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FigO 1 Stimulated PMNs increased the filtration coefficient in rat lungs, but not if rat lungs were treated
with SOD or allopurinol. Values are means+ SD. #p<0.01 vs. filtration coefficient before infusion of PMNSs.

*p<0.01 vs. group exposed to inactive PMNs.

Table 10 Hemodynamic data

Ppa Pdo Qp Ra Rv Rt Ra/Rv
without stimulation
Baseline 114+ 11 05 148+ 47 039+ 013 027+ 012 066+ 0,24 153+ 050
Treatment 112+ 13 05 150+ 46 037+ 013 025+ 009 062+ 020 156+ 051
Experiment 112+ 14 64+ 08 147+ 55 035+ 011 030+ 015 066+ 025 126+ 038
StimulatedPMNs
Baseline 107+ 15 62+ 05 127+ 27 036+ 005 030+ 009 066+ 009 126+ 035
Treatment 106+ 07 60+ 04 127+ 28 037+ 005 029+ 007 066+ 010 133+ 023
Experiment 121+ 35 63+ 03 134+ 37 048+ 014 030+ 009 077+ 023 153+ 012
Stimulated PMNs treated with SOD
Baseline 108+ 04 62% 02 143+ 32 033+ 009 028+ 009 061+ 017 122+ 010
Treatment 0107+ 05 60+ 02 157+ 32 031+ 007 024+ 005 055+ 012 133+ 016
Experiment 107+ 10 62+ 03 120+ 22 038+ 009 032+ 007 070+ 015 119+ 0.16
Stimulated PMNSs treated with allopurinol
Baseline 100+ 12 62+ 08 99+ 23 040+ 011 039+ 013 079+ 024 1.03+ 011
Treatment 96+ 06 59+ 04 93+ 30 043+ 017 041+ 017 083+ 034 106+ 013
Experiment 97+ 07 62+ 05 86+ 42 049+ 021 051+ 027 093+ 048 100+ 016

Values are expressed as means + SD, Ppa and Pdo ; pulmonary arterial and double occlusion pressures [cm
H.0], QP ; perfusate flow [mOmin?]. Ra, Rv and Rt ; pulmonary arterial, venous and total vascular resistances

[em H.QOmITmin?].

t U

000000000000 CD11b/CD 180 Mac-10
ooobooooooooboooooooOooooboooon
cooboooooocoobooooooooooboOooon
oboooocpbsooogoooooooboooooD
cooboooooocoobooooooooooboOooon
0000000™M0000000000000000
OOO0O0O0O0O0OO00OsoDbO0O0O ALLOO Allopurinold
oooboOoooooobooooooog

ooboooooooooocoooboooobooboooon

oooooooooooooooooosoboOoon
gooooooooooobooooooooooa
odooooooUouooououoosobd o
gooddoooHO 000000 HO, 00000 per-
oxisome DO OOO catalase 0 OO0 HOOOODOO
gosobdooooooobooobooooooood
0000000 000000o0oOoOoooooooon
go0doobooooooooboboooobuoooooo
0000 o0o00oooo0oooooooooooo®™
go0doobooooooooobooooboooooo
oooooooo



goboooooooooboooooboooooooo 147

40 1

30 1

20

10 1

©

Filtration Coefficient
(mgemin-lecm H20"1.g"1)

o "gpo o o

0
7 0 20 40 60 80 100

MPO levels
(Kepm)

Unstimulated PMNs
Stimulated PMNs
SOD pretreatment + Stimulated PMNs

©e e 0

ALLO pretreatment + Stimulated PMNs

Figd 2 Relationship between MPO levels and filtration coefficient. Each symbol represents a single experi-

ment.

00 ALLOO0OD0DO0OO0OOO0OO0DODOO0OODOooOoon
0000 Xanthine oxidaseO XOO OO O OO O; 000
0dobobooobobooboooOgALLOO X0 O
0000000000 DOOHypoxanthine J O Xanthine
0000 XanthineO O Uric AcidOODOOO0OO0OOO
00 o 000000000000 DOooOo®™o00n
goooooboobooboooooboooobooo
O"™Ooooo000oALLODODOOOODODOOOOO
goobobooooMPOOODOODDOOOOOOO
sobOO0UdOdpDUOO0OOUODUO0OOoUDOUOOOUDOO
0oo0oobo ALLOO0ODODODOOoObDOooOooboon
godooQo0o0oOQOoO0oOQ0U0o0OO00UOUOULOUUbOooo
gddddoooooooooboboboboboboooooo
ooo

gododddooooo Xoogooooooooo
godooQo0o0oOQOoO0oOQ0U0o0OO00UOUOULOUUbOooo
0000000000000 NADPHoxidase O O O
godooOo00oC0O0O0UOUULOUoULoUUUOUmuouo
CDllbICAMODOOOOOOODODOOODOOODOOO
O0o00oooooooooo®o

gooddddooooooooooooooon
0000000 D00O0D0Od Xanthine dehydrogenase
OXDOOO XoOoOOoOOooooo*oooooooo oF
Oo0oO0oooooOoUoOoooosobOoUooOoooOoO
goddooooooo3oooz2u00d0ogooooon
O0O0o0oOooooooooDoOoDooOOOOOOO HO.
dddddoooooooooboboboboboboooooo
gooooo soboOoOooOOUUODOOUdOdOH. O
gooodooobooo3dog20b00o0o0o0oon
godooo0o0oQOoO0oO0O0OO0OO00UOUOULOUUbOooo
0000000000000 0o0oooooooog
0HO0. 0000000000000 OOO®*™oooO

oobooooooooooooo HOo, OO0 0oaoo
000000000 ooooooooo™ooooo
godddddooooooooooobobobooobooon
ooooooo
XD-XOooooooobooooboboooogoad
OO0tyrosin kinase 000000000 DOOOOODOO
000000O0CD11a/CD18-ICAMO OO OO0DOO
000000000000®0000000 Mac-1O
upregulation 0 0000000000 O0OOOOOOOO
0000000 CD11ladd0O CD11c O upregulation
00000D0™O0 Cb1la/CD18-ICAMO O OO0
00 XbD-XoUOOOoOoOooooOUoUooooUooDooo
gooogo
O000CoOooOoDoOoDooOoODOODOOO Xanthine
oxidese 000000000 OOOOOOGC/ODOOOOO
godooo0o0o0oUo0o0oULUUoLULOUULoULoUooo
goddddoooooooooooboobobooboooon
O0Oo®*™*00000000000000000000
gooddoooooooogd

U g

10 Hogg JC: Neutrophil kinetics and lung injury.
Physiol Rev, 1987 ; 67 : 1249—1295.

20 Gillinov AM, Bator JM, Zehr KJ, et al.: Neutrophil
adhesion molecule expression during cardiopulmon-
ary bypass with bubble and membrane oxygena-
tors. Ann Thorac Surg 1993 ; 56 : 847—853.

30 Powe JE, Short A, Sibbald WJ, et al : Pulmonary ac-
cumulation of polymorphonuclear leukocyte in the
adult respiratory distress syndrome. Critical Care
Med 1982 ;10: 712—718.

40 Tanita T, Koike K, Ono S, et al : Simultaneous esti-



148 ooooo

mation of filtration variables in isolated rat lungs in
zone 3 conditions. Tohoku J Exp Med 1996 ;179
193—203.

50 Dawson CA, Linehan JH, Rickaby DA :Pulmonary
microcirculatory hemodynamics. Ann NY Acad Sci
1982 ; 384 : 90—106.

600 Uehara K, Hori K, Nakano M, et al : Highly sensitive
chemiluminescence method for determining
myeloperoxidase in human polymorphonuclear leu-
kocytes. Anal Biochem 1991 ; 199 : 191—195.

70000000 OOO0OO0OOOoOOoO0OOoOO Macl
00o0o00oU00oooooOoooooooooooo
OO0 1997;35:396—401.

80 Winterbourn CC, Hawkins RE, Brian M, et al: The
estimation of red cell superoxide dismutase activity.
JLab Clin Med 1975 ; 85 : 337—341.

900 Onizuka M, Tanita T, Staub NC: Erythrocytes re-
duce liquid filtration in injured dog lungs. Am J
Physiol 1989 ; 256 : H 515—H 519.

100 Granger DN : Role of xanthine oxidase and granulo-
cytes in ischemia-reperfusion injury. Am J Physiol
1988 ;6 Pt 2: H 1269—H 1275.

110 Granger DN, Benoit JN, Suzuki M, et al : Leukocyte
adherence to venular endothelium during ischemia-
reperfusion. Am J Physiol 1989 ; 257 : G 683—G 688.

120 Suzuki M, Grisham MB, Granger DN : Leukocyte-
endothelial cell adhesive interactions: role of xan-
thine oxidase-derived oxidants. J Leukocyte Biol
1991 ; 50 : 488—494.

130 Shappell SB, Toman C, Anderson DC, et al : Mac-1

360 2[17 19980

0CD11b/CD 180 mediates adherence-dependent
hydrogen peroxide production by human and ca-
nine neutrophils. J Immunol 1990 ; 144 : 2702—2711.

140 Phan SH, Gannon DE, Varani J, et al : Xanthine oxi-
dase activity in rat pulmonary artery endothelial
cells and its alteration by activated neutrophils. Am
J Pathol 1989 ; 134 : 1201—1211.

150 Hiraishi H, Terano A, Razandi M, et al : Role of cellu-
lar superoxide dismutase against reactive oxygen
metabolite injury in cultured bovine aortic endothe-
lial cells. J Bio Chem 1992 ; 267 : 14812—14827.

160 Balla G, Vercellotti GM, Eaton J W, et al : Iron load-
ing of endothelial cells augments oxidant damage. J
Lab Clin Med 1990 ; 116 : 546—554.

170 Balla G, Jacob HS, Balla J, et al : Ferritin : a cytopro-
tective antioxidant strategem of endothelium. J Bio
Chem 1992 ; 267 : 18148—18153.

180 Wakabayashi Y, Fujita H, Morita I, et al.: Conver-
sion of xanthine dehydrogenase to xanthine oxidase
in bovine carotid artery endothelial cells induced by
activated neutrophils: involvement of adhesion
molecules. Biochimica et Biophysica Acta 1995;
1265 : 103—109.

190 Goldman R, Ferber E, Zort U : Reactive oxygen spe-
cies are involved in the activation of cellular phos-
pholipase A 2. FEBS Letters 1992 ; 309 : 190—192.

200 Grisham MB, Yamada T : Neutrophils, nitrogen ox-
ides, and inflammatory bowel disease. Ann New
York Acad Sci 1992 ; 664 : 103—115.



goboooooooooboooooboooooooo 149

Abstract

Increase in Pulmonary Vascular Permeability Caused by Increased
Adhesiveness of Polymorphonuclear Leukocytes and Superoxide

Tatsuo Tanita, Chun Song, Shinsaku Ueda, Yasushi Hoshikawa, Yugo Ashino,
Masafumi Noda, Toshiharu Tabata, Satoshi Suzuki,
Sadafumi Ono and Shigefumi Fujimura

Department of Thoracic Surgery, Institute of Development, Aging and Cancer,
Tohoku University, Sendai 980-8575, Japan

We report that mechanical stimulation of human neutrophils results in their accumulation in isolated rat
lungs and in an increase in pulmonary vascular permeability. To determine whether reactive oxygen species
were involved in this increase and, if so, whether it is mediate by xanthine oxidase metabolites, we assessed the ef-
fect of stimulated and unstimulated neutrophils, and of a superoxide scavenger, superoxide dismutase (SOD), and
a xanthine oxidase inhibitor, allopurinol (ALLO) on pulmonary vascular permeability in isolated perfused lungs
from Sprague-Dawley rats. Pulmonary vascular permeability in isolated rat lungs was assessed using a filtration
coefficient determined by gravimetry. To quantify neutrophil accumulation in the lung, we measured myeloper-
oxydase (MPO). Neutrophils were stimulated by gentle agitation in a glass container for 10 s and Mac-1 was subse-
quently upregulated on the surface of the neutrophils. In lungs that received stimulated neutrophils, the pulmo-
nary vascular filtration coefficient was about 5 times higher than in lungs that received unstimulated neutrophils.
An increase in filtration coefficient was almost completely blocked by pretreatment with SOD or ALLO. However,
the accumulation of stimulated neutrophils was not, or only partly, blocked by SOD or ALLO, respectively. We
conclude that the increase in pulmonary vascular permeability caused by mechanically stimulated neutrophils
was partly mediated by reactive oxygen species generated via the xanthine oxidase system.



