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ABSTRACT

The influences of fish oil and different levels of vitamin E supplement on hepatocellular
chemical carcinogenesis have been studied. Male Sprague-Dawley rats received diethylnitrosamine
(DEN)(200mg,/kg body weight) and were subjected to two-thirds partial hepatectomy to induce
murine chemical hepatocarcinogenic procedure. Placental glutathione S-transferase(GST-P) positive
foci area, antioxidant enzymes(Cu/Zn-superoxide dismurase(SOD), catalase, glutathione reductase
(GR), total-glutathione peroxidase(TGPx), glutathione S-transferase(GST)), glucose 6-phosphatase
(G6Pase) activities, and lipid peroxidation of microsomes(thiobarbituric acid reactive substances
(TBARS)) were measured. Experimental animals were fed 15% corn or fish oil with 0, 40, 1,
000, 10,000IU vitamin E /kg dict for 8 weeks. Vitamin E supplements decreased the area of
GST-P positive foci in both groups. The higher the vitamin E levels, the smaller the area of
GST-P positive foci were noticed. Compared to 0 IU vitamin E, 40 IU in corn oil and 1,000
IU in fish oil groups were effective in decreasing GST-P positive foci area. Fish oil groups
tended to have smaller area of GST-P positive foci. Fish oil groups showed lower body weight,
lower activities of Cu/Zn-SOD and TGPx, higher TBARS contents, higher activities of GST,
catalase, G6Pase, GR and higher liver/body ratio than corn oil groups. As the level of vitamin
E increased, GST-P positive foci count, catalase activities, and TBARS tended to decrease. G
6Pase actvities tended to increase in both groups. At higher vitamin E levels, GST activities
tended to decrease in fish oil groups. These results suggest that vitamin E has suppressive effects
on hepatocellular chemical carcinogenesis probably through antoxidant effects decreasing TBARS
contents, H,O,, and organic peroxides. Fish oil tended to have greated suppressive effects than
corn oil on hepatocellular carcinogenesis. (Korean J Nutrition 31(6) : 1014~1023, 1998)
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Table 1. Composition of the experimental diets(g/100g

diet)
Ingredient -
Corn starch 54.7
Vitamin-free casein 20.0
Cellulose 5.0
Salt mixture(1) 4.0
Vitamin mixture(2) 1.0
DL-Methionine 0.3
Stripped corn oil or fish oil 15.0

o-tocopherol acetate(3) 0, 0.004, 0.1, 1

(1) Composition of salt mixture, g/kg mixture : CaHPO4
5008, NaCl 74g, K2504 52g, Potassium Citrate
Monohydrate 220g, MgO 24g, Manganous Car-
bonate{43 — 48 Mn) 3.5¢g, Ferric Citrate(16 - 17% Fe)
6.0g, Zinc Carbonate 1.6g, Cupric Carbonate(53 -
55% Cu) 0.3g, KIO3 0.01g, Chromium Potassium
Sulfate 0.55g, Na2SeO3. 5H20 0.01g, Sucrose fine-
ly powdered 118.0g
Nutritional Biochemicals, ICN Life Science Group,
Cleveland, Ohio. Vitamin E free Vitamin mixture is
composed of : Vit. A Acetate(500,0000U per g) 0.
125, Ascorbic acid 45.0g, Inositol 5.0g, Choline
Chloride 75.08, Menadione 2.25g, p-Aminobenzoic
acid 5.0g, Niacin 4.25g, Riboflavin 1.0g,pyridoxine
hydrochloride 1.0g, Calcium Pantothenate 3.0g,
Biotin 0.02g, Folic acid 0.09g, Vit.B12 0.00135g
and Dextrose to kg
(3) Sigma No. T 3376 DL-a-Tocopherol acetate. 0, 40, 1,
000, 10,0001U/kg diet

(2

-
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| : DEN, 200mg/kg body weight i. p.
WV : Two-thirds partial hepatectomy

0lU : Corn or fish oil diet with 0IU vitamin E

40IU : Corn or fish oil diet with 40IU vitamin E
1,0001U : Corn or fish oil diet with 1,0001U vitamin E
10,0001V : Corn or fish oil diet with 10,000iU vitamin E

Fig. 1. Experimental Design.
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Table 2. Effects of com or fish oil with different levels of vitamin E on final liver weight, body weight and liver/body

weight ratio
Group Liver weight(g) Body weight(g) Liver/Body weight ratio(%)
Cc-0 11.0+£1.7* 447.01+42.8° 2.5+0.3°
C-40 10.7+£1.1° 456.4+35.3° 2.3+0.2°
C-1,000 121+1.9* 472.1+£22.7° 2.6+0.4°
C-10,000 13.1+3.2° 495.6+70.6" 2.6+0.3*
Total corn oil groups 11.7+£2.2 466.9+47.9 25+03
F-0 ' 122£15° 415.7420.7° 73.0+0.2%
F-40 12.0+1.5° 423.6+47.5° 2.8+0.2%*
F-1,000 13.4+2.2° 433.3+46.2° 3.1+0.2°
F-10,000 127+1.7° 458.31£36.2° 2.8+0.2°
Total fish oil groups 124+1.4 431.5+39.0° 29+0.2°

C-0, F-Q : Corn or fish oil diet with 01U vitamin £
C-40, F-40 : Corn or fish oil diet with 40IU vitamin E

C-1,000, F-1,000 : Corn or fish oil diet with 1,0001U vitamin E

C-10,000, F-10,000 : Corn or fish oil diet with 10,0001U vitamin E

Values are mean+SD

Means within the same oil groups sharing a common letter are not significantly different(p <0.05) as determined by Dun-

can's multiple range test

Means with * are significantly different from the same vitamin E level of corn oil group at p<0.05 by T-test
Means with * are significantly different from the Total corn oil groups at p <0.05 by T-test
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Fig. 2. GST-P positive foci in the DEN treated and partial hepatectomized rats.
A C-0,B:C-10.000, C: F-0,D: F-10.000
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1) Cu/Zn-Superoxide dismutase(SOD) ZH &
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TrRTol olffd Blale] Etom, 22 HER]
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C-0, F-0: Comn or fish oil diet with Ol vitamin E
C-40, F-40 : Corn or fish oil diet with 40lU vitamin E

Placental Glutathione S-transferase
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no*/cm?
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Corn oil

C-1,000, F-1,000 : Corn or fish oil diet with 1,000IU vitamin E
C-10,000, F-10,000 : Corn or fish oil diet with 10,0001U vitamin E

Values are mean=+SD.

Means within the same oil groups sharing a common letter are not significantly different(p <0.05) as determined

by Duncan’s multiple range test

Means with * are significantly different from the same vitamin E level of corn oil group at p<0.05 by T-test

Fig. 3. Effect of corn or fish oil, with different levels of vitamin E on the area and number of placental glutathione S-
transferase positive foci in the DEN treated and partial hepatectomized rats.
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Table 3. Effects of corn or fish oil with different levels of vitamin E supplement on the Cu/Zn-superoxide dismutase(Cu/Zn-

SOD), catalase and glutathione reductase activities

Glutathione reductase

Group N ui?éﬁqng_sg())r([))tein puniﬁr?]t:?rztein nmole NADPH oxidation
wmg protein/min

(&0 68.1+5.3* 728.3+67.3° 68.1+9.6

C-40 67.1+£8.0° 721.2+61.1° 68.7+8.2

C-1,000 67.2+4.5° 722.4+86.7° 57.9+6.7

C-10,000 63.8+£5.3° 606.1+46.5" 63.1+4.0

Total corn oil groups 66.7+5.8 702.2+77.6 65.5+85

F-0 52.4-+4.4% T1108.64281.1% 76.4+9.7

F-40 59.0+8.8° 924.7 +33.2°* 67.2+3.4

F-1,000 47.14£11.7% 811.0+117.3*® 70.7+6.0*

F-10,000 48.7+2.4* 678.2492.2° 69.4+5.9

Total fish oil groups 52.5+8.1° 913.2+240.4° 70.9+7.0°

C-0, F-0 : Corn or fish oil diet with OIU vitamin E
C-40, F-40 : Corn or fish oil diet with 401U vitamin E

C-1,000, F-1,000 : Corn or fish oil diet with 1,0001U vitamin E
C-10,000, F-10,000 : Corn or fish oil diet with 10,000 IU vitamin E

Values are mean=+SD.

Means within the same oil groups sharing a common letter are not significantly different(p <0.05) as determined by Dun-

can's multiple range test

Means with * are significantly different from the same vitamin E level of corn oil group at p<0.05 by T-test
Means with ? are significantly different from the total corn oil groups at p<0.05 by T-test



1020/ @) §-9} vl e}R] E 20| et A ol vl A= 4 ¥

Table 4. Effects of corn or fish oil with different levels of vitamin E supplement on the total glutathione peroxidase(TGPx),
glutathione S-transferase(GST), glucose 6-phosphatase(G6Pase) activities and thiobarbituric acid reactive

substances(TBARS) contents

TGPx GST Gé6Pase TBARS

Group nmole NADPH oxidized nmole CDNB conjugate  mmole Pi liberated nmole TBARS

/mg protein/min /mg protein/min /mg protein/min /mg protein
C-0 555.9+58.1* 302.3+15.2 1458.0+306.4° 413.4467.5°
C-40 621.74+52.2° 313.2420.1 1455.9+261.0° 333.0+4.6°
C-1,000 533.1+70.8° 289.5+23.5 1592.7+377.2° 200.2£17.7¢
C-10,000 503.2+54.8" 31294423 2053.8+268.4° 165.4+13.2¢
Total corn oil groups 557.1+70.6 305.2+26.3 1621.9+375.5 294.4+105.3
F-0 4897+65.8°  341.6+33.1* 1858.14628.5° 596.4+181.2°
F-40 476.2+80.7a* 335.6+21.4 1961.7 +£358.7** 486.9+77.5"
F-1,000 470.94+106.5" 313.2+434 1727.1£155.6° 230.0+30.3*
F-10,000 467.7+46.1° 305.4+36.9 2017.7£154.0° 213.4+53.1°
Total fish oil groups 477.2+67.9° 326.3+33.5 1909.44394.2¢ 428.8+204.3

C-0, F-0 : Corn or fish oil diet with 0IU vitamin E
C-40, F-40 : Corn or fish oil diet with 40IU vitamin E

C-1,000, F-1,000 : Corn or fish oil diet with 1,0001U vitamin E

C-10,000, F-10,000 : Corn or fish oil diet with 10,000IU vitamin E

Values are mean+SD

Means within the same oil groups sharing a common letter are not significantly different(p <0.05) as determined by Dun-

can's multiple range test

Means with * are significantly different from the same vitamin E level of corn oil group at p<0.05 by T-test
Means with * are significantly different from the total com oil groups at p<0.05 by T-test
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