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a f f in i ty  r ecep to r s  are  connec t ed  w i t h  t h e  process  of 
l y m p h o c y t e  ac t iva t ion .  If, as suggested,  t he  h i g h - a f f i n i t y  
recep tors  cons is t  of two low-af f in i ty  receptors ,  i t  m e a n s  
t h a t  l ymphocy t e s ,  in order  to  become  ac t i va t ed ,  requi re  
the  b i v a l e n t  a t t a c h m e n t  of flhe s t i m u l a t i n g  molecule  to  
t h e  cell m e m b r a n e .  Leucoagg lu t in in  in  h ighe r  concen t r a -  
t ions  r eac t  p r e d o m i n a n t l y  w i t h  the  low-af f in i ty  recep tors  
or m o n o v a l e n t l y  a n d  does no t  s t i m u l a t e  l y m p h o c y t e s  as 
shown  p rev ious ly  2 

I t  has  been  shown  t h a t  l eucoagg lu t in in  does no t  h a v e  
to be  in t e rna l i zed  in t he  l y m p h o c y t e s  d u r i n g  s t i m u l a t i o n  a. 
Thus  t he  s t i m u l a t o r y  process  is i n i t i a t ed  b y  the  es tab l i sh-  
m e n t  of a d y n a m i c  equ i l i b r ium b e t w e e n  l y m p h o c y t e  
recep tors  of h igh -a f f i n i t y  t y p e  a n d  t he  mi togen  molecules.  

Zusammen/assung. Es  wurde  die K i n e t i k  der  R e a k t i o n  
zwischen L y m p h o z y t e n  u n d  L e u k o a g g l u t i n i n  aus  Phase- 
olus vulgaris u n t e r s u c h t .  

T. W~BER ~s 

w i t h  the  t echn ica l  ass i s tance  of HANNA PAJV~OSKI 

Minerva Institute [or Medical Research, P.O. Box 819. 
SF-O0101 Helsinki 70 (Finland), 
21 January 1973. 

la Supported by grants from the Sigrid Jusdlius Foundation, The 
Finska L~ikares~illskapet and the Finnish Medical Research Coun- 
cil. 

Thermal  Injury: Release  of a Cytotoxic  Factor 

R e c e n t  s tudies  from these  l abora to r i e s  h a v e  suggested  
the  presence  of a specific i n h i b i t o r  of muscu l a r  c o n t r a c t i o n  
in t he  s e rum of acu te  t h e r m a l l y  i n ju red  p a t i e n t s  ~. A toxic  
g lycopro te in  isola ted f rom in v i t ro  scalded h u m a n  sk in  
i n h i b i t e d  the  f o r m a t i o n  of adenos ine  5 ' - t r i p h o s p h a t e  
(ATP) - induced  t ens ion  b y  glycerol  e x t r a c t e d  muscle  
f ibers  ~,~. Ea r l i e r  s tud ies  h a v e  shown  t h a t  t he  ' tox ic  
g lycopro te in ' ,  w h e n  a d m i n i s t e r e d  i .v. ,  p r o v e d  le tha l  to  
mice,  and,  w h e n  i nco rpo ra t ed  in to  t he  g r o w t h  m e d i u m ,  
i n h i b i t e d  t h e  g r o w t h  of He l a  and  H E P ,  cells 4 

Sensi t ized l y m p h o c y t e s  are k n o w n  to m e d i a t e  a l lograf t  
a n d  t u m o r  i m m u n i t y  as well  as de layed  h y p e r s e n s i t i v i t y  

react ions .  L y m p h o c y t e s - m e d i a t e d - c y t o t o x i c i t y  aga ins t  
va r ious  t a r g e t  cells can  be induced  b y  several  m e t h o d s  
wh ich  include t h e  a d d i t i o n  of l y m p h o c y t e s  specif ical ly 
sens i t ized  aga ins t  t h e  co r respond ing  t a r g e t  cells, or t h e  
add i t i on  of an t igen  un re l a t ed  to  the  t a r g e t  cells, to  a 
m i x t u r e  of t a r g e t  l y m p h o c y t e s  specif ical ly sensi t ized 
aga ins t  t h e  added  an t igen .  I n v e s t i g a t i o n  of the  mecha-  
n i sms  of ce l l -media ted  i m m u n e  reac t ions  a n d  induc t ion  of 
l y m p h o c y t e - m e d i a t e d  c y t o t o x i c i t y  ag a i n s t  va r ious  t a r g e t  
cells in  var ious  t ypes  of t r a u m a ,  v i ra l  an d  neoplas t ic  
is va luab le  for t h e  u n d e r s t a n d i n g  of t h e  ce l l -media ted  
reac t ions  5-s and  of the  immuno log i ca l  s t a t e  of t h e  v ic t im.  

The  p r e s en t  s t u d y  was pe r fo rmed  to i nves t i ga t e  t h e  
cy to tox ic  effects of  a n  ' acu te  b u r n  s e rum i n h i b i t o r '  
i so la ted  f rom t h e  s e rum of acu te  t h e r m a l l y  in ju red  
pa t i en t s ,  on f ib rob la s t  of r a b b i t  h e a r t  cul ture ,  an d  on t h e  
g r o w t h  an d  m i g r a t i o n  of l y m p h o c y t e s  f rom n o r m a l  an d  
t h e r m a l l y  i n ju red  subjects .  

Methods. Blood samples  were o b t a i n e d  f rom S u m n e r  
L. Koch  B u r n  W a r d  a t  Cook C o u n t r y  Hospi ta l .  The  
b lood was a l lowed to clot  a t  r oom t e m p e r a t u r e ,  an d  the  
se rum was sepa ra t ed  a t  1000 •  for 15 rain.  The  se rum 
(10 mI) was  d i lu ted  w i th  an  equa l  v o l u m e  of physio logica l  
saline,  t h e n  mixed  w i t h  one- f i f th  vo lume  of glacial  acet ic  
acid an d  an  equal  vo lume  of bu tano l .  The  aqueous  phase  
was sepa ra t ed  a f te r  c en t r i f u g a t i o n  for 60 ra in  a t  1000 • g, 
an d  processed as descr ibed for t h e  ' tox ic  g lycopro te in '  4, 9 
T h e  ' acu te  b u r n  se rum i n h i b i t o r '  was f ina l ly  d ia lyzed  
aga ins t  phys io logica l  sal ine an d  m a d e  up  to a f inal  vo lume  
of 10 ml. 

F i b ro b l a s t s  of p r i m a r y  h e a r t  cu l tu res  were o b t a i n e d  
f rom a lb ino  rabb i t s ,  3-4  lbs. The  h e a r t s  were removed ,  
r insed free of b lood an d  cu t  in to  smal l  pieces in  10 ml  of 
E a r l e ' s  sa l t  solut ion.  The  so lu t ion  t h e n  decanted ,  an d  the  

Fig. 1. Cytotoxic effect of the 'acute burn serum inhibitor' on rabbit 
heart fibroblasts: 48 h growth of rabbit heart fibroblasts in basal 
Eagles medium in presence of 0.10 ml of extract from normal serum 
(A), and from serum of thermally injured patient with 60 % total body 
injury. 
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t i ssue  was p laced  in 20 ml  of 0.5 ~ t r y p s i n  in Ea r l e ' s  sa l t  
solut ion.  The  t i ssue  was s h a k e n  for 30 m i n , - t h e n  cent r i -  
fuged a t  1000 •  for  6 rain.  The  s u p e r n a t a n t  was  discar-  
ded  a n d  t h e  ceils were r e suspended  in 5 ml  of fresh 
m e d i u m  in presence  a n d  absence  of t he  ' a cu t e  b u r n  s e rum 
inh ib i to r ' .  

H u m a n  l y m p h o c y t e s  were o b t a i n e d  f rom t h e  bu f fy  
layer  of f reshly  d r a w n  hepa r in i zed  h u m a n  blood,  were 
washed,  filled in hepa r in i zed  cap i l la ry  t ubes  and  p laced  
on  t h e  b o t t o m  covers l ip  of a Mackanese  t y p e  c h a m b e r  10 
a n d  f ixed w i t h  pa ra f i lm.  The  l y m p h o c y t e s  f rom no rmM 
blood  were  i n c u b a t e d  in Eag le ' s  m i n i m u m  essential  me-  
d ium (MEM) wi thou t ,  a n d  w i t h  e i the r  0.05 m l  (1.0 mg/ml)  
of t he  ' tox ic  g lycopro te in '  f rom in v i t ro  sca lded h u m a n  
skin,  or 0.05 m l  of n o r m a l  s e rum or of t he  ' a cu t e  b u r n  
s e rum i n h i b i t o r '  a t  37~ for 24 h. Dup l i ca t e  capi l lar ies  
were  used for  each  test .  The  a rea  of cell m i g r a t i o n  was 
ca lcu la ted  as t he  p r o d u c t  of 2 d i ame te r s  of t he  m i g r a t i o n  
zone. The  pe rcen t age  of i n h i b i t i o n  of m i g r a t i o n  was cal- 
cu la ted  as equa l  to :  

100 = Area of migrat ion in experimental  chamber • 100 
Area of migration in control chamber 

Results. Solut ions  of t he  ' acu te  b u r n  s e rum i n h i b i t o r '  
in  0.9 Yo NaC1 d id  n o t  show a n y  a b s o r p t i o n  peak  w h e n  
e x a m i n e d  in t he  u l t r av io l e t  r ange  w i t h  t he  use of a Beck-  
m a n  Model  D U 2  s p e c t r o p h o t o m e t e r .  The  lack of a n  

a b s o r p t i o n  p e a k  b e t w een  t h e  w a v e l e n g t h  of 3,000 a n d  
2,650 /~uggested t h e  absence  of pur ines ,  p y r i m i d i n e s  or 
nucleic  acid. Also t h e  lack of a n  a b s o r b t i o n  peak  b e t w e e n  
t h e  w av e l en g t h s  of 2,750 to 2,880 A ind i ca t ed  t h e  
absence  of t r y p t o p h a n e  or tyros ine .  Diges t ion  w i t h  t r y p s i n  
fol lowed b y  reso lu t ion  on  W h a t m a n  No 1 f i l te r  paper ,  
t h e  ' b u r n  s e rum i n h i b i t o r '  p roduced  n i n h y d r i n  r eac t i ng  
compounds ,  an d  if i n c u b a t e d  w i t h  col lagenase i t  r eac t ed  
w i t h  a n t h r o n e  sulfuric  acid, an d  gave t h e  charac te r i s t i c  
o rangered  color w h e n  i n t e r a c t e d  w i t h  orcinol,  sugges t ing  
t h e  presence  of c a rb o h y d ra t e s .  T h e  s e d i m e n t a t i o n  p a t t e r n  
of t h e  ' a c u t e  b u r n  s e rum i n h i b i t o r '  in  0 .9% NaC1, 
showed  1 single peak ,  s e d i m e n t i n g  w i t h  a ve loc i ty  of 
Sw,2o of 3.05. 

F igure  1 suggests  t h a t ,  w h e n  i n co rp o ra t ed  i n to  t h e  
g r o w t h  med i u m,  t h e  ' a c u t e  b u r n  s e rum i n h i b i t o r '  depres~ 
sed t h e  g rowth  of r a b b i t  h e a r t  f ib roblas t s .  

T h e  d a t a  s u m m a r i z e d  in Tab le  I A  suggests  t h a t  t h e  
m i g r a t i o n  of l y m p h o c y t e s  cells f rom acu te  t h e r m a l l y  
i n ju red  p a t i e n t s  was  m a r k e d l y  s lower t h a n  t h a t  of t h e  
l y m p h o c y t e  f rom n o r m a l  vo lunteers .  F igure  2 A shows 
typ ica l  m i g r a t i o n  of l y m p h o c y t e s  f rom t h e r m a l l y  i n ju red  
p a t i e n t s  c o m p a r e d  w i t h  t h a t  of n o r m a l  cells. 

The  m i g r a t i o n  of n o r m a l  l y m p h o c y t e s  was m a r k e d l y  
i n h i b i t e d  in  t h e  presence  of 0.05 m g  of t h e  toxicglyco-  

10 B. R. BLOOM and B. BENNETT, Science 153, 80 (1966). 

Fig. 2. A) Migration of lymphocytes from normal blood (AAH), and from blood of acute thermally injured patients BH, DA and WW. 
B) Migration of cells from normal blood (AAtt) allowed to grow in presence of normal serum, and of the 'acute burn serum inhibitor' 
from patients DA and BH. C) Migration of normal lymphocytes pretreated with normal serum (upper), and with the 'acute burn 
serum inhibitor' (lower) for 10 rain, washed, placed into capillaries, then allowed to migrate in fresh Eagle's minimum essential medium. 
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p ro te in ' ,  a n d  in t h e  p resence  of t h e  ' a cu t e  b u r n  s e r u m  
i n h i b i t o r '  as s h o w n  in F igure  2B.  F igure  2C sugges t  t ha t ,  
w h e n  p r e t r e a t e d  w i th  t he  ' acu te  b u r n  se rum inh ib i to r ' ,  
t h e n  w a s h e d  a n d  al lowed to  m i g r a t e  in  f resh MEM, n o r m a l  
l y m p h o c y t e s  fai led to  migra te .  T he  resu l t s  of these  
expe r imen t s ,  s u m m a r i z e d  in Tab le  I B ,  sugges t  t h a t  t he  
' a cu t e  b u r n  s e rum i n h i b i t o r '  r eac t s  w i t h  t he  l ymphocy te s .  
The  m a g n i t u d e  of t he  m i g r a t i o n  i n h i b i t i o n  va r i ed  f rom 
one  p a t i e n t  to  ano the r .  

Discussion. W h e n  i n c o r p o r a t e d  in to  the  g r o w t h  m ed ium,  
t he  ' acu te  b u r n  s e rum i n h i b i t o r '  depressed  t he  in v i t ro  

A) Migration of human lymphoeytes from acute thermally injured 
patients 

Lymphocytes from Control migration (%) 

Normal 100 

Thermally injured patients 
D.A. 62 
B.H. 39 
W.W. 70 
T.R. 10 
K.L. 40 

B) Migration inhibition of normal human lymphocytes 

Factor in medium Inhibition (%) 

Normal saline 0 (10) 
Normal serum 0 (15) 

Toxic glycoprotein (50 ~g) b 98 (14) 
Toxic glycoprotein (25 ~tg) 85 (9)  
Toxic glycoprotein ( 5 ~zg) 75 (10) 

Acute burn serum inhibitor (5 [xg) 
D.A. 77 (5)  
w,w.  95 (8)  
B.H. 85 (10) 

Acute burn serum (0,05 ml) 
D.A. 85 (6) 
W.W. 85 (6)  
T.R. 76 (I0) 
K.L. 60 (8)  

Number in paranthesis are munber of alic/uots assayed, b Amount 
used per ml of medium.. All the sera were used after inactivation at 
56~ for 30 min. 

g r o w t h  of r a b b i t  h e a r t  f ib roblas t s .  I f  added  to  t he  Ear l e  
m i n i m a l  essent ia l  med ium,  i t  i n h i b i t e d  the  m i g r a t i o n  and  
g r o w t h  of the  n o r m a l  l ymphocy te s .  L y m p h o c y t e s  of acu te  
t h e r m a l l y  i n ju red  p a t i e n t s  m i g r a t e d  a t  s lower r a t e  t h a n  the  
n o r m M  lymphocy te s .  The  speed of m i g r a t i o n  of these  
l y m p h o c y t e s  va r i ed  f rom one in ju red  p a t i e n t  to  ano the r ,  
and  poss ib ly  d e p e n d e d  on  t he  m a g n i t u d e  of t he  t h e r m a l  
in ju ry .  These  obse rva t ions  i nd ica t e  t he  release of cyto-  
tox ic  an t i gen  in to  t he  b lood  of t h e  i n ju red  pa t i en t s ,  a n d  
sugges t  a n  i m p a i r e m e n t  of cel lular  i m m u n i t y  in  t he  acu te  
t h e r m a l l y  i n ju red  pa t i en t s ,  wh ich  is in a g r e e m e n t  w i t h  
t h e  f ind ings  f rom o the r  l abora to r ies  11,1~. M~SSERSCH~IDT 11 
showed disorders  of a n t i b o d y  f o r m a t i o n  in mice  fol lowing 
b u r n s  a n d  whole b o d y  i r rad ia t ion ,  a n d  Q m s o ~ o R m  12 
descr ibed the  occurence  of r h e u m a t o i d  factors,  an t i -  
nuc lea r  an t ibod ie s  and  an t i ep i the l i a l  an t ibod ie s  in  the r -  
ma l  in jury .  

I t  is obv ious  t h a t  a toxic  a n t i g e n  released in to  the  
c i rcu la t ion  as a resu l t  of t h e r m a l  or o the r  t y p e  of insul t ,  
i.e. t r a u m a ,  v i ra l  or neoplas t ic ,  will b i n d  a t  t he  surface 
or on t he  p l a s m a  m e m b r a n e  of t he  l y m p h o c y t e s  l ead ing  
to  cy to tox ic  reac t ions  in  immunolog ica l ly  specific a n d  
non-specif ic  cells. The  ev idence  c i ted above  suggests  t h a t  
t he  ' a cu t e  b u r n  s e rum i n h i b i t o r '  ac ted  d i rec t ly  on  t he  
l ymphocy te s .  This  i n t e r ac t i on  could lead to t h e  b lock ing  
of recep tors  on  t he  l y m p h o c y t e s  wh ich  are necessa ry  for 
r ecogn i t ion  of foreign ant igens ,  and  t he  i n d u c t i o n  of a 
non-respons ive ,  depressed s t a t e  in the  r e t i cu loendo the l i a l  
sy s t em of t he  v i c t ims  ~, 1~. 

Rdsumd. U n  fac teu r  c y t o t o x i q u e  fur  o b t e n u  du  se rum 
des ma lades  qui  on t  6t6 f o r t e m e n t  br~16s. I1 a p r o d u i t  
l ' i n h i b i t i o n  et  l ' a g g l u t i n a t i o n  des f ib rob las tes  ca rd iaques  
du  lap in  e t a  inh ib4  la m i g r a t i o n  des l y m p h o c y t e s  h u m a i n s .  
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The Fate and Effects of Salmonella FIagellin in Neonatal  Rat Intestine 

The  biological  d i s t r i b u t i o n  a n d  fa t e  of a n t i g e n s  in jec ted  
s.c. or  i.v. has  been  e x t ens i ve l y  s tudied1-3.  I n  con t ras t ,  
t he re  is v e r y  l i t t l e  i n f o r m a t i o n  a b o u t  t he  fa te  or  effect  of 
an t igens  wh ich  occur  na tu ra l ly ,  p a r t i c u l a r l y  in  t h e  neo- 
n a t a l  per iod.  S tudies  of an t igens  e n t e r i n g  t h r o u g h  t h e  
surfaces of t he  in t e s t ine  a n d  lungs  h a v e  been  l i m i t ed  to  
immuno log i ca l l y  m a t u r e  an i m a l s  a-~ a n d  s tud ies  of 
an t i gen  in n e o n a t a l  an i m a l s  h a v e  been  l i m i t ed  to  in j ec ted  
m a t e r i a l  s,~ An t igen ic  p r o t e i n s  as large  as f e r r i t in  are 
a b s o r b e d  t h r o u g h  t h e  i n t e s t i n a l  m u c o s a  of n e o n a t a l  
an ima l s  1~ a n d  t h i s  a b s o r p t i o n  ha s  se lec t iv i ty  a n d  is 
age- re la ted  12. W e  h a v e  s t a r t e d  to  s t u d y  t he  i m m u n o -  
logical  effect  a n d  t h e  biological  fa te  of i n t e s t i na l l y  ab-  
so rbed  macromolecu les  in  neona tes .  

Materials and methods. S p r a q u e - D a w l e y  r a t s  aged 
1-20 days  were used. T he  m o t h e r s  rece ived  in  d r i n k i n g  
water  p o t a s s i u m  iodine,  I rag/l,  for 7 days  p r io r  to  p a r t u r i -  

t i on  a n d  u n t i l  t h e  n e o n a t e s  were killed. Monomer ic  
f lagel l in  was p r epa red  f rom Salmonella Derby ,  A m e r i c a n  
Type  Cul ture  Collection,  Mary land ,  a n d  label led  w i t h  
ca r r ie r  free 11~5 b y  t he  m e t h o d  of ADA et  al. 13. 25 ~zg 
label led  f lagel l in  in  0.1 ml  of a d i lu ted  suspens ion  of 
col loidal  c a r b o n  (marke r  subs tance)  were de l ivered  
in to  t he  d i s ta l  ha l f  of t h e  s t o m a c h  t h r o u g h  a p o l y e t h y l e n e  
tube ,  R a t s  s tud ied  were 1, 5, 10, 15 and  20 days  of age, 
R a t s  were ki l led a t  t i m e s  v a r y i n g  f rom 3 to  i20  h a f te r  
an t i gen  a d m i n i s t r a t i o n .  There  were 6 to  10 ra t s  ki l led a t  
each  t i m e  in te rva l .  The  in t e s t ine  w i t h  a t t a c h e d  m e s e n t e r y  
a n d  l y m p h  nodes,  spleen,  t h y m u s ,  l ive r  and  lungs  were 
r insed  in sal ine t h r e e  t i m e s  to r e m o v e  free iodide, coun t ed  
us ing  a sc in t i l l a t ion  c rys t a l  a n d  B a i r d - A t o m i c  spect ro-  
meter ,  f ixed in 10% fo rma l in  a n d  t h e n  p r epa red  as micro-  
scopic sect ions  for  a u t o r a d i o g r a p h y  w i t h  K o d a k  N T B  3 
emuls ion.  Compar i sons  were m a d e  w i t h  t he  d i s t r i b u t i o n  


