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Effects of Vitamin E supplement and Penllla ol on the Cvtochrome P-4%0 contents
and Fay acd composttion i Rat Hepatocarchnogenesis

ABSTRACT

The effects of vitamin E supplement on 15%(w/w diet} perilla or com oils were studied in rat
hepatocellular chemical carcinogenesis induced by modified Solt” & Farber model, which consists of
Mmgkg  body  weight  diethylnitrosamine(DEN)  injection, 3 weeks  feeding  of
0022-acetylaminofluorene(2-AAF)  and partial  hepatectomy. The area of placental  glutathione
S-transferase(GST-P) positive foct tended to be smaller in perilla ail than in com al groups. Despite of
higher polyunsaturated fatty acid(PUFA) contents, the perilla off group had lower thicharbituric acid
reactive substances{TBARS) content. Fatty acid compositions in microsomal membrane were veflected by
dietary fatty acid compositions, and not affected by carcinogen treatment or vitamin £ supplement. By
vitamin I supplement, linolenic acid contents of petilla oil group were much increased. By carcinogen
treatment, membrane stability decreased significantly in com oil, but maintained in perilla oil groups.
Vitamin E supplemental effect was noticed only in the corn-carcinogen group. Perilla oil may prevent
hepatocarcinogenesis by maintaining membrane stability and by reducing cvtochrome P-4%0 content.
Vitamin E supplement did not seem to have the effect on hepatocarcinogenesis, but prevented lipid
peroxidation, reduced cytochrome P-450 content and maintained membrane stability.

Key Words: Vitamin E, Perilla oil, Comn oil, Placental glutathione S-transferase positive foci, cytochrome
P-4
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INTRODUCTION

With the economic development and the westernization of diets, the incidence of diabetes mellitus,
coronary heart disease, and cancer has increased. Cancers are developed by the combination of genefic and
environmental factors and &) to 9 percent of their incidence 15 comected with the environmental factors.
Therefore most cancers are considered to be preventable and about 35 percent of cancers are related t
dietarv intakesl) and increased intakes of vitamins and micronutrients may help prevent some cancers?).
Epidemiological data suggested that the incidence of some cancers was low when people consumed foods
rich in vitamin A, C and E but high when they took less than optimal. Vitamin E is an anti-oxidant, so
it can function as a anticarcinogen, a free radical scavenger. Vitamin E as a free radical scavenger
neutralizes a free radical, so protects the phospholipids of the cell membrane, from oxidative stress3).
(deleye et ald) showed that animals supplemented with vitamin E had a low level of lipid peroxide and
tumors of significantly small sizes. Smith ef alb} reported that animals administered by carcinogen and a
-tocopherol  showed less amount of rmalondialdehyde(MDA) and cytotoxicity in  hepatocarcinogenesis.
Vitamin E protects lipids from peroxidation, and mantains the polyunsaturated fatty acids(tPUFA) of the
cell membrane by quenching free radicals6,7). The phospholipids in the cell membrane consist of fatty
acids with C16-22 . Saturated farty acids and monounsaturated fatty acids(MUFAJ are bonded in Snl, and
PUFA in Sn2. U the balance of n-3/n-6 in PUFA is broken, it will lead to the change of the membrane
physiology and the activity of the membrane-bounded enzymes8). It will be followed by the structural and
local motional changes, which will bring about the change of interaction between proteins and fipid, and
between the binder and the acceptor.  Among the enzymes, ATPase adenylate cyclase, and drug
metabolizing enzymes are sensitive to these changes. According to Hammor and Willis9), a~tocopherol
helps maintain the infegnity of the microsomal membwane by acting as an anfioxidant. In the hepatic
microsome, arachidonic acid interacts with vitamin E to keep the membrane structure intact and controls
the insertion of PUFA. Thus, the higher the intake of PUFA, the more the vitamin E is required to
mevent fipid peroxidation and maintain the normal function?). The Solt & Farber moddl0), one of the
ways o Induce hepatocarcinogenesis in animals, consists of diethylnitrosamine(DEN), Z2-acetylaminofluorene
(2-AAF), and partial hepatectomy: DEN is a strong hepatoma initiator, 2-AAF is a selective growth
pomoter.  These DEN and AAF need the help of drug metabolizing enzymes for detoxification. In a
mocess of substrate oxidation by use of oxygen, these enzymes produce free radicals, which attack the
PUFA in the microsomal membrane to make lipid peroxides. The lipid peroxides interact with the hepatic
microsomal membranes, proteins and DNA in cells. The interaction affects the structure and function of
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the microsoma membrane, changing the activity of membrane-bounded enzymes. The purpose of this
studv was to determine the influences of diefary fats and vitamin E supplement on placental glitathione
S-transferase(GST-P) positive foci, hepatic cvtochrome P-450 contents and fatty acid corposition of
microsomal membrane in rats treated by chemical carcinogen.

MATERIALS AND METHODS

1. Animal and diet

Weanling Sprague-Dawley strain male rats weighing 40-80 g were used Hepatocarcinogenesis was
induced by Solt & Farber modification which consists of 200mg DENkg body weight injection, 3
week-feeding of 0.02% 2-AAF and partial hepatectomy. Rats were fed com oil, rich in n-6 fatty acids, or
perilla oil, rich in n-3 fatty acids at 15%(w/w) of diet with vitamin E at 100(This is the normal content of
vitamin E in com oil) and 1,000 [U/kg diet for 10 weeks. In control groups, saline used instead of DEN
and sham operation was cammied out. The rats were fasted for 12 hours before decapitation. Livers were
weighed, sanples of the left, median and right lobes were removed for histologic exammnation and the
rernainder was centrifuged to separate the microsomal and cytosolic fractions. The samples were quickly
frozen with liquid nitrogen for experimental analysis.

2. Immunohistochemical analysis

Samples were fixed in 10% phosphate buffered farmalin solution for hematoxlin-eosin staining and in
cold acetone far immunohistochermcal  staining. Immunchistochemical analysis was camied out with
sequential treatments of rabbit-anti placental glutathione S-transferase (GST-P) antibody as a primary
antibody (1:300), swine anfi rabbit IgG antibody (1:30} as a second antibody and avidin biotin peroxidase
complex(ABC) (1:300)11). Final visualization of the GST-P positive foci was enzymeatically activated by
33-dharinobenzidine and HXO2 as substrates. The area of the GST-P positive foci were measured by
image analyzer.
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3. Biochemical analysis

Lipids were extracted according to the Bligh & Dyer methodl?) and analyzed the fatty acid composition
by gas chromatography to investigate whether the interaction of n-6/n-3 fatty acids and the vitamm E
supplement affects the microsomnal membrane. The contents of cytochrome P-4 in microsome were
analyzed by the method of Omura & Satol3), activities of NADPH-cytochrome P-450 reductase by the
method of Master et all4), thiobarbitiric acid reactive substances(TBARS) contents by the method of
Vaca & Ham-Ringdahils), glucose 6-phosphatase by DBaginski et all6), serum V-ghtamyl
transpeptidase(GGT) by Wako kit(code no. 271-56909). The Lowry's methodl7) was used to measure
potein confents in microsomes and cytosol, using bovine serum albumine as a standard solution Data
were analyzed by SAS and the statistical comparison were made by Duncan's multiple range test to each
group. The coefficients of comelation were calculated to find out how three factors of dietary fats,
vitamin E supplement, carcinogen treatment affect biochemical indices.

RESULTS AND DISCUSSIONS

The weights of body, liver and the liver/body weight ratio were measured. After injection of DEN and
partial hepatectomy, the average weight of carcinogen treated groups was lower than that of the contrel
groups. There was slower weight gam in carcinogen treated groups. The weight gains were not affected
by dietary fats and vitamin E supplement. The area of GST-P positive foci was detected only carcinogen
freated groups. Perilla oil groups seemed to have teduced area of placental GST-P positive foci than com
ol groups. Vitamin E supplement did not change the area of GST-P positive foci at 1,000 TU, but by our
previous studyl®) 15000 TU vitamin F/kg diet significantly decreased the area of GST-P posifive foci.
Fatty acid compositions of microsomal membrane were reflected by dietary fats. Linoleic acid confents of
corn oil groups was not significantly different from those of perilla oil groups. By carcinogen treat, linoleic
acid contents of camn oil groups were increased. Linolenic acid contents of perilla oil were higher than com
ol groups and increased even higher by vitamin E supplement. Arachidonic acid contents of com ol
goups were higher than those of perila ol groups, bur the difference was not significant
Ficosapentaenoic acid(EPA) contents of perilla oil group was high, because n-3 PUFA in perilla ol is
thought 10 convert to EPA. Despite the higher p/s ratio of perilla 0ill(73), p/s ratio of microsomal
membrane was not different by dietary fats and vitamin E supplement. This result coincided with
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McMurchie et al19), who showed that the p/s ratio of membrane phospholipids was not changed when the
animals were fed on diets with different lipid characters. Cytochrome P-45) contents were higher both in
cortrol and carcinogen treated com oil groups. The result was coincident with the research of Wade and
Norred). that the diet supplied with 102 cam oil increased the cytochrome P-430. Cerutti2l) showed that
the more intakes of fish and vegetable oils rich in linolenic acid, the higher contents of cytochrome P-450.
It is thought that the increase of linolenic acid and arachidonic acids by the intake of linoleic acid
stimulates the metabolism of drugsS). In control groups, vitamin E supplement decreased the content of
cytochrome P40, particular in com oil grouwps. Dashmen and Kamm??2) reported that the vitamin E
supplement decreased the activities of mixed function oxidase(MFQ) including cytochrome P-4 contents
in hepatic cells. Our result suggests that vitamin E supplement in confrol group may protect the hiver
damage from the toxic substances, which was induced by the high contents of cytochrome P-45023).
NADPH-cytochrome P-450 reductase could produce free radicals in the detoxification process of activated
external drugs. The formation of free radicals is the initial step of NADPH-dependant lipid peroxidation
and the product enhanced the lipid oxidation?4). In our experiments, the activity of NADPH-cytochrome
P-40) reductase was increased significantly by the carcinogen treatment(P<0.001), not affected by the
dietary fats and vitamin E supplement. It shows the positive correlation with the content of cytochrome
P-450(r = 047, P<0.6), and the production of lipid peroxide in microsomal membrane(r — 0.72, P<O.001).
The thiobarbitiric acid reactive substance(TBARS) contents in microsomal fraction were higher in
carcinogen treated groups than in the control groups. In the control groups, vitamin E supplement
decreased the TBARS regardless of dietary fats. On the other hand, in the carcinogen treated groups,
vitamin E supplement decreased the TBARS only in the comn il group. In spite of the higher /s ratio of
perilla oil than that of com oil, the contents of TBARS did not show significant difference in two groups.
It suggests that vitamin E supplement protects the phospholipids in microsomal membrane, so the
production of lipid peroxidation decreasesd, 5, 18, 25) and the vitamin requirement may depend not on the
P/S ratio but on types of dietary fats. The recent studies showed the production of TBARS and free
radicals were increased, because the balance of production and clearance in lipid peroxide was broken.
Glucose 6-phosphatase((6Pase) activities, which represents the stability of the cell membrane, has a
negative correlation with the TBARS(r = 064, P<0001). The activities of BPase were decreased when
the cell membrane are attacked or tumors are developedl6, 26). In our experiments, the activities of
(Pase were lowered by carcinogen treatment, much docreased in com oil than perilla ol groups. The
change of GGT activities is one of the indices of neoplasia of liver. Their activities in serum markedly
increased when the liver is damaged by alochols and by drugs. Our data shows the GGT activities in
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serum increased v carcinogen treatment. not changed by the dictary fats and vitamin E supplements.

CONCLUSIONS

The area of GST-P positive focl tended to be smaller in perilla oil than in com oil groups, but vitarmn
E supplernent did not decrease the foci area. Despite of higher PUFA contents, the perifla of groups had
ower TBARS contents. The fatty acid compositions in microsomal membrane were reflected by dietary
fatty acid cormpositions, and not affected by carcinogen treatment. Vitamin E supplement had penlla oil
group's linolenic acid content increase. (6Pase activities, which represents the stability of the cell
membrane, has a negative correlation with the contents of TBARS(=-064, p<Q00l). By carcinogen
treatment membrane stahility mamntained in perilla oil groups but decreased significantly in com oil. This
study suggests that effect of vitamin E supplement in hepatocarcinogenesis depends on the composition of
dietary n-3 or n-6 fatty acids. Vitamin E supplemental effect was noticed only in the com-carcinogen
group.  Penlla ol may prevent hepatocarcinogenesis by maintaining membrane stability and by reducing
cytochrome P-450 content. Vitamin E supplement may prevents lipid peroxidation, reduces cytochrome
P-4) confent, and maintains membrane stability, but it did not scemed to have the same effect on
hepatocarcinogenesis.
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A 20 ml saline/kg BW. as control
A 20 mg DEN in 20 nil saline’kg BW ip. injection

i sham operation
= 0% partial hepatectomy
T Sampling
W+ 002% AAF
000 : control, com oil{CO) group

CCE : control, com ail group supplermented w/ 1,000 IU vitE

TCO : carcinogen treated, com oil group

TCE : carcinogen treated, com oil group supplemented w/ 1,000 TU vitE

CPO : control, perilla oil(PO) group

CPE  control, perilla ol group supplemented w/ LO0 TU vitE
TPO : carcinogen treated, penfla aif group
TPE : carcinogen treated, perilla ol group supplemented w/ 1,000 TU vitE

{Figure 1> Experimental design
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-Table 1. Composition of experimental diet (g/100g diet)

Ingredient /Diet Co CE PO PE
Corn starch 54,7 4.7 54.7 54.7
Casein 20.0 20.0 20.0 20.0
Cellulose 5.0 5.0 5.0 5.0
Salt mixture'” 4.0 4.0 4.0 4.0
Vitamin mixture'? 1.0 1.0 1.0 1.0
DL-Methionine 0.3 0.3 0.3 0.3
Corn oil 15.0 15.0 - -
Perilla oil - 15.0 15,0
a-Tocopherol acetate'® - 0.9 0.04 0.94

CO © com ol diet

CE . com oil diet supplemented w/ 1,000 TU vitamin E

PO perilia oil diet

PE  perilla qil diet supplemented w/ 1000 IU vitamin E

(1) Composition of salt mixture, g/kg mixture : CaHPO4 500g, NaCl
74g, K2SO4 52g, Potassium Citrate Monohydrate 220g, MgO g,
Manganese Carbonate (43-48 Mn)} 35¢, Ferric Citrate (16-17%
Fe} 60g, Zinc Carbonate 16g, Cupric Carbonate (53-55% Cu)
0.3g, KIO3 001g, Chromium Potassium Sulfate 0.5g, Na25e(8.
oH20 001g, Sucrose finely powdered 1180g

(2} Nutritional Biochemicals, ICN Life Science Group, Cleveland,
Ohio. Vitamin mixture is composed of : Vit.A Acetate (500,000
IU per g} 0125, 6-Tocopherol (250 TU per g) 2.0g, Ascorbic
actd 45.0g, Inositol 50g, Choline Chloride 75.0g, Menadione
2.208, p-Aminoberzoic acid 50g, Niacin 425,
Riboflavin 1.0g,pyridoxine hydrochioride 1.0g,
Calcrim Pantothenate 30g, Biotin 0.02g, Folic acid 0.09g,
Vit.B12 000135¢ and Dextrose to lkg

(3 Sigma No. T 3376 DL-0-Tocopherol acetate
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(Table 2> Effects of vitamin E supplement and dietary fats on the final body weight,
liver weight and liver/body weight ratios

Group Final body Final liver Liver/body
weight {(gm) weight (gm) weight ratio (%)

CCo 380.0+27.4 ® 10.15:0.85  2.67+0.07
Corn o0il CCE 396.7+12.3 °  10.11:0.72  2.54:0.10
TCO 318.8:14.8 ©  9.30:0.58  2.92:0.14
TCE 325.0:19.7 *  912:0.79  2.79:0.12

CPO 380.0+45.3 ®  9.62¢1.43  2.50+0.08

Perilla CPE 412.0+26.3 *  11.17+0.97  2.71:0.17
0il TPO 291.0+15.2 © 8.89:0. 71 3.05:0.16
TPE 296.3+10.5 © 8.74:0.60  2.94:0. 14

Values are mean*SE.
Means with the same letter are not significant different at P<0.05 by Duncan’s multiple range test

{Table 3> Effects of vitamin E supplement and dietary fats on the area and number of
placental giutathione S-transferase hyperplastic nodules

Placental Glutathione S-transferase

mm’ /cm’ no/cm’
TCO 17.06 + 347 32.94* 4.19
TCE 1654 = 1.78 3749 * 448
TPO 13.14 = 995 30.17 £ 5.20
TPE 1177 = 267 4129 =10.21

Values are mean=*SE.
Means with the same letter are not significant different at P<0.05 by Duncan’s muilfiple range test
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Table 4 Effects of vitamin £ supplement and dietary fats on the microsomal
NADPH-cytochrome P-450 reductase, glucose 6-phosphatase, serum
y—glutamylitranspeptidase activities

‘NADPH-cytochrome P-450 Glucose 6~phosphatase ¥ *Giutamylh*anspeﬁf :

Group reductase nmole Pi liberated/mg idase
" nmole DCIP/mg protein protein .GGT unit/mg proteing
CCo 4577 + 205° 606.47 = 2412° 086 = 0.06°
. CCE 5328 * 181° 53834 = 27797 097 = 009
Com : : !
. TC E
ol OC 7936 + 562° 26268 + 1966° i 400 = 062°
TCE 7117 + 563" WL+ 2709 | 504 £ 036°
CPO 4902 * 34%° S5LII * 5626™ ! 089 + 004°
. ICPE, 5070 + 481° 57406 = 7685® 108 * 001
Perilla: ‘ |
. TP 1 ,
ol o 7537 = 523° 40265 T11060™ 454 + 045°
TPE 883 *© 218 49252 + 8001* | 683 * 061°

Values are mean*SE.
Means with the same letter are not significant different at P<0.05 by Duncan’s nultiple range test
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“Table 5> Effects of vitamin E supplement on the microsomal fatty acid composition
in corn oil diet fed rats :

Corn o1l

[
m

CCo CCE - TCO

16:0 128.77-:3.492b% 28,424+1.932b 27 08+0.902> 31.95+2. 112
16:1 - - - 0.12£0. 122
18:0 30.57%2 49*  29.48+43.592 25.01%1.442 27, 63:+3.24°
13:1 2,18%0. 722 .96+£1.532 10.96%+1.722 8.83+£0.592
"18:2 11.69=+1.88" 14.354+2.842d 13.62%1. 922b 17 3843, 522b
18:3  0.89%0 47bc 0, 7140,25b¢  0,81%£0 650 0.{3.z0 06°
2002 3.01+£1. 183 1.794+1.102 0.17£0.172 1,090,762
2004 15,583 89+ 15 46£2.08>  15.674+1.59%  11.96%3.17=2

3 < - 0.0930 08k -
226 0.50=0 50a 0.66+0. 382 0.59+0. 38s 3,800,

n
8 0]
fo

Pural

PLEY 40,8521 25 42.10+3.612  47.91+1 542 40 423 54
SFL 59.35+4 252 57.90+3.61a 52,0941, 54 59,58£3 84
P/S 0.71+0.132 0,750,113 -0.92£0.062 0 70+0 1o

CCO:Control. Cern oil diet
CCE:Coantro!, Corn oil diet with Vitamin E supplenment
TCO: Carcinogen treated, Corn oil diet

TCE:Carcinogen treated, Corn oil diet with Vitamin E supplement
values are gean=SE.

Means with diffsrent lettaers are significantly different at P<0.05

by Duncan’'s multiple range test.
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Tabie 6 Effects of vitamin E supplement on the microsomat fatty acid composit:on
i perilla oil diet fed rats

Perilla oil

CPO CPE TPO TPE
16:0 23.51+43.12d 22 29+2.52% 27.14+1.683d 22 07+1.13b
16:1  0.32+0.322 0.32+0, 202 - 0.22x0. 222
18:0 30.06+2 532 29 67x2.282 28,78%2.722 25,7242 532
131 10.10£0.312 10.22x£0.61* 10.88x1.26% 10.65=%1.052
13:2 17.39:2 54*» 16 23+£1.972% 15 57%1.2622 19.85+2 162
18:3  3.6940 2322 §,51+1. 752 2.27+0.942: 5. 08+1.482
2002 2.63+%1.662 1.71£0.772 2.92x1.162 0.39+£0.332
2004 B.65%2. 172 8.39+0.792 8.54=x1.11¢ §.62+0.982
2005 29241 .06+ 3.49+£0 962 2.4041.39a0 4 230,902
22:6  0.73+0 59 1.17%0.782 1,500, 872 2.18+0 762

PUFA 46.43=4.532  48.04+4.742 44,084,268 52 21+3 452
SFA 53,57£4.53¢  51.96:£4.742  55.92+4 262 47 79x3.45¢
°/S 0 0.91%0.16:  0.97+0.182  0,82£0.152 1, 13£0.17q

CPQ. Control, Perilla oil diet

CPE:Control, Perilla oil diet with Vitamin E supplement
TPO:Carcinogen ireated, Perilla oil diet

TPE:Carcinogen ireated, Perilla oil diet with Vitamin E supplement

Values are meanSE,

Means with different letters are significantly different at P0. 05

by Duncan's multiple range test,
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CCO : control, carn 0il(CO) group

CCE : confrol, com oil group supplemented w/ 1,000 U vitE

TCO : carcinogen treated, com oil group

TCE : carcinogen treated, com oil group supplemented w/ 1,000 U vitE
CPO : control, perilla cil(PO) group

CPE : control, perilla oil group supplemented w/ L000 U vitE

TPO : carcinogen treated, perilla oil group

TPE : carcinogen treated, perilla oil group supplemented w/ 1000 TU vitE
Values are mean*SE

Mezans with the same letter are not significant different at P<0.05

by Duncan’s muitiple range test

(Figure 2) Effects of vitamin E supplement and dietary fats on the microsomal cytochrome P-45)
contents, thiobarbituric acid reactive substances contents and linolenic acid levels
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