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Berns et at. (1) showed that in some of the 
glomerular lesions found in diabetics de- 
posits of gamma globulin and insulin are 
present. Burkholder ( 2 )  demonstrated that 
kidney slices from some diabetic patients 
were capable of fixing guinea pig complement 
in vitro as shown by the immunofluorescent 
antibody technique. Many studies of several 
varieties of experimental immunopathologic 
renal disease have shown that antigen-anti- 
body complexes are found in glomeruli along 
with certain complement components ( 3 ) .  Tn- 
volvement of the complement system seems 
to be required for the full expression of some 
of these experimental glomerular lesions. 
Studies of glomeruli from patients with sys- 
temic lupus erythematosus and acute glo- 
merulonephritis (4) lend further support to 
the pathogenetic role of the complement sys- 
tem in renal damage. 

These reports suggested to us the hypothe- 
sis that gamma globulin in association with 
insulin or insulin derivatives might be pa- 
thogenic and that insulin or some of its de- 
rivatives could produce renal and vascular 
lesions by a mechanism involving the comple- 
ment system. 

Insulin is degraded in vivo ( 5 )  and in 

* Supported in part by NIH grants AT 08422, AM 
03555, and American Cancer Society Grant T- 
921 and PHS Grant AM 10863-02. 

National Defense Education Act Graduate Fellow. 

vitro (6) by both reductive and proteolytic 
enzymes. This degradation has been observed 
in liver, kidney, adipose tissue, muscle, and 
the pancreas. A consistent feature of these 
various degradation reactions is the release of 
insulin A and B chains and their fragments. 
The biological activity of these degradation 
products in combination with other serum 
proteins has been a matter of controversy for 
several years ( 7 ) .  The data available at the 
present time seem to indicate that the A and 
B chains and their fragments have little or no 
insulin-like activity and no consistently 
demonstrable effect on the expression of in- 
sulin activity (8). However, it has been re- 
ported that the A and B chains do circulate 
in vivo (9). I t  also seems likely that immun- 
oassayable insulin does not bind tightly to 
other serum proteins ( 10). 

High levels of circulating, immunoassaya- 
ble insulin are often associated with diabetes 
and/or obesity, and the combination of in- 
sulin fragments with other serum proteins 
substantially increases their half-life in plas- 
ma (1 1) .  However, at  the present time there 
is no information on the structure and no 
quantitative data on the amounts of insulin 
derivatives which accumulate in vivo. Since 
diabetics frequently receive 1-2 mg of insulin 
daily, since the daily insulin secretion by the 
normal pancreas is of similar magnitude, and 
since insulin is continuously degraded, the ac- 
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cumulation of significant quantities of par- 
tially degraded insulin or individual chains 
could occur. If these insulin derivatives in- 
teracted with complement components, sig- 
nificant pathological consequences might re- 
sult, considering the many events known to 
be mediated by the complement system (1 2 ) .  
That such an interaction is possible was 
demonstrated in vitro by the following experi- 
ments. 

Materials. Crystalline bovine insulin con- 
taining 24 IU/mg was obtained from Sigma 
(St. Louis, Mo.) and from Lilly Pharmaceu- 
tical Co. (Indianapolis, Ind.) . Twice crystal- 
lized human serum albumin and highly 
purified gamma globulin were obtained from 
Mann (New York, N. Y.). Fresh guinea pig 
serum was absorbed twice at 0' with sheep 
erythrocytes to remove natural hemolytic an- 
tibody and kept a t  -70' until used. Sheep 
erythrocytes were washed in isotonic saline 
Veronal buffer, pH 7.4,  containing 0.001 M 
Mg2+ and 0.0015 M Ca2+ and standardized 
to a concentration of SX 10s/ml. Rabbit 
antibody to boiled sheep erythrocyte stroma 
was used to optimally sensitize the erythro- 
cytes for complement titrations. Rheumatoid 
sera, obtained from patients with rheumatoid 
arthritis, were tested for rheumatoid factor 
by standard gamma globulin coated latex ag- 
glutination tests. Glycine saline buffer used in 
agglutination tests contained 7.5 g/liter of 
glycine and 8.8 g/liter of NaCl and was ad- 
justed to p H  8.2 with 1 M hydrochloric acid. 

Results. As an initial model for study we 
produced aggregates of reduced insulin 
chains by exposing crystalline bovine insulin 
(20 mg/ml) to excess reduced glutathione 
(0.01 M )  or to excess mercaptoethanol (2 
M )  in Veronal buffer (ionic strength 0.15, 
pH 8.0) for 1 hr at  room temperature. These 
aggregates were dialyzed until all reducing 
agent was removed and then were exposed to 
guinea pig serum as a standard source of 
complement. An arbitrary reaction time of 1 
hr a t  37' was chosen. After reacting various 
quantities of reduced insulin aggregates with 
11.8 C'Hso units (1 C'H50 unit is the 
amount of guinea pig serum that gives 50% 
hemolysis in our standard complement assay 

TABLE I. Complement Fixation by Reduced Tn- 
sulin Aggregates. 

Aggregate 
c oncen tr ati on Inhibition 

(pg/ml) Offered Fixed ( % o )  

118 11.8 1.8 15.2 
354 11.8 4.2 35.6 
590 11.8 8.4 71.2 
826 11.8 10.2 86.4 

system), the residual complement was deter- 
mined using the method described by Mayer 
(13). The dose-response data in Table I 
were obtained from these experiments. The 
fixation of complement was fairly rapid 
reaching a maximum in 15 min at  37'. The 
reaction was temperature sensitive. No 
fixation was observed after a 1-hr reaction 
time at  0'. 

Aggregates of albumin and of gamma glob- 
ulin were produced by similar treatment and 
at a concentration of 590 g / m l  did not fix 
complement. Soluble, unreduced insulin was 
also inactive at this concentration. 

The reduced insulin aggregates contained 
fom 0.5 to 1 reactive sulfhydryl group per 
5730 g (the molecular weight of insulin). 
The theoretical value for complete reduction 
is 6. Thus, either the reduction was incom- 
plete or some of the sulfhydryl groups were 
reoxidized during the long dialysis (4 days) 
required to remove the excess reducing agent. 
The latter explanation seems most likely. 

Alkylation of the aggregates by treatment 
with iodoacetamide reduced the sulfhydryl 
titer to zero. However, there was no signifi- 
nant difference in the complement fixing ca- 
pacity of the alkylated and nonalkylated 
preparations. 

Treatment with 50% acetic acid solubil- 
ized most of the aggregates. Separation of the 
supernatant followed by neutralization of 
the excess acid yielded a precipitate which 
showed complement fixing capacity similar to 
that of untreated aggregates. 

We also prepared aggregates by mercapto- 
ethanol reduction in the presence of EDTA 
(0.005 M ) .  These aggregates differed in both 
physical and chemical properties from ag- 
gregates prepared in the absence of EDTA. 
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TABLE 11. Agglutination of Reduced Insulin Aggregates by Rheumatoid Serum. 

Insulin aggregate 
treatment Exposed to: 1/10 1/20 1/40 1/80 1/160 1/320 Control 

Gamma globulin Rheumatoidserum 4+ 3+ 3+ 2+ 0 0 0 
Gammaglobulin,followed Rheumatoidserum 3+ 3+ 3+ 2+ & 0 0 

Glycine saline buffer Rheumatoid serum 0 0 0 0 0 0 0 
Gamma globulin Normal serum 2 0 0 0 0 0 0 

by  3 washes 

They were much more finely divided and had 
greater complement fixing capacity. Amino 
acid analysis showed that the aggregates 
prepared in the presence of EDTA were com- 
posed of variable quantities of A and B chains. 
Aggregates prepared in the absence of EDTA 
were 70%-80% B chain. However, because 
of the difference in the physical state of these 
aggregates, the difference in complement 
fixing capacity cannot be correlated with the 
difference in chain composition. 

The complement system is known to con- 
sist of nine distinct serum proteins (12). In- 
teraction of any one or more than one of 
these components with the reduced insulin 
aggregates could account for the complement 
fixation data shown in Table I. The uptake 
by reduced insulin aggregates of a partially 
purified preparation of the first complement 
component, C’la, made by the precipitation 
method of Nelson (14) was studied. This 
preparation is known to contain other serum 
proteins, but it is functionally pure for C‘la 
studies since it does not contain any other 
complement components. After incubation of 
insulin aggregates with this C’la preparation, 
significant amounts were fixed. The C’la that 
was fixed was still biologically active since 
C’2, a natural substrate of C’la (IS),  was 
consumed by reduced insulin aggregates which 
had been exposed to C‘la but was not affected 
by untreated aggregates. 

A possible mechanism for the fixation of 
C’la by reduced insulin aggregates could be 
an initial adsorption of gamma globulin to 
produce a complex which then could fix C’la 
analogously to fixation by antigen-antibody 
complexes (12). In  order to detect gamma 
globulin on the surface of insoluble insulin 
aggregates we used a modification of the 
standard agglutination test for rheumatoid 

b 

factor (an antibody to gamma globulin). We 
performed the test in the following way: 
Reduced insulin aggregates a t  a concentra- 
tion of 1 mg/ml were exposed to a solution of 
gamma globulin (10 mg/ml) or to gly- 
cinesaline buffer for 2 hr at  room tempera- 
ture. The mixtures were centrifuged; super- 
natants were decanted; and the treated ag- 
gregates were resuspended in glycine-saline 
buffer at a concentration of 1 mg/ml. Serum 
containing rheumatoid factor was diluted and 
an equal volume (0.2 ml) of the treated 
aggregate suspensions were added and mixed. 
A sample of normal serum was also used. 
Positive agglutination observed visually after 
incubation for 1 hr a t  room temperature was 
quite striking, and agglutinated aggregates 
were relatively resistant to mechanical dis- 
ruption. The control samples contained buffer 
but no serum and were negative. 

The results shown in Table I1 indicate that 
reduced insulin aggregates can adsorb gam- 
ma globulin and that the adsorbed gamma 
globulin was not removed by three gly- 
cine-saline washes. 

Summary. These experiments show that re- 
duced insulin aggregates react with the com- 
plement system and with gamma globulin. 
Complement fixation may be a direct interac- 
tion between the aggregates and one or more 
of the complement components, but more 
likely it is mediated by adsorbed gamma 
globulin. The aggregates are soluble in 50% 
acetic acid, insoluble in neutral solution, and 
can fix complement whether or not they have 
titratable sulfhydryl groups. They contain 
both A and B chains. The relationship be- 
tween complement fixing capacity of the ag- 
gregates and their physical and chemical 
state is under investigation, as are the in vivo 
effects of these aggregates. These in vitro 
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results support the proposed hypothesis that 
the renal and vascular lesions observed in 
diabetes are produced by a mechanism in- 
volving insulin derivatives, gamma globulin, 
and complement components and serve as a 
convenient model for further study. 
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Smith et al. (1) reported that a single 
injection of bacterial endotoxin given 24 hr 
before X-irradiation resulted in a significant 
increase in survival in mice. In a subsequent 
study, they showed that there was an in- 
creased resistance to experimental infection 
and more rapid mobilization of granulocytes 
in peripheral blood (2) due to an earlier 
recovery of the cellular elements in bone 
marrow ( 3 ) .  Ainsworth and Hatch (4) 
confirmed these studies and also found a sig- 
nifican tly lower incidence of endogenous in- 
fection in mice treated with endotoxin. 
Savage ( 5 )  showed that endotoxin did not 
prevent damage to bone marrow and spleen 
in mice but hastened their recovery. The 
bone marrow of endotoxin-treated mice and 
controls looked the same histologically for 
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the first 3 days after X-irradiation. On the 
fifth day foci of neutrophils were observed 
but recovery was not complete until days 
17-18. Without streptomycin treatment, con- 
trols were dead by day 12. Perkins et al. ( 6 )  
found a significant increase in intracellular 
digestion of chicken erythrocytes by peri- 
toneal phagocytes obtained f rom irradiated 
mice treated with endotoxin. They were un- 
able, however, to demonstrate that endotoxin 
increased the survival of irr,adiated mice. 

I t  had previously been established that 
death in animals receiving 600-800 R 
X-irradiation was due to leukopenia, hemor- 
rhage, anemia and infection ( 7 ) .  Bacteremia 
in irradiated animals was reported to be due 
to the inability of phagocytes to destroy 
ingested microorganisms rather than an ina- 
bility to ingest bacteria (8). 

The experiments reported here were under- 
taken to determine whether or not the lower 
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