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Abstract-Phospholipase A* activity was detected in 7-day-old carrageenin-induced inflammatory tissue 
of rats using a synthetic substrate, 1-acyl-2-[‘Hlarachidonyl-phosphatidylcholine. The inflammatory 
tissue was homogenized in saline containing 1 M KCl, and the 105,000 g supernatant fraction was placed 
on a Sephadex G-100 column. The partially purified phospholipase Az had a pH optimum at 67 and 
was Ca*’ dependent. p-Bromophenacyl bromide was strongly inhibitory to the partially purified phos- 
pholipase A2 (1~50 = 1.44 X lo-’ M). A moderate inhibition was observed with indomethacin. Cyclo- 
heximide and dexamethasone, which inhibit prostaglandin production in inflammatory tissue, exerted 
no direct inhibitory action on the phospholipase AZ. There were no direct inhibitory effects of quinacrine, 
bradykinin, or actinomycin D. The ceil-free supernatant fraction of the inflammatory exudate of 7- 
day-old carrageenin-induced granulation tissue was found to have no phospholipase A2 activity. 

During a series of investigations of prostaglandin 
production in the carrageenin air-pouch inflamma- 
tory tissue of rats [l-3], we found that prostaglandin 
production by the minced 7-day-old air-pouch 
inflammatory tissues of rats was inhibited by a 
cycloheximide, a protein synthesis inhibitor [4]. A 
glucocorticoid, dexamethasone, was also inhibitory 
[4]. Inhibition of prostaglandin production by cyclo- 
heximide has been reported also in methyl- 
cholanthrene-transformed fibroblasts [5], Madin- 
Darby canine kidney cells stimulated with tumor- 
promoting phorbol diesters [6], and renomedullary 
interstitial cells [7]. Phospholipase AZ (phosphatide 
2-acylhydrolase, EC 3.1.1.4) is widely accepted as 
having a regulatory role in the release of polyun- 
saturated fatty acids from phospholipids for pros- 
taglandin production [8]. The present investigation 
was undertaken to characterize the partially purified 
phospholipase A2 of carrageenin-induced inflam- 
matory tissue and to determine whether cyclohex- 
imide and dexamethasone, which inhibit prostaglan- 
din production of the inflammatory tissue [4], exert 
any direct inhibitory action on the partially purified 
phospholipase AZ of inflammatory tissue. The effects 
of other drugs which have been reported to modulate 
arachidonic acid metabolism were also examined. 

MArER1AL.S AND METHODS 

Carrageenin-induced inflammatory tissue. Male 
rats of the Sprague-Dawley strain (Charles River 
Japan, Kanagawa, Japan), specific pathogen free, 
S-weeks-old and weighing 150-180 g, were injected 
subcutaneously with 8ml of air on the dorsum to 
make an air-pouch. After 24 hr, 4 ml of a 2% (w/v) 
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solution of carrageenin (Seakem No. 202, Marine 
Colloid Inc., Springfield, NJ, U.S.A.) in 0.9% NaCl 
was injected [9]. The carrageenin solution was ster- 
ilized by autoclaving at 120” for 15 min and injected 
after cooling to 40-45”. Immediately before the 
injection, penicillin and streptomycin were added to 
the carrageenin solution (0.1 mg each per ml of the 
solution). Seven days after the carrageenin injection, 
the rats were killed by cutting the carotid artery, and 
the granulation tissue was carefully dissected free 
from the surrounding fat, muscle and nongranulo- 
matous subcutaneous tissue. The dissected granu- 
lation tissue was washed with ice-cold 0.9% NaCl 
solution and stored at -40” until use. The inflam- 
matory exudate was centrifuged at 1000 g for 15 min 
at 4”, and the supernatant fraction was kept at -40” 
until use. 

Preparation of the substrate for phospholipase 
A2 assay. Preparation of the substrate was carried 
out according to the methods described by Smith 
and Silver [lo] with a slight modification. Two 
solutions were prepared. Solution I: 50.5 mg adeno- 
sine tri-phosphate (Wako Pure Chemical Industries, 
Tokyo, Japan), 0.8 mg coenzyme A (Kohjin, Tokyo, 
Japan), and 10.2 mg MgC12+6H20 were dissolved in 
5 ml of 0.1 M phosphate buffer (pH 7.5). Solution 
II: 20 pg lysophosphatidylcholine (Sigma Chemical 
Co., St. Louis, MO, U.S.A.), 2 pg arachidonic 
acid (Sigma), 10 PCi of [3H]arachidonic acid 
([5,6,8,9,11,12,14,153H(N)]arachidonic acid, 61 Ci/ 
mmole, New England Nuclear Corp., Boston, MA, 
U.S.A.),and2pgstearicacid(Sigma)weredissolved 
in 1 ml of 0.1 M phosphate buffer (pH 7.5) by soni- 
cation at 4”. Fresh microsomal fraction was obtained 
from rat liver (5 g) and was homogenized in 5 ml of 
0.1 M phosphate buffer (pH 7.5). One milliliter each 
of solutions I and II and 0.3 ml of the fresh micro- 
somal solution were mixed and incubated for 3 hr 
at 37”. After 30 and 120 min of incubation, an 
additional 1 ml of solution I and 0.3 ml of the micro- 
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somal solution were added and mixed well, and the was carried out according to the method described 
incubation was continued. After 3 hr of incubation. by Smith and Silver [lo]. The standard assay mixture 
10 ml of CHClA-MeOH (2: 1, v/v) was added and contained 0.1 M Tris (pH 6.5), 10mM CaC12, and 
mixed well. After cent~~gation, the lower phase 1.1 x tOv2 &i of the labeled phosphatidylcholine, 
was removed and evaporated to dryness under and the enzyme source in a final volume of 3 ml. 
reduced pressure and dissolved in 0.5 ml of CHCI,. After incubation at 37” for 2 hr, 10 ml of CHClr 
Silicic acid column chromatography was used to sep- MeOH (2: 1, v/v) were added, mixed well, and cen- 
arate unreacted [~Hlarachidonic acid from trifuged to separate the CHCl3 layer. The CHCl3 
[3H]phosphatidylcholine. Silicic acid (Sigma) (3.2 g) layer was evaporated to dryness, and the residue was 
and Hyflo (Wako) (0.8 g) were mixed, suspended in dissolved in an aliquot of CHC&-MeOH (1: 1, v/v) 
10% MeOH in CHC13 (v/v), and slurried into a glass containing unlabeled standard solutions of phospha- 
column (20 mm in diameter). The extracted residue, tidylcholine (25 pg) and arachidonic acid (25 pg) as 
dissolved in 0.5 ml of CHCl3, was applied on the carriers, The residue was then subjected to thin-layer 
column and eluted with 30ml of 10% MeOH chromatography on silica gel G (E. Merck) with a 
in CHCl3 (v/v). Unreacted [“Hlarachidonic acid solvent system of CHC&--MeOH-AcOH (90: 5 : 5, 
was eiuted in this first fraction. Elution was by vol.). The spots were visualized by exposure to 
continued with 30 ml of 40% MeOH in CHCl3 iodine vapour. After evaporating the 12, the zones 
and then 30 ml of 80% MeOH in CHCl3 (v/v). corresponding to arachidonic acid, phosphatidylcho- 
(‘HJPhosphatidylcholine was eluted with 80% line and the remnants were scraped out and trans- 
MeOH in CHC& (v/v). Radioacti~fity in each 5-ml ferred to the counting vials containing 5 ml of scin- 
fraction of 80% MeOH in CHCl3 (v/v) eluate was tillation mixture. The radioactivity was measured in 
monitored, and fractions 2 and 3 were combined. an Aloka LSC-671R liquid scintillation spectrometer 
An aliquot of this solution was used as a substrate. (Aloka, Tokyo, Japan) with appropriate quench cor- 
The substrate solution was stocked at -40” in a rection. Blanks without enzyme source were included 
sealed tube under Nz gas until use. To determine the in all experiments. The solvent system that was 
positional specificity of [3H]arachidonic acid, a por- employed separates [‘Hlarachidonic acid from 
tion of the combined solution was evaporated to [3H]phosphatidylchoiine with no radioactive inter- 
dryness and dissolved in glycylglycine buffer (pH ference by each other. 
8.0) containing 10 mM CaClz and incubated with or The drugs examined were cycloheximide. p- 
without phospholipase AZ from Crotalus adamanteus bromophenacyl bromide (Wako), dexamethasone, 
venom (Sigma) at 37” for 3 hr. After extraction with quinacrine, actinomycin D (Sigma), indomethacin 
CHC13-MeOH (2 : 1, v/v), the CHCl3 layer was evap- (Nihon Merck Banyu, Tokyo, Japan) and bradykinin 
orated to dryness. The lipid residue and each 20 pg (Peptide Institute Protein Research Foundation, 
of phosphatidylcholine and arachidonic acid as car- Mino-o, Japan). With the exception of bradykinin, 
riers were dissolved in 20 ~1 of CHCl3 and separated the drugs were dissolved in ethanol and were added 
by thin-layer chromatography using silica gel G to the standard assay mixture described above. The 
thin-layer plates (E. Merck, West Germany) in the same amount of ethanol was added to the control 
solvent system CHC&-MeOH-AcOH (90 : 5 : 5, by as the vehicle. Bradykinin was dissolved in 0.1 M 
vol.). More than 99% of the radioactivity in the Tris buffer (pH 6.5) and added to the standard assay 
synthesized substrate moved with free arachidonic mixture. 
acid after treatment with the venom phospholipase 
A*, Less than 1% of the radioactivity remained at RESULTS 
the origin in the position of phosphatidylcholine. 
When the substrate was incubated without phos- Characterization of phospholipase A2 activity in 
pholipase AZ from C. adamanteus, no detectable 7-day-old granuloma. As shown in Fig. 1, when 
amount of radioactivity was found at any position the homogenate of 7-day-old carrageenin-induced 
except phosphatidylcholine after the separation by inflammatory tissue was incubated with the labeled 
thin-layer chromatography. The specific radioactiv- phosphatidylcholine, the release of PHjarachidonic 
ity of the labeled phosphatidylcholine was calculated acid was observed as a function of time. This result 
as 560 mCi/mmole. indicates the presence of phospholipase A2 activity 

Partial puri~cat~on of ph~sphol~p~e AZ from in the carrageenin-induced inflammato~ tissues, 
carrageenin-induced ~n~ammat~ry tissue. After since [3H]arachidonic acid was specifically labeled at 
thawing, the inflammatory tissue was cut into small the 2-position of the labeled substrate. The distri- 
pieces and homogenized in ice-cold 0.9% NaCl sol- bution of phospholipase AZ activity after homogen- 
ution (1: 2, w/v) containing 1 M KC1 using a Vir-Tis ization of the carrageenin-induced inflammatory tis- 
45 homogenizer (4min at maximum speed). The sue is shown in Table 1. The inflammatory tissue was 
homogenate was centrifuged at 105,000 g for 90 min homogenized in 0.9% NaCl solution containing 1 M 
at 4”, and 5 ml of the supernatant fraction was applied KC1 instead of 0.9% NaCl solution for the purpose 
to a Sephadex G-100 column (20 x 250 mm). The of solubilization of membrane bound protein. By the 
column was eluted with 0.9% NaCl solution con- addition of 1 M KCl, about a 1.7-fold increase in 
taining 1 M KC1 (flow rate, 16 ml/hr; fraction vol- protein content was recovered in the 105,OOOg 
ume, 4 ml). Fractions 22-27 were combined and used supernatant fraction (not shown), in which 76.9% 
as a partially purified enzyme source. Protein content of total phospholipase A2 activity was distributed. 
was determined by the method of Lowry et al. [ll] However, in the 105,OOOg supernatant fraction, only 
with a slight modification. a slight increase in the specific activity of phospho- 

Phospholipase A2 assay. Phospholipase AZ assay lipase A2 was observed compared with that hom- 
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Fig. 1. Release of [3H]arachidonic acid from labeled sub- 
strate as a function of time. Seven-day-old carrageenin- 
induced inflammatory tissue was homogenized, in ice-cold 
0.9% NaCl solution (1: 2, w/v), by a Vir-Tis 45 homogen- 
izer at maximum speed for 4min. One milliliter of the 
homogenate (13.3 mg protein) was incubated with 
1.1 x 10e2 @Ii of the labeled substrate at 37” for the indi- 
cated times. The release of [3H]arachidonic acid was 
detected as described in Materials and Methods. The results 
are corrected for non-enzymatic release, which was less 

than 1.5% of total label. 

ogenized in 0.9% NaCl solution (not shown). To 
increase the specific activity of phospholipase Al, 
the 105,000 g supernatant fraction was subjected to 
Sephadex G-100 column chromatography. As shown 
in Fig, 2, two major peaks of protein were observed. 
The higher phospholipase A2 activity was found in 
fractions just before the second peak of protein. 
These fractions (22-27) were pooled for further 
experiments. The specific activities of phospholipase 
A2 in the pooled fractions were increased to about 
fifty times compared with that of the homogenate 
in 0.9% NaCl containing 1 M KCl. Effects of pH on 
the hydrolysis of the substrate by the partially pur- 
ified phospholipase A2 are shown in Fig. 3. The 
optimum pH of phospholipase A2 of the 
carrageenin-induced inflammatory tissue ranged 
between 6.0 and 7.0; therefore, subsequent incu- 
bations to assay phospholipase AZ activity were car- 
ried out at pH 6.5. Figure 4 depicts the inhibition 
of the partially purified phospholipase A2 in the 
presence of various amounts of EDTA. The require- 
ment for Ca2+ by these enzyme fractions was tested. 

0 10 20 30 LO 50 
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Fig. 2. Elution pattern of total protein and phospholipase 
Ar activity from a Sephadex G-100 chromatography column 
with 0.9% NaCl solution containing 1 M KC1 as eluent. 
Seven-day-old carrageenin-induced inflammatory tissue 
was homogenized in ice-cold 0.9% NaCl solution containing 
1 M KC1 (1: 2, w/v). Five milliliters of the 105,OOOg super- 
natant fraction of the homogenate was applied on a Sepha- 
dex G-100 column (20 x 250 mm). The column was eluted 
at 4” with 0.9% NaCl solution containing 1 M KC1 (flow 
rate, 16 mhhr; fraction volume, 4 ml). Three milliliters of 
each fraction was used for assaying phospholipase At 
activity. The assay mixture contained 1 .l X lo-* PCi of the 
labeled substrate and 10 mM CaClr and was incubated for 
3 hr at 37”. The reproducibility of the results was examined 

by repeated experiments. 

It was found that the phospholipase A2 activity was 
increased by the addition of CaC12 up to 15 mM with 
a broad plateau (data not shown). Therefore, 10 mM 
CaC12 in the assay mixture was found to be optimal 
for the assay conditions of the phospholipase A2 
activity. In the standard assay mixture, 0.1 M Tris- 
HCl buffer (pH 6.5), 10 mM CaC12 in a final volume 
of 3 ml containing the partially purified enzyme 
source and 1.1 X 10e2 @Zi of the synthetic substrate, 
effects of protein concentration and incubation time 
were examined. The hydrolysis of the substrate was 
proportional to protein content up to 550 pg protein 
and for 4 hr of incubation time (not shown). 

To examine the activity of phospholipase A2 in 
the cell-free supernatant fraction of the inflammatory 

Table 1. Distribution of phospholipase A2 activity after homogenization of 
carrageenin-induced inflammatory tissue* 

Phospholipase AZ activity 

Total protein 
(mg) 

Released [3H]arachidonic 
acid (cpm/hr x 10-3) % 

Homogenate 475 38.1 100 
105,000 g 

Supernatant 369 28.3 74.3 
Precipitate 116 8.5 22.3 

* About 10 g of 7-day-old carrageenin-induced inflammatory tissue was homogenized, 
in ice-cold 0.9% NaCl solution containing 1 M KCI, by a Vir-Tis 45 homogenizer at 
maximum speed for 4 min. The homogenate was centrifuged at 105,000 g for 1.5 hr at 
4”. Precipitate was resuspended in the same solution using a Teflon-pestle homogenizer. 
Aliquots of the homogenate, the 105,000 g supernatant fraction and the resuspended 
precipitate were incubated for 3 hr at 37” with 1 .l X lOA2 PCi of the labeled substrate 
in a volume of 2 ml. 
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Fig. 3. Effect of pH on the release of t3H]arachidonic acid 
from the labeled substrate. To 2 ml of the pooled samples 
after the fractionation bv Sephadex G-100 column chroma- 
tography was added 1 ml of 0.3 M sodium acetate buffer 
(DH 4.0 to 6.0) or 0.3 M Tris-HCl buffer (oH 6.0 to 9.0) 
&d the mixture was incubated with 1.1 x ‘iOm2 @Zi of the 
labeled substrate at 37” for 2 hr. Key: (o--O) final 0.1 M 
sodium acetate buffer containing 10mM CaCh; and 
(U) finai 0.1 M Tris-HCI buffer containing 10 mM 
CaC&. Each point is the mean of two assays. The results 
have been corrected for non-enzymatic release which was 

less than 1.3% of total label. 

exudate, up to 2 ml of the fraction was incubated at 
37” with 1.1 x 10m2 PCi of the synthetic substrate in 
a final volume of 3 ml containing 0.1 M Tris (pH 6.5) 
and 10mM CaCt2. After 2hr of incubation, there 
was no significant release of [“Hlarachidonic acid 
from the substrate. 

Efjfects of drugs 08 ~hos~holi~ffse A2 activity. The 
effects of several drugs on the partially purified phos- 
pholipase A2 are summarized in Fig. 5. Among the 
drugs examined, p-bromophenacyl bromide showed 
the highest inhibitory activity. Its rcso value was cal- 
culated to be 1.44 x lo-’ M. Indomethacin at a dose 
of 1 pgiml showed no inhibitory activity on the phos- 
pholipase AZ. At the same dose of indomethacin, 
prostaglandin production by the carrageenin- 
induced inflammatory tissue was inhibited more than 
95% [4]. However, moderate inhibition by indo- 
methacin at doses of 10 and 1OOpg per ml was 

0 0.5 1 2 ” 5 

EDTA.2No ImM) 

Fig. 4. Effect of EDTA on the release of [3H]arachidonic 
acid from the labeled substrate. Two milliliters of the 
pooled fractions after Sephadex G-100 column chroma- 
tography was added to 1 ml of 0.3 M Tris-HCI buffer (pH 
6.5) containing 1.1 x low2 ,uCi of the labeled substrate and 
indicated doses of EDTA-2Na. The incubation was carried 

out at 37” for 2 hr. 
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Fig. 5. Effects of drugs on the partially purified phospho- 
lipase AZ of carrageenin-induced inflammatory tissue. Two 
milliiiters of the pooled fraction after Sephadex G-100 
column chromatography was incubated for 2 hr at 37” in 
a volume of 3 ml containing 1.1 x 10e2 &i of the labeled 
substrate, 10 mM CaC12, 0.1 M Tris-HCl buffer (pH 6.5) 
and indicated doses of drugs. Each drug was dissotved in 
ethanol and added to the mixture. The control contained 
the same amount of the vehicle. In the case of bradykinin, 
it was dissolved in Tris-HCI buffer (pH 6.5) and added to 
the incubation mixture. Total protein in 2 ml of the pooled 
fraction varied from 320 to 41Opg from experiment to 
experiment. The results are the means of duplicate or 
triplicate assays and the values agreed within 10% of the 
means. Abbreviations: BPB; p-bromophenacyl bromide; 
IM, indomethacin; DEX, dexamethasone; CHI, cyclo- 
heximide; QC, quinacrine; and BK, bradykinin. The lack 
of effect of actinomycin D is not depicted in the tigure. 

observed. Cycloheximide, which inhibits prostaglan- 
din production by carrageenin-induced inflammatory 
tissue at doses of 0.1 to 10 ,ug/ml [4], showed no 
direct inhibitory activity on the partially purified 
phospholipase A2 at any of the doses examined. On 
the other hand, a tendency for stimulation of 
hydrolysis of the substrate was observed at a dose 
of lOOpg/ml. Bradykinin, quinacrine and the ster- 
oidal anti-inflammatory drug, dexamethasone, also 
had no direct inhibitory effect on the partially pur- 
ified phospholipase AZ. There was no inhibitory 
effect of actinomycin D up to a dose of lOOpg/ml 
(not shown). Further, no direct inhibitory effect by 
cycloheximide or dexamethasone was observed when 
the labeled substrate was incubated for 2 hr at 37” 
with the homogenate of the tissue instead of the 
partially purified phospholipase A: (not shown). 

DISCUSSION 

Except for one report dealing with peritoneal 
exudate in rabbits 1121, there have been no obser- 
vations made on the characteristics of phospholipase 
A2 of inflammatory tissue. The present investigation 
was undertaken to clarify the characteristics of the 
phospholipase A2 of the proliferative inflammatory 
tissue that is induced by carrageenin. Seven days 
after the injection of a 2% carrageenin solution into 
rat dorsum, the oval capsule of granulomatous 
inflammatory tissue retaining the inflammatory 
exudate was well developed, and the wet weight of 
the inflammatory tissue and the volume of the 
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exudate reached about 5 g and 20 ml respectively. 
The main components of the 7-day-old tissue are 
fibrocytes, macrophages and collagen fiber. We have 
reported that the 7-day-old carrageenin-induced 
inflammatory tissue synthesizes and releases large 
amounts of prostaglandins when the tissue is minced 
and incubated in Eagle’s minimal essential medium 
containing 10% calf serum [4]. The minced inflam- 
matory tissue synthesizes mainly 6-keto-prostaglan- 
din Fi, and prostaglandin Er and small amounts of 
prostaglandin Fzti and thromboxane Bz. Bragt and 
Bonta [13] and Higgs and Salmon [14] also reported 
prostaglandin production in carrageenin-induced 
inflammatory tissue with contrasting results. 

From the positional specificity experiment of 
[3H]arachidonic acid in the substrate, it was dem- 
onstrated that most of the radioactivity released from 
the substrate was associated with the 2-position of 
phosphatidylcholine and not with lysophosphatidyl- 
choline. Therefore, we concluded that the enzyme 
activity in our preparations was due to phospholipase 
AZ rather than phospholipase Ai. Since unsaturated 
fatty acids can be released not only by phospholipase 
AZ alone, but also by the combined action of either 
phospholipase Ai and lysophospholipase or phos- 
pholipase C and diacylglycerol lipase, the partially 
purified phospholipase Ar may not be the acylhy- 
drolase responsible for the biosynthesis of the prosta- 
glandins in the carrageenin air-pouch inflammation. 

Recently, Wightman et al. [15] reported two phos- 
pholipase Ar activities in homogenates of mouse 
peritoneal macrophages. The first is active at pH 4.5, 
not dependent on Ca ‘, and presumably of lysosomal 
origin; the second is Ca*+ dependent and is optimally 
active at pH 8.5. In the present investigation, the 
partially purified phospholipase A2 from carra- 
geenin-induced inflammatory tissue showed only 
one pH optimum, between 6 and 7. It may be 
natural since, in the present investigation, the hom- 
ogenate of the inflammatory tissue was centrifuged 
at 105,000 g for 90 min to remove lysosomal particles. 
Indirect evidence for a role of lysosomal phospho- 
lipase A2 in prostaglandin production in carra- 
geenin-induced inflammation was offered by 
Anderson et al. 1161. As to an optimum pH of phos- 
pholipase AZ, not a lysosomal acylhydrolase, there 
are many reports with different tissues using different 
assay conditions. The highest optimum pH, pH 9.5, 
was reported with rabbit platelets [17]. With sheep 
red cell membrane [18] and porcine pancreas phos- 
pholiphase A [19], the optimum pH is 8.0, while 
with rat myocardium [20], skin [21] and mammary 
tumor phospholipase A2 [22], and human seminal 
plasma phospholipase A2 [23], the optimum pH was 
reported to be 7.5. In rabbit peritoneal inflammatory 
fluid [12], a broad pH range (pH 6-8) was reported. 
An optimum pH around 7.0 was also reported for 
rat spleen phospholipase A [24] and BCG-induced 
rabbit alveolar macrophages [25]. In the present 
investigation, the optimum pH of the partially pur- 
ified phospholipase A2 from carrageenin-induced 
inflammatory tissue was shown to be 6.5. This is 
consistent with the value obtained in rat lung 
105,000 g supernatant fraction [26]. The partially 
purified phospholipase A2 from the inflammatory 
tissue was sensitive to Ca2+ concentration and was 

inhibited by EDTA. The Ca*’ requirement for 
optimal activity of the purified phospholipase A2 
from the inflammatory tissue was similar to those 
from other sources such as rat skin [21], glycogen- 
induced rabbit peritoneal exudate [ 121, porcine pan- 
creas [19], human seminal plasma [23], sheep red 
cell membranes [18], and others [17,24]. 

p-Bromophenacyl bromide, which inhibits porcine 
pancreatic phospholipase A2 [27] by alkylating the 
imidazole side-chain of the histidine residue at pos- 
ition 53 of the molecule, strongly inhibited the par- 
tially purified phospholipase A2 of the inflammatory 
tissue. The 1~50 was calculated to be 1.44 x lo-‘M. 
p-Bromophenacyl bromide inhibition of purified 
phospholipase A2 from Vipera russelli was also 
reported by Vallee et al. [28], and the 1~50 was shown 
to be 1.25 x 10m5M, which is close to our value. 
Quinacrine, which was reported to be an inhibitor 
of phospholipase A2 by Vargaftig and Dao Hai [29], 
failed to inhibit the partially purified phospholipase 
A2 from the inflammatory tissue. This is consistent 
with the finding by Vallee ef al. [28] that quinacrine 
is unable to inactivate venom phospholipase A*. 
Bradykinin was reported to stimulate prostaglandin 
production by activating phospholipase A2 [30], but 
no direct stimulatory effect on the partially purified 
phospholipase A2 was observed in the present inves- 
tigation. Actinomycin D, an inhibitor of DNA- 
dependent RNA synthesis, also inhibits prostaglan- 
din production [5,7] but had no direct inhibitory 
effect on the partially purified phospholipase A*. In 
an earlier paper [4], we have shown that the non- 
steroidal anti-inflammatory drug, indomethacin, and 
the steroidal anti-inflammatory drug, dexametha- 
sone, inhibit the production of prostglandins and 
thromboxane B2 by the carrageenin-induced inflam- 
matory tissue. Cycloheximide, a protein synthesis 
inhibitor, also inhibited prostaglandin E2 production 
in a dose-dependent manner [4]. Indomethacin 
inhibition of phospholipase A2 activity of rabbit 
polymorphonuclear leukocytes was reported by 
Kaplan et al. [31]. They showed that 50pM indo- 
methacin failed to inhibit the phospholipase A2 from 
the venoms of the Russell viper, C. adamanteus, and 
the bee, and from pig pancreas. However, 70% of 
the phospholipase A2 activity of leukocytes was 
inhibited at this dose. Franson etal. [32] also reported 
that indomethacin inhibits highly purified phospho- 
lipase A2 isolated from human platelets, rabbit 
alveolar macrophages, and peritoneal polymorpho- 
nuclear leukocytes and that the ICY, is 75 PM in the 
presence of 5 mM Ca *+ In the present investigation, . 
indomethacin did inhibit phospholipase A2 activity 
at concentrations higher than 28 PM (10 pg/ml). As 
reported previously [4], however, significant inhi- 
bition of prostaglandin production by indomethacin 
in the minced inflammatory tissue was apparent at 
concentrations much lower than that required to 
block phospholipase A2 activity. Therefore, at low 
doses of indomethacin, inhibition of prostaglandin 
synthesis in the minced inflammatory tissue is a 
consequence of the drug acting on cyclooxygenase, 
not on phospholipase AZ. However, at low doses, 
indomethacin did inhibit release of 13H]arachidonic 
acid from prelabeled canine kidney cells stimulated 
by tumor-promoting phorbol diesters, but the effect 



2998 K. OHUCHI et al 

was only observed 12 hr after the addition of indo- 2. K. Ohuchi, L. Levine, H. Sato and S. Tsurufuji, Prost. 

methacin [33]. Med. 2, 293 (1979). 

As to the mechanism of the inhibitory effects of 
the steroidal anti-inflammatory drugs on prostaglan- 
din production, it has been suggested [34,35] that 
the anti-inflammatory steroids induce biosynthesis 
of a protein which inhibits phospholipase AZ. This 
protein has been named “macrocortin” by Blackwell 
et al. [36] or “lipomodulin” by Hirata et al. [37]. 
According to their findings, there should be no direct 
inhibitory effects of the steroidal anti-inflammatory 
drugs on the isolated phospholipase A2. Consistent 
with their findings, the present investigation has 
revealed that the steroidal anti-inflammatory drug, 
dexamethasone, at doses up to lOO,ug/ml failed to 
directly inhibit the partially purified phospholipase 
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