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Abstract : Experiments were undertaken to examine the ability of selenium to protect
against alcohol and/or paraquat-induced hepatotoxicity and to examine the additive effect
between alcohol and paraquat. Protective effect against hepatotoxic functions was measured
in serum from alcohol(15% v/v), paraquat(200ppm), alcohol and paraquat, and combination
of sodium selenite(4ppm) in drinking water-fed guinea pigs ad libitum for 4 weceks.

A total of 68 healthy 7-weeks-old male animals were assigned at random to 8 treatment
groups(9~13 animals/group). Body and liver weight losses, and high serum concentrations
in aspartate aminotransferase(AST), alanine aminotransferase(ALT, in only paraquat group), ¥
-glutamyltranspeptidase( »GTP), cholesterol{Cho), crearinine, blood urea nitrogen(BUN),
total bilirubin(TB), direct bilirubin(DB), total protein(TP), albumin and globulin as well as
low values in alkaline phosphatase(ALP) and glucose were produced in a groups of alcohol
or paraquat-fed. These values were not potentiated in a group given the combination of al-
cohol plus paraquat. Morphological changes in the liver were also observed in the alcohol or
paraquat-fed group. Lipid droplet and cell swelling in the hepatocytes were observed in al-
cohol-fed guinea pig, especially Mallory's hyaline arounded hepatic vein. In the paraquat-fed
guinea pig, lipid droplet, pyknosis and karyolysis were observed. When alcohol or paraquat
was combined with selenium-fed, hyperplasia of Kupffer cell in liver were observed. However,
the mean ALT, »GTP, Cho, BUN, TB, TP, albumin and globulin values were lower in
groups given the combination of alcohol and/or paraquat plus selenium, compared with
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groups given alcohol and/or paraquat. Also, the ratio of liver weight to body weight and

ALP values(exception of paraquat plus selenium group) were increased by selenium. These

results suggest that an adequate selenium confers marked protection against alcohol and

paraquat-induced hepatotoxicity.
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Table 1. Effect of alcohol, paraquat and/or selenium on body weights and liver weights in experimental animals

Groups Liver wt.g Body wt.g Liver wt/body wt,mg/kg No.of animals
Control 16.56+0.91 45441235 36.55+1.78 11
4 ppm

i 15.9641.17 45041247 35.44+1.61 9
Selenium
15%

9.19+0.65** 3208425 7% 28.65+0.72%* 13

Alcohol
200 ppm 12.56+1.28* 383.4422.0* 32.77+1.35 12
Paraquat
15% 200ppm 8.240.37** 252.8+10.2%** 33.12+0.58 12
Alcohol + Paraquat
4ppm 15% ‘

: 12.69+0.83% 396.1+27.6 32.04+0.80° 10
Selenium + Alcohol
4ppm  200ppm 12.9341.02 357.6+21.2 36.14+1.88 9
Selenium + Paraquat
4ppm 15% 200ppm

14.67+1.39+ 37624245 36.00+1.91+ 12
Selenium + Alcohol + Paraquat +
Values are menns +SE.
All comparisions between group and group were made with group ¢ test.
*p<0.05, **p<0.001 compared with the control group.
p<0.01, *P<0.005 compared with the 15% alcohol group.
*p<0.01, *+p<0.001 compared with the 15% alcohol + 200 ppm paraguat group.
Table 2. Effect of alcohol, paraquat and/or selenium on serum enzyme activity in guinea pigs
Groups AST(U/T) ALT(U/T) ALP(U/T) GGT(U/T)
Control 83.63+4.72 68.00+2.72 431.88+18.84 15.75+0.73
4 ppm 88.83+7.79 68.33+6.81 347.00+35.93 18.83+0.79*
Selenium
15% 106.44+7.91* 59.8942.65%  220.44+1751%** 20444053
Alcohol
200 ppm 122.50+10.69*  131.67+9.22%**  293.67+21.42***  21.83+1.17**
Paraguat
15% 200ppm 109.0049.34* 95.14+9.67 24843+16.34%**  21.71+149%+
Alcohol + Paraguat
15%

4ppm 103.88 +8 445 63.38+371 351.88+20.99% 16.12+1.12¢
Selenium + Alcohol
4ppm  200ppm 100.67+10.41 78.67+12.171 250.17 +28.06 16.67+0.331
Selenium + Paraquat
4ppm 15% ~ 200ppm 82.137+7.09+ 62.75+£3.22 347.50+24.01 15.00+1.18~

Selenium + Alcohol + Paraquat

Values are menns +SE.

All comparisions between group and group were made with group  test.
*p<0.05, *p<0.01, ***<0.001 compared with the control group.
1p<0.01, #p<0.001 compared with the 15% alcohol group.
1p<0.01 compared with the 200ppm paraquat group.
+P<0.05, +*p<0.01 compared with the 15% alcohol + 200ppm paraquat group.
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Table 3. Effect of alcohol, paraquat and /or selenium on specific biochemical function in guinea pig serum

Groups Tch(mg/dl) TG(mg/dl)  Glucose(mg/dl) Creatinine(mg/dl) BUN(mg/dl)
Control 39.88+2.32 46754294  179.12+8.24 0.4610.03 22.38+1.22
4
ppm 37.504£226  36.00+2.29** 120.00+421***  043+002 23.75+0.83
Selenium
15% 94.00+8.48*** 50.44+4.05 119.8315.83*** 057+0.02%*  2046+1.88%*
Alcohol
200 ppm
52.331£1.54*** 40.00+1.75* 128.20+5.65***  0.55+0.02 27.4+1.60*
Paraquat
15% = 200ppm 88.00+4.87*** 56.86+3.73* 109.29+1242*** 0534002 3523+ 1.58%**
Alcohol + Paraguat PLE oL 3. . : -2320. : :
4ppm 15%
. 46.88+3.40%c  47.75+3.93  108.62+9.75 044+0.02°  24.43+1.02%
Selenium + Alcohol
4 200
PPm ppm 48.67+420 5250198V 125674928 04540021  30.27+2.66
Selenium + Paraquat
1 2
4ppm 5% 00ppm 4625+379* 61254322  132.88+7.16 0414001~  23.41+0.35
Selenium + Alcohol + Paraquat
Values are menns+SE.
All comparisions between group and group were made with group ¢ test.
*p<0.05, **p<0.01, ***<0.001 compared with the control group.
'p<0.01, **4p<0.001 compared with the 15% alcohol group.
'p<0.01, *1p<0.001 compared with the 200 ppm paraquat group.
*p<0.001 compared with the alcohol + 200 ppm paraquat group.
Table 8. Continued
Groups TBil(mg/dl) D.Bil(mg/dl) T.P(g/dl) _Albumin(g,/dl) Globulin(g,/dl) Albu/Glo Ratio
Control 071+0.10  021+0.05 5144017 320+008 194+015 1731015
4
ppm 1.37+0.23* 043+0.07* 5624014 3174003 245+0.12* 1.31+0.06*
Selenium
15% P wrn
Aleohol 2.39+0.30*** 0.77+0.04 6.91+022*** 3.8440.07*** 3.07+0.25  1.31:+0.09*
0
200 ppm 2.0540.21* 0.50+£0.07*** 6.40+0.10*** 3174006 3.23+0.11*** 0.99+0.05%
Paraquat
15% ~  200ppm 2.54+0.48** 0.81+0.16** 6.81+028*** 370+0.10** 3.11+033* 128:+0.14*
Alcohol + Paraguat
4ppm 15% 1.51£0.09' 049+0.04%% 573+0.09' 3.38+0.03'* 2.35+008  145+0.05
Selenium + Alcohol
4ppm 200ppm 1.60+£0.15 0.52+0.09 590+0.06" 3.05+004 2.85+007'"  1.07+0.03
Selenium + Paraquat
4ppm 15% - 200ppm ) 022 0214004 5.09+0.12- 3.05+£006* 2.15+0.13* 146+0.11

Selenium + Alcohol + Paraquat

Values are menns+ SE.

All comparisions between group and group were made with group ¢ test.

*P<0.05, **p<0.001 ***<0.001 compared with the control group.

1p<0.05, *+p<0.001, compared with the 15% alcohol group.

1p<0.05<1p<0.01 compared with the 200 ppm paraquat group.

*p<0.05, *»p<0.01, +++p<0.001 compared with the 15% alcohol + 200 ppm paraguat group.
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iron complexes?] =& F7HAA A Hi3E £3
Az . 22y B4 alcohol FA FA4 F
5%S 7939 A2 Fsp) Beg ey o] B
& alcohol AHA| o] & R o)X GSH-Px JA|d] o &
AL oty ET. 21 paraquat] 9 A2
At 8H= NADPH-cytochrome P-450 reductasedl] )&}
2 AE7b 902 284 alcoholo]tt paraquato]
g A #its, GSH-Px 84 #ad S4537)
seleniumo]] oA JAHr 23 7 wrojy]H o] AL
g 9gre 5% 4 vk Scleniumo|y} vitamin E
Bt oyt 29 9FE-o] alcoholo] 1} paraquate] ]2
FAakstel & Ao dAH a3E Buddrt. 3
T} Ao A alcoholol] €] §} oxidative stress7} allopurinol
011} clausenamidedl] 93 GSH-Px 84 Z7}d] 23
A* o A5 2 2 allopurinole alcohole] ¢} 8+ 7+ &4
Ago ol § 7bsAol A& FAF ul Qe =@
ol A paraquate] 9] 3+ 2] 3}Ak3}7} melatonin®o)
1} phenobarbital’l] 2} 8] QA5 n thiosulfates} sulfite
d gaAE A S o] ofnl glutathione 9] &4
H=aa4z FRHFHGE

A7) W€E FEaE o alcoholo]} paraquat:= F
2 A JA8E FANA 1 AFAEY 3 7%
E3E YodBE B AYANE JHAPFE o
€ F9AA alcohol 793} 2& 7 AEA WS
& B AST, ALT, ALP ¥ ¢GTPs} Uut A 3}aty
HALE At 1 SYERE FAda o)d) g
selenium®] W EAE FAEHAT. B AF|A al-
cohol, paraquat ¥ alcohol®} paraquat®] EFESS 24
3 AST, ALT % ¢¥GTPS} Z7}e} ALPY] a7t &
Ho 2715 F3E 9] AL Pt ¢
A| alcohol FoF o)A ALTY] #9§ A4S B 7H
AAHE A g o, GA A 24404 7 4
B F9Y FRE AT B3N x2AYg B3
(Mallory's hyaline)o] Q131 ZHM| ¥ 3-9)o] 138 w9y
7 B AAEAEE ¢ ¢ AT 28 selen-
iume] 7} Fojo] &M alcoholF 2] AST, paraquat
ol A ALTS ALPE A& BE 549 4% 9
Fol @A A=) o)9tge A3E alcohol
paraquatd] F7t 3+ 7159 XNE} HeE Y &
28T HL ux =1 ol t)dt seleniume] 4

NEA} FREYE FAFHL. o)A AFAEY I3t
A 4 alcohol AT ethanolE TG B oA
AW £ 2 AXY »GTP7} 37499 2, para-
quatE g E7]", seleniumo] AHPH Fo}x| o A*®
ALP7} &Sl om P} FFHo|M*“* ASTS} ALT
7t F7HEAYE A B 28439 dXeg.
U alcoholE Fo g AF oA ALP7} F7haicin
AT, 28 o] 5 ENEA 4 EAEH
= 93t of& e scleniume] A 2L F7EA @
Stom 2 Ay A7 o] alcohol FEou 7] 59
A7t He AP ET gurHel Agsy At
& FAlo AAIEA 3ttt Aleohold} paraquat= 7HE
A& 4ol Edol7] gFd o] F GBL EYF
ostd 54 o] Aeso] ALAPHE WE] O
2 ALE dFRovt ¥R gfa, o] F FEL
% Fo4 % o seleniume] )M o & Ezgo] Fa}
A AAHAJA (Table 2). o= FHFHA ethanolo]
paraquatd] 54& ZAANZTE Ruvs dX8g
OB AR YW gASHE o) 9o duk A3}
3 HAME A A8 ). Paraquate] €3 triglyceride
9} albuming A9} 3 BE o)A cholesterol, triglyceride,
creatinine, BUN, direct bilirubin, total protein, albumin
3 globuline] BF Z7}5 6] 7§o) A paraquatel] ¢ a4
creatinine, cholesterol ¥ total bilirubino] Z7}5 ¢ o=
GF BRI g stgih B o)A B gh-
cose§Ho] alcoholo] W} paraquatel] 9} sjA 7+AE =6
E7)o| A paraquate] ¢] 3 glucoser} F7}H Y= 2
Hehe dAsA ok aga 3 AR drE
F73}7] #18) albumin/globulin ¥]&& ¥ w2 A3}
Z27FET selenium, alcohol, paraquat @ alcohols}
paraquat®] EFFAFoNM ZLHAUT, 9f7)9] selen-
ium¢] EFFAE GERQFED A HEHE A
& 2o alcohol ¥ paraquats P &S
g on ol 2HLANME alcohol L paraquat?
oA A A PAsE dxRY kA Fd A BY).
£ A%L2 invivo 4E0)7) g Eo FJ§ FEo] 7}
B ohyzt o2 A@v) By systemo] FFE F3u
o7y AW Astet ke 247 A0
ZEAA i d¥olgtuy dAsr)E oyt 2y
HERY 232 A4 ¢ o) f& v 2o AN, 7
2 45 EHEA gEA 1302 xEHE 7)

o

- 319 -



Folx 4, alcohol#} paraquats ZHAAA 2 F At
e doA 5L dodle dEH Edoln Al
A, 2171%9 AF/ HE 52 R 34 Ha}
A7t AAE WEHAL Bo2 HIxAgHoER
ZAEY &ol BEAHAY. B V5, AF, €3
W 24845 2 AsteHy AR 9 g alcohol#
paraquat®] E2Hgo] 47|} 2] selenium®] H7}E
E38 A dAHJATG. &, scleniumo] X F HAEE
doA BHEAHE dod|E= B4 ) AT W&
B7} gl&S AF gt 18 B2 alcohold £ 718 A
A a3t Qo g HA#o] sclenumE X 58
Aoz ol4d 4 Y& 477} F s ofof & Aot

4 £

718 o)A alcohols} paraquare] &g 7HEAd) vl
A& sclenium®] WA H}E dot B7] $dte] 753
A guinea pigE 9~134 4 tjZ 7, alcoholF, para-
quatT, alcohold} paraquat® Z A7) &3} sclenium
g F9F, BF 8T LR T3} 4734 A7) ¥E
& &5 Ao FIANAT 4F7F AFH 5% 19
L YF AT T AN E FALAQ as-
partate aminotransferase(AST), alanine aminotransferase
(ALT), yglutamyltranspeptidase(>GTP), cholesterol(Cho),
creatinine, blood urea nitrogen(BUN), total bilirubin
(TB), direct bilirubin(DB), total protein(TP), albumin,
globulin, alkaline phosphatase(ALP)9} glucoseE -7 3}
Az zte] 2FYE A W g B G ¢
A47E duh

1. A% 9 2 5% ¥l %ol A alcohol, paraquat
9 alcohol-paraquat Fo F& 2T R FH Fe] ¢l
AY @A w3 A7) 342 seleniume EFF
o 3t A3} alcohol F9-F B} alcohol} selenium & &
FoTolA Au A F7HHE FEolA 2y alcohol-
paraquat-sclenium &3¢ 72 alcohol-paraquat 7
TR F3A Fokxth

2. 8% FA28A X glo|A alcohol, paraquat X al-
cohol-paraquat Fo} 7= ASTS} ALT/ 22 R

94 A AU 2ot ol B4 slenume &
¥39% 23} paraquat £ alcohol-paraquatel] ¢
T &4 £FA 9 A seleniumFA 2 W) K
7} 99 =% alcohol, paraquat % alcohol-paraquat
FoA T4 ALP7E A3 ZAHU2Y selenum &
HF oL alcohol B 2 alcohol-paraquat F o 29
A Bt} ALPX 7} 715 At} ¢GTPe QoA % al-
cohol, paraquat 2 alcohol-paraquatg o & @A 3| F
7t AR ol E B sclenium®] FHTAME ¢GIP
27} AaFHo 2T & AR E BYT

3. 8% YutAslEA ALR] o §le]A alcohol, para-
quat 2 alcohol-paraquat F T 4] cholesterol, creati-
nine @ BUNe¢] £-94 UA F7HHUAAYT ZF4HA
i, olHg BE W H3leo selenium Fof oA
o4 AAHE AFolAdt. Selenium FoFo A iz
o 8|3} total bilirubin, direct bilirubin ¥ globulin
o] #7153 4] alcohol, paraquat 2 alcohol-para-
quat FFA £ paraquat FF¢] albuming A9
& BEFAA A FUHHALU, ol EF:#
selenium® EFFAE FAME o) GEFHT B
o @A 3] A= o scleniume] Fo] X3}t FEHUT

4. albumin/globulin®] ¥]&-& ¥w& & A3} alcohol,
paraquat 2 alcohol-paraquat FeJ Foj A ZHAH Y L o]
g sclenumg EFTAAME SEFATEY da
%7}+5¢] alcohol B paraquats Ao FEE Fof
ool thgk selenium] o & #4713l &o) BHEHIT

5. 2] 84 27 M % alcoholT A =AY
A 23 L 23 gle FHE AEEC] A F9
of Wol wAHAR EFHY A% EF(Mallory's
hyaline)¢ 2t: §lt}. Paraquaty& 49 HEE B
o]z gron} Au £Fo] e on dEEat 37t
vEbd) 0)5 okE o] selenume EFF AT FE
Ne olgA 2 gy XS et n Y23 F S
3 Kupffer |27} #3545 = @4o] vebgrt.

A7) A3E F3E 9 alcohol R paraquarE 7t 7]
Fol G& A ojuf HAg selenium?] FAE 7H
A0 AT Pl EYI} YEE ¢ F U

- 320 -



Legends for figures

Fig 1. Liver of normal guinea-pig (X 100, H-E stain).

Fig 2. Liver of 4ppm selenium-fed guinea-pig (X 100, H-E stain).

Fig 3. Liver of 15% alcohol-fed guinea-pig (X 100, H-E stain).

Fig 4. Liver of 200ppm paraquat-fed guinea-pig (X 100, H-E stain).

Fig 5. Liver of 15% alcohol plus 200ppm paraquat-fed guinea-pig ( X 100, H-E stain).

Fig 6. Liver of 15% alcohol plus 4ppm selenium-fed guinea-pig (X 100, H-E stain).

Fig 7. Liver of 200ppm paraquat plus 4ppm selenium-fed guinea-pig (X 100, H-E stain).

Fig 8. Liver of 15% alcohol plus 200ppm paraquat and combination of 4ppm selenium-fed guinea-pig

(x 100, H-E stain).
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