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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, MD.,
Suk Joong Yong, M.D., Kye Chul Shin, M.D.

Department of Internal Medicine, Yonsei University Wonju College of Medicine, Wonju, 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
paraquat (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
paraquat/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 paraquat/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-

RIry.
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AzAg &3] AMLE0] 99 paraquats FA4°] 7
slo] BEA] 60~90% oA APyl o|2& FEFH
o2 ¢#A Yoi'. Paraquat FHA Ae] E &
717F &L wou}, FATlE A R T S E
E FAZEYAoz Agsia Flde SRS
o dARAoz AP I%F¢ APFEAIA
paraquat Foiste AxfeElrle] ARALL MES
A 2 AAdestel Pejde] € vitamine E 59 &
AgA e AgL FHsEE 48A A AT
Paraquat& AR:GE]7|18 Aaksle] FasiAg/4de
oA, AET B are] Wz} 2eln A 28UA
(NADPH) %9} Zta$02 N¥ESYE 43t 7
29, 952, A2y He9dE ez dEFE R
iy AT 2 ISAE a3 g F4 sE
aro] fuHEIT}Y. ©]% superoxided] <@ Axet A
Ae] Aks}(peroxidation)7t MEEAS] 7HE Fo%
Z1Ae|thy, 7] Hi&t F Algte] Aol we} A
ol Ee] 2o o] FUAF HAAR3F BREATS
~10)

olgld Z=ASAWsE 7R AXAHYY AME
AN A7A%E gXEle Aoz BAHIR™?, o
g Qo] 7)gA] AYANERY dME 7] 9F
vhg-A] iAo}l 37 F7) #EEcn 1ust
et

Paraquato]] 9§ st 71do] Atag-gl7lel 7]
detez Aafelrle] AAE BAY, a8t Eal

BAHE ZPeER FE7IE AASY S
ZaAF|nAyske 477 A]_EEI%IC]-“'”). Cortico-
steroid ] AS$E 3243 A Ept BRHA &
gteo] B Ei'®, 719 N-acetylcysteine$5-&
o}a] QoA EFE AFFl Y. ol 4t
A§2]7] scavengerZ vitamin E2] 3= HA9]
PR Rl A paraquat 9 tig vitamin E
o] 9% TAF BHu'99 bleomycin FHZ AF
HAeAdolA vitamin E E98 Q7E Hu'9 #o]
t}.
old] AR WA o)A paraquat& FAY F V1@
AHE AAEe Asie Axy TR H3E
At Ao Bu A 2HE BB 2] 9
&Sarel wiElehy WsE #@sid, s (antioxi-
dant)Q) vitamin E $oi7} paraquate] &% sj&
Are oJAFH=A & TFHskaA B 7§ AlElct.

chat 3
1. che

2 AYNE 17Y ol AAT §A A&
250gi9)e] Sprague-Dawley 59vlElE 3Zo=
pro] ARSI

A 172 Aeldd4 3.3ml/kgE Bhlz RoAH
110f2] (=), Al 23& 30mg/kg/3mle] para-
quat (1-1-dimethyl-4, 4-bipyridylium dichlo-
ride, Sigma M2254, USA)& 13 B73U= %4
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3 24v}2](paraquat SEFAFE), A 3T
paraquatfo] 2QARE Z=Azix] 100mg/kge)
vitamin E(-tocopherol, Sigma T-3251, USA)&
corn oild] 40mg/mi7} HEE %o ¥ (gastric
tube) & olg3lel wd ATFAY 24wiolct
(paraquat/vi'}.amine E ¥¥Fo3).

2. 4¥

7t Z1BANE AN E 9 Al EEY

AYFEEL 30mg/kge] pentobarbital sodium
(100mg/2ml, Entobar®, #gAlek)& Bhls &
A% ¥ A 12 3¢ ¢ 8Y9 4 5ufzis} 6uig
g BRAM F wWygo= AAMF AW A4E
(exsanguination) &t} T48l9w, Al 27 ¢ A 3
T paraquat Fof ¥ 14, 29, 39 ¥ 8 &
Zt 6uely =AY A HE =2AA HS
W& 718AAEE W3, 3 o Qe
4+~(PBS)& 25cmH;09] ¢}go= d3H3] o 3ml
& FUSEL o 18 KA F 34389, o] 3¢
& 73 EEQI dgd Aljge dg A3}
o 3¢&g AU H P4E871(Sorvall GL-2B
general centrifuge, USA)dA 2,000 r.pm.o2
1083 948t Qe 3494 AFsn
t}. & MXS$E trypan blueg o]8€3}< hemocy-
tometer £ $43IAL M AN mlF MEX52 FH3)
At NZABEEL toluidine blue2 PAsjo] W
B2 BN} olFel oF 200 ¢ & AEIYE
2] (cytocentrifuge) 3le] &glo|zo] MERT Ax
¥ QAR T B

1. Fev)Es @3

71BAAE AReE YA Fe HSuE dA 5
o 10% 34 T2 1Y ¥ st Eajsis
5~6umz A3¥E Hematoxylin-Eosin(H-E) ¢
A At sidadg BT

ot A9 9 $AINe
71BAAE AHYe FeHHm 9] 400u)3lo 4 T3
gom zt AAG 53Y wiEsle] JFAHE FAY]
& 3433, A4 L8 W2y, e ¢
&, 9% 34 € i3y 93X J&-F= u}
2 A2 vladle, Wyo| gle AL (—), AN
50% ol Wsk= (+), 50% o] ¥3E wold
(++)e=2 FR3lad.

EAMel= SPSSe] Mann-Whitney U test&
Al pgre] 0.050131d ) FAH o2 fo% b
o7} A& Aoz B

2 =
1. ARt b2 Al

AYFE 59918]F 20mi27} A" =AY A
3tk EA Al paraquat FodF 39 olujz}
el RS 9% (1/11), paraquat &
EFATS 456% (11/24)=2 19 1vlg], 29 49}
2], 3¢9 3vig, 44 1wla], 2|3 699 2uieir}
APE3sl9tt. Paraquat/vitamin E WS Fe 33
% (8/24)2 19 1wlz], 24 2ule], 3¢ 3nuie,
69 1vk2] 2ala 749 1vl2)7} Algste] para-
quat ©5FoFKHt} paraquat/vitamin E WH{E
oo Abggo] Zasdeod BAFH K94 (p=0.
21)& B A gskci(Table 1).

2. J[UX|SIZ HAY HALHA

7t Ba-g, A X YE& U F A

Z1BAHE AHYe] HF A4S dE2F 914z
10.2%, paraquat YSFAI7ES  93.4+9.8%,
paraquat/vitamin E ¥3Fle 87.8+15.8%
2 FoJ% a7} giles Azhe] ulE 8o W
2= #EE ) gkch(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+100
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+10.4 7.82 +25.5 93.5+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+0.32 1.80+0.15 4.51+3.13* 1.65+2.26
Paraquat/vitamin E  1.07+0.97 0.81+0.29 0.43+0.17 2.66+0.96* 1.26+1.05

+ : Mean+SD * . p value<0.05

B AEPESL g2 74.8%, paraquat BE
FoF 56.7%, paraquat/vitamin E ¥H{EAF
63.9% 2 #J@ zlol= /iU

BAHE & AESFE g2TFdA 1.37+£0.44(x 108
cells/ml), paraquat @S5+ 1.75+2.26( x 10°
cells/ml) 0.2 tZFo| B3} paraquat TGEF
oA F7HE EYou(p=0.06), paraquat/vita-
min E ¥PESFE 1.26 +2.26( X 10%ells/ml) &
2 223 zpelrt gtk (p=0.10). Paraquat %
oJF 8YUd= Yl 1.45+0.51( X 10%ells/ml) o]
il, paraquat @EFo|FL 4.5+3.13( % 10%ells/
ml) o2 dizFd vste Frkxlo] glen (p=0.
02), paraquat/vitamin E W3FoFAAE 2.66

X 106cells/ml o2 =79 vlsld FrlEo] A
2(p=0.03) paraquat PEFEGZEL} HY}.
E dzToAe FH X2 ARl Tk& 2}o]7} gl
oy} paraquat TEFATNAE 1YdA 8d=
A48 Z71319a, paraquat/vitamin E #3H5o]
FoME Azl wel Z7ksth(Table 3, Fig.
1).

. A7kl B QS E ]

Z1BAHAE AHAY HFHES DT (monocyte)
= Q=4 3489 899 4 64.0%, 59.7% =
BF 61.5% $<ov, paraquat GEFAFL 1Y
52.0%, 2 28.5%, 3Y 22.0%, 8Yd| 21.6%, ¥
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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 ET ¥IF Fej3A 2= AN
29 (p=0.001), paraquat/vitamin E B§FoiF

N% 2}z 24.5%, 85%, 21.5%, 29.3%, BF
22.3% 2 2 vlgt f-oJstA FaEo A
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Table 4. The composition of inflammatory cells in BAL fluid

Day 1 2 3 1-3 8
Control M+ 64.5+8.5" 64,5185 59.7+7.1
N 86+£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 23.0+0.0 21.0£7.0 48.0+11.0 30.6 £20.6* 37.0+12.7*
L 23.0+0.0 42.5+15.0 18.5+13.0 27.6+15.8 33.0+£87
Paraquat M 245+12.3 8.5+5.0 21.5+7.0 19.7+11.4*% 29.3+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 37.0+85 48.3+8.5 39.5+10.0 40.2 +15.9 47.3+£7.1*

+ ! M ; monocyte, N ; neutrophil, L ; lymphocyte

+ 4 ! Mean+SD * ! p value<0.05

=

Fig. 3. Bronchoalveolar lavage findi on day 3 and day 8 of paraquat only group. Increased
neutrophils on day 3 (A. x400), 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).

dzrdA 23T 397 8l F 8.6%,
10.3%, ¥ZT:= Zd 21.6%, 29.2% o,
paraquat 9ERAFNA EFTE= 19 23%, 29
21%, 3¢ 48%, 8Ydl} 37% = = vlstoq #
oA F71El AR eH (p=0.001), Azt wet
Zolsls AYe HYR, YITTE 23%, 42%, 18
%, 33% 2 f2% ol g (Fig. 2). 8%
paraquat/vitamin E W@FEAFNA 57 42
33%, 37%, 31%, 20.6% o2 h=d| Bj3lo F
7t5ol (p=0.02) Ao}, Azt we} Zadhs A
e BN, YXPE 37%, 48%, 39%, 47%°
2 2Z7l5o] Y%l (Table 4, Fig. 3, 4).

3. Beipio|Y oA

gzre 5EF 9434 Wil aEA gston,
paraquat @SS 149 28, #F, HxX
U Af-44+2(fibrous exudate), $¥32 @ six
Woll AFAHX(F3] 337) 9 FA&ol At o)y
3 sl 390z Ald #wEAEHY. 84 dHEds
AL 8 AN U 7A€ ™ (organiz-
ing pneumonia) 4Zo] F& #FF}. Para-
quat/vitamin E WHF 7L paraquat BFF
ol vld] HEE % 135 4 H&4ao] 9n|
A ZAE Ro] #AHIoH, 1ddE 7B
A2 247 Ze 35379 F&o] BEHAE A%
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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 1 1 4 1
2 2 3 4
3 2 1 1 4 1 3 2
4-7 2 1
9 5 3
Total 7 1 1 3 10 13 5 4

* . — no change, + less than 50% change, + + more than 50%

2t Pxfeo] A-fo] Wk, 8¢l paraguat &
E=oqgrt 713318 # & (organizing pneumo-
nia) A7e] How F2 YITKo] o3 A
dZ22& 1Yt} (Table 5).

.-

Paraquato]] 9J%t &4k Ak4-8-2]7] (superoxide
ions, singlet oxygen, hydroxyl radicals) <) 2]}«
AGH oz AF MEFHo] ey, F4 HEA
Bd2x dFEe] Yot s AafErir B
& i AR o] BAE EF ol A2 FHE o
Fx|5l, paraquatol] oJ8] H=dtA JHE A2 A-E
71e o159 E7EE 23l AAd dEitol wA
E|M?, o]A& paraquat FojA] He| paraquat F
=7l g8 ARG £& A 719 Aoz dBA
21421,22)'

AYPFENA paraquatel] o3 &G F4 b
EFoeRE Aiste WA HEYR] T o,
2719 FEFE F99ELE dF TR 23,
Wx 5F, A3y 4444, g € 357
o] Hfo] EAHolx, olg ¥sk= 1F=(70~
100mg/kg) ] paraquat Tl o 43jch. 7]
o #AEE HAHELS 5= (30~40mg/kg) 9
paraquatF-ojAjoff Z g, Fof & of 7Y Hoj

** . number of cases

Afobdzel F4 9 A8yt gD,

Paraquate] oJ§ #l&ge 24717 4% A7
7t ®ol Alg =i} Corticosteroid+= #2845 &
n 5 gl AeE Bu HYn'®, 29 N-
acetylcysteine5-2 o} AEHAE ATFd Ao
M7, vitamin Ex 24fE718 AATo2H AX
£ 29e £ uis Bu®, vitamin E 24|
paraquate] SAd] g vitamin Eo ¥%-8 #F
g Ha'971 9)%lct. Paraquat$} Zo] 4bAaf-ej7]e]
Q% &4 F 7131 bleomycing Fo{& o vita-
min E9] #g-& AP&Pee 2 Ayl woRsin
BAstE @FAM 2] Fgof oF AR Sl o
78 Aoz RuETH.

£ AFoA =4H APFEL paraquat/vitamin
E Wi5FoFoA paraquat d5-FoF Rt 2300
2y o= WL REE e AYE By B
AXE AR 277 dx)sch.

7189 7N1BAAHY AERHHANN 27] 9%
uhg-o] A e FAEF7} 78 o)F F2 djATF}
TF79 F7p) FEHRY, 397 Ik B
1= o, 3579 Frhe A wet FaEHe
b 2 Zae A¥%Eolu paraquat FoF e o}
2} ofzte] jolg BRI}, §F & URE Yuit-o)
Z7} Jed 1 AxE AN AA"ET. 2 4
T M= paraquat GEF-oJTAA ATt wWE F
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A x4 F7p) BRENUR, 3F79 37 HETF
o] Z7t 9 ST AL #Favh BEEHU
Paraquat/vitamin E H{gFAFNM T Aj7h W&
ZAE5e Z7b BREJ o, 3579 Tk A
7o wet Zradiges ol g=re Fvpt 4
=9k oj vitamin Eo] &3t Akafel7] A A7}
dFAE 53] 3579 7 HE ¥ AW WE
oz AzgEr}. 29 o] paraquat GEFATH
paraquat/vitamin E HFdFAlold] 37T vl
aol7t A AL 7] 52T AL hF vita-
min E &35} A§#<Q0E ojugicin Fzgict.

Paraquatol] 2|@ sl&gola] gxgte] 982 of
2 & FEA gstod, 9x7e] 84 F7t Al
EAG3} AR AEE Ao g8A A4, vi-
tamin Ex 29 TYXT9| 59 §4& F7HA 4
G758 7P, B ARgAE vitamin E A
Ao gxpel F7E #2ERed AR/l
gk vitamine E9] &3l= 37} A7t a3z

Paraquat 5o ¥ %74 #A=HE 2AEE 8§73
3} 2¥L paraquate] HFSFA % 2AER &
A3 A RTEFE o, B A H&E
7 P& thpolA #FH]eH, paraquat @5 F
o]#3} paraquat/vitamin E WIFAF Afold] #
oJg ztol7t gt EF dAxuUlo] GuidAe] A
A3} HzAe] BFo] BAEEH ol FAFHAI
ZrlEozs HuHow®, & HYdA para-
quat/vitamin E T Gy 423 5
zA e 8% 4o Zad Ao Mo} vitamine E
7} paraquatol] &% VEFA= FVIE ZAAE F
A& Aoz HztEr.

Paraquat: Aol XE A8 AA5ste] 4381
A7l Aoz e gen*, i gAsE ¥
F daH 2= fibr- onectin, PDGF (platelet de-
rived growth factor), TGF (transforming
growth factor)% oz F7e| iAXE #vlslz,
o] WiAAEL AAfoHEE H-<U(chemoattrac-
tance) 8} A fol o} XA €A A=

£ sl MR3T olaky ¥3E {Len®. ¥ 47
diXy paraquatF<F 8%e]| paraquat TEFA
7} paraquat/vitamin E W§FoFA 48 A
folMlEe] Z7HE BEYE 5 Ao &4 F /
o3 AjolE B3| AMME FF It dad
Aoz Azte. '

8 %

ATl -
AafE71e #A4-g JAE 4 e vitamin EE
FoJ3le] paraquatdl] oJ8] XS wi&gol A |
EAE B3 2 713 o] Hste B A
TE Agsigdt.
I
AYZEL Sprague-Dawley 59vl2]g 3722
3ol AMg-Ett. Paraquats 24ulE]olA B2
18] Foj59l3 (paraquat SEFR), vitamin E
E 24vielolA] paraquat& Fj3l7] 29W FH =
Aufi7tx AT §o319t}H(paraquat/vitamine E 3
FFF). Yo 11wnlelE paraquat thal ey
448 BAUE F9ETH(aRR).
2 o
Paraquat ©-E5ojFd)] v|8] paraquat/vitamin E
WHRATAAN A AFEe] Btth HE FAE
4 paraquat BEFATNAN dEFRG F7ME
A2¢ Bt EY dz2PAME $HESL] Azt
wE Wsyl B8R dgtout, paraquat BEF
ZAAE A7) B4E F7F8HL, paraquat/vita-
min E H¥FATAMR AlZte] Ao we} F7)8
ek

7|BAAE Ay GFHNEFT 3F 7 para-
quat GEFAFAN 2T sk F7=] AN
on Azte] Aol wet F7HEHUR, GHTFE A
¢l kA4S Byt 28)al paraquat/vitamin E
WRAZNME EFTE g2 Hlgly 31
o Jglont Azt wel il AYE KT ¥
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ZTe A&SAA Fke 2Ad. 90 2348
Vitamin E & %3 FoA= paraquat §EFo
o] B3 &Y £Fo| A @A eH, 7B
AHE A Aofaje} o] P9 A go] Btrt.
4 8

Zegd o2 wWiro)|A paraquat FJA] vitamin E
o] HYFAR Fe] Algo] A4F Aol BAHAY
I, 3FFAEY P dA=HE 2748 Kol vt
ol Ao vitamine E7} AAR2]7)9) MES
4& AAA7IE Rell 7193 g

=< U |
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