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Production of Acute Glotiierulonephritis in Mice with Soluble Antigen- 
Antibody Complexes Prepared from Homologous Antibody.* (25960) 
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Soluble antigen-antibody complexes, in- 
jected intravenously in antigen excess. are 
capable of producing the characteristic lesions 
of experimental serum sickness within a short 
period of time. IVhen large amounts of either 
rabbit antiovalbumin-ovalbumin or rabbit 
anti-BSA-BSA (bovine serum albumin) com- 
plexes are injected into mice or rats a high 
incidence of acute glomerulonephritis results. 
In addition a focal arteritis and a valvulitis 
may be seen on occasion ( 1-4). Fluorescent 
labeled antibody technics have shown both 
the antigen and the antibody to be present a t  
the site of the lesion. In the present study 
these observations have been extended to pro- 
duction of lesions with soluble complexes pre- 
pared from homologous mouse antibody. An- 
tiovalbumin was produced in mouse ascitic 
fluid according to the method of illunoz( 5 )  
and compared with the corresponding rabbit 
antibody with regard to its ability to elicit 
glomerular lesions when administered to mice 
as soluble antigen-antibody complexes. The 
incidence and severity of anaphylaxis in both 
systems was studied. The effect of varying 
the antigen to antibody ratio in preparation 
of these complexes was also explored. 

Materials and methods. -4 niinals : Swiss 
IVebster male and female mice weighing 20 
to 30 g. Antigens: Hen ovalbumin. 3 times 
recrystallized, from Worthington Biochemical 
Co., Freehold, N. J. Immunization: Rabbit 
antisera against hen ovalbumin were prepared 

*Aided by grants from U. S. P. H. S. and from 
Kidney Disease Fn. of N. Y, 

as previously described (3 ) . Mice were im- 
munized according to the method of Munoz. 
An emulsion containing 1 mg ovalbumin and 
1 mg Mycobacterium butyricum per ml was 
prepared with Difco complete adjuvant. One 
ml was injected into the peritoneal cavity of 
each mouse on days 1, 18, and 38. Between 
50 and 80% of the mice became ascitic, and 
between 1.0 and 15.0 cc of fluid was obtained 
from each animal. These collections were 
pooled. The various pools of antibody were 
analyzed for antibody protein content and an- 
tigen-antibody ratio a t  equivalence by the 
quantitative precipitin technic( 6 ) .  Precipi- 
tates were analyzed for antibody protein by 
L-V absorpticn a t  280 mu in the case of rabbit 
an tibody ( 7 ) . ar.d by the microKjeldah1 
method in the case of mouse antibody(6). 
Rabbit antiovalbumin. Pool I which con- 
tained 4.2 mg antibody protein/ml. Pool I1 
which contained 4 mg antibody protein/mI. 
Mouse antiovalbumin Pool I which contained 
8 mg antibody protein/ml. Pool I1 which 
contained 6.2 mg antibody protein/'ml. 

Preparation and injection of soluble coiia- 
plexes. Soluble complexes for injection into 
mice for the experiments on glomerulone- 
phritis were prepared by direct addition of 
excess antigen to either the rabbit antisera or 
mouse ascitic fluid a t  room temperature. Vol- 
ume was adjusted to 0.5 ml per injection and 
injected into the tail vein within 5 minutes. 
For the studies on anaphylaxis soluble com- 
plexes were prepared as previously described, 
by dissolving the washed immune precipitate 
in antigen excess (3).  Preparation of histolo- 
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TAT3LJC I. lucidcnce ; ind  Severity of Gloiiic~wlo- 
iiepliritis in Micc G i v w  3 liijcctions of Soliiblc: 
Antigen-Aiitiho~l?. ('ornplexes in 24 Hr, :rnd Killp(l 

24 Hr after 3rd Injection. 

No. of mire with 
gloincriiloii ephritis 

s o .  of M o d -  
Materi;tl iiij. mice M i  Id rrate Scvcre Tot:il 

Soluble coin- 1 2  3 4 5 12  

Aiitibotly alone 10 0 0 0 0 
A4iitigcii " 3 0 0 0 0 
Xormal mice 33 0 0  0 0 

plexesx' 

* 2, 3, and 3 mg mouse antiovalbumin :mtjbody 
protein/inj. as soluble complexes in 5 tiriies aiiti- 
gen excess. 

gic sections. The mice were sacrificed by de- 
capitation 24 hours after last injection and 
tissues were fixed in 10% buffered formalin. 
Sections of heart, lung, liver, spleen, and kid- 
ney were routinely stained with hematoxylin 
and eosin. 

Results. A preliminary series of experi- 
ments showed that doses of one mg or more 
of mouse antibody protein in the form of sol- 
uble complexes in 10 times antigen excess, 
produced a mortality from anaphylaxis of 
nearly 100%. To reduce incidence of ana- 
phylactic deaths, animals used in the studies 
on glomerulonephritis were first given 0.25 
mg of antibody protein in 5 times antigen ex- 
cess one to 2 hours prior to administration of 
the larger doses. Animals so treated suffered 
no mortality from subsequent injections. 

A group of 12 mice were given a series of 
3 injections of mouse antiovalbumin in the 
form of soluble complexes in 5 times excess 
antigen. Each mouse received 2 mg antibody 
protein in the first injection and 3 mg in each 
of the 2 subsequent injections, all within 24 
hours. In  addition 3 animals were given an- 
tigen alone and 10 were given antibody alone 
in the same doses. 

Incidence and severity of the lesions ob- 
served in these animals are shown in Table I. 
Glomerulonephritis was present in all of the 
experimental animals. 

The nature of the glomerular lesion was 
similar in all of the animals. Both kidneys 
were uniformly involved. The glomeruli were 
hypercellular, had swollen cells, were rela- 
tively bloodless, and were infiltrated with neu- 

trophiles; in severe cases karyorrhexis wits 
present (Fig. 2 ) .  In many of the animals a 
striking accumulation of amorphous, eosino- 
philic material was seen in the glomerular cap- 
illary loops (Fig. 3 ) .  

Two animals showed a mild acute inflam- 
mation of the mitral valve. These lesions 
were similar to those previously described ( 3 ) .  

Since the intensity of the glomerular lesions 
was equal to or greater than that previously 
seen when rabbit antibody was used, an at- 
tempt was made to compare the two systems 
and to determine minimal effective dose of 
mouse antiovalbumin antibody necessary to 
produce renal lesions. 

Two groups of 12 mice each were given a 
series of 3 injections of soluble complexes in 
24 hours. The first group received 1 mg of 
antibody protein per injection as ovalbumin- 
rabbit antiovalbumin in 5 times antigen ex- 
cess. The second group received exactly the 
same schedule of treatment, but mouse anti- 
ovalbumin was used instead of the rabbit an- 
tibody. A third group of 6 animals were 
given mouse antibody in the same manner as 
the second group but received only 0.25 mg 
antibody protein/injection. A fourth group 
of 3 mice were given a single injection of 2.0 
mg antibody protein in the form of ovalbu- 
min-mouse antiovalbumin complexes in 5 
times antigen excess. These last animals were 
survivors from an anaphylaxis experiment de- 
scribed below, and did not receive previous in- 

TABLE II. Comparative Ability of Soluble Anti- 
gen-Antibod ;v Coinylexes Prepared from Moiise and 
Rabbit Antiovalbumin to  Produce Acute Glomrrii- 

lonephritis in Micc. 

Soluble glomerulonephri tis 

- 
No. of mice with 

complexes No. of Mod- 
made with inice Mild erate Severe Totill 

Rabbit antibody 12  4 0 0 4 

1. 1 m g x  3" 1 2  5 5 1 I1 
2. . 25n igX3t  6 0 0 0 0 
3. 2 n i g x 1 :  3 2 1 0 3 

l m g  x 3" 
Mouse antibody : 

-~ 

* 1 mg antiovalbumin protein/inj., 3 inj., coin- 

t .25 nig antibody protein/inj., in 10  times :inti- 

$ Oiie inj. of '7 iiig antibody protein, in 5 times 

pleses in 5 times antigen excess. 

gen excess. 

antigen excess. 
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F I G .  I. Kitlney of normal mouse. T-Iematoxylin 
and eosiii stain. X880. 

jections. Incidence and severity of the lesions 
jn the 4 groups of mice are indicated in Table 
I I .  

I t  i.s apparent from the results presentecl 
that soluble complexes prepared with mouse 
antibody are more effective than thcse pre- 
pared with rabbit antibody in producing glo- 
merulonephritis in mice. Furthermore a sin- 
qle injection containing as little as 2 mg of 
mouse antibody protein in 5 times antigen ex- 
cess can produce mild acute glomerulonephri- 
tis within 24 hours. 

Since administration of soluble antigen- 
a n  tibody complexes is invariably followed by 
anaphylaxis, the relative abilities of the mouse 
and rabbit systems to elicit the reaction was 
investigated. The effect of varying ratio of 
antigen to antibody on occurrence of ana- 
phylaxis was also studied. The experimental 
data are shown in Table 111. 

As in production of experimental glomeru- 
lonephritis. mouse antibody also proved to be 
much more effective than rabbit antibody in 
producing anaphylaxis. In  both systems, a 
decreased incidence of anaphylaxis was ob- 
served when either antigen to  antibody ratio 
or dose of antibody protein was reduced. 

Discussion. Intravenous administration of 
soluble antigen-antibody complexes to mice, 
using homologous antibody in the form of im- 
mune ascitic fluid, results in a very high in- 
cidence of severe acute glomerulonephritis. 
The lesions are more severe than those pro- 
duced with equivalent amounts of rabbit an- 
tibody. The  greater pathogenicity of com- 
plexes prepared with mouse antibody is fur- 
ther emphasized by their ability to produce 
the characteristic pathologic changes within 
24 hours after a single injection containing 2 
mg antibody protein. 

FTG. 2. Kidrwp of :t niouse given 3 inj. of ov:rl- 
t~uiiiiii-niousc~ aiitiovalbiimiii complcxes, 2, 3, and 2 
111g antibody protein per inj. respectively, and sac- 
rificed 34 hr later. Glomerulus is hypercellulnr, 
bloodless: and infiltrated with neutrophiles. Hema- 
toxylin and eosin stain. X880. 

F I G .  3. Kidney of a mouse given 3 inj. of oval- 
himin-mouse antiovalbumin complexes, 2, 3, and 3 
mg antibody protein per inj. respectively, and sac- 
rificed 2 1  hr Inter. A striking accumulation of 
amorphous, eosinophilic material is seen in glomer- 
nlar capillary loops. Heinatosylin and eosin stain. 
x 880. 
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TAHLE 111, Effect of Varying Ratio of h i i t igm 
to Antibody aiirl Dose of A4ritihody oil Procluctioii 
of A i ~ a p h ~ l a s i s  : A comparison of rallhit :mcl nious(’ 

systems in  the mouse. 

N 0 I1 s e 
:I I I t i  OV:I 1 1 ) I  uiii I I 

Ralthi t 
:I 11 ti o VR 1lj11 I t I  i I I 

I)roteiu cscess So. No. S o ,  No. 
(nig) (times) mice deaths inice tle:rtiis 

2 6  5 5 0 5 0 
10 5 I 5 0  
2 0 5 3 5 0  
5 0 5 3 5 0  

1 5 15  11 16 4 
10 18 14 5 2  
20 4 3 5 3  
.5 n (i (i 11 8 

i 5 x ) 5 3 
10 4 > 5 3 
2 0  i 1 5 5  
50 - - 5 5  

A ,, ti  1,  ~ 1 ~ A I, i ~~ I 

L) 

) 

, 
1 

The appearance of the glomeruli was essen- 
tially the same in both systems except for the 
marked accumulation of amorphous eosino- 
philic material in capillary loops of those ani- 
mals given complexes prepared with homolo- 
gous antibody. Similar findings had been pre- 
viously observed in animals given soluble rab- 
bit complexes following pretreatment with 
cortisone (3) .  In  those animals this material 
was shown to contain both antigen and anti- 
body by the Coons’ technic and was presumed 
to be precipitated complexes. In the present 
experiments these findings may be explained 
by the low levels of antigen excess used. Since 
ovalbumin is normally excreted by kidneys of 
mice, use of only slight excess antigen would 
favor aggregation of the circulating soluble 
complexes in the glomeruli. 

Finally, the observations on occurrence of 
anaphylaxis in mice treated with soluble com- 
plexes prepared with mouse antiovalbumin in 
comparison with rabbit antiovalbumin indi- 

cate that homologous is considerably more 
effective than heterologous antibody. The data 
concerning variations of antigen to antibody 
ratios and dosage of antibody are substan- 
tially in accord with those previously reported 
by other investigators (8,9). 

1) Passive serum sickness was 
produced in mice using homologous anti- 
bodies, obtained from immune ascitic fluid, in 
the form of soluble antigen-antibody com- 
plexes Lesions were similar to those obtained 
with rabbit antibody-antigen complexes, but, 
in addition, amorphous eosinophilic material 
was seen in many glomerular capillary loops. 
Incidence and intensity of lesions using ho- 
mologous antibody was greater than with 
equal amounts of heterologous rabbit anti- 
body. 2 )  Homologous antibody was more 
effective in producing lethal anaphylaxis than 
rabbit antibody when both were given as sol- 
uble complexes. 
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