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=Abstract=

An Ultrastructural Study of Bleomycin-Induced
Interstitial Pulmonary Fibrosis in the Rat

Seung Che Cho, M.D., Ewan Kyu Park, M.D, Kun Young Kwon, M.D.
and Eun Sook Chang, M.D.

Department of Pathology, Keimyung University Schoal of Medicine

This study was carried out to investigate the mechanisms of interstitial pulmonary fibrosis
of rats after the intratracheal administration of bleomycin.

Both lungs after bleomycin injection were examined by light and electron microscopy.

The results are as follows:

Light microscopically, | or 2 weeks after bleomycin injection acute and chronic inflammatory
infilirates and edema in the interstitium and alveclar spaces were observed. Proliferation of
alveolar type II pneumocytes was also found at 4 to 6 weeks after bleomycin injection, chronic
inflammatory infiltrates with interstitial fibrous thickening were noted.

Electron microscopically, the number of type II pneumocytes and irregular lamellar bodies
were increased and blunted microvilli were noted at 2 weeks. 4 to 8 weeks, proliferation of fi-
broblasts with deposition of abundant collagen fibrils in the thickened interstitium revealing
irregular or collapsed alveolar spaces were observed.

Based on these findings, it can be concluded that bleomycin-induced interstitial pulmonary
fibrosis is considered to pass from an early acute inflammation of the interstitium and alveolar
spaces to an interstitial fibroblast proliferation and collagen deposition to the length of the
period after injection.
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Fig. 1. Normal pulmonary architecture is maintai-
ned in the saline treated animal.
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Fig. 2. Acute-and chronic inflammatory infiltrates
in the alveolar spaces and interstitium are
found at 1 to 2 weeks after bleomycin injec-
tion.
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AL : Alveolus

AS : Alveolar septa

BM : Basement membrane
Cf :Collagen fibril

F : Fibroblast

Is :Interstitium

Key for abbreviations

LE :Lamellar body

M Mitochondria

N :Nucleus

P : Type II pneumocyte

RER : Rough endoplasmie reticulum

Fig. 3. Four to six weeks after bleomycin injection,
markedly thickening of interstitium with
chronic inflammatory cell infiltration and
collapsed alveolar spaces are noted.
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Fig. 4. Thickened interstitium with mild infiltration
of chronic inflammatory cells, and irregular
extended alveolar spaces are observed at 8

weeks after bleomyein injection.
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Fig. 5. Two weeks after bleo-
mycin injection. Type Il pneu-
mocytes have numerous and
irregular shaped lamellar bod-
ies, slightly distended RER
and blunted microvilli (arrows)
(= 13,000)

Fig. 6. Two weeks after
bleomycein injection. There is a
fibroblast with abundant col-
lagen fibrils in the inter-
stitium. The endothelium of
capillaryv(arrows) is not promi-
nently changed (= 6800)

N3k gefo} clokgh =78 7p3 HEze B 5 glede)
(Fig. 4).

2. HEslo|HE &~H
1) Foj@xiso|AEH 4£H: Bleomycin Fo9F 1
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Fig. 7. Four weeks after
bleomycin injection. Numer-
ous lamellar bodies are excret-
ed into the alveolar space (x
6,000}

Fig. 8. Six weeks after
bleomycin injection. Type II
pneumocytes have abundant
empty wvacuoles without la-

FoflA] 118 dExdaq=2] lamellat#, mito- bleomycin FoH 2504l 118 o = Abn) 4 E i) o]
chondria, rough endoplasmic reticulum (RER) lamella 4-#2] 7} &71E5ld 3y O mefs u}ﬂ;ﬁ}ﬁ
3 vdgrEe vlad o Yzl A e, 2w vdgre FY 208 Ry F4d(Fig 5). 2

— 244 —



~244 3] 320:Bleomycin Foiol =& @D 443

Fig. 9. Four to six weeks after
bleomycin injection. A fibro-
blast producing collagen fi-
brils(*) and deposits of abun-
dant collagen fibrils are found
in the interstitium (= 8500).

Fig. 10, Eight weeks after
bleomycin injection. The base-
ment membrane sho-ws de-
struction, such as irregular
thickening, twisting and tor-
zion. Abundant collagen de-
posits are found around the
basement memrane (= 20,000)

oo} mAlE WAL WSt ®AsA) gaten] 5 A28 lamellazAl: 2 So} Ae 3o} s
el E35 dfelAEZF 4 ¥ 4 g orv =§ clokgl gdE B 4 ¢y AxZun
(Fig. 6). Bleomycin Fo{F 4, 654 118 #x4  lamellat#E2 53 A3e] #i=2dcHFig. 7,
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Fig. 11. Four to six weeks
after bleomycin injection. The
alveolar septa are markedly
thickened and alveolar spaces
are collapsed or irregular in
shape (= 550)

Fig. 12. Eight weeks after
bleomyein  injection. Thick-
ened alveolar septa and irreg-
ular alveolar spaces are per-
zisted (= 4801
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Table 1. Ultrastructural findings of bleomycin-induced pulmonary change in the rat

— . == —
“"“'“"“‘EEE (W)
Findings — | 2 4.6 ]
_\—\_\_.\__‘_ ) .
Alveolar epithelium
Type 1
ER & M swelling +
Type 11
ER & M swelling + + ~a + + 4+ + PR
Lamellar body T - e N R +++
vacuolation - +~ 4+ d
extrusion into alveolar space - 1 o +
Alveolar space
inflammatory exudate + o+ + + + _
ser lysosome in macrophage - - 4~ a4
Alveolar capillary
endothelial swelling - + _
subendothelial edema - 4~ +
BM destruction — + + +
Interstitium
edema ++ + 4o + +
inflammatory cells + + +4+~4++ + + =+ +
collagen deposit - + ++ +++

—: negative, +: mild, + +: moderate, + + +: severe in degree, T :increase in number
Abbreviations: W: weeki(s), ER: endoplasmic reticulum, M: mitochondria, sec: secondary, BM: basement

membrane

8).

2R 45 H 65 H el HAel A E e
47 Foe] B84 2yale 34 £ £ g4
(Fig. 9). Bleomycin ¥o4§ 852 &7 2 3%
AEAE A ehe] B4t Eg aE, v)EHT mg)5 e
27 A 7lAdt SoHe] FRg mglale Hgow
#H7ke] &35 £4E& B S} (Fig. 10).

18 slxidajsqze] W= 1544 mitochon-
driast RER®] #u|gk F3efe= g Halr]) 3
U2 ke 15 ol 19 dAxAtagxe] &5
a5 glgid

2) FAFHXH0|HE 4£AH: vaFeds #HEze] v
ol dgsba #xebe] Falzp gk A #Halke] 4
A4 a3+ 3gdcl. Bleomycin Fo& 1534=

2ol M wlEGe] WlFEHEA HEZAHAE =4
EEe] JHE B 4 cdsly Axate arle oeks)
¢dcl. Bleomycin 7% 4, 657 AAgg 270w
£ dEzye] AR AN glow] Hxe] 8
= g3 s #3E o 2l9dck(Fig. 11). Bleomy-
cin FoF 8Tl witade] w|fel #xa)e B
TR Aade] Fehde] mwlE) oA deled 4, 6
Fo wlarg of #ikae] Fele ekt grelr gled)
vl ma} wlws s of Hs] kA Fodrl 2o} s]e
Qoo #Ee] woksl 27|71 B3 stgichFig, 12),

ol42] d4E a5 bleomycin FoF 1,25
off Hi= sl E7hle} FhE e 549 9 Tk oAz e
BT FFE T2 B39 5 gldleq 4 657 A
el a] 119 #E=4 o) 42 el lamellas#) 2] 2]
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Fig. 13. Schematic representation of the morphological changes of bleomycin induced pulmonary interstitial

fibrosis in rat.

Zolsh BT B AXPNE WEFEHE a0 S0
& dgieh 25904 ARE AR YA A
H48hs 4, 6500 ol28a dxshgon] 8¢ o=
A= WA e) $A} cha a sheert Azl
datt © wdael Az A4Pe %+ Ao
(Table 1, Fig. 13).
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Bleomycin & Umezawa 5" ¢l 2 & Streptomy-
ces verticillusel 2]#] w514l glycopeptide= 4
4 %2 DNAs} Hgslo] DNAZ chals] @ 454
».2](single and double strand scission)& st
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103 Fodhe] {333 d73E doerd EF5EM
s} e AHE delen 2 gl 4 bleomycin®
Falyd whg-drl= 2ZHAH YR 25 el
of 7| §]&  gbqbch 2 Adamson %! Bowden®',
Asog*¥3} o] 52 e bleomycind WHEHe
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bleomycin®] o] i3l Hz 282 &3 w4z
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mycin FYF 857 2 gl sHbalule] o
TS} F-Fe] il AlepH kAL wFEE i 7
Adhe AE Beew #HEgre o2 als saty
S ¥yt

ol= bleomycine] 2§t #{al2] g2 4o A7t

o] Aupwla] dfeldEzs] F4 2 wdaly JAEe
B oA s ZAEEa ek efr|yl #gide] HiEe
dEel ARhAdels Agss 2o s Aahych

¥ ¢4 bleomycin 1.5 unitS 7]3hfed 4]
gle] A8 WA e A HE Qi35 de
Hemd Fofgh fekd HAiyen FoF 25 ¢
Fol A HgFs) dedg o 5 sldeh ey ehl
4 W Ezs&44e] ok7]==, bleomycin FYF 1~2¢
el &8 flefubs mA Y oEe] Mg 2a)
42t (hyaline membrane)s] #4d3 3z 24
2 Adeld FEEF sl B AP HE
bleomycin Fo% 1, 25l F49% A£9 3%
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248 118 AX4a4F Y lamella 442 448
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A= 45E Wil 25 E gl

weba & Aol 4l viehd AnEe GE dFAE
g AFANe} K= Ao Mo K3 #@E 4l
7 e dojvte ZHE HHE vMFEHen I
Fie=za A7 HA5Hd i 71HE ey S
glof 4 elef 8l ¢ glew|ely AbaEc

8 <t

Bleomycin®| 7|gtd] F=i= <15 =2 zha 45
el 71AE el#slaal AF 200~250g =i
Sprague-Dawley & " 4 40v} 2]+ bleomycin
L5 unit& 7]3hiel] 90k 5 1, 2, 4, 6 = 8554
=Adsta Pergo)y] ul HAHEeEAe R 7Y E)
oh-&3 e g g,

Baf f@o)7g3 2Hd02 - bleomycin 735 1~
25 #H7kAs Sxde 49 Axe As3 4
Fo|] Molx 118 dxgujdxe] 24 £ iy
Gt 4~657F AUwA FAHAFZHE g Bpe
2 kst skl aglale) s g0 48
8t A7de] fAEew 857 AFswa) HhA
de T2 A5A vl B3,

T2 9 FabEEe) g3 23 2= bleomycin
TUE 27l IT¥ slxz4misze] &4 49 |a-

— 949 —



— g ] e 8] ) :

mellaz#2] ¢34l F7he} ofoFdt Fefzt Hab=g
. F7)el AbAWe] AfebdEe] F43 243
o] o2 Hbye] HiEHE Y ¢ FE JFE
T sl

al4be] Mg Fgsle] bleomyeind] 7|4 5o
2 olgh #Hzka HFdE 27 FHESAR 3E
2} #EAfu|e] gabo] Azke] HuphelabE} |7k £
A Ee] A5 dicolME F4 2 Y e
Pato g s d Has] diset dejys A
o2 ALE "),

ﬁz%ﬂ

1) Bitterman PB, Adelberg S, Crystal RG: Mecha-
nisms of pulmonary fibrosis, J Clin Invest 72
1R801-1R13, 1983

7) Snider CL, Hayes JA, Korthy AL: Chronic infer-
stitial pulmonary fibrosis produced in hamsters by
endotracheal bleomycin. Am Rev Respir Dis 117:
1099-1108, 1978

3) Thrall RS, McCormick JR, Jack EM, McReynolds
RA, Ward PA: Bleomycin induced pulmonary fi-
brosis in the rat, Am J Pathol 95:117-127, 1979

4) Snider GL, Celli BR, Goldstein RH, Hayes JA:
Endotracheal Weomycin in hamsters: A wmodel of
chronic inlerstitial pulmonary fibrosis. Am Kev
Respnr Dis 1150 supblement, P245), 1977

5) Shen AS, Haslett C. Feldsien DC, Henszon PM,
Chernizck RM: The intensity of chronic lung in-
flammation and fibrosis after bleomycin in divectly
related to the severity of acute injury. Am Rev
Respir Dis 137: 564-57 1, 1988

6) Luft JH: Improvement in epoxy resin embedding
method, ] Biophysic Biochem Cyiol 9: 409-414,
1961

7) Watson ML: Staiming of tissue sections for elec-
from microscopy with heavy metals. | Biophysic
Biochem Cylol 226; 475-479, 1958

8) Reynolds ES: The use of fead citrate at high pH as
electron opaque stain in electron microscopy. J Cell
Biol 17: 208-212, 1963

9) Umezawa H, Maeda K, Okami Y New antibiotics,
hleomywin A and B, Cancer 19: 200-204, 1966

10) Hecht SM: DNA strand scission by activated
bleomycin group antibiotics, Federation Proc 45
2784-2791, 1986

11) Takeuchi M, Yamamoto T: Effects of bleomycin

# 25 % A6 & 1991

an mouse trasplantable tumors. [ Antibiof Tokyo)
21: 631-637, 1968

12} Blum RH, Carter SK, Agre K: A dinical review of
heomyin: A new anlineopasiic agent. Cancer J31:
Q03-914, 1973

13) Bennett JM, Reich SIx Diagnosis and frealmeni-
drugs five vears lateri Bleomycin). Annals of Inter-
nal Medicine 90; 945-948, 1979

14) Rudders RA, Hensley GT: Bleomycin pulmonary
toxicity. Chest 6.3: 626-628, 1973

15) Fleischman EW, Baber JR, Thompson GR, et al:
Bleomyein-induced interstitial pmewmonia in do .
Thorax 26: 675-682, 197 1

16) Schaeppi U, Phelan R, Standrichi SW, et al: Pul-
monary fibrosis following chronic trealment with
Weomycin in dogs. Cancer Chemother Rep 58: 301-
310, 1974

17) Schaeppi U, Thompson GR, Fleischman RW, -t
al: Preclinical toxicological evaluation of bleomycin
in rhesus monkevs. Cancer Chemother Rep 4:31-39,
1973

18) Bedrozsian WM, Greenberg DS, Yawn DH, Neal
RM: Experimentally induced Meomycin sulfate pul-
monary toxicity. Arch Pathol Lab Med 101: 248-
254, 1977

19) Luna MA, Bedrossian CWM, Lichtiger B, Salem
PA: Interstitial preumonitis associaled with bleo-
mycin therapy. Am J Clin Pathel 58: 501-510,
1972

20) Bedrossian CWM, Luna MA, Marckay B, Lich-
tiger B Ultrastructure of pulmonary blec-mycin
toxictty, Cancer 32: 44-51, 1973

211 Adamson IYR, Bowden DH: The pathogenesis of
Meamvein induced pulmonary fibrosis in mice. Am
I Pathol 77: 185-198, 1974

22) Aso Y, Yoneda K, Kikkawa Y: Morphologic and
biochemical study of pulmonary changes tnduced by
Meowvcin in mice. Lab Invest 35: 558-568, 1976

23) o] 37, A, o2, 52 Bleomycin=l 2% A
aare] 7)Ao wak Hueba] o, dA 2 =23
12 233-.249, 1979

24) Lindenschmidt RC, Tryka AF, Godfrey GA,
Frome EL, Witschi H: Intratracheal versus intra-
venans administration of Beomycin in mice: Acufe
effects. Toxicol Apfd Pharmacol 85: 69-77, 1986

25) o] @ut, o582 Bleomycin 2 7|0 T2 Foibsl
da}e] A HH5Ease] Ay o5 A
=53 12 264-279, 1979

— 550 —



