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Abstract--The effects of aspirin, indomethacin, phenylbutazone, eicosatetravnoic acid ETYA). 
nordihydroguaiaretic acid (NDGA) and 3-amino-l-[3-(trifluoromethyl)-phenyl]-2-pyrazotine (BW755C) 
on human neutrophil degranulation induced by A23187 and F-Met-Leu-Phe (FMLP) have been studied 
These effects have been compared with those on A23187 induced leukotriene B4 (LTB4) and throm- 
boxane Bz (TXB~) synthesis by these cells to elucidate the relationship between LTB4 formation and 
degranulation. All compounds inhibited TXB_, synthesis by 5(1% at concentrations between 0.0016 and 
50 ,uM. The synthesis of LTB~ was inhibited by 50% by ETYA (1.9 ~M) and by NDGA (0.52 !~M). 
Degranulation induced by A23187 and FMLP was inhibited by 50% by ETYA ( 16 and 11 uM rcspcctively) 
and bv NDGA (1.5 and 6.5 !~M respectively). In the case of ETYA the concentrations rcquircd to 
inhibit degranulation were significantly higher than those required to inhibit LTB4 svnthesis. In contrast, 
BW755C inhibited LTB4 synthesis by 50% at 2.8 I~M but did not affect A23187-in~duced degranulation 
and was only a weak inhibitor of FMLP-induced degranulation (50f4 inhibition at 89 !lM). The effects 
of the above compounds on the o)-oxidation of LTB4 by human neutrophils has also been studicd to 
investigate the mechanism of action of these compounds. None of the above compounds affected the 
metabolism of LTB4 by these cells suggesting that their actions are not as non-specific anti-oxidants. 
These data indicate that human neutrophil degranulation induced by FMLP and A23187 is independent 
of LTB~ synthesis. 

Human neutrophils (PMN)+ aggregate, secrete 
lysosomal enzymes, generate superoxide and show 
chemotactic locomotion when exposed to stimuli 
such as F-Met-Leu-Phe (FMLP [1-3]). These cells 
also convert arachidonic acid (AA) to prostaglandins 
and thromboxanes via the cyclooxygenase pathway 
and to monohydroxy-eicosatetraenoic acids and 
leukotrienes via the lipoxygenase enzyme system 
[4-7]. Compounds which inhibit both pathways of 
A A  metabolism such as eicosatetraynoic acid 
(ETYA) and nordihydroguaiaretic acid (NDGA) 
also inhibit the above responses of PMN [8-12]. 
Selective cyclooxygenase inhibitors such as aspirin 
do not affect PMN responses. 

Leukotriene B 4 (LTB4) induces PMN chemotaxis, 
aggregation, degranulation and superoxide produc- 
tion, comparable both quantitatively and quali- 
tatively, with responses to the chemoattractants 
FMLP and C5a [13-17]. These findings suggest that 
the mechanism whereby PMN respond to chemo- 

attractants may involve products of the lipoxygenase 
pathway, and in particular LTB4. However, deter- 
mination of LTB4 and/3-glucuronidase release from 
PMN in response to A23187, FMLP and serum 
treated zymosan led us to suggest that LTB4 does 
not mediate PMN responses to these stimuli as the 
two processes were neither quantitatively nor quali- 
tatively related [18]. 

In the present investigation we have further evalu- 
ated the possible involvement of LTB 4 in the 
response of PMN to stimulation by studying the 
effects of various inhibitors of arachidonic acid 
metabolism on degranulation induced by either 
A23187 or FMLP and compared them with their 
effects on the synthesis of LTB4 and thromboxane B2 
(TXB2) by these cells. Since some of the compounds 
under investigation could inhibit lipoxygenase prod- 
uct synthesis as non-specific anti-oxidants, we have 
also investigated their effects on the metabolism of 
LTB4 in these cells which is reported to be by co- 
oxidation [19, 20]. 

* To whom correspondence should be addressed. 
+ Abbreviations used: ETYA, eicosatetraynoic acid: 

NDGA, nordihydroguaiaretic acid; BW755C, 3-amino-1- 
[3-(trifluoromethyl)-phenyt]-2-pyrazoline: FMLP, N- 
formyl-methionyl-leucyl-phenylalanine; LTB4, leukotriene 
B4; LTAa, leukotriene A~; TXBz, thromboxane B.,: PMN. 
polymorphonuclear neutrophils: HEPES, N-2-hydroxy- 
ethylpiperazirle-N-2-ethane-sulphonic acid: CytB, cyto- 
chalasin B: HBSS, Hank's balanced salts solution: DMSO. 
dimethyl sulphoxide: RIA, radioimmunoassay. 

MATERIALS AND METHODS 

Indomethacin, phenylbutazone, NDGA,  aspirin, 
heparin, N-2-hydroxyethyl piperazine-N-2-ethane 
sulphonic acid (HEPES), dimethyl sulphoxide 
(DMSO), phenolphthalein-/3-D-glucuronic acid, 
FMLP and cytochalasin B (Cyt B) were obtained 
from Sigma Chemical Co., Poole, Dorset. Ficoll- 
Paque (Pharmacia Fine Chemicals, Upsaala, 
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Sweden) ,  A23187 ( Ca l b i ochem - Behr i ng  Corp . ,  La 
Jolla,  CA) ,  indica tor- f ree  H a n k s '  ba lanced  salts solu- 
tion (Wel lcome Diagnost ics  Ltd. .  Dar t fo rd ,  Kent )  
and [3H]TXBz and  [~H]LTB4 ( A m e r s h a m  Inter-  
na t iona l ,  A m e r s h a m ,  Bucks)  were ob ta ined  as indi- 
cated.  E T Y A  was a generous  gift f rom Dr. J. M. 
O s b o n d  (Roche  Products ,  Welwyn,  Hefts) .  All o the r  
chemicals  were of reagent  or super ior  grade.  

H u m a n  PMN  were purified f rom hepar in ized  
(20 u/rol l  venous  b lood  f rom hea l thy  volunteers  on 
Ficol l -Paque gradients  fol lowed by a m m o n i u m  chlo- 
ride lysis of e ry throcytes  as descr ibed [14] giving a 
puri ty of >95C/c. The  final PMN  concen t ra t ion  was 
5 × 10 ~ cel ls /ml in indica tor- f ree  Hanks '  ba lanced  
salts solut ion buf fe red  to pH 7.4 with 30 m M  H E P E S  
(HBSS) .  The  cell suspens ion  was equi l ib ra ted  at 37 ° 
for at least 3 0 m i n  pr ior  to addi t ion of test 
compounds .  

The  test  c o m p o u n d s  and  F M L P  were  dissolved in 
D M S O  and di luted in HBSS to give 10x con- 
cen t ra t ed  solut ions  in 2 .5% D M S O  : HBSS.  A stock 
solut ion of Cyt B (50 u g / m l  in 0 .5% D M S O :  HBSS)  
was p r e p a r e d  in the same wav. A stock solut ion of 
A23187 (10 raM) in e thano l  was di luted in HBSS to 
give a final concen t r a t ion  of 2/~M in 0 .2% e thanol  
in contac t  with the  cells. The  final concen t r a t ion  of 
D M S O  in the  incuba t ion  mixture  in exper imen t s  
with F M L P  was 0.55c2~. These  concen t r a t ions  of 
solvents  did not  affect cell viability as shown by 
negligible release of lactate dehydrogenase .  

Incuba t ions  with A23187 as s t imulus were ini t ia ted 
by addi t ion  of the appropr ia te  concen t ra t ion  of test  
c o m p o u n d  or vehicle control  fol lowed 15 rain la ter  
by 2 !tM A23187. Af te r  a fu r the r  5 min incuba t ion  
the cells were pe l le ted  by cent r i fuga t ion  at 12000g 
for 30 sec in a microcen t r i fuge  and  the supe rna t an t  
r e m o v e d  for de t e rmina t i on  of LTB4,  T X B :  and [3- 
g lucuronidase  release.  Incuba t ions  with F M L P  as 
s t imulus were in i t ia ted by addi t ion of test c o m p o u n d  
or vehicle control  fol lowed 1 min later  by Cyt B 
(5 g g / m l )  and  incuba t ion  con t inued  for a fu r ther  
14 min.  F M L P  (0.1 !~M) was then  added  and incu- 
bat ion con t inued  for a fu r ther  5 min before  pel le t ing 
the cells and removing  the supe rna t an t  as above.  All 
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Fig. 1. F M L P  induced release ol  /#glucuronidase and 
TXB_,. Human PMN wcre treated with Cyt B (5 ,ug/ml) for 
14 min prior to addition of FMLP and incubation continued 
for 5 min. The amounts of/3-glucuronidase and TXB, ~ enc 
determined as described in Materials and Methods. Each 
value is the mean + S.E.M. of three experiments per- 
formed in duplicate. Release of I 'XB, by FMLI' con 
centrations below I I~M was not detecta~ole (<q).l ng, 
l(l" cells) as was the release of LTBa tw all concentrations 

of FMLP tested (<(/.02 ng/'i0" ceils). 

incubat ions  were carr ied out  at 37 ° in duplicate.  The 
concen t ra t ions  of LTB4 and  T X B ,  were de t e rmined  
by specific r ad io immunoassay  ( R I A  [21,22]) .  The  
c o n c e n t r a u o n s  of /#g lucuronidase  and lactate 
dehydrogenase  were d e t e r m i n e d  colour imetr ical ly  
[23, 24]. The  absolute  a m o u n t  of f i-glucuronidase 
re leased by A23187 and F M L P  was expressed as 
units/10~'cells where  1 unit  of enzyme l iberated l u g  
pheno lph tha l e in  f rom phenolphtha le in- f i -g lucuronic  
acid in 18hr  at 37 ° and p H 4 . 5  

The me tabo l i sm of LTB4 by h u m a n  PMN was 
d e t e r m i n e d  in incuba t ions  conta in ing  5 × l{l~cells/ 
ml and 20 n g / m l  LTB4. Af te r  incuba t ion  at 37 ': for 
the appropr ia t e  t ime supe rna t an t s  were ob ta ined  bv 

Table 1. Inhibition of A23187 induced release of LTB4, TXB, and/#glucuronidasc and FMLP induccd f~- 
glucuronidasc release from human PMN 

No. of Approximate I~.~ (yM) 
Expts A23187 FMLP 

Compound N LTBa TXB, /~-glucuronidasc /#glucuronidasc 

Aspirin 2 Pom 50 N.E. at 1001) N.K. at I()0Cl 
(10t)-1000) 

Indomethacin 3 27 (I.()016 59 
Phenylbutazone 3 85 5.4 7S 9 4 
ETYA 3 1.9 0.63 16 l I 
NDGA 3 0.52 7.9 1.5 ~.5 
BW755C 3 2.8 2.2 N.E. at 100 ~9 

N.E. = no effect: Potn = potentiation. 
* 30c,; inhibition at 100,uM. 
The compounds, together with Cyt B (5 ,ug/ml) in experiments with FMLP, were prcmcubatcd t~nth the 

cells for 15 min prior to stimulation with A23187 (2 uM) or FMLP (0.1 um). Incubation was continued lot 
a further 5 min and the concentrations of LTBa, TXB: and fl-glucuronidase determined as described m 
Materials and Methods. The effects of the compounds are expressed as the mean w~,: lrom (NI expcrimems 
performed in duplicate. 
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RESULTS 

pelleting the cells and were assayed for LTBa by RIA 
as above. 
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Human PMN released the lysosomal marker 
enzyme/3-glucuronidase when exposed to FMLP in 
the presence of Cyt B with a half maximal effect 
at approximately 0.02#M. The release of this 
enzyme was maximal (30.8 + 1.Sunits/106cells; 
mean -+ S.E.M., N = 3), with concentrations of 
FMLP above 10,uM. The formation of TXB 2 
(0.2 + 0.15 ng/106 cells; mean -+ S.E.M., N = 3 )  
was only detectable at concentrations of FMLP 
above 1 #M (Fig. 1) and LTB4 synthesis was not 
detectable (<0.02ng/106cells)  under these con- 
ditions. In contrast A23187 (2 #M) induced the syn- 
thesis of both LTB4 (5.8-+ 1.2ng/106 cells; mean 
-+ S.E.M., N = 4 )  and TXB2 (0.25-+0.08ng/  
106cells; mean -+ S.E.M., N = 4). This stimulus 
caused the release of fl-glucuronidase 
(8.6 + 1.7 units/106 cells; mean + S.E.M., N = 4), 
but was less effective than FMLP. 

The effects of aspirin, indomethacin, phenyl- 
butazone, ETYA, NDGA and BW755C on A23187- 
induced production of LTB4 and TXB2 and on 
degranulation induced by either A23187 or FMLP is 
summarized in Table 1. Both ETYA and NDGA 
caused dose-dependent inhibition of the synthesis of 
LTB4, TXB 2 and degranulation induced by A23187 
at concentrations between 0.032 and 32 #M (Fig. 

2). However, each compound showed a different 
potency against the individual responses (IC5( I values 
for ETYA of 1.9, 0.63 and 16 ~M respectively and 
for NDGA of 0.52, 7.9 and 1.5 uM respectively). 
Thus ETYA was a more potent inhibitor of cyclo- 
oxygenase and NDGA was more active against 
lipoxygenase. Both compounds inhibited FMLP- 
induced degranulation at concentrations similar to 
those that inhibited A23187-induced degranulation 
(1C50 values of 11 and 6.5/~M respectively). BW755C 
inhibited both LTB4 and TXB2 synthesis at approxi- 
mately the same concentrations (50% inhibition at 
2.8 and 2.2uM respectively) but unlike the other 
dual-inhibitors was only a weak inhibitor of FMLP- 
induced degranulation (50% inhibition at 89.uM) 
and did not affect A23187-induced degranulation 
(Fig. 3). 

Aspirin inhibited TXB2 formation (Ic50 5()~lM) 
and simultaneously potentiated LTB4 synthesis 
(190% of control at 100uM) without affecting 
degranulation induced by either stimulus. Indo- 
methacin was a potent inhibitor of TXB,, synthesis 
(ICs0 0.0016 ~M) but was only a weak inhibitor of 
LTB4 synthesis (IC50 27~tM) and A23187-induced 
degranulation (30% inhibition at 100 !tM; Fig. 3). In 
contrast, phenylbutazone was a weak inhibitor of 
TXB2 synthesis (ICs0 5.4/~M) and also inhibited both 
degranulation and LTB4 synthesis by 50% at 78 and 
85 gM respectively. Both indomethacin 0c50 59 ,uM) 
and phenylbutazone (1c50 9.4 gM) were more effec- 
tive inhibitors of degranulation induced by FMLP 
than by A23187. However, at these concentrations 

Effects of compounds on neutrophil degranulation 
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Fig. 2, Effect of ETYA and NDGA on A23187-induced LTB~, TXB2 and/3-glucuronidase release. The 
compounds were incubated with the cells for 15 min prior to the addition of A23187 (2,uM) and 
incubation continued for a further 5 rain. The concentrations of LTB4 (D), TXB_, (C)) and/3-glucuronidase 
(A) were determined as described in Materials and Methods. Each point is the mean ± S.E.M. of three 

experiments performed in duplicate. 
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Fig. 3. Effect of BW755C (A) and indomethacin (B) on A23187-induced LTB4, TXB2 and ~-glu- 
curonidase release. The  effects of  each compound  were studied as described in the legend of Fig. 2. 

Each point is the mean  -+ S.E.M. of three exper iments  performed in duplicate. Key as in Fig. 2. 
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Fig. 4. Effect of BW755C (A) and indomethacin (B) on the metabolism of LTB~ by human PMN. I h c  
cells were incubated with 20 ng LTB~ for the appropriate time and the disappearance ot LTB4 was 
determined as described in Materials and Methods.  Each point is the mean of duplicate determinat ions 
in a single exper iment  which is representat ive of two others and the hatched area represents the absolutc 

range in three control experimcnts.  
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both compounds inhibit the binding of F-Met pep- 
tides to PMN [25, 26]. 

The potency difference between inhibition of 
A23187 induced LTB~ synthesis and degranulation 
was most marked for BW755C, but was also stat- 
istically significant (P < 0.01) for ETYA,  but not for 
NDGA,  when the dose-response curves were fitted 
[27] and compared by Student's t-test. 

Neither indomethacin nor BW755C inhibited the 
metabolism of immunoreactive LTB a by human 
PMN at concentrations up to 100 uM (Fig. 4), the 
other compounds tested in this system also did not 
reduce the rate of metabolism of LTB4. We have 
previously shown that the products of LTB4 metab- 
olism by these cells do not cross react in the RIA 
[28]. 

DISCUSSION 

The systematic determination of the effects of 
aspirin, indomethacin, phenylbutazone, ETYA, 
N D G A  and BW755C on the synthesis of LTB4 and 
TXB2 measured by specific RIA and on degranu- 
lation induced by A23187 and FMLP has enabled us 
to evaluate further our previous suggestion that 
LTB4 does not mediate PMN degranulation induced 
by these stimuli [18]. 

The synthesis of LTB~ and TXB2 was inhibited by 
similar concentrations of ETYA but higher con- 
centrations of this compound were required to abro- 
gate degranulation induced by either A23187 or 
FMLP. The effectiveness of ETYA as an inhibitor 
of eicosanoid synthesis differs slightly from that 
reported by some authors [12, 29] but this may reflect 
the difference between measuring the products of 
endogenous A A  metabolism determined in the pre- 
sent study as opposed to exogenous A A  metabolism 
measured by others. Similarly BW755C inhibited 
LTB4 and TXB2 synthesis equally but was only a 
weak inhibitor of FMLP-induced degranulation and 
did not affect degranulation induced by A23187. 
These data confirm previous reports of dual inhi- 
bition of cyclooxygenase and lipoxygenase by this 
compound [30-34] and also show that both ETYA 
and BW755C are significantly more potent inhibitors 
(5- ano 40-fold respectively) of LTB 4 synthesis than 
of degranulation. These data suggest that LTB 4 syn- 
thesis is unrelated to the degranulation response of 
human PMN exposed to A23187 and FMLP. Since 
similar concentrations of ETYA to those which 
reduce degranulation also inhibit PMN aggregation 
and superoxide production in response to stimulation 
[8, 9, 11] it is likely that these responses are also not 
mediated by LTBa. 

Although the synthesis of both eicosanoids was 
inhibited by N D G A ,  this compound was a more 
potent inhibitor of LTB4 synthesis and also abro- 
gated degranulation induced by both A23187 and 
FMLP confirming previous reports [32,33,35]. 
Systematic examination of these actions showed that 
N D G A  inhibited both degranulation and LTB4 syn- 
thesis with equal potency. However, since approxi- 
mately 12-fold higher concentrations were required 
to block degranulation induced by FMLP, it is 
reasonable to propose that this effect of N D G A  is 
also not mediated by LTBa. 

The present data emphasises that inhibition of a 
PMN response by ETYA or another lipoxygenase 
inhibitor does not necessarily indicate the involve- 
ment of lipoxygenase products as mediators of that 
response. These compounds may have other activi- 
ties; for example ETYA inhibits the binding of [3H] 
FMLP to PMN at concentrations similar to those 
that inhibit responses of these cells to FMLP [36]. 
Since LTB4 was measured specifically in the present 
study, the possibility that another lipoxygenase prod- 
uct may mediate PMN responses cannot be excluded, 
particularly as these inhibitors show some selectivity 
for individual reactions. For example ETYA is more 
potent as an inhibitor of the 11-, 12- and 15-1ipoxy- 
genases than of the 5-1ipoxygenase [37]; the inhi- 
bition of LTB4 synthesis observed with ETYA in this 
and other studies has been attributed to inhibition 
of LTA 4 formation rather than to an effect on 5- 
lipoxygenase [38]. Furthermore, BW755C is a much 
weaker inhibitor of the synthesis of 15-hydroperoxy- 
eicosatetraenoic acid than of 5-, 11- or 12-hydro- 
peroxy-eicosatetraenoic acids [39]. 

Indomethacin inhibits cyctooxygenase at con- 
centrations several orders of magnitude below those 
required to inhibit LTB4 synthesis and degranu- 
lation. Phenylbutazone showed a similar profile of 
activity albeit with considerably reduced potency 
against cyclooxygenase when compared to indo- 
methacin. Although both compounds inhibited 
A23187-induced LTB4 synthesis and degranulation 
at similar concentrations, these concentrations are 
high and in the case of indomethacin are known to 
affect Ca 2+ fluxes [40] phospholipase A2 [32, 41] and 
the binding of F-Met peptides to PMN [5]. Since 
LTB4 synthesis is a reflection of both A A  mobil- 
ization and activation of the LTB4 synthetic system, 
and since degranulation is Ca 2+ dependent [40-44], 
inhibition of degranulation by these concentrations 
ofindomethacin and phenylbutazone cannot be attri- 
buted exclusively to a single mechanism. 

Aspirin was a weak inhibitor of cyclooxygenase 
and potentiated LTB4 synthesis without affecting 
degranulation induced by either FMLP or A23187. 
Therefore there was no quantitative relationship 
between LTB 4 synthesis and degranulation as the 
latter was not potentiated by this compound, further 
emphasizing that LTBa does not mediate degranu- 
lation. The simultaneous inhibition of 
cyclooxygenase and potentiation of LTB4 synthesis 
by this compound may indicate diversion of substrate 
into the lipoxygenase pathway or reduced formation 
of inhibitory prostaglandins [45-47]. 

Human PMN metabolize LTB4 bv ~o-oxidation 
[19, 20] to products that do not cross react in the RIA 
used in the present studies [28]. This has enabled us 
to study the effect of the above compounds on the 
disappearance of LTB4. None of the compounds 
studied at concentrations up to 100 !tm, or 1000 !~m 
for aspirin, affected the rate of disappearance of 
LTBa. Since one enzymic oxidation of A A  ((o-oxi- 
dation) is not impaired by BW775C and the other 
compounds, this data suggests that their action on 
LTB4 synthesis is not as non-specific anti-oxidants. 
This suggestion is not consistent with the observation 
that BW755C and ETYA inhibit non-enzymic lipid 
peroxidation [48], since the latter data indicate a non- 

BP 34:9-J 
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specif ic  m e c h a n i s m .  H o w e v e r ,  t h e  e f fec t s  o f  d r u g s  in 
t he  l a t t e r  s y s t e m  a r e  n o t  q u a n t i t a t i v e l y  r e l a t e d  to 
the i r  e f f ec t s  on  e n z y m i c  o x i d a t i o n .  

In c o n c l u s i o n ,  i n d o m e t h a c i n ,  p h e n y l b u t a z o n e ,  
E T Y A ,  N D G A  a n d  B W 7 5 5 C  inh ib i t  T X B 2  a n d  
L T B a  s y n t h e s i s  a n d  l y s o s o m a l  e n z y m e  r e l ea se  f r o m  
h u m a n  P M N  in r e s p o n s e  to A 2 3 1 8 7  a n d / o r  F M L P  
in a m a n n e r  s u g g e s t i n g  t h a t  n e i t h e r  c y c l o o x y g e n a s e  
p r o d u c t s  n o r  L T B 4  a re  i n v o l v e d  in m e d i a t i n g  t he  
d e g r a n u l a t i o n  r e s p o n s e  o f  t h e s e  cells.  T h e r e f o r e  t he  
m e c h a n i s m  w h e r e b y  t h e s e  c o m p o u n d s  a f fec t  P M N  
r e s p o n s e s  r e m a i n s  to be  e l u c i d a t e d .  T h e  p r e s e n t  
s t u d i e s  do  no t  c o n t r a d i c t  t h e  s u g g e s t i o n  t ha t  LTB, ,  
m a y  m e d i a t e  P M N  a c c u m u l a t i o n  in v ivo .  
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