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The Effect of Vitamin E on the Composition of inflammatory Cells
in Alveoli after Paraquat Intoxication in Rats

Kwang Seon Song, M.D., Won Yeon Lee, M.D., Do Yeun Cho, M.D.,
Suk Joong Yong, M.D., Kye Chul Shin, M.D.

Department of Internal Medicine, Yonsei University Wonju College of Medicine, Won ju, Korea

Background : Acute pulmonary injury by paraquat are caused by multiple mechanisms including direct injury
with oxygen free radicals and several mediators released from inflammatory cells. In order to clarify whether
vitamin E could reduce tissue damages induced by intraperitoneal administaration of paraquat and to investi-
gate the pathogenetic mechanisms of paraquat-induced pulmonary injury, vitamin E as a free radical
scavenger was administered.

Method : Rats were divided into three groups (group 1 : control, group 2 : paraquat treated group, group 3 :

paraquat and vitamin E treated group). Animals were sacrificed on day 1, day 2, day 3, and day 8 after the
administration of saline, paraquat, or paraquat/vitamin E.

Results : Treatment with vitamin E decreased the death rate of rats treated with paraquat. Comparing with
control group (1.37 x 10°/ml), mean total cell counts recovered from the lavage fluid from animals treated with
paraguat (1.65x10%/ml) were increased(p=0.06). Magnitudes of increament of the total cell counts on the
Day 8 in the vitamin E treated group were smaller than those of the animals treated with paraquat alone. The
neutrophils began to appear in significant amounts in the lavage fluid on Day 8 after the administration of
paraquat{37.0+12.7%). A significant decreasing neutrophil concentration at Day 8 was observed in the
paraguat/vitamin E treated group(20.6 +13.4%). Histologically the degree of pulmonary fibrosis was most
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prominent in the paraquat treated group while diffuse alveolar damage was continuously observed in the

paraquat/vitamin E treated group and extensive interstitial lymphocytic infiltration was seen in the paraquat/

vitamin E treated group. The paraguat/vitamin E treated group showed the less histologic changes.

Conclusion : In this study vitamin E acting as a scavenger of neutrophil-derived free radicals and suppressant
of lipid peroxidation, seemed to be the effective antioxidant in the inhibition of paraquat-induced pulmonary in-

mry.

Key words : Acute lung injury, Paraquat, Vitamin E, Bronchoalveolar lavage
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AzAZ E3] ARE-5O] $E paraguatE S4o] 7
st B2A] 60~90% oA AP ol2: gExE
o8 4eA UiV, Paraquat FEA A9 RE %
717t &g o), FAdE Al 2 et w
v FAZERdos Al $olole WA st
o s¥doz AET. % APEBA
paraquat& Fojdle] Aafelziel - AxE
4 2 dAARste] We el 2 vitamine E 9] &
AEAY] A8 sE e A8 47t AT,
Paraquat& A4afe|718 AAaksle] ikaial g
A, Axet Bxspadake] Wl el A E3UA
(NADPH) %9 4508 Al st ¥
24, 95-F, Axy dedde agn Hesd g
HEy diadE 2 IZSAE Aed 2o 34 we
gol FEFETRY. ©]F superoxideo] <% MET} A
Ao] A8} (peroxidation) 7} ME&4 o] 71 2%
713010, 7] H&4d & A7) Al what A
ol 9] F2lof o3 FUAY AMF3r}t BFEns
~ 10}

olgjgt A AMUs= JIPA] FuA Ay AE
A 27T E YAshs Rog HuEYRL D, o
LRV JiEx] NHYNERA JME 27
FEAl iAol o] FU) BEEna B
Aot

Paraquatel] o§ &4 71dol Akafgriel 7
dstE g e A4S TAY, ks g9

34 N‘d

¢

steroid9} 79 §343 4 a9} FEHA &
ko] Hi HAYL'™, 12] N-acetylcysteine5-2
obz] diellM el &g ATFA U™, o7 4+
AH2]7] scavenger® vitamin E¢] &3l wag)
ZHN 2 ool A paraquat 3o tigt vitamin E
o A%re #FF B1'99 bleomycin FHZ Q1%
HEA A vitamin E 298 J3% B39 Blo)
o}

olo] Axz WA oA paraquat& Foig T i@
AAE AHEE AlFste XY MR WEE
HFg} Tl FEEn R A2 E FEse] 20 A
$2do) Welsty ¥stE ashy, F4sA (antioxi-
dant)¢l vitamin E ¥oi7} paraquate] 9§ s
4& AAsh=AE st & ATE A3l

chat 2!
1did

B AGAE 15 ol YT $Ao) HeA)z
250gi9]e] Sprague-Dawley 59vlalg 3pos
vEo] ARE-8lelrt.

A 17 AEEs 3.3ml/kgE B2 5493
11ele| (gZ23), A 232 30mg/kg/3mle) para-
quat (1-1-dimethyl-4, 4-bipyridylium dichlo-
ride, Sigma M2254, USA)& 13 Bz %o
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g 24vie](paraquat GEFHFE), A 3P
paraquatfo] 2UHYE T4W7EA] 100mg/kg2
vitamin E(-tocopherol, Sigma T-3251, USA)&
corn oile] 40mg/ml7} HE=E o] 2]¥(gastric
tube)& olg3te] wjd FATFIF 24vigot}
(paraquat/vitamine E W3Fod2).

2. 4y

7 71 BA X g D AlEEA

AEFEELS  30mg/kge] pentobarbital sodium
(100mg/2ml, Entobar®, 3gA|%) & B7hlz %
o8 & Al 132 39 9 8% 7t 5ufes} 6uj2
& BERAA FH ek r AR A AxE
(exsanguination)dte] =439, & 27 2 A 3
& paraquat $of ¥ 14, 24, 39 2 8Yd) z
Zt 6ulEld AT EAE HE kE3AH FE
HE 7|2AZEZ A5}, $= Ho] irdgza
HG(PBS)& 25cmH,09] ¢H&log HA3] oF 3ml
& FYshaL o 18T AR § F5ia, o] 3
3g 73 FEAYT. s AFAe kS 245
o 35L& AdE § d4Eel’](Sorvall GL-2B
general centrifuge, USA)dA 2,000 rpm.o2

1087 QA8 Qg geaada HAsig

}. & AE4E trypan blue® o}]£3}e] hemocy-
tometer 2 &A5G 10 NHE mlY AESFE T8}
ot AEBEELS toluidine bluem @] Wi
2 IAEI o)%dl oF 2004 £ & AXANE
2l (cytocentrifuge) sl Z&Elolzd) Az AZ
T dFAEe] AN E BEsE.

v BEtev| gy 9

NBAAE AH&e AgstA] e AE5HE HAls)
o 10% $4 220 23 F sebe] Fujsie]
5~6umZ AEF Hematoxylin-Eosin(H-E) 4
AL AalEte] A4S s

o} Aalds 9 EAXY
71BAAE A XA e Ftyn]| 7 o] 400ustell A B
stdom 72 AT 534 gt Q4FAE Ay
& EAslola, geteniAdy 4208 424, 29 9
2z, A 24 9 A3l 9% ZF&-ATdd o
2t A2 Haste, B¥o] gle 2L (—), A
50% ol ¥ale (+), 50%oliel WaElE xoely
(++)o2 BFslyrt.

EA4e)s= SPSSe] Mann-Whitney U test&
Alg¥ate] pgko] 0.050]8MY Wf FAIH o2 Hoek #}
o7} Sl Ao WAsilrh.

1
1. AlZhof] & At E

AEFE 59vie]F 20vte)} dRE mabdd AP
Sttt =4 AP paraquat F£9F 349 ozt
fFEolnt. hE2FE 9% (1/11), paraquat %
EFATS 45% (11/24)% 14 1v9e, 24 49}
2], 34 3vie], 4% 19lg], g3 64l 2vlelr}

- Abslgdc). Paraquat/vitamin E ¥¥5-olate 33

% (8/24)% 1ol 1v}e], 2¢ 2v}2], 3¢ 3v}E),
64 1mig] o2la 7] 1vielst Apgate] para-
quat BSEAFRT} paraquat/vitamin E HEF
A7) Aol AasFeont FAH F4(p=0.
21)& #EHA EYH(Table 1).

2. 7 ERHE ME ZHALA

7t g, Axe] AEE 9 F AT

NBRAHE AHYe] HE Heee iz 914
10.2%, paraquat ©SFATLS  93.4+£9.8%,
paraquat/vitamin E #W#FodFe 87.8+15.8%
2 Felg Aoyt gldlew AlZiel W& 4go W
si= @A Gt (Table 2).
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Table 1. Number of death in each groups

Number of death

Day 1 2 3 4 5 6 7 total
Control 1 1/11(9%)
Paraquat only 1 4 3 1 2 11/24(45%)
Paraquat/vitamin E 1 2 3 1 1 8/24(33%)
Table 2. Recovery rate of bronchoalveolar lavage(% ) in each groups
Recovery rate of bronchoalveolar lavage(% )
Day 1 Day 2 Day 3 Day 8 Mean
Control 91.6+2.8% 91.3+13.0 91.4+£10.0
Paraquat only 97.7+10.0  90.3+4.5 95.5+0.5 90.3+16.7 93.4+9.8
Paraquat/vitamin E = 88.2+104  7.82+255 935+9.9 96.6 5.7 87.8+15.8
+ : Mean+SD
Table 3. Total cell counts in each groups
Total cell counts{1 X 10%ells/ml)
Day 1 2 3 8 Mean
Control 1.26 £0.43* 1.45+0.51 1.37£0.44
Paraquat only 0.32+0.12 0.48+032 1.80+0.15 4.51+3.13* 1.65+2.26
Paraquat/vitamin E  1.07+0.97 0.81+0.29 0434017 2.66+0.96* 1.26+1.05

+ : Mean+8D * 1 p value<0.05

it AEPEEE 2T 74.8%, paraquat =
FolF 56.7%, paraguat/vitamin E #3E43
63.9% 2 Rl zlol= ¢t

HE & AESFE 2PN 1.3710.44(x10°
cells/ml), paraquat §EFF 1.75+2.26( x 10¢
cells/ml) o2 dfZ3of] vldle] paraquat FEFo|
TollA EFE B9 p=0.06), paraquat/vita-
min E ¥§5d7E 1.26 +2.26( X 10%ells/m]) &.
2 d&ad 2o} g1t (p=0.10). Paraquat %
o% 8ol R 1.45+0.51( X 10%ells/ml) o)
1., paraquat G@SFAFEE 4.5+3.13( x 10%ells/
ml) o2 iy Hlate FviEe] Ases (p=0.
02), paraquat/vitamin E WS T 2.66

X 106cells/ml 0.2 )zl vjste] Zvtslo] QU
o} (p=0.03) paraquat DEFQTHT}F H}
T3 Rl ME FAESFL] A GE Zol7) §
o1} paraquat BEFATIME 1894 8U=E
48 7481903, paraquat/vitamin E W35
FAINE Algte) web Zvbsiich(Table 3, Fig.
.

L Azl whE G 7]

1BAHE ARGy AFHAEF YT (monocyte)
= QRTAA 393 8 2 64.0%, 59.7% =
B 61.5% Iom, paraquat TFFATS 1Y
52.0%, 29 28.5%, 3Y 22.0%, 8Y°l 21.6%, 3

N
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Fig. 1. The changes of total cell counts in BAL fluid of each groups.
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Fig. 2. The changes of neutrophil counts in BAL fluid of each groups.

T 27.2% 2 dzTof vjs] foaA il U
0¥ (p=0.001), paraquat/vitamin E ¥&F o

NM= 7zt 245%, 85%, 21.5%, 29.3%, T
22.3% & izl sl felstA gasel vt
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Table 4. The composition of inflammatery cells in BAL fluid

Day 1 2 3 1-3 8
Control M* 64.5+8.5"" 64.5+85 59.7 +7.1

N 8.6+1.5 86+15 10.3+2.1

L 21.6+8.0 21.6+8.0 29.2+5.6
Paraquatonly M 52.0+0.0 28.5+6.5 22.0+105  30.6+17.4  21.6+16.2*
N
L
M

23.0£0.0 21.0£7.0 48.0+11.0 30.6+20.6* 37.0+12.7*
23.0£0.0 42.5+15.0 18.5+13.0 27.6+15.8 33.0+87
245+12.3 85+5.0 21.5£7.0 19.7£11.4* 293+18.7*
/Vitamin E N 33.0+11.0 37.0£7.0 31.0£11.5 33.5+14.6* 20.6+13.4
L 37.0t85 48.3+8.5 39.5+10.0 40.2+15.9 47.3+7.1*

Paraquat

+ . M ; monocyte, N ; neutrophil, L ; lymphocyte
4+ : Mean+SD * 1 p value<0.05

Fig. 3. Bronchoalveolar lavage findings on day 3 and day 8 of paraquat only group. Increased
neutrophils on day 3 (A. X 400), more increased neutrophils on day 8 (B. x400).
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Fig. 4. Bronchoalveolar lavage findings on day 3 and day 8 of paraquat/vitamin E group. In-
creased neutrophils and lymphocytes on day 3 (A. x400), more increased lymphocytes
on day 8 (B. x400).

(p= 0.005).

HzTMN E5Te 393 8Yd) ZAZ 8.6%,
103%, B=ZF= 474 21.6%, 292% %o
paraquat GEFoiFdA $FFE 149 23%, 29
21%, 3 48%, 8ol 37% & hxFd] vlale] §
oJstA Frtslel Ao (p=0.001), Azt wek
Zrbshs AT MY, YTTE 23%, 42%, 18
%, 33% =2 frodt ol §ITH(Fig. 2). 28lx
paraquat/vitamin E W§EFolgold £ 44
33%, 37%, 31%, 20.6% o8 Uz vldle] &
7t (p=0.02) AR, Atel we} ke 7
}& BYW, YEFE 37%, 48%, 39%, 47% 2.
2 Z7)xlo] 9igjck(Table 4, Fig. 3, 4).

3. FEpinid 24

gzfe 548 G54 Asyt BRHA ggront,
paraquat $EFAFAAE 1] &8, FF, A%
W Af-AdatE (fibrous exudate), H¥&4 9 s
Well AFAZ(E3] 237 9 F&o) Ak oy
3 W3l 3Ydn AlE FEEHGY 34 A&dA
A& 8ol Zaso AU 71d3tE HAH (organiz-
ing pneumonia) A7Zo] F& AT, Para-
quat/vitamin E H¥5FE paraquat 9559
T v& Hed 2 FFT 34 A&34ade] 9y
QA g Aol FFHS oY, 1dde 71AAHE
AHN 4227 2 FFTY Ffo] BAHAE ¥
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Table 5. Pathologic changes{pulmonary edema and hemorrhage) on the microscopic examina-

tion of each groups

Control Paraquat only Paraquat/vitamin E
Day\Grade —* + ++ - + ++ — + ++
1 2%* 1 1 4 1
2 1 2 3 4
3 2 1 1 2 4 1 3 2
4-7 2 1 1
9 5 3 3
Total 7 1 1 8 3 10 13 5 4
* ! — no change, + less than 50% change, + + more than 50% ** . number of cases

AeE YET FAgo) B, 8ol paraguat @

ERAFHET 7)1d8td ¥¥ (organizing pneumo-
nia) &70] Aglew Fa YEFAE o3 v
IZ=A7AL BY(Table 5).

[

a

Paraquato]] 2J§ <42 A4 H2]7] (superoxide
ions, singlet oxygen, hydroxyl radicals)of] 2]5lo]
A o2 A8 AEEA] Ve, §4 H&de]
ze2A dpso] goprin de Adrgrizt B
& vt galsial o] BAE T3 ol AR FEHE o]
FA%, paraquatel] &3] H=dA BAE iR
71 olE0] BERE 2diste] AAE ddado] LAY
=¥, o] paraquat FA| #¢] paraquat ¥
=7h B Alurt we A9 7198 Aoz 29A
sl .

HEEEA paraquate] 2% H&ge 34 H)
£FoRE ARl T HerA] theksim ),
Z7le BFEE FAUEYE dE 28R £,
A 5%, Al AHANE, d2gT 2 35+
o] HAfo] EAHoL, ol W= LFE(70~
100mg/kg) 2] paraquat FojAld] o Asjch. 7]
o #FEE MHAENE F5E(30~40mg/kg) 9
paraquatFaiAlel] Z #=|n], Fof F oF 74 FHo

AfotN e F2) 2 ARt BRPS e,
Paraquatel] ©]&t #2438 Farylr] 98 a+
7} wo] Alals|9irt. Corticosteroid & H-2H8-41 ¢l &
gl gle oz By HAUR'Y, 19 N-
acetyleysteine5-& ofd dAFRANE G415 e
W'D vitamin EE 42RE71E AAGSEZRN AX
A4S e 4 s Ha®, vitamin E 234
paraquat®] EAio] dig} vitamin E¢] T8 #3
g B'W7t 9llth. Paraquats} zho] AbAfrelrle]
oJ%k &4 F 7]7<] bleomycing F4E o] vita-

min E¢] 282 ASYe 2 a3} vjeksia

gAste gl B 9% AL &4 o
g Aoz RuEHEH.
2 AFA =a4A AMGELS paraguat/vitamin
HFro) A paraquat dEFoT R AH3lon
29 Zoe HLds REFE L TS B 784
A a7ix gAsa
1&g VAN HN AEEAAN NN 2] EF
9] A% ARSI ZVFE 0% T2 U)o}
BT 27} #EHDR?, A} FUkEoE B
T Qo. 35T Fvhe ARt wet ase
I Zate ARFECY paraquat Folexd] o
2} of7te] Aol 8 BTk FobF 4 ARH e
Z77F o I AxE AR A", B o
T A% paraquat DEFTANA A W F

o ==

- 1339 ~



AZEF] F7Pt FFEJR, 3579 F71 g7
o] F7b 3 geigte) AddiEel vt #EEdd.
Paraquat/vitamin E HEFZo R A7k W
FAXTY F7PF B0, 5579 R A
Zroll et ZAast e xlo dETe Fot 37
Holct. ol vitamin Eof 23 Aafw)7] AAZ
HEFANE 53] 3379 Z7HE g F U] "
o2 AZErt. 29 olujd] paraquat @EFATD
paraquat/vitamin E WEFo]EAlole)] S nid|
o7t g AL =7} FF AH9 UE vita-
min E g3/} AGAYE on|gcta F7sict.
Paraquatol] oJg si&adolA] el A3 o}
2 & aEA egtond, ?éi?f’f] AL TP A
EFaAa A3l a4 Aoz dAA 3L, vi-
tamin B3 29 T?‘E}*‘:ﬁ—»} P BYE VA E
A7lsg AP, B A% vitamin E #
AzoA FET Z7pt BRI FA4F3 e
it vitamine E9] 3= F71 d771 Hasgch
Paraquat ¢ ¥ &7)d #F5= 2% g3
7 £¥& paraquat?] AFHEF o3 wAEH &
‘47 ZARBFF AP, B A7 dE5E
7 &8 oA BEE] oM, paraquat FHE F
olF3} paraquat/vitamin E HEEAF Alo]d] &
ok Afolr} gidith X3 HTujo) ghlgge] At
A3} wzzzel Rpo] TaElEY o= uFIe
SRR BuEdom®, B HYeA para-
quat/vitamin E #gFololA] Shd A Aza ¥
ZA 9 BE A7o] Z+AE ASE Hol vitamine E
7} paraquate] g @EPFHT FTNE FanY 5
9& Aoz AA4HD
Paraquat AR EE ZsAl A5l 843}
A7l Flog delA glomse?, wet §431d
X giyAE= fibr- onectin, PDGF (platelet de-
rived growth factor), TGF (transforming
growth factor)% o) £He dAXE Bv)slw,
o] oiAAEL Agolf¥E $£<¢l(chemoattrac-

tance) 3] Aol ot AAZZ 44 A=

Z sl A3t oA WslE fdEn. £ 4+
oM+ paraquat$F 84U paraquat TEFH
#3} paraquat/vitamin E #§Foitol|A] g5 A
fot 2 Z71E #EE & Uy 7 #1] &
ol%t xolg TEIY] HsiME 5 I HsE
Rog Azyart.

2 o

re

TR

278719 #A8-& AAY F SlE vitamin EE
oj5te] paraquatel] o8 Zefsly si&Adel A4
EAE sl 2 71dg olEfshy] flete] & A

£ Aasd.

—uiﬂ—%mri

2 *é%— & Sprague-Dawley 59ulgl& 370z 1}
o] AMEEl4IT). Paraquats 24vlelo|A B2
13 589 i(paraquat ©E5FF), vitamin E
= 24ulg]o)A] paraquatE Foidlr] 294 HE =
Ad7A] AT Fdskth(paraquat/vitamine E 9
F5-E). YniA] 118l2]e paraquat tiAl A2
B4E B T ET).

& It

Paraquat 95579 ¥l paraquat/vitamin E
HEHE P A TA Abgo] Wotth HE FAXE
4 paraqual GEFAFA d2TRY Fvhd
278 By =3 dxdME FAXFY A
wg Wt B2 Yoteu), paraquat BEF
ZAME Azte] B4& F718IL, paraquat/vita-
min E HEFAZINE Aol Ade wat Frist
e+,

Z1BAHE NHAY EFHMES $FFE para-
quat SEFoTA B2 HEle FriEo] AA
o Azto] zge] wet 7SR, BT A
A 728 Rygrh 18l3 paraquat/vitamin E
HHRAFAME SFTE HET Hgtd J7s
o igient Ajztel met sl A R ¥
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ZT3e ASFHA 718 B29u. FsEod 234
Vitamin E & Fg FojA= paraquat =55
o vls HE&P o] A gE=HeH, J#
AHE AHYo Mo} o] PmFol Fgo] Bir}.
3 E:

ZAgAow WrMoA paraguat FHA] vitamin E

9] BIFAR FHef ANH&ol Aot AT BRHA

1, EFTEEe ZyPt dAEE 2438 Kol vt
ol HEZ o2 vitamine E7} 24 §8]79 AlEs
& 2A2ANTIE Aol 7191tk AztEr
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