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Abstraet--Two anthranilate-type anti-inflammatory agents, niflumic acid and its benzene 
analog, flufenamic acid, as the sodium salts (niflumate and flufenamate) were tested in vitro 
in a number of hemolytic assays to determine their inhibitory effects on guinea-pig comple- 
ment activity. Phlorizin, a known anti-complementary (anti-C) agent, was evaluated for 
comparison. Flufenamate was consistently more inhibitory than was niflumate. EAC]-4 for- 
mation from C1 and EAC4 was partially inhibited by flufenamate, but not by niflumate at 
1-8 × 10-3 M. Both C2 cleavage and E A C ] ~  formation were substantially decreased by 
flufenamate at 9 × 10 -4 M, while niflumate was considerably less effective and phlorizin 
was ineffective. This effect of flufenamate on C2 was apparently not due to chelation of 
Mg 2+ or Ca 2+, nor to an effect on EACT~ stability. EAC1423 formation from C3 and 
EAC14~ was partially inhibited by flufenamate and strongly inhibited by phlorizin, but nif- 
lumate was, at best, weakly inhibitory. None of  these agents affected C3 cleavage or 
EAC1423 reactivity. EAC14235 formation from C5 and EAC 1423 was decreased by all three 
agents at 9 × 10 -4 M, with flufenamate the most inhibitory. C5 cleavage was not affected 
by any of the agents. However, all three agents increased the lability of EAC14235 at 25 °, 
flufenamate being the most effective agent. The significance of these observations with refer- 
ence to the anti-inflammatory activities of niflumic and flufenamic acids and the relevance 
of anti-C activity to drug design are discussed. 

THE ROLE of complement (C) as a mediator of inflammation has been studied and 
reviewed extensively over the past few years. 1'2 The complement system consists of 
a series of nine components, C1 through C9.t Sequential activation of these com- 
ponents leads to the generation of phlogistic agents, such as anaphylatoxins and 
leukocyte chemotactic factors and, in addition, C enhances phagocytosis of particles 
and promotes cell lysis. 3-~ 

* The present studies were published, in part, in an abstract for the Fifth International Complement 
Workshop, Coronado, Calif., February 23-25, 1973. The abstract appeared in J. Immun. 111, 306 (1973). 

~" The nomenclature in this paper conforms to that described in Bull. Wld Hlth Org. 39, 935 (1968). The 
symbols E, A and C represent, respectively, a sheep ei'ythrocyte, antibody to erythrocytes (hemolysin) and 
complement molecules, the individual complement components being designated by number, e.g. C1, C2. 
The subscripts "a" and "b" are used to designate fragments of the complement molecules. The bar over 
certain complement components indicates activated enzymes generated by the interaction of native C 
components with previously activated C components having enzymic activity. For example, EAC~ 
4b,2a,3b,5 b would indicate that cleavage products or fragments of C4, C2, C3 and C5 were fixed on the 
erythrocyte complex by enzymic activation. Throughout this paper, the erythrocyte-complement com- 
plexes are indicated without reference to the fixed cleavage products, although the presence of these frag- 
ments is implied. The symbol "S" in place of "E" is used to designate a site on an erythrocyte that has 
bound A and one or more C components. 
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The mode of inhibition of C by a number of synthetic organic compounds has been 
studied. These compounds are of diverse structure: e.g. hydroxybenzene deriva- 
tives ;6-8 aromatic amino acid derivatives ;9 benzamidines, guanidines and phenoxya- 
cetamides;~°-14 phosphonate es te r s  15 and o the r s .  16 19 These compounds have been 
shown to inhibit various steps in the C sequence. 

Of considerable interest to us are the mechanisms by which currently available and 
potential anti-inflammatory agents exert their effects. Knowledge of these 
mechanisms might be an aid in the development of assays in vitro for anti-inflamma- 
tory agents. 

Recently, data have been presented on the anti-complementary (anti-C) effects of a 
number of commercially available anti-inflammatory compounds, z°'21 There are 
also earlier reports on the effects of such agents as hydrocortisone and chloroquine 
on C function. 2z'23 

The present paper deals, in part, with an analysis in isolated systems of the anti-C 
effects of two structurally related anti-inflammatory compounds, niflumic acid and 
flufenamic acid, and ofphlorizin, a known anti-C agent 6'7 (Fig. 1). The data obtained 
indicate that the two anti-inflammatory drugs show at least quantitative differences 
in their anti-C effects in vitro. The salt of flufenamic acid and, to a lesser extent, that 
of niflumic acid, affect the early C reactions involving C1, C4 and C2, as well as the 
C5 reaction. High concentrations of either of the anti-inflammatory agents in whole 
serum (human and guinea-pig) caused a decrease in levels of hemolytic C1, C2 and 
C5. Flufenamate also caused a decrease in C3 levels in human serum. 

OH 

Niflumate Flufenamate 
O-/3-D-glucose 

Phlorizin 

FIG. 1. Compounds studied for anti-complement effects. 

M A T E R I A L S  AND M E T H O D S  

Compounds and chemicals 

Disodium ethylenedinitrilotetraacetate (ethylenediaminetetraacetate) dihydrate 
(EDTA) and phloretin (lot. A5133) were purchased from J. T. Baker Chemical Co. 
Sodium barbital (sodium 5,5'-diethylbarbiturate) was purchased from Merck & Co., 
Inc. Niflumic acid (lots UPSA-540, NM010 and N ° II) was obtained from Squibb 
England in batch form (non-formulated). Flufenamic acid (lot rx9422) was a gift of 
Parke, Davis & Co., Detroit, Mich. Phlorizin (lot A-5133) was purchased from Mann 
Research. Epsilon aminocaproic acid was obtained from Nutritional Biochemicals 
Co. All other chemicals used were of Fisher, Baker or Mallinckrodt analytic grade. 
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Preparation of compounds 

EDTA was dissolved in water and neutralized with NaOH to pH 7.3 to give a final 
stock solution of 0.1 M. All other compounds were dissolved, with stirring, in 0'1 N 
or 0"15 N NaOH at room temperature at a concentration of 0.1 M or less. The solu- 
tions were diluted 10-fold in the appropriate buffer and the pH was adjusted to 7.2 
to 7.4 by the addition of 0.1 N or0"01 N HCI. Flufenamic and niflumic acids were 
tested as their sodium salts, flufenamate and niflumate. 

Complement and isolated components 

Pooled guinea-pig serum was purchased from Suburban Serum Labs., Silver 
Spring, Md. Serum was fractionated by various procedures. C1 euglobulin fraction 
was prepared by the method described by Nelson e t  al. 24 Partially purified C2 was 
obtained by the method of Borsos et al. 25 Procedures for the isolation and purifica- 
tion of C3, C5, C6, C7, C8 and C9 have been described by Nelson et al. 2+ All sera 
and component reagents were stored at -75  °. Human serum, as a source of C, was 
obtained from an individual donor by venipuncture. The blood was allowed to clot 
at room temperature for 2 hr, then was centrifuged at 4°; the serum was recovered 
andfrozen at - 75 °. C-EDTA, as a source of C3 and C5-C9, was made by diluting 
1 ml of whole guinea-pig serum with 36'5 ml of 0"01 M EDTA in buffer A (see 
below). 

Buffers 

(A) Isotonic Veronal-NaC1 containing 0.1~ gelatin, pH 7"3, ionic strength 0.147, 
was prepared as described by Kabat and Mayer. 26 Buffer A with 0"01 M EDTA was 
made by adding one part of 0.1 M EDTA, pH 7"3, to nine parts of buffer A. (B) Equal 
parts of buffer A and of 5~o aqueous glucose solution containing 0"1~o gelatin were 
mixed. (C) One part of buffer A and two parts of buffer B.were mixed. When necess- 
ary, Ca z ÷ and Mg 2+ (as chloride salts), at a final concentration of 0.15 and 1.0 mM, 
respectively, were added to buffers A, B or C, and were then designated A + +, B + +, 
C + +. The conductivities of buffers and solutions were determined on a conductivity 
bridge (Yellow Springs Instrument Co., model 31)at 0 °. The ionic strengths of solu- 
tions were calculated by comparison with conductivities of standard NaC1 solutions. 
The changes in conductivities of buffers due to compounds were negligible. 

Preparation of sensitized erythrocyte complement intermediate complexes (EAC's) 

Sheep erythrocytes (E) and rabbit hemolytic antibody (A) were obtained as de- 
scribed by Kabat and Mayer. 26 The procedures used for sensitizing E and for prepar- 
ing EAC14 were those of Mayer et al. 26'27 The reactivity of EACT4 (Tmax) w a s  deter- 
mined by the method of Borsos et al. 28 EAC4 was prepared by a modification of 
Becker's method. 29 EAC142 was prepared by the procedure of Shin and Mayer, 3° 
EAC1423 by the procedure of Shin et al. 31 and EAC14235 by the method of Shin 
et al. 32 

All EAC's, with the exception of EAC14 and EAC4, were prepared and used on 
the same day. A stock suspension of EAC14 (1 x t09 cells/ml) was kept between 0 
and 4 ° for 1-3 weeks in buffer B ÷ +. ; aliquots were removed, washed once, then uti- 
lized for a particular day's experiment(s). 
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Complement assays 

Assay of individual C components. All assays were based on the lysis of erythro- 
cytes, measured spectrophotometrically at 412 nm. C1 was assayed by the method 
of Borsos and Rapp. 29 C2 was determined by the method of Borsos et al., 2a as modi- 
fied by Mayer and Miller. 27 C3 activity was analyzed by the method of Shin and 
Mayer, 3° and C5 by the method of Shin et al. 31 

A unit of C component activity was defined as the dilution of the component that 
yielded 63 per cent lysis in the above assay systems. A 63 per cent hemolysis level, 
using the analysis of Borsos et al., 2s is equivalent to - I n  (1 - y) "--- 1.0, where y is 
the fraction of cells lysed. It is also equivalent to the average number of sites (S) per 
red cell bearing the particular C components under investigation (average SAC.../ 
cell), as indicated on the ordinates of figures included in this paper. In addition, cal- 
culations of EAC reactivity in all studies were based on values of - l n  (1 - y). 

Kinetic assays of EACformation. These assays are referred to as site assays, since 
they measure the relative numbers of sites (S)on the cells that have reacted with the 
particular C component. The kinetic Uptake of C1 by EAC4 was measured by the 
method of Borsos and Rapp. 29 C2 site formation was assayed by the method of 
Borsos et al. 2s The kinetic assays for C3 site formation have been described by Shin 
and Mayer, 3° and those for C5 site formation by Shin et al. 3~ The general protocol 
for these assays was as follows: A suspension of the particular EAC was prepared 
at appropriate concentrations and kept at 0 °. In a separate tube, the C component 
under investigation was diluted at 0 ° in the appropriate buffer, in the presence or 
absence of the compound being studied. All tubes were then placed at 25 ° for ~ 5  
min for equilibration. Kinetic studies were started by adding an equal volume of C 
component (with or without compound) to the cells that were maintained in suspen- 
sion by frequent shaking. The time at which half the volume of component was added 
to cells was designated zero time. Aliquots were removed and the cell samples were 
washed and assayed by addition of the remaining C components required for hemo- 
lysis. (See Results for details.) The initial reaction rates of component uptake (site 
formation) were determined by inspection of the slopes of the initial, relatively linear 
portions of the plotted kinetic curves (usually up to about 2 min). The initial rate 
is equivalent to the number of sites formed/cell/min, and the ratios of the slopes of 
the reactions in the presence and absence of compounds were used to calculate the 
extent of any inhibitory effects. 

R E S U L T S  

Effects of  niflumate and flufenamate on C reactions utilizin 9 isolated components 

The anti-C effects of niflumate and flufenamate were first observed in an assay for 
C-dependent immune hemolysis, utilizing guinea-pig C and the compounds at 7 x 
] 0 - 4 M  (unpublished observations). Investigation of the anti-C effects of these 
agents on individual C reactions, using isolated guinea-pig components, was under- 
taken in an effort to delineate more clearly the mechanism(s) of these effects. 

Interaction of EAC4 and C-f. At 25 °, partially purified guinea-pig C1 (final con- 
centration, 1 unit/ml) was incubated with EAC4 (3.75x 107/ml) in the presence of 
1"8 x 10- 3 M niflumate or flufenamate or buffer C + +. Two ml of incubation mixture 
was sampled at various times, diluted in 8 ml of cold buffer C + +, and centrifuged 
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at 5 °. The cells were washed twice with 5 ml of cold buffer C + +, resuspended with 
1 ml of this buffer, and assayed for EAC14. Only flufenamate decreased the reaction 
rate of EACh4 formation; a decrease of 45 per cent in reaction rate was observed 
(Fig. 2). No irreversible effect on hemolytic C1 was observed when niflumate or flu- 
fenamate (at 1.8 or 3"6 × 10 -3 M)was incubated with C1 alone in buffer C ++ for 
15 min, dialyzed against buffer B + +, and assayed. 
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FIo. 2. EAC]-4 formation from C]- and EAC4 at 25 ° and # = 0'11, in the presence of 1.8 x 10- 3 M niflu- 
mate, flufenamate or buffer control. 

A possible reason for the apparent decrease in rate of EAC14 formation could be 
a compound-related decrease in stability of EAC14 or EAC4. Separate aliquots of 
these cells were incubated with each of the compounds at l'8 x 10 -3 M, under con- 
ditions identical to those described for the kinetic studies (Fig. 2). After 15 min at 
25 °, the cells were washed, resuspended and assayed. A small decrease (8 per cent) 
was noted in the reactivity of EAC4 incubated with compounds as compared with 
that of cells incubated with buffer. However, significant decreases in reactivity of 
EAC14, 25 and 17 per cent, were caused by flufenamate and niflumate, respectively, 
in an identical experiment. The observation that niflumate decreased the reactivity 
of EAC14 was unexpected, based on the kinetic data previously obtained (Fig. 2) 
which indicated no effect of this compound on EAC14 formation. 

Inhibition of the reaction of EAC-14 with C2. The effects of niflumate and flufena- 
mate on the interaction of EACI4 with C2 was investigated. During this reaction, 
C2 is activated by the enzymatic action of C1 present on EAC14. EAC14 (7.5 x 107/ 
ml) and C2 (i unit/ml) were incubated at 25 ° in the presence of 9 x 1 0 - 4 M  niflu- 
mate, flufenamate or phlorizin in buffer A + +. At intervals, 1-ml samples were taken 
and diluted in 4 ml of cold buffer A + +. The cells were centrifuged, washed once with 
4 ml buffer, and resuspended with 1 ml buffer. A total of 1.5 ml C-EDTA (1/37.5) at 
0 ° was added and the reaction mixtures were incubated at 37 °. As can be seen in 
Fig. 3, the initial rate of EAC142 formation was markedly decreased (86 per cent) 
by flufenamate, but was only slightly affected (18 per cent) by niflumate. Phlorizin, 
by comparison, caused no inhibition. 

The effects of niflumate and flufenamate on the fluid-phase consumption of C2 by 
EAC14 were also investigated in an experiment that was similar in design to that 
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FIG.3. EAC1-T2 formation from C2 and EACh4 at 25 ° and # = 0' 147, in the presence of 9 x 10- 4 M niflu- 
mate, fiufenamate, phlorizin or buffer alone. 

s h o w n  in Fig .  3. T h e  f u i d  phase  was  o b t a i n e d  af ter  i n c u b a t i o n  o f  E A C 1 4 ,  C2  a n d  

c o m p o u n d  for 10 m i n  a t  25 °. D ia lys i s  o f  the  u n d i l u t e d  s u p e r n a t a n t  aga ins t  buffer  

A ÷ + o v e r n i g h t  w a s  f o l l o w e d  by  m e a s u r e m e n t  o f  C2  c o n s u m p t i o n .  F l u f e n a m a t e  

s h o w e d  a 68 pe r  cen t  i n h i b i t i o n  o f  C2  c o n s u m p t i o n  by  E A C 1 4 ,  a n d  n i f l u m a t e  c a u s e d  

a sma l l  dec rease  (9 pe r  cent)  (Tab le  1). 

TABLE 1. EFFECTS OF COMPOUNDS ON UPTAKE AND FLUID-PHASE CONSUMPTION OF C 

COMPONENTS BY SENSITIZED ERYTHROCYTE--C COMPLEXES 

~o Inhibition 
C2*'t C35 C5" 

Compound S.F.§ Fluid I] S.F. Fluid S.F. Fluid 

Niflumate 18 9 1 0 35 3 
Flufenamate 86 68 23 4 73 5 
Phlorizin 0 N I ~  92 0 22 0 

* EAC14 or EAC1423 was incubated with C2 or C5, respectively, for 10 min at 
25 ° in the presence of 9 x 10 4 M compound. 

I" Data on S.F. and fluid consumption (see footnotes §,11) were obtained from separ- 
ate experiments. 

$ EAC142 was incubated with C3 for 10 min at 25 ° in the presence of 1.8 x 
10 -3 M compound. 

§ S.F. indicates the uptake of a C component by the appropriate EAC complex. 
Inhibition was calculated from the ratio of the average number of C sites formed per 
cell [- ln(1 - y)] in compound-treated and control incubations. 

II Fluid indicates the decrease (consumption) in C component reactivity in the fluid 
phase of incubation rfiixtures. Inhibition was calculated from the ratios of the C titers 
of the dialyzed supernatants of compound-treated and control reactions. 

¶ Not determined. 

Since  f l u f e n a m a t e  and,  to a lesser  extent ,  n i f l u m a t e  c o u l d  be  i nh ib i t i ng  E A C ] ~  

f o r m a t i o n  by  af fec t ing  C2  d i rec t ly  o r  by  af fec t ing  the  s tab i l i ty  o f  E A C 1 4  or  E A C I 4 2 ,  

the  fo l l owing  s tud ies  were  p e r f o r m e d .  T h e  s tab i l i ty  o f  C2  in the  p r e sence  o f  n i f l u m a t e  



A nti-C effects of anti-inflammatory agents 3113 

or flufenamate was determined. C2 (1 unit/ml) in buffer A ++ was incubated with 
compound (1'8 × 10-3 M)for  20 rain at 25 ° and then dialyzed in the cold overnight. 
C2 hemolytic activity was decreased 11 per cent by flufenamate. Niflumate had no 
effect. 
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FIG. 4. Effect of 9 x 10 - 4  M niflumate or flufenamate on the stability of EAC142 at 30 ° and/t  = 0-147. 
The stability of EACI42 in buffer alone is also indicated. 

The decay of EAC142 hemolytic reactivity at 30 ° was not significantly affected by 
flufenamate or niflumate at 9 × 10 -4 M in buffer A + + (Fig. 4). In addition, niflumate 
at a concentration of 3.6 × 10- 3 M did not affect the decay rate. EAC14 reactivity 
was not decreased by niflumate or flufenamate at 9 × 1 0 - 4 M  when incubated in 
buffer A ÷ + followed by cold centrifugation and washing with buffer B + +. This latter 
result was contrary to that  found previously for EAC14 stability (see above) under 
C1 kinetic assay conditions that employed a 2-fold greater concentration of com- 
pounds. 

The possibility that flufenamate was interfering with C2 activation by chelating 
Mg 2+ or Ca 2+ was investigated. One volume of'EACT4 (1"5 × 108/ml) was added 
to one volume of a mixture containing C2 (1 unit/ml) and flufenamate (.1"8 × 
10 - 3  M).  Reactions were set up in buffer A containing 2 x 1 0 - 3 M  Mg 2÷ and the 
normal concentration of c a  2÷ (1.5 × lO-4M);  with excess Ca 2+ (1.5 x 10 -3 M) 
and normal Mg 2+ concentration (1 5< 10 - 3  M); or with normal concentrations of 
both metals (buffer A ÷ ÷). Appropriate controls were included. The mixtures were 
incubated for 10 min at 25 °, cooled, centrifuged and washed twice in buffer A ÷ ÷ ; 
the cells were then resuspended and assayed for C2 uptake. As indicated in Table 
2, neither Mg 2÷ nor Ca 2 ÷ in molar excess over flufenamate significantly reversed 
the inhibition of C2 uptake by EAC14. 
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The results indicated in this section suggested that flufenamate and niflumate were 
interfering with the interaction of C1 and C2 in incubations containing EAC14 and 
C2. 

TABLE 2. EFFECT OF C a  2 + AND M g  2+ ON FLUFENAMATE INHIBI- 

TION OF UPTAKE OF C 2  BY EAC14 

% Inhibition 
Excess Ca 2 +* Excess Mg 2 + * Buffer A + + 

79 75 82 

* Molar  excess of Ca 2+ or Mg 2+ over flufenamate (at 1.8 x 
10-3 M) in incubation mixture. 

Reaction of EAC142 and C3. The next step in the complement sequence, involving 
C3, was then investigated. Each of the compounds at 9 x 10-4M was incubated 
with C3 (5 units/ml) and EAC142 (7"5 x 10V/ml) in buffer B + + at 25 °. Samples of 
0.5 ml were taken at intervals and diluted in 4.0 ml of cold buffer B + +. The cells were 
centrifuged, washed with 4 ml buffer, and resuspended with 0.25 ml buffer B + + for 
assay of EAC1423 reactivity. As indicated in Fig. 5, niflumate decreased the initial 
reaction rate by 21 per cent, flufenamate caused a 30 per cent decrease, and phlorizin 
caused an 84 per cent decrease. 
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FIG. 5. E A C ~  formation from C3 and E A C T ~  at 25 ° and # = 0.072, in the presence of 9 × 1 0 - 4 M  
niflumate, flufenamate, phlorizin or buffer. 

The reaction of EAC 142 with C3 was then examined by analyzing both fluid-phase 
C3 consumption and EAC1423 formation in the same incubation mixture. EAC142 
and C3 were, however, incubated at 25 ° with niflumate or flufenamate at 1-8 x 
1073 M. One sample Was taken after 10 min, cooled immediately without dilution, 
and centrifuged at 0 °. The supernatantfluids were removed and dialyzed against two 
changes of cold buffer B + + overnight prior to the determination of C3 activity. The 
cells were washed twice in buffer B + +, therr were resuspended and assayed for the 
presence of C3 sites. The results are shown in Table 1. Phlorizin decreased EAC1423 
formation by 92 per cent and flufenamate by 23 per cent, but niflumate had no effect. 
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Analyses of supernatant fluids showed essentially no interference with C3 consump- 
tion by any of the compounds (Table 1). The results obtained with phlorizin agree 
with those of Miiller-Eberhard et al. 33 Control incubations of C3 with compounds 
at 1.8 x 10 - 3  M and 25 ° for 15 min, followed by dialysis, indicated a decrease of 18 
per cent in C3 hemolytic activity caused by flufenamate. The other agents were 
without effect. 

The effects of niflumate, flufenamate or phlorizin on the hemolytic reactivity of 
EAC1423 were tested. EAC1423 (7.5 x 107/ml) was incubated in the presence of 
compound (9 x 10-4M) at 25 ° for 15 min in buffer B ÷÷. The cells were added to 
nine parts of cold buffer B ÷ +, centrifuged, washed once with eight parts of buffer, 
resuspended and then assayed. Essentially no change in EAC1423 stability was 
noted. 

The inhibitory effect offlufenamate on EAC1423 formation, therefore, could prob- 
ably be accounted for by its effect on C3 in the fluid phase. Niflumate is considered 
to have, at best, a minimal effect on C3 uptake, at the concentrations tested. 
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FIG. 6. EACI--4~5 formation from C5 and EAC1423 at 25 ° and # = 0"072, in the presence of 9 x 10 4 M 
niflumate, flufenamate, phlorizin or buffer. 

Reaction o f  EAC1--4-~ with C5. The effect of niflumate and flufenamate on 
EAC14235 formation was investigated. C5 (2 units/ml) was incubated with EAC1423 
(7"5 x 107/ml) and niflumate, flufenamate or phlorizin at 9 × 10- 4 M in buffer B at 
25 °. At intervals, 0"5-mt samples were taken, diluted in 4'5 ml cold buffer B, resus- 
pended with 0"25 ml buffer B and assayed for EAC14235. In Fig. 6, it can be seen 
that flufenamate, niflumate and phlorizin decreased the initial velocity of EAC14235 
formation by 57, 51 and 21 per cent respectively. 

Both supernatant C5 and EAC14235 formation were analyzed in a subsequent ex- 
periment, using a protocol similar to that indicated above (also Fig. 6). Each of the 
three agents was incubated at 25 ° at a final concentration of 9 x 10 -4 M. Samples 
were taken after 10 min and handled as for the C3 analyses above. The reactivity 
of the EAC14235 formed was measur.ed and, after dialysis against cold buffer B + + 
the supernatant fuids were assayed for C5. In this experiment (Table 1), 35, 73 and 
22 per cent inhibition of C5 uptake was observed 'for niflumate, flufenamate and 
phlorizin respectively. Analysis of the supernatant fluids indicated that none of these 
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compounds affected significantly the fluid-phase consumption of C5 by EAC1423 
(Table 1). 

The stability Of EAC14235 in the presence of niflumate, flufenamate or phlorizin 
was next investigated. EAC14235 (7.5 × 10V/ml) was incubated at 25 ° with 9 × 10 -4 
or 1.8 x 10 -3 M compound for 15 min. The results, indicated in Table 3, show that 
at a concentration of 1"8 × 10 -3 M, 91, 41 and 33 per cent of EAC14235 hemolytic 
reactivity was lost in the presence of flufenamate, niflumate and phlorizin respect- 
ively. This effect of phlorizin substantiates that found by Shin et al. 32 However, at 
the concentration of compound utilized in the kinetic experiments (Fig. 6), only flu- 
fenamate caused a decrease of EAC14235 stability. 

TABLE 3. STABILITY OF EAC14235 

~o Decrease of 
Compound* Concn (M)t C5 sites 

Niflumate 9 x 10 -4 8 
1.8 x 10 -3 41 

Flufenarnate 9 x 10 -4 68 
1.8 x 10 -a 91 

Phlorizin 9 x 10 -4 0 
1-8 x 10 .3 33 

* Compounds were incubated with EAC14235 (7.5 × 107/ 
ml) in buffer B for 15 min at 25 °. The cells were centrifuged; 
washed twice and resuspended for assay. 

I" The effects of compounds at 9 x 10- 4 M were determined 
in an experiment separate from that with 1.8 x l0 3 M con- 
centrations. 

The increased lability of EAC14235 in the presence of flufenamate is comparable 
to the decrease in EAC 14235 formation. This finding suggests that the enhanced labi- 
lity caused by flufenamateis at least partially responsible for the apparent decrease 
in EAC14235 formation observed kinetically (Fig. 6). The lack of an effect of phlori- 
zin or niflumate on EAC14235 stability under kinetic assay conditions indicated the 
existence of other undefined mechanisms for inhibition of EAC14235 formation. 

Finally, the direct effect of compounds on C5 was tested. C5 (4 units/ml) was incu- 
bated at 25 ° with 1"8 x 10 .3 M compound in buffer B for 15 min. After dialysis and 
assay, only an 8 per cent decrease in C5 hemolytic activity due to flufenamate was 
noted. Niflumate and phlorizin had no effect on C5 activity. 

Effect of niflumate and flufenamate on C1, C2, C3 and C5 hemolytic activities in whole 
serum of human and guinea-pig 

The studies of Aoki and Von Kaulla 34 indicated that flufenamate, at 10 -2 M, 
caused a decrease in whole C activity in human serum. The following experiments 
were an extension of these studies. 

Guinea-pig serum, 1:10 (one part plus nine parts buffer), was incubated with either 
niflumate or flufenamate at 9 x 10-3M in buffer A + +. The samples were dialyzed 
prior to assay of C1, C2, C3 and C5 hemolytic activities (Table 4). The presence of 
either flufenamate of niflumate caused a marked loss in hemolytic C1, C2 and C5 
activities. Flufenamate was more effective than niflumate in decreasing Ct  and C2 
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activities. The effects of niflumate or flufenamate on C3 in a number of  similar exper- 
iments with whole guinea-pig serum were not clear because of the substantial de- 
crease in hemolytic C3 activity after dialysis of untreated guinea-pig serum samples. 
When human serum (1 : 10) was incubated in a similar manner with either niflumate 
or flufenamate, 94-100.per cent inhibition of C3 and C5 hemolytic activities was 
observed (Table 4). C1 and C2 levels in treated human serum were not assayed. 

TABLE 4. INHIBITION OF C ACTIVITY IN WHOLE SERUM WITH LARGE CON- 
cENTRATIONS OF NIFLUMATE OR FLUFENAMATE 

' ~o Inhibition of 
Compound  (9 × 10 3 M)* C l t  C2 C3 C5 

Guinea-pig serum 

Niflumate 62 45 z~ > 99 
Flufenamate 94 99 ~ > 99 

H u m a n  serum 

Niflumate 94 100 
Flufenamate 95 > 99 

* Undiluted serum, 0'5 ml, was added to 4.5 ml of 10 -2 M com- 
pounds  neutralized in buffer A + + and incubated for 30 min at 37 °. The 
samples were then dialyzed against two changes of cold buffer B + + 
overnight at 5 ° . 

t Data for C2, C3 and C5 were obtained from one experiment; C1 
inhibition was measured in a subsequent experiment. 

Marked decreases in C3 hemolytic activity occurred on dialysis of 
guinea-pig serum. The effect ofnif lumate on C3, therefore, is not  easily 
interpretable. However, flufenamate consistently caused decreases 
> 99 per cent. 

Since inhibition of C1, C2, C3 and C5 hemolytic activities was observed, it seemed 
likely that flufenamate (and possibly niflumate) might be causing the sequential fluid- 
phase activation and, therefore, destruction of the hemolytic activities of the C com- 
ponents. The experiment indicated in Table 4 was repeated with the compounds and 
guinea-pig serum in the presence of either 0.02 M EDTA or 0.04 M E-aminocaproic 
acid (EACA). EDTA inhibits the early cation-dependent reactions of the C sequence, 
involving C1, C4 and C 2 .  26 EACA has been shown to inhibit the conversion of plas- 
minogen to plasmin; 35 the latter is capable of activating C 1 .  36 

The presence of EDTA or EACA did not prevent niflumate or flufenamate from 
causing decreased levels of hemolytic C2 and C5 in guinea-pig serum. Once again, 
inconclusive results were obtained for the effects of compounds on C3. 

D I S C U S S I O N  

One of the reasons for initiating the studies presented in this paper was to evaluate 
the use of tests in vitro for anti-C effects as a follow-up to the use of C-dependent sys- 
tems in vivo for detecting anti-inflammatory agents. Specifically, from a basic stand- 
point, we wished to obtain more detailed information on the anti--C properties of two 
anti-inflammatory agents that are chemical analogs. 

The results presented in this paper indicate some of the variations in profiles of 
C inhibition that have been observed in isolated C component systems (Table 1). A 
compound may inhibit a step by affecting cleavage of a component (e.g. flufenamate 

B.p. 23/22--c 
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and C2 activation); it may interfere with site formation without affecting activation 
(e.g. niflumate, ftufenamate or phlorizin on C5); it may decrease the stability of an 
intermediate C complex (e.g. niflumate, flufenamate or phlorizin on EAC14235; 
Table 3); or it may affect site formation apparently solely by inhibiting transfer of 
the activated component to its receptor site (e.g. phlorizin inhibition of EAC1423 for- 
mation). The inhibitory effect of flufenamate on C1 interaction with EAC4 (Fig. 2) 
has not been investigated in detail, but may involve effects on C1 binding to EAC4 
(unpublished observations). 

A comparison of the relative inhibitory activities of flufenamate, niflumate and 
phlorizin in each of the C2, C3 and C5 steps yields striking results. Both anti-inflam- 
matory agents inhibit C2 site formation while phlorizin does not. Flufenamate is 2- 
to 3-fold more inhibitory at the C5 step (site formation or site stability) than is niflu- 
mate or phlorizin. The latter compound, however, is at least 4-fold more effective 
in preventing C3 site formation than is flufenamate (Table 1). 

Data were presented (Fig. 2) that indicated an effect of flufenamate on C1, since 
C2 cleavage, as measured by fuid-phase depletion in the presence of EAC14, was 
markedly decreased. This decrease could not be accounted for by a small effect of 
flufenamate directly on C2. Binding of flufenamate to C2 or other effects of flufena- 
mate that occurred during the kinetic experiment cannot be ruled out by the data 
presented. 

The partial inhibition by flufenamate of EAC14 formation from C1 and EAC4 and 
the instability of EAC14 under these Conditions (Fig. 2) could be explained by an 
effect of flufenamate on C1 binding, but this does not seem to explain the inhibition 
of C2 cleavage by EAC14. 

Inhibitory effects of the two anti-inflammatory agents on the hemolytic activities 
of C1, C2, C3 and C5 in whole guinea-pig serum and of C3 and C5 in human serum 
have been demonstrated. Aoki and Von Kaulla a4 concluded that the change in the 
electrophoretic mobility of fllC protein (representing C3) induced by ftufenamate 
was due to direct interaction of fllC with this compound, since the electrophoretic 
changes were not prevented by EDTA or EACA, compounds known to affect acti- 
vation of hemolytic C. Aoki and Von Kaulla a+ also found that large concentrations 
of EDTA and EACA did not prevent, but perhaps partially reversed, the decrease 
of whole hemolytic C activity in human serum caused by flufenamate. 

During the present studies, it was observed that neither EACA nor EDTA pre- 
vented the inactivation of hemolytic C1, C2 or C5 in guinea-pig serum. The results 
with C3 were ambiguous, due to decreases of this component after dialysis of un- 
treated samples. It appears possible that more than one mechanism may be involved 
in the inactivation by niflumate or flufenamate of C in whole serum. It seems unlikely 
that these compounds will bind to four components of the same serum system, 
namely C, to alter hemolytic activities. Results presented in the present study (Table 
4) are consistent with a number of hypotheses, one being that flufenamate in whole 
serum causes activation of C1 and a change in molecular size to a hemolytically inac- 
tive molecule that is still capable of cleaving C2. Additiqnal data on this point, how- 
ever, are not yet available. 

Evidence has accumulated that indicates that the C, kinin, fibrinolytic and clotting 
systems may interact in vitro and in vivo. 2'37 Aoki and Von Kaulla 34 have suggested 
a correlation between the ability of certain compounds to enhance fibrinolysis, to 
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decrease levels of whole C in human serum, and to change the electrophoretic mobi- 
lity of fllC serum protein. Flufenamate enhances fibrinolysis in vitro about 4-fold bet- 
ter than does niflumate. 3a In our studies, flufenamate was consistently more inhibi- 
tory in vitro than was niflumate in the C test systems described. 

The results presented cause one to question the importance of the anti-C effects 
reported for niflumate and flufenamate in relation to their anti-inflammatory activi- 
ties. The levels of these compounds in our tests in vitro might not be obtained in vivo, 
although the concentration of niflumic acid in plasma after oral administration to 
humans has been found to be 69-103 ~g/ml (2-5 to 3"7 x 10 -4 M).  39 It is possible 
that a mechanism for concentrating drugs at sites of inflammation (e.g. by permeabi- 
lity or protein-drug equilibrium changes) might be operative in vivo. However, in 
light of other demonstrated effects of niflumate and flufenamate, such as enhance- 
ment of fibrinolysis 3a and inhibition of prostaglandin synthesis at smaller con- 
centrations, 4°'4~ we cannot make a strong case for the importance of anti-C activity 
in contributing to anti-inflammatory activity of the compounds. Nevertheless, speci- 
fic C assays in vitro have been shown, in the present studies, to be useful in determin- 
ing mechanisms of anti-C effects. 

An additional important question concerning future drug development is whether 
the chronic administration of an anti-inflammatory agent that is exquisitely active 
against C in vitro could, by virtue of this activity, cause adverse effects in man that 
might include increased susceptibility to infections: Also, the profile of C inhibition 
that would be most desirable in an anti-inflammatory (anti-rheumatic) compound, 
if this activity is important in drug design, must be considered. For example, based 
on the present studies, increased instability of EAC14235 would indicate the poten- 
tial for destroying, in vivo, the initial substrate for production of a C(567) trimolecular 
chemotactic complex. 42 However, in the case of the C5 reaction step, neither niflu- 
mate nor flufenamate affected the activation (cleavage) of C5. Presumably, C5a che- 
motactic factor was produced. 43 The relative importance of these two chemotactic 
factors as well as of C3a chemotactic factor 44 in the inflammatory process is still un- 
known and may vary depending on the particular inflammatory disease. Similar 
analyses of other profiles of C inhibition may afford additional information concern- 
ing design of an anti-inflammatory drug. 

R E F E R E N C E S  

1. P. H. SCHUR and K. F. AUSTEN, ̀ 4. Rev. Med. 19, 1 (1968). 
2. S. RUDDY, I. GIGLI and K. F. AUSTEN, N. Engl. J. Med. 287, 489 (1972). 
3. H. J. MLILLER-EBERHARD, ,4. Rev. Biochem. 38, 389 (1969). 
4. H. S. SHIN, M. R. SMITH and W. B. WOOD, JR., J. exp. Med. 130, 1229 (1969). 
5. P. A. WARD, Arthritis Rheum. 13, 181 (1970). 
6. H. S. SHIN and M. M. MAYER, Biochemistry, N.Y. 7, 3003 (1968). 
7. E. RODRIGUEZ and A. G. OSLER, J. Immun. 85, 347 (1960). 
8. S. E. MILLS and L. LEVINE, Immunology 2, 368 (1958). 
9. R. S. BASCH, J. Immun. 94, 629 (1965). 

10. B. R. BAKER and E. H. ERICKSON, J. reed. Chem. 12, 408 (1969). 
i1. B. R. BAKER and J. A. HURLBUT, J. reed. Chem. 12, 415 (1969). 
12. B. R. BAKER and M. CORY, J. reed. Chem. 14, 805 (1971). 
13. D. H. BING, J. lmmun. 105, 1289 (1970). 
14. M. M. GLOVSKY and A. ALENTY, Fedn Proc. 31,739 (1972). 
15. E. L. BECKER, Biochirn. biophys. ,4eta 147, 289 (1967). 
16. M. M. GLOVSKY, E. L. BECKER and N. J. HALBROOK, J. Immun. 100, 979 (1968). 
17. T. SUYAMA, T. MATSUMOTO and Y. OGURO, J. Jfizen reed. Soc. 73, 199 (1966). 



3120 T.W. HARRITY and M. B. GOLDLUST 

18. J. P. GmouD and J. TIMSIT, C. R. Sbanc. Soc. Biol. 165, 69 (1971). 
19. B. R. BAKER and M. H. DOLL, J. reed. Chem. 14, 793 (1971). 
20. P. F. KOHLER and J. S. MARTINEZ, Fedn Proe. 30, 472 (1971). 

21. W. T. JACKSON and A. SULEN, Fedn Proc. 30, 472 (1971). 
• 22. J. F. JENNINGS, J. Immun. 96, 409 (1966). 
23. T. R. NEBLETT, T. K. BURNHAM and N. KAY, Archs~erm. 92, 720 (1965). 
24. R. A. NELSON, JR., J. JENSEN, I. GIGLI and N. TAMURA, lmmunochemistry 3, 111 (1966). 
25. T. BORSOS, H. J. RAPP and C. T. COOK, J. Immun. 87, 330(196t). 
26. E. A. KABAT and M. M. MAYER, Experimental lmmunochemistry, p. 133. Thomas, Springfield, Ill. 

(1961). 
27. M. M. MAYER and J. A. MILLER, Immunoehemistry 2, 71 (1965). 
28. T. BORSOS, H. J. RAPP and M. M. MAYER, J. Immun. 87, 310(1961). 
29. T. BORSOS and H. J. RAeP, J. Immun. 91,851 (1963). 
30. H. S. SHIN and M. M. MAYER, Biochemistry, N.Y. 7, 2997 (1968). 
31. H. S. SHIN, R. J. PICKERING and M. M. MAYER, J. lmmun. 106, 473 (1971). 
32. H. S. SHIN, R. J. PICKERING and M. M. MAYER, J. lmmun. 106, 480 (1971). 
33. H. J. M~)LLER-EBERHARD, A. P. DALMASSO and M. A. CALCOTT, J. exp. Med. 123, 33 (1966). 
34. N. AOKI and K. N. VON KAULLA, Proc. Soc. exp. Biol. Med. 130, 101 (1969). 
35. W. J. BROCKWAY and F. J. CASTELL1NO, J. biol. Chem. 246, 4641 (1971). 
36. O. D. RATNOFF and G. B. NAFF, J. exp. Med. 125, 337 (1967). 
37. P. C. HARPEL, J. clin. Inv, est. 49, 568 (1970). 
38. J. R. BOISSIER, J. M. Lworr and F. HERTZ, Therapie 25, 43 (1970). 
39. J. R. BOISSrER, J. P. TILLEMENT and C. LAROUSSE, Therapie 26, 211 (1971). 
40. R. FLOWER, R. GRYGLEWSKI K. ]-'IERBACZYNSKA-CEDRO and J. R. VANE, Nature New Biol. 283, 104 

(1972). 
41. R. J. FLOWER, H. S. CHEUNG and D. W. CUSHMAN, Prostaglandins 4, 325 (1973). 
42. P. A. WARD, C. G. COCHRANE and H. J. MOLLER-EBERHARD, Immunology 11, 141 (1966). 
43. H. S. SHIN, R. SNYDERMAN, E. FRIEDMAN, A. MELLORS and M. M. MAYER, Science, N.Y. 162, 361 (1968). 
44. P. A. WARD, J. exp. Med. 126, 189 (1967). 


