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Effects of Dietary Levels of Corn and Tuna Oils on the Formation of
Preneoplastic Lesions in Rat Hepatocellular Carcinogenesis

Kim, Sookhee™ - Kang, Sangkyoung™™ - Choi, Haymie™”
Division of Hotel Culinary Arts,” Hyejeon College, Hongseung 350-702, Korea

Department of Food and Nutrition, ™ College of Human Ecology, Seoul National University, Seoul, 151-742 Korea

ABSTRACT

This study is conducted to determine the effects of dietary levels of corn and tuna oils on the formation of preneoplas-
tic lesions in die-thylnitrosamine (DEN) induced rat hepatocarcinogenesis. Weanling male Sprague-Dawley rats were fed
25,5, 15,25% (w/w) com or tuna oils. Hepatocellular carcinogenesis was induced by DEN (200 mg/kg body weight)
and two-thirds partial hepactectomy was carried out 3 weeks later and were sacrificed 8 weeks after DEN initiation.
Tuna oil group showed smaller area of placental glutathione S-transferase (GST-P) positive foci than corn oil group.
Corn oil group of 25% (w/w) showed the widest area of GST-P positive foci, and tuna oil group showed significantly
smaller area of GST-P positive foci than corn oil in 25% (w/w) level but had no differences between oil levels. Thio-
barbituric acid reactive substances (TBARS) content was the highest in 25% (w/w) level of tuna oil group fed long
chain and highly polyunsaturated fatty acids. Also serum 7 -glutamyltranspeptidase (GGT) activities in 25% level of
tuna oil group were significantly higher than by other levels. As oil contents increased, glucose 6-phosphatase (G6Pase)
seems to decrease in corn oil groups but remained the same in tuna oil groups. Glutathione reductase (GR) activities
were significantly higher in tuna oil group, and the higher the level of tuna oil, the higher GR activities. But Cu/Zn su-
peroxide dismutase (SOD) and glutathione peroxidase (GPx) activities didn’t seem to be influenced by levels and kind
of dietary fats. Therefore, as oil levels increased, corn oil rich in n-6 fatty acids promoted carcinogenesis but tuna oil
rich in eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) of n-3 fatty acids suppressed. Although lipid
peroxidation products were elevated in 25% (w/w) tuna oil group, GST-P positive foci didn’t increase. Therefore pre-
neoplastic lesions might be reduced through mediation of a lipid peroxidation process in tuna oil. As fat contents of tuna
oil increased, elevated GR activities may give a rise to produce more reduced glutathione in order to protect against free
radical attack, and high G6Pase activities remained the same and they contributed to membrane stability. So tuna oil diet
seems to protect hepatocarcinogenesis. (Korean J Nutrition 38(1) : 20~29, 2005)
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n—34 AHAZ n-64 AFPAEE AuelA] of 7 &
Akee] ApAEC R ASEEA AE A3 A8EHA] g 2
L 4ol s M2 73QA 02 desaturation, elongation
H}Y& 7HAH, eicosanocids® AT wehA] o] F A
g2o] A WA eicosanocids AR FFE & + Y1,
cyclooxygenase$} lipoxygenase 34 A2E £3 di}
AME (prostaglandins) &} &8 %3S )X tumor bio-
logy°ol= 4&& & 4 Utk Eicosanoids % prostaglan-
dinS BHEZAA} (immunomodulator) 24 HEE k=t
n—67) A n—3A AAre) v]&2 AR AR eico-
sanoids®] A& AAE F3A HY T3 FTE 9)A
A gtk 283 1 &S eicosanoids] Fe) ¥ opE}
715 % vHto] AR BT A )5l Bold viFE
FE3H, g3l BT FE QIS HoR Yzidrt
TS 7 8lES 9 A 2AE iyAgeER T 84
ALl dFe 713 F Uok” FEAY A9 n-649 &
Z3RAAF Zo A linoleic acidE ¢ WS 23, 4
o] A% 59 linoleic acid¥e] $71&rE & BB ECl 5
7RIt R v Sk Teu), 3 ARAIRAE, 84T,
FUHIE oY a3t Aty 4Bl n-34)8) EX
SRS n—6A19 XA vlsle] IR 5
A& JAlgR= EHE RPN AR FAT A}
ek E8 n—6/n—3 AW vlgo] 9.43R0} 4.00]3}
A o A EgslEEgE EREoR AAEItt Rud
vh Ak M Rl dAn = n-34 EXIA
2+ % linolenic acid7} B2 E715% 3718 4olr 4
o]7} ¥ 31 eicosapentaenoic acid (EPA)$} docosahe-
xaenoic acid (DHA) 7 %2 o {5 HrIst 4lol& A4
NZE W o] A3 o8 HuEeE ETSHT n—
67419} n—3A4 AFAY T HolgEe] A THE A
ol Ml S AE ATE oFF gl7lel £ dvolA
= oJg AR 1A} 33t} o]& 13l Sprague—Dawley
Z 234 2515 (0-674 AR, BA71E (-
374 Auhabgd) & 42 HolgF 2.5, 5, 15, 25% (w/
w) o2 A7) 1, diethylnitrosamine (DEN) &7}3A}
& A FA ZA=EA 70% 3 FRAAFE (partial he-
patectomy, PH) & Ald3l 7HAESLE FE31T) o]
E E3) Ao|A kst n—3, n—67) 2o} Ale] 318y
AN AAFISHE A A%, GST-P ¥ 54
Al A4, ot E, y —glutamyltranspeptidase, glu-
tathione— &4 o] &4 AAY superoxide dismu-
tase (SOD) A= sl mAe ¢S AHn At
Eipei=d

mESFEBEE 3801) 20~29, 2005/21

Mz A I
1. JYEE
o]-#% Sprague—DawleyF <3 60~80 g@ A& A
sy A FE ARAAA FFEol 7~8viely 872
2 Uro] T2 715l tisl 242l 71 Aol Ak
& 223 AY4o)2 8F7 ARGt ol 2%, &
S, AL 4220 £ 1T, 55 £ 1%, 7 : 00~19 : 0022
ZAs 0o, Algst B2 AREA AHIES st AY
AFL 157 AR S

2. AENO| W AA|

AY Hole] A o)) 25, 5, 15, 25% (w/w)
2 AHAo)E FFElL, n—64 BEIFA Y] Fdog
T 55 718, n—37 EXAEe Fdo 2 FAY)
58 92 A3 HolE wheo] Ak 7kAE FHAA W
1o BASIGTIZE 2o Y Ao|9} EE T3
A% 2o] (Table 1)E e W FA)71E9 A5 AskE 2
7] 918} PI index (Witting, 1974) E 71E0.2 30 =
¢ NER 22 FF ALY tocopherol?! 1 miF 1
mg2] a—tocopherol® 7Bt &5 7153 A7)
2 3191 =o)X one—batch types ¥IStoH Fa7|E5-2

eicosapentaenoic acid (EPA) 2} docosahexaenoic acid

Table 1. Composition of experimental diefs (g/100 g diet)

Group
2.5% diet 5% diet 15% diet 25% diet

Component

Casein 200 20.0 20.0 200

a -cellulose 50 5.0 50 50
Salt mixture” 40 40 40 40
Vitarnin mixture” 1.0 1.0 1.0 1.0
DL-methionine 0.3 0.3 0.3 0.3
Fat® 25 50 15.0 25.0
Corn starch 67.2 64.7 54.7 44.7

@ -tocopherol” 0.0025 0.005 0.015 0.025

Y Composition of salt mixture, g/kg mixture: CaHPO4 500 g, NaCl
74 g, K80, 52 g, potassium cifrate monohydrate 220 g, MgO 24 g,
manganese carbonate (45 ~ 48% Mn) 3.5 g, ferric citrate (16 —
17% Fe) 6.0 g. zinc carbonate 1.6 g. cupric carbonate (63 —
55% Cu) 0.3 g, KIO; 0.01 g, chrominum potassium sulfate 0.65 g,
Na:SeOs - 5H,0 0.01 g, Sucrose finely powdered 118.00 g

2) Nutritional biochemicals, ICN life science group, cleverland,
Ohio. vitamin mixture is composed of; Vit.A acetate (500,000
iU/g) 1.8 g, Vit. D conc. (850,000 lU/g) 0.125 g, «a-tocopherol
(250 1U/g) 22.0 g, ascorbic acid 45.0 g, inositol 5.9 g, choline ch-
loride 75.0 g. menadione 2.25 g, p-aminobenzoic acid 5.0 g,
niacin 4.25 g. riboftavin 1.0 g, pyridoxine hydrochloride 1.0 g,
calcium pantothenic acid 3.0g, biotin 0.02 g, folic acid 0.09 g,
vitamin b12 0.00135 g, and dextrose to 1 kg

3) Dietary fats were divided into com oil and tuna oil

4) a-tocopherol was added to tuna oil group



2 /Aol Ae] 4ol 1% o4 wEe] s}

[
Corn or
tuna oil

2.5%

5%

Fig. 1. Experimental design. 4 200 mg diethylnitrosamine (DEN)
in 2.0 ml saline/kg body weight infraperitoneal injection, 170%
partiol hepatectomy, ¥ sacrifice.

(DHA) 8] 557} 40%°1 R 5% 7155 Agsigith. Ca
sein, @ —cellulose, DL—methionine® & —tocopherol
SigmaAIE-g, vitamin mixture= ICNAIES AM313 T 3
7182 v F4] 1,000 miEo] EetAE Hof Uo] ¥
T Ax ka2 FAANZ F YEsty, BEs] ARSI
o BE AS2 712 AFRE AREEle] 230 g e T
7} = ZF kg Aol wet o) A 37 5ol u
2 MAzZ2o2 o] HAA diethylnitrosamine (DEN)
S A APl B BEA (kg) 2 200 mg FE2E
13 7 FA}slal DEN %o} 334 ketamine hydroch-
loride® vHHAIZ1 L 493 IS S Ak 70%
HEAAFE (partial hepatectomy) & A13881%th" DEN

Sol F APHE 870 o ¥ F PR (Fig. D).

3. Nad 2 o MNE

AY TEE FAAT F & ZAS FA) AR A
A2 NHS TS AFR]of gol B FFAA 3 HA
FAE A3 2k 5g0) 7S wiie] A itk 2 oS 4
SXY 2 FEE £ (154 mM KCl, 50 mM Tris—
HCl, 1 mM EDTA buffer, pH 7.4) ¢F 25 mloll ¥ 4
o) Zol 4ToM FASS F & AHE7INA 47T,
1,000 X g z7300 1087 94 £23ich o 98
) AE 273 ASo] 4ol g FAAHA F
7HE Boljlo] 4, 10,000 X g9 7 slelA 2087
44 Ba)s)ic) ofdlE (mitochodria, lysosome®} pero-
xisome3) < WE FH3le] —70C BHsly, H52
Aol AR A& o 2 BRI oo 958
oAl 2314 A4RE]7]A 4T, 100,000 X g8 X8
o] 1A &< A4 RaElst] AEF 3 (A5 &
ZA 28 (ol 2 F-&, F pellet) 02 FFr} &%
A 28 484 §d07 B{AA 2 /9 dAsEs
FHof| Wro] —70TColA ¥F RSt #4900 ARS-

Pt 7 = R Fost 37)8 2 Wy 22318 A
Ate} 2284 HARE 3 WobMlER 10% phosphate
buffered formalin- &%l TAAIZ L,

4, Y ZTAOIGIA A 01 ot B0EN UA

Yol Eo 2 AR F 2A9] GST-P M F44

A& #8}7) 28 avidin biotin peroxidase complex
(ABO) Y& olg3to] W zA 38ty Mg 319t
GST-P ¥ 5443 249 9 93 2} sPHEA7]
(Cambridge Instruments, Quantinet 520) & ©]&3l] &
A3t9th 10% phosphate buffered formalin &of 14
" 7+& H & E g4l ARE3ISiTh

5. "S2ers A}

AFAREA A I3E §F 5742 thiobarbitu-
ric acid (TBA) ¥4, glucose—6—phosphatase (G6-
Pase) 845+ Baginskie 2] W& o] €33y, o
Ay —Glutamyltranspeptidase (GGT)E Wako kit (ot
no. AG927, code no. 271-56909) & o]&3le] 33151
t}. Cu/Zn—-SOD =+ 10,000 X g B30l Misra
9} Fridovich®d'?ol] 9J3l], AEAE-Z oA total Glutathione
peroxidase (F GPx) 8%+ Paglia$} Valentina (1967)
o] W8 7§ X% Tappel (1978) 2 BHi*-& ol&3t1,
glutathione reductased] 4%+ Carlberg®t Manner-
vickjl®" o2 ZA33ch @A e&-2 bovine serum
albumined EFEN T AN Lowry 59 Wi® &
o] &3l A3t

6. UM

ARZ = SASE o183 4 APIritt BEH BE
HAE ARtk p < 0.05 FFolX ANOVA test¥ Dun-
can’ s multiple range testel] & Z &l 93t FYA}
£ AFeth 183 2 AEte SPAES T-
test 330w, Ztzkel EAX|7ke] AAAAE Lolr gt

2aEn

1. 8z 2 &t FHi2 He}

2lo] 4#%E DEN %o, 723 Ae & dAFoz
Fasthyt & slEso] F715he Byl 25, 5%7-
B 4 2o] HF o] 15, 25% R} B BYAT oy
2] AF L BE ol 122311 o)} ¢lg (Table 2),
7} Aol kel HF AFole FAAEA Aot AU
(Table 3). 7+ FAE= 15, 25% (w/w) 559 7|22



o] 2.5, 5% (w/w)FEET o202 F3hovt &547)
FoM e ZF 2319 zlo7t it FA7IETAME A
HeFo] F7FFE ATl tigh 7He] FAmIZL feHoz
FolR T v SFr|ErAE F94Q Aolrt (R
o 283 53], 25% (w/w) FA71ET°) 25% (w/w)
SREV|1EERY feFe R
TAY o f71 2 vidle] Yglo) HE HEAIES] A4
2 243 AoT 4R Qom P nAY off A4
Al HEAIE g Abslell o] HEAIFAA A kg
el B4 44 (0, , OH)7F 3711, 718 849 4t
298] A4 o8 IHE FAT] ok @k A
Foll gt 7re] FAZ A-AFAEE BT ot
A (r=0.38, p <0.01)E ¥, FX71E5F W
A Azl digh ko] FANe AdLEE Y @ =
0.40, p<0.05) 3 GGT 9% (r=0.69, p<0.01) 8}
2 ABBAE 7R

2. HATRIOISIN HAL
g9k8 glutathione S—transferase (GST—P)+= A2} A

Table 2. Food intake and calorie intake in rats fed the experimen-
tal diets

Calorie intake™

& HY @42 Bt

wEEEBEE 380 20~29, 2005/23
& 7 ZAAME BEHA Fu AT FEY F A
ek °ﬂf‘1 A3 T DAL e AR o]

Hi Qick® £ AY A3 BE 2o]e] DENI 70%
b REAAFES AForg RE Foji GST-P &
A 24 Aol BE=Q} (Table 4). ZB8|Z H& E &
Aol os YeRG hyperplastic foci7} GST~P Hd A
ML oz Jehdt (Fig. 2, 3). 5571579
GST-P 4 5443 FEd&& Ao A o] 2.5%
(wiw) X 5% (wiw) 2 Z7Fe v} S7P8%S Bt
15% (w/w)FFors= 23] ZAARS B3, 25%
WiwW)F2EL 25%, 15% (w/w)FETl vis #24
°% GST-P ok)\q ZJ\]H g;ﬂ:ﬂ;ﬁo] 1:1911:]. H]-uq z]—x]
VST HelA 2ol =57 GST-P 9 S 22
HA ] {93 zlole YT

25% (w/w) S<FFIV1ET2 GST-P 9 44 24
9] WAo] 7b WAL 25% (w/w) FAVIETLS 25%
w/iw) 571570 FoA 02 GST-P o 544
AA 9] HHo] FSITh (Table 4). T3 DAY GST-P

Table 4. Effects of dietary levels of corm and tuna oils on the area
and number of GST-P positive foci in the livers from rats treated
with DEN and partial hepatectomy

GSI-P positive foci

ol:o

0

Food intake* Group
Group (g/rat/day) (kcal/day) Area (mm?/cm?) No/cm?

2.5% 18.94 = 1.25 70.30 = 4.64 2.5% 0.55 + 0.09* 24.70 + 570°
. 5% 18.37 £ 1.15 7049 + 4.41 o 5% 0.82 +0.18% 31.88 = 6.13%

Com oil diet Com oil diet
15% 14.58 + 0.94 63.39 + 4.07 15% 0.42 £ 0.06™ 18,53 + 3.61°
25% 1514 + 0.83 73.25 + 3.99 25% 1.15 £0.18° 42,73 + 6.41°
2.5% 18.19 + 1.43 67.54 + 532 2.5% 0.38 £ 0.08° 19.29 + 4.32°
o 5% 18.55 + 1.28 71.19 + 491 . 5% 072 + 0.17° 23.39 + 3.56
Tuna oil diet Tuna oil diet b o
25% 17.12 + 1.53 7427 + 6.64 15% 0.65 + 0.07> 31.43 % 5,62°
25% 1414 £ 1.34 68.41 + 6.47 25% 0.54 = 0.05>* 23.39 = 2.14°

xFood infake was measured for 8 weeks on the experimental diets.
Calorie intake was calculated with the use of the diet composi-
tion from Table 1 and food intake data

T Based on 4 kcal/g for casein, corm starch and 9 keal/g for com
oil or funa oil values are mean =+ SE

Values are mean * SE

**Means with same superscripts are not significantly different ot
p <0.05 by Duncan’s multiple range test

*Significantly different at p <0.05 by Student’s t-test in the same
oil level

Table 3. Effects of dietary levels of comn and funa oils on liver weight, body weight, and liver weight/body weight ratio in rats treated

with DEN and partial hepatectomy

Group Liver wi. (@) Body wt. (@) Liver wt./body wt. (%)
2.5% 11.09 + 0.80° 423.13 = 18.35 267 +0.13¢
Corm oil diet 5% 10.70 + 057 423.57 £ 15.61 2,52 + 0.08°
15% 9.65 + 1.80% 355.00 + 58.35 2.68 + 0.08%
25% 11.76 + 0.68% 428.89 + 16.18 2.73 £ 0.06™
2.5% 9.14 + 0.36° 388.75 £ 13.32 2.35 + 0.07¢
Tuna ofl diet 5% 10.32 + 0.44% 437.78 £ 10.47 237 +0.11°
15% 13.01 £ 0.57° 444,00 £ 11.22 293 +0.07°
25% 14.34 + 0.69° 422.00 = 18.00 3.40 + 0.06°

Values are mean * SE

*“Means with same superscripts are not significantly different at p < 0.05 by Duncan'’s multiple range test
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Fig. 2. H & E skaining (A, C) and immunohistochemical staining of
GST-P positive foci (B, D) in livers from rats fed corn oil diet (2.5%
(w/w) (A, B), 25% (w/w) (C, D)) and treated DEN and partial
hepatectomy (X 40).

=

F T AAY F= AR e o AAHA ¢ =
0.868, p < 0.05) & BoH, S4575

oA 7P B 23 VT E BT, GST-P ¥4 &
2173 AAe] HAoA ¢l v A2 AA7I WA E
23 zlo)7t YIgith. o9k 22 A= n—6A4 AR Ii-
noleic acid7} -8 o] Aol ¢ IS
BP9l n—3A Aate] FRE of{7t o 2L A
SHhe Ry ele Ax)ghc), A x| vlE] 32
% 344 4 F8-E Avke Ra®P7h n-6A4 APPAt
o] TR SFFIET N E LA BEE HAAT,
n—37 XWAkI eicosapentaenoic acid (EPA) 2} doco-
sahexaenoic acid (DHA) 7} 358t ool E dAI3HA)
BTt HIF 25% (w/w) FA71ETC] 5% (w/w) &5
TR Ao 2RE U E 1 Bo] JHSIIAR
GST-P oy 24440 25% (w/w) FA7|IETAN =
g FEHE S Hols o8 Hol A FFHT=
At FR7E Gl vlAE ko] o FEig Ao

v
)
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R
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Fig. 3. H & E staining (A, C) and immunohistochemical staining of
GST-P positive foci (B, D) in livers from rats fed tuna oil diet (2.5%
(w/w) (A, B), 25% (w/w) (C, D)) and treated DEN and partial
hepatectomy (X 40),

2 AR gk offreoll F53 EPAS} DHAVF X
3EAANA S JAISHE A oT Azt

4, NEMSIE BFF

2t AXA) vtellA wk AA#e AEE E7] A3 thio-
barbituric acid reactive substance (TBARS) &3S &
B A3, Sea1eed] AW o] BT gl ¢
olx]E AL BPTH (Table 5). BAZHCE #230]x)
T @A X750 AP E FEE 15% (w/iw)
T ST ET B AES B 15% (w/w)
TS golAwHA F438] Ad#dsE Ad0) FIHENL
o, 25% (w/w)TFTXE BAVETC] S5471ETR
OE foAo® 2 AARNEE A4S B3k AT
< =Ql W 9] 74l TBARS §Hako] AAZETt &9
tu B3E bt ) XSS ST ERT AE
Abste] o Wz73le) o] eicosapentaenoic acid (EPA)
9} docosahexaenoic acid (DHA)S) E¥3=7) 531 31
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Table 5. Effects of dietary levels of corn and tuna oils on the hepatic microsomal TBARS and GéPase activities in rats treated with DEN

and partial hepatectomy

TBARS G6Pase
Group (nmoles TBARS/mg protein) (nmoles Pi liberated/mg protein)
Corn oil diet Tuna oil diet Corn oil diet Tuna oil diet
2.5% 0.25 + 0.02° 0.25 £ 0.02° 1464.85 + 130.53° 1204.89 + 187.39%°
5% 0.29 =+ 0.03° 0.24 £ 0.03° 742.27 + 164.19% 1176.56 + 105.21%°
15% 0.30 + 0.04° 0.17 £ 0.01° 1464.85 + 130.53% 1204.89 + 187.39°
25% 0.31 + 0.03° 0.84 = 0.41° 742.27 + 164.19° 1176.56 £ 105.21%*

Values are mean *+ SE

®Means with same superscripts are not significantly different at p <0.05 by Duncan’s multiple range test
*Significantly different at p <0.06 by Student’s t-test in the same oil level

Table 6. Effects of dietary levels of corn and tuna oils on the serum GGT and Cu/Zn SOD activities in rats treated with DEN and partial

hepatectomy
Group GGT (U/L) Cu/Zn SOD (unit/mg protein)
Corn oil diet Tuna oil diet Corn oil diet Tuna oil diet
2.5% 7.60 £ 1.65° 1.39 £ 0.32° 7275 + 2.81 65.66 + 3.51
5% 841 + 151° 212 £ 0.68° 68.32 + 5,15 67.50 + 6.54
15% 8.21 =+ 1.52° 0.90 £ 0.56° 62,12 + 8.87 60.03 = 2,52
25% 6.37 + 1.50° 6.62 + 0.68° 67.95 + 3.51 53.75 £ 3.37*

Values are mean + SE

“*Means with same superscripts are not significantly different at p <0.05 by Duncan’s multiple range test
*Significantly different at p <0.05 by Student’s t-test in the same oil level

ARe2] AARE o] g53t Q7] WEold). 2XsEnt
& AZsohd JAX7|ETeM AdFEsEAEel B
oo} BIXITE, 15% (w/w) FEolA FANETS $5571
STET A bEE Aol EE AEE B, 15%F
T 71ETRoE it B2 AEE YT Woo” A
o} AAEISiTh AR FX71E2 25% (w/iw) FEolA
15% (w/w)Bth & AAAAeE S 2Ya &
FF2 SeITI1ETRY 2 JoF JeY, AXNNET
e 15%9} 25% (w/w) Alelol AFeitsts A4S &
A3 Z7M 71 AoleEo] Qe AoE A€t Gon
zalez & YAE 237l tigt o f-e] A At AA
ksl Aol Q&) FAE S riy Busigich &, o
Foll Qe 1= BEXHEALY] deko] AU A A H
9 o]& WAL cytotoxic, cytostaticd XA EE
o] A& MolA o] A% £52 AFsAY AHashs Z
£& & Aoty ARKe vl itk Gonzalez 2] At
H|3Fo] B 25% (w/w) FX|71Ew0] & 2ol H]
3 FelF oz AAFNEHE o] BA|RE o} XAt
HEE0] AYIEHY 34E gAAA GST-P ¢4 5
24 A-o) 25% (w/w) S8Rt RA & + 3l
& oz A9 agln 7S AAlEE
2o #Zoll tigt AN (0.40, p <0.05), GGT (0.50,
p<0.05) A9} %} 4HAdAE Bt

5. Glucose 6-phosphatase (G6Pase) ¥k

Glucose 6~phosphatase (G6Pase) & & #2 4%
A F2 2k Aol BXEkm glom ¥ T ET) &4
At FHPAA FAES Basittn A glo)® A
2ho] P EE Yellls X E 2 AR Eh £457]1879)
G6Pase B EE Alwako] F718e] wet A& 7a3ie 73
S HoH, 25% (w/w) SFTF718T2 25% (w/w)
2557127 vis SR o AT} Wit (Table 5).
Ty FR7IEFAAE Akl mE 7ot Qi B
E A e #HEE ByoH B3], 25% (w/w)
FEM FAIETO] S4B TEG FYdoR 52
G6PaseBEE B, 2 T QTS RASHKE 28 A
Aledet. ol FA7[EF0] 15% (wiw) FolA &5
F71ETHT & G6Pase FAEE ¥ Woo® 2 Kim™
o] dpAwsle dxstct 18)3, DEN, AAF, Phenobar-
bital (PB) #g]A]l n—3A xX"Ake] FUA A&+
o] n—674 AWite] FYUQ S5 TR B2 G6Pase
BHES e Kim™ 9] Bugs 9xsh= Aol
25% (w/w) ZX7]157ol4 TBARS &#o] fojgos
RS T BT8R 256% (w/w) S55718FET &
2 GbPase 84S B AXNNETY Aolle AL
3120l 28] G6Pase7} BEEA3HA) @ Ao Bt
GST-P o $24 AZE3 G6Pase ST 29 4

A =-046, p<00DE B, 7} ¥ GST-P



26/ Ao\ ko] 0] S Aeky Hale] st

W FAH S B 25% (whw) S557 BN

G6Pase 84o] 7P @& 23S vEhinh

6. B% y -glutamyltranspeptidase (GGT) YT

83 GGTx 25, 5, 15% (w/w)S55718T0] ©]°l 3}
e o FAZISTREY YR oR 52 84S U
BRI QIR 25% (w/w)TEolAiE F 718T3te] 7<)
7 zJol= U (Table 6). 715w E A<t
7%l ;& GGT X F2AQ1 20| & Holx] Ak
gk FAZ|B L 25% (wiw)Fo] FH0E ofF ¥
< GAEE H]l Fo ' ujRo] o} FA7|1EFY 15,
25% (wiw) FEARl] AT §233] Fshe $50]
A& Aoz AzZe) 78l1 Solt & Farber 2EE F%
& Oum™ I Woo™ 9] A7 AT e AEA n—-34 A%
Aol F99 E71E7F n—64] AWk 39 S7)
E37e GGT 8459 Aojg UepiA sk, €715

& E541ETAHE GGT =) T &34 790
3FA| 9t eicosapentaenoic acid (EPA) £} docosahexae-
noic acid (DHA) 7} 353t 5E4 n—34 At 54
A FA7IEL 15% (w/w) FE7HE o W& GGT &
HAEE B, § o n—34 ApAte) Sd0)ARE GGT &
s |l GEe] the Hor AR T2v Woo®
o] A7 m2H 5571 ETE AR71ETY GGT &
A= 15% (wiw) FEdME Rlolg BolA] ¢Sttt DEN
o2 JMAIE FHolM AR (safflower oil, B2 5%°) 3
w2l vlsl nA (safflower oil, @Y 48%9) )
£ 99 A4 GGT-positive focid] 7} o] Y1 * af-
latoxin 59 ¥ 2jo]9) S57|5%E TR R GGT-
positive foci 8 27|17} Z7Hicky s} ? B Algel
271819 GETEAEE A A v g2 4
##7 (0.56, p <0.05)E, AFol thgt IHFA vle= 2
g ko] AE#A (0.69, p<0.001) & B3}

7. CufZn Superoxide dismutase (SOD) ¥
Cu/Zn SOD BHEE BE FA7IE 0] §54718F

¢

2

Bt} @40 W& AEE BT, FXTV|ET9 Ao]
Z713te] me} Aol Aashs A3ke Bt} (Table 6).
FAZETFE 25% (wiw) FToAA AAZdstE Aol
SFSETRY fF o2 Wk (Table 5), Cu/Zn SOD
AL 7P 2 AEFE B3E), ol 20% menhaden
oil7*0] lard/corn oiltREt}t 718 XAAikstE A, 7
2% SODZHE RHAF Busl AR Ade Bt o
2u Cu/Zn SOD A ZE Ao] z|wkake] =53} xukat
ZAo) W2 2o)E FoFoz Wgdslx] £3 Ao oA
Rtk X787 Cu/Zn SOD BAEE Se— &4 GPx
FAE9) ko] ARHA (r=0.44, p<0.05)F, AZ o
3 7R AN o= 2o AT = -042, p<005)E B
%k

8. Giutathione peroxidase (GPx) ¥k

% GPx BAEE RE FFA AX7)8T0) $557)
STHEG W AEE B B F U1 #A4Q &
o]= giit} (Table 7). Superoxide radicale A|AshaA
b AE BASRE Cw/Zn SODME 15, 25% (wiw)
A 7150 575l vis) B2 AEE Btk 1
231 Cuw/Zn SOD &48%F 43 A7& FAFAE A
Ashs Se—2&A4 GPx 84 9A 22 AEE Holon,
Se—2l&4 GPx$} Cu/Zn SOD A E7tol&= okgk o9
AaAA (r=0.318, p<0.05) 7} U1, BFX7IEFNA
T w40 gBwAE o o FOE vebd (- = 0.44,
p < 0.05). DEN, AAF, PB Ag|A] Aojgl7|§F°] 15%
(w/w) TN 57|80 B GPxEAEE B
Kim™¢] ¥ ueh= AX81x) e 2HE Bk o) A
o} 27 AT A AEdA 7k Q8 AEE &
&& x5 YEiM A 23 5490 GPx &
457t S7Fd ZAoE FHH oY o] AUk Frlel o}
Jol& 930 Wda|E FRh

9. Glutathione reductase (GR) ¥

Glutathione reductase (GR) & glutathione peroxidase

G

=2
Lo

Table 7. Effects of dietary levels of corn and tuna oils on the total-GPx, Se-GPx and GR activities in rats treated with DEN and partial

hepatectomy (nmoles NADPH oxidized/mg protein/min)
Total GPx Se-GPx GR
Group
Com oll Tuna oil Corn ail Tuna oil Com oll Tuna oit
2.5% 376.84 + 32.50 362.16 + 21.04 371.07 + 30.29 391.14 £ 18.13 61.96 = 10.62 77.51 + 8.45
5% 434.05 + 44.05 349.08 = 19.12* 402.88 + 48.31 400.36 + 35.72 7329 + 7.10 73.11 = 6.78
15% 315.14 + 34.81 302.50 + 11.38 373.83 + 52.77 317.34 £ 10.34 44,64 + 16.22 7833 + 4.67*
25% 340.46 + 24.18 335.15 + 31.22 388.37 = 27.04 337.56 = 35.82 66,91 £ 8.30 92,68 + 11.23*

Values are mean =+ SE

*Significantly different at p <0.05 by Student’s 1-fest in the same oil level



o &) WY A3 glutathione (GSSG)& NADPHE
Arg3te] 208 glutathione (GSH)Z &gA71= 98-8
ggsitt? 2 GRS MXUlel GSH poold 3¢ ez
FABIY, 7FF 02 AXLE BFsHE 98 3%t GR
Y5 ST BE $EM S571EFHT &
2 B A BAT, t—testBI} 15% (w/w) FFoA

FA7VET0) S5 ERY B4d0) 3ttt (Table 7).

233 GREAEE TBARSS) st o2 oA (r=
0.379, p < 0.005) & Btk Aol F713el wiet F
71829 F GPx$} Se—2]&4 GPx =+ 5971
F77 2polE HolR] eskAlRl GREYEE Aol &
71gte|| w2t S48 R & GAEE vERA Ho
2 RHol FX71E7o| glutathione—JEA F4A12 GRE
%3 293 glutathioneS F&3| A443H free radical
olt} o]2 QA3 FEH AEES] FA) AT 5 A
o AR AXE HFshe 98 sl e B2
Sli=3

nl

B A ME n—6419 n—374 AF2] dou =
o ule} F ZMFELsIYCl vixE G Aun s} 8
g} 012 93l Sprague—DawleyE 2FNA 55718
(n-674 AR, FAZIE -3A A S 2
Z} Ao} 2.5, 5, 15, 25% (w/w) 22 AAFA7) 1, die-
thylnitrosamine (DEN) E73FAkL A% £ =11 70%
7t REAASZ (partial hepatectomy, PH) & Al&#sle] 7F
AERE et A3 A7, FX7ETL ATl dist
F FAY 87y oo Skl 7 ud) @42 B3
o} GST-P 3 $44 A2 L S50 A7)
720 o go] BT ARV Aol 57t
ST GST-P 4 324 242 37HA Aok, &5
FNETE 15% (w/iw)TE7HE fdFos ZEx ¢
ot 25% (wiw)TEoMs f3eg S7Hd GST-
P 9 544 22 & B30k wEA n-34 A4l EPA
s} DHAZ} 353 X718 Ads T7HEE " A
o WY ATE SR gokom Axdugl 2
& Az AP WRg Bk T2 n-67] AAke]
2 5, 256% (w/w)Aleldl 3oz A
M3 B AEE FTHT e FE0] AS Ao A%
o, nxge] 8 FF F4& FAFTE a0
dxshe A%E Rk g Ee Ay dEuche Ak
o] FHIF AR o FIEA TS X A

J
>
y

N

o

ro
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22 AR} G6Paset Aol AgHfo] Wold4E
SEF7|ETANE BA0) Aadhs TS BT A
7N A 7 ZUtl W2 wsgle]l 4E A4 &
e AFAY AAET} ZHAHA Wt E3], S557)
E379) G6PaseBATE 2.5% (w/w)Fad Bl 25%
(w/w)FFA fA o 748l GST-P 9 &4
A AR 29 Ao = -048, p < 0.0DE 714
GST-P 9 24 A-olAM G6Pase 8Xo] Fiadhth=
B¥7} &5 dAsISith AR EA
dol Eg7lETolA A St wet o Frkshe
BEE BP0 o)A sk, FAVNIEEE 15% (w/
w) FETHE 557151 vk AR At
B 3e Byloy, 25% (wiw) FEME Foxor
A4} o] FUHRTE webA AREAkstel] w17t
BANELE 15% (w/w) FEol Aol S571879 Aol
£ Holx| ¢ 15% (w/w)FZMEe 2318 25718
THT fo30 2 O AFAIsES Ao o
FEE golMuA (AsEC] FA3] F7HEAY 1
2, o) Y AAEELS AP HHE XA
€ REot 9318 JAdks ARE VRS FloE 4AR
¥ 3 GGT A=t FX7IETO] 16% (w/w)7HA]
£ 2518 22 5 vjE) 8o ¥ GGT
YT e oY 25% (w/w) FFAM fdFHoR ¥
ol GGTEE: FA71EolA Adlele 3%
(0.56, p <0.05), AZf) hgt A 1] (0.69, p <0.001)
Sh= 733t ko) AARAZ BT, Aggo] Foigtel wt
2 25% (w/w)ZX71 &Rt SolatA vepd 7 vl
2 AAIE WA GGT AR F719ke) &
FAES 53 B 5 9l GR AEE FAVET) &
FF7IEERYG FYFoE 5 BHEE BY aEn
15, 25% (w/w)FEM $557159 2L SRt &
H o7 BATI} Eodth ol7 ujFo] Hel, AAIET
& free radicalolt} 0158 FEARES 33 UAE
NEE P9 glutathione S B3] 3} AX B3
BEHE 7R e A0 AR, o] AAEE FEAH 2
W, DEN2 2 53 AZAE a3lapgeld EPAS DHA
7t TS ZAV1ES A g St B $4
AA EHE 7R, ol a¥= XATASE B4,
2A AT A, T3 FA3taLe) 8N 59 7
5 B ¥ A 2nE UeE e Bojy, &
3] FX7NE7 B EPAS DHAZF 188 282 &
RAo7 HQlth

—_—

]



28/ AlolAle] Szl <13 ALY s st

OOt O aE

425 XK

olAte] AHZF w|Fo] Hol 7| EFH FA7ET
25N 15% (w/iw) 52 Aol A 4ag7ixls AL
W] thdt £ AHE HojA] it 18y n—674
AgAto] FHE S4FI15T0] 25% (wiw) FEA &
3ladS IA FHIAZ I n—34) AR eicosapentae-
noic acid (EPA)$} docosahexaenoic acid (DHA) 7} ¥
ot FA7ETS S dAsks AnE YRR
83 At A FA7IET0) 25% (w/w) FE
oM foFHeE & NAPNNES AIHIAY, S5
F1ETNA FER ARAFANEE A thEA eytotoxic,
cytostatic3t BIHES Ho] WYY B &8 AsHHA
U gAAA GST-P 3 A4 A4E 3 Fesz
Azttt 783 FA71EFAAT 5SS Jehd 4
o=, 25% (wiw)FEAAY 2 vl /42 AAIsHE
97 GGT 8459 F71 #yol e Aog 5
3 B 4 qlok ZF 2 Agalke] SRR st 2
A7180E 2 24T AYEE FA431, GR A=
AA] ol FAH glutathione BAS L3N free ra-
dical 3Z & 5 Sl F%ES 24319 T B3
2HE e AeE AR,
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