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The Effects of Treatment with Cyclophosphamide and
Methylprednisolone on Expression of Endothelin-1 in Unilateral
Instillation of Paraquat-induced Pulmonary Fibrosis in Guinea Pigs

So Ra Lee, M.D., Hye Cheol Jeong, M.D., Kyung Kyu Kim, M.D., Sang Youb Lee, M.D.,
Sin Hyung Lee, M.D,, Jae Youn Cho, M.D., Jae Jeong Shim,M.D.,
Kwang Ho In, M.D., Jong Sang Choi, Se Hwa Yoo, M.D., Kyung Ho Kang, M.D.

Department of Internal Medicine and Deparment of Pathology, College of Medicine, Korea University, Seoul, Korea

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 locak-
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 [ was normal control.
Paraquat was instilled into the lung of guinea pig of group II, I and V unilaterally. Group II was treated
with cyclophosphamide and methylprednisolone. Group III was treated with methlprednisolone. Group IV 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
IV 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 ¥
compared to group 11 and Il (p<<0.05).The treatment of cyclophosphamide and methypredmisolone 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 pneumocytes, endothelial cells and fibroblast

in group II and Ul were decreased compared to those in group IV.

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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AzA 9] FHAE0] FIEIAA 2AQ Al A}
A FHo8 §ESIHA paraquat F5 Akt 31
Bla ik, A% kEFox AR 3] Algo|
B713 dHoRE o ARsiel AYAEETS AT
3o TRHAL dofigd. Paraquatd] FE5& 3
A 37K Feje] dFEol At FF FFAl
= 2 o ol AbgsiY 387), 38, A% 549 o
B A7 FRAZ o YRR Ase Ao gelA
ATH. gt A S| A T4 A A,
SPgte] Hge] LAY dRE tZ e o8 &
Mol Er}h). FEES FEAE 484, 2, AR
Al 3FFH] 44 2A 718A 4 (proliferative
bronchiolitis), ¥4 (alveolitis) 52| t}Fst e
2 Uehd = Jor FAe 6F FlE FHFol B
Az Foz deiA AT,

Paraquat® #HE A Xul9]4 monocation radi-
cal2 = o] Abao} ¥hg3le], BAslEe] ¥igA
Abx7] (reactive oxygen radical )7} ME o) 48
FE AR 549 ATAE g AR %
A 5402 HHR35S Al Ao ¢
A Ao, g8 FHe] AFAHE, H9NE 2 A
fFOHIE Solld frElEle cytokineEo] Y =&
AR oE HAg Rl st Aoz g84 9o
B4, 2= endothelin-1 (¢]3} Et-1)o] FA%

shol Wepgeld] dshe Aor BRECE. E%

WIAZ, AE HIAE, 7184 FIAE L AFo
AEF HFe AEM sk Et-12 2179 o}
nieAlo 2 PARETS, Et-12 2Ed g9 £
288 3h, 88+54 (chemoatiractants), A|¥%
g 9 dfopdxe] mPA (collagen) o] & A
sk o’ 71ee 2 Ao, 2 HAdRse
ol Et-19] 445 A8 dsixe =@ B,
HAREE ABAR 2oy 2HEo=Y cyclo
phosphamided]] djgt Et-12] ¥slo] st A7 A
o gld. #AZ <AAA  paraguat FFA
cyclophosphamide$} methylprednisolone-g& -8}
o AMgAlel AMRES FAARKITHE Baob Qlo]'Y,
£ d7diXe paraquat® 38 HAASOlAM W
o %7 38t g4 (immunohistochemical stain)
o= Et-19] 2¥ & 3¥3ta, Hdfstel A= o
£ Et-19] ¥s}e} paraquatz §2% #4-831%4)
A 2H|2o]21} cyclophosphamided] X g9 w}&
Et-1¢] ¥stE gA3te] A4dFsiatgdl Et-19 o
& ¥slnx &y

cHe okl
1) o A
471 Hartley 711¥%& 85mg/kg¢] Methohexital

Sod(Brevital, Eli, Lilly Indianapolis, IN) & &7
ZA% ul#@ oL @ Aol Al PESD polyethylene
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ABFA T NS oF 16% A
ﬂLT% 2 o 30% sk Jekelz slge oFE
FUAl $Fo2R F9lo] HxE 3h¢ic}. Para-
quats AE] 499 paraquat(methyl viologen,
Gramoxone . 1,1” -Dimethyl-4,4" -bipyridinium
dichroride, Sigma Co) 1mg/mle] 898 o]&aly
. #BE 71#AY F¢< 100 41 Hamilton syringe
g o|&std & FU1EA} QuiziAY HewrE
tubeZ M AT 7lUHe| 1mg/kge] para-

quatd Fiste] HAHF3E FE5A0
2) i 4% Y o2 Fof Wy

29vt2je] 47 Hartley 7|Ju& 8y 4702
whro] AEe sgnh. 1 & (A WEF)S par
aquatE F931x] e Fo)|¥al, II+& paraquat
£ #H9 Y% F cyclophosphamide®} methyl-
prednisolone& Fod3l Folgom, M T para-
quatE #Ho] 393 F methylprednisolone & Fo
g ol N2 paraquatE #Hell FUT F
methylprednisolone |1} cyclophosphamide& =5
Foatr] g Folyrh. BE F& gentamycing
100mg/kg2 wid 8 FAlste] g e oot
(3£ 1).

E 1. 237 49Tt oFF Fol WY vm

iy

I+ : paraquat(lmg/kg)
cyclophosphamide(125mg/kg, Al 1Y, A
8d E7hY Fo)9} methylprednisolone
(30mg/kg, A 1UFE Al 14U7A wjd
B o) o W3 Fost 7

I+ : paraquat(lmg/kg)
methyprednisolone(30mg/kg, A 14%
B Al 149714 sjd By Fol)

NV ! paraquat(lmg/kg)qt T35 F#

3) midRsle| 53
Paraquat& 43 & 15459 25% wti/vol Ure-
thaneg 6-8ml/kgE E7H) FUF wiAle oA
B2 A% gA%E Aste $2EE 91 A%
HZert. A& A4S formaline 84§ 7|2 &
234 25 cmH,09] ¢}Ho g F3F the forma-
line &40 TA3te] KAttt RAH Heo 47
22 H-E stain#} Masson’s trichrome @/ﬂii /\]3}}
ste] 7+ 7ol AE &4 A%, A8 A=, 9%

A=E It HdH3tel A== %°]"‘ﬂ£4
A& Axot wdZe A= wdsidtt. AdF
°P~ﬂ£-4 F3o] Hrlelx Aot st JEE=R] ¢
ALE -, HEDHEA AR °Vﬂ£7} oz

o

9 Aee 1+, A4S o}xﬂy} ooz #wAH
A$e 2+2 A %4_«1 A& mdAo]
qHQes B9E - JélOl A3 dizae] HzbdE

o guEe) W)t e ASE 1+, AY HET
of sizranch 2e§0 el UIFTE UL ASE 2+ 2
Aasict.

4) Endothelin-12| g4e{ x=%| 3|8t MY

Formalined] H3¥ A2 tissue processorof Al
ethanol2 &4, xyleneo 2 533} A|Z1% paraf-
fing ZAd FAFANF 24§ embedding F xy-
lened] 1087t 100% ethanold] 10&, 70% eth-
anole]] 5&7 £ANE @2 e, 32& 9 30
ZZb AH}. WA s 545 A fle
3% H0,0 5 #3 @ thd FHel 583 Al
3+¢dct. Tris-buffer saline solution (°o]3} TBS,
PH 7.6)°] 5£7 ¥ th& B 948 (normal
goat serum, Dako, Denmark)oj 2087} ¥-23to
HSold ool FHE AAAAHT 1 1 2009 Et-
1 (polyclonal rabbit, Pennsylvania Lab)& 4°C Oﬂ
Al overnightA]Zl & TBS& 587 33 & 16%
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Table 1. Proliferation of fibroblast and collagen deposition on paraquat induced pulmonary fibro-

SIS

groupl group II group III group IV P value
Fibroblast - —/+ —/+ +/++ 0.0660
Collagen - - —/+ +/4++ 0.0130*
Kruskalwallis test (chi-square approximation)
p value . Group IV was compared with group I, II and II.(* : p<0.05)

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

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

Collagen . — : no expression of collagen

1+ : collagens layer were hypertrophied less than two times comparing with

normal control.

2+ : collagens layer were hypertrophied more than two times comparing with

normal control.

M) Asl4ch. Biotinylated link antibody (goat ant-
rabbit 1gG, Dako Co.)9} 3087F wbg-Al7]s TBS
2 158 A 33 3 streptavidin-peroxidase conju-
gate (Dako Co.)& 7}8tir 3083t whs-Ajzlc}. &
Aure-2 3-amino-9-ethylcarbazole (AEC, Dako
Co) & AE31 10831 84 A7l o SR/
2 NHE F A28 hematoxyline 2 oz 44
8 g2y Bl AHst 84 BUAR Bt
o Et-19] 45= g4o] HA ol -, vA#G
goz 448 Afe 1+, AX Idoz 448 4
= 2+, AAY] Aoz gME ASE 3+ =2
3433

5) 84 &4

Paraquato] j¢ HzAe] Af3hs AaopiEe) 2
HRES nedY JEAERE FAA 2, endo-
thelin-1¢] BY=st R¥E SH3c 2 29
AEHe medianzgto @ AR, 7 #7ke] vla=
Kruskal-Wallis ocneway analysisZ A]3}3}9c}.

44 =
1. Paraquatof| 2|3t =53}

43 2R A AE F ARt AT AP gidle
1, paraquat& FoF UFAT HAH3 4B &
AAE £ ek A g2 1 FolAe B2y
A e Afotdxe s mAde] Aol
paraquatE ¥ NFoAe F78ke Aol 2
i, HTH mEdMe Zadhe 4%e 2io-
Aool¥e] HeE paraquatE T3k NV ZolA
7k 2%e Riov A 2vle itk
ngde] A$e paraquatTt ARE Vg
cyclophosphamide2} methylprednisoloneg- ¥-8-3
nEst wEAd BARHeR sngl 27keact
(Fig. 1) (Table 1).

2. Endothelin-10i| chigt S4Z={si5} HY

Et-1¢] tig 9 =7 343} FAeA 718A] 49iA
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Fig. 1. H & E stain( x20)

A) Well preserved lung parenchyme and
no interstitial infiltration of fibroblasts
and collagen in guinea pig lung. B) Rela-
tively preserved lung parenchyme and no
interstitial infiltration of fibroblasts and
collagen in guinea pig. C) Moderately in-
creased numbers of fibroblasts and colla-
gen deposit. D) Markedly increased num-
bers of fibroblasts and collagen deposit.

¥, A2 AZAE, dxe] dadE, 8@ YA E
B AR E Fo] e JYeliY (Fig. 2). 7187
F A LA M= paraquate] Fog endotheiln-12]
ddo] WA 718t (p<0.05), Z7HE Et
~19] ¥¥o| cyclophosphamide$} methylprednis-
olone®] Wit Fojz [ oA H&o] fudA 24
AP <0.05). A28 HE HELo|ME paraquat
g % NVZollA Et-19] Wdo] u|giA 7}
4219 (p <0.05), methylprednisolone % o]}

Fig. 2. Endothelin immunohistochemical stains
(x20)
A) Mild expression is shown in bronchi-
al epitheliums, macrophages and type Il
pneumocytes. Mild expression is shown
in bronchial epitheliums, macrophages
and type II pneumocytes. C) Moderate
expression is shown in bronchial epithe-
liums, type II pneumocytes, macrophag-
es and fibroblasts. D) Moderate expres-
sion is shown in bronchial epitheliums,
type II pneumocytes, macrophages and
fibroblasts.

cyclophosphamide$} W3l Fddl II E= [ FoA]
HEF 129 2eyE2 Ei-19 o] Zast
ok (p<0.08). ¥re] slFo] th44 LA

paraquat®] Fo2  FrbE Et-19] @)
methlyprednisolone 9] Fojol= &7l glglont,
cyclophosphamide$} W3 Foigt [Tl A4

=

L
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Table 2. The degree of immunoreactivity of endothelin-1 after the treatment with
cyclophosphamide and methylprednisolone

group I group O group I group ¥V P value
Bronchial
r.onc _la + )+t +/++ + [+ + A A A 0.0141*
Epithelium
T
ype II —/+ + —/+ ++/+++  0.0006%
Pneumocyte
Macrophage —/+ + ++/+++ HF/+ 0.0003**
Endothelial
ndothetia —~/+ —-/+ —-/+ +/4++ 0.0080*
Cell
Fibroblast - —-/+ +/++ ++/+++ 0.0005**

Kruskalwallis test (chi-square approximation)

p value : Group V was compared with group I, II and 1II.

(* : 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.

22 2eAze 74439t (p<0.05). 8 o
o AE} AFopEIMNE paraquate) Fo2 F
718 Et-19] @#o] cyclophosphamide®} methyl-
prednisolone 8] WiEdz ouiglA 7Zhislglon
(p<0.05), I N=AE Et-1o e 98 Ax
€ A dzaud o3y Ziste A%e By
Paraquate] Fo2 WAE ddfslsd g8 Mg
9] 7o) ©E Et-19] ¥3-& methylprednisolone
9] 9% FA2x HES WAMEE AT 78R
AN E, A28 AEIAE, €3 JIAE @ Mot
AE Follx Et-1¢] @do] s %S HYo
™, cyclophosphamide®} methylprednisolone & 8
d8 neoMe 25 2rigiA Et-19] wdo] a
stgon, 53] dxo daMxe} HpohHEol e
methylprednisclone-g &% Foi8t [IFHT} 2uj)
A 74819 Table 2, p<0.05).

o #

wHAGsEe Al B8 ¥ »dE paraquaty

gy ol&sx glon, 1 7]¥& paraquat’l HE
A E1o A monocation radical £ $AE o] 2kho}
yheate], shabsliEe] whg-Ad Athvl(reactive oxy-
gen radical) 7} Ao &8 F= HHAY 543
HAZAE ¢ Afolaxel o3 7HHFL S0z o
AHEEe uddn 43A doh*?. ParaquatE
AT, ARY T BRFAIR Fodle Agv HA
f3l2 Qg ZFF-AZ o s Apgshe FSU 2o
270, B A7 APEEY AP 235 ! ¥
&4he BEs] g8 A4 7I=E B8 % Ao
paraquatE FYshs Blo® JMFEE Kty
oho, B ddl M 29ute]e] 7UdEF 4ntE]E A
A% YR HE ddmddg R 3% d27 FIE
o} JA4RE2 S HAUd vt o s Az
o] A=l A& Ty, B 49 AL vt
Ao 2 vehhs Wiy, W Mxe +d
(extracellular matrix, ©]3} ECM) <] v|%7} £ o]
o, ECM9] v]3& firbronectin, %43, laminin,
g elasting E§E ThFsE £AES] AT FFol
Z7lslo] YRP}?. B ATFoAE paraquate] 7]
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#HAY F9lez BAg JAMR3e Afoxe Z
A7 mYde] FAArz A%t Paraquatd]
ot A fsle Y WRTIME BEHA g A
ot el A&t wdde] F&ol paraquats F
o VoA Fhehe AEE BAch Aoz
o} 9= paraquat® T VoA Frlske A
e Bgov BAF 9o §ilct. Collagene] %
95 paraquatg T3 VoA FAGHOR 9
oA Z7¥Ekger. =3l cyclopho-phamident
methylprednisolone®] X8 & para-quato] o]t A
FoEe] ZHo] oA¥m, mAe Hem
cyclophophamidev} methylprednisolone?] g2
oujgdAl AAHUrr. &3] cyclopho-sphamides}
methylprednisolone2] WX 53k 1179 wYde]
&S B d2ey 2 Az A=A, A4
ko] ol X g4 e g e &
deiA A @A, ALK SAE oy FRe
cytokine# AJARAAEo] #Hehz Aoz WAL
AT, HolEFFRIL transforming growth factor-
B (ol3t TGF-B)*™ o Hd#3lE dosle i
Al elztg Ad#A] lon, 1 oledE platelet de-
rived growth factor?®, granulocyte macrophage
colony stimulating factor?®?®, insulin like growth
factor-1, interleukin-1%*-%, interleukin-62%%" %
tumor necrosis factor-?* 3 22 olg] Bdo] ¢
sk Aoz A gt

Endothelin® 1985'd0l] A%o] @] E#
TEHELZ ET YNz A B4 43
FH ol@& Et-1, endothelin-2 ()3} Et-2) %
endothelin-3 (©]3} Et-3)9] 3&2{97} 9= Aoz
gd2A Ut} o]2d endothelin® E# $52149]
23, Alxe 4 2 2R 44 T #Fodd=
Ao 4A Y. Et-1& 2zt A, #, N 5
o EAski, Et-2= IztoARt EA15ka, Et-3:
e AN EASe Aos Wudm Yo,
Endothelin® g4j# 6W] ZAsl= fAA2RE
203719] olmicAtoz FAE preproendothelin-1
o] WA= dibasic endopeptidased] ¢j3te] 387

9] proendothelin-12 #A ¥t} Proendothelin-1
£ t}A] endothelin converting enzyme (©°]3}
ECE)d) 93] Et-12=2 AH3gch ECEs neutral
metalloendopeptide  phosphoramidonol] 2j&] ¢
AFH N njukd) Ee] chymaseo]] 85l Asls=
Ao Huxa g geldx ECEE TGF-8,
TNF-¢q, IL-18 B¢} Me|E7RIE FME 8443t
so] Et-19] AAo] FAHE= Aoz geyA Yo
0 Bl B8 WEAEAA A WEEA, 7
R A ¥, Type I HAEAE, a7 2 Hfol
NZgAME AAEE Aoz Yo ®. £ A7
M= A4 71U"e] H3ME 713A] ARAE, A
28 H¥ANE, dxe dANE 2 & JIAE F
oA Et-1ol wist A =37 335t JMoM 848
B, 71Ug 9 A4 dAM= Et-10] 7]#=] 2t
ANE, A28 HXZAE, dxe] g2 E £ 88 Uy
AEZ SN AEE & 5 Aok 5 AAhs
Z @AoA Et-19] Ldo] F7HE 1%, FolgofA
7182 AuAlEet A2y HEAxe Et-13
preproendothelin-19] W3] 78 Wy, ¥
Z M= Et-19 EF 5=} S7kE 2lof ¥
4824 endothelino] sl Ao2 HIY
I Uk, HAdF3tell A endotheling] 287142
&3] AT, endotheling A frolM| 2] chem-
otaxis 2 2], wAF] A A FXA0]H,
g FYE S48 FY5= oz wEAn A

9 2 Et-12 Aol Ee] =g B8 fEdAe]
1, e AARIAH(TGF-4, TNF-a) ¢} A3 R %43
oz A4, MR{shd #dge] 54 type II
pneumocyte 2] oL Fosl= Aow LA 9
o} ¥ A7 A% paraquat® FEE HAF35
71Yge] oA dfetiE Bet ohJe, y8A]
HEAE, Al 28 AZAE, dE A E 2 g3
WA E FolA Et-19) thgh He =4 318} Ao
Al gAo] AulAl F7bE]o} (p<0.05), Et-1¢] #
ARelEe] 7ol B & & AT A ¢
H 1A paraquat Z=A] cyclophosphamidee] %
2 AMFES PAAITE Bavt glon B4
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A% cyclophosphamide®} methylprednisoloneg
W Ald] Hdfsle] AslE fusle] dAE AxE
Aty XsWe wWE  Et-19] @42
methylprednosolone®] @& Fog2% Hxe] o4
NEE AN 7184 AONE, A 29 HEAE,
g WINE E MfolME FoM Et-19] 84
o] 4% A¥YL BHoy, cyclophosphamide
9 methylprednisolone-g W3 MTAAE BE
AEg A omQlAl Et-19] &Aoo AsYa, 53]
HE A L9} Mgl Eol| A= methyl-prednis-
olone 8] @& Foigh FrET} oju| QA Et-19] 84
o] Z+43t4ct. wlekA], methylprednisolones] ¢
2oHtk= cyclophosphamide®}e] 3T o7}
paraquatdl &3 FH {35 Bl Aoz &
4 Qlch.

2 o

ARss 479 $8 2% 2498 paraquat 3%
o] A5 ol&EH1 gt} £ AFolAEs paraquatE
$4E AdRsolA AR Axd wE Et-1
o] ¥W3E HAZRAIHoZ FAEIL AHBo|=
Y} cyclophosphamide?] X3¢ @& Et-19] sl
€ g8t AR Et-19) 9&g wsjaa}
st

Chab o whgy :

#3l Hartley 7|U¥& 4722 Wro] 483
[ #& paraquatE F8}A] & Foli, N
paraquat& #Hol FY F cyclophosphamides}
methylprednisolone® FoJ3t Folx, MES
paraquatE o] FYEE methylprednisolonet
Fo{3lA 1, V-2 paraquat? FY3dct 1 7&
A 23 Al Fdl4E= PE50 polyethylene tube &
o}88}e] paraquat® $2 ¥z FYAG. HH3t
o] Ax+= H-E¢} Masson’s trichrome @48 £3)
A AfeiEe ARz ndde] AgA=e ¢
©@3%a1, Endothelin-1 Hozz|3lstg4e EajA

% g
o 1

AEe] SH=E Hristgict. ZF Fo BEFE medi-
an gog HAEURL, 7 w3t HliE Kruskal-
Wallis oneway analysis2 A3}tk

Z 1

1. Paraquatoll £]3 ) A3}
Cyclophosphamidet} methylprednisolone®] A&
Z paraquatdl] &3 Hgobixe] el AAEY
o} BATE vl gtk mdEel H&e
cyclophosphamide$} methylprednisolone & =33t
7% paraquat?t $% TR} uiiA T4
o (p<0.05).

2. Endothelin-1¢] & wloz=] 3515104
Paraquat?] o2 2AE ALR35 AT A&
9] ERd & Et-19) 282 methylprednisolone
o] @5 Fozx Fxe] dAHAEE AT 718
AU E, A2y AEAE, & Yo E L ol
AE SolA Et-12] LHe] Zaste A4S Yo
o, cyclophosphamide$} methylprednisolone&1
3 FoAe BE AEAAM ougiA Et-19] ¥4
o] &3 R, 53] AX WAMEY HFo AR A
¥ methylprednisolone2] @5 Fo3 M THT 2
Bl ZAaskact (Table 2, p<0.05).

4 £

Paraquat®] #A4f3815& HEE @AM a3
Z7ke} Et-1 G494 Et-1¢] 84271 J7lehe A
2.2 &3 ¢ e, ddfalEe] AaEes
methylprednisolones cyclophosphamide2] %}
20J7} methylprednisclone?] @ESForr} wgda
o] ZAE Yogd, 53], do] taMEe} Aol
ZoflA Et-12 @8E Hu) Bo] gAgE & =+ %
pel=

=L
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