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Effect of the Inhibition of PLA, on the Oxidative Stress in the Lungs
of Glutathione Depleted Rats Given Endotoxin Intratracheally
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Background : As one of the etiologies of acute respiratory distress syndrome (ARDS), sepsis is one of the
morbid causes of this cryptogenic malady. Even though many documents on the role of endotoxin (ETX) in
the pathogenesis of ARDS have been issued, still the underlying mechanism associated with oxidative stress
and activation of PLA; has been controversial. In the present study, the role of phospholipase A; (PLA,) in the
neutrophilic respiratory burst, which is presumed to cause acute lung injury during sepsis, was probed.

Method : In glutathione-depleted Sprague-Dawley rats, lung leak, infiltration of neutrophils, PLA, activity
and lipid peroxidation in the lung were measured after intratracheal instillation of endotoxin(delete). In
addition, gamma glutamyl transferase (GGT) activity and the amount of pulmonary surfactant were mea-
sured. Morphologically, the changes in ultrastructure and cytochemical demonstration of oxidants were pre-
sented to confirm the neutrophilic oxidative stress and to elucidate the effects of PLA, activation on (delete)
oxidative stress.

Results ; Instillation of ETX to glutathione-depleted rats intensified lung leak and lipid peroxidation when com
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— Effect of the inhibition of PLA, on the oxidative stress in the lungs —

pared with non-glutathione depleted rats treated with the endotoxin. Moreover, oxidative stress was confirmed
by the assay of GGT and malondialdehyde. Functionally, the depletion of glutathione altered the secretion of
pulmonary surfactant from alveolar type II cells. Ultrastructurally and cytochemically, oxidative stress was
also confirmed after treatment of with ETX and diethylmaleate (DEM).

Conclusion : The endotoxin-induced acute lung injury was mediated by oxidative stress, which in turn was

provoked by the neutrophilic respiratory burst.

The activation of PLA; in the lung seems to play a pivotal role in the oxidative stress of the lung. (Tuberculo-

sis and Respiratory Diseases 2000, 48 : 246-259)
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S ¥ %37 A% £ 2.0mM cerium chloride,
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Table 1. Comparison of the contents of glutathione, the activities of glutathione peroxidase,
glutathione reductase and glutathione S-transferase between conirol and DEM treat-

ed rats’ lung lungs

Control DEM treated
GSH" 1.209£0.042 (n=9) 0.354 £0.049" (n=9)
GPx? 18.253 +0.014 (n=9) 16.059+1.009 (n=10)
GSSG Rd? 2.985+0.091 (n=9) 2.507£0.203 (n=10)
GST® 56.834 +2.408 (n=9) 68.095+5.124 (n=10)

Data represent mean +SE. The numbers of determinations are shown in the parentheses.
**p<0.001 ; significantly different from the control

Unit ; "uamol/g of tissue

%9NADPH oxidized nmoles/mg protein/min
92,4-dinitrobenzene-glutathione conjugate nmoles/mg protein/min
GSH ; glutathione, GPx ; glutathione peroxidase, GSSG ; glutathione reductase,

GST ; glutathione-s-transferase

10mM 3-amino-1,2,4-triazole, 0.1M tris-maleate
buffer (pH 7.5), 7% sucrose, 0.002% triton X-
10022 A 71d] g, 37°ColA 3083t
SAIF whgo] Bd 2AE FAF v 1% osmi-
um tetroxide 2 &5 w2 FEY go] &
&, ¥Eof, >¥pPdBsle uranyl acetate29r GAs
I FRAxIEu|gos gaslo.

SAA2

EE A HA + REOAE FNSATL 24 e
o] Student-Newman-Keuls multiple com-
parison test2 HAsIY p<0.05& F9 dvtm ¢l
sttt

2 o

#4 ] glutathione& 3Zx]77] ¢j3te] DEME
A%F 100g 7 0.1m¢ Fo43 25}, dizFd vjs ¥
A3HP<0.001) Z2E YeplUL. ol2d A=
B oR A2% wEAEe WiNE A=
Aololct. & A U glutathioneo] 1.7 ¥ oxida-
tive stress7} Vel A 28 H2AE Je] lamel-

lar body <] o} € F¥3} @4o] Yeph=d, & 4
del Pt oMz FARE W37t BEE
o}, 2ejut glutathioneo] dirlel]l #osh= GPx,
GSSG-Rd ¥ GST9 #F5=& ¥Hspl ddch(x
1.

thl2x4= @ BALF o] gulgise) A
¥ 29} gt} gz ulgle] WEAE FoF 2
Mg dirExS g augEge] 2% fod 37}
(p<0.001)& Helil, £3] glutathioneo] ILZH
A% U 29 E2A5E WELTE §9% T4 vl
o 23kl (p<0.05) F7H8tAR, oleE WslEd
mepacrine] 2J3}4 A4 (p<0.001) =it

W3 W 257 F&E gkl sl AP ¥
Z 0 MPO9] #4x 9 BALF U 53574 &+
¥ 33 2o UiSa 59 & MPO 8459 3357
9] & BF Uz v& ¥A3] F7H(p<0.001)
slsiat, WEA o & DEME Bog 23 vlmst
of & o MPO2 &A4xE: 72439 (p<0.001).
YE4 §4 § mepacrineg Fo{§ ol WEa
%ol & DEME $9/% 5 mepacrined F4% o
2RA MPO9 B4z #93(p<0.001) ZHi
£ 1293, BALF | %74 & =3 4 dAF
(p<0.001, p<0.05) 728 B} HF Y oxida-
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Table 2. Lung leak index and protein contents in BALF

Control ETX

Lung leak index  0.070+£0.004 0.230+0.013™'9 0.136+0.013™"® 0.388+0.063" 0.124+0.018™

(n=8) (n=8)

Protein contents  2.219+0.162 4.885+0.353™° 3.234+0.198™°  6.447+£0.757

{mg/two lungs) (n=19) (n=6)

ETX+Mepa ETX+DEM ETX+DEM+Mepa
{(n=8) {(n=6) (n=8)
3.366 +0.163"
(n=9) {(n=6) (n=T7)

Data represent mean + SE. The numbers of determinations are shown in the parentheses.

*9p<0.001 ; significantly different from control, *¥p<0.05, “*?p<0.001 ; significantly different from
ETX, "9p<0.01, ™*p<0.001 ; significantly different from ETX+DEM

ETX ; endotoxin, Mepa ; mepacrine, DEM ; diethylmaleate

Table 3. Comparison of the infiltration of neutrophils in the lung

Control ETX ETX+Mepa ETX+DEM ETX+DEM+Mepa
Lung MPO 4.983£0.620 40.970+2.619™" 17.513+1.109™ 30.914 £0.861""? 12.638 +0.526™""
(U/g of lung) (n=9) (n=9) {(n=8) (n="7) (n=6)
Number of
PMNsin BAL 0.113£0.024 3.346+0.327""9 0.997+0.1449  2.776 £0.585 1.089+0.135™
{millions/two (n=7) (n=11) (n=7) (n=7) (n=7)
lungs)

Data represent mean+ SE. The numbers of determinations are shown in the parentheses.

)

p<0.001 ; significantly different from control, "'?p<0.001 ; significantly different from ETX, “p<

0.05, "*9p<0.001 ; significantly different from ETX+DEM
ETX ; endotoxin, Mepa ; mepacrine, DEM ; diethylmaleate

tive stress 9] Ax & Yol r] 95 &4% MDA &
F 9 GGTY YAH=EE ¥ 49 ). MDA9] &%
L Y54 EojToME 301.757 +30.591 24 Hiz
o vl @AF(p<0.001) Z7}E Koz, YEA
Fo ¥ DEME $43 Fol X 443.950£40.066
22X YEA T3 B8 $-28H(p<0.05) F7}
& Byor, yE4L 59 ¥ mepacrineg £
oA 135.000 + 8.791 84 WEA2Td vls] -89
¢ (p<0.001) #2E, WEA % DEME 5% 3
9 mepacrineg FH& wol= WEA ¢ DEM
& FoAF o vls] A (p<0.001) ZAE B
At GGTY 4= W3} =3 MDA kel W
sto} Y WsE BYd. & W54 §o F GGT
o] AEE 9% F7Hp<0.01) & Bolx, =4
Fo ¥ DEM& Fo3le de WEs Fogol

vld] A (p<0.01) F7HE B, ° T
mepacrine® $o3 43} F F 254 X3 2
A(p<0.05)E Byt

#3 Wl PLA,9 &4xe] ¥3H(X 5)& WsA
Fo| & A3 Z7H(p<0.001) 3}, mepacrine
ol aFHoz JA(p<0.001)3rt. WA
DEM& Fo¥ FolMT PLA,9 #45E US
Ford {ABIARE, WA Fo F mepacrine
2oigl w3 WEL 9 DEM 5o & mepacrine
Foidh F EfoAM a2 8% EA3](p<0.
001) 748ttt BALF 4 pulmonary surfac-
tante] =R # 631 ZTh US4 Fo ¥ pulmo-
nary surfactant®] 38k& heavy subtype?] 7%-
2 31.149 +£1.891f Hla} YFAE FAE Lo
A 18.171£1.9582 A% Z4(p<0.00)E B

wo mo B~ wg rfo

— 251 —



— H. G. Cho, et al —

Table 4. Confirmation of oxidative stress by the measurement of lipid peroxidation and GGT
activity in the lung

Control ETX ETX+Mepa ETX+DEM ETX+DEM+ Mepa
MDA contents 108.800 301.757 135.000 443.950 234.600
{nmol/g of + + + + +
wet lung) 14.521 30.591" 8.791" 40.066" 26.086""
(n=7) (n=7) (n=6) (n=8) (n=7)

GGT activity in
the lung 34.0+9.5] 59.5+£10.07"°  43.3+6.679 114.461+8.548™9 96.429+7.569

(U/g of wet (n=9) (n=9) (n=8) (n=T7) (n=7)
lung)

Data represent mean + SE. The numbers of determinations are shown in the parentheses.

"9p<0.01, "*?p<0.001 ; significantly different from control, *?p<0.05, **?p<0.001 ; significantly differ-
ent from ETX, "p<0.05, “*p<0.001 ; significantly different from ETX+DEM. MDA ; malon-
dialdehyde, GGT ; y-glutamyliranspeptidase, ETX ; endotoxin, Mepa ; mepacrine, DEM ; diethylmaleate

Table 5. Comparison of lung PLA; activity after treatments of with endotoxin, mepacrine and

diethylmaleate
Control ETX ETX+Mepa ETX+DEM ETX+DEM+Mepa
Lung PLA, w“
(/g of wet, 313244774 125617 +4.645"9 73.028+8463™ 112457+13.722  41.100 +5400™
m
& (n=6) =7  (n=6) (0=7) (n=7)
lung}

Data represent mean + SE. The numbers of determinations are shown in the parentheses.
™9n<0.001 ; significantly different from control, ™*?p<C0.001 ; significantly different from ETX, ™¥p<

0.001 ; significantly different from ETX+DEM. ETX ; endotoxin, Mepa ; mepacrine, DEM ;
diethylmaleate

Table 6. Changes in contents of pulmonary surfactant in BALF after treatments of with en-
dotoxin and mepacrine

Control ETX ETX+Mepa
Heavy subtype 31.149+1.891 18.171 £1.958" 32.584 +£1.077"
{mmol/g of Jung) (n=7) (n=7) (n=7)
Light subtype 0.428 £ 0.069 3.300+0.382" 0.767 £ 0.142"
(mmol/g of lung) (n=6) (n=7) {(n=7)

Data represent mean+SE. The numbers of determinations are shown in the parentheses. ™p

<0.001 ; significantly different from control, **?p<0.001 ; significantly different from ETX.
ETX ; endotoxin, Mepa ; mepacrine

oliz WE4 Fo ¥ mepacrined FoE FAAE= o] 0428 £0.069¢] v]ste] YEL Fof Fojk

.
USad et fo08 S7Hp<0.001)E B9 3.330+£0.3822 27} (p<0.001) 34, =4 &

t}. oo} H)3lo light subtype surfactant= 2 F o] & mepacrine g Fo 3 FIAE= FLE9Y
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Fig. 1. Electron microscopic findings of lung tissue,
uranyl acetate and lead citrate:Fanel
1) ETX group shows edematous endothelial
cells and interstitium. Neutrophils (Np) in-
filtrated into the interstitium. Notably, some
endothelial membranes fused to neutrophil
(arrow). Alveolar type I cell shows de-
generation of lamellar bodies (*). Panel 2)
ETX +DEM group shows degeneration

of basal lamina with severe edema of
endothelial cells and interstitium. A
portion of endothelial cell membrane
contacting neutrophil (Np) is fused into
the mneutrophilic membrane (arrow).
Panel 3) ETX+DEM-+Mepacrine group.
Despite Although neutrophils (Np) are
found in the vascular lumen, they are not
adherent to endothelial cells. Edematous
interstitium and injured alveolar type II
cells were less notable compared with those
in the ETX and ETX+DEM group.

{(p<0.001).

A AE Fo AHE vH 2 W=
g 2k WELE 598 & (29, panel 1)9]
Me 5579 e A 28 AxAEe] 33 3
3}, a8ln YdulajA 29} e §-3d o] A}
g1, WE2 5o ¥ DEME 593 & (2¥,
panel 2)dM= Bis=gE gt g4 71ATe] AHe
WAdo] JEhgtth 13y mepacrineg Foldt F
(2§, panel 3)ol= 3579 88 W ALl #F
HAgh @A Xl H3E F4] 23 e 2 e}

on, A 28 HIANEE UEL R4} YWEL
Fao & DEM& 58 7oA vepd A wgde
Ho)x| ekgict.

Z7 U Aarle] 848 AR Alesisty Fda=
WEL F4 F (1Y, panel 4)o) 45 +33 7
A& m&} cerium perhydroxideo] &Ajo] Z7}5
A3, 53] DEM& 53 # (19, panel 5)94]
& cerium perhydroxide @] #4Jo] 7+ Bul o ]g}
3FAYEE wet o9 FrhEel Vet A
mepacrine®] o] (19, panel 6)& o]2§ W3}
2, cerium perhydroxide®] &AJ-e @435 AAEY
.

DEM ¥ mepacrined] @5 a2 gotir] 4%
A4 DEME #3 U] glutathiones] 38 7
AN A Qele 5Ed 2948 JehiA] B39,
mepacrine o E§ F3A dz2FH HWIHE

wj xtolg Rol|A| edo} HNA At

- 253 —



— H. G. Cho, et al —

Fig. 2. Cytochemical electron microscopic findings
of lung tissue, uranyl acetate:Panel 4)
ETX group, Panel 5) ETX+DEM group,
and Panel 6) ETX+DEM+ Mepacrine
group. Cerrous perhydroxide deposits
(arrowhead) are found in all groups. In
the ETX 4 DEM+Mepacrine group, depos-
its of cerrous perhydroxide are markedly
less than those in the other groups.
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