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ABSTRACT

The purpose of this study is to determine the effect of dietary proteins and fats on the hepatic histological changes, membrane stability,
and drug-metabolizing enzyme activities during chemically induced rat hepatocarcinogenesis. Weanling Sprague-Dawley rats were fed
the diet containing 20% casein or soy protein isolate and 15% perilla or corn oil for 10 weeks. Hepatocarcinogensis was initiated with
diethylnitrosamine(DEN), and the rats were fed diets containing 0.02% 2-acetylaminofluorene(AAF) followed by 0.05% phenobarbital
(PB). The scores of histological changes were decreased in treated rats fed soy protein diet compared to those fed casein diet. Liver
weights were significantly increased by AAF and PB treatment in rats fed casein diets in both oil groups. Glucose 6-phosphatase(G6Pase)
activities, an index of membrane stability, were significantly reduced by AAF and PB treatment in rats fed casein diets, and were
lower in casein diet compared to soy protein diet groups. Especially, the activities were the highest in the rats fed soy protein-perilla
oil diet. Lipid peroxide values also were increased by AAF and PB treatment in rats fed casein diet. Aniline hydroxylase activities
were not influenced by protein and fat sources. Glutathione-dependent enzyme activities were increased by AAF and PB treatment.
Linoleic and arachidonic acid content were increased in rats fed corn oil diet, and linolenic and cicosapentaenoic acid contents were
increased in rats fed perilla oil diet. Our results suggest that soy protein isolate inhibit the abnormal histological changes in liver,
possibly by maintaining the membrane stability during chemically induced rat hepatocarcinogenesis. Soy protein may be protective
against the hepatocarcinogenesis induced by chemical carcinogen. (Korean J Nutrition 34(8) : 833~842, 2001)
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Table 1. Composition of experimental diets (8/100 g diet)
Component/diet SP cp SC CcC
Corn starch 54.7 54.7 54.7 54.7
Casein - 20.0 - 200
Soy protein isolate 20.0 - 20.0 -
o-Cellulose 5.0 5.0 5.0 5.0
Vitamin mixture" 1.0 1.0 1.0 1.0
Salt mixture” 4.0 4.0 4.0 4.0
D L-Methionine 0.3 03 0.3 0.3
Perilta oil 15.0 150 - -
Corn oll - - 15.0 15.0
a-Tocopherol 0.015 0.015

1) Nutritional Biochemicals, ICN Life Science Group, Cleveland,
Ohio. Vitamin mixture is composed of: Vit.A Acetate(500,0001U/g)
1.8g, Vit.D,(850,0001U/g) 0.125g, DL-a-Tocopherol(250iU/g) 22.0g,
Ascorbic acid 45.0g, Inositol 5.9g, Choline chloride 75.0g, Mena-
dione 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.B,, 0.00135g, and Dextrose to 1kg.

2) Composition of Salt mixture, ghkg mixture; Calcium phosphate
dibasic 500g, Sodium chloride 74g, Potassium sulfate 52g, Potassium
citrate monohydrate 220g, Magnesium oxide 24g, Manganase car-
bonate(43 — 48% Mn), 3.5g, Ferric citrate(16 - 17% Fe) 6.0g, Zinc car-
bonate 1.6g, Cupric carbonate(53 - 55% Cu) 0.3g, Potassium iodate
0.01g, Chromium potassium sulfate 0.55g, Sodium selenite 0.11g,
Sucrose, finely powdered 118.0g.

SP: soy protein isolate plus perilla oil diet, CP: casein plus perilla
oil diet, SC: soy protein isolate plus corn oil diet, CC: casein plus
corn oil diet
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Fig. 1. Experimental design. Experimental protocol. A: DEN i.p.
injection(200mg/kg body weight), t: sacrifice, [J: basal diet, O3:
diet containing 0.02% AAF, B: diet containing 0.02% AAF plus 0.
05% PB, B: diet containing 0.05% PB. SP: soy protein isolate plus
perilla oil diet, CP: casein plus perilla oil diet, SC: soy protein iso-
late plus corn oil diet, CC: casein plus corn oil diet.
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Table 2. Conditions of gas chromatography for fatty acid determi-
nation

Instrument Hewlett Packard 5890
Column 30m X 0.25mm D capillary
Packing material SP™.2330

Detecter FID

Carrier gas He(50 : 1)

Oven temperature 180T

Sample injection temperature 210T

Sample detection temperature 240T

Initial time 9min

Final time 9min

7¥ste] NADPH7} 24 EE £ 5 & 340nmelA S48t
GR 4%+ mg protein'd 1359 413%= NADPHY
nmoleTE TAStg T
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Fig. 2. Histologic demonstration of hematoxylin & eosin staining of liver from rats fed diets containing AAF and PB(X 115). A: SP, soy
protein isolate plus perilla oil diet. B: CP, casein plus perilla oil diet. C: SC, soy protein isolate plus corn oil diet. D: CC, casein plus corn
oil diet.
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Fig. 3. Effects of different dietary protein and fat sources on scores
for histological changes in rats fed diet containing AAF and PB.
AAF: 2-acetylaminofiuorene, PB: phenobarbital, SP: soy protein
isolate plus perilla oil diet, CP: casein plus perilla oil diet, SC: soy
protein isolate plus corn oil diet, CC: casein plus corn oil diet.
Number of animals is 5. Values are mean £ SE. Each bar with dif-
ferent fetters is significantly different by Duncan’s multiple range
test(p < 0.05).

Fig. 4. Effects of different dietary protein and fat sources on hepatic

.microsomal G6Pase activities in rats fed basal diet or diet con-

taining AAF and PB. AAF: 2-acetylaminofluorene, PB: phenobarbi-
tal, SP: soy protein isolate plus perilla oil diet, CP: casein plus per-
illa oil diet, SC: soy protein isolate plus corn oil diet, CC: casein
plus corn oil diet. Number of animals is 5. Values are mean = SE.
Each bar with different letters is significantly different by Duncan's
multiple range test{p < 0.05).

Table 3. Effects of different dietary protein and fat sources on body weight, liver weight, relative liver weight in rats fed basal diet or diet

containing AAF and PB

Group Body weight(g) Liver weight(g) Relative liver weight
SP(7)" 325.71 £ 9.48% 6.98 = 0.14° 215 + 0.05°
DEN CP(6) 366.67 + 16.06™ 8.34 & 0.51¢ 2.28 £ 0.13
SC(6) 340.00 + 8.56™ 7.87 + 0.27% 2.31 £ 0.04°
CC(7) 370.00 + 16.62° 8.76 + 0.59“ 2.36 + 0.08°
SP(6) 301.67 = 9.46° 9.65 + 0.33* 3.21 £ 0.15°
CP(6) 330.00 = 8.56™ 11.80 = 0.25° 3.57 = 0.09°
DEN + AAF + PB
SC(7) 315.71 + 12.70 10.41 + 0.61° 3.29 + 0.10°
CC(7) 34571 £ 9.22%™ 12,60 + 0.44° 3.65 + 0.09°

AAF: 2-acetylaminofluorene, PB: phenobarbital, SP: soy protein isolate plus perilla oil diet, CP: casein plus perilla oil diet, SC: soy protein

isolate plus corn oil diet, CC: casein plus corn oil diet

1) Number of animals. Values are mean + SE. abc: Values with different superscripts are significantly different among groups by ANOVA

test(p < 0.05).
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Fig. 5. Effects of different dietary protein and fat sources on hepatic
microsomal TBARS contents in rats fed basal diet or diet containing
AAF and PB. AAF: 2-acetylaminofluorene, PB: phenobarbital, SP:
soy protein isolate plus perilla oil diet, CP: casein plus perilla oil
diet, SC: soy protein isolate plus corn oil diet, CC: casein plus
corn oil diet. Number of animals is 5. Values are mean + SE. Each
bar with different letters is significantly different by Duncan's mul-
tiple range test(p < 0.05).
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foci ®=+= hyperplastic noduleo] Yebda} 37 7o) GST
EA=9 GRe B4 =7 F7Ha, GPx 84 %7} 7443
the 25"y gx)t. ®3 DEN# PBR 53 ¢
Z F344/N R= A X kAol 4] diF isoflavone F
289 437 GPx #4ES Z7MIATE Ra"E Q9
hFh A o3t B Al 4ol S E F SUE Ao
2 A EEHY, B A7 X datAdA gluta-
thione-&} &4 49 84 Wale] A3 & & ANt
2ol g T & 5 AU

3. AN 14
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¢} arachidonic acid(20 : 47} F<8HA kot A =Tl
A& arachidonic acid¥3%t /-9 3tAl EvH(Table 5).
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Table 4. Effects of different dietary protein and fat sources on microsomal AH, cytosolic GST, GR and GPx activities in rats fed basal diet or

diet containing AAF and PB

Group AH. activity . GST act.ivity(nmole. GR activity(nmole ‘ GPx act.ivity(nmole.
(nmole/min/mg protein) NADPH/min/mg protein) NADPH/min/mg protein) NADPH/min/mg protein)
SP(5)" 1.675 + 0.273" 325.05 + 25.15° 31.21 £ 5.27° 24.65 + 1.04°
DEN CP(5) 8.182 + 6.409* 312,63 £ 30.12° 28.39 + 1.36° 29.20 + 1.48°
SC(5) 2.438 + 0.242" 348.33 + 23.96° 27.78 + 1.57° 27.64 + 2.35%
CC(5) 1.183 + 0.115° 365.68 + 24.07° 30.52 + 2.44° 28.15 + 0.71*
DEN SP(5) 10.106 + 0.427* 62193 + 2345° 53.38 £ 5.92° 1299 + 0.87¢
+ CP(5) 12,685 + 1.102° 670.08 = 23.80° 58.04 + 3.36° 14.59 + 0.41°
A_/:F SC(5) 5.592 + 1.281*® 612.38 + 108.76° 5236 £ 9.12° 14.80 = 1.12°
PB CC(5) 6.613 + 0.325® 491.06 + 31.17° 54.09 + 2.71° 1198 + 0.38°

AH: aniline hydroxylase, GST: glutathione S-transferase, GR: glutathione reductase, GPx: glutathione peroxidase, AAF: 2-acetylaminofl-
uorene, PB: phencbarbital, SP: soy protein isolate plus perilla oil diet, CP: casein plus perilla oil diet, SC: soy protein isolate plus comn oil

diet, CC: casein plus corn oil diet

1) Number of animals. Values are mean + SE. abc: Values with different superscripts are significantly different among groups by ANOVA

testip < 0.05).
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Table 5. Effects of different dietary protein and fat sources on hepatic microsomal fatty acid composition in rats fed basal diet or diet con-

taining AAF and PB Fatty acid composition

. DEN DEN + AAF + PB

Fatty acid
SP(3) CP(3) SC(3) CC4) SP(3) CP(3) SC(3) CC4)

14:0 o° 07 + 04 0.2 £ 02" 0.5+ 0.2* 0.3 + 0.0* 0.2 + 0.0 0.4 £ 0" 03+ 0.0®
16:0 187 £ 1.6 219+ 2.3 20.2 £ 09~ 20.6 £ 0.1 17.3 + 0.4~ 16,5+ 0.9 17.1 £ 0.5 19.4 £ 1.5™
16 : 1 12 +02* 1.1+ 06" 03+03 1.4+ 03" 20+ 04 1.7+ 0.7 05+070 0.7 £ 0.1
18:0 239+ 27 235+ 39 197+ 16 179 +1.3 200* 0.6 204 £ 0.6 203+ 1.0 196+ 08
18 :1 131 +£25 10.7 £ 0.2 10.2 +£ 0.5 114+03 120+ 0.5 109 + 0.2 11409 11.5+07
18:2 18.1 £ 3.5" 164+ 2.7° 251 £ 1.0 256 £ 1.1* 26,2+ 1.7 256 + 0.9 249 + 0.5 26.7 & 1.1
18:3 7.2+ 2.6™ 89+ 17" 3.3 % 2.2¢ 1.3+ 0.5 8.1+ 1.3 124+ 0.7 22+ 08 1.0+ 0.4
20:2 1.5+15 35+ 30 06+ 03 0.7 £ 0.1 1.3+04 06+03 1.5+ 04 08+0.2
20 : 4 114+ 100 6.6 +1.8" 189 + 2.2 193+1.4 10.2 + 1.0~ 6.2 + 0.9 21.8 £ 0.8 201 £ 2.0
20:5 39+ 140 50+ 1.8 0.9 £ 0.9 0.2+ 0.1 2.8+ 1.6™ 46 + 0.8 0 0.1 0.1
22:6 1.0+1.0 1.7 +1.7 07 +£0.7 1T1+10 0 07+07 0 0
18:2+20:4  29.5 + 3.0% 230+ 44 439 + 3.2 449 + 1.6 Jo4+270 31.8 + 0.4" 46.8 + 0.6 46.7 + 2.2¢
18:34+20:5 111+ 3.7* 139 + 3.4 5.8 + 2.8 1.5 £ 0.6 10.8 + 2.8" 17.0 £ 0.2 22+ 0.8 1.0 +£ 0.4

DEN: diethylnitrosamine, AAF: 2-acetylaminofluorene, PB: phenobarbital, SP: soy protein isolate plus perilla il diet, CP:

illa oil diet, SC: soy protein isolate plus corn oil diet, CC: casein plus corn oil diet
1) Number of animals. Values are mean + SE. abc: Values with different superscripts in a raw are significantly among between groups by

ANOVA test(p < 0.05).

o] Mgk B 4 glolh

22 9 89
2 ¢l DEN, AAF 2 PBE $XE8 9= A% o
alapgel A Ho) st <] Fele] 7+ HlEe] 225}
4 sl v A 9P AR 1 7 4G el g
sapatelet
D) DEN, AAF, PB &2} ebl A4 vgg2al
1— ')I: [}

A7 S, RehiEae) 1 hEw
off ulaf il ghel AL folshA SriReng, ¢
Fret el olaf zto] u = & Qloh

&
2
per]
dlo

3) dza" M =tell A GePase A EE
STT7IEwe] g ol vla] fofhA vere ‘11, ) 2]
A E787d L5571 ERdA 22 gi5d
S Aie vsf frofstA =gtong nﬂ;:—\:& 2] o]

A YL st 7)o YES & Aok

R 4% a3t
E A3l oLt Aol 93 2po) =

6 Mo];qBM} }_MQ_ }\_\T_z‘_"lﬂ-oﬂ xal

ro] &

]}\1 _Q—-hr'7]'r3'1'

e Tr«l &HA|

casein plus per-

F-PBA %] +-9] GSTQ}
¥ GPx 84
= Bo|R) gt}

RrdE) et diz
78wl v]3) linoleic acid(18 : 2)

¢} arachidonic acid(20 : 4)7} F9J8HA E4or}t AAF-

PBA A| kol A=

arachidonic acidF=st

Frelstll %3

t}. Linolenic acid® eicosapentaenocic acid #&-&

Aok e mFOIA L

2 7ol gt

ths 424 79

¥ Ay Ang u Nom

LS |

G Aojol wsl s

_L}?HOHH xg xﬂul— o)A E% :_1;7]]
ahaL m g 2

A3 & o Asho

O
A uLoL%g_;l:x_ Tor—-—

Ho]'o 7 (n-3

s/|5e] FelahA wdA =



O iR 4R L P )6 B 977t gow
A% SYsioi Aok & Rolct,

UL
E 7 3 09 2 ol BE 548 T4 N

Yo o]} AFEA AAL=HYUY.

Literature cited

1) Korea National Statistical Office: The cause of death statistics(1981 -
1999) in 2000
2) WHO in 1999
3) Doll R, Peto R. The causes of cancer: quantitative estimates of avoi-
dable risk of cancer in the United States today. J Nat! Cancer Inst 66:
1193-1308, 1981
4) Ames NN, Gold LS, Willette WC. The causes and prevention of canc-
er. Proc Natl Acad Sci USA 92: 5258-5265, 1995
5) Pitot HC, Sirica AE. The stages of initiation and promotion in hepa-
tocarcinogenesis. Biochem Biophys Acta 605: 191-215, 1980
6) Denda A, Ura H, Tsujiuchi T, Tsutsumi M, Eimoto H, Takashima Y,
Kitazawa S, Kinugasa T, Konishi Y. Possible involvement of arachi-
donic acid metabolism in phenobarbital promotion of hepatocarcino-
genes. Carcinogenesis 10: 1929-1935, 1989
7) Emmelot P, Scherer E. The first relevant cell stage in rat liver car-
cinogenesis -A quantitative approach. Biochim Biophys Acta 605: 247-
304, 1980
8) Farber E. The biochemistry of preneoplastic liver: a common meta-
bolic pattern in hepatocyte nodules. Can J Biochem Cell Biol 62: 486-
494, 1984
9) Ito N, Imaida K, Hasegawa R, Tsuda, H. Rapid bioassay methods
for carcinogens and modifiers of hepatocarcinogenesis. CRC Critica!
Reviews in Toxicology 19: 421-432, 1989
10) Solt D, Farber E. New principle for the analysis of chemical carcino-
genesis. Nature 263 701-703, 1976
11) Kim Y, Ji SK, Choi H. Modulation of liver microsomal monooxygen-
ase system by dietary n-6/n-3 ratio in rat hepatocarcinogenesis. Nutr
Cancer 37(1): 65-72, 1998
12) Josyula S, Schut HA. Dietary omega-3 fatty acids as potential inhibi-
tors of carcinogenesis: effect on DNA adduct formation of 2-amino-
1-methyl-6- phenylimidazo[4,5-b]pyridine(PhIP) in mice and rats. Fo-
od Chem Toxicol 37(4): 287-296, 1999
13) Sasaki T, Kobayahi Y, Shimizu J, Wada M, In'nami S, Kanke Y, Tak-
ita T. Effects of dietary n-3-to-n-6 polyunsaturated fatty acid ratio on
mammary carcinogenesis in rats. Nutr Cancer 30(2): 137-143, 1998
14) Onogi N, Okuno M, Komaki C, Moriwaki H, Kawamori T, Tanaka
T, Mori H, Muto Y. Suppressing effect of perilla oil on azoxymethane-
induced foci of colonic aberrant crypts in rats. Carcinogenesis 17(6):
1291-1296, 1996
15) Rahman KM, Sugie S, Okamoto K, Watanabe T, Tanaka T, Mori H.
Modulating effects of diets high in omega-3 and omega-6 fatty acids
in initiation and postinitiation stages of diethylnitrosamine-induced
hepatocarcinogenesis in rats. Jpn J Cancer Res 9X1): 31-39, 1999
16) Kitano M, Mori S, Chen T, Murai T, Fukushima S. Lack of pro-
moting effects of alpha-linolenic, linoleic or palmitic acid on urinary
bladder carcinogenesis in rats. Jpn J Cancer Res 86(6): 530-534, 1995
17) Lee KW, Wang HJ, Murphy PA, Hendrich S. Soybean isoflavone ex-
tract suppresses early but not later promotion of hepatocarcinoge-
nesis by phenobarbital in female rat liver. Nutr Cancer 24(3): 267-278,
1995

HESES G 34(8: 833~842, 2001/841

18) Thiagarajan DG, Bennink MR, Bourquin LD, Kavas FA. Prevention
of precancerous colonic lesions in rats by soy flake, soy flour, gen-
istein and calcium. Am J Clin Nurr 68(6Suppl): 13945-1399S, 1998

19) Makela SI, Pylkkanen LH, Santti RSS, Adlercreutz H. Dietary soybean
may be antiestrogenic in male mice. J Nuir 125: 437445, 1995

20) Pollard M, Luckert PH. Influence of isoflavones in soy protein iso-
lates on development of induced prostate-related cancers in L-W ra-
ts. Nutr Cancer 28: 41-45, 1997

21) Zhang JX, Hallmans G, Landstrom M. Soy and rye diets inhibit the
development of Dunning R3327 prostatic adenocarcinoma in rats.
Cancer Lett 114: 313-314, 1997

22) Naik HR, Lehr JE, Pienta KJ. An in vitro and in vivo study of an-
titumor effects of genistein on hormone refractory prostate cancer.
Anticancer Res 14: 2617-2620, 1994

23) Messina MJ. Legumes and soybeans:overview of their nutritional pr-
ofiles and health effects. Am J Clin Nutrr 7Xsuppl): 4395-459S, 1999

24) Cai Q, Wei H. Effect of dietary genistein on antioxidant enzyme ac-
tivities in SENCAR mice. Nutr Cancer 25: 1-7, 1996

25) Wei H, Bowen R, Cai Q, Barnes S, Wang Y. Antioxidant and antipro-
motional effects of the soybean isoflavone genistein. Proc Soc Exp
Biol Med 208(1): 124-130, 1995

26) Appelt LC, Reicks MM. Soy induces phase 1l enzymes but dose not
dimthylbenz[a]anthracene-induced carcinogenesis in female rats. J
Nutr 129: 1820-1826, 1999

27) Hammer CT, Wills ED. The effect of dietary fats on the composition
of the liver endoplasmic reticulum and oxidative drug metabolism.
BrJ Nutr 41: 465-475, 1979

28) Bauer JD, Ackermann PG, Toro C. Method of tissue examination. In:
Clinical Laboratory Methods, pp.813-817, Mosby, 1974

29) Han IH. Study on the origin of cholanogiocarcinoma by histochemical
examination. A collection of learned papers of Medical School, Catholic
University of Korea 32: 361-372, 1979

30) Baginski ES, Foa, PP, Zak B. Glucose 6-phosphatase. In: Method of
Enzymatic Analysis vol 2, pp.876-880, Academic Press. New York,
1983

31) Voca CE, Harm-Ringdahl M. Lipid peroxidation on the rat liver 59
fraction: Influence of membrane lipid composition. Mutar Res 162:
21-32, 1986

32) Mieyal J]. Accelaeration of the autooxidation of human oxyhemoglo-
bin by aniline and its relation to hemoglobin-catalyzed aniline hy-
droxylation. J Biol Chem 251: 3442-3446, 1976

33) Habig WH, Pabst M], Jakoby WB. Glutathione S-transferase. J Biol
Chem 249: 7130-7139, 1974

34) Tappel AL. Glutathione peroxidase and hydroperoxides, In: Method
of Enzymatic Analysis vol 52, pp.506-513. Academic Press. New York,
1978

35) Carberg I, Mannervick B. Glutathione reductase. In: Method in en-
zymology vol. 113, pp.484-490, Academic Press. New York, 1985

36) Lowry OH, Rosebrough NJ, Farr AL, Randall R]. Protein measure-
ment with the Folin phenol reagent. J Biol Chem 93: 265-275, 1951

37) Bligh EG, Dyer NJ. A rapid method of total lipid extraction and pu-
rification. Can J Biochem Phys 37: 911-917, 1957

38) Chamberger R]. Increase of peroxidation in carcinogenesis. J Nat!
Cancer Inst 48: 1491-1497, 1972

39) Kim HS, Kim H-5, Choi H. The effects of green tea infusion on the
preneoplastic lesions and peroxidation in rat hepatocarcinogenesis.
Korean J Community Nutrition A5): 735-744, 1997

40) Lankin VZ, Polyyakov VM, Aakhangel SAV, Gurevich SM. Metabo-
lism of lipid peroxide during chemical carcinogenesis. Bull Exp Biol
Med 87: 270-273, 1979

41) Madani S, Prost ], Belleville ]. Dietary protein level and origin(casein
and highly purified soybean protein) affect hepatic storage, plasma



842 /548 Alol7} 2\ ek wiste} A Ao WA 33

lipid transport, and antioxidative defense status in the rat. Nutrifion
16(5): 368-75, 2000

42) Kawaijiri K, Fujii-Kuriyama Y. P450 and human cancer. Jpn J Cancer
Res 82: 1325-1335, 1991

43) Kitahara A, Yamazaki T, Ishikawa T, Camba EA, Kiyomi S. Chang-
es in activities of glutathione peroxidases and glutathione reductases
during chemical hepatocarcinogenesis in the rat. Jpn J Cancer Res 74:
649-655, 1983

44) Stout DL, Becker FF. Xenobiotic metabolizing enzymes in genetically
and chemically initiated mouse liver tumors. Cancer Res 46: 2693
2696, 1986

45) Christon R, Fernandez Y, Cambon-Gros C, Periquet A, Deltour P,
Leger CL, Mitjavila S. The effect of dietary essential fatty acid de-
ficiency on the composition and properties of the liver microsomal

membrane of rats. J Nutr 118: 1311-1318, 1988

46) Yamaoka S, Urade R, Kito M. Mitochondrial function in rats is af-
fected by modification of membrane phospholipids with dietary sar-
dine oil. J Nutr 118: 290-296, 1988

47) Hopkins GJ, West CE. Effect of dietary fats on phenobarbitone-in-
duced sleeping time and hepatic microsomal cytochrome P-450 in
rats. Lipids 11: 736-740, 1976

48) Norred WP, Wade AE. Dietary fatty acid-induced alteration of hepa-
tic microsomal drug metabolism. Biochem Pharmacol 21: 2887-2897,
1972

49) Frische KE, Johston RV. Effect of dietary o-linolenic acid on growth,
metastasis, fatty acid profile and prostaglandin production of two
murine mammary adenocarcinomas. J Nutr 120 1601-1609, 1990



