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Background: Pulmonary toxicity by bleomycin has multiple mechanisms including direct tissue
toxicity due to oxygen-derived free radicals and indirect toxicity through amplification of pulmon-
ary inflammation. To evaluate the effect of chelators or free radical scavenger to lung damage
induced by bleomycin, penicillamine as a copper chelator, deferoxamine as an iron chelator and
vitamin E as a free radical scavenger were administered.

Methods: Two hundred Wistar rats were divided into five groups: Control, bleomycin treated,
bleomycin-penicillamine treated, bleomycin-deferoxamine treated, and bleomycin-vitamin E treated
groups. Rats sacrificed on day 1, day 3, day 4, day 7, day 14, and day 28 after treatment.
Bronchoalveolar lavage, light microscopic and immunohistologic studies for type I, III, IV
collagens, fibronectin, laminin and NBD phallicidin were evaluated.

Results: There was a significant increase in the total cell counts of bronchoalveolar lavage on
day 1 from all treated animals and vitamin treated group showed an abrupt decrease in total cell
counts with decrease of neutrophils on day 3. Bleomycin-vitamin E treated group had the least
histologic changes such as pulmonary fibrosis. The alveolar basement membranes were positive for

type IV collegen and laminin. Basement membranes of bleomycin, bleomycin-penicillamine, or
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bleomycin-deferoxamine treated groups were disrupted and fragmented on day 4 or 7. The

bleomycin-vitamin E treated group had intact basement membranes until day 28.

Conclusion: Bleomycin-induced pulmonary fibrosis was related to the severity of acute injury to

oxygen radicals or activation of neutrophils and disruption of basement membrane. Vitamin E

seemed to be the most effective antioxidant in the inhibition of bleomycin-induced pulmonary

injury and fibrosis.
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Bleomycinvo— copper-chelating glycopeptides®] &
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ool AiF FE-& 3l30ck o]el] vlslo] deferoxa-
mine XX vitamine E 2278 thzFHole #]

% 271 ok

2. 7|1 HX|HZMA Y| HAAH
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& HskE Aelzt A, BLM thESolitwt
penicillamine X|X|72 Al 3, A 4ol 3]5-Fo] 7+
Zstelzh Al 795E] HFR|E #)EE ubi, deferox-
amineo|t} vitamin E X278 A)7F Z3}ol] uh uis}
Slo] A2l vlzsledck AlEe] BEE 4] dlztwt
ofs Foit Aolol] FAIEH o2 o)t Hol= glgd
=dlp =0.1), 21 *H9)E= 80.9%0l4] 93.1% Q7 AT
AE YEEE daFol e 8.3%, oFF Folge
88.6% Jrt-

Z AlFEE ofaodate] B4 dizdol vlsle] 5
Ao g 2l2lQlAl F3k=tll(p<0.05), BLM TH5-F
o T2 Al 19FE] 144747] oF 2~4ul 2 F7lE|l o
], Al 4%l H3gkoll ks 3 AAs| THasly] Al
2rsto] Al 28elli= A9] tza@) wlsdt Floll B
Ik 28t} penicillamine®} deferoxamine %)
50 A 19038 Zvhelol A 2874 hzTol Tk
o] 2]e|A Al =PrHp<0.05). 53] penicillamine *]X]
o] F AEFTE ARTEellA 7H el F7hE]9dE
ol, 1958 1494742 79 4ulle F71=|9iom 28
o= 7€) 3uljel] 7}7kgkc) BLM gRE-5od3} defer-
oxamine HX|-2- A 7|7hE B3lo] FEEE FUNE
odct ololl Hl3l vitamin E X XS A 1Yofl= 2.88
+1.55 (RAHZT 1.01 +0.43) 8 Z7}hx]9] or} 320

Table 1. Total Cell Counts of Bronchoalveolar Lavage Fluid (1x106/ml) at Various Times

Groups 1 3
Control

Bleomycin 2.04+0.61*%  3.50%0.55*
Bleomycin+ Penicillamine 4.85+0.75* 4.04%0.63*
Bleomycin+ Deferoxamine 2.124+0.38% 3.06+0.04*
Bleomycin+ Vitamin E 2.88+1.55* 1.91+0.96*%

4 5 14 28(days)
1.01 + 043
4.07+0.38% 3.04+0.56* 2.00+042* 1.32+0.27

3.84+0.49* 4.26+047* 42510.52* 2.88+1.49*
2.461+0.89% 2.44+2.50*

2.46+1.38* 2.63+0.55*
1.06+0.28 1.22+0.66

1.89+1.19*  1.4240.20

* p<0.05
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Fig. 1. Changes of total cell counts of bronchoalveolar lavage fluid at

various times.
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Fig. 1).
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tsEolfol ulelo] A4He krkTable 2).

BLM BHE50) 39} obEx)2) 58 nlsel Mol 247

o] g7} 5 HoIRliznl, BLM kol 22 4l 7%
7R A4H 07 kAUt vitamin E XX A 1Y
o vk ok MATH wigsiglon), 39 ol%
BLM th5-Foiyte) g4 ulEel ) ofstz H7¢]
7HAsliciFig. 2). wkels vitamin E XXk
BLM tl=Sol-Xr}l =9kil  penicillamineo|t}
deferoxamine XX~ ] Ygrow] #lEIL-
deferoxamine ] %ol vh& oFExX|tol] vlslo] A
4) ol F Selo] gk}, TATE BLM gHE ol ol
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o] Al 1U9RE] &8 F9)9h 4 7HaoA] 2]
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.lble Z Cel] l’l()flles(%) ()bldme(l fr()m Bronchodlve()lar LLavage Fluid at Various Times

Groups

Control

Blcomycin

Blecomycin+ Penicillamine

Bleomycin+ Deferoxamine

Bleomycin+ Vitamin E

1 3 4 7 14 28(days)

M¢s 974 93.8 97.4 949 95 95.8
PMN 1.6 1.4 1.8 1.6 0 2

L 08 4.8 0.8 3.1 5 22
E 0.2 0 0 04 0 0

M1 459 233 21.2 36.1 56.1 83.1
PMN 43.7 48.0 52.6 36.5 19.8 35
L 58 282 23.1 226 23.8 13.1
E 1.0 0.5 3.1 438 0.3 0.3
My 227 17.6 385 40.1 40.3 439
PMN 70.1 70.5 453 45.0 33.6 215
L 6.7 1.2 14.3 14.5 26 345
E 05 0.7 1.9 0.4 0.1 0.1
Mo 45.8 214 18.5 33.1 35.0 26.6
PMN 48.4 59.8 30.6 15.6 10.3 12.3
L 5.6 18.7 50.9 512 54.6 61.0
E 0.2 0.1 2.5 0.1 0.1 0.1
M s 389 495 44.4 459 59.4 72.1
PMN 40.5 14.4 13.7 12.2 12.8 4.1
L 20.8 36.0 41.6 293 249 23.7
E 0.1 0.1 03 0.1 04 0.1

Abbreviation :

M@ : Monocytes L : Lymphocytes PMN : Polymorphonuclear leukocytes E : Eosinophils

-
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Fig. 2. Changes of polymorphonuclear leukocytes percentage in
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TE] 72 slQIvHFig. 6). Penicillamine % X|5-2
BLM ¥Hi5oitoll ulsle] #| 19)3-9E] 42 =)
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F1g 3 Imraalveolar edema and ncutrophillc 1nﬁltra-
tion in the alveolar wall and intraalveolar
spaces (Bleomycin group, 3 days, H&E, X
100).

Fig. 5. Intraalvcolar and 1nterstmal lymphocyllc mF 1-
tration with hyperplasia of type II penumo-
cytes (Bleomycin group, 14 days, H&E, X
20).

Fig. 4. Diffuse multifocal j)atchy inflammatory reac-
tion (Bleomycin group, 7 days, H&E, x20).

Fig. 6 Subpleural fibrosm showmg flbrob]asnc proli-
feration (Bleomycin group, 28 days, H&E, X
100).
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Fig. 7. Diffuse ééule “u;ﬂammatory‘ reaction and
intraalveolar edema without fibrosis (Bleomy-
cin-Penicillamine group, H&E, X40).

Fig. 8. Severe interstitial lymphocytic inﬁln;tion and
focal fibrosis (Bleomycin-Deferoxamine gro-
up, 14 days, H&E, X20).
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Fig. 9. The least inflammatory reaction without fibro-
sis comparing with other groups (Bleomycin-
Vitamin E group, H&E, X20).
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Fig. 10. Immunohistochemical findings for type IV collagen;
A. Positive reaction along the basement membranes of the alveolar interstitium

(control group, X100).

B. Focal negative reaction in the acute inflammatory foci (Bleomycin-Penicillamine

group, 3 days, X40).

C. Negative reaction in the fibrotic areas (Bleomycin group, 28 days, x100).
D. Persistent positive reaction along the interstitial basement membranes (Bleomy-
cine-Vitamin E group, 28 days, X200).

Table 3. lmmunohlstochem:cai Findings for Type IV Collagen

Changc of Immunohmochemlcal Stam for Type IV Collagen

Groups
_ 1 3 4 5 14 28(days)
Bleomycin + + + e = =
Bleomycin+ Penicillamine =+ = + = - -
Bleomycin+ Deferoxamine + + + o + i
+ + + + + +

Bleomycin+ Vitamin E
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A B
Fig. 11. Indirect immunofluorescent findings for type I collagen.
A. Initial positive reaction along the intraalveolar spaces (Bleomycin group, 14
days, X 100).
B. More intense reaction in the fibrotic area (Bleomycin group, 28 days, X 100).

Table 4. Indirect Immunofluorescent Findings for Type I Collagen

Degree of Immunofluorescent Deposition

Groups — .

i | 3 4 5 14 28(days)
Bleomycin - - + + + ++
Bleomycin+ Penicillamine - - - = + +
Bleomycin+ Deferoxamine 2 = o == * =+
+ =

Blcomycin+ Vitamin E — - — =
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Fig. 12. Indirect immunofluorescent findings for type Il collagen.
A. Transient positive reaction in the severe chronic inflammatory reaction
(Bleomycin-Deferoxamine group, 14 days, X200).
B. Negative reaction in the fibrotic area (Bleomycin group, 28 days X100).
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Fig. 13. Indirect immunofluorescent findings for fibronectin.
A. Trregular positive reaction along the intraalveolar sapces (Bleomycin group, 7
days, X200).
B. Positive reaction in the fibrotic area (Bleomycin group, 28 days, X400).

Table 5. Indirect Immunofluorescent Findings for Fibronectin

Degree of Immunofluorescent Deposition

Groups = -
1 3 4 5 14 28(days)
Bleomycin - + + R e i
Bleomycin+ Penicillamine — = = o + =+ +
Bleomycin+ Deferoxamine + + 44+ ++ + 4+
Bleomycin+ Vitamilﬁ E _ + + % _ _

71 Al et 4] 149, 2895
glcKTable 5).
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Fig. 14. Indirect immunofluorescent findings for laminin.
A. Positive reaction in the intact alveolar basement membrans (Control group, X

100).
B. Negative reaction in the inflammatory or fibrotic area (Bleomycin group, 28

days, X100).

Fig. 15. Direct immunofluorescent findings for NBD phallicidin.
A. Positive reaction along the muscle coat of the bronchus or vascular walls

(Control group, >x100).
B. Positive reaction in the spindle cells of the granulation tissue (Bleomycin group,

28 days, X200).
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Fig. 16. Summary of the pathegenesis of bleomycin-induced pulmonary
injury and fibrosis in rats and action sites of vitamin E.
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