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Background : The herbicide paraquat can cause severe lung injury and fibrosis in experimental animals. In
this study we have investigated the changes in lung endothelin-1(Et-1) levels and immunohistochemical locali-
zation in relation to treatment with cyclophosphamide and methylprednisolone in paraquat induced pulmonary
fibrosis in guinea pigs.

Material and methods : 29 male Hartley guinea pigs were divided into 4 groups. Group I was normal control.
Paraquat was instilled into the lung of guinea pig of group II, Il and NV unilaterally. Group II was treated
with cyclophosphamide and methylprednisolone. Group M was treated with methlprednisolone. Group ¥V was
not treated. The degree of fibrosis was evaluated by H-E stains and Masson's trichrome stains and cell activity
was assessed by Et-1 immunohistochemical stains. Statistical evaluation was performed using the Kruskawallis
oneway analysis.

Results : Paraquat induced an increase in numbers of fibroblasts and total amount of lung collagen in Group
NV compared to the normal controls. There was no significant difference in total numbers of fibroblasts between
any of paraquat instilled groups, but there was significant increase in total amount of collagen in Group V
compared to group II and IIf (p<0.05).The treatment of cyclophosphamide and methyprednisolone suppressed
the growths of both fibroblasts and collagen, but this suppression was stastically significant only in the case of
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collagen. Et-1 immunoreactivities of bronchial epithelium, type II pneumacytes, endothelial cells and fibroblast
in group II and HI were decreased compared to those in group V.

Conclusion : These results demonstrate that Et-1 is an important contributing factor in the pathogenesis of
pulmonary fibrosis. Et-1 is synthesized and released by bronchial epithelium, Type II pneumocyte, endotheli-
al cells, alveolar macrophages and fibroblasts. Especially they are associated with alveolar macrophage and

fibroblasts. We conclude that combined therapy of cyclophosphamide and methylprednisolone are more effec-

tive in the control of Et-1 expression and collagen deposition. (Tuberculosis and Respiratory Diseases 1999,

46 : 775-785)
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AzxA 9] FHARE-0] S71EIEA A Ay 2}
A4 EFog $55AA paraquat 35 At 37t
33 Qlch. A% =2FHolx AR AT Aol
713 sHgF e g o ARsiel ANLEFE 2
3o 3FRAL YdoFit}), Paraquate] 25L& =
A 3714 el YgFadol ik FF9 FHA
= 2 d Yol Argee 3870, 8, A% 59 o
wy A7) RAZo s gy APk Aeg ¢8R
Ao, ey B3 FE AeE T2 A9 AS,
AgT2] Aoko] A3 thiHE tFad o3 &
Ho) H}. FHxe FEAE ARA, g, HA
Al FFAo) A4 A 71#A Y (proliferative
bronchiolitis), BX 4 (alveolitis) 59| tlakdt e
2 Jehg ¢ glos 2AE 63 Folz £RF0l &
Ak Aoz &aA Qo

Paraquaty= #H¥ AMIEuWl9A] monocation radi-
cal2 Fexo] Akl uhedle, FAIE] v
AbA 7] (reactive oxygen radical) 7} A ¥ol] &2
ZE= AGA EAT GZFHE 9 HHop X o
A Aoz HAHRISS sk Hoee ¢
A Aok, oY 79 GFAE, AN 2 A
FoHE FolM Fel=lE cytokineEo] Y Ex
ZHH o2 el Bodhs Aoz dA YL
™4, HZo|= endothelin-1 (o]3} Et-1)o] HHdH
so] HejAglel Fofdhe Aoz BRuHP. ¥

WA E, ¥ dAAE, 7182 3o E 9 dfot
AET g3 M XM sk Et-12 21749 o}
Rt g ALY, Et-12 7483 9 #5
Z8-& 39, 33134 (chemoattractants), A|EE
g 9@ Adfotaxe] ¥ E (collagen)d] AL &3
e O 7% Z2n AT 28y R
Aol Et-19f A3 gl dside =] B3,
HAR3E ABAR ol AHEO|=Y cyclo-
phosphamided] ti§ Et-1¢] ¥} tjd A77} A
o gk, FHZT  AA oA  paraquat F5Al
cyclophosphamide®} methylprednisolone & &3}
of ARgAlol AFEE ZAANZITE Bt 9lo'e,
B AFdME paraquat® FEE ARl @A
o %37 33} Y44 (immunohistochemical stain)
o2 Et-1¢9] 2¥& @331, dAA3le] Axdl o
& Et-19] ¥3}9} paraquat2 I 4G5
A 2H|2o]=1} cyclophosphamide2] X8 o}
Et-19] ¥3&8 A5t v f3iat4q Et-19 §
& ¥l 3k

cHath 9 Y
1 &
%7 Hartley 7]U¥-€¢ 85mg/kg2] Methohexital

Sod(Brevital, Eli, Lilly Indianapolis, IN)& &7
FAE nh3 7 @ g4 PESO polyethylene
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tube & 7|= A4@F FHo AALE oF 15% a4
7o $2o0= ¢ 0% 7 Yooz rige 3
FJA Fo gt F49Jo] HEE FHYct. Para-
quats A8 4949l paraquat{methyl viologen,
Gramoxone : 1,1’ -Dimethyl-4,4’ -bipyridinium
dichroride, Sigma Co) 1mg/mie} 848 o]83t%
o}, #& 7]@AY 3¢ 100 41 Hamilton syringe
& o]83ld & FU|@AY Aui7iAe ZHelvtE
tubeg AP A|7Fe] 7lvHe] 1mg/kgel para-
quat& F}U5td {38 F=3tct.

2) bz % W 24F Foi 8y

29ntzje] 3 Hartley 7|U#& 8ulgly 470z
ro] 4 3o 17 (A tiRE)& par-
aquat& F317] &2 Fo|fx, IITL paraquat
€ W9 3¢$ F cyclophosphamide$} methyl-
prednisolone® Fi§ Fojgomn], NF*L para-
quatE #d| 3§ ¥ methylprednisoloneg F
@ Folgth. NVF& paraquatd sjo] % F
methylprednisolone ]y} cyclophosphamide& 25
Foiala] e FolHtt. RE F& gentamycing
100mg/kg2 Wil & FALSIS #E& gtk
(R 1).

X 1. 27 I 4E Fof WY vlm

I 34 d=z

IIT . paraquat{1lmg/kg)
cyclophosphamide(125mg/kg, Al 1Y, Al
8¢ E7hY Eo)e methylprednisolone
(30mg/kg, Al 19%E A 149714 oY
B %) WY 5%

I+ : paraquat(lmg/kg)
methyprednisolone(30mg/kg, A 1Y%
H A 149744 did B30 o)

N ! paraquat(lmg/kg) W Fo4% &

HEoA

3) mhdwalel &3

Paraquat& Fo3%F F 15459 25% wt/vol Ure-
thaned 6-8ml/kgE E7W FYF o=l
874 A% 3A%e At Fede dn vge
&3t HEE YL formalineg A 7|=8
Ea4 25 emH, 09 tHe g 418 t}e forma-
line 890 nA3d BT BEE vo B
#& H-E stain3} Masson’s trichrome gA-& A8}
3ol 2} 2ol WX &4 A%, AR A%, 439
AEE A3k Al AEE MRotdRe]
& Aot ugdFe A= B e
otrl 29| ¥ o] HrloA HfolEr) BFHA @
& A8 -, HEIAN MR} 3o B
B e 1+, it 2 oo @iy
A4 2+ 2 gy, gAY J&e ngdo]
AYUE A¢E -, Yol N dxF9) Mtdn
o} 2ufuite] BiFES} Ql& A9E 1+, AN 2P
o ARG 26fol ] viFET} Y& ASE 2+ 2
Aasich

4) Endothelin-12] Bie] =% 818t o4

Formalines] H#% #7& tissue processoro]Al
ethanol2 @<, xyleneo.® ¥93} A|7I% paraf-
fing Z3d JFAUF 2L embedding ¥ xy-
lenedll 10¥3}, 100% ethanol®) 10, 70% eth-
anold] 587 &AUlE B2 g, 32 B9 30
27 B WA Fa3 528 dAE] 98y
3% HO.°l 5 ¥3t I v 3/ 583 Ay
&}dct. Tris-buffer saline solution ()3} TBS,
PH 7.6)¢] 583 92 th& A4 44834 (normal
goat serum, Dako, Denmark)¢] 2027} 8h-88o
H|Fol4 T HHE AAAIATH 1 2009 Et-
1 (polyclonal rabbit, Pennsylvania Lab)& 4C9j
A overnightA]7] ¥ TBSZ 587 33] & 1587
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Table 1. Proliferation of fibroblast and collagen deposition on paraquat induced pulmonary fibro-

sis
groupl group II group III group V P value
Fibroblast — —/+ —-/+ +/++ 0.0660
Collagen — - —/+ +/++ 0.0130*
Kruskalwallis test (chi-square approximation)
p value ; Group V was compared with group I, Il and II.(* : p<0.05)

Scoring(median) of intensity of stain from - to ++

. collagens layer were hypertrophied less than two times comparing with

Fibroblast : — : no expression of fibroblasts
1+ : expressed by one layer.
2+ : expressed over two layers.

Collagen : — : no expression of collagen
1+

normal control.
2+

. collagens layer were hypertrophied more than two times comparing with

normal control.

Al ¥3}%ct. Biotinylated link antibody (goat ant-
rabbit IgG, Dako Co.)9} 3087 €kg-A)7]2 TBS
2 158 AH3F ¥ streptavidin-peroxidase conju-
gate (Dako Co.)& 7}l 3087 yreAlAL). o
Ajdk2-2 3-amino-9-ethylcarbazole (AEC, Dako
Co.) & AME31e] 1083 A WhSAlR] ok S5/
2 43838 & A ¥ hematoxylinoZ iz ¥4
3 g2 B AlFstd 44 942 B8
o Et-1¢] 84=e gHo] HA| god -, mA
HoZ gME A9 1+, A Aoz gNdE 4
= 2+, FAA9 Afeog g¥E AeE 3+ 2
343t

5) BA £

Paraquato] 9|& 1229 83 AfolEe) 2
F3=9 YA ARAEE ZH3H o, endo-
thelin-19] Y=} REE 29atat. 2 29 3
3L mediangto 2 FA3t, 4 F3te] =
Kruskal-Wallis oneway analysis& A}8)5}¢c}.

2 1

1. Paraquatof] 2Jft mjM-32}

4T 2F0AM 4E F HHASR A AP gl%le
™, paraquat& Foigh AZAg HAF3 2L
722 7 AN A d2E 1 FoAME B3y
A ¥ AfoEe Fgw AYFe Hgol
paraquat& £ VM= Zvkehe Aol B
A, UZ2F MFAME Aarshe AL Byd
A fotiEe] 7 9-& paraquatE FoF VoA
7Bk 2¥%E Bou BARE ouje gidid.
nYgAe 9= paraquat? AMEE NVE&
cyclophosphamide$} methylprednisolone 8 #&3
23 vaAd gAgHoz uigiA F7Hs
(Fig. 1) (Table 1).

2. Endothelin-10f| cH#t H=xx=|sjs} oy

Et-19] th@ @ 23 313 G414 718x) Faj4)
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Fig. 1. H & E stain(x20) Fig. 2. Endothelin immunohistochemical stains
A) Well preserved lung parenchyme and ( % 20)

no interstitial infiltration of fibroblasts A) Mild expression is shown in bronchi-

a.nd collagen in guinea pig lung. B) Rela- al epitheliums, macrophages and type I
tively preserved lung parenchyme and no pneumocytes. Mild expression is shown
interstitial infiltration of fibroblasts and in bronchial epitheliums, macrophages
collagen in guinea pig. C) Moderately in- and type Il pneumocytes. C) Moderate
creased numbers of fibroblasts and colla-

expression is shown in bronchial epithe-
gen deposit. D) Markedly increased num-

liums, type II pneumocytes, macrophag-

bers of fibroblasts and collagen deposit. es and fibroblasts. D) Moderate expres-
sion is shown in bronchial epitheliums,
¥, 428 A, JEe] faME, EF s type II pneumocytes, macrophages and {
fibroblasts.

9 Ao E Fo] %L UePTH(Fig. 2). 7184
Abu| ] Ee] A= paraquat®] §o]2 endotheiln-1£]
wale] olm|glAl Zrlakel e (p<0.05), F7HE Et cyclophosphamides} ¥ $oig I E& WA 1
-1¢] w#&e] cyclophosphamides} methylprednis- ZzF 133 geAEs Et-1e 2¥o| ast |
olone?] W§ Fojg A Y¥o| ouiA 4 ATH(p<0.05). o] #Hxe] dfAHEAHE =
sHtH(p<0.05). A2% HE HEJAE paraquat paraquate] Foj2  Z7b@  Et-19] Z¥o] |
vk 2ojgk VoM Et-12] @do] ouigiA S8t methlyprednisolone 2] Folol= &#7b gldlodt, o
9 ©.v (p <0.05), methylprednisolone @5 o]4 cyclophosphamides} W FF U FolME B4 T
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Table 2. The degree of immunoreactivity of endothelin-1 after the treatment with
cyclophosphamide and methylprednisolone

group [ group I group [ group ¥V P value
Bronchial
r.onc ,la ++/4+++ +/++ +/++ ++/+++ 0.0141*
Epithelium
T I
ype —/+ + —/+ +4+/+++  0.0006**
Pneumocyte
Macrophage —-/+ + ++/+++  ++/+++ 0.0003**
Endothelial
neoreha —/+ —/+ ~/+ +/++ 0.0080*
Cell
Fibroblast - —/+ +/++ ++/+++ 0.0005**

Kruskalwallis test (chi~square approximation)

p value : Group N was compared with group I, IT and II.

(* : p<0.05, ** : p<0.005)

Scoring(median) of intensity of staining from — to + + +

— : no expression of endothelin-1

1+ { Endothelin-1 was expressed with fine granules.
2+ ! Endothelin-1 was expressed with coarse granules.
3+ ! Endothelin-1 was expressed with group of granules.

Az 2eAz2 2239 (p<0.05). g W
1 N2} HfolMEAE paraquate] oz 2

7+ Et-19] %#o| cyclophosphamide$} methyl-

prednisolone®] HW3FEo2 ouQA Zistgoen
(p<0.05), AN Et-10] tig 2d =
T A% YzTET 38 gashe A%e By
Paraquate] Fo2 W AAHA85d g x5
o] FHo ©& Et-19] ¥ methylprednisolone
o &5 FARE ¥l dAAEE Ae s)@x
SEAE, H2Y HIAE, €3 WIAE L Ao}
AL FAA Et-19] ddo] Zashs A%E Hyge
™, cyclophosphamide$} methylprednisolone&
e NFAME BF oJuiglA Et-19] wdo] zta
dtgon, 53] dEe M} MfotEos
methylprednisolone-& @5 Foi3 mFEx ) 2u|g]
Al 22314} (Table 2, p<0.05).

o #

HER3F A7) BB 4¥ 292 paraquats

ge] ol8H1 9lem, 1 7]dL paraquat’} ¥
AEJ A monocation radical® Y=o Abaol
g, DadstEe] wheA Akkv](reactive oxy-
gen radical)7} | ¥e] £&4-& = YA 47
HINE L A folM R 2% HHA S4o = 3
Af3EE fEdda g8iA oY, Paraquat g
BT, BAY T BRFAZ Foilis AeE 94
32 QA% ZFRAF o2 AlYEs A9 oo
27, & A7 4YFE Ae 29814 gx o)
S AW 9 A V=8 B = wojvt
paraquat& FYsh= o2 HHRE I
oo & AFAE 290lE)9) JIUgSE 40lelg A)
Y YA Egde §2 sagt 29)5g)
o HAREES A vl R o ANz
o] HA5= AL w3loy, B W9 o) n}
Ao veph= Belygeioln, e Mxe] zha
(extracellular matrix, ©]3} ECM) 9] H]37} Ex)o)
B, ECM9] ¥)%:= firbronectin, 934, laminin,
A elasting X3 ok B Hatm o)
Z7150] SAEG?, E A7) A= paraquate] 7
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FAY 5oz 8" WAl dRoEe
Nz e AXAPxz #Isigict. Paraquatd]
oJ% HAG3E AN RN E BEEHA &2 A
fotiize] Aea mgdel F&o] paraquatE F
o3t VA Z7behe 2A%E Bth AfoMiE
9] 7%= paraquat& Fo% VM SV 7
e ugort 244 el gigith. Collagens] 7
£ paraquat& Fo¥ VA EAEHoZ 9
oA Zvlskget. %8, cyclopho-phamidey}
methylprednisolone®] X|&2 para-quatol] £ A
fFoMEe]  Z4o] AHm, nYFY HE:E
cyclophophamidet} methylprednisolone®] X&2
ojm|glA dA”Uct. B3] cyclopho-sphamideg}
methylprednisolones] W¥A8% 17 mYIe
A& AN YzEY gL J=2 JAEAS. -
f3120 ol A T ARG riHe 7
geid YA AT, AARESAE 48 FRY
cytokine® AAQAFE0] Boldhs Aoz WAL
Qlt}o, so]EFIelL transforming growth factor-
B (ol& TGF-8)2% o] HA#3E dodle HE

Aol qlxe geiA glen, 11 ol9dx platelet de-

rived growth factor®, granulocyte macrophage
colony stimulating factor®??, insulin like growth
factor-1, interleukin-12-2, interleukin-6%2" 9
tumor necrosis factor-¢ @3} & o8 3o &
o= Aoz ¢ Ut

Endotheling 1985d0] 43¢ #45de ¥
22242 9 WM EAA B4Es EF2 B3
® ol@l2 FEt-1, endothelin-2 (o3} Et-2) ®
endothelin-3 (©]3} Et-3)¢] 3%{°7} sl Ao
4234 it} olal% endothelin® AH 3249
23, Axo 24 W zag 44 T Bdsk
Aoz <A g, Et-1& A7, A, A, A &
o A8, Et-2& AztejARt EA3ta, Et-3&
A7tz FHAA EAhs Aoz HuH: YT
Endotheling 4413 6¥dl &EAiste FAA=TH
203712] olujxAite s FTAE preproendothelin-1
o] A= 1 dibasic endopeptidases]] 2}3}] 3874

9] proendothelin-12 %AJ€}. Proendothelin-1
& tA] endothelin converting enzyme (©j3}
ECE)e| <8 Et-1o2 Atk ECEE neutral
metalloendopeptide 2 phosphoramidonell 2j8]
A=, vk 9] chymased] oJ&te] Bg3se
Aoz BuEi g™, 1eld% ECE+ TGF-4,
TNF-q, IL-18 %9 Ro|EFIE BHA= 843
so] Et-19] BA4o] FA=: Aoz g8 U™
W, Et-1& ¥¢ oA 2N He wEaAY, 7]
A A9 E, Type I JFAE, 47 9 HHo}
AEAME AAsE Aoz B ™. & d74
M B4 7V"e] RN E 718 HAAE, Al
2% HEAE, AT M E ¥ 8 HIAE T
oA Et-1d thg |y =32 23 oA 849&
Bd, 7|Ugel A4 @M= Et-10] 7|82 At
Ax, A28 sTAE, dxe dAME € E8 Uy
AE oM AEE & £ A HLF s #3
2 @AM Et-19] gde] FVHH®, KolFdlA
Z18x  AHepdize A2y d¥AM¥e Et-13
preproendothelin-19] ‘#¥o} 371 & Wi, 39
Z BAME Et-19] ¥F 7t 7] Jof o)
681204 endothelino] @oisle Hog HuH
3 YTk, A3 A endotheling] Z&7)HE
332 AT, endotheling Al-fobME ] chem-
otaxis ¥ 4|, LYF9] FAo A FAA o,
Y P2 F4¢ 2= Aoz WAL AT
19, & Et-1& AfolAlze] 733 £94 fEdAol
3, e AAIR(TGF-8, TNF-) 8 45 H¢43
o2 2Ag3e]®, Ha3y sAge] £ type II
pneumocyted] Z22dx Fosh= Hoz A
t}. & dFME paraquatE FEE sAdF3E
71dge] Ao Afolix et ohsl, 71@A
AGAE, A 28 MINE, X oaE 2 g
WA SollA] Et-10] tid A =2 38t gaiq
A @Adol ojuiglAl F71so1 (p<0.05), Et-1°] v
Ae23e] 714 Bode & F U FZ A
H36|A paraquat 35A] cyclophosphamide?] %
o2 AFHES ANt Bt e 43
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X% cyclophosphamide$} methylprednisolone&
WAl Hdfle] ¢sle sl UxE AnE
2. Az wWe  Et-19  g4e
methylprednosolone 8] &% Foax #¥eol tj4
AEE AT 7182 AR, A 28 HEAE,
EE WIAE 9 HRolHE SolA Et-19] &4
o] Z&dte HYL HPou, cyclophosphamide
9} methylprednisoloneg W§3d I ZHAE 2E
A XA oJu]glAl Et-19] 840] #4591, E3)
HE XM E} Aol I ME methyl-prednis-
olone?] @5 Foi% FHr} oju] A Et-19) 84
o] Z43}dt}. wahA, methylprednisolones] ©B=
FoHth= cyclophosphamides}e] WiEo7}
paraquatdl] oJ@ M K31Fo] Bt auHo|g} &
T Qo

2 o

= .

HdF3kE A9 $8 4% ¥¥E paraquat 25
o] AF olgH: U} B AFME paraquat®
frad sdfstelA #idhale) J=d gE Et-l
o] W3E Bz Hoe FFsu 2ol
Y cyclophosphamide?] X80 wg Et-19] W3}
§ B3 HAdfslagel Et-19] 98¢ whslazt
Ly =

CHa 9 ek

71 Hartley 7|U¥ g 4302 Jro] AHslgc}.
I Z& paraquat& $314) & Folx, HTFL
paraquat& ®lofl £UF & cyclophosphamides}
methylprednisolone-¢ % Fo|gm, MTE
paraquat& #o] FYIFE methylprednisolone st
T8, V& paraquat? £¢Jstgic}. [ &
A& R Fo| A= PESO polyethylene tubeS
©|-838t] paraquatg $-& #z Fstgch M43
9] A== H-E9} Masson’s trichrome 948 3
M Aol Ee] AeA=e) wdde e B
©5}911, Endothelin-1 HYzz st 48 F3A

Mol BASE BT 2 2o HRAE medi-
an gto2 FAEST, 7 #7te] ¥)aE Kruskal-
Wallis oneway analysis2 AJ8)5}9ic).

A 3}

1. Paraquatel] 2§} =) 453}
Cyclophosphamidet} methylprednisolone] &
E paraquato]l 9§ MA-olA|Ee] F4o] A=Y
oy FAYA vl Qiich. mYde Hge
cyclophosphamide$} methylprednisolone& g5t
73¥ paraquat® Foi@ FHTh oudA ZAY
}H(p<0.05).

2. Endothelin~-1¢] 9|3 w2=]s}2ai Ay
Paraquat] $oi2 24 A4 H81300 gt 28
o] F7ol ©& Et-19] W@ methylprednisolone
o &5 FAZE #HXo dAAZE AT 718
FANE, A28 HEAZ, T WYME L Mo}
AE FoAA Et-19] #¥o] ZAske A3e HYo
™, cyclophosphamide2} methylprednisolone&4
$Y TolAE ZE AN uiglA Et-19) By
o] ZAFULL, 53] JE th Ao} HRobM ZojA]
+ methylprednisolone®] ©% £33 MZHT} ¢
v Al 48 cH(Table 2, p<0.05).

g3 8

Paraquat®] #ld43}%& H&E Y4o|A mde
3718t Et-1 484 Et-19] 457} Zrkshs A
o2 S 4 Ao, HAHRS Naygyos
methylprednisolones# cyclophosphamide2] 3t
F7} methylprednisolones] GE¥ouc}t m43
o] g dodiv, 53, 99 Mz} HgohA
¥ofA Et-19] 28 ¥t} Bo] AP ¢ 4 ¢
At
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