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Abstract-The inhibition by anti-inflammatory drugs of the production of superoxide anions ( 0,) 
by isolated guinea pig macrophages was studied spectrophotometrically using NADH and lactate 
dehydrogenase. ID50 values were: 4 x IO-‘M (diclophenac sodium), I x 10m6M (oxyphenbutazone). 
1 x lO_‘M (indomethacin), 4 x 10m5M (phenylbutazone), 7 x 10m5M (mefenamic acid). 8 x lo-’ M 
(flufenamic acid), 8 x lO_‘M (colchicine), 3 x 10m4M (aspirm), 3 x 10m4M (benzydamine), IO-‘M < 
(dexamethasone) and lO_‘M < (gold sodium thiomalate). They seemed to block the cell membrane- 
associated mechanism to produce superoxide anions, since most of them did not abolish the generation 
of superoxide anions from the xanthine oxidase plus hypoxanthine system. Cytochalasin B, pyrogallol, 
ascorbate, NEM, L-epinephrine and chlorpromazine also inhibited, the production of superoxide anion, 
but many non anti-inflammatory drugs were ineffective. This technique was evaluated as a screening 
method in vitro for nonsteroidal anti-inflammatory drugs. 

It has been proposed that the inhibition of prosta- 
glandin (PG) synthetase by anti-inflammatory drugs 
could be used as a screening method, but the exper- 
imental procedures are difficult and it is impossible 
to relate the results to anti-inflammatory potency in 

uiuo. The technical difficulties were ameliorated by 
Takeguchi et al. [l] who introduced a spectrophoto- 
metric assay. Using bovine seminal vesicle micro- 
somes (BSVM) they showed that during the oxidative 
cyclization of arachidonic acid into PGs, L-epine- 
phrine was also oxidized to adrenochrome at pH 8.3 
and this oxidation was inhibited by indomethacin 

(ID 50 = 2 x 10-hM) or by mefenamic acid (ID50 = 

2 x 10m5M). However it is impossible to correlate the 
drug effect in ciuo with the result obtained in vitro 

at non-physiological pH by tissues which have little 
relation to inflammation such as BSVM. The effect 
of a drug depends on the source of PG synthetase; 
The half inhibitory dose (IDA,,) of indomethacin was 
34 PM with BSVM and 0.17 PM with dog spleen 
microsomes 121. In spite of the fact that leucocytcs 
and macrophages are essential cells to the develop- 
ment of inflammation. the effect of drugs on the PG 
synthetase of these cells has not been investigated 
except by McCall et al. 131, They observed that pha- 
gocytosing rabbit polymorphonuclear (PMN) leuco- 
cytes showed increased PG synthesis which was inhi- 
bited by 28 /tM indomethacin. 

The oxidation of arachidonic acid to PGs requires 
superoxide anions [4], and I have demonstrated that 
the prostaglandin phase of rat carrageenan foot- 
oedema was completely suppressed by repeated intra- 

Abbreviations used: BSVM = bovine seminal vesicle 
microsomes; PG = prostaglandin; XOD = xanthmc oxi- 
dase; LDH = lactate dchydrogenase: NEM = ,V-cthylma- 
leimide; MEM = minimum essential medium for cell cul- 
ture; DMF = N,N’-dimethylformamide: SOD = superox- 

ide dismutase. 

venous (i.v.) injections of superoxide dismutase 
(SOD :EC 1.15.1.1) [S]. Moreover, using agranulo- 
cyte rats, the role of macrophages appeared to be 
more important than that of leucocytes in carra- 
geenan foot-oedema. 

The aim of this investigation was to establish a 
simple spectrophotometric assay to quantitate the 
superoxide anions (‘0;) generated from isolated 
macrophages or from a xanthine oxidase (XOD) sys- 
tem. The common method adopting cytochrome c to 
detect the superoxide anions. was not employed. 
Changes in absorbance at 550 nm. bq macrophages 
were not sufficiently large to assay the effects of the 
drugs and purified protein derivatives (PPD) and phy- 
tohemagglutinin (PHA). which were intended to be 
used in future, caused interference. Other methods 
were unsuitable, because they require alkaline condi- 
tions where macrophages cannot survive. The only 
method suitable for the present purpose was that of 
Chan et ul. [6] adopting NADH and lactate dc- 
hydrogenase (LDH). 

MATERIALS 4ND METHODS 

Mucrophages. Male Harthlay guinea pigs (25s 
350g) were injected i.p. with 30 ml liquid paraffin oil 
and sacrificed 3 days later. Cells were washed from 
the peritoneal cavity with 100 ml fresh medium (0.93 
g/l Eagle MEM “Nissui 3” for cell culture without 
phenol red and 0.292 g L-glutamic acid. adjusted to 
pH 6.5 with IO’:,, sodium bicarbonate). Cells from IO 
to 20 animals were centrifuged separately (IO min 500 
9) at room temperature and washed once with the 
same medium. Precipitated cells were pooled and sus- 
pended in MEM medium. Preparations contaminated 
with many red cells were discarded. More than 90 
percent of the cells were viable macrophages. 

Assc~~~ of ,superoxirle wiorl production hi’ mucro- 

phage.s. The decrease of NADH absorption at 340 nm 
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nab recorded continuousl) u ith a Shimad7u Multi- ccnl at 10~ ‘M. 94 percent at IO ‘M and 7: pcrccnt 
purpox M PS-5000 spectrophotomctcr at 37 Unless at IO -‘M. Inhibitory clfccts of drugs wet-c detcrmincd 
indicated. the ?-nil cti\cllc‘ conlatned I75 mM sodium at 30 sec. 

phoydutc bttffi‘r (pH 6.5). 0.0s mM FDTA, 1.2 Li C‘/~~~t~ic~r/.s. LDH (from rabbit muscle. wspcndcd 111 

LDH. 320 /tM NADH. 2 3 x IO” macrophagcs ml 3.2 M ammonium sulf~ttc. 550 II ‘mg). /I-NADH (I>+ 
and \;trtou\ concentrations of drugs. The reaction wx phili/cd disodium salt ftrom least. Grade I I). XOD 
\t;trtcd b! the addition of NADH. Samples containing (from cow milk, suspe~~dcd in 3.7 M ammonium 5u- 

dl-ug:, but ii,> macrol~ha~cs LLcrc used to obtain basal fate. 0.4 U mg) and hovinc li\cr cutalasa (Catalasc 

I alucs of N.4DH oxidation. DM F. linal conccntt-ation I. crystal suspension in thjtnol wturatod \\atct-. 50.000 

Owl”,,. \\;I\ used to dissol\c the drug\. and incliidcd Wmg) were the products of Bochringer Co. SOD 

itt cottlrol umplex. The percent inhibition ~~15 calcu- (lyophilized powder) and bovine blood catalase (lye- 
latcd from the l’~>lloMing equation: philizcd powder. 3.000 U mg) wcrc purchased from 

I ~ AA (mucrophage drug sample) - AA (drug basal) 
~~~~~ x 100 

AA (macrophagc control) ~ AA (medium basal) ! 

~111c1.c AA is dtll‘crencc of absorption at 340 ntn. 

hcli~re and after the reaction. 

I \\(I I’ o/ \~//~m\-it/~~ i,r,io,~ /whc~~~o~i 17~. .\-011. The 
nicdium antI conditions wet-c the same x5 in the tnac- 
I-ophage as~aq’. except ror the addition of 0. I 11 ,ml 

XOD ;mcl SO /tM hypoxanthinc inytcad of mxro- 
phase\. The use‘ of santhinc (SO /tM) as suhstratc for 
YOD trcsultcd III II little 1owc1- NADH oxtdation and 

tt\ soliibilil\ iii wtcr \vas inferior lo hypoxnnthtnc. 
‘Ili~ drug itlhibition was calculakd ah in the mxro- 

pll,lgc .,ssa>. 

.-l.\u(~~ IJ/ I,DH trc,ri[-i/~.. LDH acti\ ity was measured 
h! modtlications of the methods of Ghan c~f trl. [6] 

and Nowa ?I ~rl. [7] using I3 mM sodium phos- 
phate bull’ct-. 0.0X mM FDTA. (1. I h tnM NADH and 
7.4 x IO ’ I; ? ml LDH with 0.1 mM sodium p!rtt- 

\:rtc a\ wbstt-;ttc. NADH oxidation uas linear for the 
ttiitial 30 xc. at 37 Sodium oxatiiatc. a spccilic in- 
hibitor 01‘ LDH. xupprcsscd the sxtdatiott 1~1 97 pcr- 

25 mM 125mM 

No- Phosphate buffer solution 

Sigma Chemical Co. SOD (800 &ml. pH 7.0) 1~35 

inactivated by boiling at 100 for 20 min. 
The drugs wcrc obtained from the following 

sources: diclofcnac sodiutn (GP 35x10. (‘iha Geigy). 
colchicinc (Muck). dcxamcthasonc (Dccadron. 

.lapan Merck. 4 mgml phosphate ester for injrction). 
gold sodium thiomalatc (Shiosol. Shionogt Pharm. 
Co. 10 mg;ml for injection), allopurinol (Zyloric. 
Wellcome-Tanabe. 100 mg:tablet). cytochalasin .A 
(Aldrich C’hem. Co.), cytochalasin B (Scrva Feinbio- 
chemica). l.3-Diphenylisobcnzofuran (Aldrich Chem. 
(‘0.). D20 (Merck) and osysuran (s~nthcsizcd in this 
laborator! ). All the other chemicals were analytical 

grade preparations obtained frotn the usual commcr- 
cial sources. 

KE.SI 1.7s 

I<flo(,t qf .wtli~r~~~ pho\pho/~, c’orlc’c,,lf,‘trlic,li. The pro- 
duction of superosidc anions from isolated ~;ICI-o- 
phages 01 l’rom XOD plus h!poxanthine LI;LS 
mcasurcd in various concentrations of sodium phos- 
phate buffer. It was found that the oxidation of 

NADH by macrophages was greater at high conccn- 

trations of sodium phosphate (Fig. I). The usu of COP 
centrations above I25 mM was not practical hccausc 

of the solubility. The amount of NADH oxidized 
could hc rcgat-dcd as the Icvcl of superoxidc produc- 
tion. bccausc SOD suppressed completely the NADH 
oxidation (explained later). 

The augmentation of net NADH oxidation in 175 
mM buffer was attributed to phosphate anions be- 
cause the addition of NaCl up to 200 mM tn 25 mM 
buffer solution had no effect. ADP (I x lO~-‘M 
5 x 10 “M) and ATP (1 x lO_ ‘M 1 x 1OY’M) also 
increased the net NADH oxidation to the degree of 
that by I35 mM sodium phosphates. Addition of con- 
centrated drugs adjusted bctwccn pH 5.0 and pH X.0 
in advance. did not influence the final pH of medium 
containing I25 mM sodium phosphate buffer. The 
concentration of sodium phosphate had no e&t on 

the production of superoxide anions from the XOD 
system. 

7 ilrtc, t/~,/“,/tt/(,,i(,!.. Lgttrc 7 shows the time dcpcn- 
drnq of NADH oxidation b! macrophages. Ten min 
incubation with about 2.3 x 10“ macrophagcs’ml \V;IS 
used to test the inhibitor) activity of drugs. Figure 
3 shows the time dependency with dtfl’crcnt CO~WII- 
trattoni of suhstratc in the XOD sytcm. XOD cow 
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centrations were tested up to 0.3 U/ml finding always 
linearity with the amounts of superoxide anions pro- 
duced. 

E&ts qf’ pH ad temperature. Basal NADH oxi- 
dation changed according to the medium pH. Figure 
4 shows the net maximum NADH oxidation was at 
pH 6.5 with living macrophages. For the XOD assay, 
pH 7.4 was proposed [S] but we used pH 6.5 for 
comparison with the macrophage assay. Incubations 
which were carried out at 20’., 30” and 40’ with pH 
6.5 medium, demonstrated that the production of 
superoxide anions was temperature-dependent in 
both assay methods. 

~j$ct of’ LDH coucmtrutim. In the macrophage 
assay the LDH concentrationPNADH oxidation rela- 
tionship was linear up to 2.4 U/3ml of LDH, and 
1.2 U/3ml LDH was regarded as sufficient for practi- 
cal use (Fig. 5). The same concentration of LDH was 
adopted for the XOD assay to facilitate the compari- 
son of results obtained from two assay methods. 

fifict qf’S0D. It was demonstrated that NADH 
was oxidized only by superoxide anions from macro- 
phages. SOD dose-inhibition curves of the macro- 
phage and XOD assays corresponded well (Fig. 6). 
SOD suppressed even MEM basal NADH oxidation 
at higher doses. Heat-inactivated SOD had little effect 
on NADH oxidation. 

&flkct qf’DA4F. The use of the solvent DMF facili- 
tated the assay of many water-insoluble drugs. Figure 

04 

106x Macrophogelml 4 6 I 

/ 

Time, min 

Fig. 2. El?ect of macrophage concentration on superoxide 
anion production. Medium contained 125 mM sodium 
phosphate buffer (pH 6.5). 0.08 mM EDTA, 1.2 U/3 ml 
LDH and 320 PM NADH. Incubation was started by the 
addition of NADH at 37”. Final macrophage numbers/ml 
were 4.6 x 10h (0); 2.3 x lo6 (M) and 1.15 x 10h (A). The 
same vol (0.2 ml) of MEM medium was added in the con- 
trol sample (0). Vertical lines represent S.E.M. of mean 

of three experiments. 
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Fig. 3. Effect of hypoxanthine concentration on superoxide 
anion production in the XOD system. Medium and condi- 
tions are as in Fig. 2. XOD (0.1 U!ml) and hypoxanthine 
were mixed just before NADH addition. Hypoxanthine I60 
FM (v), 120 FM (0). 80 HIM (m). 40 {tM(A). no hypoxan- 

thine with XOD (A) no hypoxanthinc or XOD (0). 

7 shows the effect of DMF on the production of 
superoxide anions. At a final concentration of O.I”,,, 
DMF had a negligible effect on the production of 
superoxide anions from macrophages and augmen- 
tation of the DMF concentration did not influence 
the inhibition by the anti-inflammatory drug diclo- 
fenac sodium. DMF(O.lPl.O”,;) increased by about IO 
percent, the NADH oxidation induced by the XOD 
system. 
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Fig. 4. Effect of pH on the production of superoxide 
anions. Medium and conditions are as in Fig. 2. Basal 
values were substracted. 2.7 x IO’ macrophages!ml (0). 0.1 
U/ml XOD +80 PM hypoxanthine (A). Averages of two 

experiments. 
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Fig. 5. Effect of LDH concentration on superoxide anion 
production. Medium and conditions are as in Fig. 2. except 
the LDH concentration. 3.3 x IOh macrophages/ml (0). 0.1 
U,/ml XOD + 80 PM hypoxanthine (A). MEM medium 
only (0). control without LDH (A). Averages of two 

experiments. 

qfiw of llaClYIpllug~~ CoIICultYuriOll.s 011 drug ~ffim. 
Diclofenac sodium (IO-(‘M) and aspirin 

(2.5 x 10d4M) were almost equally inhibitory at all 
macrophage concentrations (Fig. 8). However, this 
was not the case with all the drugs; the inhibitory 

r 
A-- 

SOD, i4’ml 

Fig. 6. Fffect of SOD on superoxide anion production. 
Medium and conditions are as in Fig. 2. 2.8 x IO’ macro- 
phagesiml with native (0) and inactivated SOD (0). 0.1 
Urn1 XOD +X0 PM hypoxanthine with native (A) and 

inactivated SOD (A). Averages of two experiments. 
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Fig. 7. El?ect of DMF on wpcroxidc anion production. 
Medium and conditions arc a\ in Fig. 2. 2.0 x 10” macro- 
phageslml. DMF (a). DMt’ + IOY M diclofcnac wtl~um 
(0). DMF without macrophagcs (,!I). Averages of tlro 

experiments. 

activity of SOD was a littlc weak at 3.4 x IO”M mac- 

rophagesjml. Figure 9 shows the NADH oxidizing 

capacities of different macrophage preparations. Mac- 
rophage preparations possessing the capacity to owi- 
dize 0.2GO.27 /[moles NADH per IO min Lvith 
2 3 x 10’ macrophages/ml. were used routinely to 
test the drug action. 

Iilhihitiolls h!, loiti-i/IHLlllll)itllOi.!. rlrq.5. Eleven anti- 

inflammatory drugs were tested on the macrophage 
assay (Fig. IO and Table I ). Diclofenac sodium was 
the most potent inhibitor of the production of super- 
oxide anions by macrophagcs. followed by oxyphe~ 
butazonc and indomethacin. Dexamcthasone and 
gold sodium thiomalate were incfkctivc. Except for 
these two drugs all anti-inflammatory drugs tcstcd. 
had 11)~~~ values less than 2.5 x 10 ‘M. 

I I 
085 170 

IO6 x MacrophogeIml 

I 
340 

Fig. 8. Effect of macrophage concentration on drug inhibi- 
tions. Medium and conditions are as tn Fig. 2. Control 
(0). O.l”:, DMF (0). 2.5 x IOV’M aspirin in ().I”,, DMF 
(A). IO-“M diclofcnac sodlnm in (II”,, DMF (!I and 4 

Icg:ml SOD (AI. 
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Fig. 9. Relationship between macrophage concentration 
and superoxide anion production. Medium and conditions 
are as in Fig. 2. Separately prepared macrophages (a) and 
diluted samples from some of them (0) were plotted. 
NADH oxidized [nmoles/lO” macrophages/lO min] value 
using all points was 85.5 i 4.5 (mean + S.E.M.) and that 
calculated from 8 points within the dotted lines was 90.5 

f 2.5. 

A drug which decreased the production of superox- 
ide anions in the XOD assay system, can be inter- 
preted as an inhibitor of XOD enzyme activity or 
a scavenger of superoxide anions. Diclofenac sodium 
like many other anti-inflammatory drugs had no 
effect on NADH oxidation induced by XOD plus 
hypoxanthine. This means that diclofenac sodium is 
not a simple scavenger of superoxide anions, but it 

Table 1. IDLE of anti-inflammatory drugs 

Inhibition IDA,, (M)* 
Macrophage XOD 
superoxide superoxide LDH 

Drugs production production activity 

Diclofenac 
sodium Dt 4 x lo-’ 10-A < lo-’ < 

Oxyphen- 
butazone D 1 x 1o-6 1o-3 < 10-j < 

Indomethacin D 1 x 10-s 3 x 1om4 1om3 < 
Phenylbutazone D 4 x 10-s 1om3 < 10-j < 
Mefenamic acid D 7 x 1om5 I x 1o-3 1om3 < 
Flufenamic acid D 8 x 10-s 3 x IO_” lo-” < 
Colchicine D 8 x 10-s 8 x lo-5 1om4 <: 
Aspirin D 1.5 x lO-4 10-3 < 1o-J < 
Benzydamine W 2 x 1om4 lo-3 < IO_” < 
Dexamethasone W 10-j < IO-” < 10-A < 
Gold sodium 

thiomalate W 10-j < 10-A < 10-J < 

*For calculations, see Materials and Methods. IU~,, 
values were determined from at least three different doses, 
each being the average of three experiments. 

t Solvent used for dissolving drugs. D: DMF, final 
concn. O.lYO. W: water. 

1 Maximum solubility. 

blocks the mechanism which produces superoxide 
anions in macrophages. On the other hand, colchicine 
acted as a scavenger or XOD inhibitor of superoxide 
anions, because the inhibition in the XOD assay par- 
alleled that in the macrophage assay. Tndomethacin. 
mefenamic acid and flufenamic acid possessed both 
characteristics, but the inhibition of superoxide anion 
production was dominant. There were still differences 
of 4- to 30-fold in the ID50 in both assay methods 
concerning these drugs. 

None of the anti-inflammatory drugs inhibited 
LDH activity. Oxamate (2 x !Oe4M), a specific in- 
hibitor of LDH, suppressed by 50 per cent the NADH 
oxidations in both the macrophage and XOD assays. 

100 h 

I 
-8 

IO 

I I I I I 
-7 -6 -5 -4 -3 

IO 10 10 IO IO 

Drug concentrotlon. M log 

i 

Fig. 10. Inhibition of superoxide anion production in macrophages by anti-inflammatory drugs. Incuba- 
tions were for 10 min at 37’ (O.Z(rO.27 nmoles NADH oxidizing capacities per 10 min with 
2.&3.0 x 10’ cells). DMF (O.loi, final concentration) was used to dissolve diclofenac sodium (t), 
oxyphenbutazone (O---), indomethacin (A-), phenylbutazone (+--). mefenamic acid (A---), flu- 
fenamic acid (o-), colchicine (~~~~) and aspirin (A-). Benzydamine (o---), dexamethasone (m-_) 
and gold sodium thiomaiate (A---) were water soluble. Drug dilutions were by serial four fold dilution 

beginning at 10e3M. Vertical lines represent S.E.M. of the mean of three experiments. 



/f~/lihifio,rs /?j, 11011 ccrlfi-iri//~~,lf,ll~f~~j~.~, qcwts. Cyto- 
clialasin H has ;I potent inhibitor 01‘ superoxidc anion 
production in the macrophage assay hut had no e&t 

in the XOD assa! (Table 2). This W:IS an expected 
rault. hccausc this agent has been reported to modu- 
hte UK organization of the plasma mcmbranc and 
may inlluencc the activity of mcmbranc cwymes [9]. 
The supcroxidc anion producing system in macro- 
phages might be membrane-associated enzyme(s). 
Pyrogallol. which traps the superoxide anions in alka- 
lint wlution [IO]. was not as inhibitory in the XOD 

;I\SI) xt pH 6.5. Maximum inhibition WIS obtained 
war IO ‘M (50 pcrccnt) and the inhtbition at IOP’M 
and IO “M \v;ih 20 pcrccnt. so that this ag,cnt also 
act\ on supcroxidc anion producing sites 01 macro- 
plxrpc. Ascorhatc. known as ;L scavengrr [I I]. was 

also inhibitory 111 the XOD assay. NEM and L- 

epinephrinc acted as blockers of superoxide anion 
production in macrophages. The inhibition by I.- 
cpincphrine (10~~ “- lOF”M) in the XOD assay, de- 

crc;wd at hi&r concentrations. Lack of scavcngc~- 
role or this agent X+;IZ not c\pectcd and further invev 
tigations wcrc needed. C’hlorpromarine knwn as ;I 

h!dro\! I radical scavcngcr [I?]. showed about the 

w11c inhibition in both the macrophagc and XOD 

assays. Thcrc was ;I 204old difference hctween the 
II)~,, 01‘ LDH inhibitor oxamate in the macrophage 
:rsw~ and lhxl m LDH activity assay. Allopurinol 
known as ;~n inhibitor ol” the XOD reaction. had no 
cll’cct in the macrophage assay. suggesting that the 
production OF superoxido anions in macrophagcs does 
not depend on the XOD reaction. 

scavenger, I,&diphenylisobenzoate [IS] and Hoeh- 

ringer liver catalase (50 1,000 U:ml) were ineffective 
(Table 3). Sigma blood catalasc showed mhihitions 
(40 pcrccnt with 10 II ml and 60 percent with 100 

UrnI) which might bc due to the contamination with 
SOD ;IS reported bq. Halli~cll [ 161. Ncithcr the mito- 
chondrial clcctron transport inhibitor sodium wide 

nor the glycol> tic inhibitors rnonoiodoacetic acid and 
NaF suppressed superoxide anion production. Rifam- 
picin and Daunomqcin were about 30 percent inhihl- 

mltomycin C. daunomyun HCI. hleomycln HC’I. c\ito- 

slnt’ nrabmosidc. 5-Ruorourac~l. cyclophosphata,,~i‘i~. 
L-asparaginase 

Miscellaneous agents. 
nitro@lyccrin (coronary \asodilatol-). propranolol. theo- 
phylllnc. phenouybcnzamme (r-blocking ageno. I),(). 
cytochalasin A. 

* Averages of three experiment at 10 ‘M or ~ndlcated 
concentration of agents. acre below. III;,,. Many of thr 
agents were also tested at 2.5 x lWJM and 6.4 x IO ‘hl 
DMF WI) used as a solvent if necessary. 

-t About 20 percent increase of superoxide anion produc- 
tion wab observed bctwcen I.6 x lWFM and IO ‘M. 

$ Tetracycline above IO “M wthout macrophagc\. 

enhanced NADH oxidation. 50 the result was n(ot clearI!, 
determined. 
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Table 4. III~,, of metal salts 

Inhibition 11)~~~ (M)* 

Metal salts 

MnC11 
HgCIz 

Macrophage 
superoxidc 
production 

4 x lo-” 
I x Ior’ 

C;(CH,COO)Z 3 x Iomi 
FcCl,t 4 x IO 5 
FeCI, 
NiCll 
COCIl 

(NH,),Mo,Ol, 
BaCl: 
CaCl: 
CdCIZ 
PbCl? 

XOD. 
superoxide 
production 

.i x IO 4 
3 x 10-J 
7 x lo-’ 

lo-” < 
lo-3 < 
lo-’ < 

I x 10-A 

LDH 
activity 

lo-.$ < 
4x IO 3 
I x lo-~ 
10-a < 
lo-’ < 
IO 3 < 
lo-~ < 

IO_-’ < 
10-j < 
10-A < 
lo-” < 
IO 2< 

* For calculations. see Materials and Methods and Table I. DMF was not 
used to dissolve drugs. 

i The reachon was started wlthin 5 min al’ter dissolving FeCl?. 

tory between 10mhM and 10m3M but never attained 
50 percent inhibition. Theophylline and nitroglycerin 
showed some inhibition (about 50 percent at IO-‘M. 
30 percent at 2.5 x 1V4M). 

Table 4 shows the inhibitory effect of metal salts. 
Mn2+, Hg’+, Fe”. Fe3+, Ni”’ and Co’+ blocked 
the production of superoxide anions from macro- 
phages. Cu2+ seemed to react mainly as a scavenger 
of superoxide anions. CLI’+ and Hg” showed some 
inhibition of LDH enzyme activity. 

DISCL’SSION 

In rat carrageenan foot-oedema, it is clear that 
superoxide anions participate in the swelling of the 
prostaglandin phase [5]. In this study paraffin oil- 
induced peritoneal macrophages were demonstrated 
to produce superoxide anions. Nonsteroidal anti- 
inflammatory drugs inhibited significantly the pro- 
duction of superoxide anions from macrophages at 
physiological pH. lDscj values were a little higher than 
those obtained with PC synthetase assay using guinea 
pig lung homogenate or dog spleen microsomes [ 171. 
There are no reports on PG synthetase from macro- 
phages for comparison with the results obtained here. 
A 30 percent inhibition by diclofenac sodium (5 x 
lo-‘M). oxyphenbutazone (5 x lO_‘M), indometha- 
tin (7 x lo-‘M) and mefenamic acid (8 x IO-“‘M). 
must be appreciated, because dose-inhibition curves 
of anti-inflammatory drugs in the macrophage assay 
were rather flat compared with the PC synthetase 
assay. Dexamethasone had no effect. Steroids inhibit 
the emigration of macrophages or leucocytes and 
decrease the total amount of PGs at inflamed sites. 
Cytochalasin B was tested in I~~LYI with carrageenan 
foot-oedema according to our previous report [5]. 
Two i.v. injections of 240 pg/kg cytochalasin B (six 
experiments) suppressed 21 + 3 (SE.) percent of foot 
swelling and 20 + 3 percent of weight increase at 4 
hr. Cytochalasin B suppressed only the prostaglandin 
phase (24 hr.). L-Epinephrine and chlorpromazine 
are known to possess anti-inflammatory activity. 
They are not used as anti-inflammatory drugs because 

of other undesirable properties. Ascorbate might be 
a good anti-inflammatory drug if it is a stable and 
lipophilic compound. The inhibitory effect of NEM 
is not clear, but the mechanism which produces 
superoxide anions in macrophages may contain a SH 
inhibitor-sensitive site. Another SH inhibitor HgCl, 
also inhibited the production of superoxide anions 
but reduced glutathione and dithiothreitol had little 
effect. 

When a new compound with possible tested anti- 
inflammatory activity is found, it is worth examining 
its effect in the macrophage assay at a concentration 
of 2.5 x 10e4M and below. It is preferable to check 
also the lipophilicity of the compound as Skidmore 
cf rrl. [IX] mentioned. Many indomethacin type anti- 
inflammatory drugs, are lipophilic and stable in 
aqueous solution containing O.l”,~ DMF. 
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