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Background : The signal pathways and their precise roles for acute respiratory distress syndrome caused by
endotoxin (ETX) has not been established. Since there has been several in vitro experiments suggesting that
activation of protein kinase C (PKC) pathway may be responsible for endotoxin-induced inflammatory reac-
tion, we performed in vivo experiments in the rats with the hypothesis that PKC-inhibition can effectively pre-
vent endotoxin-induced acute lung injury.
Methods : We studied the role of PKC in ETX-induced ALI using PKC inhibitor (staurosporine, STP) in the
rat. Specific pathogen free male Sprague-Dawley weighted from 165 to 270g were used for the study.
Animals were divided into the normal control (NC)—, wvehicle control (VC)-, ETX~, PMA
(phorbolmyristateacetate) —, STP+PMA—, and STP+ETX—group. PMA (50mg/kg) or ETX (7mg/keg)
was instilled through polyethylen catheter after aseptic tracheostomy with and without STP (0.2mg/kg) —pre-
treatment. STP was ingcted via tail vein 30min before intratracheal injpction (IT) of PMA or ETX.
Bronchoalveolar lavage (BAL) was done 3— or 6—hrs after IT of PMA or ETX respectively, to measure pro-
tein concentration, total and differential cell counts.
Results : The results were as follows.
The protein concentrations in BALF in the PMA- and ETX-group were very higher than that of VC-group (p
<C0.001). When animals were pretreated with STP, the %reduction of the protein concentration in BALF was
64.8 + 8.5 and 304 * 2.5% in the STP+PMA — and STP +ETX— group, respectively (p = 0.028).

There was no difference in the total cell counts between the PMA-and VC-group (p = 0.26). However the
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ETX-group showed markedly increased total cell counts as compared to the VC- (p = 0.003) and PMA-
group (p = 0.0027), respectively. The total cell counts in BALF were not changed after pretreatment with
STP compared to the PMA- (p = 0.22) and ETX-group (p = 0.46).

The percentage of PMN, but not alveolar macrophage, was significantly elevated in the PMA-, and ETX-
group. Especially in the ETX-group, the percentage of PMN was 17 times higher than that of PMA (p < 0.
001). The differential cell counts was not different between the PMA and STP+PMA. On the contrary the
STP+ETX— group showed decreased. percentage of PMN (p = 0.016). There was no significant relationship
between the protein concentration and the total or differential cell counts in each group.

Conclusion : Pretreatment with PKC-inhibitor (staurcsporine) partially but significantly inhibited ETX-in-

duced ALL
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SEAYA LAY oln] BeFolglon sFTo P
84 a7gelr) a3 sldes BEHAJYGY. 1
U} 1x5e] PMAE A4RsE 537 294
Bl T B4} Aol7} gle e RT3
om gal7e) ] PMA7Z} IL-18 2 IL-8 mRNA g
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1. Al
phorbolmyristateacetate (PMA, 12-0-tetra-
decanoyl-phorbol-13-actate, 100mg, Sigma)$}
stauorosporine  (STP,Sigma)2  dimethylsul-

foxide (DMSO, Sigma)d] &8A|H —70°Coll H
B3l A¥AA endotoxin-free PBS (Sigma)
of EAAA AM-Eett. FAHA DMSOe] HF
2= 0.1%8 {A3Yt}.  lipopolysaccharide
(LPS, E.coli sero type 0111 : B4 ; Sigma) A
endotoxin-free PBSol| A#AA galsta] ALl
o},
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F (vehicle control ; VC-group), PMA §¢ =&
A7 (PMAE), gxidd §2 H&dt (ETX
), staurosporine FAX}-PMA® (STP+PMA
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#)F 6T ER3ta, AUERTAAE 7IRAW
2 oy JEx RN sgNHxA
(bronchoalveolar lavage, BAL)& Al3gslgen,
/B h 2ol A endotoxin-free PBS=Z &A%
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EFRRS-e AsEgict. VCEM= ZI=lZ 0.1%
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g 7
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AZE 2 6417k Zb7] 3ule]e] wiAMelA] BALF 9
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) AEWZZZOZ  datad] EFAHT:. 2
BALFY @93%%(Fig. 1.)& WAEHEZE (n
= 8)olA 51.6 + 7.3mg% 2 FAHEZZE (n = 6)
2] 19.3 + 3.7mg% BT} Ekew (p = 0.005),
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ot (p = 0.205) dAENRF v ol &

< YdEEE Ho (p<0.001) PMAEIH
ETXTA s g @urlole] 4% £33 F7Ph 2
eS¢ 5 Uy

STP=z AAXa%e A% (Fig. 2.), STP+PMA
# (n = 5)olAE BALFY ©9AEEs} 749 +
16.8mg% = PMAZHT} 64.8 + 8.5% 7439
(p = 0.004), STP+ETXZ (n = 5)9A= 113.6
+ 13.0mg% 2 PMAFHET} 30.4 + 2.5% 743y
(p = 0.04), STP7} PMA 2 ETXol<)§ sl2 8¢
oratole] £t Z718 JAEE BESIH

azy STP7d R34 F7HE Atk airt
ETXd tisixs PMARTH #A)3] Ro} (Fig. 3, p
= 0.028), ETXj|ej%t #&iellx] PKCAZAGR
7t R g Bojsls Aog AGEHUY. BAL
W FNESF (x105/ml) (Fig. 4.)= ARAZTANA
52 + 04, WAEURFAA 7.6 + 0.72 =7t
Frold 2ol7t Aoy (p = 0.035), PMATIA
109 £ 172 w/HERRTHE EAF fo4del ¢l
9lom (p = 0.26), ETXZNAE 100.6 + 11.92
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Fig. 1. Protein concentration in BALF in each
group.
*p = 0.005 vs NC-group, **p < 0.001
vs VC-group.
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Fig. 2. Protein concentration in BALF in the
PMA-and ETX-group before and after
pretreatment with staurosporine.

*p = 0.004 vs PMA-group, ¥p = 0.04
vs ETX-group.

Fig. 4. Total cell counts in BALF in each group
with and without staurosprorine-pretreat-
ment.

*p < 0.05 vs NC-group, **p < 0.01 vs
VC-group.
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Fig. 3. Co,parison of % inhibition of protein con-
centration in BALF after pretreatment
with staurosporine in the PMA-and ETX
-group.

HAEdETF (p=0.003)7 PMAZ (p=0.
0027) ¢l wisf wi-¢ F7FlRATh. STP2 HAAA
€ A% STP+PMATAME FAEF7E 74 £ 1
92 PMA T Bl ztol7t filem (p = 0.22),

~

—Q— wmaAC
—A—  NEU

log cell counts

group

Fig. 5. Macrophage and neutrophil counts in
BALF in each grop.
*p < 0.01 vs NC-group, ¥p < 0.05 vs
VC-group, **p < 0.01 vs PMA-group.

STP+ETXF¢] ZASdA% 88.3 + 10.628 ETX
o) "l FA] zelzt giiet (Fig. 4, p = 0.46).
A EFgRe] WEET Foli PMA 9 ETXZ2
A2 e o AguzRT vsl oiAEdEE,
PMAZ, ETXZA %79 AEfE Fvshd
)l o] HEFE St glol(Fig. 5.), iAo
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Fig. 6. Percentage of macrophage and neutrophil
in BALF in each group.
*p < 0.01 vs NC-group, ¥p < 0.01 vs
VC-group, **The composition{% ) of neu-
trophil of ETX-group is 17 times higer
than that of PMA-group(p = 0.001)
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Fig. 7. Differential cell counts(% ) in BALF be-
fore and after pretreatment with
staursoporine on the PMA-and ETX-
group.

*p < 0.05 vs ETX-group.

B 35T 9EEL Uk dAAxe] FAuR
& A2EP e 53] ETX R A 327 wie
< PMA9 A$EY} 17wy =9ttt (Fig. 6, p <
0.001). STP2 AXAF #H$(Fig. 7.), STP+
PMAZdlA= PMAZ) vj8] 357 tiaAxe]
TAYEES Aot gi%ley (p = 0.28, 0.54),
STP+ETX 2N 3579 wEge Zisin

(p = 0.016) HhAMEe] THNEGL 275l (p
= 0.017), PMAS} ETXo| ti@ STPe| Hz)as
T 4AsA| 9ottt BALFY ©9dsss zhgd)
A FAZSF 3L 35U dAMEY 4 2 uig
= FBBAE Ik

o

2479 ofulddel A PMAS] §3-uke-234 10
2 30mg/kgollxlEx BALFW whlaoke] xjdAjo)
SR E S0mg/kge] £FME 1A R 247
dre AEgo] gidlens ATAEL §Fo 4y
A4 50mg/kge] §Fo 2 34zt JEW HFAIZ
& A8 £3 ETX 39 £33 AgoMx
1~3mg/KgollXE w7l Bt zZofus) BALFW &
HAFE] FoAF AJol7t gl Smg/kgol A ul
AEdET Y3 dAsxe] f23 2tolrt UL
o} PMA 2 vlg] Joj&os ol PMA 3 4]
ST NAFEE Hole Tmg/kg, 6A17He A¥st
Art.

WABRZZANN FPhzFETG HL BALFY
HNEFEE Kol AL (p = 0.005) 71y o]
Ao Rz Qg HakaFo) oJF vhgoz Mzhy
o 2ol duldglA 71z PBSE %9
3RS U= wABN 2 2jo|7} Qe Aust v}
0.1% DMSO7} flz2o] g8 rAes HoeZE B
7l olFT AREFS ARAZ BRYTAE A
endothelin, platelet derived growth factor
(PDGF) 22 88 A445d9 d4e 24 5
A7] W Eoh® ., Az} go] 7y FBFY fe
200ml2 Z2QF R oudgdlrs PBS 300mlE
FUAA EE APREC] 30% o= AMYES B0
71 918t 200ml& A9slga, Ao n BEAY
o] HASE 44vl2]F 6nleitlo] Abiale AptES-
13.6%%ith. staurosporineg o443 do3ha A%
& BH A Sprague-Dawleyol4] 0.55mg/kg

& A7SRE o 43e) 55 daagol Un Img
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/kgold Tl A AT 2 APFES Boly
0.1mg/kgellAl 0.5mg/kgAtolo| A AEAA A F-<
T ¥e-S HYte Bl Qloug AzEe uad
HollA staurosporine 0.05mg/kgdlA HE 0.1
mg/kg, 0.2mg/kg& 7] 3njele] W] FFsin
PMA=z A3t 23 0.2mg/kgoliA FE BALY
9HEIl fodd Z4aEE Gt olFE B
£9] datad] =AU} STP2 AAX &AL A%
(Fig. 2.) STP+PMA A= BALFY @3
=7} PMAT Bt} 64.8 + 8.5% 74 39t (p =
0.004). e} & STP {FdA ETXZYAM+=
PMA 9| opitl #ig=l:= 304%3=% AIste
(p = 0.028), ETX 9§ #l&god= PKCAZA
2299 tEr|do] tha $A41E Aes YU

BALFJ g9 asx7t PMA #o| uj7/] &3
ul3] <384 Ekw ETXEIR= zlolr} filey
FA 27t PMAZ3 di7EdZ2FALold] BAA &
Aol giT (p = 0.26), ETXZNA= PMAF
o vla) FAEFTL F10u F71eE Fo 2 Hol &4
EFRE HE/1RR Y] GFAEE X A8
o] GFAE®, TR, B HEFTA
T3e® 7153 843 Fa4 M O 9%
HAE A A 4 Arh E STPAHXZANME
PMA ¥ ETX %zl vjs] @iidsxs {ofsi
Zas ot FAES7E Ul gl Hoz Hol
STP& HZAWAIRES 7157 B4 F%E nA=
Aoz BZETt. PMAd LR FAHEASS Bikd
g AAAT9] el ool e]E&Aolmz PMAd 9]
T HELE oE YA XY A= F o8 =
Well 371 AAAQ vk rloloqt A4 ¥
%2 A £5 .

FFAHEe F4EZ BALFY @9 ds=ete] 4
AT 25T 32 Az FANEE
Sl deoh= AugArt itk 53 ETXFA
9] £ HEL L PMAS #A$ B} 17y &9k
o (p < 0.001), F27l 344 F7ke] Aol
giong o]dA] ol ST BEIFHIE

Hz2A AAAEL] 7B FAVESe]
A3 2918 MAElke a2Fdoz B & ). STP
+PMAZNA PMAT vls] 357 dl4Ad 2o
TAREEE Afol7} gle 7Hedldl= (p = 0.28, 0.
54), S A% Es}l 243 Hog Mo} STP+ETX
ZAME 5T WL 2T AL (p=0.
016) & oJu7} givkn Aztdct. PMAJS& F4
#H&del B 7| A aFTe] G¥o] FoF AL AL
doh} aF7E AAS AP, 7Y, g4 PMA
E 7|8AY E& Ao g £ e ux FAue
o] sz Aoz Hol aF T & A E
< UE Axz F834 83 & Ao &
b A¥® 4¥4 PMAE 3479, QA4 E9,
FRRHAES? T-& AT AT PYE 5
Ak, B ME STPE 71x7) ofd Az §
oEgeuz STP7l AEFNIAE E= sday
o) FFHEA ALt ALY ALAAL TFeA
o] Utk AdB.

WA elg diidoll A TETEY ol d
WA ZE 3379 dFFE BIsin glm,
PMAd 9§ F4H&de] 7dx JysiAs o
v 337 4R whg4447])9} thromboxan
ol VHIAZE &AA HARFTE I8 A
o] F83% 7ldoz GeAAUT™. #Asld vhggat
2719 Bojs FAZEEZASEIE viES 4% ¥
£49) 7]Fo|tt. GFNgAA EFT7) v
71 Ae FARTOAT RN IAHTNNZ
cytokineF 9] x4Fo.g2 WhHg-AdAtAr|7) ik, B
o 53] AMaZEY NaFFol WE YA xe) vt
LA A 7]9] Bule PKCYAA 2 WxgTH,

PKCE d@HFMES] mitogeno] i ¥Hg,
prostacyclin®H4], ¥AWFAUR ] <F FHAZF
715l #oldks Aadgzdaz RuF . 53
PKCE 3579 d8iajMxel R34 A% Py
o}, PMAY 3579 o)d g Ee] F3}
Aol ZFFolA RH|HEE WA 6 Esy
olw] cytochalasinBEo2 33771 FB=H ¥
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s g oA P £y
o] ZaE= Aoz Hol FAs&Ate] 7oA 55
T-EHHAANE B2y 0] 4 a4de & 5 9l
o0, PKCAAQl H-7& o] &3 YA W=,
TNF-a, IL-1b%9] 98 3537-BBURNAE 22
o] Aol BAF oz fodA Zirdns ¥
BN Ee 844 PKCAEzAGEr}l BRFoz
e & & Qi

£ d¥dMe Aztel ue BALY gFA¥e &
EE vaskr] R3ded g Edze] 557
9] olF & HSPLAF 4G Alzto] RUpA o) Fojn
the Y30} glome® PKCRA Afe A7
o W& BALYW 43Axe] £XE 8Qlsks 4¥0]
L9t} staurosporine B|BE9] G go|= AR
22 nMEEYAE PKCY catalytic fragmento]
AgHos 2gsh= ZHY PKCARIEAT 55
7} F7VEE cyclic AMP-dependent kinaset}
tyrosine protein kinasez-& '} Z{9] protein
kinase & A 4 A" . wtebd AzlEo] Fof
& staurosporine?] §-%Fo] dAlz PKCF A€o
3= SHAA S £HA] ¥ Hol glov BHHA
PKCof| @ #j&afo] oF 65% 2= g STP
Fo7} |2t o PKC #4318 43 28
A A& sl

2 o

AT

BESEFTESETe] dd Foshs US4 A
Y NzAgHE 29} 244 2e] 8L o}F g4
ot HE AFBAYPANAN UIFATL GFATY
protein kinase C (PKC)7Z 28 #4313t= vu
Eal ok mebA AxEL PKCE ojg] 2ae 5
B WE4AE Foatd USao) ojt FAFSA ol
42 FE AL F AL AolEks sheAE %3
3L HAE o] 8% WA HEE Algsian

u

AFol 165golA 270gAtole] €4 Spa- rague-
Dawley& AAHZ=T (normal control ; NC-
group), UHHEYZFE (vehicle control ; VC-
group), PMARZAEEE (PMAT), WSaf2
H&E (ETXE), staurosporine 33 %] -PMA
(STP+PMA ), staurosporine 3] X] -ETXZ
(STP+ETX3) % 6722 E53la, Fdz
A ZIAAY RS ojmd B FosiAgm 7|#
A HEA|A (bronchoalveolar lavage, BAL)£ 4]
B3t on, wi/jEdzZAME DMSO 200mlE,
PMA 9 ETX&Me @M PMA (50mg/
Kg)o} W54 (Tmg/Kg) 200mlE Zz 7I=d=
AR F¢s1dct. STP+PMAZ 2 STP+ETXE
dAe 7IgAUE PMA = WEAE o350
3023 STP 0.2mg/Kgg€ 5% Imle) Yoz
AFsl9ct. BALL EDTA 3mMe £33 PBS
|48 13]9 23ml/Kge] %o 2 three-way valve
€ ¥ FYsln BT 63) AABHT. AL 23] A
AR YAEEF 43 3mlz GHAREE 27
AL 339 AEAREL oA HHYa E3sle
FAEFe} MAEHEEE AXklYY. VCRME
71=H2 0.1% DMSOE FU% ¥ 3417+ & 643t
o] BALE AAt9ct. PMA 2 STP+PMA 29
A= PMA ] 718X5:¢%F 3425 d] BALE 44|
3193 ETX ¥ STP+ETXZ4= ETXe} 7]
AFYF 6A10A ] BALS Algsisic.

4 ot

BALFY @9 dEEs= PMAZY ETXZAA ui7)
EHET vl o & 9lASEE BT (p
< 0.001).

STP2 FAA3NE 79, BALFY odss
488 STP+PMAFoX 64.8 + 8.5%, STP+
ETXZME 30.4 £ 2.5%2 ¥zt oJmQls &b
°]& B} (p = 0.028).

BALY #A4E4E= PMAZYAME oiA2dz=2
7} xtolz} gislent (p = 0.26), ETXZoAl&= wiAl
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Eg2F (p = 0.003)3 PMAZ (p = 0.0027)°]
Hla] ol $- F7kekc

BALW £A4|¥4= STPE AAA3ld%E PMA T
3} ETX 3 254 ¥sizt fIich (p = 0.46).

Z AEFYES] WEed $o4 PMA 2 ETX
2 AFE9e W AuzTd vE dqAEdzE,
PMAZ, ETXZIAN 5379 AESE F7h8hd
WM ES] AEFE Z77) Qlo], AF o 557
o] HR-gLe F78ln diMze] FTANEg e A
A= 53] ETX A9 337 WEgL PMA
9] 3¢ B} 1784 E9k0 (p < 0.001).

STP2 AAMA ¥ 7S, STP+PMAZH PMA
T Apoldl A Al Ee] FANE-E-2 X}ol7] gigl o,
STP+ETXToAE 3579 HEge Zastd
(p = 0.016) PMAS} ETXd] th3t STP] g &
T= AABHA gt

PMAZ# ETX#oA BALFY @9idsxr) A
AME, EFT7 2 MY F £ FARRS
I AREAZE deA AHRgor), o:AEE
BALFY @l s eol= A@aA7 QIsith
d e
PKC Az AY92E algstoan YEid o8 34
H&ge 3xrt REHoARt feojai Fasnz
PKC Az Ag27} WS4 4F Al 4% B
&= Aoz Ay

g 12

1. Montgomery AB. Stager MA. CarricoJ, Hudson
LD. Causes of mortality in patients with the
adult respiratory distress syndrome. Am Rev
Respir Dis 132: 485, 1985

2. Bone RC. Adult Respiratory Distress syndrome.
Semin Respir Med7(Suppl) : 1, 1986

3. Meyrick B : Endotoxin and lung injury. Am Rev
Respir Dis 133:913, 1986

4. Han J, LeeJ-D, Tobias PS, Ulevitich RJ. Endo-

toxin induce  rapid protein  tyrosine
phosphorylation in 70Z/3 cells expressing CD14.
J Biol Chem 268 : 25009, 1993

5. Liu MK, Herrera-Velit P, Brownsey RW, Reiner
NE. CD14-dependent activation of protein kinase
C and mitogen-activated protein kinases (p42
and p44) in human monocytes treated with bac-
terial lipopolysaccharide. J Immunol 153:2642,
1994

6. Let MG, Morrison DC. Specific-endotoxic
lipopolysaccharide-binding proteins on murine
splenocytes. J. Immunol 141 : 996, 1988

7. Prpic V, Weid JE, Somers SD, Diguseppi J,
Gonias SL, Pizzo SV, Hamilton TA, Herman R,
Adams DO. Effects of bacterial lipopoiysacc-
haride on the hydrolysis of phosphatidylinositol
4, 5-bisphosphate in murine peritoneal macro-
phages. J Immunol 139 : 526, 1987

8. Wrightman PD, Reatz CRH. The activation of
protein kinase C by biologically active lipid moie-
ties of lipopolysaccharide. J Biol Chem 259:
10048, 1984 ‘

9. Rosoff PM, Cantley LC. Lipopolysaccharide and
phorbolesters induce differentiation but have op-
posite effects on phosphatidylinositol turnoverand
Ca2+ mobilization in 70Z/3 preB-Iymphocytes.
J Biol Chem 260 : 9209, 1985

10. Shapira L, Takashiba S, Champagne C, Amar S,
VanDyke TE ; Involvement of protein kinase C
and protein tyrosine kinase in lipopolysaccharide-
induced TNF-alpha and IL-1 beta. J Immunol
153:1818, 1994

11. Meisel C, Vogt K, Platzer C, Randow F,
Liebenthal C, Volk HD ; Differential regulation
of monocytic tumor necrosis factor-alpha and
interleukin-10 expression. Eur J Immunol 26:
1580, 1996

— 357 —



12.

13.

14.

16.

17.

18.

20.

Ulich TR, Watson LR, Yin S, Guo K, Wang P,
Thang H, Castillo J. The intratracheal admini-
stration of endotoxin and cytokines. Am J Pathol
138: 1485, 1991

Becker S, Devlin RB, Haskill JS : Differential
production of tumor necrosis factor, macrophage
colony stimulating factor, and interleukin-1 by
human alveolar macrophages. J Leuko Bio 145
: 353, 1989

Bakouche O, Moreau JL, Lachman LB.
Seceretion of IL-1 : Role of protein kinase C. J
Immunol 148 : 84, 1992

. Prabhakar U, Lipshutz D, Pullen M, Turchin H,

Kassis S, Nambi P. Protein kinase C regulates
TNF-alpha production by human monocytes.
Eur Cytokine Netw 4: 31, 1993

Tschaikowsky K. Protein kinase C inhibitors sup-
press LPS-induced TNF production in alveolar
macrophages and in whole blood : the role of en-
capsulation into liposomes. Bio chem Biophys
Actal 222:113, 1994

Nakano Y, Yamasu H, Matsuura M. Shinomiya
H. Intracellular protein phosphorylation in mu-
rine peritoneal macrophages in response to bac-
terial lipopolysaccharide (LPS) : effects of ki-
nase-inhibitors and LPS-induced tolerance.
Immunobiology 187 :272, 1993

Eissner G, Kolch W, Mischak H, Bornkamm
GW, Holler E. Differential role of protein kinase
C in cytokine induced lymphocyte-endothelium
interaction in vitro. Scand J Immuno 140: 395,
1994

. Johnson KJ, Ward PA. Acute and progressive

lung injury after contact with phorbol-
myristateacetate. Am J Pathol 107 : 29, 1982

Carpenter LJ, Johnson KJ, Kunkel RJ, Roth RA.
Phorbol myristate acetate produces injury to iso-

21.

22,

24.

25.

26.

27.

28.

29.

— 358 —

lated rat lungs in the presence and absence of
perfused neutrophils. Toxicol Appl Pharmacol 91
: 33, 1987

Dyer EL, Snapper JR. Role of circulating granu-
locytes in sheep lung injury produced by phorbol
myristate acetate. J Appl Physiol 60: 576, 1986
Gross V, Zhang B, Geng Y, Villiger PM, Lotz M.
Regulation of interleukin-6 (IL-6) expres-
sion : evidence for a tissue-specific role of protein
kinase C. J Clin Immunol 13:310, 1993

. Bassett DJP. Ozone-induced lunginjury, in Hand-

book of Animal models of Pulmonary Disease,
Vol.1, Cantor JO., Ed. CRC Press, Boca Raton,
Fl, 1989, 22.

Frevert CW, Warner AE, KObizk L. Defective
pulmonary recruitment of neutrophils in a rat
model of endotoxemia. Am J Respir Cell Mol
Biol 44: 716, 1994

Kourembanas S, Marsden PA, McQuillan LP,
Faller DV. Hypoxia induces endothelium gene
expression and secretion in cultured human en-
dothelium. J Clin Invest 88 : 1054, 1991
Kourembanas S,HannaRL, Faller DV. Oxygen
tension regulates the expression of the platelet—
derived growth factor-B chain gene in human
endothelial cells. J Clin Invest 86 : 670, 1990
Dundore RL, Brousseau AC, Habeeb PG, Pratt
PF, BeckerLL T, Clas DM, Silver PJ, Buchholz
RA. Hemodynamic and renal effects of the pro-
tein kinase inhibitor staurosporine in conscious
rats. J Cardiovasc Pharmaco 120: 525, 1992
Williams H, Patel SK, Hatakeyama D, Arian R,
Guo K, Hickey TJ, Liao SY, Ulich TR. Activated
pulmonary vascular neutrophils as early media-
tors of endotoxin-induced lung inflammation.
Am J Respir Cell Mol Biol 8: 134, 1993

Li XY, Donaldson K, Brown D, MacNee W. The



30.

3L

32.

33.

34,

role of tumor necrosis factor in increased air-
space epithelial permeability in acutel ung inflam-
mation. Am J Respir Cell Mol Biol 13 : 185, 1995
Carpenter-Deyo LJ, RothRA : Injury to the iso-
lated perfused lung induced by phorbol myristate
acetate, In Cantor JO (Ed.) Handbook of animal
models of pulmonary disease, vol 1., p47,
NewYork, CRC 1989

Schraufstatter IU,RevakSD, Cochrane CG. Prote-
ases and oxidants in experimental pulmonary in-
flammatory injury. J Clin Invest 73: 1175, 1984
Yamashita T, Someya A, Hara E. Response of
superoxide anion production by guinea pig eosin-
ophils to various soluble stimuli : comparison to
neutrophils. Arch Biochem Biophys 241:447,
1985

Hoidal JR, Repine JE, Beall GD, Rasp RL, White
JG. The effect of phorbol myristate acetate on
the metabolism and ultrastructure of human
alveolar macrophages. Am J Patho 191:469,
1978

Matsubara T, Ziff M. Superoxide anion release
by human endothelial cells : synergism between
phorbol ester and a calcium ionophore. J Cell
Physiol 127:207, 1986

3.

36.

37.

38.

39.

Zulueta JJ, Yu FS, Hertig 1A, Thannickal VJ,
Hassoun PM. Release of Hydrogen Peroxide in
Response to Hypoxia : Reoxygenation : Role of
an NAD(P)H Oxidase-like Enzyme in Endothe-
lial Cell Plasma Membrane. Am J Respir Cell
Mol Biol 12: 41, 1995

Magnuson DK, Maier RV, Pohlman TH.
Proteinkinase C . A potential pathway of endo-
thelial cell activation by endotoxin, tumor necro-
sis factor, and interleukin-1. Surgery 106:216,
1989

Shasby DM, Shasby SS, Peach MJ. Granulocytes
and phorbol myristate
permeability to albumin of cultured endothelial
monolayers and isolated perfuséd lungs. Am Rev
Respir Dis 127:72, 1983

Lawrence E, FEeden SV, English D, Hogg JC.
Polymorpho nuclear leukocyte (PMN) migration

acetate  increase

in streptococcal pneumonia : comparison of older
PMN with those recently released from the mar-
row. Am J Respir Cell Mol Bio 114:217, 1996
Nakadate T, Jeng AY, Blumberg PM. Compari-
son of protein kinase C functional assays to clari-
fy mechanisms of in};ibitor action. Biochem
Pharmaco 137: 1541, 1988

— 359 —



