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Background : Many inflammatory mediators and collagenases are involved in the pathogenesis of acute
lung injury (ALD) and acute respiratory distress syndrome (ARDS). The increase of matrix
metalloproteinase-9 (MMP-9, gelatinase-B) produced mainly by inflammatory cells was reported in many
ALI models and ARDS patients. Cyclic mechanical stress also can induce MMP-9 production from alveolar
macrophages and connective tissue cells. In this study, the expression of MMP-9 in ventilator-induced
lung injury (VILD model and the effects of matrix metalloproteinase inhibitor (MMPI) on VILI were
investigated.

Methods : Eighteen Sprague-Dawley rats were divided into three groups: low tidal volume (LVT,
"mL/Kg tidal volume, 3 cmH0 PEEP, 40/min.), high tidal volume (HVT, 30mL/Kg tidal volume, no
PEEP, 40/min) and high tidal volume with MMPI (HVT+MMPD groups. Mechanical ventilation was
performed in room air for 2 hours. The 20 mg/Kg of CMT-3 (chemically modified tetracycline-3,
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6-demethyl 6-deoxy 4-dedimethylamino tetracycline) was gavaged as MMPI from three days before
mechanical ventilation. The degree of lung injury was measured with wet-to-dry weight ratio and
acute lung injury score. Expression of MMP-9 was studied by immunohistochemical stain with a mouse
monoclonal anti-rat MMP-9 IgG;.

Results : In the LVT, HVT and HVT+MMPI groups, the wet-to-dry weight ratio was 4.70+0.14,
6821128 and 4921098, respectively. In the HVT group, the ratio was significantly higher than other
groups (p<0.05). Acute lung injury score measured by five-point scale was 3.25%1.17, 1283 1.17 and
4671052, respectively. The HVT group was significantly damaged by VILI and MMPI protects injuries
by mechanical ventilation (p<0.05). Expression of MMP-9 measured by four-point scale was 3.33 L2207,
12.17+2.79 and 3607 1.95, respectively, which were significantly higher in the HVT group (p<0.05).
Conclusion : VILI increases significantly the expression of MMP-9 and MMPI prevents lung injury
induced by mechanical ventilation through the inhibition of MMP-9. (Tuberculosis and Respiratory
Diseases 2002, 53:619-634)

Key words : Ventilator-induced lung injury, Acute lung injury, Matrix metalloproteinase, Matrix
metalloproteinase inhihitor.
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30 minutes = 100

=

Fig. 1. Hematoxylin and eosin stains of lung tissues at 30 minutes (A, B), 60 minutes (C, D ),
90 minutes (E, F) and 120 minutes (G, H) after mechanical ventilation in setting of 30
mL/Kg of tidal volume without positive end-expiratory pressure. After 120 minutes of
ventilation, severe acute lung injury with alveolar congestion, hemorrhage, infiltration of
inflammatory cells and thickening of alveolar wall was developed.
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Fig. 2. There were significant differences be-

tween three groups (p=0.001 by Kru-
skal-Wallis test) in wet-to-dry weight
ratio. Ratio of the HVT  group is
significantly higher than the HVT+
MMPI™ and the LVT groups (p=0.002,
compared with HVTI+MMPI and LVT
group). In comparison between the
HVTI+MMPI and the LVT groups, the
HVT+MMPI group was higher than
that of LVT' group, significantly(p=
0.041).
'HVT, high tidal volume; “HVT+
MMPI, high tidal volume with matrix
metalloproteinase inhibitor; 'LVT, low
tidal volume

3, o) $37k LVTite] ek vliste] AshA
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shelel Bssiele, dAdew B2 e Ay 4
g HoluA YEHA Z¥ol el 47ol
gEEYom, FHHow e Eul: LT
Hlinste] Faia Aol BaE A akghl
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THp=0.001 by Kruskal-Wallis test). Z} -7+ 1]

NTF
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= 100i

Fig. 3. Ventilator-induced lung injury examined by H-E’ stain of LVT™ (top panels), HVT
(middle panels) and HVT+MMPI (bottom panels) groups after 2 hours mechanical
ventilation. The LVT group showed minimal evidence of lung injury (ALI score=2). In
the HVT group, severe acute lung injury was observed (ALI score=14). But the IIVT+
MMPI' group was significantly less damaged than HVT group (ALI score=4).

*H-E, hematoxylin and eosini “LVT, low tidal volume; HVT, high tidal volume; "HVT
+MMP], high tidal volume with matrix metalloproteinase inhibitor; ALI, acute lung

njury
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el oiME HVTFA HVT+MMPIE %
LVTatel] Hlgte] FASHoR {3l =ha
(p=0.002, compared with HVT+MMPI and LVT
group), HVT+MMPIz-3} LVTw3e] w|ao] ¢l
oA HVT+MMPIe] LVTite] Hl3ted f-2
sHAl EXTHpP=0.041) (Fig. 2).
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gloll Al mAZ AF HVTIZOAME HE Ayt
thge] AEol 2 At A HEy L ¥
E Jd B 9434 AEEY &, HAERAES
9 % HE Q) 83 Y nF L RFE F
o] #&A=HANFig. 3, middle panels).

9 LVTHd M s ke 934 AEe A&
gho] @A B FAAI HEHQ 27 itk
(Fig. 3, top panels). HVT+MMPIZ¢] Z$-¢ gl
o M3z LVTZel Hlgte] 7t dTAze] H&
9 E¥el 47o] Aoy, e HF 23 W
3 59 AN A4 FEL HVTZ
d|3te] AA A YktHFig. 3, bottom panels).

HEY Aes LVTRAAME 351117, HVTE
ol E 1283 +1.17, HVT+MMPIZel A= 467+
0522 Al w3l freg AolE B3 (p=0.001
by Kruskal-Wallis test), 2} w7Fe] njme] ¢lof
A= HVTT A HVT+MMPIE 9 LVTitel] H]
glo]  FAAHoR  fostAl  ERha(p=0.002,
compared with HVT +MMPI group and p=0.001,
compared with LVT group), HVT+ MMPIx* 3}
LVTEZkel wlae] glejAl= HVT+MMPIr 9|
HAEY A7t FoatA =3thp=0.029) (Fig. 4).

5. HZEX0M MMP-92| W3 Hxzo| £3

A zAatet AN Agstel wAT Az oA

p=0.001 by Kruskall-Walls test

*p<0.05

Acute lung injury score
=i
o

o

4.87
3.25

LvT HVT HVT+MMPI

Fig. 4. Acute lung injury score was signi-
ficantly different between three groups
(p=0.001 by Kruskal-Wallis test). In the
HVT" group, lung injury score was
significantly higher than in the HVT +
MMPI” and the LVT" groups (p=0.002,
compared with the HVTI+MMPI group
and p=0.001, compared with the LVT
group). In comparison between the
HVTI+MMPI and the LVT groups, the
LVT group was scored significantly
lower than the, HVTI+MMPI (p=0.029).
"HVT, high :tidal volume; “HVT+
MMPI, high tidal volume with matrix
metalloproteinase inhibitor; TLVT, low
tidal volume

MMP-99] 28 FEE, LVTZ A -
TAsHA HAS Ao AT + QUddx, wujE
AlOF( X 400, X 1000l M % wHEl o] A7l Ao
"3} (Fig. 5, top panels), HVTwol = #u)&
AleR100)el . HwrEor w|Fdstn 72
MMP-99] W&o AE R, wu)E& Alok(x 400,
X 100001 M % HEHzt G354 Axe] FedA
#AskA HE = IekFig. 5, middle paneis). HIVT
+MMPIEel| A = HVTkol|l v]ske] dubx o &
AetAl FHAEl MMP-92] #3le] #EFJoH,
LVTw3} vlaslel A= HlEolA Walo] Z715
o] AAtHFig. 5, bottom panels).

Four-point scale 7 #@&}gh 7z}, LVTTol A+
333£207, HVTZelA= 1217£279, HVT+
MMPIFol A= 36011955 Al 2ol feldh =}

=
o
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= 100 = 400 = 1000

LYT group

s R

Fig. 5. Immunchistochemical stain of MMP™-9. HVT" group (middle panels) showed significant
dense expression of MMP-9 in alveolar wall, interstitium and around inflammatory cells
(sum of score=15/5HPF'). But in the LVT'" (top panels) and VHVT+MMPI (bottom
panels) groups, scanty expression was observed (sum of score=l and 2/5HPF,
respectively).
‘MMP, matrix metalloproteinase; “HVT, high tidal volume; 'HPF, high power field;
ﬁLLVT, low tidal volume; "HVT+MMPI, high tidal volume with matrix metalloproteinase
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p=0.001 by Kruskall-Waliis test

- -

-
(5]

p<0.05

MMP-9 expression
=]

5.

333 3.60

LvT HVT HVT+MMPI

Fig. 6. Expression of MMP-9 was significan-

' tly different in the three groups
(p‘0004 by Kruskal-Wallis test). In the
HVT™ group, expression was signifi-
cantly higher than the HVT+MMPI
and the LVT' groups(p=0.004, com -
pared with the HVTI+MMPI group
and p=0.002, compared with the LVT
group). In comparison between the
HVTI+MMPI and the LVT groups,
there was no significant difference
(p=0.931).
"MMP, matrix meta]loproteinase; “HVT,
high tidal volume; THVT + MMPL, high
tidal volume with rnamx metallopro -
teinase inhibitor; LVT low tidal
volume

2 BoHp=00M by Kruskal-Wallis test). 2z}
'?L‘Zl’—i Hlue]  glejME HVTelA HVTI+
MMP# 3 LVTitel ulste] FAGH o= f2]5
A =Fe v} p=0.004, compared with HVT+
MMPI group and p=0.002, compared with LVT
group), HVT+MMPL3} LVT#7re] Hlme] g}
olX & HVT+MMPIire] %2 AL Rolr]:
gou FAgHs=z  fozt el QAT
(p=0.931) (Fig. 6).
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579 7e @FAEAA FHxsA 4L
MMP-93 7|A87]2 A3t EFHQA 2EH2R
FHEO A ZAA AHE MMP-90] AE8]7])4
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