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Effects of Corticosteroid on the Paraquat Induced Lung Injury
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Background and Methods: To study the effects of corticosteroid (CS) on the parquat (PQ) induced
lung injury, serial cellular analyses of bronchoalveolar lavage (BAL) fluid were done with simultane-
ous histopathologic examination after intraperitoneal injection of PQ on the rats. The sacrificed
animals were divided into three groups; control group, PQ group received intraperitoneal injection of
20 mg/kg of PQ, and CS group received daily injection of Methylprednisolone sodium succinate (20
mg/kg) in addition to PQ.

Results:

1) Cellular analyses of BAL fluid: The total cell count in the BAL fluid were increased gradually
from 6 hours after PQ administration {p<0.05), and was decreased at 3 days after (p<0.05). These
changes were mainly due to the effects of PQ on the neutrophil influx (p<0.05). But, the number of
macrophage and the percentage of lymphocyte in total cells showed little changes, The CS adminis-
tration showed the suppression of neutrophil influx in the BAL fluid (p <0.05), but could not show any
significant effect on the number of macrophage and lymphocyte.

2) Histopathologic examination: In the PQ group, inflammatory changes especially with prominant
neutrophil infiltration were gradually progressed over time. Those changes were found in both
alveolar space and interstitium with resultant alveolar structural changes, but subsided from 3 days
after. CS suppressed inflammatory changes in the alvolar space and interstitium, especially with
decreased infiltration of neutrophil.

Conclusion: CS suppressed neutrophil infiltration in the acute lung injury induced by PQ, those
findings were ascertained by serial cellular analyses of BAL fluid and histopathologic examination,
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Yeldhd H3s A&ole 2AanAdgdozs d2i
ALY &4 AT, 2HFTEY I§ 9 A2
s}y A9 ol o HE o] xefEn, o]ojA =
HAZA A sl o3 FH9 T AAdF3l 9
 AZ-2AER A ulrlgAq] FgEAe] gt
Hepy, ol2igh dzie) welgAql sy o7 FE4A
Yol A weled A7t Bis] Agso] ok, =9
Paraquat?, Bleomycin 5%¢] ¢fA|E S5l FodA|H
A #1489 modelE A go] o]-&5o] v}, E9
Paraquat (1-1’-dimethyl-4, 4’-bipyridylium
dichloride)+ 195513 AZAZA FFolA] AL £
H old AAA ez 7] Rgsla glen, $2viel
% Gramoxoneo| @t 4¥ o g da| AL53 glon,
73 Ad FHoR Fod A9l A 2m 5] ¢
oo,

AAFEL WA o] 7ol Paraquatd S dhod
Agle 44 AASe 3H4F 27 -l HExdy
yelehd HsE BAsIc YA s HE AA
£2AM, 713A AZ ARl A B Alxge ¥
sel WA, £5T o Ao FAugo] WEke 4
A Aold F3 Holdla, = Hz4 YAL A7
Aol g i AAISA T, ol#d Az A7 Wt
ofl }& Corticosteroide] %3¢ ¥4stn= Corticos-
teroid9} Paraquat® &4] $4% & 4] 2 whio
2 Ak,

cheat o W
Lo &

ABNG R 55 A% AolA 447 Sprague-
Dawley A& #-g THglo] AHEstgion, & W
A E ARA AL ARE AR o $me JF
200~250 gm# =& AH8-5} 5ok,

2. %rje] 8% % FolYy

Paraquat (1-1’-dimethyl-4, 4"-bipyridylium dichlor-
ide, Sigma M 2254. USAYE Al=l3 A4l 343}
o 10mg/mli¢] FE2 3lof W Ae] A3 wa} Fafa
£22 B7hdlo] FAsleth, Paraquat®] LDse 20
mg/kg” JE2 deiA o, £ A F2q] 34
2] A7kd wishE vlad we] 3~59 oA &

3, FA sxdo] sletere F¢ wHAf FAlol
o8 Ak A171E esle] 7~109 ARl vl o]
o] At 749 Fof gakg At & 49 AF
o Fo] £3o] AL ohg3t o] 319}, Paraquat
£ Kg@% 5mg, 10mg, 20 mg, 40 mgd-$ 774 10v}e)
A BN FodgtaiA S8R 7980 AR}
A & A3 S 2 5 20mg/kg FoiTol 7Y
Fofl 40lei7} Aladaled £ Aol 9 ParagquatFod-g
& 20mg/kgo.2 9 AAssi,

Corticosteroid+= Methylprednisolone sodium suc-
cinate (Solumedrol, Upjohn Co. USA) 20 mg/kgS
Paraquats} £4]ol] Bodslg o, A& e 5% 20
mg/kge Q. F0 FAE4
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g733toll ALSEEA Bl g AFA7 e B4l g
A A, Paraquat @5 FAEE EF 40224
Paraquat$o} & 6417, 19, 29, 3% 27 109}
& 3|44 7.e Paraquat, Corticosteroid ¥4 %
7L 2F 40nEl 24 94 o T 647 19, 29,
390] Z+7+ 109te]8 ¢ SAA Ao Corticosteroid
Fol F& "o 5 sl o AFAAE Ar] 4
3 Gentamicin 5 mg/kgs SA)o] B4 FAskg

1 oA sHE LF

A9 el ® WAy diethyl ether24] F9] =}
HAF A wA A A=zl FAE WS4 F, A
5 Aol o7 ZwAAE, AFl FFH+ scalp
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AR E Aeid Ad4E 10ccy 38 F=gA AF
gk, 338 AA F Fado] SR oz FA Hojd,
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wWatelA AT, S, AT dEsigden, 9
g4 BATE 35Tl TEARC AAA] F AL
a9k Zh Mo Wl p-go] A|7}A g 2 oA Fol
9} vz w24 7A9] Mann-Whitney U-testel] 2]
;A EAH FA4E AR,

2) Wl =xaH Al

713 HZ AAZE 7|29 scalp vein needle cath-
eter® %3] ¢ 8ccel 10% 54 formaling-ol-g F4
3, 71 AARE AFst F HE AEe S
Pado| 2L formaling-Aol] nAHAZ S, 2FL
dol 4 A4, 3dHL 25| Hematoxyline-eosin
ATt Fetm|7 o2 A

# 2
L 718X HZ MEAe| MEZMLH

7 APFolA BAPAo 2 o|&F WA &
Table 134 2ot, AAfzFo| AR F Az
4.75(+£2.7) X100 o] =, FAZ FAL 90.6(
5.2)%7F ATl L, 3577} 4.2(+2.9)%, AT
£ 5.3(£2.9%2] ¥golch(Table 2, 3, 4, 5). ©|
ol u]3] Paraquat®odFL $o & 6|7kl A& 929l
£ 8 Bolx] gront, 19 Foll& 10.89(+5.21) X

H e orlr

107024 BAGH 22 798 (p<0.05) 575 Lo
] 29 ZollE 20.63(+9.85) X 1057024 4] {28
(p<0.05)F7+E Heolm 39 Folx F AZFE F7}
ol glon, 29A Hohe ZasE g Belx 9l
o}, ol2{3t A7} Aol g A 9] FrhY F 2930
Ao Frlebr] Bobs 35T A4y Fotel o3
o, 3UA ol F AXF7} ZHL5g ) o9 Fa49]
A4 3379 AH o] 7]eldet(Table 4), o]
3 35T S ez e HALRA s@A el
v A G ol 97t Aol ofdE ]l #F + U
o}, dAlFE o g YojA, debe TAdull
R A A|7kel] wh2 sk Ao 4R 4 gigdch
Paraquat®} Corticosteroid F4] FofFol| $lo]A
A A A ZzEA e v Table 2, 3, 4, 59 vhelut 1)
S} Zt}, Paraquat 5H5-F-of ol wlaiA 1941 F8 Al

Table 1. Number of Rats Accepted as Adequate Sample
in Each Group

" 6 1 2 3
Time
Hour Day Day Day
Control 4 4 3 4
Paraquat 8 7 8 6
Paraquat
+ Corticosteroid 8 8 6 6

Table 2. Number of Total Cells in the Bronchoalveolar Lavage Fluid (x 10°)

Time 6 Hour 1 Day 2 Day 3 Day
Control 4,75 £ 2,71

Paraquat 4131196 10.89 +5.21% 20.63 + 9.85* 12.25 + 4,95%
Paragquat + Corticostroid 3.84 + 2,51 4,64 +1,42%% 6.25 £ 2.97%% 4,98 £ 3,20%*

* p < 0,05 Compared to Control group

** p < 0.05 Compared to Paraquat group

Table 3. Percentage of Macrophage in the Bronchoalveolar Lavage Fluid

Time 6 Hour 1 Day 2 Day 3 Day
Control 90.6 + 5.2

Paraguat 79.2 £ 11.5% 41.6 £ 9.8% 25.8 £+ 10.6* 426 £19.4%
Paraquat + Corticosteroid 91,1 + 9.1%* 77.9 £ 10,2%* 51.3 £12,1%* 60,1 +22,4**

* p < 0.05 Compared to Control group

** p < 0,05 Compared to Paraquat group
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Table 4. Percentage of Neutrophil in the Bronchoalveolar Lavage Fluid

Time 6 Hour 1 Day 2 Day 3 Day
Control 42+ 29
Paraquat 152 +£10.2% 52.2 £ 11.4% 68.3 £ 14,5% 52,6 £19.6%
Paraquat + Corticosteroid 42z 1.4 18.1 £10,8%* 45,7 £ 20,1 %* 348+18.4
* p < 0,05 Compared to Control group *¥ p < 0.05 Compared to Paraquat group

Table 5. Percentage of Lymphocyte in the Bronchoalveolar Lavage Fluid
Time 6 Hour 1 Day 2 Day 3 Day
Control 53129
Paraquat 5921 6.2+ 2.4 6.0 £23 49+1.9
Paraquat + Corticosteroid 4.8+24 4119 2,9 £ 1,3%* 5124

** p < 0,05 Compared to Paraquat group
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48] 7h4 2qle djAlTo tanche, d4] §37-9
st 3 29l9)S AL 4 Ut (Table 4), a4+
8] 4] Paraquat $HE-Fol Foll uls] 2718 o4
ol 1 Aol oA HsedE glgen, s}
¥ Paraquat, Corticosteroid 54| ol o] 9lojA]
Paraquat &5 FoF2ch T-4u] g Adjgo] gloiA
7rasol gl&§ Blsgich

2. Ha=A 3y oA

231 (p<0.05) 4
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G A 5E3 298 1T + ddd 23y
Corticosteroid o} 3¢ =2} Paraquat 9% 5o 72
AE $d oz Fo st AolAg A& o
Bk, FAzFe s Bedn|7ds] 27L& Fig. 1
3} 3k, Paraquat B5 Fo 74 647k% ¥ 3} (Fig.
208 2w HA G54 dhgeol 3 F900] £E3lo] o
Zllol] HAF7F Fokstel ek, 1Al (Fig. 3w %
wWel ¥z g3l £ 57, AT Aol A
Rz, AT AT 3F T4 HFol
Azt 2dAolE (Fig. H#X4e 13, sz
o dA54 42 B I X 3, d2d 43y
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Fig. 1. Histologic finding of normal rat lung tissue.

Fig. 2. Histopathologic finding of lung tissue 6 hours
after PQ injection.

- 328 —



ol glovt, AL £¥e] nolef LYY 2F2 7}
e X St AZHE @y aAjehuto) YAUE
DA 4 99t 53] Corticosteroid 4] 6% 6
# 1dAclE A2 AT, 35T gl
Paraquat %% E*ﬂ’rfﬂl vl3 FEEHA Astelo] 9,
HAEZH | HFol} 28 47 la"L’—i ZAu| e wAg
- A3t (Fig. 6, 7). —'Lﬂ 2%, 39 F A4 AA

6417k, 19419 £AX F231A vl amER & e
b Az Y Az BAT, 55T Ag, 2
ulel §4 18ln HZu /}}% 59 4£7°] Paraquat
WS Folzol va) A9l AEs} AL Aige
A3 4 9lodc}(Fig. 8, 9).
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Fig. 3. Histopathologic finding of lung tissue 1 day
after PQ injection.
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Fig. 4. Histopathologic finding of lung tissue 2 days Fig. 6. Histopathologic finding of lung tissue 6 hours
after PQ injection. after PQ & CS injection.

Fig. 5. Histopathologic finding of lung tissue 3 days Flg. 7. Hlstopathologlc finding of lung tissue 1 day
after PQ injection. after PQ & CS injection.
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Fig. 8. Histopathologic finding of lung tissue 2 days
after PQ & CS injection.

I<‘1g 9. Histopathologic finding of lung tissue 3 days
after PQ & CS injection
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Paraquat®= 2041712 o FollA Ak} 3 A A A2
ke & 1955\ AlxAl2 Wy A A2 A A
Aoz dz AL&=lw 9o}, Paraquat: bipyr-
idylium (BP?M) AR 2 A Z9h2 £33 % mitochon-
dria®] A=} A<A 22 e A=IE 4o} bipyridyl radi-
cal (BP*)2 A4 & o] #al77} Ak E3be} ub
S A4 £AF #41417/H4 BP*+ BP*E 5%
of7b, o] O, 7} A7 A =t

Z, BP* + e -— BP*

BP* + 0,— BP* + Oy

ol2] Paraquat®] #-43} dbgel os A"

superoxidet Hwhd| EobA sl T4t Hel2 =3

o A 4% doedv, BE 2 EA5E
superoxide dismutase (SOD)oll ¢J 3] ©}-&-3} 7o A7
=,

SOD

20, + 2H*— H;0. + O:

73" o2 Paraquaty #5314 superoxideZ A§
Abste] HAt 5-8-H 2 2-8-31o] A2 A] NADPH
9 AFE E2AA7 Y gd, Y oxidantel
superoxide5- o2 Ax% XA HAL3} ul2F 49
sulfhydryl group®] £8A43l502 AZate wss
do 249 s}3 & YJogeH~19 Paraquatel 2|l
A A% superoxide Al Fute] B ¥ 3 AulaS
lipoperoxide2 WA A7l ol =AW xutAle] A4
HFES oA vlrtedAl 9 lipoperoxided] & F714]
etz gt o]2f ¥ lipoperoxide® A2 H o= 8
B EAE QA AR FAdo] A3 Aoz deiA gl
t}e  o]2{ 3t Paraquate |, 7}, A4, AR5 AA F
8347 £45 zelsh ™, 53] sl Ald &4
35 doyEd, o]+ A=A WA Paraquat =7}
BE Frich 1A S FA w2, d& gy 4
49 AZo] A == oxidant £AEH} A4E
w]10.22) oxidant®] ®lo] &49] SOD7} BF &7 o) )3l
i Aol ofgieka ek, wof ek Al
1 o2 AA4E oxidantol 93 HZ A A E Type
I, 1§ AA €4AA, AZASAZ 53, d8F, 5
2 24, A2y o A I AFAZ FrlEol 2
=i olojA AF, 5575 AEHgon ?111“
T A Fepow olol A Fu AT HAHFFo| 2
AElo] AFE A AALPEZF oz AlupA] FHr}see,
o] 213t Paraquatell &3 o 4] ozl 5L 714
A A gte] 27 Wwdl §4 2 HerjAde o
T3t 3839 modelzA o] EH 1 9}, AAE-L
HA wzde] daie weld HEE olsldty] Y o
o] A=l 2, Paraquatz4] F4 29 WelA A
35 Z|3AH T AAIL HAzA AFeaA B
o,

2 109§ 73R 2 AA ] dHdoez A
Aol Aol B AAe] YR, 7AA HE A A A
o AZEAL A 2dol Ao e Le T E L3
H 2ol Ao gl g A o2 AAsFE, A H
Agel 27] A% 3o F3F ALe AT &

L
:
ofy

o

— 330 —



7ol Aoz A glop®, & Agol| A% Paraquat®
o 2ol lo1A] A7k Haoll 93 7)W= AL AN
o Az EA oeiad, Aubdql AFAEY Fo 19
FHH e, ol g Fote F 9qle TFTo A
Al Fotoll g Rez spetegiel, 2} 47
o Ao} Qlobto] FAul = 8 wislhs) giglen, 3
d FHEE AFAEY Adgrt 4] AFgc
2z sz A 194 EH sz 2,
24, AZHRY 3579 A f, AL Ft5ol T
Ao A A2 S afe} Exjokyto] FAg
v 54 b2 s Aekgich

A A% FUE = AFALEL FA3H
A4 A 272E oA oy 3 AL WS
o, HAFE ASE 25Tl e FEFEAdat
BEete] 2] 3577 Fotslm, oA 5157
A 3t5] o] ubEA Ab4 ol AR (oxidant) 3 sh e &
49l ‘collagenase®} elastase B}Z A7 ch®, oo
B 3577 F2 Hoddle H2L o g}
o she ZHA A A gl vle] HZzFz A A5
2 sHA ", o]dl st A7) 7F A b AT A
Blol wlE fibronectin®t AMDGF (Alveolar Macro-
phage Derived Growth Factor)e] wWZ&of o sjse~sn
e 2AWo A AfoldEr}t A6l Az
Type 1 2UAE AAbsto] Af-3te] A4S AAHY,
2 AR 3UARE = FA A5 A48 st &
skow, ojoja] 2z}t Aol o] w Af-3te A
ol Algsl Ao AgEr,

A 2] drie] We)A sl f3 AN 2A
of2] @A Eo] Rusn rt, 2 & Corticosteroid7}
AL AF AAE AAAZ = 249 B1Ee] 9
t}#2339 uldof] Corticosteroids} Q&ute- &3 3.3+
Afole ¥ d¥o] gz 2318 Az =gy &
AE A A A4 AA RS FA Ol A o2}
£ B1E 93, Paraquats Fo3g ¥ oA
Corticosteroid’} £F19 &4 A{¥s H¥ ¢
AdRe Foefo] ZaEgohE BRI lepy,
A= 7] 5*9& Bleomycinol & WA 3 AfFe
27) A 24 w3l A Corticosteroid’ FFA uk-g-<
AAlelle ¥ 797} gigicka Basta gl Cor-
ticosteroidv Al L2 Be dalstis o whAlS 233
o3 gk, s A28 RS Ao 2E3 417 A4

fr oy ok 9

r e L

Corticosteroid®] Fofoll 93] Al4 ZAdo gl WA
F7REItte Bax gieee 2 Ao+ Cor-
ticosteroid FoFo], Paraquat 55 Fofur}, A
Hog A7 AAE T & ol 3579 A{A 4
Wshs vlad] T ghaso] Qg ¥ 4 3l
At o2l dFA 2k A7 Corticosteroid?)
thgdl 2odzt ol o3t AQlx], ohiml oxidanto] o
g ulo] 289 Aol 7 A FAY 4 ¢
23

7137 AL AAgol 3 AZA AEZEAol,
o 23 Aol ez AstH 47102 Bl Corti-
costeroid7} Paraquatell 9§ &4 #H2eio) dZule
£+ A Ee A3, ol 2} ded
29 aHelA] oxidantol Tl ulel g9 Frqlx] of
vu, o5 EgadqAe v dFaol & FAA2
AZE e, o} Paraquat®EE Sxjo] tlgl AsA2
Ao d¥x nejsiol d Aoz Az,

2 o

HAFEHE @ A A yeshd AL 27]9
22 344 F4 Axdat olo]A AYPs = A A
32 o|FoA), AzxAZA gz ALLEH+ Para-
quatel} o3k WA 9] o AL A AR Hey
2] model 2 3ted §4 = £ Qo Corticosteroids} =] )
T R 713A HZ A A 22 PG A7k
Wtz A B35

Uy | A% 200 gm ol A& A9 W2 Para-
quat 20 mg/kg Foi3le] 6412k, 1, 24, 3dAel 7|
AR HZ AAol gt AEEA, 2 ¥ =3 47
+ A5l A7 wistE AA dzF3 v)asgla,
o]o]4 Paraquat®} Corticosteroid 4] §oFollA]
#Aste] Paraquatihs ol 3% vla 3,

Za}:

1) 71382 AZ AAN] A ZzHEA4LA : Paraquat
HE Ry FE Fol & 19, 24Al] A 7 AEF
o F7He LT, 37 F 29lE 3579 Fotol
23, At Adige wstrl glsich 3UAEH
T AFu&el 74 A#de, Paraquat, Cor-
ticosteroid &A] Fol Fol gojA & Aulz o2 Para-
quat 5 FofFol wa] TFT9 {27 7ol o7
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& A 249 74 F glsigld,

9) s 24 A £ : Paraquat 5 & 19445
AEye 22, 24, 3FTE T g2 o
2 Ago] vEbtor, 3dAc= S Fad
U HEZol] Zajoputo]l YAH7 Al#slsict, Para-
quat, Corticosteroid ¥4} %ol oA+, 1Y9A7R =
A A Ak |4 53] 5579 Afo] A
s} glom 28R EE 458 A7 s ol
ek,

ZE : Paraquat Fo A9 5 &4k gloi A Corti-
costeroid= H EZ o] 4FA uke, £33 3579 IJF
£ el EA AL ZBA HE Aded 8 4
2.2 Bqlsigie,
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