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The Role of Reactive Oxygen Free Radical in the Pathogenetic Mechanism of
Endotoxjn-Induced Acute Lung Injury in Domestic Pigs

Young Whan Kim, M.D., Chul Gyu Yoo, M.D., Ki Ho Jeong, M.D., Hyung Seok Choi, M.D.
Hyuk Pyo Lee, M.D., Sung Koo Han, M.D., Young-Soo Shim, M.D.
Keun Youl Kim, M.D.and Yong Chol Han, M.D.

Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea

To identify the pathogenetic role of reactive oxygen free radical-induced oxidation reaction in
endotoxin-induced acute lung injury, we infused endotoxin into 8 domestic pigs; endotoxin only (n=
3), pretreatment with dimethylthiourea (DMTU) (n=5). We observed the sequential changes in
hemodynamic parameters, the concentration of plasma oxidized glutathione (GSSG) in pulmonary
arterial and venous blood, and albumin content in bronchoalveolar lavage fluid (BALF).

The results were as follows.

1) While cardiac output decreased, mean pulmonary arterial pressure, pulmonary vascular resis-
tance, and alveolar-arterial oxygen difference increased over phase 1 (0-2 hr) and phase 2 (2-4.5 hr) by
endotoxin, DMTU attenuated the above changes only during phase 2.

2) While the concentration of plasma GSSG increased significantly by endotoxin during phase 2,
there were no significant differences between pulmonary arterial and venous GSSG contents during
both phases. The increase in plasma GSSG content was attenuated by DMTU.

3) The content of BALF albumin was significantly lower in DMTU group than that of endotoxin
group.

These results suggest that reactive oxygen free radical-induced oxidation reaction may have an

important pathogenetic role in endotoxin-induced acute lung injury in pigs, which seems to be greater
during phase 2 rather than phase 1.
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Pulmonary vascular resistance (PVR)=(P,,
-Ppaw)/CO

P..; mean pulmonary arterial pressure

Ppaw; mean pulmonary capillary wedge pressure

CO; cardiac output
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AaDQ,; alveolar arterial oxygen difference

VP; vapor pressure (about 47)

FiO,; oxygen concentration of inspired air (0.21)
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BALF albumin={Asanpie/ Astaniara) X Cstandara

BALF albumin; albumin content in BAL fluid

Acompie; absorbance of sample

A geandara; absorbance of standard albumin solution

Cstanaare; concentration of standard albumin solu-
tion ’

ABAH LA Ao} dHalpEe} €3 dHals=s
9wl g 7 s} mAEHA ol FHRAAS
{permeability index) & A-&-3}3ich,

PI=BALF albumin/Serum albumin.

PI; permeability index

Serum albumin; albumin content in serum
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A} Fof3A e A FRAE %0 (p>0.05),
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shown),
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(0~2hr) ol A& 7| M2 9} F 37 2po] & Bojx| gdgkA]
st (p>>0.05) phase 2(2~4.5hr)oll 4 7] x| ol w3
F28HA AR g (p<0.05). DMTU A3 270l
AE HE54£Fod23) vlms] phase 20042t &8 2}
ol& ¥ AcH(p<0.05) (Fig. 1),
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1.0 T T

}}T}T t

3 AnAS g3 A5 A AR A
Al Fokeh(p<0.05)., DMTUE A= ¢ i‘oﬂzﬂ&
i AENUGe AFIIHE A Bt $A] FA] =
A AT (p<0.05), phase 2014 & WELFAET vin
&) B FE5Yto] DMTU AXAFAA F95HA &
keh(p<6.05) (Fig. 2).
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WE4 BoFst DMTU AL FollAde T 5
Ad ) 719tol 3085 FA 3] St oAl ke
2 3BEE A4S LAL o] Foll& AHA % F 3
9] 8-2]8t zlo] & BolA] 99k} (data not shown),
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B4 Fof oA AAATL 308 F A Heoz
Z7H o7t 47k 2448 ¥ phase 20l ©hA] Fkske ok
A2 gt DMTUZ AX A8 Fols A7 7%
o} 1A X 2} AP AR o] FA x5 2, phase 1
NAe WELFF} DMTUR AMAE 7 Alelel
F-21 8 ol 7} 1%l phase 200 A& W ELFod 3
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Al okeh(p<0.05) (Fig. 3).
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Fig. 1. Effects of endotoxin alone and endotoxin+dimethylthiourea
(DMTU) on cardiac index (CI).

Values are means+ SE.

*p<0.05 compared with baseline.
1 p<0.05 compared with endotoxin at respective time.
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Fig. 2. Effects of endotoxin alone and endotoxin+dimethylthiourea
(DMTU) on mean pulmonary artery pressures (Ppa).
Values are means+SE.
*p<0.05 compared with baseline.
+ p<0.05 compared with endotoxin at respective time.
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Fig. 3. Effects of endotoxin alone and endotoxin+dimethylthiourea

(DMTU) on pulmonary vascular resistance (PVR).

Values are means+SE.

*p<0.05 compared with baseline.

t p<0.05 compared with endotoxin at respective time.
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Fig. 4. Effects of endotoxin alone and endotoxin+dimethylthiourea
(DMTU) on arterial oxygen tension (Pa0,).
Values are means+SE.
*p<0.05 compared with baseline.
t p<0.05 compared with endotoxin at respectwe time.
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Fig. 5. Effects of endotoxin alone and endotoxin+dimethylthiourea
(DMTU) on the room air alveolar-arterial O, gradient
(AaDQ,).
Values are means+SE.
*p<0.05 compared with baseline.
¥ p<0.05 compared with endotoxin at respective time.
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Flg 6. Changes of plasma total glutathione (GSH/GSSG) in endotox-
in and endotoxin+dimehtylthiourea (DMTU)-treated pigs.

Values are means.

p>0.05 between groups at respective time.

GRS W=rl 487175t Z1A Al vlE ol 5
=9kth(p<0.05). DMTUR AAAE FoxE 2
§7 711%‘%. AR Ao} vig) Frbkslel U2 phase 10]
= WELEES DMTUR AARE F Aol
2|3t Ao 17} A =H(p>0.05) phase 29 A& W%
Eod 2 vlms] DMTU A A7) A EFH7 4L
4z} 218k w2ekoh(p<0.05) (Fig. 5).
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9. RN WEFF

Z B5olA ttadapl WY T4E FAY i
o] 30835 E F A vlms] ol HolE B
(p<0.05), 1417kl e Z1AA e 1/35F7A A=
3 o] ol 2 Wglel FAHYD T FhNE &
23} alo)7F 2= A g¥gkel(data not shown),

10, gyl ams

AT BHA dadAuldanst Azle] 7
HA A&A ez asle AT 2gded KT
& 71213154 vlas] o8 Aolg BP(p<0.05),
F T2l 9% Zol 7} 9= (data not shown).

11, 8% GSH/GSSG

= 7 524 @A) GSH/GSSGE Al7ko] 7 3keh
WA Erbske GAbe nglou s s EAdeE &

Table 1. Concentrations of Oxidized Glutathione (nmol/

ml) of Arterial and Venous Blood in Endotoxin-

Treated Group
Time (hr) Artery “ Vein
4] 0.41 £ 0.21 0.38 £ 0,15
1 0.49  0.26 042019
2 0.92 + 0.24% 0.95 £ 0.21*
3 1.02£ 0.32#% 0.99 + 0.25*
4 1.05+0.27%

1.08 = 0,23%

Values are mean = SE,
* p < 0.05 compared with basal value (time 0)

There is no significant difference between artery & vein
{p > 0.05).

% Aole Molx 3k (p>0.05), F FAIE #
o8 Aolw HAH A §3keh(p>0.05) (Fig. 6).

12. @3l GSSG

WEL FoATolA AU FE Aol B
A eskeh(p>0.05) (Table 1). WH4 FoiFel U3
W GSSGE phase 20141 71ARol wIsh SelakA 37k
42 (p<0.05) DMTU A X x| ol A phase 29|
GSSG7H WEaFol ol wlal #olah Rskrhp<
0.05) (Fig. 7).
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Fig. 7. Changes of plasma oxidized glutathione (GSSG) in endotoxin-
dnd endotoxin-+dimethylthiourea (DMTU)-treated pigs.
Values are means=+SE.

*p<0.05 compared with baseline,
t p<0.05 compared with endotoxin at respective time.
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Fig. 8. Changes of plasma oxidized glutathione-to-total glutathione
ratio (GSSG/GSH+GSSG) in endotoxin- and endotoxin+
dimethylthiourea (DMTU)-treated pigs.

Values are means+SE.
*p<0.05 compared with baseline.
1 p<0.05 compared with endotoxin at respective time

13. GSSGQI‘ GSH/GSSGQI E! 3]‘8]-7“ 13}9.}(‘:}’(D<005) (Flg 8}.
S FAZANE phase 2o AAHA MW F s e wreiz s SoEA
28t F7HE A (p<0.05) DMTU AAA Tl

GSSGe} GSH/GSSG2] #l7} W &aFof ol uldl 7 ghAlsl| 2AH A o) o fnlgE ol o 2oh A E AL
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Fig. 9. Bronchoalveolar lavage fluid (BALF) albumin
content (left) and relative permeability index
(RPI) {right) in endotoxin- and endotoxin+
dimehtylthiourea (DMTU)-treated pigs.
‘Values are menas+SE.
+ p<0.05 compared with endotoxin.

olg] FadAlGE WELFoFoll v]as} DMTU A A
Aol A fel Al Bakeh(p<0.05) (Fig. 9).
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