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To detect small  quantities of humoral  antibodies in experiments  on mice advantage was 
taken of the ability of an ant iserum, if injected int radermal ly ,  to localize a f luorescein-  
labeled homologous antigen in the skin, the luminescence of which was observed in the 
luminescence mieroscope .  The react ion is immunological ly specific and is independent of 
the local  increase  in vascu la r  permeabi l i ty  due to nonimmunological factors ;  it is more  than 
100 t imes  more  sensit ive than the c lass ic  tes t  of Ovary. 

In experimental  and clinical immunological  investigations a l lergic  skin tests  are  used, including the 
passive cutaneous anaphylaxis (PCA) test  [4, 7]. Tests  of this type are  used not only to study the biological 
activity of a localized immune complex [5] but also to detect antibodies [7] and antigen [1]. The indicator 
of the formation of an immune complex is the local increase  in vascular  permeabi l i ty  at the site of in t rader-  
mal injection of one of its components,  and its intensity is es t imated with the aid of an intravenously in- 
jected dye (Evans' blue) f rom the d iameter  of the blue stain on the inner surface of the skin. The guinea 
pig is considered to be the most  sensitive animal on which to pe r fo rm the PCA, but albino mice can also 
be used [2]. 

Although the PCA is more  sensitive than methods of detecting antigen and antibodies in vitro, it does 
have one important  disadvantage which is that nonspeeific staining of the skin may occur  through an in- 
crease  in vascular  permeabi l i ty  produced by nonimmunological factors  (mechanical or toxic). 

In the investigation descr ibed below the specifici ty and sensitivity of the PCA was studied when lumi- 
nescence microscopy was used to evaluate the react ion.  

E X P E R I M E N T A L  M E T H O D  

Noninbred albino mice of both sexes weighing 18-20 g were used. Two doses of ant i serum were 
tested on each mouse and were  injected in t radermal ly  into the la teral  surface of the trunk in a volume of 
0.1 ml. The homologous antigen was injected intravenously in doses of 1 and 4 mg. The antigen used was 
a commerc ia l  bovine serum albumin (BSA) conjugated with f luorescein isothioeyanate or  rhodamine fluoride 
[3]. The protein content in the solution of f luorescent  antigen was 16 mg/ml .  The source of antibodies was 
rabbit  immune se rum against BSA with a t i ter  of 1 : 320 in the complement fixation test  (constant delay of 
hemolysis  with a double dose of complement and with antigen in a concentration of 0.1 mg/ml) .  As a con- 
t rol  of the specificity of the reaction,  rabbit immune se rum against Salmonella b res lau  was used. To pe r -  
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TABLE 1. Sensitivity of the RAT De- 
pending on Duration of Stay of Anti- 
se rum in Skin (4 mg antigen c i rcu-  
lating for 24 h before react ing injec-  
tion) 

Dilution 

of serum 

1:32 
1:64 
1:128 
1:256 
t:512 
1:1024 
1:2048 
l:4096 

Duration of stay of serum 
in sldn 

3 0 rain 

§ 2 4 7 2 4 7  
§ 2 4 7  
+ + §  
§ 2 4 7  

+ 

~h 

§ 2 4 7  
+ + § 2 4 7  
§ 2 4 7  

§ 2 4 7  

24 h 

++++ 
++++ 
+§ 
++++ 
++++ 

+§ 
+++ 

++ 

24 h 
(control) 

form Ovary's test mice were sensitized intradermally with 
antiserum in different dilutions, and the antigen mixed with 
0.25 ml 0.5% Evans' blue solution was injected intravenously 

3 h later. In the reversed anaphylaxis test (RAT) an initial 
intravenous injection of antigen was given. The reacting in- 
jection of antiserum was given 1 or 24 h later, and this was 
followed after i0 min by an intravenous injection of the same 
dye. The reaction was read maeroscopically by measuring 
the blue stain, and under the luminescence microscope by 
studying the intensity and a rea  of spread of the specific lumi-  
nescence in a section through the skin. The react ions were 
a s ses sed  30 min and 3 and 24 h af ter  the react ing injection. 

Serial sections f rom the a rea  of skin into which the se-  
rum was injected were  cut on a eryosta t  at -25~ fixed in 96% 
ethanol, and examined i~. the ML-2 luminescence microscope 
in short-wav'e blue light iFS-1-S3S7 entrance f i l te rs ,  ZhS-18 
stop filter) with a dry 10x objective, aper ture  0.4, and 40x 

w a t e r - i m m e r s i o n  objective, aper ture  0.65; and photographs were taken on RF-3  film using a 1.7x ocular .  
After examination, some sections were  t reated by the direct  Coons' method with standard luminescent se -  
rum against rabbit  globulins, p repared  by the N. F.  Gamaleya Institute of Epidemiology and Microbiology. 

E X P E R I M E N T A L  R E S U L T S  

Pre l iminary  exper iments  showed that when 1 and 4 mg BSA were used positive macroscopic  resu l t s  
were  obtained 30 min af te r  the react ing injection in Ovary ' s  test  and in the RAT using ant iserum in dilutions 
of not more  than 1 : 32. In all exper iments  24 h af ter  the reacting injection the resul ts  were negative. A 
positive resul t  in the luminescence-mic roscop ic  investigation was taken to be a greenish-yel low or orange-  
red  luminescence (depending on the type of f luorochrome conjugated with the antigen) inside the vessels  and 
also outside them in the surrounding connective t issue of the skin and subcutaneous t issue.  

Fig.  1. Luminescence of antigen localized in the skin in the r e -  
versed  anaphylaxis test  (170• Intravenous injection of 4 mg 
luminescent  BSA, timed before react ing injection 24 h. Reaction 
at f i rs t  as ++++ and +++ respect ively  24 h after  in t radermal  injec-  
tion of ant i serum diluted 1 : 64 (a) and 1 : 2048 (b). 
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The luminescent granules  formed an immune complex, for af ter  t rea tment  of the sections by the di- 
rec t  Coons' method 24 h af ter  in t radermal  injection a yel lowish-green luminescence (antibodies) could be 
detected in those par t s  of the section where previously  the o range - red  luminescence of the localized BSA, 
labeled with rhodamine, had been found. 

The ex t ravascular  localization of the precipi tate  was more marked in the RAT than in Ovary ' s  test .  
This observat ion showed that luminescence microscopy  could be used to detect  minimal quantities of in- 
t r adermal ly  injected antibodies capable of combining in the RAT with antigen injected intravenously (BSA 
labeled with f luorescein isothiocyanate,  which gives a br ighter  luminescence~ was used). 

The following scheme of evaluation was used: a widespread bright luminescence consisting of con- 
fluent loci was graded + I I z (Fig. la);  we l l -marked  luminescence in separate  a reas  of the section, composed 
of a dense precipitate +++ (Fig. lb); less  dense focal luminescence of moderate  br ightness ++; sca t tered  
foci of weakly luminescent  precipi ta te  +. 

The f i rs t  se r ies  of experiments ,  pe r fo rmed  on 24 mice,  showed that the ability of antigen to become 
localized in the skin is increased  if the time of its circulation in the blood is increased  f rom 1 to 24 h be-  
fore injection of the ant iserum. Later ,  therefore ,  the ability of different dilutions of ant iserum to localize 
the same dose of antigen was investigated, depending on the t ime of its s tay in the skin (30 min, 3 and 
24 h) after c irculat ion of the antigen for the optimal t ime (24 h) before  injection of the antibodies. 

The resul ts  of this investigation, ca r r i ed  out on 72 mice, are given in Table 1. 

As Table 1 shows, with an increase  in the duration of stay of the antibodies in the skin the sensit ivity 
of the RAT was considerably increased.  Even in a dilution of 1:4096,  the ant i serum was still capable of 
localizing the antigen in a quantity sufficient to be recorded.  

Besides high sensitivity,  the modification of the PCA tested in these experiments  also possessed  
marked specifici ty.  By contras t  with the c lass ical  Ovary ' s  test, not even mechanical  injury to the skin, 
produced by a metal  clip, caused any localization of the luminescent mater ia l  at the site of injury. Negative 
resul ts  also were obtained by the use of a heterologous sys tem consisting of BSA and ant iserum against 
Salmonella bres lau.  

In the analysis  of the resul ts  it will be noted that the ex t ravascular  localization of the antigen was 
more  marked in the RAT than in Ovary ' s  test .  The resul ts  indicating selective localization of the immune 
complex in places where antibodies are  predominant  [6] suggest that in Ovary ' s  test  antibodies injected 
in t radermal ly  before injection of the antigen were able to diffuse into the lumen of the vessel  to a g rea te r  
degree than in the RAT, when the antibodies interacted with antigen a l ready fixed in the t i ssues .  

The resul t s  are  evidence that the ability of Evans'  blue to pass  through the wall of blood vessels  is 
r es t r i c ted  to a comparat ively  short  period during the development of the local a l lergic  react ion.  

This test  of the ability of a se rum to localize an intravenously injected homologous antigen, labeled 
with a f luorochrome,  in the skin can be used as an ext remely  sensit ive and highly specific modification of 
the PCA. The use of quantitative f luorometry,  which is the wr i t e r ' s  future intention, may make it possible 
to es t imate  the size of the result ing immune complex on a s t r ic t ly  quantitative bas is .  
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