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Abstract 

Three 2-polyprenyl-l,4-hydroquinone derivatives (2-heptaprenyl-l,4-hydroquinone: IS1, 2-octaprenyl-l,4-hydroquinone: IS2 
and 2-[24-hydroxy]-octaprenyl-l,4-hydroquinone: IS3) isolated from the Mediterranean sponge lrcinia spinosula, were evaluated 
for effects on phospholipase A 2 activity of different origin (Naja naja venom, human recombinant synovial fluid and bee venom), 
as well as on human neutrophil function and mouse ear oedema induced by 12-O-tetradecanoylphorbol 13-acetate (TPA). IS1 
interacted minimally with these responses. In contrast, IS2 and IS3 inhibited human recombinant synovial phospholipase A 2 in a 
concentration-dependent manner, with minor effects on the rest of the enzymes. Both compounds slightly affected superoxide 
generation and degranulation in human neutrophils, whereas they decreased thromboxane B 2 and leukotriene B 4 synthesis and 
release in a mixed suspension of human platelets and neutrophils stimulated by ionophore A23187, with IC50 values in the/zM 
range. IS3 was the most effective inhibitor of the synthesis of thromboxane B 2 by human platelet microsomes and of leukotriene 
B 4 by high speed supernatants from human neutrophils. IS2 and IS3 showed topical anti-inflammatory activity against the 
TPA-induced ear inflammation in mice, with similar effects on oedema and a higher inhibition of IS3 on leukocyte migration, 
estimated as myeloperoxidase activity in supernatants of ear homogenates. Some structure-activity relationships were established 
since differences in the prenylated chain attached to the hydroquinone moiety result in important modifications of these 
inflammatory responses. 
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I. Introduction 

One area of  current interest concerns the study of 
selective inhibitors of phospholipase A 2 and their abil- 
ity to control inflammatory processes, as possible alter- 
natives to non-steroidal anti- inflammatory drugs (Miya- 
ke et al., 1993; Bomalaski and Clark, 1993; Mukherjee 
et al., 1994). In addition, such inhibitors may be tools 
for elucidation of the mechanisms of arachidonate 
mobilization and cell activation. 

In recent years, a number  of  marine sponge metabo- 
lites, including manoalide,  have proven effective to 
inhibit phospholipase A 2 activity from different 
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sources, in vitro. This property could be responsible, at 
least in part,  for the anti-inflammatory effects shown in 
animals, mainly against the ear oedema induced by 
12-O-tetradecanoylphorbol 13-acetate (TPA) in mice 
(Bennett  et al., 1987; Jacobson et al., 1990; Potts et al., 
1992; De Carvalho and Jacobs, 1991; Marshall et al., 
1994). 

Phospholipases A 2 specifically release fatty acids 
from the sn-2 position of membrane  phospholipids for 
production of proinflammatory mediators such as 
platelet activating factor and eicosanoids (Chang et al., 
1987; Mukherjee et al., 1994). Secretory phospho- 
lipases A 2 are low molecular weight enzymes and can 
be divided into groups I (e.g. Elapidae venoms), II (e.g. 
synovial fluids) and III  (bee venom) (Glaser et al., 
1993; Mukherjee et al., 1994). The enzyme present in 
mammalian synovial fluids during inflammatory dis- 
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eases induces or potentiates inflammatory responses 
either in vitro (Miyake et al., 1994; Mukherjee et al., 
1994) or in vivo when injected into animals (Vadas and 
Pruzanski, 1986; Vishwanath et al., 1988). Recently, 
cytosolic enzymes of high molecular weight and lacking 
significant sequence similarity with secretory pospholi- 
pases A 2 have also been isolated from different cell 
types (Glaser et al., 1993; Kudo et al., 1993; Mukherjee 
et al., 1994). 

We have previously reported the anti-inflammatory 
activity of two natural products of marine origin, avarol 
and avarone, isolated from the sponge Dysidea avara 
(Ferrfindiz et al., 1994). They are diterpenoids possess- 
ing a hydroquinone (avarol) or quinone (avarone) moi- 
ety. Other sponge metabolites contain a hydroquinone 
moiety attached to a terpene residue, like three 2-poly- 
prenyl-l,4-hydroquinones isolated from the Mediter- 
ranean sponge Ircinia spinosula which have shown 
analgesic activity in mice with a low toxicity (20% 
mortality at 1 g/kg i.p., a dose 100-200 times higher 
than those exerting significant analgesic effects) (De 
Pasquale et al., 1991). These compounds also showed 
moderate antimicrobial effects in vitro (De Rosa et al., 
1995). 

In the present work we studied the effects of this 
series of 2-polyprenyl-l,4-hydroquinones (2-heptapren- 
yl-l,4-hydroquinone: IS1, 2-octaprenyl-l,4-hydro- 
quinone: IS2 and 2-[24-hydroxy]-octaprenyl-l,4-hydro- 
quinone: IS3) (Fig. 1) on extracellular phospholipase 
A z (groups I, II and III). In addition, we evaluated 
their topical anti-inflammatory activity by use of TPA- 
induced ear oedema in mice. In order to investigate 
the possible mode of action of these compounds, we 
also studied their ability to modify some responses 
related to the inflammatory process. 

2. Materials and methods 

2.1. Methods 

Preparation of human neutrophils and platelets 
The anticoagulated blood of healthy volunteers was 

centrifuged at 200xg  for 15 min at 4°C and the 
platelet-rich plasma was removed. In the residual blood, 
erythrocytes were sedimented in 2.0% (w/v) dextran 
(molecular weight 526000) in 0.9% NaCI at room tem- 
perature and the supernatant was centrifuged at 1200 
x g for 10 min at 4°C. After hypotonic lysis of remain- 
ing erythrocytes the pellet was resuspended in phos- 
phate-buffered saline solution (PBS), and neutrophils 
were purified by Ficoll-Hypaque sedimentation. The 
cells (viability greater than 95% by trypan blue test) 
were resuspended in PBS containing 1.26 mM Ca 2÷ 
and 0.9 mM Mg 2+. 

Cytotoxicity studies 
Lactate dehydrogenase was determined by the rate 

of oxidation of NADH (Bergmeyer and Bernt, 1974). 
Tubes containing Triton X-100 were used for measure- 
ment of total cellular content of enzyme. 

Superoxide generation by human neutrophils 
Aliquots of 0.5 ml neutrophils (2.5 x 106 cells/ml) 

were preincubated for 5 rain at 37°C with test com- 
pounds or the vehicle (methanol, 5 /zl) and nitroblue 
tetrazolium (100/xM). Cells were stimulated with TPA 
(1 ~M) for 10 min. Tubes were centrifuged at 1200 x g 
for 10 rain at 4°C and the pellets were treated with 500 
/zl of dimethyl sulfoxide/HC1 (95:5) and sonicated. 
Aliquots (250 /~l) were transferred to a well of a 
flat-bottomed microtitre plate and absorbance was 
measured at 540 nm (Rice-Evans et al., 1991). 
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Fig. 1. Chemical structure of  IS1, IS2 and IS3. 
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Scavenging of superoxide 
Superoxide was generated by the hypoxan- 

thine/xanthine oxidase system and detected by the 
reduction of nitroblue tetrazolium. A direct inhibitory 
effect on xanthine oxidase activity was tested for by 
measuring uric acid formation from xanthine by follow- 
ing the rate of absorbance change at 295 nm (Payfi et 
al., 1992). 

Elastase release by human neutrophils 
The cells (2.5 × 106/ml), in a volume of 500 p.1, 

were preincubated with test compound or vehicle for 5 
min at 37°C and then treated with cytochalasin B (10 
/zM) for 5 min followed by addition of N-formyl-L- 
methionyl-L-leucyl-L-phenylalanine (10 p.M) and incu- 
bated for 10 min at 37°C. After centrifugation at 1200 
× g for 10 min at 4°C, 250/zl aliquots of supernatants 
were transferred to a well of a fiat-bottomed microtitre 
plate and incubated with N-tert-butoxy-carbonyl-L- 
alanine p-nitrophenyl ester (200 p.M) for 10 min at 
37°C. Absorbances were determined at 414 nm (Bar- 
rett, 1981). 

Partial purification of  elastase from human neutrophils 
Human neutrophils (108/ml) were completely lysed 

by sonication and the mixture was then centrifuged at 
100000 x g  for 1 h at 4°C (Barrett, 1981). The super- 
natant was diluted in PBS at a protein concentration of 
0.21 mg/ml. Aliquots of the diluted supernatant (250 
/zl) were used as the enzyme source for the above 
reaction. 

Synthesis and release of eicosanoids by human neu- 
trophils and platelets 

A mixed suspension of neutrophils (5 × 106/ml) and 
platelets (5 × 106/ml) in PBS was preincubated with 
test compound or vehicle (5 p.1) for 10 min at 37°C. 
The calcium ionophore, A23187 (final concentration 1 
p.M), was added in a volume of 5/xl and the mixture 
was incubated for 10 min. After centrifugation at 1200 
× g for 10 min at 4°C, the supernatants were frozen at 
-70°C until the radioimmunoassays for thromboxane 
B 2 and leukotriene B 4 were performed as described 
previously (Moroney et al., 1988). 

Synthesis of thromboxane B e by human platelet micro- 
somes 

Human platelet microsomes were prepared and in- 
cubated with 10 ~M arachidonic acid as previously 
described (Brownlie et al., 1993). The samples were 
then boiled for 5 min and thromboxane B z levels were 
determined by radioimmunoassay as above. 

Synthesis of leukotriene B 4 by high speed supernatants 
from human neutrophils 

High speed (100000 x g) supernatants from human 
neutrophils were obtained and incubated with 10 /~M 

arachidonic acid using the procedure described by 
Tateson et al. (1988). Leukotriene B 4 levels were mea- 
sured by radioimmunoassay as above. 

Phospholipase A 2 assay 
Phospholipase A 2 was assayed by using [3H]oleate 

labelled membranes of Escherichia coli, following a 
modification of the method of Franson et al. (1974) 
described previously (Ferrfindiz et al., 1994). Test com- 
pounds were preincubated with the enzyme for 5 min 
and after addition of substrate the incubation was 
allowed to proceed for 15 min. Human recombinant 
synovial phospholipase A 2 (0.03 tzg), bee venom phos- 
pholipase A 2 (0.05 units) and Naja naja venom en- 
zyme (0.1 units) were diluted in 100 ~M Tris-HCl, 1 
/~M CaC12 buffer, pH 7.5. 

Mouse ear oedema 
Test compounds were applied topically in acetone 

before TPA administration (2.5 p.g) to the right ear of 
Swiss mice weighing 20-25 g. The left ear (control) 
received only acetone. After 4 h the animals were 
killed by cervical dislocation and equal sections of both 
ears were punched out and weighed (Carlson et al., 
1985). The ear sections were homogenized in 750 p.1 
saline and after centrifugation at 10000 X g for 15 min 
at 4°C, myeloperoxidase activity was measured in su- 
pernatants (Suzuki et al., 1983; De Young et al., 1989). 
The reaction mixture contained 50 ~1 supernatant, 150 
p.1 PBS, 15 p.l 0.22 M NaHzPO 4 (pH = 5.4), 20 /zl 
0.034% H20 2 and 20/zl 18 mM tetramethylbenzidine 
in 8% dimethyl formamide. After 3 min reaction at 
37°C, 30 p.1 of 1.46 M sodium acetate buffer, pH 3.0, 
was added and absorbance at 630 nm was read using a 
microtitre plate reader. 

2.Z D m ~  

IS1, IS2 and IS3 were isolated from the marine 
sponge lrcinia spinosula (Dictyoceratida) collected in 
the bay of Naples (Italy), as previously described 
(Cimino et al., 1972). Other materials were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA): TPA, 
dextran, histopaque, mepacrine, p-bromophenacyl bro- 
mide, indomethacin, hypoxanthine, xanthine, xanthine 
oxidase, ionophore A23187, cytochalasin B, N-formyl- 
L-methionyI-L-leucyl-L-phenylalanine, N-tert-butoxy- 
carbonyl-L-alanine p-nitrophenyl ester, sodium pyru- 
vate, tetramethylbenzidine, Triton X-100, NADH, su- 
peroxide dismutase from bovine erythrocytes, nitroblue 
tetrazolium, Naja naja venom phospholipase A2, bee 
venom phospholipase A2, thromboxane B2, leukotriene 
B 4 and the antibody against thromboxane B 2. [9,10- 
3H]oleic acid was purchased from Du Pont (Itisa, 
Madrid, Spain). [5,6,8,9,11,12,14,15(n)-3H]throm - 
boxane B 2 and [5,6,8,9,11,12,14,15(n)-3H]leukotriene 
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B 4 w e r e  f rom A m e r s h a m  Iber ica  (Madr id ,  Spain) .  Hu-  
man  r e c o m b i n a n t  synovial  phospho l ipase  A2 ,  an t ibody  
aga ins t  l e u k o t r i e n e  B 4 and  6-([3-f luoro-5-(4-methoxy- 
3 ,4 ,5 ,6 - t e t r ahydro -2H-pyran -4 -y l )  phenoxy]  methyl ) -  
e thy l -2 -qu ino lone  ( Z M  230,487) were  a gift f rom Dr.  
R .M.  McMi l l an ,  Z e n e c a  Pharmaceu t i ca l s ,  Macc les -  
f ield,  Chesh i re ,  UK.  Escherichia coli strain C E C T  101 
was p rov ided  by Prof.  F. Uruburu ,  D e p a r t m e n t  of  
Microbio logy ,  Univers i ty  of  Valencia ,  Spain.  

2.3. Statistics 

The  resul t s  a re  p r e s e n t e d  as means  + S.E.M. Stat is-  
t ical  analysis  was p e r f o r m e d  by one-way analysis  of  
va r i ance  ( A N O V A )  fo l lowed by D u n n e t t ' s  t - tes t  for  
mul t ip le  compar i sons .  The  50% inhibi tory  concen t ra -  
t ion (IC50) and  the  50% inhibi tory  dose (IDs0) were  
ca lcu la t ed  by regress ion  analysis.  

3. Results 

3.1. Phospholipase A 2 activity 

T h e  e x p e r i m e n t s  p r e s e n t e d  in Tab le  1 were  per-  
f o r m e d  to m e a s u r e  the  activity of  phospho l ipa se  A 2 
exposed  to 2 -po lypreny l - l , 4 -hydroqu inones .  A s  indi-  
ca t ed  in this  t ab le ,  d i f fe ren t  amoun t s  of  [3H]oleic acid  
were  r e l e a s e d  f rom E. eoli m e m b r a n e s  by the  d i rec t  
ac t ion  of  p h o s p h o l i p a s e  A z activity be long ing  to g roups  
I (Naja naja venom) ,  I I  ( human  r ecombinan t  synovial  
f luid)  or  I I I  (bee  venom) .  IS1, IS2 and IS3 in t e r ac t ed  
sl ightly with the  p h o s p h o l i p i d  hydrolysis  ca ta lyzed  by 
Naja naja v e n o m  or  b e e  venom phospho l ipa se  A 2. 
Neve r the l e s s  the  inh ib i to ry  effect  was c lear ly  g r e a t e r  
on the  h u m a n  r e c o m b i n a n t  synovial enzyme,  which was 
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Fig. 2. Concentration-effect relationship for the inhibition by IS2 and 
IS3 of human recombinant synovial phospholipase A 2- ( • ) IS2, ( • ) 
IS3. Points with vertical lines represent the means and S.E.M. of 
n = 6. *P < 0.05, * *P < 0.01. 

inhibi ted  by IS2 and  IS3 in a c o n c e n t r a t i o n - d e p e n d e n t  
m a n n e r  and  with the  same potency  (Fig. 2). M e p a c r i n e  
and p - b r o m o p h e n a c y l  b romide ,  two unspeci f ic  in- 
h ibi tors  of  phospho l ipa se  A2,  n e e d e d  h igher  concen-  
t ra t ions  to achieve signif icant  enzyme inhibi t ion.  

3.2. Superoxide generation and elastase release 

Table  2 summar izes  the effects of  2 -po lyprenyl - l ,4 -  
hyd roqu inones  on superox ide  genera t ion  and  e las tase  
re lease  by h u m a n  neut rophi l s .  The  th ree  c o m p o u n d s  
had  min imal  effects  on both  responses  and fai led to 
inhibi t  e las tase  activity p re sen t  in 100000 × g  super -  
na tan t s  of  son ica ted  h u m a n  neu t rophi l s  (da t a  not  
shown). IS3 was more  effective than the  rest  of  the  
2 -po lypreny l - l ,4 -hydroqu inones .  Al l  the  c o m p o u n d s  
fai led to scavenge the superoxide  anion g e n e r a t e d  by 

Table 1 
Effect of 2-polyprenyl-l,4-hydroquinones on three secretory phospholipase A 2 enzymes 

Naja naja venom Human recombinant Bee venom 
phospholipase A 2 synovial phospholipase A 2 phospholipase A 2 

% Inhibition IC5o % Inhibition IC5o % Inhibition IC5o 

ISI 32.8 + 0.8 t, N.D. 41.1 + 1.0 b N.D. 15.8 + 3.5 h N.D. 
(100 p.M) 
IS2 30.7 ___ 2.1 h N.D. 65.7 _+ 4.3 h 48.7/zM 18.5 + 2.9 h N.D. 
(100/xM) 
IS3 25.5 _+ 1.7 h N.D. 70.2 _+ 1.5 b 48.0/xM 21.5 +_ 1).8 h N.D. 
(100/xM) 
Mepacrine 67.3 + 4.3 b 0.15 mM 48.9 ___ 2.6 h N.D. 58.5 _+ 2.4 ~ 11.5 mM 
(1 mM) 
p-Bromophenacyl 82.4 _+ 1.5 h 0.29 mM 51).4 ___ 2.9 h 5.4 mM 24.5 _+ 3.2 ~' 3.2 mM 
bromide 
(1 raM) 

Results are expressed as percent inhibition (means _+ S.E.M. from n = 3-5) and IC5o. N.D. = not determined. ~' P < 0.05, b p < 0.01. Control 
activity was 274.6 + 3.2 pmol oleic acid/mg protein (Naja naja venom phospholipase A2), 214.0 + 1.2 pmol oleic acid/mg protein (human 
recombinant synovial phospholipase A 2) and 379.0 _+ 2.0 pmol oleic acid/mg protein (bee venom phospholipase A2). 
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Table 2 
Effect of 2-polyprenyl-l ,4-hydroquinones on superoxide anion gener- 
ation and elastase release in human  neutrophils  

Superoxide Elastase 
generation release 
% Inhibition % Inhibition 
(10 p.M) (100/~M) 

IS1 11.1 -+5.4 23.75:4.5 b 
IS2 23.1 -+ 1.7 24.25:4.2 b 
IS3 27.7-+6.2 b 40.7_+4.2 b 

Indomethacin  - 31.9_+4.9 a 

Superoxide dismutase 93.4 _+ 2.3 b _ 
(100 U / I )  

Resul ts  are expressed as percent inhibition (means+S .E .M.  from 
n = 6). a p < 0.05, b p < 0.01. The  highest concentrat ion tested for 
inhibition of superoxide generat ion was 1 0 / z M  since over it 2-poly- 
prenyl- l ,4-hydroquinones interfered with the detecting molecule, 
nitroblue tetrazolium. 

the hypoxanthine/xanthine oxidase system (data not 
shown). 

3.3. Synthesis and release o f  eicosanoids by human neu- 
trophils and platelets 
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Fig. 3. Effect of IS2 and IS3 on thromboxane B 2 synthesis and 
release in A23187-stimulated mixed suspension of human  platelets 
and neutrophils.  ( l l )  IS2, ( • )  IS3. Points with vertical lines repre- 
sent the means  and S.E.M. of n = 6. *P < 0.05, ' "P  < 0.01. Non- 
st imulated preparations released 2.6_+0.3 n g / 5  × 10 6 pla te le ts /ml  
thromboxane B 2 (means _+ S.E.M., n = 3 0 ) .  After stimulation with 
ionophore A23187, control incubations released 39.2-+ 1.9 n g / 5  × 10 6 

pla te le t s /ml  thromboxane B 2 ( m e a n s +  S.E.M., n = 30). 

In a mixed suspension of human neutrophils and 
platelets, reference compounds inhibited potently 
eicosanoid generation. The cyclo-oxygenase inhibitor, 
indomethacin, showed an IC50 value for inhibition of 
thromboxane B 2 synthesis and release of 3.7 nM and 
the 5-1ipoxygenase inhibitor ZM 230,487 inhibited 
leukotriene B 4 synthesis and release with an IC50 of 
59.6 nM. 

Fig. 3 illustrates the concentration dependence of 
IS2 and IS3 on thromboxane B 2 synthesis and release. 
Both compounds exhibited the same potency since the 
calculated IC5o values were 3.9 /zM and 3.4 p,M, 
respectively. In contrast, IS1 did not inhibit this re- 
sponse in a significant way at concentrations up to 100 
/xM (data not shown). The three compounds inhibited 
the A23187-stimulated leukotriene B 4 production in 
human neutrophils, with marked differences in efficacy 
and potency (Fig. 4). IS3 was able to abolish the 
release of this eicosanoid at the higher concentration 
(100/~M) and was a potent inhibitor (IC5o = 7.4/xM), 
followed by IS2 (IC5o = 23.1/zM) and IS1 (IC50 = 91.1 
/zM). Concentrations of 2-polyprenyl-l,4-hydro- 
quinones that inhibited these responses did not result 
in cellular toxicity as determined by lactic dehydro- 
genase release (data not shown). 

3.4. Synthesis o f  thromboxane B 2 by human platelet 
m ic roso m es 

IS1 did not inhibit thromboxane B 2 synthesis by 
human platelet microsomes (data not shown). In con- 

trast, IS2 reduced this response (IC50 = 62.2 p.M), 
whereas IS3 showed higher inhibitory effects with an 
IC5o value of 29.0 /zM. Indomethacin potently inhib- 
ited cyclo-oxygenase activity with an IC5o value of 19.4 
nM. 
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Fig. 4. Effect of  ISl, IS2 and IS3 on Icukotriene B 4 syntllesis and 
release in A23189-stimulated mixed suspension of human platelets 
and neutrophils. (e) ISI, (m)  IS2, ( A )  IS3. Points with vertical lines 
represent the means and S.E.M. of  n = 6. *P < 0.05, * *P < 0.01. 
Non-stimulated preparations released 0.47+0.01 n g / 5 ×  106 neu- 
t rophi ls/ml leukotriene B 4 (means + S.E.M., n = 30). Af ter  stimula- 
tion with ionophore A23187, control incubations released 49.8_+2.8 
ng/5  X ]06 neutrophi ls/ml leukotriene B, (means_+S.E.M., n = 30). 
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Fig. 5. Effect of  IS2, IS3 and indomethacin on TPA-induced ear 
oedema in mice. Compounds  were administered topically before the 
application of TPA at 2.5 / zg /ea r .  Values are expressed as the 
means+S.E.M, for 6-12 mice. " *P < 0.01. Black column: control 
group, vertically hatched columns: IS2, open columns: IS3, diagonally 
hatched columns: indomethacin. 

that of indomethacin since the approximated IDs0 val- 
ues were 212.9, 173.5 and 171.2 /~g/ear for IS2, IS3 
and indomethacin, respectively. IS2 and IS3 also were 
more effective than this reference anti-inflammatory 
drug at the lower doses used (62.5 and 125 /zg/ear). 
Nevertheless IS2 only inhibited myeloperoxidase activ- 
ity (an index of leukocyte migration into the inflammed 
ears) at the highest dose tested (250/~g/ear), whereas 
IS3 and indomethacin effectively inhibited this param- 
eter at 125 and 250 ixg/ear. IS1 only decreased ear 
oedema by 39.8+6.4% ( n = 6 ,  P<0.01) ,  at 250 
/zg/ear, without any significant effect on myeloperoxi- 
dase activity. 

4. Discussion 

3.5. Synthesis of leukotriene B 4 by high speed super- 
natants from human neutrophils 

In this system, IS1 failed to modify leukotriene B 4 

synthesis (data not shown). The rest of the compounds 
behaved as inhibitors with some differences. The effect 
of IS2 was weak, with percent inhibition of 27.0 + 5.2 
(P < 0.05) at 100/xM. IS3 and the reference inhibitor, 
ZM 230,487, dose-dependently reduced leukotriene B 4 
synthesis with IC50 values of 29.4 and 6.9 tzM, respec- 
tively. 

3.6. Mouse ear oedema 

The topical anti-inflammatory effects of IS2 and IS3 
on the TPA-induced ear oedema are illustrated in Figs. 
5 and 6. Both compounds dose dependently decreased 
the extent of swelling with a potency in the range of 
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Fig. 6. Effect of  IS2, IS3 and indomethacin on myeloperoxidase 
activity (absorbance at 630 nm) in supernatants  of  homogenates  from 
TPA-t rea ted  ears. Absorbance of non-treated ears was previously 
subtracted from all values. Compounds  were applied topically before 
the application of TPA at 2.5 p .g /ear .  Values are expressed as the 
m e a n s _  S.E.M. for 6 -12  mice. *P < 0.05, * *P < 0.01. Black column: 
control group, vertically hatched columns: IS2, open columns: IS3, 
diagonally hatched columns: indomethacin.  

Of the compounds tested, IS2 and IS3 were found 
to be effective inhibitors of phospholipase A2, with 
selectivity for a group II secretory phospholipase A z. 
This enzyme is released by different cell types, such as 
human synovial cells following activation by pro-in- 
flammatory mediators. Thus, IS2 and IS3 inhibit an 
enzyme activity possessing a potential role in the 
pathogenesis of inflammatory processes (Vadas and 
Pruzanski, 1986; Pfeilschifter et al., 1993; Angel et al., 
1993). Since there are few agents available which are 
known to be effective and selective phospholipase A 2 
inhibitors, these marine compounds may prove useful 
in studies of phospholipase A 2 in other systems. 

Many cells are known to generate arachidonic acid 
metabolites following stimulation by a variety of agents 
which activate phospholipase A 2 and other enzymes, 
via an increase in cytoplasmatic calcium. Within this 
scheme, phospholipase A 2 activation represents the 
point of regulatory control for arachidonic acid release 
and the subsequent eicosanoid synthesis (Walsh et al., 
1983; Chang et al., 1987). In our experiments, IS2 and 
IS3 potently reduced eicosanoid generation by intact 
cells. In addition, we have confirmed the inhibitory 
activity of both compounds on cyclo-oxygenae and 5- 
lipoxygenase, showing a lower potency in these sys- 
tems. Although the data presented here do not estab- 
lish phospholipase A 2 as the site at which IS2 and IS3 
inhibit inflammatory responses, it is evident that a 
decrease in the availability of arachidonic acid may 
participate in the observed reduction in eicosanoid 
synthesis and release, in addition to their inhibitory 
effects on the enzymes, cyclo-oxygenase and 5-1ipoxy- 
genase. 

Treatment of human neutrophils with 2-polyprenyl- 
1,4-hydroquinones did not block the release of super- 
oxide anion and only reduced the secretion of lysoso- 
mal elastase in human neutrophils at a high concentra- 
tion (100 /zM). Nevertheless the three compounds in- 
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f luenced  the synthesis  and  re l ease  of  l euko t r i ene  B 4 by 
in tac t  h u m a n  neu t roph i l s  in a c o n c e n t r a t i o n - d e p e n d e n t  
manne r .  Thus ,  IS3 and to a lesser  ex tent  the  rest  of  
compounds ,  have a specif ic  inf luence  on ce l lu lar  re-  
sponses  and  it seems  unl ikely  tha t  they act by inhibi t ing 
some s tep  in the  me tabo l i c  pa thway  of  h u m a n  neu-  
t rophi l s  c o m m o n  to all the  s t imuli  used.  

T P A - s t i m u l a t e d  supe rox ide  an ion  gene ra t ion  in 
neu t roph i l s  is cons ide red  to be  a p ro te in  k inase  C- 
m e d i a t e d  event  and  phospho l i pa se  A 2 activity is not  
r equ i r ed  for this ce l lu lar  response  ( R o s e n t h a l  et al., 
1992). In  the  sys tem used ,  our  resul ts  ind ica te  that  the  
c o m p o u n d s  t e s t ed  a re  not  ac t ing as classic inhibi tors  of  
p r o t e in  k inase  C. 

IS2 and IS3 exhib i ted  topica l  an t i - i n f l ammato ry  ac- 
tivity in the  T P A - i n d u c e d  ea r  o e d e m a  in mice.  I t  is 
in te res t ing  to note  tha t  the c o m p o u n d s  able  to inhibi t  
g roup  II  sec re to ry  phospho l ipa se  A 2 activity also ex- 
e r t e d  an t i - i n f l ammato ry  effects  on mouse  ea r  oede ma ,  
an e x p e r i m e n t a l  mode l  l ikely r e l a t ed  with phospho-  
l ipase  A 2 ac t iva t ion  ( H e n d e r s o n  et al., 1989) and de-  
p e n d e n t  on d i f fe ren t  in f l ammatory  med ia to r s  like 
p ros t ag l and in  E 2 (Car l son  et  al., 1985) and l euko t r i ene  
B4, which would  d e t e r m i n e  the ce l lu lar  influx (Rao  et  
al., 1993). In fact,  the  inf luence  of  these  2-polyprenyl -  
1 ,4 -hydroquinones  on  neu t roph i l  migra t ion  in this ex- 
p e r i m e n t a l  m o d e l  of  in f l ammat ion  is cons is ten t  with 
the  effect  shown on l euko t r i ene  B 4 synthesis  and  re-  
lease  by h u m a n  neu t roph i l s ,  and  the i r  topica l  ant i - in-  
f l am mato ry  activity on the  r e sponse  induced  by T P A  
may  d e p e n d  on inhibi t ion  of  phospho l i pa se  A 2 and the 
ge ne ra t i on  o f  med ia to r s  de r ived  f rom 5-1ipoxygenase 
and  cyclo-oxygenase  pa thways .  

O n  the  o t h e r  hand ,  some s t ruc tura l  fea tu res  p r e se n t  
in these  sponge  me tabo l i t e s  can modi fy  the i r  pha r -  
maco log ica l  activity. Thus ,  inhib i t ion  of  l euko t r i ene  B 4 
synthesis  in the  p r e s e n c e  o f  e i the r  high speed  super -  
na t an t s  f rom h u m a n  neu t roph i l s  or  intact  cells  was 
e n h a n c e d  by increas ing  the length  of  the  p r eny l a t e d  
chain  (IS1 < IS2) as well as by the in t roduc t ion  of an 
a lcohol ic  g roup  in such a chain  (IS2 < IS3). S imi lar  
b e h a v i o u r  was obse rved  for inhibi t ion  of  cyclo- 
oxygenase  activity, while  only the  first f ea tu re  favours  
the  inhib i t ion  of  t h r o m b o x a n e  B e synthesis  and re lease  
by p la t e l e t s  as well as the  inhibi t ion  of  synovial phos-  
pho l ipase  A 2 (IS1 < IS2 = IS3). The  da ta  fur ther  indi-  
ca te  that  the  subs t i tu t ion  of  a s e squ i t e rpeno id  moie ty  
p re sen t  in avarol  (Fer r f indiz  et al., 1994) by a preny-  
l a ted  chain  with a length of  8 i soprene  units  at the C-2 
of  hyd roqu inone ,  adds  me thy lene  groups  as well as 
yields  a f lexible s t ruc ture  that  could  faci l i ta te  the inter-  
ac t ions  with sec re to ry  phospho l i pa se  A e. 

O u r  resul ts  also suggest  that  the  des ign of synthet ic  
ana logs  r e l a t ed  s t ruc tura l ly  to 2 -po lyp reny l - l , 4 -hydro -  
qu inones  may  r ep re sen t  a useful  a p p r o a c h  for the  
d e v e l o p m e n t  o f  new phospho l i pa se  A 2 inhibi tors .  

Acknowledgements 

This  work  was s u p p o r t e d  by gran t  PM92-0145 from 
C.I .C.YT. ,  the  Spanish  Minis te r io  de Educac i6n  y 
Ciencia .  The  au thors  thank  Dr. R.M. McMil lan  
( Z e n e c a  Pha rmaceu t i ca l s ,  Macclesf ie ld ,  Cheshi re ,  UK)  
for the  gift of  human  r ecombinan t  synovial  phospho-  
l ipase  A 2 and some reagents ,  and  Dr.  C. Iodice  ( Is t i tu to  
p e r  la Chimica  di Moleco le  di In te resse  Biologico,  
C.N.R. ,  Arco  Fel ice ,  Napol i ,  I ta l ia)  for the isolat ion of 
the  m a r i n e  p roduc t s  tes ted.  

References 

Angel, J., O. Colard, F. Chevy and C. Fournier, 1993, Interleukin-l- 
mediated phospholipid breakdown and arachidonic acid release 
in human synovial cells, Arthritis Rheum. 36, 158. 

Barrett, A.J., 1981, Leukocyte elastase, Methods Enzymol. 80, 581. 
Bennett, C.F., S. Mong, M.A. Clarke, L.I. Kruse and S.T. Crooke, 

1987, Differential effects of manoalide on secreted and intra- 
cellular phospholipases, Biochem. Pharmacol. 36, 733. 

Bergmeyer, H.U. and E. Bernt, 1974, Lactate dehydrogenase: UV 
assay with pyruvate and NADH, in: Methods of Enzymatic Anal- 
ysis, Vol. 2, ed. H.U. Bergmeyer (Academic Press, New York) p. 
574. 

Bomalaski, J.S. and M.A. Clark, 1993, Phospholipase A 2 and arthri- 
tis, Arthritis Rheum. 36, 190. 

Brownlie, R.P., N.J. Brownrigg, H.M. Butcher, R. Garcia, R. Jessup, 
V.J. Lee, S. Tunstall and M.G. Wayne, 1993, ZD1542, a potent 
thromboxane A 2 synthase inhibitor and receptor antagonist in 
vitro, Br. J. Pharmacol. 110, 1600. 

Carlson, R.P., L. O'Neill-Davis, J. Chang and A.J. Lewis, 1985, 
Modulation of mouse ear edema by cyclooxygenase and lipoxy- 
genase inhibitors and other pharmacologic agents, Agents Ac- 
tions 17, 197. 

Chang, J., J.H. Musser and H. McGregor, 1987, Phospholipase A2: 
function and pharmacological regulation, Biochem. Pharmacol. 
36, 2429. 

Cimino, G., S. De Stefano and L. Minale, 1972, Polyprenyl deriva- 
tives from the sponge Ircinia spinosula. 2-Polyprenylben- 
zoquinones, 2-polyprenylbenzoquinols, prenylated furans and a 
C-31 difuranoterpene, Tetrahedron 28, 1315. 

De Carvalho, M.S. and R.S. Jacobs, 1991, Two-step inactivation of 
bee venom phospholipase A 2 by scalaradial, Biochem. Pharma- 
col. 42, 1621. 

De Pasquale, R., C. Circosta, F. Occhiuto, S. De Rosa and S. De 
Stefano, 1991, Pharmacological studies on terpenoids from ma- 
rine sponges: analgesic and muscle relaxant effects, Phytother. 
Res. 5, 49. 

De Rosa, S., A. De Giulio and C. Iodice, 1995, Biological effects of 
prenyl-hydroquinones: structure-activity relationships studies on 
antimicrobial, brine shrimp and fish lethality assays, J. Nat. Prod. 
(in press). 

De Young, L.M., J.B. Kheifets, S.J. Ballaron and J.M. Young, 1989, 
Edema and cell infiltration in the phorbol ester-treated mouse 
ear are temporally separate and can be differentially modulated 
by pharmacologic agents, Agents Actions 26, 335. 

Ferrfindiz, M.L., M~J. Sanz, G. Bustos, M. Payfi, M.J. Alcaraz and S. 
De Rosa, 1994, Avarol and avarone, two new anti-inflammatory 
agents of marine origin, Eur. J. Pharmacol. 253, 75. 

Franson, R., P. Patriarca and P. Elsbach, 1974, Phospholipid 
metabolism by phagocytic cells. Phospholipases A~ associated 
with rabbit polymorphonuclear leukocyte granules, J. Lipid Res. 
15, 38O. 



288 B. Gil et al. / European Journal of Pharmacology 285 (1995) 281-288 

Glaser, K.B., D. Mobilio, J.Y. Chang and N. Senko, 1993, Phospho- 
lipase A 2 enzymes: regulation and inhibition, Trends Pharmacol. 
Sci. 14, 92. 

Henderson, L.M., J.B. Chappell and O.T.G. Jones, 1989, Superoxide 
generation is inhibited by phospholipase A 2 inhibitors. Role for 
phospholipase A 2 in the activation of the NADPH oxidase, 
Biochem. J. 264, 249. 

Jacobson, P.B., L.A. Marshall, A. Sung and R.S. Jacobs, 1990, 
Inactivation of human synovial fluid phospholipase A 2 by the 
marine natural product, manoalide, Biochem. Pharmacol. 39, 
1557. 

Kudo, I., M. Murakami, S. Hara and K. Inoue, 1993, Mammalian 
non-pancreatic phospholipases A 2, Biochim. Biophys. Acta 117, 
217. 

Marshall, L.A., J.D. Winkler, D.E. Griswold, B. Bolognese, A. 
Roshak, C.-M. Sung, E.F. Webb and R.S. Jacobs, 1994, Effects of 
scalaradial, a type II phospholipase A 2 inhibitor, on human 
neutrophil arachidonic acid mobilization and lipid mediator for- 
mation, J. Pharmacol. Exp. Ther. 268, 709. 

Miyake, A., H. Yamamoto, E. Kubota, K. Hamaguchi, A. Kouda, K. 
Honda and H. Kawashima, 1993, Suppression of inflammatory 
responses to 12-O-tetradecanoyl-phorbol-13-acetate and car- 
rageenin by YM-26734, a selective inhibitor of extracellular group 
II phospholipase A2, Br. J. Pharmacol. 110, 447. 

Miyake, A., H. Yamamoto, T. Enomori and H. Kawashima, 1994, 
Exogenous grup II phospholipase A 2 induces prostaglandin E 2 
production in mouse peritoneal macrophages, Eur. J. Pharmacol. 
253, 155. 

Moroney, M.A., M.J. Alcaraz, R.A. Forder, F. Carey and J.R.S. 
Hoult, 1988, Selectivity of neutrophil 5-1ipoxygenase and cyclo- 
oxygenase inhibition by an anti-inflammatory flavonoid glycoside 
and related aglycone flavonoids, J. Pharm. Pharmacol. 40, 787. 

Mukherjee, A.B., L. Miele and N. Pattabiraman, 1994, Phospho- 
lipase A 2 enzymes: regulation and physiological role, Biochem. 
Pharmacol. 48, 1. 

Payfi, M., B. Halliwell and J.R.S. Hoult, 1992, Interactions of a series 
of coumarins with reactive oxygen species: scavenging of superox- 
ide, hypochlorous acid and hydroxyl radicals, Biochem. Pharma- 
col. 44, 205. 

Pfeilschifter, J., C. Schalkwijk, V.A. Briner and H. Van den Bosch, 
1993, Cytokine-stimulated secretion of group II phospholipase 
A 2 by rat mesangial cells. Its contribution to arachidonic acid 
release and prostaglandin synthesis by cultured rat glomerular 
cells, J. Clin. Invest. 92, 2516. 

Potts, B.C.M., D.J. Faulkner and R.S. Jacobs, 1992, Phospholipase 
A 2 inhibitors from marine organisms, J. Nat. Prod. 55, 1701. 

Rao, T.S., J.L. Currie, A.F. Shaffer and P.C. Isakson, 1993, Compar- 
ative evaluation of arachidonic acid (AA)-and tetradecanoylphor- 
bol acetate (TPA)-induced dermal inflammation, Inflammation 
17, 723. 

Rice-Evans, C.A., A.T. Diplock and M.C.R. Symons, 1991, Tech- 
niques in free radical research, in: Laboratory Techniques in 
Biochemistry and Molecular Biology, eds. R.H. Burdon and P.H. 
Van Knippenberg (Elsevier, Amsterdam) p. 88. 

Rosenthal, M.D., K.S. Lattanzio and R.C. Franson, 1992, The effects 
of the phospholipase A 2 inhibitors aristolochic acid and PGBx on 
A23187-stimulated mobilization of arachidonate in human neu- 
trophils are overcome by diacylglycerol or phorbol ester, Biochim. 
Biophys. Acta 1126, 319. 

Suzuki, K., H. Ota, S. Sasagawa, T. Sakatani and T. Fujikura, 1983, 
Assay method for myeloperoxidase in human polymorphonuclear 
leukocytes, Anal. Biochem. 132, 345. 

Tateson, J.E., R.W. Randall, C.H. Reynolds, W.P. Jackson, P. Bhat- 
tacherjee, J.A. Salmon and L.G. Garland, 1988, Selective inhibi- 
tion of arachidonate 5-1ipoxygenase by novel acetohydroxamic 
acids: biochemical assessment in vitro and ex vivo, Br. J. Pharma- 
col. 94, 528. 

Vadas, P. and W. Pruzanski, 1986, Biology of disease. Role of 
secretory phospholipases A 2 in the pathobiology of disease, Lab. 
Invest. 55, 391. 

Vishwanath, B.S., A.A. Fawzy and R.C. Franson, 1988, Edema-in- 
ducing activity of phospholipase A 2 purified from human syn- 
ovial fluid and inhibition by aristolochic acid, Inflammation 12, 
549. 

Walsh, C., L.R. Dechatelet, F.H. Chilton, R.L Wykle and M. Waite, 
1983, Mechanism of arachidonic acid release in human polymor- 
phonuclear leukocytes, Biochim. Biophys. Acta 750, 32. 


