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TEAE AT AL 713§ty s 24 F7) A
d4alvc} 200t o B2 fibronecting dh=3la o
#H LA fibronectin® #dfobd Eoff el 7Ladst
Sheba ZAlH s g g B ez u| o] we)
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AISER : o 47| 7k AHS8he] 217}e] abF shoha 91
El= #E 200gm =2 W4 7 f3ele]E fek A
#lo #lestdet, 48 5EL obga el g2 4
7o g vpe] A% Fe § oMo} e Aafal ok
paraquat(10, 20, 25, 30, d0mg/ kel 15| =7 o
Falsbeet,

1) 17 df2Fez 10kel 5 6okl s 6, 8, 105
o =Abslaic),

oy al) 25 SAv)e] WS Bl v 139k E 5
A7k, 193} 295 EAbEkeln,

9 A 3 2~5Usel] A Apekal oA 169k E H A
o2 g},

4) A 47 ek el WS ¥ Al el 240te] E 1,
2, 6, B, 1054 =iaialct,

Al o} :

1) Paraquat dichloride (methyl viologen, 1, 1
~dimethyl-4, 4'-bipyridinium dichloride, Sigma M
9954, USA) & 4 2] = Al gd o] £]45e] 10 mg/mlH 5
T2 utEe] wag] LA wel Asi dAEE 5
W Fababed o

Table 1. Protecol for Induction of Pulmonary Fibrosis
in Kats

Group MNo. of Paragquat Dosage Time of Survival

Animal (mg/kg)

saline only

I 10 0, 6, 8 10 wks

I 13 10, 20, 25, 30, 40 Shr, 1, 2days

m 16 20, 25, 30, 40 2-bdays

IV 24 10, 20, 25, 30, 40 1.2, 6 B lhwks

7\ Nembutal (pentobarbital sodium, 50 mg/ml,

Abbott No. 3778, Japan) & #1155 20 mg/ kg =7
Zalsle] W5 w3 A SRS

3 Trypan blue(Sigma T0887, USA)+= S5l 0.4%
trypan blue §°8-5 =hE F ch4] 5o 2 4 5e] 0,08%
trypan blue 84 2 2 shEo] Fake] AE el 23
aled 5~15487F ALl ol galslelct, ofs viable
cell= alala] 5|x| ¢ non-viable cell F22] 24
% o 2 viable cell exclusion testel] AREsbalep™,

4) Giemsa's solution (Merck, Art. 9204, W. Germa-
ny) S ZF4 500 2447 20~2587F 1AL
gajelo] satzrs wadiia pH 6.82 buffered
water solution= 2 4| ate] 77 5=t

5) Pepsin(Sigma P7012, USA)+= 0.1 N f4l02 4
mg/mlg] E5 2 qhEo] 7hawied 2 A shaka]e) 13-4
gl Sete|me Habsl 2R FEFT F
o} 37°Coll 4] 242} Hatete] LEwEl v Yo 2 masks
za| A4S FEsE o2 AR,

61 Human fibronectin antisera(Biomedical Tech-
nologies Inc. BT551, USA) & b &4 o} 74
wledd Adlef 4] 12} #4244 phosphate buffered
saline, pH 7.2(=|3 PBSz} ¥« 1: 4022 34 s}od
Al 2of 4] 3047 F-skabal e,

7) Goat anti-rabbit IgG(HRP), affinity purified
(BTL, BT572, USA) & 7ba gkl o] 241 gha] 24
PBSZ 1: 4002 & 4slo] Ageld 3057 F-akahad
c},

4) Goat anti-rabbit 1gG (FITC) (BTI, BT35T,
USA)E 7 s b o) 2af ghal =4 PBSE 1. 40
o7 #|Aaled Aol 3047F Febatbaih,

g) DABR (3, 3 -diaminobenzidine tetrachloride,
Sigma D5637, USA) = 6mes DABS 10ml2] 0.05
M Tris buffer, pH 7.6, S#fsla A-==el 41415 1
g H,0,3 0.1ml 3 7}hed 7h7 - ghall v 2] shdel 2}

e

10} Phosphate buffered saline, 0.01 M, pH 7.2,=
Na, HPO, 1.48 gma KH,PO, 0.43gma NaCl 7.2
gm& 1000 mle] F5Fol Salsted AT =24 5%
wjol| 4] 13he} 23} gha A1 Fol 1034 3wl A3
W ApE-sielct,

11} Tris buffer, 0.05 M, pH 7.6, & tris (hydroxy-
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Fig. 1. Schematic diagram of experimental design for induction of pulmonary fibrosis in rats.

methyl) aminomethane (Sigma T1378, USA) 6.1
gms F5 50.0mlel 5ol 37mlg] 1N 45 7t
i & ol #Haleke] 117F =AM 3[4 Ele] DAB
substrates =t=+td Al2sheld

12) Human fibronectin ElAlenzyme immuno-
kit (BTT, BT500, USA)+  double antibody
25l heterogenous EIA® o 7 i

Helod $Hral fibronectin®d s S sl

AssAv)
seperations ©|
o] 7| z}=] 3i|

2} Al8glec

13} Rat fibronectin standard (800 gg/ml, BTI,
BT999, USA) = 25500 ng/mle HE3EH5F uhgof

rat fibronectine] it TFTHE az]ed AR

ol ¢
Bl -

| 2| :

1) Sorvall GLC-2B General Centrifuge(USA) S
7| gha] o 4] -2 2000 rpme 2 15534 A5
=y

21 Olympus model BH-RFL-W fluorescence
microscope(Japan)& A =gl o
A7 57 f# -2t o)) blue =
a2 495 nm, Y=
515 W 4}

EX ! LH

fibronecting
7| (excitation) 3 | & o] &3la
o 7| W] &= 490 nm, el =28 F4UE =
gabeirh,

-80°C=l fibronectin
= 9 3E

3] Forma bio-freezer (USA)
2] EIA & 2kad] Ap28 7| 3b=]sl| T4 HH4 5

it

4) Beckman Model J-6B Refrigerated centrifuge
(USA) 4= fibronectin®] EIA HAbzbadFel 2000
RCF ¢|4t22 304zt 43 =1shsict,

51 EMITT assay system{Syva, USA)+  fi-
bronectin®| EIA #3-% =} 3% spectrophotometer2
ghak-E 403nml| 23 F 2580 o o| 22| A Re &
58 FHzalc,

6 Sorvall ultramicrotome MT 5000(USA) & 4}
fete] A=A me 2ebdE 2dsgd

7) Hitachi H-600 transmission electron micro-
scope(Japan) & AHE-3le] Ao LS S

o},
= S

Aol ARRgE U S 2§ 13 2o,

7| Ex|HZ M E N M EEY 45 nembutal© 3
Elol] Kawanami*®ol| 2] &} 7| 3= = £.4]) 3 H o] wha} 10
e IR BB B S B - e L v U i R
o] trypan blue® A kel ] & ol S
chamber) 1078 "ol 2l AErF Ao &
M Ede 7 v lrofld] 4l B qrs] Zaof] 1003 8] A el
ol 22} A ke w3le] Al4bsldcl, HlE2] viability<
toluidine blue® d-4¢| & 2] g AE4F AMETE
b vl g2 A4lEiech uol=] 4 3ded2 2000 rpm

SRR

i
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oz 1547 A4 A A shed A2 915 fibronectin®]
EIA A 2kS 9 sled —R0Co Y238l & M 24
Y 47 (cell pellet) & FelFele] o = 2éle] Giemsa
ol -2 o] BhaE o] 7 ] 40060 Eka A AT, I
F5Tet AT g dbed 7} 4 2] W HE-E TG
o, BAEHL g8 2579 24-F el oflag
TR oehdiglicl, Aabe ®a 3T e A vEhi e,
e} e ¥l 2E SPSS/PC+E o] &3 gl
F8- 4 el 8] #le] o n] f-2]31= Scheffe teste] 2] £l A
Abshed e,

S0t o TEHo|AEF HF P FAE S
Az & obxlet 28o) AFE o 0ccd] 10% THE
2opal gelg Folshed R Yq F H9d £ 5 P
o oHgE: gAY, YL FHUHE g Eo
hematoxylin-eosin %44, PAS(Periodic acid-schiff)
o M, Masson's trichrome 44, reticulum <4 =)
PASM (Periodic acid silver methanamine) % 4 2. 2
A A sty

o E = &St of| 2|8t fibronectin®] =X EXH
T . =2l fibronectin®] ¥#F -5 7] #5le A EA
el gh sy g AbRstesese, zeqhal
ez nAs|w et 2ofs Hz23AE 3 pum 5
& e} Selo] Eof Sabele] ghalely] 2 i L A
A & G5l 370 108-7F Fabsla 0.01 N siake
2 9bE 0.4% pepsind-= 37C ol A 24 3} Fahejsd oY,
2% F 2 AEel 1047 Fo] A448AAE FA4]
Heh, 2E 0.3-05% H,0,2 £3%F methanol
(Merck, W. Germanyl =] 221 coplin jare] <ele|=
£ 305 who] vlel4 peroxidaseol = §F uh3-% Alch
A1z, 1aF gk & rabbit anti-fibronectin IgG, 1:
40, & ~HEded 4l 2ol 4 3071 Hebsiee} AL
a5 ## 23} F9E peroxidase-labeled goat
anti-rabbit IgG, 1: 40,22 424 3082} L5 &
DABZ Wi sted Fatdv|7d oz FA s et Ay
&g 8] 23184 = FITC-labeled goat anti-rabbit
IgG, 1; 40,8 A18-8led 42elM 3043} Fatsta &2
ol oo ¥oddt § H}dnjrior FAAsqd, M=
d4e 2+ paraquat® Wi | HFF g Al A
o] =25 AHEsle, FAHEd AR WA 2 H=
Hog 13 &8 ofaled A4slEEA =5 PBSE 4
S8lgdch, 12be) 231 dhal o] a2 Fef PBSE 1024

o] -3 A3l

x| =M =2 fibronectin2] H& : Human
fibronectin EIA kit& +#}&3l= {ibronectin stock
solution (100 g g/ml)# rat fibronectin standard
(800 pg/ml) 5 #4FH4oz 25ng/ml-e 500ng/
mi7tz| 2] FEE 7h3 FFEEAE ks, ol
(p-nitrophenylphosphate})€ 4mg/mlE F 5= 2
enzyme developing buffer (diethanolamine buffer) o
#lglo] AR AR (-4To| A Ludge, -
BOCol +7 2 713A] AZAFG AL ALE A
ATCo A =% 10000 2 343l ALEFleo, 12x
75mmel polyprophylene 4]% 2 (Abbott, USA)«i &
B AEa 144 A2 Aok el Al Al el 100
ple) Ael 2 EFEln) o|z]e] A 2§ 9 F o4 100
#12] rabbit anti-fibronectin 212 Y2 37T 45%
7 Febabeidh, 2% =8 A g el 100 pl2] fibronectin
tracer(fibronectin-alkaline phosphatase adduct)&
wo| £E & ofs] 370 45483 Satabdet, 1-29 4]
Hahs dejg wE Algdde] 50 ple] precipitating
antiserum (goat anti-rabbit gamma globulin antiser-
um) @ 10012 precipitating aide(polyethylene
glycol solvtion) & ¥ 2/ FE3Hs §£ 42 3043k
Folet, 1-24 Al 2H Al 2] 3 2 F A3 el 1mis] F
Heldal 8 @3 Beckman refrigerated centrifuge
4°Coll 4 2000 RCF(relative centrifugal force) =] 4=
230k 4 d F 248 A drain¥ish, o+
“13 blank & 4|# 3 245 of Tolsle] oA EAE
1.0mlY =E Aj8zhel] 2540 & 37004 3033 4
ebaleiet, =& A" e 100 g2l stopping reagent
{potassium hydrozide solution) 5 @] W4 234E F
z| 4| gl =}, Spectrophotometers 403 nm= 2% 55 4
o2 blanks® “0” point® A& F EF 205 2 & 4
88 FoEe S A FHASlM NSB
{non-specific binding) %= #| | net absorbance® -
#leich, Semi-log paper®l#| net absorbancest log
concentrationsl] wel FELH L aglw o] EF 4
of oz} v]=]8] 422 fibronectinakg A sgic),

HAEHo|AH AP Fo} Haldo| Lo AFEH =
AHE 1mmE AAHF & 2.5% glutaraldehyde &4
(0.1 M, phosphate buffer, pH 7.4) 22 0~4T2l 24]
b HaAEa buffer®: # 3 3Ed, 522 1% O
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0,84 (0.1 M, phosphate buffer, pH 7.4, 0~4C)+]
247 Fob FoyE §F M8t A ethanol g
5k propylene oxide® #3147 Luft wly]i®s]] g
i epon mixtures| Eeofsle] AT e 2| Hc), 2upd
< Sorvall ultramicrotome MT 500022 Du-pont
diamond knife® #3}31 Reynoldst®™ o 2| % uranyl
acetate®} lead citrate 2 ¢ 5 # 2} <4 94 4o Hitachi
H-600 #H=tHvo]|d ez dasigc

¥ 3

I PR HEA Y2 MHEEY

A 2] 7 R 24| A olo] UFE 5L 80 8+
2.5%, TAET= 29440 7= 105/30 ceo) el 2F 4
258 FE2E oNATFoE S 90.451.7%, 9 =T7)
T.0x1.4%, bRl EF71 2.640.7%2ch, 3471 A
wiel uet gl gFe] o M EALF g TE A =
7hE v ot gt RS E 2004 & 4 9t}

A Tell A 272 7] A = F A Aol o) 4] 2447 5}
# vlme 23 17 & 3ell438} 2o}, paraguate] ®7F
WA 54 7R = a2} Falgh A8 vee
w18 E = FA XS} Fo)sl gl b g ERe 53
79 Frhesh T4 1Y A Y4]Hq F01E vl
b 2 FAde paraquat®] FolF 29 mla)e] A 2
T8 47 FlHAszAAle] EAL #4go
86.2+2.2% %o FH T4+ 5.32+1.2X10°/30 cc2
Aot of 1. 8] FohE3n 23 2375 2
F7hekgiet, Paraquat FAb% Albdt A 3 7g) vl
ol A8 7| fha] A E A Aol 2 8 4Fo] 73.8+2.8%2 B}
el vE HEsgler] FATEE 95043, 1x 108/
0ccE Frlsialnt, =t A X ¥2F ¥y T35}
9.2+5.9% 2 F7tsloln 47} 34.547. 7%= 2
st o|e§ 25T Fobe 2| Rl vlgighe by
of B¢k Aeo] epd & =8 A4tz ] AG + glglc,
M 3T o) A] FEol ol Hag, BAESE 52T
o oA 2] W ol A BAEA F-o]de] gl o] uba
HrHp<0.05), paraquat Fol & 15ol4] 1057} 2]
ahd 7l e H 4 Fell e TS5 4, et 5
T e 7} M) Ao 4508 Eelgle} ghy
712 7)Aol B4FE 92.941.1%% ),

. Paraquatel| 2|4} ihfndEdisE =] B —

A el A toluidine blue 94« 24 cell viability)
g Hellell A 90% o] 4ol adel,

Sot W #so|EY 4

w472 HERE ¥ 5403), 193 29l & 5 akE)
A2 WA Aol A FE} LEE g

o e, #HF 20-40 me kel paraquats FaAHEl
16v2] 7} 2ol 4 5% Alslo] AF FFTat o &g
= o] A 372 WA HE A gz, HEL 5
Hilow deidd 49 55 4498 L9, qhAdo
of WaE wr| e 15, 25, 63, 8%, 105+ =4
G A 42 Wy gote] &, 20mg/kg?| paraguats
Fo gk WA 3 152} 85 o] = ALgE 20} el el 4], 25 mg/
kgs o @ WA F 45 24 1ok el 4, 30 malke
5 Fod g HHE 10550 £ 44 Jobe)e] 4] febzle
2oopubd e hEE 2el), b4 7] o] s AlctE]
Aert F715 3 Aol adsy £471 F2 Hat
8, "o 7] Dx] Fel A Bakslglc), vola] WA E
+ = §9E Mo,

Autde| 7S vy A 17l o ade] wlae) s
© A4 s zst 2Agy F2E vt A 2 T4
paraquat TAFF 54| Zhabed] =AM Wi 0] o= 2l
4 Hxyle] 535 Boich 193 244 was] o
+ AMH g A5 27} Aeks] Fohsg o, Fof
TAE a4 AZUeM £ & ddded ol Hge}
AZ, 3T, daprel 4752 T =] glelc, 2
UA =4yl WA o] 472 cfaizeE 19 Hal
At et GFME7 S & 4+ gl
paraquat®| F-4lafe] F7}gtel wlel o £ o] B |4 ghg|
9o of dHlAE g F + g,

Paraquat® 57 F4HE 2-59 uof] 32 4 35 o
Mol sl Z ot 47| el dulgl kel chug g Al
wol slaleh, sy, elaade, o2 248z ol
+ A 77} Ao g84 4 3} (hemolytic change) § %
Hu, T3, 4 o PabT-So] dAd ol 2hafa gl
Aok, HEZFEE G5 sl S 28 vgen 2
Aoet w3 BE] Abda S| W 2o} o 2 9 S ofel g
AElgdet, A 4 Foll A = Gubele] W] o]ubd zlal
A4 ArEE B4 dsied ol T2 2da) ) A
S e e e+ R 2 s I B
oyl FHEHYed F, didez e 4 =

s g
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Table 2. Cellular composition of bronchealveolar lavage in control Rats

Recovery of Total cells Macrophages Lymphocytes Palys
SBAL infused recovered (%) (%) (%)
lavage fluid(%) (no. = 107)
1 T0544.3 108402 BrEt+28 TH9+26 46+16
2 91.7+3.1 0,91 +0.2 93.48+1.0 48+1.0 1.4+0.4
1 93.3+1.7 095+0.3 916428 TO0+2.6 1.3+0.4
Total BI8+2.5 294 +0.7 90.4+17 T0+1.4 26+07

SBEAL=Sequential bronchoalveolar lavage

Table 3. Cellular composition of bronchoalveolar lavage in experimental rats

Number Recovery of Total cells Macro- Lympho- Polys

Group* of infused recovered phages cvles (%2)
animal lavage fluidige) (no. = 104 (% (%)
1 10l B R42.5" 284407 W.4+1.7 T0+14 26+07
11 13 B6.2+2.2 5.32+1.2 72.3+69 Q3+17 194+7.4
11t 16 TIE+28 0.50+3.1 MEETT 6.3+19 59.2+5.9

IV 24 929+1.1 3.22+0.3 Bo 128 6213 T4+21

* Data expressed as mean+standard error of the mean (SEM).

t Group 111 (p< 0.05) different from group 1, [l and IV in that total cells recovered and polys ratio in group 11T were
significantly higher than groups [, Il and IV whereas recovery rate of infused lavage fluid and macrophage ratio
in group 11 were significantly lower than the rest of the groups.
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Fig. 2. Total number of effector cells of bronchoalveolar
lavage in experlmental rats.

+ polypoid Z =2 tfej2is] F4(25 4-7), HE
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(2] 1003} ghol| o Eb o] Hf3le B33 e v
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€ B9l 2ol £ Bec(a® 12), HubH 2R
g}, &3 2} dfold 252 FobE Elge] BakE]
ook, vioz] wjaEE Ao Aalgas Wad
Fibronectin2®] 4% Z==|&% Z4

A 179 A Abuga] ] sel A fibronectine] =422
7| uh g ape} Ak ol s|glc}, 7| ga] e e] ahal s
ofl ] & fibronecting] o 42 % 4 glglch, Al 274 &
78] dol 4% fibronecting 173 #e]z} glalen
# vl 4] o] fibronectine| @d4e] =it all 3 Fof A
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2] 15}, # 4 5¢l =k 7)) #Hol4E fioronectine]



o| Abax | 29] ¢ Paraguatol| 2] 3 Gf Gl fE = 55 08 el

R

Fig. 3. Pathogenesis of intraalveolar fibrosis in paraquat-induced pulmonary fibrosis. A-Diagram of 2 intraalveolar
buds which project into the lumen of alveoli and are attached to the alveolar wall by a thin stalk.
B-Diagram of an intraalveolar polypoid mass. C-Diagram of areas of mural incorporation. D-Diagram of an
organizing intraalveolar mass in several adjacent alveoli showing partial alveolar dissolution. E-Diagram of
an area of obliteration of an alveolus. F-Diagram of an area of pulmonary remodeling related to the
obliteration of several adjacent alveoli.
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Fig. 4 and 5. Light micrograph of rat lung, 1 week afteradministration of paraquat, 20 mg/kg. Early alveolar bud,
made up of alveolar macrophages, is attached to the alveolar wall. Note the proliferation of alveolar
macrophages within the alveolar space in figure 4 (hematoxylin-eosin, *400).

Fig. 6. Organizing intralveolar bud, showing fibroblast-like cells and loose connective tissue, surrounded by alveolar

macrophages is noted (hematoxylin-eosin, = 400).
Fig. 7. Intraluminal polypoid mass involves several adjacent alveolar spaces. Note parallel arrangement of fibro-
blasts within the intra-alveolar polypoid mass (hematoxylin-eosin, > 200).
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Fig. 8. Area of mural incorporation into the alveolar wall is found (hematoxylin-eosin, x 400).

Fig. 9. Alveolus has been completely obliterated by the mass of loose connective tissue, containing a few inflamma.
tory cells and connective tissue cells (hematoxylin-eosin, * 400).

Fig. 10, Proliferation of alveolar macrophages, containing many heterophagosomes (toluidine blue, % 400),

Fig. 11. Areas of extensive alveolar collapse, replaced by fibroblastic proliferation (toluidine blue, = 400),
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Fig. 12. Proliferation of glandular structures lined by cuboidal epithelial cells (hematoxylin-eogin, = 400).
Fig. 13 and 14, Two intraalveclar buds projecting into the alveolar spaces, showing positive fibronectin staining

(indirect immunoperoxidase stain for antifibronectin, > 200, w0 4003,
Fig. 15. Hyaline membrane, rat lung, died 3 days after administration of paraquat, 40 mg/kg, showing positive

fibronectin staining (indirect immunoperoxidase for antifibronectin, > 400).
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Fig. 16.
Fig. 17.
Fig. 18,

Fig. 19.

i
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Early intraalveolar buds and proliferation of alveolar macrophages, showing positive fibronectin staining
(indirect immunofluorescence for antifibronectin, » 200).

Organizing intraalveolar bud, the surface of which is covered by alveolar macrophages, showing positive
fibronectin staining (indirect immunofluorescence for antifibronectin, = 200),

Area of thickened alveolar wall, showing positive fibronectin staining (indirect immunofluorescence for
antifibronectin, = 200),

Derangement of alveolar architecture due to multiple intraalveolar buds and thickened alveolar wall,
showing positive fibronectin staining (indirect immunofluorescence for antifibronectin,  200).
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Kev for Abbreviation

A Alveolus

C  Capillary

Col Collagen fibrils

F  Fibroblast

GP Type I alveolar
epithelium (gra

nular pneumocyte)
MFP Macrophage
N Neutrophil
Sm  Smooth muscle

3_: 1+ : - Rk ._-1‘ ; i . " b A -. . . .___'-_'- '.‘“? -
Fig. 20. Electron micrography of rat lung, | day after paraquat treatment of 10 mg/kg. Macrophages are passing
_ through a gap of epithelial basement membrane into the alveolar space (original magnification, x2,500).
Fig. 21. Electron micrograph of rat lung, 1 week after paraguat administration of of 20 mg/kg. Earliest intraalveolar

bud, composed of proliferating macrophages (original magnification, = 4,000).
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Fig. 22 Same lung as shown in figure 21. An intraluminally extruding fibroblast is found (original magnification, x

2,004},

Fig. 23. Same lung as shown in figure 21. Early intraalveolar bud, showing neutrophils, macrophages, smooth muscle
cells and fibrillar stroma (original magnification, »4,000).
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Fig. 24.

Fig. 25.
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Electron micrograph of rat lung. 1 week after paraquat treatment of 20 mg/kg. Another area of early
alveolar bud composed of fibroblasts, macrophages, cell debris and loose connective tissue, covered by thin,
elongated alveolar epithelial cells (original magnification, < 4,000),

Electron micrograph of rat lung, 2 days after paraquat administration of 30 mg/kg. Low magnification view
of an organizing intraalveolar bud, the surface of which is covered by alveolar epithelial cells. The bud

containg connective tissue cells in a very loose stroma (onginal magnification, = 2000),
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Fig. 26. Electron micrograph of rat lung, & weeks after paraquat administration of 40 mg/kg. Parallel arrangement
of fibroblasts, collagen fibrils and amorphous electron-dense materials within the area of interstitial fibrosis
(original magnification, »5,000). Inset shows the details of collagen fibrils (> 50,000).
Fig. 27. Same lung as shown in figure 24, Details of a bud, showing fibroblast and loose connective tissue composed
of finely fibrillar material {original magnification, > 4,000).
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Fig. 28 and 29. Same lung as shown figure 24. Intraalveoiar bud contains proliferating active fibroblasts, cell debris,
fibrin, and other cells, including a macrophage. The fibroblast in figure 29 has prominent nucleolus and
well-developed rough endoplasmic reticulum {original magification, »4,000).
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Fig. 30. Electron micrograph of rat lung. 10 weeks after injecting paraguat of 20 mg/kg, into the peritoneal cavity.
Proliferation of regenerating type Il alveolar epithelial cells (original magnification, =4.000).

Fig. 31. Same lung as shown in figure 21, Giant multilamellar body formations in the type II alveolar epithelial cells
{original magnification, x235,000),
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Fig. 32. Same lung as shown in figure 24. Surfactant material under high magnification, showing latticed structures
lying free in the alveolar lumen (original magnification, = 20,000).
Fig. 33. Same lung as shown in figure 21. A glandlike structure is formed within the lumen of an alveolus by

regenerating alveolar epithelium, consisting of type 11 alveolar epithelial cells recognizable by their
microvilli in their luminal surfaces (original magnification, »3,000).
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Mechanisms of Experimental Pulmonary
Fibrosis Following Paraquat Toxicity

Sang Sook Lee, M.D. and Chai Hong Chung, M.D.

Department of Pathology, Keimypung University
School af Medicine
Tae Jung Sohn, M.D.

Department of Pathology, Kwngpook National
University School of Medicine

This study was carried out to investigate the intricate
mechanisms of intraalveolar fibrosis, leading to the
alveolar structural remodeling, of rat lungs treated with
paraquat. Sixty-three male Sprague-Dawley rats,
maintained on a stock diet, weighing 200.0 gm, average,
were divided into 4 experimental groups.

Group 1. Control group (10 rats). Intraperitoneal in-
jections of 2-4 ml normal saline only.

Group 2(13 rats). 10, 20, 25, 30 and 40 mg per kg of
body weight was administered intraperitoneally, Ani-
mals were sacificed 5 hours, 1 and 2 days after paraquat
treatment.

Group 3(16 rats). 20, 25, 30 and 40 mg per kg of body
weight was administered to the animal, and animals
died 2-3 days after paraquat administration.

Group 4(24 rats). The same amount of paraquat was

administered to the animal as in the group 2. Animals
were sacrificed 1, 2, 6, 8 and 10 weeks after paraquat
treatment.

Sacrificed animal lung was examined by gross, light-
microscopic, Immunochistochemical, wultrastructural
observation, along with cellular and chemical analyses
of bronchoalveolar lavage fluid, The results were as
follows:

Grossly, 6 rats of chronic stage (1-10 weeks survival)
developed multiple wedge-shaped scars on both lungs.
These scars were situated mainly along the bronchial
trees, blood vessels and subpleural regions.

Light microscopically, the salient features found of
the chronic stage lungs were intraalveolar fibrosis.
Intraluminal buds or polypoid masses projecting into the
alveolar lumen and ducts. Elsewhere, loose connective
tissue masses were found to fuse together to alveolar
wall, obliterating the alveolar spaces with resultant
gevere alveolar structural remodeling.

Immunchistochemieally, fibronectin was found in the
center of intraalveolar buds and polypoid mass, project-
ing into the alveolar lumen. and in the adjacent prolifer-
ating alveolar macrophages. An attempt to measure the
amount of fibronectin in the bronchoalveolar lavage
fluid failed.

Electron microscopically, the chronic stage lung
revealed marked proliferation of both alveolar macro-
phages and fibroblasts in the alveolar spaces, the latter
containing actin-like microfilaments and collagen fibers
arranged in bundles and spirals. In areas, myofibroblasts
and smooth muscle cells also present.

Cellular analysis of the bronchoalveolar lavage fluid
in chronic stage lungs revealed no significant findings.

It can be concluded, therefore:;

That intraalveolar fibrosis of the paraquat-treated
lungs of the rat is probably mediated by intraalveolar
migrations of the interstitial cells, the main task force
being the connective tissue cells, passing through the
defects created in the epithelial lining surface to its
basement membrane, which were inflicted upon the
alveolar wall by the paraguat toxicity.

Fibronectin, released by activated alveclar macro-
phages, may be responsible for the migrations of fibro-
blasts and myofibroblasts into the alveolar spaces to
form the intraalveolar fibrosis with subsequent alveolar
structural remodeling.
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