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An Ultrastructural Study of Bl_eomycin—Induced

Interstitial Pulmonary Fibrosis in the Rat

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

Department of Pathology, Keimyung Untversity School 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, 1 or 2 weeks after bleomycin injection acute and chronic inflammatory
infiltrates and edema in the interstitium and alveolar 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.

period after injection.

| 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
1 spaces to an interstitial fibroblast proliferation and collagen deposition to the length of the
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<3} busulfan, cytoxan, bleomycinS 7% o}z
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Tkl AFsle] g} o5 AR TV o)3w
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ATARZE Y77 A5t Az)o) F33}rix
AZtE]l = AF 200~250 g2 Sprague-Dawley®
WA 40uke) S Feb Ao ALgstr) AT A=
713k o)) bleomycin(Bleomycin-HCI, Nippon
Kayaku, Japan) 1.5unit2 0.3 ml A 2] A] of o]
SlAA 13 908 F 2Fojo) ovkely 1, 2, 4, 6
T H 8F7} AxtstwA mAksec) HlRFo 2 7}
wobch 3ube]d] Z)ghiel Ae|Aleis (3 mlgts F
Y& F AAA AYEI) A7 & YA Flo] m A
s 1=

A7 e 2= Nembutal 0.15 ml= B4 9
slof vlFsla FREE A tt5 heparin 0.3 ml
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THAAEe] A L4022 AFTH FH =A4e | mm'Y
7|2 A-dsle 2.5% glutaraldehyde£<9(0.]1 M
phosphate buffer, pH 7.4)2.2 [~4°Cel|4] 24)7}
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% O0.0:8Aell 2212 F2HE § F e 943240
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x I x4dmmAr A7 AAIF F X7 59t 0.5%
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g F 1% 0sO: 8o 247 1AL 33
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Fig. 1. Normal pulmonary architecture is maintai-
ned in the saline treated animal.

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 _

LB :Lamellar body

M  : Mitochondria

N  :Nucleus

P : Type II pneumocyte

RER : Rough endoplasmic reticulum
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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 bleomycin injection.
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Fig. 5. Two weeks after bleo-
mycin injection. Type II pneu-
mocytes have numerous and
irregular shaped lamellar bod-
les, slightly distended RER
and blunted microvilli (arrows)
(x 13,000).

Fig. 6. Two weeks after
bleomycin injection. There is a
fibroblast with abundant col-
lagen fibrils in the inter-
stitium. The endothelium of
capillary(arrows) is not promi-
nently changed (x 6,800).
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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 vacuoles without Ia-
mellar bodies (*) (x 13,600).

ol 118 slEA A xe) lamellaz:4), mito- bleomycin Fo]F 2o I8 =] LAFs]4)Euol

chondria, rough endoplasmic reticulum (RER) lamella £:419) 47} Z7)}8)ldy 7 woke t}okdldl
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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 (x 8,500).

Fig. 10. Eight weeks after
bleomycin injection. The base-
ment membrane sho-ws de-
struction, such as irregular
thickening, twisting and tor-
sion. Abundant collagen de-
posits are found around the
basement memrane (< 20,000).
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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 (X 550).

Fig. 12. Eight weeks after
bleomycin injection. Thick-
ened alveolar septa and irreg-
ular alveolar spaces are per- |

sisted (x 480).
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Table 1. Ultrastructural findings of bleomycin-induced pulmonary change in the rat

Time (W)
Findings 1 2 4-6 8
Alveolar epithelium
Type I
ER & M swelling +
Type II
ER & M swelling + + ~++ +++ +++
Lamellar body 1 ~ - + 4+ ~+++ +++
vacuolation — — 4~ +
extrusion into alveolar space - -+ S S L
Alveolar space
inflammatory exudate +~++ - + —
sec lysosome in macrophage — + o~ + 4+
Alveolar capillary
endothelial swelling + + — -
subendothelial edema - + 4o~ +
BM destruction — — + + 4+
Interstitium
edema ++ + +~++ = =t
inflammatory cells + + ++~4+++ + 4+ + -t
collagen deposit == + + + ++ +

—!negative, +: mild, + +: moderate, + + +: severe in degree, |

: increase in number

Abbreviations: W: week(s), ER: endoplasmic reticulum, M: mitochondria, sec: secondary, BM: basement

membrane

8).

2|3 45 B 67l A HZFAWl = A-frolAl E e
AT FHol] FHg mUAAL] Az B F 2
(Fig. 9). Bleomycin FoF 8F9] 4702 = A%
I A E Z]Aute] B3 vF, BB/} mglSe
a7dzt A 712 =t %'ﬁoﬂ FTHE wdAe] Yo
A7k Ao §AH 2748 B FUck(Fig. 10).

13 ir‘ili%ﬂlﬁﬂi.a] H3l= 154 mitochon-
dria®} RER®] 7n|gh F3elel= =g wsir} 3t
AE|2] odotom 15 o|F I3 A FEAIA| T £AE
tasg = gl

2) FAIEXIH0|EH AA BlEFol A= AE] B
Fol dAstn s zute] FA7} ek AL 4
A FAF 4= gledcl. Bleomycin Fo1F 15 A]

250l A= -'71|EF-“1¥'°| HI -2 A # Z73 o= 9S54
250 AES B 5 A #HEA]Y =z cheks)
%ct. Bleomycin 5% 4, 657} A3g 4274072
= dlEde] HubHo g F79)3 glon] sEe| e
= B AE AAY 4 dddk(Fig. 11). Bleomy-
cin FoF 8F oAl AL wFe} #©lE7 e B
T A A7do] Fshdu]7d 4713 odx] sftgod 4, 6
T2F v|ad o H7hAe] FAl= ofzk gkolA glon)
vt} wlaa] A= oA s 7k FA7F 27} H o
deow HEe] weofFzl z7)7} B2l (Fig. 12).

olde] AA-& 2°stH bleomycin ¥94F 1,25
ol M= HEFNL A FA 2 kg J=A|E e
a3 5% F2 ¢S 5 ddey 4, 6571 7
pat A I1Y sl £49) A el lamellasA 2] 43
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control

Fig. 13. Schematic representation of the morphological changes of bleomycin induced pulmonary interstitial

fibrosis in rat,

7kl FEsk W sl AR wEEs 47 339
T Ak 2o A|atbsl slgkadle) mA R Ak
A3t 4, 650l o]= W4 sl §Fo)| o]z
el A= Wk L] Fa7) o gha shedent wx)ale)
Adt ¥ mAAe Hito] x&gle B & oy}
(Table I, Fig. 13).

A &

Bleomycin-> Umezawa 5o 2| 3) Streptomy-
ces verticiliusel] 2}3) ubielzl glycopeptide 4
4] DNAS} Agkalo] DNAS wl3]4] w34
2] (single and double strand scission )i &=l s}
of AlFel 54 & S0 S 7 wimarae) w oo

WHETS0] YA Z Y AR ST Hapao g &g

R e R B A P A L RE wpala] =) Z7) =) g
<+ 973AE0] bleomycing o]4dle] EEAFHS B
R IZE Asle] mgo Al gale] girpiomio,

= Fleischman%'® 3} Schaeppis'®& heagle
IE, Schaeppis'"-2 rhesus ¥5o|Z o]Ldho
bleomycing # o] wh2-3a} skelc)l. Bedros-
sians'¥Z %ol bleomycing A= 53 W
105] fodbo] mlzbal 4l8ls Jo# TGETo)4
o A& Al4g elglon] 7 ¢Fe)|A] bleomycind
TRl whSRohe Ay ze) B4 g} o)a] Wl
°k715& akgte)t . Adamson ™ Bowden?',
Aso§#al o] F1e. Ao bleomycing uFH o
= Srlel Foldled 27 Wio R ma Yz Wl=A
Sel FEPYI F o) 2 Y3 fulaEe) BF

T Aselel, zelaw hahle] REa) A W AE
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Aol HEF, FAAE g AEZoAEe g
st on Azke] AzEtw A 13w EA I A E )
Zatet 118 S| EAAIANEL] F4 9 A0S B3
T UM F7)ell= MR} A XU el EA)g ALE
o d473E & 4 2l Snider5? <
bleomycing 13 F3le] #H71A Hg2s do
oo 7|22 bleomycing F4lst=2 A |

& SFo2r FF HAEE do 4 glee n
3 skck. 2y Ay 28y EFe By
bleomycing F+3 A&+ = bleomycine] Al

cHAAST AHAA Aol Ao &4
bleomycin2] £33 APA|7le] ] AQ8FHE He
ot #HZHA Adiste] A BF vSskA| oyt
E]_E.I.EU.

< A7e WA 71%e §3e] bleomycing
A ol & 13 F913t dAZ 74 S T ode o
35 AR v} 15 Fole 18 A E249)4E2] mi-
tochondria®} RER<2] 7v|gt £33 o]2lel= Eo|3k
H3te B2T 5 gloden o]F o= o] AEe] &)
S A 5 9z 118 s EAAIAAMEL ZF4)o] 3
ZE ek 1, 25004 A3} HEZy FFo] AAo
Holorm HAEY o ze] A7 stz ws)
= WFEHA] Aokl ole ALY APubyo] Awhy
3o Boh) 9% H3e Edlo] e mutals u)
Hlo] olvx A4 FAZUAE i e AIAE

FORA

bleomycing zH-8-A|# He] W3S dozl zlow
o] 59 Aol Ao} e A7L el =

bleomycin®] o] t)gF Xz A& HE ZAH
of WHAAZ ¥Mche HZEAIAE &48 Fo| 13
3| FE A} 3] A| E 2] £Alo 2 wiA ul gels oo g3 7}
A3} g Efel] FF3p FAGFTAEL Fgo] dohd
Ao 2 Hozic), ze|x [13 A FEAIAEL] &4 9}
lamella 4#]2] £A=Z surfactant QA2 A&
ko #HZ e ghAl=Ee Aldo] Aol uje} 7R
de WAPGF w5 Fuksle AT de 7|As =]
PAWe] 437 dojuls Zle g A7kl Bleo-

mycin FUF 8F7} At AgHFelA HZFA e o

Fazsh $Fo] 4R AlRtA 249 wFE o 3
25 A ugon xR o]z s
27e By,

°]+= bleomycinel] 23+ #H AL dF A7do] A|7F

of A}HA AfrolEe] F4] 9 wYAL] A5 o
B2 A3 7| AstED At ok %l #H 7 e Afsts
“d:“jl AbebA et 2|4 EE Zle R AlzbEl

2 91794 bleomycin 1.5 unitE 7|3l 9]
6}‘31 AT A WA A 7k A3E do
HoZA Foigh &3k HAFgon FoF 2F o
Foll A A3H7F deldg o 5 Adgdcl. ze) gk
A | FEEA o] of7]E=, bleomycin F9]F 1~29
Well &3] dojits mAE WA xe] Hilh) 23}
29t (hyaline membrane)? Az e 17e
+ AFolA] JhAEA] skl B AFAHH QM=
bleomycin Fo]F [, 25Fo= FAIG= A xo 3§
R s xe} 7HAe] RE3, 13 HEAIAES] &4
%oy 1Y s E2AAI)AEe] F4]2 Bt 4, 6
T7F 743t ell whepa] ZFAW e AfolAlEe] gl
A3 113 HAEZAIAZEY lamella 232 2AL-
7bA gtew 8F7F At HZMAW FFaAAL
ZpAaE o] A3k Wiste 24F )

qteba] & Al el AREe B AFAE
o AgATsl R Ho Moln Ha Az o
7ol ol ztE WHE vlATEHeR I

Agto 2] S71A Af-5lel g 7)1 AL
Hol| 4] o]al gt 4= gl 2]z}l AlE =),

Felsta) 5

8 o

Bleomycin®| 7|3h] Fol& <Qlgh #e] 7b4 A&
ste] Z1de elslElaal AlF 200~250g ==
W) 4] 40 v} 2] o] bleomycin
.5 unit=s 7]3kiel] F3]8F 5 1, 2, 4, 6 % 8539

Sprague-Dawley &

45T getdd 9 AdaAn Ao 7ol
chem e HAe gt

B Ao|AA a7doRE blenmycin FolF 1~
27l =2k S EZfe] FARET AEe Ae ¥
$ol Xl I1¥ slE£4daAxe] F4 4274% 33s

At 4~65F7F AtdA FAAFAE 9 B2 A

.}1

A 7hasta kAol wde] Y2 g e
3 7ol Ao 857} AzatuA szba )

e F2 A4 w37 235},
3 9 FARAA ) 2] 470 7= bleomycin

FAF Z27l0e 119 AEZAdqEe] &4 9 la-
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mellaz 2] $4¢l ZF7}e} clefgt ezt A2 =3
3L F7)elle A kA el AfelAlEe] FA3 mYA
o] Ao WAL A2 QF u|FE FAY
T Sllcl.

olxkel A& 38l bleomycing] 7] Fo
Z Qlgh #A7kA AG3le 270 FAGEAEY A&
7} HE/3E L] £4fo] AlZke| ZFglel|aie} 714 2
HAGSANES HE} HARolAE F4 % ndA o
Hzez AY=HA 7042 HFErt dojues 7
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