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Phospholipase A2 Contributes to Hemorrhage-induced Acute Lung Injury
Through Neutrophilic Respiratory Burst

Yoo Suck Jang, M.D., Seong Eun Kim, Sang Hoon Jheon, M.D.',
Tae Rim Shin, M.D.Z, Young Man Lee, M.D.’

Department of Physiology, Chest Surgery', Internal Medicine®, Catholic University of Daegu, Daegu, Korea

Background : The present study was carried out in association with neutrophilic respiratory burst in the lung
in order to clarify the pathogenesis of acute respiratory distress syndrome( ARDS) following acute severe hem-
orrhage. Because oxidative stress has been suggested as one of the principal factors causing tissue injury, the
role of free radicals from neutrophils was assessed in acute hemorrhage-induced lung injury.

Method : In Sprague-Dawley rats, hemorrhagic shock was induced by withdrawing blood(20 mi/kg of B.W)
for 5 min and the hypotensive state was sustained for 60 min. To determine the mechanism and role of oxida-
tive stress assoclated with phospholipase A2(PLA2) by neutrophils, the level of lung leakage, pulmonary
myeloperoxidase(MPQ), and the pulmonary PLA2 were measured. In addition, the production of free radicals
was assessed in isolated neutrophils by cytochemical electron microscopy in the lung.

Results : In hypotensive shock-induced acute lung injury, the pulmonary MPQ, the level of lung leakage and
the production of free radicals were higher. The inhibition of PLLA2 with mepacrine decreased the pulmonary
MPQ, level of lung leakage and the production of free radicals from neutrophils.

Conclusion : A. neutrophilic respiratory burst is responsible for the oxidative stress causing acute lung injury
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followed by acute, severe hemorrhage. PL.A2 activation is the principal cause of this oxidative stress. (Tubercu-

losis and Respiratory Diseases 2001, 51 : 503-516)

Key words . Acute hemorrhage, ARDS, Oxidative siress, PLA2

M E

FAZEEAZ5F (Acute Respiratory Distress
Syndrome, ARDS) & 34 €84 A%¥E5& 542
2 k= o A7 3537 (Multiple Organ Dy-
sfunction Syndrome, MODS) 9] & &gz 1 WA}
dele HEZ, Y, Py, 28 o= o
s FTRE 1 WelEe e ouRA] gn
2o}, Connelly ¥ Repine’2 ARDS=2] i ¢l¢ld]
w2} WelRe] o)yt & Aew Bud v dch
HAZA ] A FEd 7AFE Ao dAd 1=
HEEd] H3 o]82 ARDSS| 2o} whe} 4kav]
o] gA7|Ho] g Akl AlolETRICN Y
E4d) o8 5% ARDSS 58w ddME PLAZ
o] Ado] 4] FToF Aoz dHA Y AH
F &4 wE ARDS) A9 xanthine oxidase
(X0)7F Ahar] dA4e] Fdddolzta deiA ke
2 FA| M9 & E-A 5 (ischemiareperfusion, 1
/Rydl 95 £AFe 2= ojA2] xanthine dehydr-
genase(XD) 2] XOz2o] Wl fgt +kiv]e] ¥A
o] FH9 ez UeiA g 53] Teradas o] w=
W £8A shockrlo] Wisle g4 Aede 2
X029 g o3t xhlua| o] &Ado] 1 HQlo]
gt stk 1eivh gut I/Ro] o3t w) R4
PLA2¢] dA& #53& A2tk Koikes ')
B4l PLA27F B4 #5350 B ¥ ohizt
PLAZ29] dAlo) W& A7) AT Zarde Aol
ERI=] PLA2 HA ABF &40l gofdtia 1
oA} 53] LeeT e gut I/Ro] )8 #fj&/dellx
g, A 2 Ryl platelet activating factor
(PAF)7} 37182 BAldl #gule] PLA29] &4

9] Z71= PAF9 remodelling& £3 PAF9 =

7V 79 AR Y] Aarle] §4& S
o8 FHo &4 furdtia sl

olgjdt o) £l e ~EH 2 (oxida-
tive stress)¥ FE F%HT9 respiratory burstd]
o3 AYg FHsk= Ay} Bo] HAHT. ol
 golA 284 szl FukEE ARDSO] 7|dE
zA ] QAR 23 &40z B olufe] FFo|
o8 A aegag] 7174 PLA29| 247} A
sl ool oz ARDS 714} dehe s}
iz B Aps Alsiih

Che o U

1. g

At J3 300-350 g2 Sprague-Dawley %
7 AA2 sk A AHE Al%F & PLA2
o BEEE SR Akl AL WA 5L
¢] Palmitoyl-2(9,106(N)-*H)palmitoyl)-phospha-
tidylcholine("H-DPP C) & New England Nuclear
(Boston, MA, USA)AlolA F-l8lsin 1 9l &
E Aleke SigmaAh(St. Louise, MO, USA)d| A
sl AR

2. EHol| ojgt 2 HEde] RE

HA 284 £z 93 A H&AE FEs]
el FA £¥E FEsIEY. & AHAE keta
mine hydrochloride(60 mg/kg) % xylaxine(6
mg/kg) & BRI Z FAEY viHE §58 H #4
o] 2 tEE 8 heparin(50 IU)E& A& poly-
ethylene catheter& A¢lsle 95 tjEEHd ] 3

— 504 —



— Phospholipase A2 contributes to hemorrhage-induced acute lung injury —

A 5 i EFE o 2 RE]
A Z2 3%7bgﬁ/] oS withdrawl pump(Har-
vard Apparatus, UK)Z ©]83}o] 1.0-2.0 ml/min
£ 2 Mol A = 234 £3E SEs). §zﬂ7<lx4

28T ¥ 29F 60 Y 2 A¥EFE Grass
A polygraphg o]&-sled 43}, & GrassA|
Model 79 polygraphe] Stetham’s strain gauge
coupler& |3l #57] ¥ o|¢r| ke FHE
g o] guEeto z galsle 78y, Aluke
e AAle) B HHE A5%e 2] A

ot

=

R7)8}al o]= tachometer couplerd] ¢17A35}]

o] Wisjol] w2 Aubers d%dor BI|EA

H
oft

S~
]

]

=
B

Mepacrine A x|l = PLA29] A &v=
H71 23] cathetert¥2]Hd mepacrine(60 mg/
kg)& BN RE Fo5i8

w
L
0

e &30 ot S sl gl

[

.

2 WNF 8% 9 o] Az 52 A
£ 73R ¥ £4 A (bronchoalveolar lavage) & &
slo] Qe A Hople) Rulgle 24gtony el
AT & 2UF 14]2te] AdE #FHe succiny-
lcholine(2 mg/kg)& 7Rl 2 FAlste] 2 X712
715l e 5 8.0 mle] AAS5E o3 7|H
A AEARE NBHRT A FS 6.0 mle) Al
2 4L oA
1,500 rpmoll A 1587 4w E Al)sle] A2
B9 2o} 94l Bg ARl ol83e] BrownEd
R o whet Al il

4. |l myeloperoxidase(MPO) 2| &4

28 60%F AP 557 Hae -zlafsm 915}
o] HgxAe) MPOS Goldblum 5-¢] o]
2 ST & € 608 F l+§1’6¥°ﬁ1 ro-

dent ventilator(Harvard rodent ventilator, model

683, UK) & Adat MEss A9, A48 % A&
w2:A17) { A E heparin(50 TU)-& F439
o #HEHo MH3t T Masterflex perfusion
pump (Cole-Parmer, USA) & o] &-slo] e}zl 4]

B8 F98 35 ATS SR AIS| 29

& AAsL I FH S S -70Cd Baeky
. MPO} A&ke ﬂ%ﬂfﬂ% TARW © A5

4.0 ml¢] 20 mM potassium phosphate(pH 7.4)&
Aol G F 4CAA mhfste] FEAE WEL 4T,
18,000rpm (Beckman, USA)o|A 3027 93s14]
th 1 & AEAE velal A3 (pellet) & 4.0 ml
9] 0.5%%2] hexadecyltetramethyl-ammonium bro-
mideo] &8 50 mM potassium phosphate(pH
6.0) &M AFH AlFHew 90z7t Vibracell(Son-
ics & Materials Inc., USA)E o] &3} sonication
st 2 FH FEYE 60°CoAA 12087 =
AA ¥RgAIZIF 1.0 ml& 345}04 20,000 rpmej|A
287 AR 2 & 4Fd 1.0 mlE H3t
o] op-dianisidine(0.168 g) o] &-H= FArgs £
A (500,M) 3.0 mle} WHgA|A Al7te] Wl wE
=] WslE SAsle] 718718 et o 7187)
of 1368 3¢ gl =g FAZ vrol MPO
E5=(U/g of wet lung) & Al4k3l4it).

5. 7I=HIZ AR HLE 2| wiTo| Ak

FRE AZYE ol (migration) B 5579 T}
& was) giste] 71w EA Rehe] WA

5 2 80 mls) 4214 A9z e
AFZAHE AGS F, 4 1,500 rpmoll 4 15272
ANRAE BT T FFAE Belsha, Az

0.1 mle /‘EEP“ A= 7}8}::1 xﬂl?-% A7l &

6. m|Zhl PLA22| Sz ol £

& 60% Fol #d PLA29 4x9 S4&

— 505 —



— Y. S. Jang, et al —

Katsumata$e] 282 ulg} Ag§signh. & -70
T2 289 4342 2.0 mle] 9549(0.15 mM
KCl, 10 mM Tris base, 10 mM EDTA, 0.1 % Tri-
ton X-100, 1 mM DTT, 50ug/ml PMSF, 3ug/ml
leupeptin)of] @ ¥ #3§7] (homogenizer, Poly-
tron 1200, Kinematica AG, Swizland)& o] &35}
ulslistal  Vibracell(Sonics & Materials Inc,
USA)E& o]&&ke] 90%7} sonicationd}dtt 1 &
0.1 mie} v}l e H3sld 2,Cie) *H-DPPC/} 23
% $22.90(100 mM glycine, 10 g/L bovine serum
albumin, 2.5 mM deoxycholate, 0.1 mM lecithin,
2.0 mM CaCl,, 1.75 mM ethanol, pH 9.0)3} £%}st
I 37CY geFxoA 6087 ¥EAIAT. old
BFAIEE 001 unit®] Crotalus adamanteus
PLAZE o] vhgAA HEe AH& Felsiirt.
608 & 0.2% Triton X-1002 883t 0.25 M
EDTA 0.2 mi& 718l 128 Zx|Al7)2 1.5g9)
Na,SO,& Vsl dijdE FAAIFH oA 5.0 mle]
0.1% acidic hexaneg 7lsld £33 & 2500
rpmo A 2087 YAlEE] St EElE dEd 1.0
mlE 3.0 mle scintillation cocktailsd E3}31 ¥
beta scintillation spectroscopy® Al&&lsc).
PLA29] %% 1 unity 89 1 pmole] fejx
Aol AAElE Aoz Hosiditt.

7. gYoilMe| 2572f e

PLAZ 9Ald W& 357X dar] A4 d4&
geolgtual ald 3F7A cytochrome-cE o]
£38 NADPH oxidases] 8458 243 $35kd
TETE Abge] oA Belsldth. & 14¢ Al
gl Mg HolAa] HaslettSe] W Pol| we} &
T B39t 2719 50 mlFAle bzt g9
30 mlz 15 mie] Hetastarch®} heparin(50 IU)Y&
ST F 4087 AL A FoEd X ¥
TE Eelsta EejE €3 T34 percollg o]&
sle] 55%, 74% €] gradient centrifugationg& A&

1,500 rpmojA 2087 Agslgad. I & 74% 9}
55% percoll®] AFHA 29 FFFeke F3 3}
A 294z AEFAI7I5L 800 rpmAd-o4 10
B2t i EEshe #gE 23 Al 578 Al
Halaoh, 2 & 33 F pelletg 3.0 mle] Hank’s
balanced salt solutiono] AE-§3sl 1.0 mi 107
A9l =57t 54 $ % cytochrome-c assay<l] ©]
£33l

8. ZETFolM| AaT| Yoo 53

29 3EFE o]83}e] cytochrome-c¢ assayE
Both%o] o] we} Algisled PLA2S) A7}
A7) Al mAE dae BRIk 5 10°
A PMASY (5 pxg/4.0mly 0.1 ml, 0.1% nor-
mal pooled serum, 0.1 mi 200 IU superoxide
dismutase, 0.1 m! ferrycytochrome C (14.88 mg/
ml), 100 nM mepacrines £33 & 379 &
FE M WReAIF) A, 1,500 rpmolA 1083E
A B, J5Ae 97 550 nm oA spectropho-

tometry & Al38lc}.

9. ojdlT=H BE

28% d2d9 nAlT2A Wals BEs] Yl
HzAe HZE ZA| 2.5% glutaraldehyde (0.1 M
phosphate buffer, pH 7.4)2 A 13 AjZlge, ¥
A &7ld ¥ AFE o83l 2H I7|E A
Astatr. A Ao} ¢ Z2-2 phosphate buffer
2 AAE8 F 1% osmium tetroxide (0.1 M phos-
phate buffer, pH 7.4)& 1A)7} %<t & 2ZA)#ATE
% mA4e] BYE phosphate buffer® A3 U2
alcohol-propylene oxide AIER F=8 #1802
Z7MX]7]3l epoxy resindll EriElac. FojE 23
& @EIAA BES AFS ok, ultramicrotome
{Reicher Supernova)2 o|&3led 60-70 nmFAE
ZubdH sl uranyl acetate®} lead citrate®2 g4

- 506 —



— Phospholipase A2 contributes to hemorrhage-induced acute lung injury —
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Fig. 1. Changes in mean arterial pressure{(MAP) in rats following severe hemorrhage. At 5 min
after hemorrhage , MAP had decreased conspicuously. In recovering period, mepacrine
accelerated the recovery of MAP at 20 min but, afterwards there was no significant dif-
ference in MAP between hemorrhage and mepacrine treated rats. *<0.05, hemorrhage

vs. hemorrhage +mepacrine
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Fig. 2. Changes in heart rate(HR) in rats following severe hemorrhage and treatment of
mepacrine. HR had decreased abruptly after hemorrhage whereas the recovery of HR
was observed in 2 hrs. The treatment of mepacrine lessened(p<(0.05, 0.01. 0.001) the
drop of HR after hemorrhage. *p<C0.05, **p<(0.01, ***p<0.001, hemorrhage vs. hemor-

rhage +mepacrine
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Fig. 3. Effect of severe hemorrhage on the protein
contents in the bronchoalveolar lavage
(BAL). Hemorrhage had increased{p <
0.001) protein contents in the BAL, which
was reversed by mepacrine (p<<0.01).
*¥*45<0.001 sham vs. hemorrhage,

##15<0.01 hemorrhage vs. hemorrhage +
mepacrine Numbers of experiments
are in the parenthses.
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Fig. 4. Changes in lung myeloperoxidase(MPQ)
activity following severe hemorrhage.
Hemorrhage had increased(p<<0.001)
MPQO activity compared with sham, which
was reversed(p<0.001) by mepacrine.
*¥*p< 0.001, sham vs. hemorrhage,

#¥P<0.001, hemorrhage vs. hemor-
rhage +mepacrine
Hemo ; hemorrhage, Mepa ; mepacrine
Numbers of experiments are in the paren-
theses.

Fig. 5. Changes of the numbers of WBC in
bronchoalveolar lavage(BAL). hemor-
rhage had increased(p<(0.001) numbers
of WBC in BAL compared with sham. In
contrast, treatment of mepacrine follow-
ing hemorrhage had decreased(p <
0.001) the numbers of WBC in BAL.
AP (0,001, sham vs. hemorrhage,

#1,< 0,001, hemorrhage vs. hemor-
rhage+mepacrine

Numbers of experiments are in the pa-
rentheses.
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Fig. 6. Phospholipase A2 (PLAZ) activity in the
lung following hemorhage. Hemorrhage
had increased(p<0.01) PLAZ2 activity in
the lung, which was reversed by mepa-
crine(p<0.01).

**p<0.01, sham vs. hemorrhage,

##1<0.001, hemorrhage vs. hemorrhage+
mepacrine

Numbers of experiments are in the paren-

theses.
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Fig. 7. Effect of the inhibition of phospholipas
A2 (PLA2) on the genération of oxy-
gen free radicals from phorbol myristate
acetate( PMA)-activated  neutrophils.
PMA had increased(p<(0.001) the gene-
ration of free radicals from neutrophils,
which was reversed(p<0.001) by
mepacrine.

Mepa; mepacrine

*#%5<0.001, sham vs. PMA,
#5<0.001, PMA vs. PMA +mepacrine

Numbers of experiments are in the paren-
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Fig. 8. Ultrastructural and cytochemical elec-
tron microscopic findings of the normal
lung. Normal alveolar type 1, 2 cells
and endothelial cells are well preserved
(8-a). In cytochemical electron micros-
copy, deposit of cerrous perhydroxide is
not found(8-b). The unit of scale bar is

.

perhydroxide s}l &A= s 743 opAtS
HepH S TH(Fig. 10-a, b).
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Fig. 9. Ultrastructural and cytochemical elec-
tron microscopic findings of the lung
following hemorrhage. The deteriorated
lamellar bodies of alveolar type 2 cell
and Infiltration of neutrophils are identi-
fied(9-a). In cytochemical electron mi-
croscopy, dense deposits of cerrous
perhydroxide are shown on the lining of
neutrophilic membrane (arrow)(9-b).
The unit of scale bar is m.
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Fig. 10. Effect of the prior treatment of
mepacrine on the ultrastructural and
cytochemical electron microscopic
findings in the lung of rat following
severe hemorrhage. Neutrophils are
infiltrated but well-preserved struc-
ture is shown compared with the
lung of hemorrhaged rat(10-a). In
the cytochemical electro microscopy,
the deposits of cerrous perhydroxide
is shown in the vicinity of neutrophils
(arrow), however the density is de-
creased markedly by the effect of
mepacrine. The unit of scale bar is ¢
m.
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