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Abstract

Background: Although the pathogeneses of interstitial pneumonia are not well under-
stood, it has been reported that inflammatory cells, especially neutrophils, and their injurious
substances play important roles in the progression of interstitial pneumonia. Erythromycin and
other 14-membered ring macrolides(] 14-MRMLs[ have been reported to inhibit chronic airway
inflammation by mechanisms of anti-neutrophil and several other anti-inflammatory activities.
The present study was undertaken to investigate the effects and mechanisms of 14-MRMLs

O erythromycin: EM; clarithromycin: CAM; roxithromycin: RXMUO on an experimental model
of bleomycin BLMQOinduced acute lung injury in mice.

Methods: BLM was administered intravenously to ICR mice. For the evaluation of early-
phase inflammation, cell populations in broncho-alveolar lavage fluidO0 BALFO and induction of
mRNA of adhesion moleculesd E-selectin, P-selectin, ICAM-1, VCAM-10 and TNF-¢ tested by
RT-PCR in lung tissues were examined at 0 to 13 days after BLM. These parameters were
also compared with those of the controld NS alone[1] 14-MRMLs-untreated] BLM aloneld and-
pre-treatedd BLMO pre 14-MRMLsO groups.

Results: The number of neutrophils, macrophages, and lymphocytes significantly increased
in BAL. Neutrophils especially increased with two peaks after BLM administration. 14-MRMLs
significantly inhibited both peaks of neutrophil. The increase in number of macrophages in
BALF was significantly attenuated by EM and RXM, and slightly attenuated by CAM. Number
of lymphocytes in BALF was significantly attenuated by EM and CAM, and slightly attenuated
by RXM. Changes in mRNA expression of E-selectin, P-selectin, ICAM-1, VCAM-1, and TNF-o.
were associated with the number of neutrophils migrating into the airspace. 14-MRMLs
clearly inhibited the induction of VCAM-1 mRNA, and tended to attenuate the induction of
ICAM-1 and TNF-oo mRNA, but did not inhibit the induction of E-selectin and P-selectin mRNA.

Discussion: These findings show that 14-MRMLs clearly attenuated the expression
of VCAM-1 mRNA, and tended to attenuate the induction of ICAM-1 and TNF-amRNA, and
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subsequently inhibited leucocyte, especially neutrophil migration into the airspace during the

early phase of BLM-induced lung injury and finally inhibited lung fibrosis. This might be one

potent mechanism of the anti-inflammatory effects of 14-MRMLs in BLM-induced acute lung

injury. The findings suggest that prophylactic administration of 14-MRMLs may be clinically

efficacious in preventing acute exacerbation of interstitial pneumonia and acute lung injury.
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against G 6 PD was shown by histogram.
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was measured using NIH imaging system. G 6 PD was measured as an internal control.
The ratio of each adhesion molecules and TNF-o. against G6PD was shown by histogram.

oooooODboooooIiIcCAM-1I mRNADO O 0O
M4-MRMLsOOOOOOOODOOOOODOOOO
IA4AMRMLsOOOOOOOOOOOOOooOoOOOO
O000000O0O00MO0O00000000ONFo
gooogoBmMUIOUOODODO mMRNADODO
00000000000000000000®00
Uo0dobdddisMRMLs OO O OO TNF-omRNA
OO0000OO0OO0O0OD0OU0O0DOFg. 6EMOODOOO
dddoooooooooooboboboboboooboon
goooooooooo

gddddoooooooooobobooboobooobo
oon80ipoooooooooooooouoonog
D000000000oOoogo®#e eMOoooog
matrixmetalloprotease-90 MMP-OO O OO OO O O
dddoooooooooooboboboboboobobon
0000000O0*m0000BLMOOOODOO
ggooooobbobbotboddodgg 14-MRMLs
OO0O0O0oo0oo0O0O0DovVvCAM-1OICAM-1O00 O
U TNFomRNAOOOOOOOOOOOooooogo
Oooo0oooooooooooooooooog

oo ooooooobooboboon

o0oooooooooooooooogooogooo
OU0000d000000ooUoooooo’oooog
O0000OD0BeigeDOOOODOOOOODOOBLM
oo ooooooboboboboobooboobo
00*000000000000000000000
oo ooooooboboboboobobo
OO0000000000U0O0ODARDSOOODOOO
Oo000doooOoOo®*®0o0o000ooooooo
0 0 00 neutropeniccD 0O ARDSO OO OO OO®0
oo ooouoooooobo
ooo®

oo oooooboboobooo
goooo0oO0oooO0oooooooooooogoog
ooddoodoooo“oUuoooooooog
0O ONO-5046°0secretory leukocyte protease inhibitor
0 SLPITIO alpha-1 proteinase inhibitor( o1PiCI0 O O
O000000oooOoOoooseb*o0oooon
gbdodboboboboobuoboobuoooboooo
O0000%*00 TNFeOO®*00000000000



260

goboobooboboobobbbDbDbO14-MRMLs
O000000000IL-8#*% MMP9*O00000
O00000o0ooOoooooooooooo’g
000000*000000000000000
goobooboooodbisMRMLsDO BLMO OO
gooobooooboboboooogogoooooD
0d VCAM], ICAM-1 0000000 boooog
gooo0OD0OO0O000 TNFaO MRNAO OO DO D
goboobooboboobbooobooboboonon
gbooooooobobobobooooooogon
A4-MRMLsOOOO0OOOOOO0ODOO0DOOO00OO0OO
goboboooooboooooogoobgoboD
gooo

BLMOOUOUOODODODOUOI14MRMLs 0 VCAM-1,
ICAM-10000 TNFoO mRNAOOOOODOO
gooobopboobobobbobooobooobogb
gbooooooobobobobooooooogo
gboooooooboobomuoobooboboomoo
goboooooobobbooo ARDSOOOOOOD
gobooobobooobboobboooooboo
MA-MRMLsO OO OOOOO0OOOOO0OO0DOODODOO
goboobogn

o 0O

10 Adamson 1YR, Bowden DH: The pathogenesis of
bleomycin-induced pulmonary fibrosis in mice. Am J
pathol 1974; 77: 185-198.

20 Aso Y, Yoneda K, Kikkawa Y:Morphologic and
biochemical study of pulmonary changes induced
by bleomycin in mice. Lab Invest 1976; 35: 558-568.

30 Weidner WJ, Quam DA, McClure DE, DeFouw DO:
Effect of acute administration of bleomycin on lung
fluid balance in sheep. Exp Lung Res 1995; 21:
617-630.

400 Henson PM, Johnston RB Jr: Tissue injury in inflam-
mation, oxidants, proteinase and cationic proteins.
J Clin Invest 1987; 79: 669-674.

50 Sakamaki F, lIshizaka A, Urano T, Sayama K,
Nakamura H, Terashima T, Waki Y, Tasaka S,
Hasegawa N, Sato K, Nakagawa N, Obata T, Kanazawa M:
Effect of specific neutrophil elastase inhibitor,
ONO-5046, on endotoxin-induced acute lung injury.
Am J Respir Crit Care Med 1996; 153: 391-397.

60 Botha AJ, Moore FA, Moore EE, Peterson VM,
Silliman CC, Goode AW: Sequential systemic
platelet-activating factor and interleukin 8 primes
neutrophils in patients with trauma at risk of multiple
organ failure. Br J Surg 1996; 83: 1407-1412.

J Nippon Med Sch 2002; 681 30

70 Azuma A, Furuta T, Enomoto T, Hashimoto Y,
Uematsu K, Nukariya N, Murata A, Kudoh S:
Preventive effect of erythromycin on experimental
bleomycin-induced acute lung injury in rats. Thorax
1998; 53: 186-189.

80 Mitsuhashi H, Asano S, Nonaka T, Hamamura I,
Masuda KI, Kiyoki M: Administration of truncated
secretory leukoprotease inhibitor ameliorates bleom-
ycin-induced pulmonary fibrosis in hamsters. Am J
Respir Crit Care Med 1996; 153: 369-374.

90 Nagai A, Aoshiba K, Ishihara Y, Inano H, Sakamoto K,
Ymaguchi E, Kagawa J, Takizawa T:Administration of
al-proteinase inhibitor ameliorates bleomycin-induced
pulmonary fibrosis in hamsters. Am Rev Respir Dis
1992; 145: 651-656.

100 Azuma A, Takahashi S, Nose M, Araki K, Araki M,
Takahashi T, Hirose M, Kawashima H, Miyasaka M,
Kudoh S:Role of E-selectin in bleomycin induced
lung fibrosis in mice. Thorax 2000; 55: 147-152.

110 Oda H, Kadota J, Kohno S, Hara K:Erythromycin
inhibits neutrophil chemotaxis in bronchoalveoli of
diffuse panbronchiolitis. Chest 1994; 106: 1116-1123..

120 Kudoh S, Azuma A, Yamamoto M, lzumi T, Ando
M: Improvement of survival in patients with diffuse
panbronchiolitis treated with low-dose erythromycin.
Am J Respir Crit Care Med 1998; 157: 1829-1832.

130 Kudoh S: Erythromycin  treatment in diffuse
panbronchiolitis. Current Opinion in Pulmonary
Medicine, 1998; 4 : 116-121.

1400000000000000 OoOoOOoooooOoo
go00oooooOoOooooooocooOoooooo
goooobo0oooobooboobooboooooooo
1995; 38 O [ 232.

1500 0O0000CcOOooO0OOooOooOoobDoOoooo
gooopoooooooCcOoOoooooOoo og
0ooooooboboboooooobobobooogod
00 400000oobobooboooooobodpn J
Antibiotics 2001; 541 Suppl. A 87-91.

160 Araki M, Araki K, Miyazaki Y, Iwamoto M, lzui S,
Yamamura KI, Vassalli P:E-selectin binding pro-
motes neutrophil activation in vivo in E-selectin
transgenic mice. Biochem Biophys Res Commun
1996; 224: 825-830.

170 Sanders WE, Wilson RW, Ballantyne CM, Beaudet AL:
Molecular cloning and analysis of in vivo expression
of murine P-selectin. Blood 1992; 80: 795-800.

180 Araki M, Araki K, Vassalli P; Cloning and sequencing
of mouse VCAM-1 cDNA. Gene 1993; 126: 261—264.

190 Oran A, Marshall JS, Kondo S, Paglia D, Mckenzie RC:
Cyclosporin inhibits intercellular adhesion molecule-1
expression and reduces mast cell numbers in the
asebia mouse model of chronic skin inflammation.
Br J Dermatol 1997; 136: 519-526.

200 Kawakami K, Tohyama M, Qifeng X, Saito A:
Expresion of cytokines and inducible nitric oxide
synthase mRNA in the lungs of Mice infected with
cryptococcus neoformans: Effects of interleukin-12.
Infect Immun 1997; 6581 417 1307-1312.

210 Henson PM:Mechanisms of cellular injury in interstitial
lung disease. Chest 1986; 89: 108-115.



J Nippon Med Sch 2002; 681 30J

220 Hunninghake GW, Gadek JE, Lawley TJ, Crystal RG:
Mechanisms of neutrophil accumulation in the lungs
of patients with idiopathic pulmonary fibrosis. J Clin
Invest 1981; 68: 259-269.

230 Bachofen M, Eeibel ER: Structural alterations of lung
parenchyma in adult respiratory syndrome. Clin
Chest Med 1982; 3 : 35-56.

240 Lee CT, Fein AM, Lippmann M, Holtzman H, Kimbel
P, Weinbaum G: Elastolytic activity in pulmonary
lavage fluid from patients with adult respiratory
distress syndrome. N Engl J Med 1981; 304: 192-196.

250 Spragg RG, Smith RM: Biology of acute lung injury.
The Lung: Scientific FoundationsO Cristal RG, West
JB, eds[111991; pp 2003-2017, Raven Press, New York

2600 Beekhuizen H, van Furth R: Monocyte adherence to
human vascular endothelium. J Leukoc Biol 1993; 54
363-378.

270 Taooka Y, Chen J, Yednock T, Sheppard D:The
integrin alpha9betal mediates adhesion to activated
endothelial cells and transendothelial neutrophil
migration through interaction with vascular cell
adhesion molecule-1. J Cell Biol 1999; 145: 413-420.

280 Ward PA, Hunninghake GW:Lung inflammation
and fibrosis. Am J Respir Crit Care Med 1998; 157:
123-129.

290 Lin HC, Wang CH, Liu CY, Yu CT, Kuo HP:
Erythromycin inhibits B 2-integrins0 CD11b/CD180
expression, ineterleukin-8 release and intracellular
oxidative metabolism in neutrophils. Respir Med 2000;
94: 654-660.

3000 Miyajima M, Suga M, Nakagawa K, Ito K, Ando M:
Effects of erythromycin on experimental extrinsic
allergic alveolitis. Clin Exp Allergy 1999; 29: 253-261.

310 Kawasaki S, Takizawa H, Ohtoshi T, Takeuchi N,
Kohyama T, nakamura H, Kasama T, Kobayashi K,
Nakahara K, Morita Y, Yamamoto K: Roxithromycin
inhibits cytokine production by and neutrophil
attachment to human bronchial epithelial cells in vitro.
Antimicrob Agents Chemother 1998; 42: 1499-1502.

320 Miyanohara T, Ushikai M, Matsune S, Ueno K,
Katahira S, Kurono Y: Effects of clarithromycin on
cultured human nasal epithelial cells and fibroblasts.
2000; 110: 126-131.

330 Piguet PF, Vesin C:Treatment by human recombinant
soluble TNF receptor of pulmonary fibrosis induced
by bleomycin or silica in mice. Eur Respir J 1994;7:
515-518.

340 Kadota JI, Sakito O, Kohno S, Sawa H, Mukae H,
Oda H, Kawakami K, Fukushima K, Hiratani K, Hara
K: A mechanism of erythromycin treatment in
patients with diffuse panbronchiolitis. Am Rev Respir
Dis 1993; 147: 153-159.

350 Sakito O, Kadota JI, Kohno S, Abe K, Shirai R, Hara
K: Interleukin 1 B,tumor necrosis factor alpha, and
interleukin 8 in bronchoalveolar lavage fluid of
patients with diffuse panbronchiolitis: A potential
mechanism of macrolide therapy. Respiration 1996;
63: 42-48.

261

360 Sugiyama Y, Yanagisawa K, Tominaga Sl, Kitamura
S:Effects of long-term administration of erythromycin
on cytokine production in rat alveolar macrophages.
Eur Respir J 1999; 14: 1113-1116.

370 Fujii T, Kadota JI, Morikawa T, Matsubara Y,
Kawakami K, lida K, Shirai R, Taniguchi H,
Kaseda M, Kawamoto S, KohnoS: Inhibitory effect of
erythromycin on interleukin 8 production by
1o, 25-dihydroxyvitamin D3-stimulated THP-1 cells.
Antimicrob Agents Chemother 1996; 40: 1548-1551.

3800 Oishi K, Sonoda F, Kobayashi S, Iwagaki A,
Nagatake T, Matsushima K, Matsumoto K:
Role of interleukin-80J IL-800 and an inhibitory effect
of erythromycin on IL-8 release in the airways of
patients with chronic airway diseases. Infect Immun
1994; 62: 4145-4152.

390 Takizawa H, Desaki M, Ohtoshi T, Kawasaki S,
Kohyama T, Sato M, Tanaka M, Kasama T,
Kobayashi K, Nakajima J: Erythromycin modulates
IL-8 expression in normal and inflamed human
bronchial epithelial cells. Am J Respir Crit Care Med
1997; 156: 266-271.

400 Desaki M, Takizawa H, Ohtoshi T, Kasama T,
Kobayashi K, Sunazuka T, Omura S, Yamamoto K,
Ito K:Erythromycin suppresses nuclear factor-xB
and activator protein-1 activation in human bronchial
epithelial cells. Biochem Biophys Res Commun
2000; 267: 124-128.

4100 Hashimoto N, Kawabe T, Hara T, Imaizumi K,
Wakayama H, Saito H, Shimokata K, Hasegawa Y:
Effect of erythromycin on matrix metalloproteinase-9
and cell migration. J Lab Clin Med 2001; 137: 176-183.

4200 Phan SH, Schrier D, McGarry B, Duque RE: Effect of
the beige mutation on bleomycin-induced pulmonary
fibrosis in mice. Am Rev Respir Dis 1983;127:456-459.

430 Ognibene FP, Martin SE, Parker MM, Schlesinger T,
Roach P, Burch C, Shelhamer JH, Parrillo JE: Adult
respiratory distress syndrome in patients with
severe neutropenia. N Engl J Med 1986; 315: 547-551.

4400 McAnulty RJ, GJ Laurent:Pathogenesis of lung fibrosis
and potential new therapeutic strategies. Exp Nephrol
1995; 3: 96-107.

450 Folz RJ, Abushamaa AM, suliman HB: Extracellular
superoxide dismutase in the airways of transgenic mice
reduces inflammation and attenuates lung toxicity
following hyperoxia. J Clin Invest 1999; 108 7(1]
1055-1066.

460 Piguet PF, Rosen H, Vesin C, Grau GE: Effective
treatment of the pulmonary fibrosis elicited in mice
by bleomycin or silica with anti-CD-11 antibodies.
Am Rev Respir Dis 1993; 147: 435-441.

0 Received, November 12, 20010
O Accepted, December 11, 20010




