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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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To ob ta in  pos t -bu rn  serum, mice  were bu rned  as pre- 
viously descr ibed and blood d rawn  by  capi l lary tubes  
inser ted  in the  re t ro-orb i ta l  sinus. Samples  of blood were 
ob ta ined  at  15, 30 and  60 min  pos tburn .  The blood was 
allowed to clot and  the  se rum separa ted  f rom the  clot 

b y  cen t r i iuga t ion  in a micro h e m a t o c r i t  centr ifuge.  Sera 
f rom several  mice were pooled.  

Since serum from pa t i en t s  recover ing f rom burns  had  
been  proposed as a the rapeu t i c  agent  in t h e rma l  in jury  1, ~ 
we felt  t h a t  i t  was i m p o r t a n t  to  de te rmine  whe the r  any  

Fig. 1. Double diffusion gel precipitation test. Central well: Con- 
centrated y-globulin from antiserum prepared by immunizing rab- 
bits with normal mouse skin extracts (NGG). Peripheral wells, dock- 
wise from the top well: Burned mouse skin extract (BAG); normal 
mouse skin extract (NAG); normal mouse serum (NMS). 

Fig. 5, Douhle diffusion analysis of anti-skirt antibodies in serum 
of mice 14 days after thermal injury. Center well: 14 day con- 
valescent serum obtained from burned mice (MCS). Peripheral wells, 
clockwise from top: Burned" mouse skill extract (BAG); normal 
mouse skin extract (NAG); the two additional wells remained 
empty. 

Fig. 2. Double diffusion gel precipitation test. Central welh Con- 
centrated y-globulin from antiserum prepared by immunizing rab- 
bits with burned mouse skin extracts (BGG). Peripheral wells, dock- 
wise from the top well: NormaI mouse serum (NMS); burned mouse 
skin extract (BAG); normal mouse skin extract (NMS). 

Fig. 3. Double diffusion analysis of skin antigens demonstrated in 
the serum of burned mice at various times after thermal trauma 
was applied. Central well: Concentrated y-globulin prepared by 
immunizing rabbits with normal mouse skin extracts (NGG). Peri- 
pheral wells, clockwise from top: Normal mouse serum (NMS); 
serum obtained from mice 15, 30 and 60 rain after thermal in3ury. 

Fig. 4. Double diffusion analysis of skin antigens demonstrated in 
the serum of burned mice at various times after thermal trauma was 
applied. Central well: Concentrated y-globulin prepared by immu- 
nizing rabbits with burned mouse skin extracts (BGG). Peripheral 
wells, clockwise from top: Normal mouse serum (NMS); serum 
obtained from mice 15, 30 and 60 rain after thermal injury. 

an t ibodies  to skin ant igens  were con ta ined  ill convalescent  
mouse serum. Such serum was ob ta ined  f rom animals  
bu rned  for 11 sec only, to insure a greater  n u m b e r  of 
survivors.  These mice were bled by  cardiac  p u n c t u r e  14 
days  later.  

The Ouehte r lony  pla te  ill F igure  1 shows t h a t  when  
y-globulin p repa red  f rom ant i sera  made  by  immuniz ing  
rabb i t s  wi th  no rma l  mouse  skin ex t rac t s  (NGG) was 
t e s t ed  agains t  no rmal  (NAG) and  bu rned  (BAG) mouse  
skin e x t r a c t s  the re  appeared  to  be similar  number s  of 
prec ip i t in  lines fo rmed  wi th  each ant igenic  p repara t ion .  
In  addi t ion ,  these  lines seemed to  be ident ical  in t he  two 
prepara t ions .  Similar  results  (Figure 2) were ob ta ined  
when  y-globulin p repa red  f rom an t i se rum made  by  im- 
muniz ing  rabb i t s  w i th  bu rned  mouse  skin ex t rac t s  (BGG) 
was  used. The y-globulin ob ta ined  f rom the  an t i se rum 
agains t  no rmal  skill an t igens  (Figure 1) gave a s t ronger  
reaction.  The contro l  wells filled wi th  normal  mouse  
serum showed t h a t  the  y-globulin p repa ra t ions  were free 
of an t i b o d y  which  would reac t  w i th  mouse  serum com- 
ponents .  

In  Order to de te rmine  w h e t h e r  any  skin ant igens  en tered  
the  circulat ion af ter  t h e rma l  t r auma ,  mouse  serum ob- 
t a ined  a t  var ious t imes  pos t -bu rn  was  reac ted  wi th  the  
y-globulin prepara t ions .  Figures  3 and 4 show t h a t  by  
30 rain af ter  the  bu rn  was applied,  skin ant igens  could be 
d e m o n s t r a t e d  in t he  se rum of the  bu rned  animals.  Here  
again, t he  y-globulin p repa red  f rom an t i s e rum agains t  
no rma l  skin t issue (Figure 3) appeared  to  be more  effective 
in d e m o n s t r a t i n g  the  presence  of t he  ant igens.  

W h e n  14 day  pos t -bu rn  conva lescen t  serum from mice 
(MCS) was used as the  an t i - sk in  an t i se rum (Figure 5) 
precipi t in  bands  were formed agains t  an t igens  found in 
bo th  normal  and  bu rned  skin ant igenic  prepara t ions .  I t  
would,  therefore,  seem a p p a r e n t  t h a t  af ter  t h e rma l  in jury  
au toan t ibod ies  were formed to  these  ant igens.  

These da t a  indica te  t h a t  b o t h  normal  and bu rned  skin 
ex t rac t s  evoked an an t i b o d y  response when  in jec ted  into 
rabb i t s  and  t h a t  b o t h  the  normal  and the  bu rned  t issue 
ex t rac t s  appeared  to  conta in  closely re la ted ant igens  as 
def ined by  the  Ouchte r lony  technique,  some of which 
could be d e m o n s t r a t e d  in the  blood of burned  mice. 

The concept  t h a t  there  is no a p p a r e n t  difference in the  
ant igens  p resen t  in bu rned  t issue compared  to  normal  
t issue is of impor tance .  Inves t iga to r s  have  been t ry ing  
to isolate a specific ant igenic  b u r n  tox in  for years.  The 



15.12. 1970 Specialia 1365 

i so la t ion  of such  a t o x i n  was t h o u g h t  to  be  i m p o r t a n t  as 
a r a t i o n a l e  for t h e  use of conva l e scen t  s e rum f rom b u r n e d  
p a t i e n t s  as a t h e r a p e u t i c  a g e n t  1, =. Our  d a t a  do no t  s u p p o r t  
t h e . t h o u g h t  t h a t  t he re  is a specific an t igen ic  t o x i n  u n i q u e  
to  b u r n e d  t issue.  I t  is sugges ted  t h a t  t i s sue  an t igens  of 
n o r m a l  skin  m a y  p l a y  a role in t he  acu te  m o r t a l i t y  obse rved  
a f te r  t h e r m a l  in ju ry .  Acu te  m o r t a l i t y  m a y  be, in par t ,  
due  to  t h e  fac t  t h a t  some n o r m a l  t i ssue  c o m p o n e n t s  which  
are usua l ly  i n t r ace l lu l a r  are  re leased in to  t he  b lood  upon  
b u r n  i n j u r y  where  t h e y  ac t  as an t igens  and  in add i t ion ,  
exe r t  a de le ter ious  effect. The  n a t u r e  of these  t i ssue  com- 
p o n e n t s  a n d  t he  m e c h a n i s m  of t h e i r  ac t ion  is u n k n o w n  a t  
t he  p r e sen t  t ime ,  h o w e v e r  an t ibod ie s  fo rmed  aga in s t  these  
c o m p o n e n t s  m a y  neu t r a l i ze  h a r m f u l  effects  of these  

an t igens  a n d  t h e r e b y  reduce  m o r t a l i t y  fol lowing burns .  
S tudies  of these  an t igens  an d  t h e i r  t o x i c i t y  are in progress.  

Zusammen/assung. I n  E x t r a k t e n  n o r m a l e r  u n d  ver-  
b r a n n t e r  H a u t  y o n  M/iusen wurde  kein  U n t e r s c h i e d  zwi- 
schen  den  A n t i g e n e n  gefunden.  Kurze  Zei t  Each der  
V e r b r e n n u n g  w u r d e n  A n t i g e n e  auch  i l n  S e r u m  festgestel l t .  
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Antigenic Changes During the Life Cycle of Plasmodium falciparum 

I m m u n o f l u o r e s c e n c e  (IF) s tud ies  h a v e  shown  t h a t  t h e  
a sexua l  fo rms  of _P. /alciparum c o n t a i n  a cy top l a smic  
a n t i g e n  wh ich  reac t s  w i t h  a n  a n t i b o d y  t h a t  is c o m m o n l y  
p r e sen t  in  t he  sera  of p a t i e n t s  who  h a v e  h a d  r epea t ed  
infec t ions  w i t h  P./alciparum mala r i a  1-3 : a s imi la r  an t i g en  
is p r e sen t  as ' s t i pp l ing '  in  t h e  c y t o p l a s m  of e r y t h r o c y t e s  
in fec ted  w i t h  a sexua l  pa ra s i t e s  1, 4. W e  now p re sen t  evi- 
dence  t h a t  t h i s  an t i gen  is n o t  de t ec t ab l e  in  t h e  c y t o p l a s m  
of i m m a t u r e  a n d  m a t u r e  game tocy t e s  of P. /alciparum 
and  t h u s  d e m o n s t r a t e  t h a t  t he re  is m a r k e d  an t igen ic  dif-  
ference b e t w e e n  pa ras i t e s  in  t h e  a sexua l  and  sexua l  cycles. 

The  o rgan i sms  were  s tud ied  in t h e  a sexua l  cycle a) as 
sma l l  r ing  forms and  i n t e r m e d i a t e  t rophozo i t e s  in  t h e  
p e r i p h e r a l  b lood  of 6 p a t i e n t s  w i t h  acu te  a t t a c k s  of 
m a l a r i a  and  b) as l a te  t r ophozo i t e s  and  schizonts ,  e i the r  
n a t u r a l l y  occur r ing  in t he  b lood  of 3 in fec ted  p l acen t a s  ~ 
or d i f f e ren t i a t ed  d u r i n g  cu l tu re  in  v i t ro  ~ of pe r iphe ra l  
b lood  r e m o v e d  f rom 4 p a t i e n t s  du r ing  an  acu te  a t t a c k  
of malar ia .  Since i m m a t u r e  g a m e t o c y t e s  of P./alciparum 
are on ly  r a re ly  found  in t he  pe r iphe ra l  blood, t h e  
sexua l  cycle was s tud ied  in t he  a b u n d a n t  v i ab l e  
i m m a t u r e  a n d  m a t u r e  g a m e t o c y t e s  in  t h e  h a e m o r r h a g i c  
ascit ic f luid of a G a m b i a n  p a t i e n t  w i t h  c a r c i n o m a  of t h e  
l iver7 : t he  f ind ings  were conf i rmed  b y  s t u d y  of pe r iphe ra l  
b lood  c o n t a i n i n g  s c a n t y  m a t u r e  g a m e t o c y t e s  f rom 3 
ch i ld ren  recover ing  f rom acu te  a t t a c k s  of malar ia .  

The  o rgan i sms  were s t a ined  w i t h  t he  ind i rec t  I F  
m e t h o d  s in  unf ixed  t h i n  b lood f i lms w i t h  t h e  sera of 6 
G a m b i a n  adu l t s  h y p e r i m m u n e  to  P. /alciparum followed 
b y  I luoresce in -con juga ted  goa t  a n t i - h u m a n - y - g l o b u l i n  
s e rum (Microbiological  Associa tes  Inc.)  ; t h e  sera  of h e a l t h y  
Europeans ,  who  h a d  n e v e r  h a d  ma la r i a ,  were used as 
controls .  P r e p a r a t i o n s  were e x a m i n e d  w i t h  d a r k - g r o u n d  
i l l u m i n a t i o n  b y  invis ib le  u l t r av io l e t  l igh t  e i the r  a lone  or 
in c o m b i n a t i o n  w i t h  v is ib le  o range  l igh t :  u n d e r  t he  l a t t e r  
condi t ions ,  a t t a c h e d  dye  f luoresced green  and  m a l a r i a  
p i g m e n t  a p p e a r e d  orange.  Cer t a in  stages,  such  as r ing-  
fo rm t rophozo i tes ,  sch izonts  a n d  m a t u r e  gametocy tes ,  
were easi ly iden t i f i ed  u n d e r  u l t r av io l e t  i l l umina t ion ,  b u t  
o thers ,  such  as large t rophozo i t e s  and  i m m a t u r e  game to -  
cytes  were d i s t ingu i shed  b y  t he  d i s t r i b u t i o n  of m a l a r i a  
p i g m e n t  (Figure  1), wh ich  was c lumped  in t he  fo rmer  a n d  
dispersed in t he  l a t t e r  9. 

A t  all  s tages  of t he  asexua l  cycle, t he  o rgan i sms  showed 
specific I F  s t a in ing  of t h e  c y t o p l a s m  b u t  no t  of t he  nuclei ,  
p i g m e n t  or vacuoles ;  t he re  was also l inear  or p a r t i c u l a t e  
I F  s t a in ing  (s imilar  to  MAURER'S clefts  in  size an d  dis- 
t r i bu t ion )  in  t he  c y t o p l a s m  of e r y t h r o c y t e s  in fec ted  w i t h  
o rgan i sms  in t he  asexua l  cycle (Figure 2). 

A t  all  recognizable  s tages  of t h e  sexual  cycle, t he  
pa ras i t e s  were comple t e ly  uns t a ined .  However ,  in  t he  
c y t o p l a s m  of e r y t h r o c y t e s  in fec ted  w i t h  g a m e t o c y t e s  
t he re  was widespread  in t ense  I F  s t a in ing :  th i s  was con- 
f luen t  in t h e  ear ly  i m m a t u r e  gametocy tes ,  b u t  w i t h  la te  
i m m a t u r e  or m a t u r e  g a m e t o c y t e s  t he re  was  a n  u n s t a i n e d  
cleft, usua l ly  on t h e  concave  side of t h e  pa ra s i t e  (Figure  3). 
I t  is p r o b a b l e  t h a t  we were de t ec t i ng  t h e  same  a n t i g e n  in 
t h e  d i f fe ren t  s i tua t ions ,  s ince each  of 6 i m m u n e  sera  
showed  I F  s t a in ing  of all  pos i t ive  c o m p o n e n t s  to  t h e  
s ame  t i t re ,  i r respec t ive  of t h e  age or s tage  of t h e  P./alci- 
parum paras i t e s  used as an t igen .  T h e  n o n - i m m u n e  sera  
n e v e r  gave  I F  s t a in ing  of e r y t h r o c y t e s  or P. /alciparum 
paras i tes .  

Our  I F  obse rva t ions  on the  an t i g en i c i t y  of P. falciparum 
conf i rm  t h e  p rev ious  r epor t s  on  t h e  a sexua l  cycle1,=, s, 
b u t  c o n t r a d i c t  t h e  on ly  r epo r t  on t h e  sexua l  cycle, n a m e l y  

Fig. 1. Immature gametocyte of P. ]alciparum identified by the 
distribution of pigment using dark-ground double illumination. The 
orange light reflected by the pigment appears white and the fluor- 
escent green light appears grey. • 2000. 
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