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It has always been assumed that 
the reduction in serum complement 
seen in several forms of glomerulo- 
nephritis is secondary to an ongoing 
immune reaction in the kidney. Recent- 

ly, however, Pickering, Gewurz, and 
Good (1) demonstrated an inactivator 
of guinea pig complement in the 
serums of a number of these patients. 
They determined that this "anticom- 

plementary substance" probably acted 
on one or more of the terminal six 

components of complement and theo- 
rized that the inactivating factor or 
factors may be partially responsible 
for the low levels of complement seen 
in such patients. 

This report shows that a factor is 

present in these serums which, when 
combined with a cofactor present in 
normal human serum, specifically 
cleaves the third component of human 
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complement (C'3 or f,l-globulin) 
into at least two breakdown products, 

flp and a.2D. We have designated the 
factor found in these nephritic serums 
the C'3 nephritic factor (C'3NeF) to 

distinguish it from other nonspecific in- 
activators of complement (2) and, more 

specifically, from the C'3 inactivator 
described by Tamura and Nelson (3). 

To demonstrate the nephritic fac- 
tor and its cofactor, monospecific an- 
tiserums directed against each of the 
three major antigenic determinants of 

C'3, previously designated A, B, and 
D (4), have been utilized. As C'3 is 
broken down, the B antigen that is as- 
sociated only with the intact native mole- 
cule disappears; ultimately, f^A, con- 

taining only the A antigen, and a2D, 

containing only the D antigen, are 
formed. In this study, therefore, the 
rate of C'3 breakdown has been quan- 
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titated by measuring the disappear- 
ance of the B antigen by use of 
the immunoelectrophoretic - precipitin 
method (5). 

In a mixture of equal volumes of 
normal human serum and serum from 
a patient with persistent hypocomple- 
mentemic glomerulonephritis (6), there 
is a rapid decline in the concentration 
of the B antigen with concurrent for- 
mation of the flc breakdown prod- 
ucts, P1A and a2D' The kinetics of this 
reaction are such that 80 to 90 per- 
cent of the B antigen disappears with- 
in 20 minutes after mixing. The rate of 
disappearance is the same in such a 
mixture even if the volume of the 

nephritic serum is reduced by 50 per- 
cent. Further characterization of this 
reaction shows that there is full ac- 

tivity at a temperature of 37?C over 
a broad pH range of 6 to 9. Below 
pH 6 or above pH 9 and at tempera- 
tures from 0? to 25?C, however, there 
is a marked reduction in the rate of 
breakdown. 

Several lines of evidence make it 
clear that the cleavage of C'3 in the 
serum mixture is dependent not only 
on the nephritic factor but also on one 
or more cofactors present in fresh 
human serum. First, the presence of 
sodium fluoride or disodium ethylene- 
diaminetetraacetic acid at the time the 
serums are mixed completely inhibits 
breakdown of C'3. However, addition 
of these reagents after the reaction has 

started, even if the interval is as short 
as 30 seconds, does not alter the re- 
action rate. Both Na2EDTA and NaF 
exert their effect in this system by spe- 
cifically removing Mg++; Ca++ does not 

appear to be involved. Second, as 
shown in Table 1, nephritic serum 
causes only slight breakdown of the 

fP1-globulin in a euglobulin fraction 
of normal serum. Breakdown at ap- 
proximately the normal rate does oc- 

cur, however, when normal pseudo- 
globulin is added to the mixture. It 
would appear, therefore, that at least 
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Table 1. Localization of C'3NeF in the pseudoglobulin fraction of nephritic serum; requirement of a cofactor for lysis of C'3. 

B antigen (unit/ml) 

Reactants Time Decrease 
Time 0 . (20 minutes) t (%) 

Nephritic serum and normal serum 23.8 3.2 87 

Nephritic serum and normal euglobulin14.3 12.5 
Nephritic serum, normal pseudoglobulin, normal euglobulin 12.9 2.2 83 

Nephritic pseudoglobulin, normal pseudoglobulin, normal euglobulin 16.1 3.8 77 

Nephritic euglobulin, normal pseudoglobulin, normal euglobulin 17.1 16.7 2 

Table 1. Localization of C'3NeF in the pseudoglobulin fraction of nephritic serum; requirement of a cofactor for lysis of C'3. 

B antigen (unit/ml) 

Reactants Time Decrease 
Time 0 . (20 minutes) t (%) 

Nephritic serum and normal serum 23.8 3.2 87 

Nephritic serum and normal euglobulin14.3 12.5 
Nephritic serum, normal pseudoglobulin, normal euglobulin 12.9 2.2 83 

Nephritic pseudoglobulin, normal pseudoglobulin, normal euglobulin 16.1 3.8 77 

Nephritic euglobulin, normal pseudoglobulin, normal euglobulin 17.1 16.7 2 

SCIENCE, VOL. 164 SCIENCE, VOL. 164 

Serum C'3 Lytic System in 

Patients with Glomerulonephritis 

Abstract. The serums of patients with hypocomplementemic glomerulonephritis 
contain a substance that combines with a normal serum cofactor in the presence 

of magnesium ion to specifically cleave the third component of complement. This 

lysis of C'3 is 80 to 90 percent complete in 20 minutes at 37?C and pH 7. Neither 

the nephritic factor nor its cofactor is identifiable with the complement system. 
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two separate and distinct reactions are 
necessary for C'3 lysis. The first is a 
combination of C' 3NeF found in 
nephritic pseudoglobulin (Table 1) 
with a cofactor in normal pseudoglobu- 
lin which occurs rapidly and is depend- 
ent on the presence of Mg++. Sepa- 
rately, neither the C'3NeF nor the 
cofactor exert any discernible effect on 
the C'3 molecule; their product, how- 
ever, causes lysis of C'3. This com- 
bination of C'3NeF and its cofactor, 
therefore, will be referred to as the 
C'3 lytic nephritic factor (C'3 
LyNeF). These reactions are sum- 
marized below: 

C'3NeF + 
Mg++ 

cofactor --> C'3LyNeF (1) 

C'3LyNeF + 
C'3 ---> 81A + ta2D (2) 

A similar reaction sequence has re- 
cently been described by Muiller-Eber- 
hard as occurring between a factor in 
cobra venom and a ,-globulin normal- 
ly present in human serum (7). In the 
presence of bivalent cations, this re- 
action yields a C'3 inactivator com- 
plex which converts C'-3 into C'3i. 
As with the active principles in the 
cobra venom reaction, neither the 
nephritic factor nor its cofactor are 
identifiable as components or prod- 
ucts of the complement system. It has 
not been possible to identify C'3NeF 
as convertase enzyme (C'4,2a com- 
plexes) (8) for the reasons that (i) 
convertase present in nephritic serum 
would not require a cofactor for its 
activation and (ii) differing from con- 
vertase, C'3NeF is extremely stable, 
retaining its activity after incubation 
of nephritic serum for 7 days at 37?C. 

There is also evidence that C'3NeF 
is not aggregated gamma globulin, an- 
tigen-antibody complexes, or antibody- 
complement complexes of the form 
AbC'la,4. To ascribe C'3NeF activ- 
ity to these complexes, the assump- 
tion must be made that some or all of 
the first three reacting components of 
complement are absent from the ne- 
phritic serum. In this event, the addition 
of normal pseudoglobulin to the ne- 
phritic serum would supply the missing 
component or components and a bi- 
valent cation-dependent reaction would 
occur to form convertase. The con- 
vertase, like C'3LyNeF, would then 
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of normal pseudoglobulin to the ne- 
phritic serum would supply the missing 
component or components and a bi- 
valent cation-dependent reaction would 
occur to form convertase. The con- 
vertase, like C'3LyNeF, would then 
break down C'3 in the absence of 
bivalent cations. Such an assumption, 
however, seems untenable. Although 
C'l, C'2, and C'4 have not been di- 
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rectly measured in the specific ne- 
phritic serum in these studies, these com- 
ponents have previously been shown 
(9, 10) to be present in adequate 
concentrations in the serums of other 
patients with hypocomplementemic 
persistent nephritis. Further evidence 
against identification of C'3LyNeF 
with convertase is provided by the ob- 
servations that (i) treatment of normal 
pseudoglobulin with iodine to form 
oxy-C'2 (11) before addition of ne- 
phritic pseudoglobulin caused no en- 
hancement of the rate of the break- 
down of C'3 and (ii) whereas the 
half-life of convertase is only 12 min- 
utes at 32?C (8), C'3LyNeF retained 
full activity when incubated for 40 
minutes at 37?C as a mixture of ne- 
phritic and normal pseudoglobulin. The 
C'3LyNeF also differs from the C'3 
inactivator described by Tamura and 
Nelson (3) in the C'3LyNeF causes 
cleavage of fluid-phase C'3. 

The role of this C'3 lytic system 
in the pathogenesis of either the re- 
duced Pli levels or the glomerulo- 
nephritis itself is not known at present. 
Conceivably, this system, if present in 
the glomerulus, could initiate the renal 
inflammation by activating the last six 
complement components. Requirements 
for an immune complex and convert- 
ase enzyme would, therefore, be by- 
passed. On the other hand, C'3NeF 
may be part of a protective mech- 
anism; the destruction of serum C'3 
would reduce the amount of this com- 

rectly measured in the specific ne- 
phritic serum in these studies, these com- 
ponents have previously been shown 
(9, 10) to be present in adequate 
concentrations in the serums of other 
patients with hypocomplementemic 
persistent nephritis. Further evidence 
against identification of C'3LyNeF 
with convertase is provided by the ob- 
servations that (i) treatment of normal 
pseudoglobulin with iodine to form 
oxy-C'2 (11) before addition of ne- 
phritic pseudoglobulin caused no en- 
hancement of the rate of the break- 
down of C'3 and (ii) whereas the 
half-life of convertase is only 12 min- 
utes at 32?C (8), C'3LyNeF retained 
full activity when incubated for 40 
minutes at 37?C as a mixture of ne- 
phritic and normal pseudoglobulin. The 
C'3LyNeF also differs from the C'3 
inactivator described by Tamura and 
Nelson (3) in the C'3LyNeF causes 
cleavage of fluid-phase C'3. 

The role of this C'3 lytic system 
in the pathogenesis of either the re- 
duced Pli levels or the glomerulo- 
nephritis itself is not known at present. 
Conceivably, this system, if present in 
the glomerulus, could initiate the renal 
inflammation by activating the last six 
complement components. Requirements 
for an immune complex and convert- 
ase enzyme would, therefore, be by- 
passed. On the other hand, C'3NeF 
may be part of a protective mech- 
anism; the destruction of serum C'3 
would reduce the amount of this com- 

Biochemical and histochemical evi- 
dence indicates that adrenergic neurons 
concentrate norepinephrine (NE) by 
two mechanisms; one, at the neuronal 
membrane, takes up NE from the cir- 
culation and from sympathetic recep- 
tors; another within the neuron incor- 
porates the amine into storage vesicles 
(1). The ability to inhibit the uptake 
mechanism in the neuronal membrane 
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ponent deposited on the glomerulus, 
thus partially preventing activation of 
subsequent components. The elucida- 
tion of the precise function of this 
system may be an important step in 
understanding the biological role of 
complement in glomerulonephritis. 

R. E. SPITZER, E. H. VALLOTA 
J. FORRISTAL, E. SUDORA 

A. STITZEL, N. C. DAVIS, C. D. WEST 
Children's Hospital Research 
Foundation, and Department of 
Pediatrics, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 

References and Notes 

1. R. J. Pickering, H. Gewurz, R. A. Good, J. 
Lab. Clin. Med. 72, 298 (1968). 

2. E. L. Becker, in Complement, G. E. W. 
Wolstenholme and J. Knight, Eds. (Little, 
Brown, Boston, 1965), p. 58. 

3. N. Tamura and R. A. Nelson, Jr., I. Im- 
munol. 99, 582 (1967). 

4. C. D. West, N. C. Davis, J. Forristal, J. 
Herbst, R. Spitzer, ibid. 96, 650 (1966). 

5. C. D. West, V. Hinrichs, N. H. Hinkle. J. 
Lab. Clin. Med. 58, 137 (1961). 

6. C. D. West, A. J. McAdams, J. M. Mc- 
Conville, N. C. Davis, N. H. Holland, J. 
Pediat. 67, 1089 (1965). 

7. H. J. Miiller-Eberhard, U. Hadding, M. A. 
Calcott, in Immunopathology, P. A. Miescher 
and P. Grabar, Eds. (Grune & Stratton, 
New York, 1967), p. 179. 

8. H. J. Miller-Eberhard, M. J. Polley, M. A. 
Calcott, J. Exp. Med. 125, 359 (1967). 

9. H. Gewurz, A. R. Page, R. J. Pickering, R. 
A. Good, Int. Arch. Allergy Appl. Immunol. 
32, 64 (1967). 

10. J. D. Northway, A. J. McAdams, J. Forristal, 
C. D. West, J. Pediat. 74, 28 (1969). 

11. H. J. Miiller-Eberhard and C. E. Biro, J. Exp. 
Med. 118, 447 (1963). 

12. Supported in part by a PHS fellowship 5 
F03 AM36243-02 from the National Institute 
of Arthritis and Metabolic Diseases (R.E.S.) 
and by a fellowship from the National Kidney 
Foundation (E.H.V.). 

16 December 1968 

ponent deposited on the glomerulus, 
thus partially preventing activation of 
subsequent components. The elucida- 
tion of the precise function of this 
system may be an important step in 
understanding the biological role of 
complement in glomerulonephritis. 

R. E. SPITZER, E. H. VALLOTA 
J. FORRISTAL, E. SUDORA 

A. STITZEL, N. C. DAVIS, C. D. WEST 
Children's Hospital Research 
Foundation, and Department of 
Pediatrics, University of Cincinnati 
College of Medicine, Cincinnati, Ohio 

References and Notes 

1. R. J. Pickering, H. Gewurz, R. A. Good, J. 
Lab. Clin. Med. 72, 298 (1968). 

2. E. L. Becker, in Complement, G. E. W. 
Wolstenholme and J. Knight, Eds. (Little, 
Brown, Boston, 1965), p. 58. 

3. N. Tamura and R. A. Nelson, Jr., I. Im- 
munol. 99, 582 (1967). 

4. C. D. West, N. C. Davis, J. Forristal, J. 
Herbst, R. Spitzer, ibid. 96, 650 (1966). 

5. C. D. West, V. Hinrichs, N. H. Hinkle. J. 
Lab. Clin. Med. 58, 137 (1961). 

6. C. D. West, A. J. McAdams, J. M. Mc- 
Conville, N. C. Davis, N. H. Holland, J. 
Pediat. 67, 1089 (1965). 

7. H. J. Miiller-Eberhard, U. Hadding, M. A. 
Calcott, in Immunopathology, P. A. Miescher 
and P. Grabar, Eds. (Grune & Stratton, 
New York, 1967), p. 179. 

8. H. J. Miller-Eberhard, M. J. Polley, M. A. 
Calcott, J. Exp. Med. 125, 359 (1967). 

9. H. Gewurz, A. R. Page, R. J. Pickering, R. 
A. Good, Int. Arch. Allergy Appl. Immunol. 
32, 64 (1967). 

10. J. D. Northway, A. J. McAdams, J. Forristal, 
C. D. West, J. Pediat. 74, 28 (1969). 

11. H. J. Miiller-Eberhard and C. E. Biro, J. Exp. 
Med. 118, 447 (1963). 

12. Supported in part by a PHS fellowship 5 
F03 AM36243-02 from the National Institute 
of Arthritis and Metabolic Diseases (R.E.S.) 
and by a fellowship from the National Kidney 
Foundation (E.H.V.). 

16 December 1968 

is a characteristic of tricyclic drugs, 
such as imipramine, desipramine, and 
amitriptyline, which are widely used 
agents in therapy of mental depression 
(2). Since this mechanism is mainly 
responsible for the termination of the 
effects of NE, the tricyclic drugs are 
believed to act by prolonging the asso- 
ciation of the neurohormone with pe- 
ripheral receptor sites after nerve stim- 
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Tricyclic Antidepressants: 
Evidence for an Intraneuronal Site of Action 

Abstract. Desipramine, a tricyclic antidepressant drug, almost completely pre- 
vents the accumulation of tritiated norepinephrine by sympathetic neurons of the 
rat heart after the injection of a tracer dose of the labeled amine. However, des- 
ipramine does not alter the accumulation of norepinephrine after the injection of 
a large dose of the neurohormone. Despite the failure of desipramine to block 
the neuronal uptake of norepinephrine, it still prevents exogenous norepinephrine 
from displacing the endogenous neurohormone (previously labeled with H3- 
norepinephrine) from intraneuronal storage sites. 
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