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The Arthus phenomenon is a remarkable 
model to study the mechanism of serum anti- 
body mediated immunopathological lesions. 
The two main pathological features of the 
phenomenon are edema [and also increased 
vascular permeability ( 1-3) 1,  on the one 
hand, and hemorrhage and necrosis on the 
other hand. The studies by Ovary and co- 
workers (4, 5 )  suggested that, in guinea pigs, 

(endowed with anaphylactic properties), 
while the latter were due to 7s y2 antibodies 
(endowed with complement fixing proper- 
ties). On the basis of a previous study 
showing the role of anaphylaxis (acting 
through increased vascular permeability) in 
triggering the Arthus reaction induced with a 
limited amount of immune serum ( 2 ) ,  a 
hypothesis was elaborated according to which 

the former were 
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FIG. 1. DEAE-Cellulose chromatography fractionation of anti-egg-albumin immune serum into 
7s yl and 7s y~ antibodies: Phosphate buffer (0.005 M, pH 7.5) ; gradient by added 0.4 M NaCl; 
(bottom) OD 280 and ionicity gradient ; (top) antibodies in fractions with titers in hemagglutina- 
tion (-) ;, C’ fixation (solid columns) ; and PCA (dotted columns) ; (center) scanning in im- 
munodiff usion with anti-immunoglobulin yl and anti-immunoglobulin ya antisera. 

1 Equipe de Recherches Associke au C.N.R.S. 
(E.R.A. no 149). 
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both in triggering and in building up the 
phenomenon. Experiments were undertaken 
using better separated immunoglobulins and 
more rigorous methods than previously done. 
It was finally shown that, while 71 and yz 
antibodies are necessary to make up a com- 
plete, classical Arthus reaction, 7 2  does not 
elicit any form of lesion by itself; whereas, y l  
alone can induce a particular form of Arthus 
reaction which deserves further investiga- 
tion. 

Materials and Methods. An accurate ap- 
proach to this problem requires firstly to use 
fractions of sera (purified antibodies are not 
necessary) containing the two immunoglobu- 
lins uncontaminated by each other, as verified 
by the most sensitive in vitro tests, secondly 
to perform direct passive Arthus reactions to 
obviate the local inflammation unavoidable 
after intradermally injected immunoglobulins 

Unheated pooled guinea pig sera were frac- 
tionated on DEAE-cellulose columns similar- 
ly to the method used by Spalter and Ovary 
(6 ) ,  omitting prior ammonium sulfate precip- 
itation. A typical case is shown in Fig. 1. The 
fractions were selected for their purity after 
a preliminary test by passive cutaneous 
anaphylaxis (PCA) , passive hemagglutina- 
tion, and passive lysis or C' fixation; then 
distributed into several pools, strongly recon- 
centrated, and tested again. After a final se- 
lection and reconcentration of the pools, the 
yl and y 2  preparations had fully retained 
their capacities for passive hemagglutination, 
hemolysis, anaphylaxis, and precipitation 
(Table I). They did not contain detectable 
IgM when studied in a sucrose gradient ultra- 
centrifugation. 

Besides exceptions indicated later, the 
schedule of injections giving rise to maximal 
reactions was the combination of intravenous 
yl antibody followed 18 to 24 hr later by 
intravenous yz antibody given about a t  the 
time of the intradermal antigen. The weight 
of precipitating antibodies injected was 
known (see Table I). However, on account of 
the usually high proportion of nonprecipitat- 
ing antibodies in guinea pigs, the amounts of 
yl and 7 2  antibodies injected were compara- 
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FIG. 2 .  Role of immunoglobulin T~ and immunoglobulin y2 in elicitation of Arthus phenomenon: 
edema (PI) (open columns) ; vascular permeability increase [surface of the blue spots (mm2)l 
(dotted columns) ; Hemiorrhage [surface (mm') 1 (solid columns) ; (0) individual data;  (bottom) 
order of injections (immunoglobulins are injected iv and antigen id ; for more details, see text). 

tively measured with the use of hemagglu- 
tinating units (hU). For example a dose of 
0.5 ml of a preparation giving a titer of 
12,000 in passive hemagglutination was ex- 
pressed as a dose of 6000 hemagglutinating 
units. Three quantitative characteristics of 
the reactions were recorded: volume of 
edema (pl) evaluated by calculations from di- 
ameter and thickness of the reactions; sur- 
face of hemorrhage (mm2), and intensity of 
vascular permeability increase (VPI) . For 
the latter, unless otherwise stated, in order 
not to test the extravasation of the immediate 
type but only that of the Arthus reac- 
tion, Evans blue was injected 20 min after 
antigen. The blue spots were estimated for 
the weight of dye by matching them with 
spots of known values. 

Resd t s .  Participation of yl and 7 2  immuno- 
globulins in the direct passive Arthus reac- 
tion. In  a 'typical experiment with an egg 
albumin-antiegg-albumin system, a combina- 
tion of 6000 hU (3.4 mg of precipitating 
antibody protein) of yl and 8000 hU (2.7 
mg) of 72, injected, respectively, 18 hr and 20 

min before 100 pg of antigen, proved capa- 
ble to give rise to a typical hemorrhagic Ar- 
thus reaction. Figure 2 (left side) refers to a 
comparison of the 3 main characteristics of a 
4-hr-old reaction, when in following the 
preceding schedule for the two antibody in- 
jections, a yl injection was replaced by a y2 
injection and vice versa, or when yl and y2 
injections were permutated. The amount of 
antibody on the hemagglutinating unit basis 
was kept constant in each injection. 

It is clearly shown that immunoglobulin yl 
and immunoglobulin y2 are not interchange- 
able; to give rise to a complete hemorrhagic 
Arthus reaction requires a special chronology 
of the 2 injections; immunoglobulin yl alone 
brings about a strong exudative albeit non- 
hemorrhagic lesion ; immunoglobulin 7 2  by it- 
self is almost ineffective. 

In a second series of experiments (Fig. 2, 
right side) designed to reduce the local con- 
sequences of the trauma provoked by the 
intradermal injection upon circulating y2 
(i.e., inflammation with increased vascular 
permeability), the animals received either 
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one injection of yl 18 hr before antigen, or 
one injection of 7 2  20 min after (and not 
before as above) the antigen or both y l  and y2 
(71 18 hr before and y 2  20 min after antigen) ; 
the doses were the same as above. The results 
become more explicit : immunoglobulin yl is 
able to act alone, immunoglobulin y2 is not. 
The former produces a prominent exudative 
reaction, upon which the latter confers the 
hemorrhagic component, thus insuring the 
completion of the classical Arthus reaction. 

In an other study dealing with antihuman 
serum albumin immunoglobulins, similar al- 
though less striking results were obtained. 
In  brief , an appreciable hemorrhage (more 
than 20 mm2) occurred in 5 out of 5 guinea 
pigs receiving a succession of y l  and 7 2 ,  1 out 
of 4 receiving 7 2  twice, 0 out of 5 receiving y l  
twice. 

Thus no visible local lesion was created by 
yz antibody alone even in amount equal or 
superior to the optimal dose defined in a 
classical study (10). This raised the question 
of some biological alteration due to in vitro 
manipulations. Two experiments were de- 
signed firstly to look for a disparity in the 
behavior of isolated y 2  in guinea pig organism 
as compared to yl, secondly to produce Ar- 
thus reactions when only unaltered immuno- 
globulins were in circulation. 

In  a series of 3 pairs of animals receiving 3 
types of antibovine gammaglobtulin (BGG) 
antibodies, i.e., whole immune serum (6400 
hU), isolated yl (6400 hU) and isolated 7 2  

antibody (12,800 hU), blood samples were 
serially drawn from 5 min to 48 hr after 
antibody injection. A comparison of hemagglu- 
tinins and hemolysins showed that isolated y l  
and 72 or whole serum antibodies were cleared 
from blood a t  a high rate during the early 
phase ( 5  min to 8 hr) and a t  a low rate 
during the late phase (8 to 48 hr). Taking as 
reference the hemagglutinating titers in 
blood at  5 min, the rate of disappearance in 
the early phase was 60, 60, and 80% for 
whole serum, yl  and 7 2  antibodies, respective- 
ly. With reference to the titer in blood at 8 
hr, a similar rate of disappearance close to 
20% was found for these 3 materials in the 
late phase. 

Relying on the fact that the part of anti- 
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bodies remaining a t  48 hr had been biologi- 
cally cleared of the most altered immuno- 
globulins, we reinvestigated the elicitation of 
Arthus reactions giving the antigen, BGG, a t  
that time. Moreover, for a better quantitation 
of the antibodies truly active in vivo, the 
amount of precipitating antibody in form of 
yl, y2 or a mixture of both, each modality 
being tested in a pair of guinea pigs, was 
adjusted to give every animal an identical 
concentration of precipitins in blood at  48 hr 
(assuming a similar elimination rate for pre- 
cipitins and hemagglutinins of same Ig 
class). Direct passive reactions were per- 
formed as above with blue injected 20 min 
and sacrifice made 4 hr after antigen. The 
doses of antibodies are given in detail in 
Table 11. From the results shown in Table 
11, the intensity and the aspect of the lesion 
appear to be determined by the type and the 
association of immunoglobulins in the same 
manner as previously. 

That the two immunoglobulins had to react 
specifically to play their role in the reaction 
was demonstrated in additional experiments, 
by the inefficiency of yl or 7 2  antibody alone 
to achieve a complete reaction when they had 
inadequate specificity for the antigen used. 

Some drawbacks in our effort to extend the 
above described findings deserve to be men- 
tioned: an attempt to produce such a com- 
plete reaction with two unrelated immune 
systems comprising antihuman serum al- 
bumin yl, antiegg albumin y2 and a mixture of 
the corresponding antigens remained unsuc- 
cessful. Yet when yz-antigen complexes were 
intravenously injected before initiation of the 
unrelated yl reaction (in a manner similar to 
Bier’s ( 7 )  ) , the lesion was hemorrhagic. 

Characteristics of the exudadive Arthus 
reaction engendered by immunoglobulin yl.  
Being in need of large amounts of isolated yl 
to undertake the next experiment, we turned 
ourselves to guinea pig sera directed against 
au toantigen S (an orchitogenic glycoprotein 
extracted from guinea pig spermatozoa) 
which gives rise to mainly yl and almost no 7 2  

antibodies both without precipitating capaci- 
ty (8). After chromatography, the yl anti- 
body recovery amounted to 87% of the he- 
magglutinins in the original serum with no 

detectable trace of yz after a quantitative 
complement fixation test. 

The chronologic development of direct pas- 
sive Arthus reactions created with yl anti-S 
antibody was followed over a period of 2 
days. In every case the antibody (3500 he- 
magglutinating units) was injected in- 
travenously 24 hr before antigen (a dose 
equivalent to 20 million spermatozoa). In  
seven series of 3 to 4 animals each, the injec- 
tion of Evans blue and the sacrifice were 
timed respectively as follows (antigen injec- 
tion on zero time) (i) minus 5 and 20 mn; 
(ii) 20 mm and 1 hr; (iii) 1 and 2 hr; 
(iv) 2 and 4 hr; (v) 4 and 8 hr; (vi) 8 and 24 
hr; (vii) 24 and 48 hr. 

Besides the constant absence of hemor- 
rhage and necrosis as above, the outstanding 
characteristics were (Fig. 3) : a massive ede- 
ma culminating at  2-4 hr, then subsiding 
slowly in not less than 24 hr; a prominent 
vascular permeability increase, the bulk of 
which occurred in the Arthus period (20 min 
to 2 hr) and not in the immediate period. 

Several features were found unmodified: 
polymorphonuclear leukocyte and platelet 
counts in blood, C’ titers, recalcified plasma- 
coagulation times. 

Microscopically, the main events observed 
in reactions aged 20 min to 48 hr were: an 
early and intense emigration of polymorpho- 
nuclear cells far from the venules followed by 
their degradation and death ; an extravasa- 
tion of mononuclear cells contributing to the 
gradually increasing proportion of emigrated 
cells; a reduced damage of vascular walls 
compared to a complete hemorrhagic Arthus. 

The main characteristics listed above were 
constantly observed in various studies with 
different yl immunoglobulin preparations, as 
well as with different antigens (human serum 
albumin, egg albumin, DNP protein, bovine 
gamma globulin), and different dosages and 
schedules of injections. 

Discussion. The unexpectedly intense 
inflammation exhibited at  the site where y1 
immunoglobulin and the corresponding anti- 
gen react is in line with earlier findings made 
in this laboratory. For example, when guinea 
pigs are immunized against human serum 
albumin and tested with bovine serum al- 
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Ti me af ter  injection of  antigen 
FIG. 3. Development of the exudative arthus reaction (white Arthus) with the immunoglobulin 71 

anti-S-preparation : edema (-) ; vascular permeability increase (shaded surface) expressed as the 
average extravasation of dye between two times; yl antibody was injected 24 hr before antigen. 

bumin, or against native transferrin and 
tested with heated transferrin (9), they dis- 
play an early lesion which, besides absence of 
hemorrhage, is similar to the classical Ar- 
thus reaction. This particular type of lesion 
can be reasonably considered as being the 
consequence of an aggression by the con- 
C’-fixing immune complexes. 

All those findings together with the ones 
concerning the effect of yl immunoglobulins 
reported above lead us to the differentiation 
of a type of immune inflammation brought 
about by the use of homologous non-C’-fixing 
antibody, at variance with the classical Ar- 
thus reaction. This kind of non-hemorrhagic, 
non-necrotic, purely exudative reaction was 
tentatively named exudative Arthus reaction 
or “white Arthus.” That similar features are 
found in the moderate, hardly hemorrhagic 
Arthus reaction produced in guinea pigs by 
the poorly C’-fixing (also non-anaphylactic) 
horse antibody (10) deserves to be recalled 
here. The capability of yl antibody-antigen 
complexes to create a proper variety of 
inflammation without activating the C’ se- 
quence (i.e., without the help of anaphylatox- 
in or C’ chemotactic factors) is again con- 
firmed by the absence of inhibition of the 
exudative Arthus reaction in animals de- 

pleted of their C’ by the nonaggressive high- 
ly efficient cobra venom C’ inactivator 
[prepared according to the Nelson procedure 
( 11) 1. This inflammation is thought to be 
distinct from a mere anaphylactic (in the 
sense of histaminergic) reaction considering 
its development over several hours in the 
post-immediate period, its intense microscop- 
ic changes and its resistance to antihistamin- 
ics. Therefore, one or several agents independ- 
ent of C’ activation are postulated as medi- 
ators of the exudative type of Arthus reac- 
tion. 

The inability of 7 2  antibody alone to 
elicit a reaction does not entail a molecu- 
lar damage during its in vitro handling, 
since biological properties of these immuno- 
globulins, including precipitation, persist after 
the processing; the rate of elimination from 
blood is not more pronounced for y2 than 
for yl antibody, especially in the late phase; 
finally, a high blood concentration of “bio- 
logically filtered’’ ya antibody allows al- 
most no reaction. The answer to where and 
when the specific combination of 7 2  antibody 
and antigen takes place will require fluores- 
cein or isotope-labeled antibody studies and 
cannot be given at  present. 

Contradictorily, Bloch e t  al. ( 5 )  reported a 
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full capacity of ya  antibody to build up a 
hemorrhagic reverse Arthus reaction, but a 
nonspecific triggering can be imputed to the 
inflammatory effect of intradermally injected 
immunoglobulins, playing the role of the 
exudative lesion in our experiments. Closer to 
our results is a recent experiment by Bier et 
al. (7) showing that 71 but not 7 2  antibody 
could trap circulating complexes in vessel 
walls. 

Another unsolved problem is how the ac- 
tion of y2 antibody, unable in itself to build 
up any lesion is made possible by the prior 
effect of yl antibody. Do yl immune com- 
plexes act by increasing vascular permeabili- 
ty (thus allowing 72 antibody to gain access 
to tissues), or do they localize 7 2  immune 
complexes in vessels ( 12) ? Alternatively, 
does a two-step phenomenon reminding us of 
a Shwartzman reaction (13) take place? 
Further work is necessary to substantiate one 
of these possibilities. 

Summary. Direct passive Arthus reactions 
were performed in guinea pigs with homolo- 
gous yl and 72 antibody preparations fully 
reactive in precipitation, passive hemagglu- 
tination, and less than 0.1 % reciprocally 
contaminated (as verified with passive cu- 
taneous anaphylaxis and passive hemolysis) . 
Under these conditions, a definite role for the 
elicitation of the reaction could be ascribed 
to each of these two immunoglobulins: yl 
antibodies alone build up a strongly edema- 
tous reaction with vascular permeability in- 
crease but no hemorrhage; the hemorrhage is 
conferred to the preceding reaction by 7 2  

antibodies ; 72 antibodies alone are practically 

incapable of producing a visible reaction. 
The lack of reaction with y2 antibodies alone 
was not subsequent to a drastic elimination 
of this type of immunoglobulin since a simi- 
lar combination of results was obtained when 
large quantities of y2 antibodies were given 20 
min after, 20 min or 48 hr before antigen. 
I n  the latter case, their persistence in blood 
with full biological capacities was verified. 
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