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Local and sys temic  react ions to an immune complex formed in v i t ro  can be obtained in adrenal -  
ectomized mice. The principles  for the composition of the immune complexes giving the appear-  
ance of their  general  (toxic) action and thei r  ability to evoke local react ions  are  established. 
Fac tors  inhibiting the anaphylactie react ion (injection of cort isone,  antihistamines,  general  
anesthesia) weakened the react ion to the immune complex. The local react ion to the immune 
complex was diminished by an ar t i f ic ial ly  induced fall in the blood complement level in the 
animals.  
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Sensitivity to the general  anaphylaetic react ion under conditions of both active and passive sensitization 
is sharply increased in adrenalectomized mice [2-4, 6]. It is important to obtain information on the response 
of adrenalectomized mice to injection of immune complexes formed in vitro.  According to data in the l i t e ra -  
ture,  the response to immune complexes is cha rac te r i zed  as an al lergic  react ion of immediate type [6]. Cases 
a l ready repor ted  relate  to experiments  on guinea pigs and rabbits  and, to a I e s se r  degree,  exper iments  on 
mice [1, 5]. 

The object of this investigation was to study whether general  and local react ions to injection of immune 
complexes are  more frequent in adrenalec tomized than in intact mice and to a s s e s s  the effect of Certain fac tors  
modifying the manifestation of anaphylaxis on these react ions.  

EXPERIMENTAL METHOD 

Experiments were carried out on noninbred albino mice weighing 12-14 g, into which immune complexes 
were injected 48 h after removal of both adrenals, and on normal mice for comparison. 

Immune complexes from horse serum and corresponding mouse antisera were used. The complexes were 
formed between ingredients in different proportions: in the zone of equivalence, in an excess (2-8-32-fold) of 

antigen, and in an excess (4-16-fold) of antibodies. In every case the quantity of antiserum remained unchanged, 
but the quantity ~f added antigen was varied. The mixtures were kept for 2 hat 37~ and for 18 h at 4~ With 
the proportions of ingredients used, no visible precipitation took place. The test mixtures were injected intra- 

dermally in a volume of 0.i ml to reveal the local reaction, and intravenously in a dose of 1 ml to assess their 
general action. Systemic reactions were assessed by the number of animals dying from acute shock during the 

first 24 h and local reactions by the size of the Nblue spot ~ on the inner aspect of a piece of skin dissected 30 
rain after intravenous injection of 0.25 ml of a 0.5% solution of Evans' Blue 2 h after injection of the complex. 

The effect of the following factors on the general and local reactions was tested: injection of hydrocorti- 
sone and diphenhydramine, carrying out the tests on anesthetized animals and also on mice with an artificially 
lowered complement titer, and finally, by the use of animals immunized against the antigenic components of the 
complex. 
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TABLE i. Frequency of Local and Systemic Reactions to Immune Complexes of Varied 
Composition in Normal and Adrenalectomized Mice 

Composition of complexes with re- 
spect to ratio between antigen and 
antibodies 

Excess of antibodies (4-10-fold) 
Zone of ~quivatence 
ExceSS or  antigen: 

2-fold 
8-fold 

32-fold 

Except experiments with immune 
complex with an eighffold excess 
of afitigen 

normal mice 

2/12 
0/6 

016 
016 
016 

Local reactions 

adrenaleetomized 

7/15 
217 

Systemie reactions 

normal mice 

�9 0 / l l  

0/5 

adrenalectomized 
mice 

l/6 
8/10 
0/5 

0/6 
0/5 
0/6 

mice 

2/1 t 
i/5 

3/6 
9/13 
2/6 

Total . . . 2/36 (5%) 18/43 (41%)  0 /33  17/41 ( 4 1 % )  

2/30 (6,6%) 10/33 (30,3%) 0/23 
. P<0,02 

8/28 (28,5%) 
P<O,O1 

Legend .  H e r e  and  in T a b l e s  2 and 3, n u m e r a t o r  shows  n u m b e r  of a n i m a l s  g iv ing  a r e a c -  
t ion  (or  dying);  d e n o m i n a t o r  shows  t o t a l  n u m b e r  of  a n i m a l s .  

H y d r o c o r t i s o n e  was  i n j e c t e d  s u b c u t a n e o u s l y  in a dose  of 3 m g  and  d i p h e n h y d r a m i n e  i n t r a p e r i t o n e a l l y  in a 
dose  of  10 m g / k g  body weight ,  18 and  3 h b e f o r e  the e x p e r i m e n t .  

In the  e x p e r i m e n t s  with e t h e r  a n e s t h e s i a  the c o m p l e x e s  w e r e  i n j e c t e d  into a n i m a l s  whi le  in a s t a t e  of deep  
s l eep ,  which con t inued  fo r  30 min.  

A c o n s i d e r a b l e  d e c r e a s e  in the  c o m p l e m e n t  t i t e r  of the  e x p e r i m e n t a l  a n i m a l s  was  p r o d u c e d  by in j ec t ing  
" a n t i m o u s e  s e r u m "  (Le . ,  t he  s e r u m  of  a r a b b i t  i m m u n i z e d  with  a s u s p e n s i o n  of  m o u s e  s p l e e n  in mouse  s e r u m )  
in a dose  of  0.05 m l  into t h e i r  b lood  s t r e a m  30 rain b e f o r e  a p p l i c a t i o n  of  the  h n m u n e  c o m p l e x .  N u m e r o u s  e x -  
p e r i m e n t s  in  the  w r i t e r s '  l a b o r a t o r y  have shown tha t  t h i s  p r o c e d u r e  i n v a r i a b l e  l e a d s  a f t e r  15 min  to  a s h a r p  
fa l l  in the  c o m p l e m e n t  t i t e r ,  which  t h e r e a f t e r  r e m a i n s  at  a low l e v e l  (no h i g h e r  than  10% of  the  in i t ia l )  f o r 9 - 1 2  h. 

Mice  i m m u n e  a g a i n s t  the  a n t i g e n i c  componen t  of the  c o m p l e x  w e r e  ob t a ined  by  i m m u n i z a t i o n  i n t r a v e n o u s l y  
with h o r s e  s e r u m  in d o s e s  of 0.1 and 0.25 ml  at  an i n t e r v a l  of  3 d a y s ,  fo l lowed  by  r e v a e c i n a t i o n  1 month  l a t e r  

in a dose  of 0.05 ml .  

EXPERIMENTAL RESULTS 

As Table 1 shows, intravenous injection of the immune complex did not cause death of any of the group of 
normal mice but caused death of 17 of the 41 adrenaleetomized animals (41%). Local reactions were observed 
with the same frequency in the adrenaleetomized animals to intradermal injection of the immune complexes (in 
18 to 43 mice, i.e., in 41%), whereas in the normal mice there were only isolated positive tests (in 2 of 36 ani- 

mals, i.e., 5.5%). 

Both the number of deaths among the mice and the frequency of the local reactions increased most sub- 
stantially (up to 70-80%) in experiments with immune complexes formed to an eightfold excess of antigen. How- 
ever, even if the results of this most demonstrative group of animals (and the corresponding controls) were 
disregarded, the differences between the adrenalectomized and intact animals still remained distinct and signifi- 

cant (Tab le  I). 

The e f fec t  of the  v a r i o u s  f a c t o r s  l i s t e d  above  on the s y s t e m i c  and l o c a l  r e a c t i o n s  was  s t u d i e d  u n d e r  c o n d i -  
t ions  of m a x i m a l  s e v e r i t y  of  the  r e a c t i o n s ,  i . e . ,  a f t e r  i n j ec t ion  of i m m u n e  c o m p l e x e s  con ta in ing  and e igh t fo ld  
e x c e s s  of an t igen .  A s  wi l l  be c l e a r  f r o m  Tab le  2, p r e l i m i n a r y  in j ec t ion  of c o r t i s o n e  o r  d i p h e n h y d r a m i n e  into 
a d r e n a l e c t o m i z e d  m i c e ,  and  a l s o  deep  e t h e r  a n e s t h e s i a ,  e i t h e r  c o m p l e t e l y  p r e v e n t e d  o r  s h a r p l y  r e d u c e d  (P < 
0.05) the m o r t a l i t y  a m o n g  the a n i m a l s  a f t e r  i n j ec t ion  of  the  immune  c o m p l e x .  

A s h a r p  fa l l  in the  c o m p l e m e n t  t i t e r  had a s i m i l a r  a c t i o n  on the l o c a l  r e a c t i o n .  

The  e f fec t  of  the  i m m u n o l o g i c a l  s t a tu s  of the  e x p e r i m e n t a l  m i c e ,  i . e . ,  t h e i r  s e n s i t i z a t i o n  to  the  a n t i g e n i c  
c o m p o n e n t s  of the immune  c o m p l e x ,  on the r e a c t i o n s  unde r  i n v e s t i g a t i o n  was  s t ud i e d  with  the  use  of  c o m p l e x e s  
of  low ac t i v i t y ,  n a m e l y :  in the  zone of e q u i v a l e n c e  and with  a s m a l l  and  l a r g e  e x c e s s  of  an t igen .  It was  e x -  
p e c t e d  tha t  unde r  t h e s e  cond i t i ons  the  c o m p l e x e s  would  be m o r e  a c t i ve .  Th i s  was  so  a s  r e g a r d s  g e n e r a l  t o x i c i t y  
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TABLE 2. Effec t  of  Ce r t a in  Drugs ,  of  E t h e r  
Ane s t he s i a ,  and of  a Sharp  Fal l  in the Comple -  
ment  T i t e r  on Death of Mice and F r e q u e n c y  of  
Loca l  Reac t ions  to Inject ion of Immune  Complex 
into A d r e n a l e e t o m i z e d  Mice 

Death of [ Local 
Character of test mice J reactions 

Preliminary injection of cor- 
tisone (3 mg, twice) 

Preliminary injection of di- 
pt~h.eneh~dramine (10 mg/kg, 

Ether anesthesia 
8harp fall in complement 

titer 

Control ( admnaIectomized 
mice without additional 
treatment) 

0/13 

3/10 (30%) 

3/t0 (30%) 

Not stable 

9,13 (69%) 
I 

0/6 

Not stable 

0/6 

8/t0 

TABLE 3. Effec t  of  P r e l i m i n a r y  Immun iza t i on  of Mice with the Antigen of the Complex  
on the i r  Sens i t iv i ty  a f t e r  A d r e n a l e c t o m y  to the Immune  Complex 

Nature of complexes tested 
. Dea___p_~ o r auima____~ Looa__ A reac~o___~ 

I experiments (sen-Ic~ ntr~ (not sen- ] experiments (sen- control (not sensi- 
/sitized to antigen I sl~zea to anugen ] sicced to antigen Itized to antigen ot 
[of complex) [of complex) [of complex) t complex) 

In zone of equivalence 
Antigen in excess 

2- fold 
32- fold 

Total 

4/4 

3/4 
4/4 

11/t2 (98%) 

1/5 

3/'6 
2/6 

6/17 (35%) 

3/6 

0/7 
2/6 

5/19 (27%) 

2/7 

I/6 
0/5 

3/18 (17%) 

(Table 3). Of the 12 mice  p r e v i o u s I y  immun ized  with the ant igen of the complex  11 (92%) died, w h e r e a s  under  
ana logous  condi t ions  only 6 of the 17 (35%) a d r e n a l e c t o m i z e d  an ima l s  r e c e i v i n g  no fu r t he r  t r e a t m e n t  died (P < 
0.01). However ,  p r e p a r a t i o n  of the a n i m a l s  in this  way did not affect  the f r equency  of the loca l  r eac t ions .  

The r e s u l t s  d e s c r i b e d  above show that  b i l a t e r a l  a d r e n a l e c t o m y  c o n s i d e r a b l y  i n c r e a s e s  the sens i t iv i ty  of 
mice  to gene ra l  and loca l  a d m i n i s t r a t i o n  of  immune  complexes .  This  sugges t s  tha t  th is  expe r imen t a l  model  is 
sui table  fo r  the de tec t ion  of  c i r cu l a t i ng  immune c o m p l e x e s  in the e x p e r i m e n t a l  and c l in ica l  ana ly s i s  of  the c o r -  
r e spond ing  pa tho log ica l  p r o c e s s e s .  Some spec ia l  f ea tu re s  of the condi t ions  fo r  de tec t ion  of the gene ra l  and 
loca l  r e a c t i o n s  m e r i t  a t tent ion:  Both r e a c t i o n s  w e r e  o b s e r v e d  mos t  f r equen t ly  in e x p e r i m e n t s  with immune 
c o m p l e x e s  conta in ing  a sma l l  exces s  of  the ant igen;  the loca l  r eac t i on  a l so  f requen t ly  a p p e a r e d  in r e s p o n s e  to 
the complex  with a sma l l  exces s  of  ant ibodies ,  pos s ib ly  because  of the v e r y  sma l l  a g g r e g a t e s  f o rmed ;  the f r e -  
quency  of  the s y s t e m i c  r e a c t i o n  was  c o n s i d e r a b l y  i n c r e a s e d  if the t e s t s  w e r e  c a r r i e d  out on an ima l s  sens i t i zed  
to  the ant igen of the  complex .  

Meanwhile  the r e s u l t s  can a l so  shed  light on the c h a r a c t e r  of r eac t i on  to immune  complexes .  In fact ,  the 
i n c r e a s e d  f r e q u e n c y  of  the gene ra l  and loca l  r e a c t i o n s  in a d r e n a l e c t o m i z e d  a n i m a l s  and the d e c r e a s e  in the f r e -  
quency  of  genera l  r e a c t i o n s  under  the influence of  co r t i sone ,  an t ih i s t amines ,  and gene ra l  anes the s i a  all  s ignify 
that  the r eac t i ons  a r e  anaphylac t i c  in na ture  and can be c l a s s e d  as  a l l e rg i c  r e a c t i o n s  of immedia te  type .  Abol i -  
t ion  of  the local  r e a c t i o n s  by an a r t i f i c i a l  lower ing  of  the c o m p l e m e n t  leve l  in the expe r imen ta l  an ima l s  indi-  
ca t ed  tha t  c o m p l e m e n t  is c o n f i r m e d  in the m e c h a n i s m  of t he se  r eac t ions .  
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