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Experimental Study of the Etiology of Paraquat Lung
Tetsu OKUMURA

The actual mechanism which paraquat damages the lung is unknown, and effective treatment has

not yet been established. In this study, levels in activated oxygen in the bronchoalveolar lavage

(BAL) fluid of paraquat-treated rats were measured using 2-methyl-6- (p-methoxyphenyl)
-3, 7-dihydroimidazo (1, 2-alpha) pyrazin-3-one (MCLA), a chemiluminescent probe.

Paraquet-treated rats were divided into three groups; a high exposure group (120 mg/kg ip.),

a moderate exposure group (60 mg/kg ip.), and a low exposure group (30 mg/kg ip.). The
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results of arterial blood gas analysis, and hematological findings, and pathological findings were

also considered.

Result showed that the activated oxygen significantly increased in every group, and that these

increases were completely suppressed with superoxide dismutase

(SOD). In the low exposure

group in particular, a significant increase was noticed on day 6 after exposure.

Such a finding has never been made before. Pathologically, polymorpho-nuclear leukocytes

(PMNGs) infilitrated the pulmonary alveolar interstitium and appeared in BAL fluid simultaneously

with the increase in activated oxygen.

These results indicate that superoxide anion plays a significant role in the formation of paraquat

lung, especially in low exposure groups. Superoxide anion continued to participate in the formation

of paraquat lung for at least one week. Considering the pathological findings, the suppression of

PMNss function for at least a week after exposure would be necessary for the effective treatment of

paraquat lung. (Accepted on October 25, 2000) Kawasaki Igakkaishi 27(1).; 31—40, 2001
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Table 1. Hematological Findings of the High Exposure Group
High Exposure Group
Contol Group (n=7) | 3hrs after (n=7) 6hrs after (n=7) p values
pH 7.501+0.069 7.476+0.026 7.466+0.051
PaC0. (Torr) 33.74+7.75 29.16+3.22 27.79+£4.49
PaO: (Torr) 95.43+24.56 100.43+10.28 93.43+£9.27
HCO:~  (mEq/l) [26.2+2.5 21.7+£2.0% 20.2+£2.9%* *p=0.0031,**p=0.0002
BE (mEq/l) 4.06+2.30 —0.19+1.72% —1.4442.70** *p=0.026, **p=0.0003
Na (mEq/l) 141.4+2.3 136.0+1.4% 136.0+2.1* *p<0.0001
K (mEq/l) 4.0+0.3 3.8+0.6 3.7+£0.3
Ca++ (mmol/l) |1.30+0.04 1.15:0.04* 1.08+0.08** *p=0.0001, **p<0.0001
BS (mg/dl) 180.0+18.1 338.0+45.8* 294.7+35.3*% *p<0.0001
Lactate (mEq/l) |3.0+1.6 3.5+£2.6 2.6+0.6

*, ** as compared with values of the control group

Table 2. Hematological Findings of the Moderate Exposure Group
as compared with values of the control group

Moderate Exposure Group

Contol Group (n=7) | 6hrs after (n=7) 12hrs after (n=7) 18hrs after (n=7) 24hrs after (n=7)
pH 7.501+0.069 7.524+0.042 7.50540.064 7.474+0.052 7.529+0.045
PaC0: (Torr) [33.74+7.75 |29.10+6.47 35.33+6.67 35.97+2.89 34.33+4.56
PaO: (Torr)  [95.43+24.56 89.86+12.71 75.00+16.61 78.14+14.00 85.71+14.41
HCO:~ (mEq/l) |26.2+2.5 23.9+4.0 27.8+1.9 26.74%3.2 28.89+4.0
BE (mEa/D [4.06+2.30 2.69+2.96 5.23+1.96 3.86+3.50 6.79:3.61
Na (mEq/)  [1414+2.3 137.0+2.3 133.742.9% 133.74£3.9%% 134.143.7%% See Footnote a
K _(mEq/l) 4.0+0.3 3.8+0.7 3.940.7 4.340.9 5.1+£3.6
Cat+ (mmol/)[1.30+0.04 1.14+0.10% 1.15+0.08** 1.150.08%% 1.1320.06%* % See Footnote b
BS (me/d)  [180.0=18.1 297.6+59.6* 288.1£66.5%* 279.7£58.1%%% 292.135.54** % See Footnote ¢
Lactate (mEq/1)3.0+1.6 2.8+ 1.1 2.6+0.5 45218 4.2£0.6
a *p<0.0001 **p=0.0003 ***p =0.0001
b *p=0.0004 **p=0.001 ***p=0,0006 ****p=0.0002
¢ *p=0.0002 **p=0.0004 ***p=0.0009 ****p=0.0003
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Table 3. Hematological Findings of the Low Exposure Group
Low Exposure Group p values
Contol Group (n=7) | 1 day after (n=7) 2 days after (n=7) 3 days after (n=7)
pH 7.501+0.069 7.564+0.045 7.535+0.043 7.491+0.042
PaC0. _(Torr) 33.74+7.75 29.64+1.91 32.73+4.61 36.85+6.37
PaO. (Torr) 95.43+24.56 88.14+5.61 82.29+8.06 77.57+15.12
HCO,- (mEq/l) [26.2+2.5 27.1£2.7 27.8+42.3 28.7+2.2
BE (mEa/l) 4.06+2.30 6.23+3.10 6.07+1.80 5.96+1.64
Na_(mEq/l) 141.4+2.3 137.9£2.9 138.7+2.6 139.1+2.5
K (mEq/D 4.0£0.3 3.7+0.4 3.5+0.5* 3.6+0.4 * p=0.028
Ca++ (mmol/])[1.30+0.04 1.20+0.05 1.19+0.08* 1.25+0.06 * p=0.0017
BS (me/dD 180.0£18.1 221.1+30.6* 197.9£14.33 183.4+31.2 * p=0.0013
Lactate (mEq/1)3.0+1.6 3.2+1.2 2.9+1.1 3.8+1.8
Low Exposure Group D values
4 days after (n=7) |5 days after (n=7) 6 days after (n=7) 7 days after (n=7)
pH 7.506+0.047 7.535+0.043 7.507+0.066 7.518+0.063
PaC0: (Torr) 36.33+5.95 35.11+8.14 35.24+7.85 33.43+5.11
PaO: (Torr) 85.71+10.48 79.86+16.70 83.14+21.86 80.43+10.86* * p=0.0009
HCOs- (mEq/l) |28.8+2.9 28.8+4.1 27.8+2.1 27.1£2.7
BE (mEq/l) 6.24+2.37 6.45+3.13 5.31+1.75 5.07+2.87
Na _(mEq/l) 139.9+2.2 140.3+2.1 141.442.1 140.742.2
K (mEq/D 3.8+0.3 4.1£04 3.8+0.4 4.0£0.7
Ca++ (mmol/])[1.26+0.06 1.27+0.05 1.25+0.08 1.27+0.04
BS (mg/dl) 180.1+16.2 178.0+24.7 186.1+14.2 195.0+22.8
Lactate (mEq/1}2.9+0.5 3.4=0.9 3.1+1.0 2.9+0.9

*as compared with values of the control group

Table 4. Pathological Findings and Cellular Component of the BALF

Pathological Findings
Cellular Infiltration Interstitial Edema Cellular Component of the BALF]
Control Group ) () (+) mainly M¢
High Exposure Group 3hrs after (+) PMN prominent (+) (++) PMN prominent
6hrs after (++) mainly M¢ ) (++) mainly M¢
Moderate Exposure Group 6hrs aftq ©) O (++) PMN prominent
12hrs after (+) PMN prominent ) (++) PMN prominent
18hrs after (++) mainly M¢ () (++) mainly Mo
24hrs after (+) mainly Mo ) (++) mainly M¢
Low Exposure Group 1 day after (+) mainly M¢ (£) (+) mainly M¢
2 days after (+) mainly M é () (++) PMN prominent
3 days after (+) mainly M ¢ (+) (+) mainly M ¢
4 days after (++) mainly Mo (+) (+) mainly M¢
5 days after (++) mainly Mo (£) (+) mainly M¢
6 days after (+) PMN prominent () (++) PMN prominent
7 days after (+) mainly M ¢ (£) (+) mainly M ¢
10 days after (++) mainly M¢ () (+) mainly Mo
14 days after (++) mainly M¢ ++) (+) mainly M ¢
PMN: polymorphonuclear neutrophil leukocyte M ¢: macrophage

(=) no findings (=*)slightly findings (+)apparent findings
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Fig. 11. Pathological Finding of the Control Group

HE stain 400X

Fig. 12. Pathological Finding of the Low Exposure Group
(6 days after)

HE stain 400X PMNSs’ infiltration was prominent.

Fig. 13. Pathological Finding of the Low Exposure Group
(10 days after)

HE stain 400X Prominent finding of cell infiltration
mainly by Macropages was noted.
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ENTWBEY, WwFhIZLTH, RFRIZBT
B AR 5 % #4572 > superoxide DFFEIZEI L
TIZS LIV ETH L L BbNS,
superoxide D EA B, HHRZEMHTIX, 3H
Mk, 6FH&EFFBERL & D ITHMLTE
D, TREBETIZI2EMELE— 212, 18
%, 4RBIBICIEBL L Twol. BRRBREHT
X, 2H%, 6 HREICAERICHWMLTWwA, &
DRBFERIIBT 5, REIMIC R SEEBREE
AL, ¥, MEIN TV RPN TH 5.
IO LR, EREZOLRTVZED D, Y
bz THEEEREY /T a— M EE %
BExZTwaZtERrLTwA. %7
superoxide FEAE B O —F LT, Mm%
HIFT R TIX, FhERRE O A SR, fiife
T P OIS b BRI R ER D B A
DoOSNZ. ZREDZ EMNDL, /853 — Mii
5| & FREICE, BCRE Lk
BMARL TV AIREYH S, FEkDZ LI,
Addo 519 %785 T — b h 3 BE OB RS
LEE-TWAD., b, T a— MpHEREIC
A0 7+ A7 734 F2HELT, iFhER
BrodHBIc L D EFEIGELL-Z LA
5, /85 3— MhFIZBITBIERBEOEEIC
BIFPERAES L TWADTIE 2w L X T
w5,

ek, T a— FHFEHYERETVIZBN
TRAEERENMEN -0, BHBRET, Ly
b, BEBRFHICBOT UL EEBEELEDS
HEhTwhhor, TOZEns, HHEE
DI % $H Lktl) 2 LESSBBE I Tw
7ehs, G, ERE6 HRICBVTHHSEBE
OEAPFEITEI N2 LICL ), EEBEORE
BrRICh s THBIL 2R 6w
LRI NSz, Fio, FHRERDTEREBEEOE
HEIICE L TwB R 61F, iFhekigkez gL,
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superoxide A ¥z A2 & /87 a— 1 i)
BRICESTH L EBbN.

WEAE, (EHEREFEONEE, CLA (2 - methyl-
6-phenyl-3, 7-dihydroimidazo [1, 2-o] pyrazin
-3-one) X MCLA 12 X A2{bH#HEKIZ Lo TH
REICHETESL LI R-oTEA. LAL
CLA # W7zl ZICB W ThH, HWEREZEDOM
B, NFa— FOREHGVLEERD,
Lard, BIEMMEEER 25 —HETICRS
NTWBD, RLMOBEESFHRELEATS
HEE R O E & R TEIERTE 7OVIIIE TR
FOWEHBEE LTHHETE Zho7z. 2O
LA, b b OFEEORHFREICB W CEER
ENE ORI E /8T a— MiOBZIZES L
TWABDOHEARBICIL, FHEEHEROFE, Y
ZABBEIZLTWwW/. —J, MCLA & Nakano
SIE o THEBESNIWEY T, HEEEFE (su-
peroxide 35 £ U 1 EIHMEHR) LHRERIIIKG L
TILEREXZBZL, Lard, ALY IKFN
VY7 x) vFHEERTHS CLA L HART
MCLA D3R E 4.5 b 2B, TDT L
25, SHOMEIIBVTIIEEBRZROHE
ZINVERECHELZBLEEZLND
MCLA % BT, HHBELZNE L.

MLE A A OMRTIX, BREN, T2F
BHCRAELEBEMEIBEALz»ro72. X
7o, ABELEELENE R o720 LA L,
ERE 4 4 ~ % Base Excess 23 EIZHA LT
Wb EiE, /8T a— PHRFICBWTIILRL
Wi v o1k, BREBEOWEM’H S LhE
"/XND, LAaL, PACO,DETIZL Y pHIZ
BAEARA LN TRV 2id, SIFEKRELE
DOEEZZVERENTE S, MR R G OR
BT, BREN, PRENL D IVERFIE
EHB L e d o7z, ZHUE, SR E SR
RED—FHT5H., £, I TORETHH
OMPIHRLEIHEDOKEE ) oML TH H 1Y,
TR MRETY T, 20WEHIARE X ) fiife
FREREENSHB LMD, S2REEBEICR S LNl
B bR OFEE, HERIFI B LV, SHEOH
MG R E —ET 5.

(%27% 15 2001)

LA2L, b MNERBITIREZRR»SMD
BEB X OREN~NOBImMOFT RS R S5, —
HEE R TR LD A ORI L s h
TWa A, SEOEIZBWTIE, oF v b
2B 5787 O — PR EEBROBRE & I
i MmidmER I N 2oz, 2L, v b E
v bOEEICLDHEDENEEILNS.

BREN, hEEBRCIBILEMmMF N YA
DIETIE, 787 a— MR IEENES LT,
BEEN % 13 U & ¥ 5 third space {2 Na 2%
Lizbo s Bbhniz. &4 ) 7 AMER, 737
a— FRFEOBRGICBVTIE, FFICEERIC
ML SNARRTHHY. L1rsIic, 40
DTy FOEFNTR, KREEFOAIIALN
72, AU AMENERE LT, EHALIL,
FD8F T — FEFMIBWTES ) 7 ALE
A EHESE, REMBEROBRERIZEIZ DL
Mmoo TwaB s, fhogihTid, HHIh
TWwizwy, TOHEEE LT, BiERTIEIN
T a— FOREGERBANTIE AL, BERES >
BERER %S Th B DR L, BRI I
ThY, BREBRETIE, LIRS THRA
WL b, KA YT AMAEL 2HDDL
Bbhs., SHICHERPHESTERREINZO
wWhWws8ga— MEKITHY, HAELTH
74 VHEERPBRMI N TS, Adam
S50 3R F 74 VHEBKROPEIIBWTES
VY AMFERZBELTBY, BKREITOKSLY
Y AMIEIC D FF 7 4 1) VFEANFES LT
2h0rEbhs. FROLOBEEBIZED, BERE
EREBITIX, KA 7 AMAEAIZFHTH % DI
L, BTV TIREEICKS ) T A MAE
PHEATCE VW DL B DR,

AF ANy LR, BRER, TREN
TIREEEZEARE EDIETL, RBHEFETII,
QHBICHABRET 2R, ORI, BK
BRI TIIMER SN TR WA, KRBTl
FENTVEHANIYILADELIL, MEHINVY
T ADHRETHY, BKREAETAA MLy
7 ARWELTVBREID NI LIZHD
yoEBbhs, 85 a— hETIE, N
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ANDINFT A= FTFIHNDOEY ABRIZA N T
AAFTUDRHEELTWSLEEDLNLTWAS. Yo-
shimura 571%, 5 v FOREIZ T a— %
#E5L, BHIBAOA VY 7 L LXLVO LR,
INTa— MIXBWREEICHEEL TS L
#% L, Bamard 5925 v b O EE - 72
FEET, MIBADA LTI AL F DT A8
73— POMBEEIZEB{LTYSELTWA.

5%, BRPEFTOL X LIV T T LDE
B OoOWTOMRENETI NS,

o i

Fv FONRGI— PREETFTVERCT, i
Rt oFEBELRE L, UToKES
57,

1. MCLA % H \» 7z Jifi Ba o i b o 16 T B
DWEE, 737 T — FHICBI B IETEEE DR
ExE)BEEEL, XVEBERICHETE 2.
2. BRHE, PRE, KEEVCShOBIIBN
Th, Mifaiedl b OEERBE 8L 7.

3. BRR ERiEESHEL 2 2 EBFEOTET
TIIZBWTHEE 2 HEIIMZ, 6 HBICHIE
B R A L 7.

4. XZa— M X AEWEEE OBINIE SOD
DT L > TURTRSITHH S h, EHBRE
DYENNIE superoxide (12X 5 Z LA S DT 5
72

x

5. IR FHLER TG VE B 32 0 A i B A HE
LTI, #Fpkofila~oRHE, Hifa
Ve R OUF Bk M % B 7-.

6. O LIITEVEEESE, superoxide ASE R &,
HTREZIIBTLEHMOMKEDO AR ST, Kt
# 2B} % intraalveolar fibrosis {2 3 B5- L T v
B2 ARSI, [EHBEOEE* Bch
TooTHHI L 2T uE e s hwvwd ok Bbhi:.
¥ 7z, W ERBERE 2 HIH L, superoxide BEZE %
PR BT EAVT a— MliDEBRICENTH S
LB b,

7. BRI A R AT, MEEBEOWE, K
FRPT RICEI LT MERRRBI & 7 o 75 At
—HEoNzD, Ty bk POMICL BEN
bEz oM.

# F33

AHRICH 2o T, EEEBEZEV2Z0, JIIIFER
BRFHRE B EBEIR, SARE AR &I
B R R TR B 8%, ZAK— AR %
FHBELET. 74, MoRMMBIT R % #5872
W BB R 2R Bl R %, AR B A & i
PERR RO\ TR T V- 72 (7] 358 2 252 0052 K RE A BB
FAEEHE R L BT Ey. ®E&IL, RFRO#TEE L
WX OEEHE 2 Wz, AR EESRE,
BRI ESP L L ET.
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