e d  ac t ive  sub-  
s tance  f rom 4.109 germs, a n d  0.5 ml /100 m g  of i t  cor- 
r e sponded  to 1 r a t  MLD. 

Tole rance  to  e n d o t o x i n  was confer red  b y  t r e a t i n g  t h e  
an ima l s  w i t h  r i s ing doses of t he  p r e p a r a t i o n  on 6 occasions 
a t  48-h in te rva ls .  T he  t o t a l  a m o u n t  was  2.2 ml /100 g. 
The  las t  dose, wh ich  was twofold  t h e  1 r a t  MLD, caused  
no s y m p t o m s ,  i nd i ca t i ng  t he  d e v e l o p m e n t  of e n d o t o x i n  
to le rance  in  t he  m e a n t i m e .  Blood sampl ing  a n d  la te r  on  
cha l lenge  w i t h  e n d o t o x i n  were m a d e  48 h a f t e r  t he  las t  
t r e a t m e n t .  

The  t i t e r s  of t h e  c o m p l e m e n t  fac tors  were d e t e r m i n e d  
w i t h R  reagen t s  p r e p a r e d  f rom guinea-p ig  serum,  accord ing  
to t he  s t a n d a r d  m e t hod .  The  t i t r a t i o n  p rocedure  was 
descr ibed  in  de ta i l  p rev ious ly  5. Accord ing  to  t he  new 
n o m e n c l a t u r e  of c o m p l e m e n t L  t he  c o m p o n e n t s  C1, C4 
and  C2 d e ~ c t a b l e  b y  R r eagen t s  cor respond  to c o m p o n e n t s  

T o x i c i t y  of  E n d o t o x i n  

designed b y  t he  same  symbols ,  whi le  t h e  'c lassical '  C3 
de t ec t ab l e  b y  R3 cor responds  to t he  C3, C5 and  C6 com- 
p o n e n t s  ~. 

Results and discussion. The Table shows the titers of 
t h e  4 'c lassical '  c o m p o n e n t s  of c o m p l e m e n t  in  sera f rom 
r a t s  p r e t r e a t e d  and  n o t  p r e t r e a t e d  w i t h  endo tox in .  The  
t o t a l  c o m p l e m e n t  level  as well  as t he  t i t e r s  of c o m p o n e n t s  
C1, C4 and  C2 were s ign i f i can t ly  lower in  t he  t r e a t e d  t h a n  
in t he  u n t r e a t e d  con t ro l  group,  whereas  t h e  c o m p o n e n t  
C3 showed no s ign i f i can t  change.  

Subsequen t ly ,  change  of t he  a p p a r e n t l y  s t ab le  compo-  
n e n t  C3 was e x a m i n e d  1 h a f t e r  cha l lenge  w i t h  m e d i u m  
(0.1 ml /100 g) and  sure l e tha l  doses (1.0 ml /100 g) of endo-  
t o x i n  in r a t s  t r e a t e d  a n d  no t  t r e a t e d  p rev ious ly  w i t h  
endo tox in .  

The  e n d o t o x i n  c o n c e n t r a t i o n s  used in t he  appl ied  in 
v i t ro  s y s t e m  cor responded  to t he  in  v ivo  levels p roduced  
b y  a d m i n i s t r a t i o n  of t h e  above  doses. The  i n c u b a t i o n  
per iod  was 60 m i n  (Figure).  

As can  be  seen f rom the  Figure ,  in  t h e  con t ro l  an ima l s  
t r e a t m e n t  w i t h  0.1 ml /100 g e n d o t o x i n  caused  a modera t e ,  
whereas  t r e a t m e n t  w i t h  1.0 ml /100  g a considerable ,  
decrease  of t he  s e rum C3 level.  I n  t he  in -v i t ro  sys tem,  
t h e  co r re spond ing  c o n c e n t r a t i o n s  of e n d o t o x i n  p roduced  
a n  essent ia l ly  s imi la r  decrease  of C3. 
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Titrations of total complement and complement components in untreated and endotoxin pretreated (-tolerant) rats 

T~ C1 C4 C2 C3 
No. of 
sera CHs0 4- S.D. CHs0 ~ S.D. CHs0 ~ S.D. CHs0 • S.D. CHs0 
examined 

Untreated control 10 60.9 9.7 342 133 809 205 116 29.0 249 55 
Endotoxin pretreated 10 37.0 b 9.6 106 b 26 258 b 140 41 b 29.7 215 24 

T, total complement, b The difference is significant (p < 0.001). 
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Effect oI Serratia marcescens endotoxin on C3-titer of sera 
of untreated and endotoxin-pretreated rats. + ,  C3-titer in 
60 min sera. *, 0.4 ml endotoxin-dilution, 60 rain/37 ~ (the 
in vitro concentration of endotoxin is equivalent to the in 
vivo endotoxin concentration in blood). 
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The C3 t i t re  of sera f rom ra ts  p r e t r e a t e d  wi th  endo- 
tox in  showed in v i t ro  a marked  decrease on add i t ion  of 
the  lower endo tox in  dose and prac t ica l ly  d i sappeared  on 
add i t ion  of the  h igher  dose. In  contras t ,  in v ivo even 
1.0 ml/100 g of endo tox in  failed to  reduce the  C3 level. 

SNYDERMAN et al. s and  LICHTENSTEIN et  al. 9 showed 
t h a t  the  t i t re  decrease of excusively  of C3 c o m p l e m e n t  
c o m p o n e n t  i n  vi t ro  is associa ted wi th  fo rmat ion  of those  
biologically act ive  subs tances  - anaphy la tox in ,  chemo- 
tac t ic  subs tances  - which  m a y  p lay  a role in the  develop-  
m e n t  of endo tox in  shock. Our expe r imen t s  indica te  t h a t  
in ra ts  p repa red  wi th  endotoxin ,  p rovoca t ion  fails to 
ac t iva te  the  full c o m p l e m e n t  sys t em and  accordingly  
ne i ther  anaphy la tox ins ,  nor  chemotac t i c  subs tances  are 
formed.  

Conclusions as to the  na tu re  of the  mechan i sm respon-  
sible for the  inac t iv i ty  of the  p rovoking  endo tox in  would 
be p rematu re .  

Based on the  above findings,  the  C3 reducing act ion 
of endo tox in  m a y  be ut i l ized for the  s t u d y  of the  mecha-  
n ism of e n d o t o x i n  to lerance  induced  by  serial t r e a t m e n t .  

Rdsumd. L'e f fe t  d ' une  dose 16tale d ' endo tox ine ,  qui 
abaisse in vivo le t a u x  du C3 du ra t  ne se mani fes te  pas  
chez les ra t s  rendus  to l6rants  ~ ce t te  substance .  
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Antigenic Components of Normal and Burned Mouse Skin 

The presence  of specific newly formed toxic ant igens  in 
burned  t issues has been suggested by  several  au thors  1-4. 
Other  inves t iga tors  have  failed to d e m o n s t r a t e  e i ther  
ant igens  or an t ibodies  which uniquely  arise following 
the rma l  injury~, ~. Addi t iona l  s tudies  showed t h a t  bo th  
burned  and  normal  skin ex t rac ted  under  sterile condi t ions  
yielded subs tances  toxic  in e i ther  normal  or burned  
miceV-9. The presen t  s t u d y  was u n d e r t a k e n  to de t e rmine  
if there  were differences in the  ant igenic  componen t s  in 
normal  and  bu rned  mouse  skin. 

Mater ia l  and  method. Female  CF-1 mice (Carworth 
Farms)  weighing 22-24 g were shaven  and  anes the t ized  
wi th  pen th rane .  An asbes tos  board  wi th  1 • 1.5 inch  
window was pressed f i rmly  agains t  the  shaven  back. 
E t h a n o l  (0.5 ml) was evenly  spread  over  the  area of the  
back  out l ined  by  the  window, igni ted and allowed to 
bu rn  for 15 sec. This  caused a burn  of a p p r o x i m a t e l y  35% 
of the  b o d y  surface. 10-15 min  pos t  burn,  the  mice were 
sacrificed and  the  burned  skin excized. The skin t issue 
was ground  wi th  saline and sand (0.75 g) using a mo r t a r  
and  pest le ;  the  ra t io  of t issue to saline being 4.5 g/15 ml. 
Af ter  10 min  macera t ion ,  the  ground  t issue was passed 
th rough  several  layers of gauze to  r emove  large par t ic les  
and was then  cent r i fuged at  15,000g/60 min in a refriger- 
a ted  In t e rna t i ona l  Model B 20 centr ifuge.  The pel le t  and  
f loat ing lipid layer  were d iscarded and the  burned  t issue 
ex t r ac t  was fi l tered t h rough  a 0.45 a Millipore fil ter and 
refr igerated.  The same procedures  were used wi th  normal  
mouse  skin to p repare  normal  t issue ext rac t .  These mate-  
rials were used as ant igens  for double  diffusion gel pre- 
c ip i ta t ion  tests.  

To ob ta in  a grea ter  q u a n t i t y  of ant igen,  the  ex t r ac t ion  
procedure  was modif ied  and 30 g of burned  skin were 
homogen ized  in a W a r i n g  b lender  (Model 1042) for 10 min  
at  h ighes t  speed. This procedure  was carried out  a t  4~ 
At  th is  point ,  the  ex t rac t  was t r ea ted  in an ident ical  man-  
ner  to t h a t  descr ibed above.  Similar  procedures  were used 
to p repare  normal  t issue ext rac ts .  Whi le  the  to ta l  p ro te in  
values per  ml  of ex t r ac t  p repa red  in th is  m a n n e r  was 3 
t imes  h igher  t h a n  those  p repared  using h a n d  grinding, the  
rat io of p ro te in  was s imilar  in bo th  methods .  

Rabb i t s  were immunized  as follows : Lyophi l ized  normal  
or burned  t issue ex t r ac t  which  con ta ined  18 g of p ro te in  
was emulsif ied in 2.5 ml of saline plus an equal  vo lume of 
comple te  F r eund ' s  ad juvan t .  Groups  of 6 D u t c h  Bel ted  

rabbi ts ,  300-500 g, were inocula ted  s.c. and  i .m. in several  
places. Af ter  a 45 day  res t ing  per iod the  respect ive  groups 
of rabb i t s  were given 2-3 ml  of bu rned  or normal  t issue 
ex t rac t  s.c. and  i.m. in 0.5 ml  a m o u n t s  and the  r abb i t s  
were bled 10 days  later.  The ant i sera  ob ta ined  f rom the  
6 r abb i t s  were pooled and used in gel diffusion studies.  

To adsorb  out  an t ibodies  to mouse  serum f rom the  
r abb i t  serum, 0.1 ml of normal  mouse  se rum was added  
to  2 mI of ant isera,  incuba ted  at  37 ~ for 1 h, re f r igera ted  
overn igh t  and any  prec ip i ta te  fo rmed r emoved  by  cen- 
t r i fugat ion.  This  p rocedure  was repea ted  unt i l  no fu r ther  
p rec ip i ta t ion .occur red .  Similar ly  2 ml  of t issue ex t rac t s  
were t r ea t ed  wi th  0.1 ml  of goat  an t i -mouse  se rum and  
t r ea t ed  as out l ined above.  This p rocedure  r emoved  the  
normal  mouse se rum componen t s  fronl the  t issue ext rac ts .  

The an t i se rum t r ea t ed  as out l ined above was then  sub- 
jec ted to a m m o n i u m  sulfate  f rac t iona t ion  to  ob ta in  
y-globulin 1~ and  the  y-globulin was concen t r a t ed  4-fold. 

Double diffusion gel p rec ip i ta t ion  tes t s  were pe r fo rmed  
in pet r i  dishes using 1% agarose in bora te -buf fe red  saline 
a t  p H  7.8. Wells were filled once every  24 h for 3 days,  
i ncuba ted  48 h and t h e n  filled once every  24 h for 3 more  
days.  I ncuba t i on  was done at  room t e m p e r a t u r e .  Refi l l ing 
the  wells in this  m a n n e r  gave the  bes t  results  of the  
various filling procedures  tes ted.  
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