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Abstract-An intracellular generation of oxygen free radicals was induced by phenazine methosulfate 
(PMS) in rat renomedullary interstitial cells (RMIC) in culture. This response was associated with an 
increase in PGE2 and 15 HETE production. The synthesis of cyclooxygenase and lipoxygenase derivatives 
in PMS-treated cells was inhibited by indomethacin and NDGA respectively. Inhibitors of PLAz such 
as mepacrine and dexamethasone were able to inhibit partially the PGE2 synthesis induced by PMS. 
The formation of lyso-platelet activating factor, a product of membrane-bound phospholipid, by a PLAz 
catalyzed reaction was also stimulated in PMS-treated cells. 

Superoxide dismutase added to the incubation medium enhanced the PMS-dependent PGEz synthesis 
whereas catalase decreased it, suggesting the involvement of H,02 in this process. In addition, a 
depletion of soluble thiol groups was observed in PMS-treated cells. Treatment of RMIC by the thiol 
oxidative agent, diamide, mimicked the effect of PMS on PGE, synthesis, whereas diamide did not 
increase the formation of lyso-PAF indicating its inability to stimulate PLA,. These results suggest that 
cyclooxygenase may be involved in this process, indeed added arachidonate, bypassing PLA*, enhanced 
PGE, synthesis in PMS-treated cells further supporting the involvement of cyclooxygenase. In 
conclusion, generation of oxygen free radicals by PMS in RMIC enhanced the synthesis of lipid derived 
mediators. A decrease in the cellular thiol content is partially involved in cyclooxygenase activation but 
does not appear to be involved in PLA, activation. 

The response of activated inflammatory cells to vari- 
ous agonists involves, among other complex pheno- 
mena, the activation of two types of enzymes: (i) 
phospholipase A* (PLA2)t which leads to the lib- 
eration of arachidonic acid, the common precursor 
of cyclooxygenase and lipoxygenase derivatives; and 
of lyso-PAF, precursor of platelet activating factor 
(PAF) [l-5]; (ii) NADPH-oxidase which generates 
oxygen free radicals such as superoxide anions 
(0;) WI. 

Activation of these two enzymatic pathways during 
the inflammatory response has suggested a possible 
inter-relationship. In addition, interactions between 
oxygen free radicals and arachidonic acid metabolism 
could occur in various physiopathological conditions 
in which oxygen-free radicals are generated. 

* To whom all correspondence should be addressed. 
t Abbreviations: DDC. diethvldithiocarbamate: DTT. 

1,4_dithiotreitol; GSH, rehuced glutathione; 15-HETE, lj 
hydroxyeicosatetraenoic acid; NBT, nitroblue tetrazolium; 
NDGA, nor-dihydro-guaiaretic acid; PGE2, prostaglandin 
E2: PAF, platelet activating factor; PBS, phosphate 
buffered saline; PMS, phenazine methosulfate; PiA, phos- 
nholinase A,; RMIC, renomedullarv interstitial cells. 
’ Eniyme nomenclature: Catalase; EC 1.11.1.6; Cyclo- 
oxygenase, prostaglandin synthase, EC 1.14.99.1; Glu- 
tathione peroxidase, EC 1.8.4.2; Lipoxygenase, EC 
1.13.11.12; Phospholipase AZ, EC 3.1.1.4; Superoxide dis- 
mutase, EC 1.15.1.1. 

Recently, it was reported that an extracellular gen- 
eration of oxygen-free radicals induced a stimulation 
of PLA2 via H202 in rat renal glomeruli [9]. Taylor 
et al. have described a PLA2 stimulation and a modu- 
lation of the prostaglandin synthesis as a function 
of the organic hydroperoxide concentration, t-butyl 
hydroperoxide, in lung fibroblasts [lo]. On the other 
hand, it was described that oxygen-free radicals 
formed in the course of arachidonic acid cascade 
activation are responsible for deactivation of dif- 
ferent enzymes (i.e. cyclooxygenase, prostacyclin 
synthetase) [ll-141. We proposed to study the effects 
of intracellular oxygen free radicals on the synthesis 
of lipid-derived mediators using phenazine metho- 
sulfate (PMS), which induced oxygen-free radical 
production [16, 171. 

The effect of PMS was studied in rat reno- 
medullary interstitial cells (RMIC) where the metab- 
olism of phospholipids has been well characterized 
[ 151. In various cell types PMS reacts cyclically with 
intracellular NAD(P)H leading mainly to the for- 
mation of superoxide anions (0;) [16, 171. Once 
formed, 0, undergoes rapid spontaneous or 
enzyme-catalyzed dismutation by superoxide dis- 
mutases (SOD) to produce hydrogen peroxide: H202 
[18]. The enzymatic catabolism of H202 involves 
catalase and GSH-peroxidase [19]. Since GSH is 
involved in the regulation of prostaglandin synthesis, 
we also investigated the effect of PMS on the cellular 
thiol content. 
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We report in this paper that PMS induced the 
production of oxygen-free radicals and increased the 
synthesis of lipid derived mediators in RMIC. The 
increase in prostagla~din synthesis is due in part to 
the stimulation of PLAZ activity and to the cellular 
depletion of thiol groups which apparently enhances 
cyclooxygenase activity. 

MATEIUALSANDMETHODS 

~at~~~~~. Bovine serum albumin (fatty acid free), 
dexamethasone, dietbyldithio&arb~ate~ nitroblue 
t~traz~lium, I,4 dithiotreitol, diamide, Na+ arach- 
idonate, PAF, porcine pancreatic PLAs (600 UI/mg 
of protein), catalase (from bovine liver, 2000 UI/ 
mg of protein), superoxide dismutase (from bovine 
erythrocytes, 3100 UQ’mg of protein) were purchased 
from Sigma Chemical Corp. (St Louis, MU). Sol- 
vents for HPLC were purchased from Carlo Erba, 
Milan, Italy. The antibody to PGEz was from Institut 
Pasteur Production, Paris, France. 3H-PGEz 
(120 Ci/mmole) and 14C-ara~hidonic acid (60- 
80mCi/mmole) were obtained from New England 
Nuclear (Paris, France). PGEz was a gift of John 
Pike (The Upjohn Company, Kalamazoo, MI). 
A23187 was from Calbio~hem (La Jofla, CA). Phos- 
phate buffered saline, PBS, from GIBCO Biocult, 
Scotland. Mepacrine was from Rhone-Poulenc, 
Paris. Indomethacin was obtained from Merck. All 
other reagents were of analytical grade and obtained 
from local suppliers. 

~~t~~~~. Monolayer tissue cultures of rat reno- 
medullary interstitial cells were obtained as 
described previously [ 151. Cells were grown in RPM1 
1640 supplemented by 10% of heat inactivated fetal 
calf serum at 37” with 5% COZ in air atmosphere. 
Cultures were maintained in ‘I75 flasks and seeded 
onto T25 flasks or lo-cm2 Petri dishes for experi- 
ments. Expe~ments were always performed on 
growing cells, just before confluence. These cells 
synthesize mainly prostaglandin Ez (PGE2) after 
PLAz stimulation [20]. They were used in tissue 
culture up to the 25th passage. They have been 
shown by Muirhead [Zl] to retain their characteristics 
up to the 45th passage. For experimental procedures 
cells were incubated in a PBS medium (pH 7.4 at 
37”) after being washed three times in this medium. 
The superoxide anion production was measured 
sp~~trophotometri~ally by the reduction of~itroblue 
tetrazolium (NBT) in formazan using the wavelength 
560 nm [17,22]. Cells were incubated at 37” in a PBS 
medium containing 75 @I NBT, in the absence or 
presence of 50 s/ml SOD which inhibits the super- 
oxide-induced NBT reduction [l6]. In some experi- 
ments, the intracellular SOD was inhibited by the 
copper-chelator diethyldithiocarbamate 123, 241 as 
previously described [17]. PMS which is highly sol- 
uble in PBS was then added. Absorbance measure- 
ment was performed in the incubation medium. 

Radioimmunoassay of PGEz was performed with- 
out extraction directly in the incubation medium 
(PBS, pH 7.4). We ensured that in this medium, 
extraction was not required for the assay. The reac- 
tion between the antibody to PGEr and PGE2 was 
stopped by adding dextran-coated charcoal as 
described by Russo-Marie et al. ]lS] and the radio- 

activity of the supernatants counted by liquid scin- 
tillation spectrometry. 

HETE were measured 20min after addition of 
75 ,nM PMS at 37” in a PBS solution. The reaction 
was stopped by adding 1 vol. cold methanol. The 
samples were centrifuged (35OOg, 4”, 15 min) and 
evaporated under vacuum at 56” in a water bath. Dry 
residues were dissolved in H*O/methanol (1: 1) and 
analysed by reverse phase high performance liquid 
chromatography (RP-HPLC) [25]. The samples were 
eluted at a fiow rate of 1 ml/min, The solvent used 
was metha~ol/water/ace~e acid f73 : 27 : O,Ol> 
(pump 6~OA and column p Cl8 Bondapak, 
2.9 X 300 Waters, Milford, MA). The elution of 
monohydroxy acids was monitored by measurement 
of U.V. absorbance at 234nm (Lamda Max 481 
Waters), authentic radiolabelled standards were 
added. Using this system we were able to separate 
15HETE from 12-HETE. In some experiments, 
0.1 &i 14C-Arachidonic acid was incubated for 2 hr 
with cells in RPMX 1640 medium without fetal calf 
serum. At the end of this incubation period, free 
i4C-arachidonic acid was eliminated by two washings 
with a PBS Ca2+- and Mg2+-free medium containing 
0.1% bovine serum albumin (BSA) and one washing 
~thout BSA. Then 75@vI PMS was added. After 
elution, the samples were treated as described above 
and standards were added. Aliquots of 1 ml were 
then counted by liquid scintillation spectrometry. 

For measurement of soluble reduced thiol groups, 
celis were washed three times with a PBS solution 
and scrapped. After ~entrifugation (5 min, 900g)i 
the pellets were diluted in PBS in order to reach a 
final protein concentration of approx. 200 pg/ml. 
Cells were then incubated for 20 min at 3’7” with 
25 /JM PMS or 0.2 mM diamide. The reaction was 
stopped by addition of 1 vol. of trichloroacetic acid 
(6.5%). Samples were then centrifuged and the 
supematants removed for the spectrophotometric 
measurement of soluble thiol groups at 535 nm 
according to the method described by Saville 1261. 
Sample values were compared to a GSH standard 
curve. The diamide concentration used was not able 
to affect the cell viability during the time of the 
experiment. 

Lyso-platelet activating factor ~lyso-PAF) was 
measured as an index of endogenous PLAz activity. 
Cells were incubated in absence or in presence of 
PMS, diamide or A23187 for 20min at 37”. The 
reaction was stopped by adding methanol-chloro- 
form (2 : 1). Lipids were extracted acdording to Bligh 
and Dyer [27] and the chloroformic phases con- 
taining lipids were reduced to dryness under oxygen- 
free nitrogen. Aliquots from each extract were sub- 
mitted to thin layer chromatography and lyso-PAF 
was purified as described previously [ZS]. Then, lyso- 
PAF was converted by acetylation to a physiological 
active product, PAF, which was measured by its 
ability to aggregate rabbit plateiets [29] prepared 
according to Ardlie et af. [30]. We ensured that the 
platelet aggregation was not caused by PMS since the 
latter was completely eliminated by the extraction 
procedure. 

PLA2 activity was measured in vitro using E. coli 
membranes as described in detail by Rothhut et al. 
[31]. Briefly, 3H-oleic acid was incubated with E. 
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coli during exponential growth phase. Then, the 
labelled membranes were used as the substrate for 
porcine pancreatic PLAz (100 ng of enzyme per 
assay). The PLAr activity was reflected by the lib- 
eration of free 3H-oleic acid in the incubation 
medium (pH 8 at 4”), and measured by liquid scin- 
tillation spectrometry. Under these conditions the 
PLA2 activity was at the initial rate. 

After the experiments, flasks were rinsed tho- 
roughly with PBS to remove dead cells, and 1 N 
NaOH was added. Protein measurement was per- 
formed using the technique described by Lowry et 
al. [32]. Cell viability was evaluated by the number 
of attached cells to the flask, dead cells being unat- 
tached. This was determined by microscopic obser- 
vations and by monitoring cell protein content of 
attached cells.- 

Cells were incubated for 20 hr with 1 uM dex- 
amethasone in RPM1 1640 medium containing 10% 
FCS. In these conditions, dexamethasone induces 
the synthesis of “lipocortin” an antiphospholipase 
protein [31, 331. Cells were then washed three times 
with PBS, in order to eliminate fetal calf serum and 
dexamethasone. They were then left for an 
additional 4-hr incubation period in a MEM Eagles 
modified medium. During this second incubation 
period, lipocortin was still synthesized and present 
in medium and membranes [31]. Experiments with 
PMS were performed directly in this medium. Con- 
trol experiments without dexamethasone were run 
in parallel. 

Indomethacin, an inhibitor of cyclooxygenase, and 
NDGA, an inhibitor of lipoxygenase, used both at a 
final concentration of 10 ,uM, were dissolved in etha- 
nol provided the final ethanol concentration in the 
medium was less than 0.1%. Control experiments 
were performed in the presence of the same ethanol 
concentration. We ensured that ethanol at this con- 
centration had no effect per se on the free radical 
measurement and PGE2 synthesis. Mepacrine 
(1 PM), an inhibitor of PLAz and DDC (0.5 to 1 mM) 
an inhibitor of SOD, were dissolved in PBS. All 
these drugs (indomethacin, NDGA, mepacrine and 
DDC) were incubated for 30min at 37” with the 
cells before the addition of PMS. In experiments 
performed with SOD, catalase, diamide or 1,4 dithi- 
otreitol (DTI), cells were pre-incubated for 5 min 
at 37” with these compounds, before addition of 
PMS. 

The ability of cells to synthesize arachidonic acid 
metabolites was always examined by stimulating the 
cells with 1 PM A23187, by comparison with PMS. 

RESULTS 

Oxygen free radical generation in PMS-treated RMIC 

Reduction of NBT in formazan was observed in 
PMS-treated RMIC, whereas addition of vehicle did 
not result in formation of reduced NBT. The pres- 
ence of 50 pg/ml SOD in the external medium abol- 
ished the PMS-induced NBT reduction. The involve- 
ment of superoxide anions in this process was further 
indicated by the enhanced reduction of NBT when 
intracellular SOD was inhibited by DDC. We 
ensured that PMS was not able to directly reduce 
NBT in a cell-free medium. In addition, no reduced 

NBT was formed by DDC-treated cells when PMS 
was not added to the medium. We established that 
the arachidonic acid metabolism was not involved in 
the NBT reduction. Formation of formazan was not 
inhibited in PMS-treated cells by indomethacin, 
NDGA, mepacrine and dexamethasone, inhibitors 
of cyclooxygenase, lipoxygenase and PLAz respect- 
ively. In addition, activation of the arachidonic acid 
cascade by the calcium ionophore A23187 did not 
result in NBT reduction, further indicating that NBT 
was reduced by superoxide anions generated by the 
PMS reaction and not by the arachidonic acid 
metabolism. 

Effect of PMS on arachidonic acid derivatives 

PGEz, which is the major metabolite of the 
cyclooxygenase pathway in these cells, was measured 
in control and PMS-treated cells. Figure 1 shows 
that PGEr synthesis is PMS-dose related until a 
concentration of 0.1 mM. Cell death occured when 
PMS concentration was above 1 mM. The stimu- 
lation of PGE2 synthesis by PMS is time-dependent. 
After a 30-min incubation period, PGE? released in 
the external medium decreased in both control and 
PMS experiments (Fig. 2). The stimulatory effect of 
PMS on the PGEz synthesis was partially suppressed 
by the presence of various inhibitors of cyclo- 
oxygenase and PLA2. 10 PM indomethacin inhibited, 
to the same extent, PGEz synthesis both in control 
and PMS-treated cells. The decrease in PGEz syn- 
thesis after inhibiting PLA2 by dexamethasone- 
induced “lipocortin” and by mepacrine was greater 
in control cells than in PMS-treated cells, suggesting 
already a stimulatory effect of PMS on cyclo- 
oxygenase (Table 1). 

, 

I? 
I . 

N 

3 

01 , 4 

I IO lal x)00 

PMS Concentratm (,uM I 

Fig. 1. Dose-response curve of PGE2 synthesis as a function 
of PMS concentration. Cells were incubated in a PBS 
medium for 20 min at 37 and released PGE2 were measured 
by radioimmunoassay. Results are expressed as 

mean 2 S.D. of three to five experiments. 
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Table 1. Inhibition of PGE2 synthesis in PMS-treated cells 
by cyclooxygenase and phospholipase Az inhibitors 

PGE, synthesis 
(% of inhibition) 

No PMS Plus PMS 

Indomethacin (lo-’ M) 72.9 -+ 7.1 81.2 -e 5.4 
Mepacrine (10m6 M) 63.6 + 2.8 34.6 2 5.5 
Dexamethasone ( 10m6 M) 89.2 2 3.6 60.6 t 5.2 

Cells were incubated with various inhibitors as described 
in Materials and Methods. Released PGEz were measured 
by radioimmunoassay after a 20-min incubation period of 
RMIC in a PBS medium in absence or in presence of 75 PM 
PMS. The percentage of inhibition was measured as PGE2 
released in treated cells vs control cells. Values are 
expressed as mean t S.D. of three to five experiments. 

The effect of PMS on the synthesis of lipoxygenase 
derivatives was also investigated. The HPLC profile 
of PMS-treated RMIC revealed that these cells 
released a product which co-eluted with a 15-HETE 
standard. In the presence of 10 PM NDGA, the 
amount of HETE was significantly reduced. When 
RMIC were pre-labelled with 14C-arachidonic acid 

(0.1 @/flask), a radioactive product with a similar 
retention time was detected. In PMS-treated cells 
the labelled peak amounted to 6.0 ? 0.5% 
(mean * S.D., N = 3) of the total radioactivity 
recovered whereas, in non-treated cells, it amounted 
to 2.7 * 0.3% (mean + S.D., N = 3). The radio- 
activity incorporated in the cells represented 4 * 1% 
(mean 5 S.D., N = 3) of the added arachidonic acid. 
Neither leukotrienes nor di-HETE were detected in 
control cells, PMS- or A23187-treated cells. 

Effect of superoxide dismutase and catalase on the 
PMS-induced PGE2 synthesis 

Addition of SOD in the incubation medium 
enhanced the stimulatory effect of PMS on the PGE2 
production whereas catalase decreased it (Table 2). 
This indicates that Hz02 is the likely oxygen by- 
produce involved in the increase in PGE2 synthesis. 

Role of soluble thiol groups on the PGEz synthesis in 
PMS-treated RMIC 

A loss of intracellular soluble thiol groups was 
observed in PMS-treated cells. Measurement of 
PGE, at the same time showed that thiol oxidation 
caused by diamide, a thiol oxidative agent [34, 351, 
or by PMS, an oxygen free radical generator, induced 
a stimulation of the PGEz synthesis. This effect was 
partially diminished by DDT, a thiol protective agent 
[35, 361 (Table 3). 

Table 2. Effect of superoxide dismutase (SOD) and catalase on the PGE, synthesis 
in PMS-treated cells 

PGE, Synthesis (ng/mg protein) 

Control cells PMS-treated cells 

None 1.95 k 0.52 6.75 + 0.81 

SOD 20 1.84 _f 0.31 9.83 -e 0.8 
kg/ml) 50 1.66 k 0.09 10.86 ‘- 0.38 

100 1.70 + 0.17 11.76 t 1.18 

5 1.91 + 0.67 3.83 t 0.53 
Catalase 10 1.57 2 0.43 
(pg/ml) 20 1.90 2 0.58 

50 1.97 ‘- 0.52 

3.00 ? 0.26 
3.02 2 0.07 
2.87 2 0.35 

100 1.70 k 0.56 3.08 c 0.28 

Cells were incubated in absence or presence of 75 PM PMS for 20 min at 37” after 
a preliminary incubation time of 5 min with the indicated enzyme. 

Results are expressed as mean k S.D. of three experiments. 

Table 3. Effects of PMS, diamide and dithiotreitol (DTT) on the synthesis of PGEz 
and the content of soluble thiol groups in RMIC 

Concentration PGE2 Soluble SH-groups 
Compounds (PM) (X control value) (nmoles/mg of protein) 

None 1 7.1 2 0.98 
PMS 25 4.54 t 0.17 3.1 + 1.20 
Diamide 200 7.09 2 0.61 1.2 L 0.48 
DlT 200 1.65 k 0.1 - 
D’I-I- + PMS 200 + 25 3.71 * 0.21 - 

Cells were pre-incubated for 5 min with diamide or D’IT and PMS was added for 
an additional 20-min incubation period. PGEz were detected by RIA and soluble thiol 
groups were spectrophotometrically measured at 535 nm as described in Materials and 
Methods. Reported values are expressed as mean k S.D. of three to five experiments. 
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Fig. 2. PGEr synthesis as a function of time in PMS-treated 
cells. See legend Fig. 1. 

PLAz activity in PMS-treated RMIC 

In order to determine PLAz activity in PMS- 
treated cells, we measured the formation of lyso- 
Platelet-activating factor (lyso-PAF). The produc- 
tion of lyso-PAF in PMS-treated cells showed a 3- 
fold increase over control cells, whereas diamide had 
no effect (Table 4). A similar production of lyso- 
PAF was obtained with 75 PM PMS and 1 ,uM 
A23187 which activates PLAr by increasing cellular 
calcium content. 

A direct effect of the above mentioned compounds 
on PLA2 could not be excluded. They were therefore 
tested on a purified porcine pancreatic PLAz incu- 
bated in presence of 3H-oleic acid pre-labelled E. coli 
membranes. Under conditions, none of the tested 
compounds (PMS; PMS + NADH; DDC; GSH; 
DTT; diamide; H202) altered PLAr activity. 

Table 4. Increase in lyso-PAF formation by PMS and 
A23187 in RMIC 

Lyso-PAF formation 
(% of control) 

PMS (75 W) 293 k 29 
A23187 (1 PM) 253 k 35 
Diamide (200 PM) 84 2 12 

Cells were treated with PMS, A23187 and diamide at the 
indicated concentrations for 20min at 37”. The reaction 
was stopped by addition of chloroform-methanol and lipids 
were extracted as indicated in Materials and Methods. The 
chloroformic phase containing lyso-PAF was evaporated 
and submitted to chemical acetylation. For lyso-PAF 
measurement, see the procedure described in Materials 
and Methods. The absolute value of lyso-PAF in control 
cells was: 6.57 t 0.73 ng/mg of protein. Values are 
expressed as mean -C S.D. of three to five experiments. 

J 0 

Arachidonic acid concenlralion lpuimll 

Fig. 3. Effect of PMS on the prostaglandin synthesis stimu- 
lated by added arachidonic acid. Cells were incubated 
for 20min at 37” in presence of various arachidonic acid 
concentrations added concomitantly to 75 N PMS. Similar 
incubations with arachidonic acid were carried out in 
absence of PMS. The release of PGE, was measured by 
RIA. Results are expressed as mean 2 SD. of three 

experiments. 

Cyclooxygenase activity in PMS-treated cells 

We studied the effect of PMS on the cyclo- 
oxygenase activity in the presence of exogenously 
added arachidonate in order to bypass its release 
from lipids by the PMS-stimulated PLAz. At low 
arachidonic acid concentrations, the enzyme activity 
was enhanced when PMS was present in the medium, 
whereas for high arachidonic acid concentrations 
(lOpg/ml), values of PGEr in control and PMS 
experiments were not significantly different (Fig. 3). 
Such a stimulating effect of PMS for low arachidonic 
acid concentrations was not reproduced when PMS 
(75 ,&I) was substituted by A23187 (1 @I), which 
activates PLAz to an extent similar to PMS (Table 
4). This suggests that PLA2 stimulation cannot totally 
explain the increase in cyclooxygenase activity in 
PMS-treated cells. 

DISCUSSlON 

In rat renomedullary interstitial cells, PMS 
enhances the formation of inflammatory lipid deriva- 
tives such as lyso-PAF, PGE2 and 15HETE. This 
effect is associated with generation of superoxide 
anions which is partially masked by the very active 
intracellular SOD. Indeed, the presence of DDC, an 
inhibitor of SOD [23, 241, reveals a more significant 
production of superoxide anions. A relationship 
between oxygen-free radical production and PGEz 
synthesis was indicated by alterations of the PMS- 
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effect provided by exogenous SOD and catalase. 
PMS induces oxygen free radical formation within 
the cells. Oxygen-free radicals can cross plasma 
membrane (at least 0; and H,OJ [37, 171 and can 
be scavenged by SOD and catalase added in the 
external medium. Under these conditions, the effect 
of PMS was enhanced by SOD whereas catalase 
decreased it. This strongly suggests that H202 is 
the oxygen by-product involved in the PMS-induced 
PGE2 synthesis. The implication of H202 in this 
process is in agreement with previous reports [9, lo]. 

Once formed, 0,~ and H,02 are involved in the 
generation of hydroxy radical ‘OH which oxidizes 
thiol groups and unsaturated lipids [38]. Therefore, 
cellular depletion in thiol groups observed in PMS- 
treated cells may be the result of ‘OH formation and 
GSH-peroxidase activation which metabolized low 
concentrations of HzOz and lipid peroxides at the 
expense of GSH [39]. Cellular depletion in thiol 
groups mediated by diamide induced an increase in 
PGE2 synthesis mimicking the effect of PMS. PLA2 
activation was not involved in this process since 
diamide was not able to stimulate the release of lyso- 
PAF. In physiological conditions, the cyclooxy- 
genase activity is controlled by GSH-peroxidase 
which removes both Hz02 and part of the lipid 
peroxides available to the prostaglandin synthesis 
[40, 411. A decrease in the cellular GSH content 
impairs the GSH-peroxidase activity and leads to the 
accumulation of peroxides with a subsequent stimu- 
lating effect of cyclooxygenase activity [42]. Thus, in 
PMS- or diamide-treated cells, a thiol group deple- 
tion could increase the PGE2 synthesis through cyclo- 
oxygenase activation. Moreover, addition of arachi- 
donic acid was associated with an enhanced 
cyclooxygenase activity in PMS-treated cells which 
could not be mimicked simply by increasing PLA2 
activity because this effect was not reproduced with 
the calcium ionophore A23187 (data not shown). 
Taken together, these results strongly suggest that, 
in PMS-treated cells, activation of cyclooxygenase 
may occur through an alternative mechanism than 
the activation of the upper substrate-limiting 
enzyme: PLA2. Furthermore, the lower inhibitory 
effect of two PLAz inhibitors, mepacrine and dex- 
amethasone-induced lipocortin, in PMS-treated 
cells, is in favor of a partial dissociation between the 
activation of cyclooxygenase and that of PLA2. 

Although the decrease in soluble thiols such as 
GSH could be involved in the enhancement of 
cyclooxygenase activity, it remains unclear how this 
phenomenon could be compatible with the synthesis 
of PGE*. Indeed, the transformation of PGH2 into 
PGEz requires a GSH-dependent enzyme: the 
prostaglandin E isomerase. A possible explanation 
could be that the loss in thiol groups was sufficient 
to stimulate the cyclooxygenase without inducing 
disturbances in prostaglandin E isomerase activity. 

However, thiol group-depletion is not the only 
factor involved in the stimulation of the PGEz syn- 
thesis as suggested by the poor reversibility of the 
PMS effect when D’IT, a thiol protective agent, was 
present in the medium. Thus, activity of PLA, in 
PMS-treated cells was investigated and we found 
that formation of lyso-PAF by a PLA? catalysed 
reaction was enhanced. The mechanism for PLAz 

activation in presence of oxygen-free radicals is not 
well understood. The reported ability of intracellular 
oxygen-free radicals to increase cytosolic calcium 
concentration [43] could be involved in this process, 
especially because this effect was recently observed 
in PMS-treated isolated rat hepatocytes (unpub- 
lished result). 

Activation of the lipoxygenase pathway was also 
observed in presence of PMS. This may reflect an 
effect on PLAz activity and/or of a direct lip- 
oxygenase activation as suggested by the previously 
reported similarity of this enzyme with cyclo- 
oxygenase [42]. Our results do not allow us to hypo- 
thesize the mechanism involved in this activation. 
Further experiments are required to understand the 
exact effect of oxygen-free radicals on the lipox- 
ygenase pathway. 

In conclusion, we found that generation of intra- 
cellular oxygen-free radicals enhanced the synthesis 
of lipid derived mediators through different mech- 
anisms of enzyme activations. The increase in PGE2 
synthesis results in part from PLAp activation and in 
other part from cellular depletion in soluble thiol 
groups. The latter apparently suppresses the inhi- 
bition of cyclooxygenase by GSH-peroxidase. 
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