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E f f e c t s  o f  A n t i g e n  o n  i n  v i t r o  C u l t u r e s  o f  S e n s i t i z e d  P e r i t o n e a l  C e l l s  

A g r e a t  deal  of r e sea rch  h a s  b e e n  c o n c e r n e d  w i t h  in  
v i t r o  a c t i o n  of a n t i g e n  on  cells a n d  t issues  of a n i m a l s  w i t h  
de l ayed  h y p e r s e n s i t i v i t y .  A l t h o u g h  t h e  b i b l i o g r a p h y  is 
ex t ens ive  a n d  s o m e t i m e s  c o n t r a d i c t o r y ,  all  ev idence  indi -  
ca tes  t h a t  a n t i g e n s  do no t  exe r t  a n y  a p p a r e n t  ac t ion  o n  
in  v i t r o  cu l tu re s  of p a r e n c h y m a l  ceils f rom a n i m a l s  w i t h  
de l ayed  h y p e r s e n s i t i v i t y  ~-3, b u t  t h a t  a n t i g e n s  do  h a v e  a 
specific ac t ion  o n  ceils a n d  t i s sues  of l y m p h o r e t i c u l a r  
or ig in  4-~. 

MOEN a n d  SWlFT~ us ing  cu l tu re s  of pieces of a n i m M  
sp leen  in fec ted  w i t h  t u b e r c l e  baci l l i  or  s t rep tococci ,  
d e m o n s t r a t e d  t h a t  c y t o t o x i c  ac t ion  on  celt  m i g r a t i o n  
shows  speci f ic i ty  for  illness, s ince cu l tu re s  f rom t u b e r c u l i n -  
sens i t ive  an ima l s  were  r e f r a c t o r y  to  s t r ep tococca l  p ro te in ,  
whi le  a n i m a l s  wh ich  h a d  been  in fec ted  w i t h  s t r ep tococc i  
were  in sens i t i ve  to  t ube rcu l in .  

T h e  d e p e n d e n c e  of c y t o t o x i c  a c t i o n  on  a m e c h a n i s m  
w h i c h  invo lves  de layed  h y p e r s e n s i t i v i t y  was  d e m o n -  
s t r a t e d  b y  ARONSON ~, a n d  b y  GEORGE a n d  VAUGHAN s. 
On  t he  o t h e r  h a n d ,  t h e y  o b s e r v e d  t h a t  i m m e d i a t e  h y p e r -  
s e n s i t i v i t y  w i t h  p r o d u c t i o n  of c i r cu l a t i ng  a n t i b o d i e s  was  
assoc ia ted  w i t h  a s t i m u l a t i n g  effect  of specific a n t i g e n  on  
cell m i g r a t i o n  a n d  r e p r o d u c t i o n  as found  b y  severa l  
worker s  s-10. 

A c o n s i d e r a t i o n  of t h e  c o n c e n t r a t i o n  of a n t i g e n  used in 
cu l t u r e  b o t h  b y  t h e  a u t h o r s  w h o  descr ibe  a cy to tox i c  
effect,  a n d  b y  t h o s e  w h o  f ind a s t i m u l a t i n g  ac t ion ,  
i nd ica t e s  t h a t  t h e  l a t t e r  p h e n o m e n o n  is i nduced  b y  tow 
c o n c e n t r a t i o n s  of an t igen .  Based  u p o n  t h i s  cons ide ra t ion ,  
we h a v e  dec ided  to  s t u d y  t h e  effects  of a low c o n c e n t r a -  
t i on  of a n t i g e n  in in v i t ro  cu l tu re s  of m o n o n u c l e a r  
p e r i t o n e a l  cells. 

Th i s  w o r k  was  d iv ided  i n to  2 pa r t s .  I n  t h e  f i r s t  pa r t ,  
we s t ud i ed  t h e  in f luence  of t u b e r c u l i n  a d d e d  to  in  v i t r o  
cu l tu re s  of p e r i t o n e a l  cells o b t a i n e d  f rom n o r m a l  gu inea-  
pigs a n d  f rom guinea-p igs  sens i t i zed  w i t h  200/~g of P P D  
in w a t e r  or in  oil t o  i nduce  i m m e d i a t e  h y p e r s e n s i t i v i t y ,  
or  w i t h  BCG ( a p p r o x i m a t e l y  10" l iv ing  bacil lus)  in  com- 
p le t e  F r e u n d ' s  a d j u v a n t  to  induce  de l ayed  hypersens i -  
t i v i t y ;  t h e  a n t i g e n s  were  i n j ec t ed  s.c. in  t h e  n e c k  of t h e  
gu inea-p igs  in a v o l u m e  of 0.2 Inl. 

I n  t he  second  p a r t  we s t ud i ed  t h e  a c t i o n  of egg a l b u m i n  
a d d e d  to  cu l t u r e s  of p e r i t o n e a l  ceils o b t a i n e d  f rom 3 
g roups  of 6 gu inea-p igs  each.  These  were  i n j ec t ed  s.c. in  
t he  neck  w i t h  0.10 ml  of an t igen .  T h e  f i r s t  g r o u p  rece ived  

saline,  t h e  second  a n  emu l s ion  of i n c o m p l e t e  F r e u n d ' s  
a d j u v a n t  w i t h  5 0 / , g  of egg a l b u m i n  to  i nduce  i m m e d i a t e  
h y p e r s e n s i t i v i t y ,  a n d  t h e  t h i r d  c o m p l e t e  F r e u n d ' s  a d j u -  
v a n t  w i t h  5 0 / , g  of egg a l b u m i n  to  i n d u c e  d e l ay ed  h y p e r -  
sens i t iv i ty .  
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Fig. 2. 4 h culture of ceils obtained from guinea-pigs with delayed 
hypersensitivity to egg albumin. Incubated in presence of 20/~glml 
egg albumin, x 2000. 
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Fig. 1.4 h culture of ceils obtained from normal guinea-pigs. Incu- 
bated in the presence of 115000 tuberculin. × 800. 
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Fig. 3. 24 h culture of cells obtained from guinea-pigs with delayed 
hypersensitivity to tuberculin. Incubated in the presence of 115000 
tuberculin. × 500. 
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All 3 groups  were skin t e s t ed  21 days  a f te r  immuniza -  
t ion wi th  10 /,g of egg a lbumin  in 0,1 vo lume  of saline 
solution,  and  reac t ions  were  read a t  4, 24 and  48 h. The  
group of guinea-pigs  sens i t ized wi th  the  incomple te  
F r e u n d ' s  a d j u v a n t  showed a t  4 h a reac t ion  averag ing  
17 m m  of d iameter ,  d i sappear ing  at  24-48 h. 

The  group  of guinea-pigs  sensi t ized wi th  the  an t igen  
plus comple te  F r e u n d ' s  a d j u v a n t  showed similar  4 h 
react ion,  b u t  increased to  an average  21 m m  a t  24 h, and  
was  still  not iceable  a t  48 h. 

Fo r  t he  in v i t ro  cul tures  the  cells were r e m o v e d  f rom 
the  per i tonea l  c a v i t y  w i thou t  pr ior  i r r i ta t ion  b y  a single 
wash ing  wi th  H a n k s '  solut ion.  The cell concen t r a t i on  used 
was  10 ~ cel ls /ml;  a n d  the  cu l tured  med ium cons i s ted  of 
20% fetal  calf se rum in H a n k s '  solution.  1.5 ml of cells 
were  a d d e d  to  Le igh ton  tubes  wi th  glass slides and  in- 
c u b a t e d  a t  37 °C. The slides were r emoved  a t  in te rva ls  
and  s t a ined  b y  May-Grunwa ld -Giemsa  technique .  

The  add i t ion  of t h e  specific an t igen  to  cul tures  of cells 
o b t a i n e d  f rom guinea-pigs  w i t h  de layed  hype r sens i t i v i t y  
t o  tube rcu l in  or to  egg a lbumin  p roduced  a high f requency  
of mu l t inuc l ea t ed  cells. W e  eva lua t ed  th is  p h e n o m e n o n  
b y  d e t e r m i n i n g  t h e  n u m b e r  of mu l t i nuc l ea t ed  cells/1000 
cells on each  slide. This  d a t a  was  s ta t i s t ica l ly  analyzed 
b y  t h e  S t u d e n t  i ndex  t. 

The  t values  were highly  s ignif icant  ( P :  0.001) w h e n  the  
4, 7 and  24 h delayed hyper sens i t ive  cul tures  w i th  an t igen  
were c o mp a r e d  to  t he  same cul tures  w i t h o u t  an t igen ;  in 
cul tures  of cells f rom un t r ea t ed  an imals  and  f rom those  
wi th  immed ia t e  hype r sens i t i v i ty  the re  was no s ta t i s t i ca l ly  
s ignif icant  difference be tween  the  groups  w i t h  and  wi th-  
ou t  an t igen  (Tables I and  II).  

In  t he  24 h cul tures  f rom animals  w i th  de l ayed  hype r -  
sens i t iv i ty  to tubercul in  or to egg a lbumin  the  an t igen  
p roduced  a lower n u m b e r  of mul t inuc lea ted  cells t h a n  in 
the  7 h cu l tures ;  th is  n u m b e r  was still  s ign i f ican t ly  
h igher  t h a n  the  controls .  This  reduc t ion  was  a c c o m p a n i e d  
by  t h e  appea rance  of larger n u mb e r s  of cell aggrega tes  
t h a n  in t h e  cont ro l  groups  (Figure 3). 

Mut t inuc lea ted  ceils wi th  an average  d i a me t e r  of 20-40 
1 , (2-5 nuclei/cell) were  observed  cons i s ten t ly  w h e n  the  
an t igen  was a d d e d  to  cu l tures  of per i toneal  cells o b t a i n e d  
f rom de layed  hype r sens i t i ve  animals .  This  sugges ts  a 
close re la t ionsh ip  b e t w e e n  the  de layed  hype r sens i t i ve  
s t a t e  and  t h e  fo rma t ion  of mul t inuc lea ted  cells n .  

n Granted by the 'Consejo Nacional de Investigaciones Cientificas 
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Table I. No. of multinucleated cells ill cultures of peritoneal cells from normal and tuberculin sensitized anilnals 

Groups of 3 h of 
guinea-pigs culture 
immunized with 

Multinucleated cells No. °/0oa 

Cultures with Cultures without 
antigen added b antigen added 

t 
index 

None 4 13 ::J= 2 .2  10 4- 1.4 3.6 
7 8 =k 2.2 9 ± 1.0 1.1 

24 10 4- 3.0 12 ~ 3.0 1.6 

200/zg PPD 4 11 4- 2.2 13 :J= 2.2 2.5 
with incomplete 7 13 ! 1.7 11 4- 1.7 3.0 
Freund's adjuvant 24 16 z[_ 1.7 11 ~: 1.7 1.4 

10 ~ of living bacillus 4 143 4- 5.7 i 1 4- 1.4 131.6 
BCG with complete 7 80 4- 1.4 16 -t- 2.2 126.0 
Freund's adjuvant 24 27 :t- 3.8 17 4- 1.0 5.6 

Mean obtained from 9 cultures, b Tuberculin concentration in culture medium 1/5000. 

Table II. No. of multinucleated cells in cultures of peritoneal cells from normal and egg albumin sensitized animals 

Groups of 6 h of 
guinea-pigs culture 
immunized with 

Multinucleated cells No. ° / ~  

Cultures with Cultures without 
antigen added b antigen added 

t 
index 

Saline in incomplete 4 16 4- 5.2 13 -l- 3.4 1.8 
Freund's adjuvant 7 19 4- 4.0 15 ± 4.2 3.0 

24 15 4- 3.5 12 -t- 3.6 3.0 

50/tg egg albumin 4 19 :k 5.2 18 4- 4.3 0.6 
in incomplete 7 19 ± 4.7 20 + 4.6 0,7 
Freund's adjuvant 24 22 ± 3.0 20 4- 3.8 2.0 

50/tg egg albumin 4 49 4- 6.8 13 -4- 4.2 18.0 
in complete 7 58 ± 8.4 20 4- 3.7 14.0 
Freund's adjuvant 24 28 -4- 3.2 14 4- 4.6 14,0 

Mean obtained from 12 cultures, b Egg albumin concentration in culture medium 20/~g/inl. 
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Rdsumd. On a a jou t6  des  an t i gbnes  a u x  cu l tu re s  in  v i t r o  
des  cetlules mononuc t6a i r e s  o b t e n u e s  d u  p6r i to ine  des  3 
g roupes  de  cobayes ,  te p r e m i e r  d t a n t  no rma l ,  le deux i~me  
p r 6 s e n t a n t  une  sens ibi l i t6  i m m 6 d i a t e  e t  le t ro is i~me u n e  
hype r sens ib i l i t 6  r e t a rd6e  & ta t u b e r c u l i n e  ou ~ l ' ova l -  
b u m i n e .  L ' a d d i t i o n  de  l ' an t i g~ne  sp6cif ique a u x  cu l tu re s  

des  cel lules o b t e n u e s  des  cobayes  avec  hype r sens ib i l i t 6  
r e t a rd6e  a p r o v o q u 6  la  f o r m a t i o n  de cel lnles avec  2 on  
p lus ieurs  n o y au x .  Ceci sugg~re une r e l a t i o n  ~ t ro i t e  e n t r e  
l ' hype r sens ib i l i t 6  r e t a rd6e  e t  la  f o r m a t i o n  de  cel lules 
mul t inuc l~a i res .  
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Prolongation of Skin Homograft Survival by Local Intralymphatic Radioisotope Injections 

The  i m p o r t a n c e  of reg iona l  l y m p h a t i c  t i ssue  in an t i -  
b o d y  f o r m a t i o n  was  f i rs t  d e m o n s t r a t e d  b y  McMAsTER 
a n d  HUDACK 1 a n d  conf i rmed  b y  EHRICH a n d  HARRIS ~. I t  
was also s h o w n  t h a t  se lec t ive  r e d u c t i o n  of l y m p h o c y t e s  
is a m e a n s  of h o m o g r a f t  s u r v i v a l  3. A t t e m p t s  were  the re -  
fore m a d e  to  a ch i eve  a p r o l o n g a t i o n  of h o m o g r a f t  s u r v i v a l  
b y  se lec t ive  r e d u c t i o n  of l y m p h o c y t e s  w i t h  t h e  i n t r a -  
l y m p h a t i c  i r r a d i a t i o n  of t h e  l y m p h o i d  t i s sues  4,5. These  
p rocedure s  i nvo lved  a n  i n t r o d u c t i o n  of large  doses  of 
rad io iso topes .  I n  t h e  p r e s e n t  s t u d y  a n  a t t e m p t  was  m a d e  
to  p roduce  a p r o l o n g a t i o n  of h o m o g r a f t  s u r v i v a l  b y  
se lec t ive  i r r ad i a t i on  of reg iona l  l y m p h  nodes  w i t h  smal l  
doses. 

I n  t he  r abb i t ,  l y m p h a t i c s  d r a i n i n g  f rom t h e  ear  before  
t he i r  conf luence  w i t h  t h e  cerv ica l  ve ins  pass  t h r o u g h  on ly  
2 agg lomera t i ons  of l y m p h o i d  t i ssue:  t h e  r e t r o a u r i c u l a r  
a n d  the  cervical ,  These  l y m p h  nodes  c a n  be  in j ec t ed  fl 'om 
the  cen t r a l  l y m p h a t i c  c h a n n e l  of t h e  ear. Six r a b b i t s  
t he re fo re  rece ived  a n  i n t r a l y m p h a t i c  i n j ec t ion  of 1 m C  
n l A g  colloid (par t ic le  size 10-100 nm)  i n to  t h e i r  r i g h t  
ear,  7 a n i m a l s  were  i n j ec t ed  w i t h  13XI-Lipiodol u l t r a  f luid 
( r ad ioac t ive  dose 0.5 mC). T h e  v o l u m e  of in j ec ted  f luid 
was  0 .3-0.5  ml.  T w e n t y - f o u r  h a f t e r  t h e  in j ec t ion  a sk in  
h o m o g r a f t  was  m a d e  on  t h e  i n j ec t ed  r i g h t  ear. The  skin  
f lap r e m o v e d  f rom t h e  r i g h t  side was t r a n s p l a n t e d  on to  
t he  n o n - i r r a d i a t e d  left  ear  of t h e  same  a n i m a l s  ( t echnica l  
control ) .  The  d imens ions  of t h e  g ra f t s  were 15 × 15 mm.  
I n  6 con t ro l s  t he  g r a f t i n g  p rocedures  were dup l i ca t ed  
w i t h o u t  i so tope  in jec t ion ,  

The  h o m o g r a f t s  were  r e j ec ted  in  t h e  con t ro l s  on  t h e  
7 th  to  9 th  d a y  ( m e a n  7.8 :k 0.4 days) ,  in  t h e  m A g -  
i n j e c t e d  a n i m a l s  on  t h e  l l t h  to  14 th  (mean  12.5 ~ 0.7) 
day ,  a n d  in t h e  l s l I -L ip iodo l - in jec ted  on  t h e  12 th  to  16 th  
( m e a n  13.9 -l- 0.5) day .  Moreover ,  in  t h i s  series, in  3 o u t  
of 7 a n i m a l s  t h e  r e j ec t ion  was  i n c o m p l e t e  a n d  t h e  r eac t i on  
was  l imi t ed  to  on ly  a sma l l  p a r t  of t h e  t r a n s p l a n t ,  

T h e  d i s t r i b u t i o n  of t he  i n j ec t ed  r ad io i so tope  was  s tud ied  
b y  t h e  i n j ec t i on  of 3 -4  #C x81I-Lipiodol or lnAg-co l lo id  
d i lu t ed  to  0.4-0.5 m l  w i t h  n o n - r a d i o a c t i v e  Lip iodol  or 
colloid so lu t ion .  T h e  a n i m a l s  were  ki l led 1 h a f t e r  t h e  

i n t r a l y m p h a t i c  in jec t ion .  T h e  reg iona l  l y m p h  nodes,  t h e  
spleen,  l iver  a n d  lungs  were  r e m o v e d  a n d  d iges ted  w i t h  
20% s o d i u m  h y d r o x i d e  a n d  t h e  r a d i o a c t i v i t y  m e a s u r e d  

Retroauricular and cervical lymph nodes of a rabbit injected with 
lalI-lipiodol ultra fluid. 
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Tissue recoveries after intralymphatic injections of lnAg-colloid and x31I-Lipiodol in the rabbit, expressed as % of injected dose. 

Lymph nodes Liver Spleen Lungs Injection site Total 

Auricular Cervical 

nlAg 28.4 q- 5.9 23.0 q- 6.2 14,0 :~z 0.5 0,01 - -  1.7 0.02 - -  0.1 8.6 - -  18.7 69,4 -4- 5.3 
lalI 4.6 i 0.97 2.8 -4- 1.2 - - 24.3 ~z 2.2 17.1 x~ 6,0 45.6 -}- 8.3 


