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Dietary w6/w3 ratios on the preneoplastic lesions and
lipid peroxidation in diethylnitrosamine initiated
rat hepatocarcinogenesis
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ABSTRACT : To study the effect of dietary w6/w3 fatty acid ratios on the preneoplastic lesions and lipid
peroxidation in rat hepatocellular chemical carcinogenesis, placental glutathione S-transferase(GST-P) po-
sitive foci area and numbers, glucose 6-phosphatase(G6Pase) activity, thiobarbituric acid reactive substances
(TBARS) were measured. Male Sprague-Dawley rats were fed 5 different diets-low ®6/w3 ratio with fish oil
(Low-F), low w6/w3 ratio with perilla oil(Low-P), moderate ratio with perilla oil(Moderate), blend of 10 dif-
ferent commercial fats and oils(High-BL) and high ©6/w3 ratio(High)-for 8 weeks. Hepatocarcinogenesis was
induced by modified Ito model. The area of GST-P positive foci was the lowest in Moderate group and in as-
cending order of Low-F<Low-P<High-BL<High. But statistically, only Moderate and High groups were sig-
nificantly different. The number of GST-P positive foci showed the same trend as foci area. The activities of
G6Pase, membrane stability marker, were increased as ®6/w3 ratio decreased. Lipid peroxidation values
(TBARS) were the lowest in Low-F group and it is significantly different from Moderate, High-BL and High
groups. When dietary w6/w3 ratio was moderate(4.06), hepatocarcinogenesis was suppressed compared with
high or low ©6/®3 ratios. Blend fat, commonly consumed among Koreans, did not show any suppressive ef-
fect on carcinogenesis because of high ratio(6.7). These results suggest that dietary ®»6/w3 ratio influences
hepatocellular chemical carcinogenesis. It is recommended that appropriate ©6/w3 ratio should be around 4.
0. and we recommend to use more ®»3 fatty acid in food preparation to reduce the risk of hepa-
tocarcinogenesis.
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1988), A[Hhitel] whebAl = FSpA AR L B ¥ s te] ¢
A o] 22A)71th . Sck(Hillyard et al., 1979; Hopkins
et al, 1981). 21211, %é EFSPA A2 A4 AEe, 1
T EEgARAe A oA A RS ST

03AH AARS %‘”‘ s Q8 JAlste Has Beltt
31 B E 1 glo](Gabor er al., 1986; Reddy ef al., 1988), &+
ol Aol A FW A A date] F7 R HlE o
8 ol p7h @ka] AsE 1 QJUH(L'Abbe ef al., 1991; Satio et
al, 1994). 53] @3, woA|F o] APAtES HEPo 29 {4
A Al FUe) ZARGAM AARA U, ol APpEAt
o2 5E §AH eicosanoids7t MZ AHbE EAEG sl g
T A MEAke] F3E A # 7} 28 8tck(Simopoulos et al., 1991).
elu, Feld AHAE A7 o9 w3k g
TFolu w6/w3 1 ike] vl gof gk AFE AekA Rt

3 gl o],

g1 7he Aol 343 A} dolus Folm wete A
2w 9y otgel B4sie ST MR PE
a7l e 41olt. Camoll(1970)5-E o)A ol
gtel Zalspgol] shojalel AT AAANA AL
W20 Stk AR Aol e AR el XA 24 S
A, AEEAE Aol e ) Be
Aol Aol o]k why o] Wk who] EAlal BA%) 2
ol WAE Foz werEel dael BahE 2 4+ 30

(Stubbs et al., 1984; Neelands et al., 1983).

Glutathione-S-transferase(GST)2) AHd & 49 wdkgy
GST(GST-Pi= Se-ti|2]4 peroxidase B4 A1} 2| 43k
SHE-S A A A4S &b, 29 8184 At
Aol A B4 EAAME HEEA g A ESe] A
WadA #A3] A HEHE slo] el A Hao

A HZ2A F&5kA 220] 1 9l tH(Rushmore et al., 1987).

3 glucose-6-phosphatase(G6Pase)= HAFA Q] 7H4 2 o)
EAstt}7t fociol| M= &4do] Aate]w= Aoz Yeh 74
g & A wee NEEAR olgFa Ut
(Farber, 1984).

gk A e A o] ghge] FHEAR A H radical
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B AN *@EEW 7ol ®ato] Azl PP H
HEE dojuw BxgAate] e AxE 1A Ho] 34
£ ol AZA| HbstEo] A EH, o] AitsiEe] X
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weiwo] o weke) 7he A4S Fofshl Elrk(Summerfield er

al., 1984).
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Table 1. Composition of Experimental Diets

Component g/100 g diet
Corn starch 54.7
Casein 20.0
a-cellulose 5.0
Vitamin mixture' 1.0
Salt mixture’ 4.0
DL-methionine 0.3
Fat 15.0

a-Tocopherol* 0~0.0045

'Nutritional Biochemicals, ICN Life Science Group,
Cleveland, Ohio. Vitamin mixture is composed of : VitA
Acetate(500.000 TU/g) 1.8 g, Vit.D conc. (850,000 IU/g) 0.
125 g, a-Tocopherol(250 TU/g) 22.0 g, Ascorbic acid 45.0 g,
Inositol 5.9 g, Choline chloride 75.0 g, Menadione 2.25 g, p-
Aminobenzoic acid 5.0 g, Niacin 4.25 g, Riboflavin 1.0 g,
Pyridoxine hydrochloride 1.0 g, Calcium pantothenic acid 3.0
g, Biotin 0.02 g, Folic acid 0.09 g, Vitamin B,, 0.00135 g,
and Dextrose to 1 kg.

*Composition of salt mixture, g/kg mixture : CaHPO, 500 g,
NaCl 74 g, K,SO, 52 g, Potassium citrate monohydrate 220
g, MgO 240 g, Manganase Carbonate (43-48% Mn) 3.5 g,
Ferric Citrate (16-17% Fe) 6.0 g, Zinc Carbonate 1.6 g,
Cupric Carbonate (53-55% Cu) 03g, KIO3 0.01g,
Chromium Potassium Sulfate 0.55 g, Na,SeO, - SH,0 0.01 g,
Sucrose, finely powdered 118.0 g.

*a-Tocopherol is added to each group in mg/g perilla or fish
oil.

Table 2. Fat Contents of Experimental Dietary Groups

Group Low-F Low-P Moderate High-BL High
Dietary fat(g)

Beef tallow 5.25 6.00 6.00 2.0 6.75

Soybean oil  3.75 4.50 4.95 6.0 5.25
Corn oil 0.75 0.75 2.25 2.0 2.25
Sesame oil 0.75 0.75 0.75 0.5 0.75
Fish oil 4.50 - - 0.2 -
Perilla oil - 3.00 1.05 0.2 -
Other oils - - - 4.1* -

Total fat(g) 15
w6/m3 ratio 1.68 1.65 4.06 6.77 9.43

15 15 15 15

P/M/S ratio 097/  1.50/ 1.34/ 1.27/ 111/
122/t 1.26/1 1311 1.12/1 1271

Low-F  : low ®6/®w3 ratio with fish oil

Low-P  : low m6/®3 ratio with perilla oil

Moderate : moderate w6/®3 ratio with perilla oil

High-BL : blend fat group

High : high w6/w3 ratio

* Other oils in High-BL group are composed of coconut oil 0.
5 g, margarine 0.2 g, palm oil 3.0 g, shortening (.4 g.

Table 3. Fatty acid Composition of the Experimental Diets
(% of total fatty acids)

Fatty acid Low-F  Low-P Moderate High-BL High

14:0 5.17 3.86 3.89 3.35 343
16:0 24.09 20.93 22.78 2577 23.63
16:1(n-7) 3.79 2.0t 2.01 0.68 2.26
18:0 7.55 7.09 7.03 6.80 8.70

18:1(n-9) 26.26 26.90 27.43 27.51 27.37
18:2(n-6) 20.66 23.77 28.17 2948  29.83
18:3(n-3) 2.79 14.59 7.76 4.64 3.26

20:1 0.65 ND ND ND ND

20:2(n-6) 0.31 0.30 ND 0.49 0.63
20:4(n-6) 0.68 0.31 0.20 0.32 0.29
20:5(n-3) 1.79 ND 0.15 0.16 0.12
24:1 0.19 0.24 0.57 0.81 0.47

22:6(n-3) 6.08 ND ND ND ND

Zn-6 21.64 24.38 28.37 3028  30.76
Zn-3 10.67 14.59 791 4.80 3.38
Zn-6/Zn-3*  2.03 1.67 3.59 6.31 9.11
ZPUFA 32.31 38.97 36.28 3509 3413
IMUFA 30.89 29.15 30.01 2899  30.10
YSFA 36.81 31.88 33.71 3592 3576
P/M/S 0.88/ 1.22/ 1.08/ 0.98/ 0.95/
0.84/1 091/1 0891 081/1 0.84/1

Low-F  : low w6/®3 ratio with fish oil

Low-P  :low w6/®03 ratio with perilla oil

Moderate : moderate w6/m3 ratio with perilla oil

High-BL : blend fat group

High : high w6/w3 ratio

ND : not detected

Calculated values for Low-F (1.68), Low-P (1.65), Moderate
(4.06), High-BL (6.77), High (9.43)
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Microsome ] |2 #}4+3}2-£ thiobarbituric acid & 8H3-A] A
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(John et al., 1978).
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H A GST= 9 A A M= B8E A &, 14
¥ st 5 WY WHelA A3 B 2k x o3
Ao} A #E o] &5 1 Slth(Sato, 1988). TAA A £
& cytochrome P-4503} 72 phasel Tl BABIE T 47
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that &} QltH(Chen et al., 1991).
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Low-F ! low w6/w3 ratio with fish oil
Low-P ! low «6/w3 ratio with perilla oil

Moderate : moderate w6/w3 ratio with perilla oil
High-BL : blend fat group
High : high @&/ @3 ratio

Values are Mean * SE.
Means not sharing a same letler are significantly different
at p<0.05 by Duncan’s multiple range test.

Fig. 1. Effect of w6/®3 ratio on the area of placental giu-
tathione S-transferase positive foci in DEN treated and partial
hepatectomized rats.
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Low-F :low w6/w3 ratio with fish oil
Low-P ! low @6/ w3 ratio with perilla oil

Moderate : moderate w6/w3 ratio with perilia oil
1ligh-Bl. : blend fat group
High : high w6/ w3 ratio

Values are Mean * SE.
Means not sharing a same letter are significantly different
at p<0.05 by Duncan’s multiple range test.

Fig. 2. Effect of wo/®3 ratio on the number of placental glu-
tathione S-transferase positive foci in DEN treated and partial
hepatectomized rats.
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Table 4. Effect of w6/®3 ratio on the Hepatic Microsomal
Lipid Peroxide Values and Glucose 6-phosphatase Activity

TBARS
(nmoles/mg protein)

Glucose 6-phosphatase
(nmoles Pi liberated/
min/mg protein)

Low-F 0.18+0.01° 772.81+26.22

Low-P 0.224+0.03" 734.58+20.44"
Moderate 0.25+0.01 696.80+34.78™
High-BL 0.23+0.01 674.72128.75™

High 0.24+0.01 637.46+25.11°

Low-F  : low w6/03 ratio with fish oil

Low-P  : low m6/®3 ratio with perilla oil

Moderate : moderate w6/w3 ratio with perilla oil

High-BL : blend fat group

High : high w6/w3 ratio

Values are Mean + S.E.

Means not sharing a same letter are significantly different at
p<0.05 by Duncan's multiple range test.
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oejety Qe 4= gl
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