
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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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- 
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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. 
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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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Table 1. Effect of desipramine (20 mg/kg, intraperitoneally, given 1 hour before administra- 
tion of i-NE) on displacement of H3-NE from rat heart by I-NE (2 mg/kg, intravenously). 
Abbreviation: dpm, disintegrations per minute. 

Time Number I-NE Displace- ,Number ^"HNE after ment 
f-NE Treatment of (10 dpm/gS. oH3-E 
(mNE animals (?g/g -+ S.E.) -+ S.E.)d (min) (%) 

0 None 6 1.11 ? .03 193 + 23 
0 Desipramine 6 1.00 ? .03 220 ? 24 

20 None 7 2.46 - .14 130 - 12 33 
20 Desipramine 7 2.28 - .31 174 -- 19 21 

180 None 7 1.32 - .05 82 - 8 58 
180 Desipramine 7 1.17 - .07 176 ? 23 20 

ulation (3). The antidepressant action 
of desipramine is generally attributed to 
similar effects in the brain (4). 

Recent studies, however, raise the 
possibility that desipramine may act on 
the concentrating mechanism of storage 
vesicles as well as on the neuronal 
membrane. Schildkraut et al. observed 
that imipramine decreases the urinary 
excretion of deaminated metabolites of 
NE in patients and suggested that an 
intraneuronal action of the antidepres- 
sant might hinder the NE in storage 
vesicles from diffusing onto mitochon- 
drial monoamine oxidase (5). Further 
evidence that desipramine acts intra- 
neuronally is the demonstration that the 
drug decreases the rate at which reser- 
pine releases NE from heart and brain 
(6). Since reserpine releases NE 
through an action on storage vesicles 
(7), these results suggest that desipra- 
mine has an action on storage vesicles 
that might be associated with the pre- 
vention and reversal of reserpine-in- 
duced sedation in rats and man (8). 

The tricyclic antidepressants can in- 
hibit the neuronal uptake not only of 
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Fig. 1. Disappearance of H3-NE taken up 
by heart after administration of a tracer 
dose of d,l-H-NE (0.165 /g/kg, intra- 
venous injection) to control rats and to 
rats treated with desipramine (20 mg/kg, 
intraperitoneally) 1 hour previously. Each 
point represents a mean value of at least 
five animals. 
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NE but also of other amines, including 
metaraminol, guanethidine, and tyra- 
mine (9). Desipramine also interferes 
with the release of NE by these amines, 
and this action is generally attributed 
to blocking of the amine transport 
mechanism in the neuronal membrane 
(10). However, recent reports suggest 
that desipramine interferes with the 
release of NE by more than one mech- 
anism. For example, Leitz and Bogdan- 
ski have concluded that desipramine 
interferes with the metaraminol-induced 
release of NE from rat heart slices, in 
part by reducing the uptake of meta- 
raminol into nerve endings, and in part 
by interfering with the releasing action 
of metaraminol within the neuron (11). 
Similar conclusions have been drawn 
from studies with metaraminol and 
tyramine in vivo (12). Finally, desi- 
pramine blocks the depletion of heart 
NE by amphetamine (13), a finding 
which strongly suggests an intraneu- 
ronal action since desipramine and 
other inhibitors of membrane transport 
do not affect the accumulation of lipo- 
soluble amphetamine in tissues (14). 
To show that desipramine may act 
partly by preventing these amines from 
gaining access to the storage vesicles, 
we present evidence that desipramine 
prevents exogenous NE taken up by 
sympathetic neurons from freely mix- 
ing with endogenous stores of the 
neurohormone. 

We first administered a tracer amount 
(15) of H3-norepinephrine (H3-NE) 
(0.165 p/g/kg, intravenous injection) to 
male Sprague-Dawley rats (190 g). We 
killed the animals at various times 
thereafter and assayed NE and H3-NE 
in heart as described (16). H3-Norepi- 
nephrine was readily taken up by the 
heart of control animals (Fig. 1). The 
slow disappearance of H3-NE at a rate 
corresponding to the turnover rate of 
the endogenous amine indicated that 
the intraneuronal stores of neurohor- 
mone had been labeled (17). In con- 

trast, after treatment with desipramine 
the incorporation of H3-NE was largely 
blocked, and the small amounts of 
labeled NE taken up by the heart dis- 
appeared at a relatively rapid rate. 

We next administered a large dose 
of I-NE (2 mg/kg, intravenous injec- 
tion) to rats (18). Within 5 minutes the 
NE stores in heart of control rats in- 
creased about fivefold, then declined to 
2.3 jug/g during the next 15 minutes 
and thereafter gradually decreased to 
the normal value (Fig. 2). Administra- 
tion of desipramine did not reduce sig- 
nificantly the amount of I-NE taken 
up by the heart nor did it affect the 
time course of its disappearance. In 
contrast, when intraneuronal storage of 
NE was blocked by a maximally effec- 
tive dose of reserpine (19), the heart 
failed to retain exogenous I-NE (Fig. 
2). Comparing the accumulation of NE 
in reserpine-treated rats to that in con- 
trol and desipramine-treated animals, 
we infer that after administration of 
desipramine the exogenous amine was 
probably incorporated into sympathetic 
neurons. Thus, in contrast to the des- 
ipramine-induced blockade of H3-NE 
uptake after injection of a tracer dose of 
the amine, the antidepressant agent 
does not prevent the neuronal accumu- 
lation of NE after administration of a 
large dose of the neurohormone. 

A possible intraneuronal action of 
desipramine was revealed by experi- 
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Fig. 2. Amounts of NE in heart after 
administration of i-NE (2 mg/kg, intra- 
venous injection) to control rats and to 
rats treated with desipramine (20 mg/kg, 
intraperitoneally) 1 hour previously or 
with reserpine (5 mg/kg, intravenous in- 
jection) 4 hours previously. Each point 
represents a mean value of at least five 
animals. 
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ments in which the drug apparently 
inhibited the movement of exogenous 
NE into storage sites. In control rats 
whose cardiac NE stores were previ- 
ously labeled by H3-NE (50 [uc/kg, 
intravenous injection, 24 hours previ- 
ously), the intravenous injection of 1- 
NE (2 mg/kg) reduced the heart H3- 
NE by 60 percent (Table 1; typical of 
three experiments). In rats previously 
treated with desipramine, the I-NE 
displaced only 20 percent of the H3- 
NE, though, as shown above, the neu- 
ronal accumulation of i-NE was virtu- 
ally unchanged. After a larger dose of 
I-NE (10 mg/kg, intramuscularly) 
about 90 percent of heart H3-NE was 
displaced in control rats compared to 
45 percent in animals treated with des- 

ipramine (20). These results indicate 
that the exogenous i-NE taken up by 
adrenergic neurons displaced a consid- 
erable fraction of the endogenous amine 
from storage sites; previous treatment 
with desipramine appears to have in- 
terfered with this displacement. 

In conclusion, our results add to ac- 
cumulating evidence that desipramine, 
and perhaps other tricyclic antidepres- 
sants, exert an intraneuronal action. 
Admittedly, the action of desipramine 
at the neuronal membrane can account 
for the blockade of NE uptake after 
administration of tracer doses of the 
catecholamine. However, when a large 
dose of /-NE is injected, desipramine 
does not block neuronal uptake, yet it 
apparently prevents the exogenous 
amine from freely mixing with endog- 
enous NE stores labeled with H3-NE. 
Since the storage vesicles contain most 
of the endogenous neurohormone (21), 
we favor the view that desipramine may 
act also on storage vesicles to prevent 
I-NE and other amines from displacing 
endogenous NE. Whether or not this 
intraneuronal action of desipramine 
bears any relationship to the pharma- 
cological mechanism by which the drug 
produces its characteristic clinical ef- 
fects remains unanswered. 

W. D. REID 
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Resistance to Metronidazole 

by Trichomonas foetus in 
Hamsters Infected Intravaginally 

Abstract. Induced resistance to the 
antitrichomonad agent metronidazole 
administered to hamsters infected intra- 

vaginally with Trichomonas foetus and 
treated with subcurative levels of metro- 
nidazole was demonstrated in vitro and 
in vivo. 

Metronidazole [ 1-(f-hydroxyethyl)- 
2-methyl-5-nitroimidazole] is effective 
against trichomoniasis, but it has been 
suggested that resistance to it could 
become clinically significant (1). Sev- 
eral workers have shown that resistance 
to metronidazole by Trichomonas vag- 
inalis can be induced in vitro (2). 
There is apparently only one reference 
to the characteristics in vivo of these 
resistant organisms (3). We have no 
report on the induction of resistance 
in vivo. 

Hamsters (Mesocricetus auratus, 
young virgin females) were infected 
intravaginally with Trichomonas foetus 
and subsequently treated orally with 
suboptimum doses of metronidazole 
(50 mg/kg; 12 doses over a 3-week 
period). The trichomonas organism 
was then isolated and compared with 
the parent strain for sensitivity to 
metronidazole. The assay system em- 
ployed was a twofold tube dilution 
assay in Diamond's medium (10 per- 
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Fig. 1. Effect of metronidazole in hamsters 
infected intravaginally with a metronidaz- 
ole-sensitive or a metronidazole-resistant 
strain of Trichomonas foetus. A - In- 
fection control, resistant strain; *-- 
metronidazole (200 mg/kg), resistant 
strain; 0 - - - infection control, sensitive 
strain; X - -- metronidazole (50 mg/kg), 
sensitive strain; and 0 ---- metronidazole 
(100 mg/kg), sensitive strain. 
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