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The Effect of Nonspecific Endothelin-1 Receptor Blocker (Bosentan®)
on Paraquat Induced Pulmonary Fibrosis in Rat
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Background : Idiopathic pulmonary fibrosis(IPF) is a devastating illness for which there is little effective treat-
ment. The key cytokines currently implicated in the fibrotic process are the transforming growth factor-g,

(TGF-8,), tumor necrosis factor-a (TNF-a), endothelin-1(ET-1) and interferon-y (IFN-y). The rat model for
paraguat-induced pulmonary fibrosis was chosen to investigate the role of ET-1 in this disease. Both ET-1 and
TGF- B, expression in lung lesions were examined using immunohistochemical staining. After Bosentan®
administration, an orally active ET-1, and ET-1 receptor antagonist, the degree of pulmonary fibrosis and ET
-1 and TGF-, expression were analyzed.

Method : Sprague-Dawley rats were divided into three groups, the control group, the fibrosis group, and the fi-
brosis-Bosentan® ~treated group. The animals were sacrificed periodically at 1, 3, 5, 7, 10, 14 days after
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administering saline or paraquat. The effects between groups were compared with the results of light microsco-
py and immunohistochemical staining for ET-1 and TGF-4,. The degree of fibrosis was evaluated by H&E
and Masson’s trichrome staining, which were graded by a computerized image analyzer. The degree of
immunohistochemical staining was categorized by a semi-quantitative analysis method.

Results : The lung collagen content had increased in the paraquat instillated animals by day 3, and continued
to increase up to day 14. A daily treatment by gavage with Bosentan® (100mg/kg) did not prevent the in-
crease in collagen deposition on the lung that was induced by paraquat instillation. There were increased
immunohistochemical stains of ET-1 on the exudate, macrophages, vascular endothelial cells and pneumocytes
in the paraquat instillated group. Furthermore, TGF-4, expression was higher on the exudate, macrophages,
some inflammatory cells, pneumocytes(type I, and II), vascular endothelium and the respiratory epithelial
cells around the fibrotic area. After Bosentan treatment, there were no definite changes in ET-1 and TGF-5,
expression.

Conclusion : Fibrosis of the Paraquat instillated group was more advanced when compared with the control
group. In addition, there was increased ET-1 and TGF-, expression around the fibrotic area, ET-1 is associat-
ed with lung fibrosis but there was little effect of the ET-1 receptor blocker(Bosentan®) on antifibrosis. ( Tuber-

culosis and Respiratory Diseases 2001, 50 : 182-195)

Key words : Paraquat, Pulmonary fibrosis, Endothelin-1, Bosentan, TGF-g4, .
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(<)

Fig. 1. H&E stain( x 100)

(D)

Normal lung(a). Diffuse alveolar damage with infiltration of neutrophils and exudate on
first day(b), peribronchial parenchymal damage on third day(c) and fibrosis of
interstitium and intraalveolar space on fifth day(d) in paraquat group

o] ¥kg-& AgiAlAT).

EHE 12 A TGF-B,(Monoclonal, mouse,
Serotec) #} ET-1 (Mono-clonal, Mouse, Alexis)
€ 22 1:50, 1:10002 slMsk] Aeda] 24]

2t F< gAY Tris Bufferz A|¥ & (55
/33]) 23 34 (Biotinylated antimouse Ig)& Al
2olAl 2087 WhgAlZch 283 Tris Bufferz
AH (5%/33))% & x4 (peroxidase la-
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Fig. 2. Masson-Trichrome stain( < 100)
Normal lung(a). Mild interstitial fibrosis on fifth day(b), moderate interstitial fibrosis
with Masson’s body in the bronchiolar lumen on seventh day(c) and severe interstitial fi-
brosis with atelectasis on seventh day(d) in paraquat group.

belled streptavidin Ig) & 220X 2087t w34 Harris Hematoxyline @ 10%7 tix ¢
Ach. Tris Buffer2 4% % AEC(3-Amino -9- 2gx] Bolxz Hela¥rt.
Ethyl carbazole)® WMA|A FFHFTE A A3}

— 186 —

AR
e

o

(o



— The effect of nonspecific endothelin-1 receptor blocker —

Table 1. Percentage of collagen measured by computerized image analyzer

Group/day 1st 3rd

7th 10th 14th

Control(%) 3.42+1.26 4.18+0.89

4.33+0.70

3.95+0.96 4.38+1.14 4.47+1.64

Paraquat(%) 4.36+0.84 22.29+2.76* 24.01 + 5.18* 21.46 +5.81* 23.59 +5.33* 24.23 +2.74*
Bosentan(%) 4.79+0.63 21.23+3.36* 17.85 + 3.86* 20.84 +2.88* 21.99+6.30* 20.44 +3.62*

*P <0.05 versus control

6. HHXXs Mol By

grade 0 : €4 (negative) =no stain

grade I:7%H(mild)=focal and weak or medi-

um stain
grade II: &7 (moderate) =multifocal and me-
dium or focal and dense stain
grade III: 413} (severe) =diffuse and dense
(1008} Ajopol) A 1 power field ©]4})
SER|=7t HEFAA] APFR) ma= el o)
A BElojAl 2910] 9l9) 7)Re) welq wHe] Fw
g Y3

7. EALY
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Bt gk A Ezbe) WIRE sG] o)Ae SAS
Z2IYE o]83le] ANOVA = Bjslart. 11
I A2 55t A= grade 0, 1, 11, m9
Tt 242} 0, 1, 2, 34 o2 HE5E fjAX A7 ¥a
HIUE 71580 a8ln AlRdEe HetEe T}
HARZZEe} ¥a= Mann-Whitney U test £ 319
o 223 grade§ W) olele A= RH
o8 Yra AsENdE o s et )
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=
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HAct(Fig. 1(b)).

Afr3hs A 3YARE Afoplxe] Zrte} Zapal
o o] AT Aol 58] WA Mas-
son’s body & ¥ g8 zbde] M43 BAYo] A=y
H(Fig. 1, 2). Af3le) Wik 72 gases) =
oAE 7184 T2 A Bye Ry T8)m 4
3 A3t e AL wg Ao By 2o
50 ewA &g (atelectasis) 270] ML
(Fig. 2(d)). XNBTNNE LBE Aostn guy
sl g go) Basn).

2. EFE AN EAM7|(computerized image ana-
lyzer) & OlS3 H3 2N

FHHEE Fogt TN tzo] vja) Zape)
HAE o] Yotk ol Mshs Y 39
TH BN setge Ro 3982 4g8i7} A
e & 4 Atk 2gn niYe Sdsm g 5
A= Fepo] AW WA ol Wk Holy
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3. Hof Zx(s|st A4 Hxt

ET-19) 98 2as) ¥ Az, AFA 2o WafH £
o) A 9= grade® Wr7] OB 9A P FHL
spsiedch. el TGR-BolAs 718 3ol E
shuisla o) BAA ) e o vheRlTh
ET-1& oAl waE] okt AeAES

Fig. 3. Immunohistochemical stains of ET-1
(5th day)( x 100)
Negative stain of normal lung in con-
trol group(a), increased expression of
ET-1 in macrophages, exudate(b)
and pneumocytes(c) in paraquat
group.

2oa Ho| # 2RME dAAE, dad, 98
Wl 2 2 AxeA g#@e] Hdck(Fig. 3,
5). A 2 zuld] Gdo] vehub Ak 2
25t} AZoloAE 3-590 o] F7HE/UL
o)% zaglon] 14UAdE F7HEAT AEA
A= 3Rl 7ol 2zt wRle] Frisic Ea
WA Eoll M 3LARE A3t Bttt 7

— 188 —



— The effect of nonspecific endothelin-1 receptor blocker —

(A) (B)

Fig. 4. Immunohistochemical stains of TGF-48
y (1st day)
Negative stain of normal lung in con-
trol group(a, x100). Increased ex-
pression of TGF-8, in pneumocytes,
macrophages and respiratory bronchi-
: T & al epithelium (b, x100)(c, x200) in
() paraquat group.

olF2 Z2HUY. EYHoE ¥ JEE A 9sln e ARt dold Az n) Pdege) AA R
o 52 A4E 206 2¥e] ZrlEdc) waAle oM HEd, dANEE ¥ GFAE, H¥A)
ARTAME diE d0e Wt gt o) ¥, B AR, aun 384 718 Auidxe
oAl 2olla stttz vls) 3dxdE 7 TGF-8, ddo] 71 ch(Fig. 4, 6). £3 424
2P A3 F7hel 4L Aol e 288 wets) EE A9Jslne ¥ 20)d ST 28
ET B} Wdo] 7=t (Fig. 5). M= o438 TGF-89 F714¥ 71 Fel= et a8

TGF-g& ET-1¢] 4@ §418 oz pat Y el A el = 5ol mA'HE| A TGF- 8,9
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Fig. 5. Localization of immunohistochemical stains of ET-1.
*p<0.05 Bosentan group versus paraquat group

#as U (Fig. 6).
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Ao E2 384 Zeple] gAel Skl
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H| 23k o] Alo]EFRRI0] FF oIl & Lnto]
A 29 (bleomycin model)o|M &zl vizE AlE
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(a) (b)
MACROPHAGE EXUDATE -~
3 —a_ PARAQUAT
3 8O
2 :: < : :;: . s
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day day
(c) (d)
INFLAMMATORY CELLS PNEUMOCYTE
3 3
2 :: : A 2
1 1
GRADE GRADE
0 0
1 3 5 7 10 14 1 3 5 7 10 14
day day
(e) (f)
ENDOTHELIUM
RESPRATORY EPTHELIUM 100
100
80
80
60 60 *
© 40
2 20
(%) . > iy (8
0 0
1 3 5 7 10 " 1 3 5 7 10 14
day day

Fig. 8. Localization of Immunohistochemical stains of TGF-34,.
*p<{0.05 Bosentan group versus paraquat group

ET-12 1988'd Yanagisawa S| o3} sjx|
o Y WA EN Loz BAxAT 73
B 52 Bd2 2usd QzA ET-1
o] e ATEAL 212 oxaloz 7Am
preproET-1¢] endopeptidasesl] <Js]4] 38 o}m)x
el bigET-10] A7 endothelin converting
enzyme(©°|3} ECE)ol] 284} 21 o}u|=4t ET-10]

AREY. ET-1& 3429 43u v =g
SH A TGN ME 222 GAHRD Ao A
¥t} 28] 3 endothelin-12 of&] 74 Aol pa
o vk A, BN P2 e gasis
A gEste] Rejyg nEet, HEY Dy, Az
=% (pre-eclampsia), #lo|*==34 (Raynaud’s di-
sease), W5 Y2 (coronary vasospasm)
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ArAd #As=le] k. EM, Az ool Ay
719] 7o)l Tejgich AlA, 7= Bagzel A
A, 9z ze 23t A3 5L 5 Ao Z8%
20}, njxjeto & IPFolA A3t Aol B
of lctt.

ET-12} IPF o}o} #elxye wd ET-19] A frot
Aze) 2Ae Fdsin ey 482 sk Aol
EIC R A= A Aolo| A IPF7} 2 & AL 7=
o] Aui e} 28 ¥ AEAM ET-10] Z7)=e]
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74gol #1=i9lt). ET-1 receptor blockers o]&
& ABTANE A3t AeEed=y TGF-8,2
HHE A3 ZUlEo] It} ojRos Hop
TGF-gio] ET-1 B} o} ZapA] 2he-sl9e 7hsA
o] ARk & ET-19] A2 Q8] k= TGF-
B8] 71%5e] U 84EAL FE Y& Aot} 1
AU WA M= AR 2rqA 3UR TGF
-6i9] Edo] Aol 9loj(Fig. 6) 2358 ET-1
o} Ao 2% TGF-4,9] 3 P BP o o
= FF Aol "aslele M.

HeFHEd o HAH43} 71He selses) b
A E HellAl A7} o] 27] (monocation radical) =
Bslo] Ahas) whg-sle], FpalsiEe) WS Aba]
(reactive oxygen radical) 7} A ¥oj) &AHS = 2
HHRA 5430 AZHE L Aol AE o3 717
HY BAo® HAdREe ety 98 Qo
AAFHE F=) o7 ¥ 4] Halade x)d=
T2 HE2¥9 Wiy #H¥ &4 (diffuse alveolar
damage)®] 27& Kot} 10-14Usd= ¥
HE 4259 71387} doluha] Hlg4 Assk7 A
NG B Ay duzes e 329 § 338
A A &4 H2E, H2ES B8 9F whgo)
VAL v WA WE A7) 3YREE Mgs}
AP 2e 4 5 A% F2 7)1 8x] FYo|4]
Al &e) fla i H HAA Aes ENHo
2 #E= %1 BOOP(Bronchiolitis obliterance with
organizing pneumonia )& F4¥s}dtH(Fig. 2(c)).

= A7) A o=E AN, Ha3rt ol By
o Feple A8l A% £4 ¥ 9 27] (young)
Feplst gsrd (mature) 2Rl 2 o= Ro] Mg
7} dold 2 218 A7) oleigic). B 43
AMe 7 7K 255 Hesrt dojd Aos sMs)
At B4, AFEE o]8% A BAe 239 o]
FHE £ Aon 2 e B9E B vl ulapa
T HYPo| Q& 7FeAo] Atk B A= o
@ ARt dold Hge HA MAsia o] ez
2008] AlolellA] 5748 Fa9)am nay & Puoh}
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