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Effect of the Inhibition of PLA2 and PAF on the
Neutrophilic Respiratory Burst and Apoptosis

Young Man Lee, M.D., Sang-gyung Kim*, M.D., Yoon-yub Park, M.D.

Department of Physiology and Clinical Pathology*. School of Medicine
Taegu Catholic University, Taegy, Korea

Background : Since the exact pathogenesis of sepsis-induced ARDS has not been elucidated, the mechanisms
of enhanced neutrophilic respiratory burst were probed in endotoxin primed neutrophils associated with the
roles of phospholipase A2 (PLA2), platelet activating factor (PAF) and apoptosis.

Methods : In isolated fresh human neutrophils, effects of the inhibition of PLA2 and PAF on the apoptosis
were examined by the method of Annexin-FITC/dual PI flow cytometry. The roles of PLA2 and PAF on the
neutrophilic respiratory burst were also examined by measuring oxidant generation in cytochrome—c reduction
assay. Activities of the PLA2 and lysoPAF acetyltransferase (lysoPAF AT) of the neutrophils were deter-
mined to understand the effect of endotoxin on these erzymatic activities which may be related to the
neutrophilic respiratory burst and apoptosis. In addition, the role roles of PLAZ and PAF in neutrophilic
adhesion to bovine endothelial cells were examined % vitro by neutrophil adhesion assay. To investigate the ef-
fect of oxidants on pulmonary surfactant, cytochemical ultrastructural microscopy was performed. To inhibit
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PLA2 and PAF, non-specific PLA2 inhibitor mepacrine (100 nM) and WEB 2086 (100 nM) or ketotifen
fumarate (10 zg/ml) were used respectively in all i vitro experimental sets. WEB 2086 is PAF receptor an-
tagonist, and ketotifen fumarate is a lyso PAF AT inhibitor.

Results : The mapacrine treatment, provided after the endotoxin (ETX) treatment, resulted in increased
apoptosis of neutrophils (p<0.001) while treatments of WEB 2086 and ketotifen did not. The inhibition of
PLA2 and PAF decreased (p<0.001) production of oxidants from PMA- stimulated neutrophils. While endo-
toxin increased the PLA2 activity of neutrophils (p<0.01), mepacrine supressed (p<0.001) the activity, pro-
vided after treatment of ETX. The lyso PAF actyltransferase activity (lyso PAF AT) increased (p<0.01)
after treatment of ETX. In contrast, mepacrine, WEB 2086 and ketotifen showed a tendency of decreasing the
activity after treatment of ETX. The treatment of ETX increased (p<<0.001) neutrophil adhesion to endothelial
cells, which was reversed by inhibition of PLA2 and PAF (p<0.001). The binding of oxidants to pulmonary
surfactant was identified histologically.

Conclusions : The enhanced neutrophilic respiratory burst by ETX plays a pivotal role in the pathogenesis of
ARDS in terms of oxidayive oxidative stress. Increased production of oxidants from neutrophils is mediated by

the activations of PLA2 and lyso PAF AT. (Tuberculosis and Respiratory Diseases 2000, 48 : 887-897)
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Atge] g9 Eelg 378 olf3le YEa
(E.coli endotoxin type 0127 ; B8, 20 ug/ml,
Sigma, St. Louise, MO, USA) ¥ phorbol myris-
tate acetate(PMA 2.5ug/ml, Sigma, St. Louise,
MO, USA)& 713l ¥hgAl7laL o] PLA29 9
AAQ! mepacrine(100 nM, Sigma, St. Louise,
MO, USA)', PAF2] remodellingo] #oj3l= &4
! lysoPAF acetyltransferase(lyso PAF AT)$)
AAA¢ ketotifen fumarate(10 ng/ml, Sandoz
Pharmaceutical CO, Swizland)* ® PAF recep-
tor antagonist?] WEB 2086(100 nM, Boehringer
-Ingelheim, Germany)"g& 7}3le] o|d &He)
apoptosis, 4t47]9] 84, PLA2, lysoPAF AT¢]
RE=& 334 T AF 300g Wele)
Sprague-Dawley® o] 100 zge} WS4 8 7|
=W B¢ § 5A A3 £ AW a0l A4
€ A& A2 WuAe o8l wEag.

379 22|

3379 ¥ Haslett$o] wSoma} Algsied
o & 2709 50 mlFAL|E olf, Ztzte] FAlylo)
373 Akl ¥ 30 mlEg B o7)e) 1.0 mle)
heparin(500 IU) % 15 ml¢] Hetastarch(Sigma,
St. Louise, MO, USA) & &3¢ Hol 4087 A&
A HYFozN WETr $HE 3L Bels
3 o] WAL 74% R 55% percoll gradient o]

$3o sFuhg Y. 2 § ¥ 337
# Hank’s balanced salt solution(HBSS)o 2 2%
AP 5 25379 $27} 10Y/ml7} 574 & 5 A
Yell ALg-3i9it.

3T epoptosise Kol :

W&4, PMA, mepacrine, ketotifen R WEB
2086 0] TF79] apoptosisell Pl YPE Toln
7] #1819 Annexin-FITC/propidium iodide ©]&
YPEAYPE o848 FAIE BHE Ay =
10%/ml g} 337l WEA(20 pg/ml), PMA(2.5 p
g/ml), mepacrine(100 nM), ketotifen(10 g/
ml), WEB 2086(100 nM)€& H7}% 37C9 #&
FEIA 1583t ¥hg-AlFch 2§ 2k PBS &
Aoz 23] MNP H 100 [de] /Y9 Annexin-
FITC % PI apoptosis kit(R&D, Minneapolis,
MN, USA)& o]83}9 Annexin-FITC, PI&s&
22} 10 44 H7kste] o] AolA 1587 ¥4
Bt ol% Z+ Algd] 400 Mde] PEgAL M}
@ H #4% BA47|(Elite ESP, Miami, Florida,
USA)E& ol83le] £M8i%tt. FAIZ $AL dual
color parameter protocol® ©o]£&%ct. Dual
color parameter histogram ’z}ol]‘f:‘- annexin-FITC
gk 4R M2 E apoptosisMl ¥ 2 Tl 1 2ye
R

Cytochrome-c reduction assayf§ O|88F AkAT|
Mo FHA}:

28 3378 o83l WS, PMA, mepa-
crine, ketotifen WEB 2086¢] <J# At47) @438
cytochrome-c reduction assay @ o|&3le] 243}
fct. Cytochrome-c reduction assay: Botha%
o] Wy'To] wal A7 Algte] YoM B @ &
F7-(10°/ml) & o©)83tqd PMA(2.5 mg/ml), 4s
£(10 mg/ml) 2 A% F mepacrine(100 nM),
ketotifen(10 1g/ml), WEB 2086(100 nM)& z}
Al&ol 743l olnje] Abavle] BAE v|matYT).
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7} sonicationd}e] 3Fe] lysate@ HeE|3lth
o] lysate& o]l Katsumatage] "% o
g} PLA2¢] §4=& Z43l%ith. ojdf PLA2¢9] 7]
A=E Palmitoyl-2(9,10(N)-*H)palmitoyl)-pho-
sphatidylcholine(*H-DPPC, Dupont NEN, Boston
MT, USA)E Ap8-3tdct. w2 £F79] lysate
9} 2 pCie] SH-DPPCe} 3% 37°C 9] 3252
A 30837 uhgAl7) F 200 9] 20 mM EDTAZ
¥re-& ZA|AlF)1 acidic hexaned o] &3l #2]A]
whAkg Bel§ 5 beta scintillation spectroscopy &
A5

SZPollMe] lyso PAF acetyltransferase(lyso-
PAF AT)2| &%

WEad 9% 537949 PAFe] 44& dolr
71 $isked Reld 3FT(10%/ml) oM e lysoPAF
AT A& A3 1019 337 20
e WESaet EYSR, oW mepacrine(100
nM), ketotifen fumarate(10 pg/ml), WEB 2086
(100 nM) & 2tz A7iste] 1 598 A
Ketotifen2 lysoPAF AT9] Al A=A
PAFS] 44& AN SHos Aesi. ¥
H 3378 JUsSi2 A3 5 mepacrine,
ketotifen, WEB 20863} z+zt &3¢ 5 37C9 &
L4z A 1587 vzt 3 5 20,000 rpm
oA 387 AR 378 FEsiE $eElE
&2 0.1 mle) 0.1 mM ¢ DTT7 &5 0.25
M sucrosefdls} EFE ¥ 4TCAAM 10x7
sonicationdled FHETFe] lysateE Gk <]
lysated]] SH-acetyl co A(1 pCi)& Eg% H 37C

o] &FZoM 1583 whg A H Blighst
Dyerj?cg 3d3& ¥£el3in ojdf 10°74] 33
Foll o8 183 44€ PAF9] % lysoPAF AT
o] =2 FAFUH-

SE7| gaimiMERe| Fat(adhesion) ZAL:
WELd o8 AFLe 35T FTUMHEa9
$#-2(adhesion)o] ©jx= mepacrine, ketotifen,
WEB20869] &3& golis] Hi3ld 35+ 33
Ab(neutrophil adhesion assay)& AJ3slict? o
Fg Ao YBUNIA RS “Cr (2 £Ci/ml) & A
7 5 WE4A(10 pg/ml), mepacrine (100 nM),
ketotifen(10 zg/ml), WEB 2086 (100 nM)3} &
FT(10° cells) & vixloll H7}sle] 37C 24 4
Az WA AT 2 H gy g £ 4 48T
dxe] HAs BFEE 34T & 3379 f
Aolojs) 48 TR fElE “Cref B
AFsg 248 5579 YTHTAE R3] Fx
& ZAsH-

OJMIZE|SHE ZAL:

A3 300g W9je] Sprague-DawleyZ # 100}
o) 7= w2 A2l 2gsel §3E 100 g WE
AF B5F<{(insufflation) & ¥ 5ARE Hel
CeCl; & ©]8-% cytochemical ultrastructural mi-
croscopy & A #5te] 3370 ols) ¥PE 2ok
A2y SEAE9 lamellar body ¥ SIEFA9]
surfactants} 2¢3 A& VAU CeClid o4
& ZAY 9] Ara7]9] ¥l CeClyyt ZFHolA A4
¥ Fsrdel vhgdle] YAJES cerrous perhy-
droxide7} AU 3¢ (electron dense deposit)-&
YAJsle AL T8I} CeCl; cytochemical ul-
trastructural microscopy& Al3t7] st A=
238 £3 & CeClyi7t FF-E vix ol 1213 ¥h3-4]
2 F dubAl A=A AFHd] w2t block&
AZstsdct. 2R cerrous perhydroxide 3§&
P37 8k 29 (counter stain)& A3}
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2] ggskct.

SARH M| :

BEE d3e Y+ EEoE UYL, 4 22
9] f-9jde] HA& ANOVA testF Student-New-
man-Keuls test& o]83lof p values} 0.050}3}Q)
A& frosictn s

2 o

28 357N WL, WSL A3 £ PLAY
PAF& 94 & 5 Jehd apoptosis HAMEa= B
13} 2o, dzgd vis) WELE olf3te] 229
TAAE foA# alol7} QI AAv)e] AZE By
f13le] PMA & o|§3}d A3¥ FoME zlol7} gl
Act. £ WEL, PMAE Y7kt 2133 537
o ketotifen, WEB 2086& 47}5}9% apoptosis
9] frol# ol igich 22t WS4 R PMA=
A=Y £579 mepacrined Foj§ FoME HA
3] apoptosis7} F7} 35tH(p<0.001).

E 2& EFTIMY 247]) g9 vl mepa-
vcrine, ketotifen 3! WEB 20869 &38 Jehlz
ek dzzol Mste] PMARIZA Aasle] 94

& cytochrome-ce] @41& ¥A3] F7H(p<0.001)
3L olo] ti3te] mepacrine® PMAo] 23 Ak
719 Y4E& U2 $3oa FAAHTHp<O.
001). Ketotifen ! WEB 2086 E3 AtA7)e] &
4& ¥A3](p<0.001)F2A1Z 2} mepacrines)
A3} vl I ZFEE st

3TN YELe o8 PLA29| 4% njx)
€ 992 ® 37 2o} g2 vis] WL AN
e 428 (p<0.01) PLA2S| RS5e| 2718
Holx 9T mepacrined o|A& AF}Ho T o5}
A (p<0.001). ZFFolre] PAFe ¥4, =
lysoPAF9] remodellingo] #j3h= &£A9Q lyso-
PAF AT X UiSae 9% 3 YEL Fo%
PLAZ 9 PAF& 4] $i& o Jehk= ad= &
49 2. WELAE 35T lysoPAF AT
B=8 WA FUHe<0.0DAZT. 23y
PLA29] %44} mepacrine, lyso PAF AT¢] o
AAQ ketotifen R PAF receptor antagonistl
WEB 20862 ETX$o% lyso PAF ATe] A%
& ZaAgle 2%E By

3379 dAEAERe f3) vAE A=
E 53 4ok WEAE 5379 YT Eel
#2H& ¥A3) $7H(p<0.001)A]7]Z mepacrine(p

Table 1. Percent changes in apoptosis after inhibition of PLA; and PAF in ETX and PMA

stimulated neutrophils

Sham PMA E PE PEM PEW PEK
(n=6) (n=86) (n=6) (n=86) (n=6) (n=6) (n=6)
. 3.15 1.50 3.58 2.15 41.75 3.15 1.18
Apoptosis
(%) o + + + + + +
0.754 0.395 1.476 0.512 8.421d 1.944 0.338

Data represent as mean +S.E. The number of experiments are in the parentheses.

p<0.001, PMA vs. PEM

PMA : phorbol myristate acetate (2.5 2 g/10° cells/ml)

E : E-coli endotoxin (10 g/ml)
PE : PMA +endotoxin

PEM : PMA +endotoxin+ mepacrine (100 nM)
PEW : PMA +endotoxin+ web2086 (100 nM)

PEK : PMA +endotoxin+ketotifen fumarate (10 z g/ml)
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Table 2. Changes in cytochrome-c reduction after PLA, and PAF inhibition in PMA stimulat-
ed human neutrophils

Sham PMA PM PW PK
(n=7) (n=10) (n=15) (n=16) (n=12)
Cytochrome-c reduction 4.60 84.13 3.27 30.28 19.71
(nmole/10° cells, + + + + +
cytochrome reduced) 0.998 4.554° 1.092¢ 5.006¢ 2.392¢

Data represent as mean +S.E. The number of experiments are in the parentheses.
*p<0.001, sham vs. PMA

*»<0.001, PMA vs. PM

p<0.001, PMA vs. PW

4<0.001, PMA vs. PK

PMA : phorbol myristate acetate(2.5 ug/10° cells/ml)

PM : PMA +mepacrine (100 nM)

PW : PMA +web2086 (100 nM)

PK : PMA +ketotifen fumarate (10 ug/ml)

Table 3. Effect of mepacrine on the PLA, activity in ETX stimulated human neutrophils

Sham ETX ETX+Mepa

(n=7) (n=10) (n=14)
PLA; activity 0.23 +0.005 0.37 + 0.026° 0.21 +£0.007°
(mU/10° cells)

Data represent as mean +S.E. The number of experiments are in the parentheses.
*<0.01, sham vs. ETX

%< 0.001, ETX vs. ETX+mepa

ETX : E-coli endotoxin (10 ug/10° cells/ml)

Mepa : mepacrine (100 nM)

Table 4. Effect of the inhibition of PLA, and PAF on the lysoPAF AT activity in ETX stimu-
lated human neutrophils

Sham ETX EM EwW EK
(n=8) (n=7) (n=5) (n=6) (n=6)
LysoPAF AT activity 215.64 432.09 279.38 343.97 356.69
(PAF produced, + + + + +
pmol/10° cells/min) 9.828 54.982" 29.787 50.027 69.216

Data represent as mean +S.E. The number of experiments are in the parentheses.
*p<0.01, sham vs. ETX

ETX : E-coli endotoxin (20 ug/10° cells/ml)

EM : ETX+ mepacrine (100 nM)

EW : ETX+web2086 (100 nM)

EK : ETX+ketotifen fumarate (10 ug/ml)
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Table 5. Effect of the inhibition of PLA; and PAF on neutrophil adhesion to bovine

endothelial cells
(n=6) (n=5) (n=6) (n=6) (n=6)
21.61 38 56 _ :
Neutrophil adhesion 48 245 23.11 17.18
(%) £ * + + +

2.302 3.670° 5.236° 2.427¢ 1.476¢
Data represent as mean + S.E. The number of experiments are in the parentheses.
*p<0.001, sham vs. ETX
'<0.001, ETX vs. EM
p<0.001, ETX vs. EW
%<0.001, ETX vs. EK
ETX : E-coli endotoxin (10 ug/10° cells/m})
EM : ETX+mepacrine (100 nM)
EW : ETX+web2086 (100 nM)
EK : ETX+ketotifen fumarate (10 z g/ml)

Fig. 1. Cytochemical ultrastructural findings of Fig. 2. Cytochemical ultrastructural finding of
alveolar type II cells and oxidants gen- pulmonary surfactant in the lung after
erated by treatment of endotoxin. Elec- treatment of endotoxin. Electron dense
tron dense deposits of cerrous deposits of cerrous perhydroxide (arro-

perhydroxide bound to lamellar bodies
(LB) of alveolar type II cells (T2)
were identified (arrows). Hypertrophied
and vaculolated lamellar bedies were
also found, which signified oxidative in-
jury of alveolar type II cells.

ws) were bound to the pulmonary sur-
factant layer. The binding of oxidants to
surfactant implies the peroxidation of
the components of pulmenary surfac-
tant. T1 : alveolar type I cell

<0.001), ketotifen(p<0.001), WEB 2086(p<0. We] lamellar bodye] vj% g EX 3} (vacuoli-
001) 2% s o3 3579 g Eael zation)7} @AY B3] A2y T EW9 la-
38 22z Yoz A2y HEAE mellar body$} A|13 sixAxe] surfactant layer
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o] cerrous perhydroxide®] AU o] @S
ok (Fig. 1&2).

o #

ARDSE 1 wr|do| tgste] ofd= 11 Wl
o] ¢As] AP AL ofYx|vt Hoj= ARDSH H
2l (etiology) ol F3le1ER sFuel FFTEe] d
ojdths AL ¢eiA Utk 2y BAlE o] 4B
£ UF Harl de anolx Z3chedl U
Corticosteroid& v|£3le] COX 9 lipoxygenase
o] AAIAQ] 2] FAZAE 2 A7 vlvEA
W} B8l Aoz 1§57 FAHL o=
Az A=A a7a®- % ARDS7 23U A
A719) g A4 ¥rhe Repined] Eu®E
PashAle] i Be ITEAE 7HA ot P
Aol d4Hd m3 £ JAsHA} 4.

E 979 2z vy & o 337 2FYe of
® eld] 2J3}o] apoptosis7} AR Ee &
z7ute] NADPH oxidases] @438 F7M7le
ZAEL 33T A2 BAE NIFeEN 2
Zo] &4)e] ftE Ao AP, 21 TAZE 3
A, 228 3378& ol43le] apoptosis& FARR
A3} WS osidE apoptesis®] & BFY
# gifoy EnEAE mepacrined] 2#iA apo-
ptosis7t @A F7KEIHchs Holth. thEARriF
AZE A 42X cytokine, WS4, Ex 9454 A
AEAES) 5379 apoptosis& AANFLEN =
AW AE7Ite] AR 2 A 7] fElE
Z71sled 22 o] S48 FLVG. ol2E He AL
P mepacrine®  interleukin-1o4}  7]E}
ARDS modelolA] #8A18] 44718 F2ATE &34
7} ke A& mepacrined] 2J¥F PLA29] 4]
7} @43 NADPH oxidase2] jAogt @ojsh=
Aol ozt AFAH ANFAEAY AL F2AMA
apoptosis& fE¥toan 4t4v] A4 FAE 7t
A A= nagn 4Zdd. E4=2c PLAZ ¢

PAF Aol m}& E3ollA9] 4] 449 Ziol
t}. Mepacrine® bEo]3 PLAZ2YAAo|AA 1
757} olv ofE iy} o Er}®. Mepacrineo] 2o
FE A7) A9 -8 T RugdAMk 81lH
Qe B odpdMe 1 53 100%°] /M
t}. PAF receptor®] 2Alu} lysoPAF AT2} oA
o] o]3 PAF remodelling®) ZtA E3F TFPoA
o] Aba7] YAe] #4E 7HAKSoY mepacrined]
e uxz 23z k. HZ Dana$ &
PLA22] g o3 A5 arachidonic acid7}
3279 NADPH oxidaseo] 44 &, 447 4
Al FE 90gn FFsn lernz PLA29|
o7} Atavie] AL AN Aoz HY.
gzt 2 PLA29AIAIRE 2 ZFxolle Aolzd
2li &3] corticosteroid2 Ed& Aavle ¥4
o Wl Aol gl Aoz vjFo] PLA29] AAA]
gtE Aba7] FAd Bk A471de] d2A dvt
AAEcs 2 d7e FAAz vjFo] & o
mepacrine®]] ¢J§ 3%F<] apoptosis?] F7h= At
A7] AL A2AIE 71Ae dyetn 3.

WEAd ¥ FFAY Ayl BAe) 71
o}y FAatAy} ot ¥ HYel 22 wjFo] B
H Holx &Ml PLA29 843}= PAF9Y
A4z A7 e Rtk & Uisas 3374
o] PLA2¢ @A=& 3IFI7HIFIRL o me
lysoPAF¢] %71= remodellinge] A& AAA
PAFe] 448 Z7MA713*. Strahan®& PLA2E
Hxel Z7k= lysoPAFY e J7MAIRn
lysoPAF AT #Ex9 wH3lgle] lysoPAFE] re-
modellingo] goldtin Bt o} ¥ AT
Ae PLA28AES F7bd m& lysoPAF ATH
Fx o 25} AEY L EF mepacrined]] 2%
PLA29] 9jdl= lysoPAF AT #%x9] 74§
A%t

UEAE £ 5379 gvsibzze {3
= il 3377 AU F&shed 93k
4, 5379 #3& PLA2Y PAFS oAlq] 2j3}
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o ZuHoz At T T YYumMEe
o] #3of) Bejsh= a2 PLA29) 2o o8t g
34 AZEA, A5 e g gm B
A7) mepacrine, ketotifen ¥ WEB 20869
o3l Az o ALt olY AAEL 53
T7F A7)0 YAo of 27 o) &4, B wAe
7S S LS &4o] YPFHo s BoiPg M
o 3 Q).

TR o a2 YSLEe 5T 47 YNE
F7H712 ol A48 A47lE surfactanto} ZY
3l surfactant9] F:A1E<Q) 21289} peroxidation
& 4o 7FsAe] art. 8# surfactante] ZHER
 AAAL PLA2¢ 7ldg Zgdjo] MEEAE
Ad lysophosphatidylcholine 3! PAF & YA
337 AT EAS e

B33 oz ARDSA USad) o8t 5370 22
2 PLAZY PAF9] 448 A=z & PLA29)
AR ol3] B3Fe] AbAv] AAo] ZAbsAYG
apoptosis7} Ao} 4ti7] WAo] Zslgtoam
Z39] &4 B3] gRUANEY] Sibo] AHAo e
Bl Aoz 42D ojnf Y4B AV A28
W EA 29| lamellar body} $lZEHe] surfactant
2 Y3} surfactante] 71%-& Al izsg
dosl= #oig Aoz By,

2 %

APl

B4 FHBSETZ(ARDS) 9 yuzEg T3
A27] B4 % apoptosis o #HJN PLAZ R
PAF9] 9%} d@sle) golugitt. ARDSe] 9191
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