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SUMMARY

In a study of forty-one patients, most of whom had longstanding rheumatoid
arthritis, a comparison was made in serum and synovial fluid between total
complement activity (CH50) and C3, measured immunochemically. Nineteen out
of twenty-seven patients with rheumatoid arthritis and four out of four cases of
systemic lupus erythematosus (SLE) or SLE-like syndromes had a depressed CH50
value in the synovial fluid, while ten cases with a non-rheumatoid form of arthritis
all had normal activity.
The total C activity in serum was normal or increased in most cases. While no

correlation was found between CH50 and C3 in serum, there was a statistically
highly significant correlation in synovial fluid, indicating that C3 determinations
can be used to reveal alterations in C activity of synovial fluid.

INTRODUCTION
A suppression of the total complement (C) activity of synovial fluid has been shown to be a
characteristic phenomenon of rheumatoid arthritis and systemic lupus erythematosus
(for references see Hedberg, 1967). In fact, the phenomenon appears in rheumatoid arthritis
with the same frequency as a positive test for rheumatoid factors (Hedberg, 1969).

Monospecific antisera have been used for immunochemical quantitation of some of the
C components in human whole serum (e.g. Clq, C3, C4 and C5, see Kohler & Muller-
Eberhard, 1967). Immunochemical quantitation of C3 in synovial fluid has been used
in a few preliminary reports (Bailey, 1967; Hanson et al., 1968).

In the present study the concentration of C3, as determined by electrophoresis in agarose
gel containing antibodies (Laurell, 1966), was compared with the total C activity in serum
and synovial fluid from arthritic patients.
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MATERIALS AND METHODS

The clinical material consisted of forty-one patients with active arthritis, twenty-seven of
whom had longstanding rheumatoid arthritis (RA), four SLE or SLE-like syndromes (all
receiving corticosteroids) and ten various forms of non-rheumatoid arthritis (see Table 1).
The patients were selected and the arthritis classified as described elsewhere (Hedberg,
1967).
For the determination of C3, freshly obtained blood and synovialfluid were immediately

mixed with Na2EDTA (final concentration 10-2 M) (Laurell & Lundh, 1967). The samples
were centrifuged and the supernatants frozen within 1{ hr and stored at - 80'C until
analysed. The synovial fluid was treated with a hyaluronidase preparation, known to be
free of proteolytic activity (HYALASO, which was kindly supplied by Dr B. Hogberg,
AB Leo, Hilsingborg, Sweden). For determination of CH50 units blood and synovial
fluid without EDTA were used, centrifuged and the supernatants frozen within 1i hr.
The content of C3 in EDTA plasma and EDTA synovial fluid was estimated by electro-

phoresis in agarose gel according to Laurell (1966), containing antiserum to C3 and its
conversion products. A standard curve was prepared using three dilutions of a pool of
normal sera. The concentration of C3 in the experimental samples was calculated with the
aid of this curve, and the results were expressed as a percentage of the C3 concentration
of the serum pool. Duplicate analyses were made for every determination.
The standard error of a single determination, calculated from duplicate determinations

performed on different days, was found to be 9.20% for serum (27 x 2 determinations)
and 13.5% for synovial fluid (15 x 2 determinations). The standard error for the determina-
tion of the CH50 units in serum and synovial fluid was 7-3% and 6-9% respectively (Hedberg,
1967).
The total C activity of synovial fluid and rheumatoid factor titres were assayed as des-

cribed previously (Hedberg, 1967).
For expressing the degree of correlation Spearman's rank-order correlation coefficient

'rs' (Siegel, 1956) was calculated.

RESULTS

The relation between the C3 concentration and the number of CH50 units/ml in synovial
fluid and in serum is shown in Fig. 1. There was no correlation between the two parameters
in serum (Fig. lb), while there was a statistically highly significant correlation in synovial
fluid (rs= +0.83***, Fig. la). Similarly, the synovial fluid-serum ratio for the C3 concen-
tration correlated with the synovial fluid-serum ratio for CH50 units/ml (rs = +0.83***,
Fig. 2). The finding of low ratios could not be explained by a low protein content of the
synovial fluids (Table 1). Positive tests for rheumatoid factors (in serum and synovial
fluid) were most common at low ratios.

In Table 1 the cases are grouped according to the total C activity of synovial fluid,
estimated as described elsewhere (Hedberg, 1967) using the confidence limits obtained on a
large number of non-rheumatoids (Hedberg, 1969). As in previous studies (e.g. Hedberg,
1967, 1969), the lowest values of the synovial fluid C activity were obtained in cases of RA
(notably those with positive tests for rheumatoid factors) and in cases of SLE or SLE-like
syndromes (Table 1).
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FIG. 1. The relation between total C (CH50 units/ml) and C3 (immunochemically quantitated)
in synovial fluid (a) and serum (b). The C3 values (C3 0%) are expressed as a percentage of the
value of a pool of normal sera. *, Rheumatoid arthritis; A, SLE or SLE-like syndromes;
o, non-rheumatoid arthritis (see Table 1), rs = Spearman's rank-order correlation coefficient.

TABLE 1. The synovial fluid-serum ratios for C3 and CH50 units and the protein content of synovial fluid
('TPSF') at different levels of the total C activity of synovial fluid

Synovial fluid- No. of patients
Total C activity serum ratio for TPSF Total SLE or
of synovial fluid (g%) Non-rheumatoid Rheumatoid SLE-like

C3 Total C arthritis* arthritis

Normal (140-56) 0 40 0-42 4-8 18 10 8 0
Probably suppressed (55-42) 0-14 1 20 4 0 5 0 4 1
Significantly suppressed (<42) 0 12 0 09 4-3 18 0 15 3

* Reiter's disease, two; psoriatic arthropathy, five; juvenile oligo-arthritis (Ansell & Bywaters, 1962),
two; and ankylosing spondylitis, one.
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FIG. 2. The synovial fluid-serum ratio for total C (CSF: CS) plotted against the synovial fluid-
serum ratio for C3 (C3SF:C3S). Symbols as in Fig. 1.
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When additional specimens of synovial fluid and serum specimens from seventeen
patients were studied, the results conformed essentially with those obtained on the primary
specimens.

DISCUSSION

In synovial fluid the concentration of C3, often markedly decreased, was found to correlate
with the number of CH50 units/ml. In serum, however, with its normal or increased C
activity, no correlation was found. In a group of patients with SLE, nephrotic syndrome
and hereditary angioneurotic oedema Klemperer et al. (1965) showed that in the two first
mentioned conditions the C activity ofserum was depressed only when the C3 concentration
was below a certain value. Our findings seem to indicate a similar relationship.

In a previous report (Hedberg, 1967) an estimate of the synovial fluid C activity was used,
defined as the synovial fluid-serum ratio for total C (CH50 units) divided by the protein
content of synovial fluid. By use of this estimate the variations of the serum C level and
the protein content of synovial fluid were taken into account. In the present study the
synovial fluid-serum ratio for total C proved to correlate with the synovial fluid-serum ratio
for C3. This might indicate that the C3 ratio may reveal a disturbance involving the C
system in synovial fluid. The immunochemical determination of this parameter is rapid,
inexpensive and performed with a methodological error comparable to that for the deter-
mination of the number of CH50 units. However, it has to be observed that spontaneous
conversion of C3 may affect the result (Lundh, 1965; Kohler & Miiller-Eberhard, 1967)
since immunochemical determination of the concentration of C3 does not differentiate
between the haemolytically active C3 and its inactive conversion products. However, in
synovial fluid the concentration correlated with the number of CH50 units/ml; and among
the synovial fluid samples with a high concentration of C3 there was none in which the total
C activity was suppressed. This argues against the possibility that a high C3 concentration
in synovial fluid would represent predominantly conversion products. The extent to which
conversion appears at different synovial fluid C activity levels will be described in a forth-
coming article. Attempts to avoid spontaneous conversion in vitro were made by immediate
mixing of the sample with EDTA, freezing within 1I hr and storage at - 80°C.
The immunochemical technique used, i.e. electrophoresis in agarose gel containing

antibodies, has certain advantages compared with the Oudin (1952) technique, e.g. the
results can be obtained within a few hours and the agarose plates can be preserved after
drying and staining.

Previous reports have shown the haemolytically determined titres of Cl, C4 and C2 to

be low in rheumatoid synovial fluid (Zvaifler & Pekin, 1963; Fostiropoulus et al., 1965).
Thus, together with the demonstration of a decreased concentration of C3, available
evidence indicates an involvement of the first four C components (C1, C4, C2 and C3),
which is the rule in C fixation, e.g. to antigen-antibody complexes. C3 and C4 have been
shown in vivo to be bound to the rheumatoid synovial membrane (Fish et al., 1966; Rodman
et al., 1967). The results support the idea of the binding ofC components to the rheumatoid
synovial membrane as a cause of the decrease of total C and C components in rheumatoid
synovial fluid. Nevertheless, a decrease of these C components might also be due to an

enzymatic activation of Cl, e.g. through the effect of kallikrein (Gigli et al., 1968) or other
enzymes (Ratnoff & Naff, 1967; Laurell, 1968).
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