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Effects of Sardine Oil Feeding and Vitamin E Supplementation
on Histopathological Changes and @ -L-Fucosidase Activity
in Experimental Hepatocarcinogenesis

Jung-Hee Kim' and Hye-Jin Yoon

Dept. of Nutrition, Seoul Women’s University, Seoul 139-774, Korea

Abstract

This study was done to investigate the effects of sardine oil feeding and vitamin E supplementation on the
histopathological changes and a -L-fucosidase activity in experimental hepatocarcinogenesis. Sprague-Dawley
rats weighing 80~ 90 g were fed the diet containing either 15% corn oil (CO) or sardine oil (SO) with or without
vitamin E supplements (dl- a -tocopherol acetate 800 IU/kg diet) for 8 weeks. After 2 weeks of feeding, the
rats were given a single intraperitoneal injection of diethylnitrosamine (DEN, 200 mg/kg BW). From the fifth
week, rats were given 0.02% acetylaminofluorene (AAF) in diet for 4 weeks. At the seventh week, 0.05% phenobarbital
(PB) was incorporated into diet and this regimen was kept till the time of sacrifice. Histopathological changes
in liver and hepatic glutathione S-transferase placental form positive (GST-P") foci were examined by Hematoxylin
& Eosin (H&E) staining and immunohistochemical method, respectively. Serum a-L-fucosidase activity was
determined. The livers from the carcinogen treated rats showed significantly increased formation of GST-P*
foci at sacrifice points while the livers from the non—-carcinogen treated groups showed almost no foci. Although
GST-P' foci formation was not affected by dietary oil, it was increased unexpectedly by vitamin E supplementation.
Histopathological changes were similar to patterns of GST-P’ foci formation in almost all groups. Serum a-L-
fucosidase activities were increased by carcinogen treatment in all dietary groups. e-L-fucosidase activities
were positively correlated with GST-P’ foci formation. These results suggest that excessive vitamin E supple-
mentation can enhance hepatocarcinogenesis although the mechanisms involved are not clearly understood.
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2 F99 &¢5F(comn oil)E AHEEE T, AR TFolE
3A 2 hake) 3 F-Ql Ao f-(sardine olD)F /‘P%ﬁ}‘ﬁ
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Table 1. Diet composition

Ingredient Amount (%)
Corn starch 55.2

a —cellulose 5.0
Casein 20.0
DL-methionine 0.3

oil” 15.0

Salt mixture” 35
Vitamin mixture” 1.0
Vitamnin E” 0.015
Butylated hydroxytoluene 0.01

DCorn oil or Sardine oil was used.

PComposition of salt mixture (AIN 76), g/kg mixture : Calcium
phosphate dibasic (CaHPO,) 500 g, Sodium chloride (NaCl) 74 g,
Potassium sulfate (K2SO4) 52 g, Potassium citrate monohydrate
(K3CsHs07+ HXO) 220 g, Magnesium oxide (MgQO) 24 g, Manganous
carbonate (43~48% Mn) 3.5 g, Ferric citrate (16~17% Fe) 6.0
g, Zink carbonate (70% ZnQO) 1.6 g, Cupric carbonate (53 ~55%
Cu) 0.3 g, Potassium iodate (KIO3) 0.01 g, Chromium potas-
sium sulfate [CrK(SO4)2- 12H20] 0.55 g, Sodium selenite (NaxSeOs
-5H»0) 0.01g, Sucrose finely powdered to make 1,000.0 g

YComposition of vitamin mixture (4 ) =V #)U B:8}), g/kg mix-
ture: Vitamin A acetate (500,000 IU per g} 1.0 g, Vitamin Ds
(40,000,000 IU per g) 2.5mg, Vitamin E acetate 5 g, Vitamin
Ks 5.2 g, Thiamin chloride 1.2 g, Riboflavin 4.0 g, Pyridoxine
hydrochloride 0.8 g, Vitamin B2 0.5 mg, Ascorbic acid 30.0 g,
Inositol 6.0 g, Cholin chloride 200 g, p~Aminobenzoic acid 5.0 g,
Niacin 6.0 g, Calcium pantothenate 5.0 g, Biotin 0.02 g, Folic
acid 0.2 g, and cerelose powder to make 1,000.0 g

Y- —tocopherol acetate
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Z 200 mg& A3 BN FAbehod o, kg v RS
T*Pﬂ olgk 2458 ZA 3] $1sted AejaldeE A F
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457Y, 28] 7 67 HH & 0.05% PBE Al o] o 4io] ) A A7t
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Vitamin E 2.&7-2, 2| A #p4ksl Eo] 4 A A== Aol

fr A U EA oo o3 AT ES e Ehe] FeF
2l 800 IU4] dl- @ -tocopherol acetate/kg dietZ 2] o] ol 41 o]
gabsith

=
Ay Alo) & B3 #| 8F Al AY FEL 1247 34
2171 F g F2 3 AAA A BEE A s
H3o] Rele dF F A AFY o2 HE Ho & o}
Ao 4] $32A17] & 3000 rpm(Refrigerated high speed
centrifuge, Dupont Sorvall RC-28S)el| 4] 2087} Al #2]
sled ApZollql A A& He|sle] 24 Aol Algsto ]

e o 3 24 AAste] 272 Ae]aldeZ oy W
AL F oA oA o HO E-& AT FH FHS FAF
A, 8% Az Fgo U 2ke] GST-P fociZdA 2
Hematoxylin and Eosin(H&E) 34l o]-&3slgic}.
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0 2 4 6 g *
N e —— |

ce =

SO e ———— |
SO s ———

{] normal satine 0.02% 2-AAF
[l 200ng DEN Kg BW 0.02% 2-AAF+0.05% PB
CO Corn oil basal diet
CE Com oil+Vit E E basal diet+vit E 800 [U / Kg diet
SO Sardine oil
SE Sardine oil+Vit E * sacrifice

CAR  Carcinogen

Fig. 1. Experimental design.
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GST-P* fociel & iy

Glutathione S-transferase ¥18F A FAAd AW
AxA A A A S o] &3l FHlstArt HE B QA
7] ZA] 74 AA sl AEdE L &5 A Fdoq 1~
2 mm FAZ 2274 At e ice-cold acetone 22 1A
gt & sl ol Zof(embedding)dle] Selol = 23S 3
FA ek GST-P 44 71 GST-P 34 & A}%BM %
A4 ABCH (avidin—biotin—peroxidase complex, Vectastain
ABC kit, Vector Lab., Burlingame, CA, USA)(23)% ©]-4-3}
stk GST-P foci®] A4, WA 2 29 27> 2% 0.2 mm
o} Akq) 718 o3 AFE-A AFR] (Video-image processor, VIDAS,
KONTRON, Germany)® 24 3le] 273 v 7 £3}
A3, BFA cm®F number, area (mm?)9} maximum dia-

meter (mm)& el

Hematoxylin and Eosin &34 24ed

GST-P foci®] &4 3 22wl o2 7k2 ice-cold ace-
tonel 2 wA 3T wletHo]| Ew|§ ¥ hematoxylin £
I 2b d A Y2l eosine 2 FMslsd . 2k (liver cir-
rhosis), 3 AHnecrosis), #| ¥ ¥ 3} (fatty change), 72 A&
3}(septal fibrosis), 1 8 A Al Z (dysplastic cells), =4 9%
(septal inflammation), 573 4| Z ¥ A (clear cell foci), 5.4 7)
43 W A~(basophilic foci), 344 H A (eosinophilic foci) S-%
gy o w ZAsle] kA xo] Wulo] A A2 14 o3}
A4 A 14, lh~%d 924, 3% ol AS 33 A5
Fo &4 Ho £2 o] el

839 a-|fucosidase BME X

A9 o-L-fucosidase?] A E+ Zielke (16)2]
o7 23 st 10 ul A<l 0.1 M citrate-phosphate buf-
fer, pH 59l ¢! 1 mM p-nitrophenyl- @ -L-fucopyranoside
£ 50 uL 743t F o] 1A E AL 37°C F2gzellA 14
7} g Al steich. o] kg2 35 mL] uk-EEA A[15 mM
glycine, 7.5 mM sodium chloride, 115 mM sodium carbonate
(Na:COs), pH 10.5]& 7}gro. 24 5325 o] o blankE
gr-2chAat Al 2] stw 2] dbedcl. A= p-nitrophenol 2]
F3 5= UV-2343 = A (Kontron, Uvikon 930)-& A}-4-3}
o] 400 nmell A Sl gel 49 A4 =& 37°Cell 4 nanomoles
p-nitrophenyl- ¢ -L-fucopyranoside cleaved/mL serum/
hour& XA 8}sich
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Aol Auke] 5, vitamin E9] B3 A 9 o WighEA Fof
off & Aol o] E7te] AAaakg-& vl Yale A A
£ 3-way analysis of variance (ANOVA)Z &3l o=
0.05 FFAA FAS AF3s o). =3 7+ FAA3 719
AABAFE EMEtE 1 KA S ASEAT R E A ¥
4] of| & statistical analysis system (SAS) program package
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HEEA FoAFel e AF FrHEo) et el W) Fof o
vlste) d SUHE S B 4 qldvh Al s el e Sol
o] ehEA Wl Foj el wste] Frlwglon Wetrae
FAT ulE] E 83T E 0% 271910 A5 o 7
FAE HGEA FolLe] vl T n)ete] Egton A
ATl S/ H e} =3 vlell E B35 wetEa
Folol o wEatgog wEA EojFda] Zrhgo]
slebel B2 23 2902 of o ZsbsigicHTable 2).
2L FAY 2 A7 xe} wpaAsR 2 2 T
A= R FoFoll FASL ZrtE e o)
= T ol A 7] st el wWstel| ] 7] Ql e}
A Hhrsbalo] o) o)A 8- e Ao
AlEsbelA] F2] 27, Ze A8 S, FA AL So) A
FHEH 7] o2 2551 JrH(25). g 45 &)
B Ha(2627)9 ot 2] 71R) 4]
(A71E, L2l Bt SP0f, 5718, el f) Folld Aol
28 AT AF 2 AFe) 7 gk ol e Ay A
(28)et wistsl & of Hole)fo) 2hr AL ARNA T -2
Al Apol= B 4 glaieh o)A Aol A4 Zhok b A o)
oA e B g 7154 W) Ade) 212 glo
Table 2. Effects of sardine oil feeding and vitamin E suppl-

ementation on body weight (g), liver weight (g), liver weight
per body weight (g/100 g BW)

Exptl grouns Body Liver Liver weight
~Xptl group weight weight /Body weight
Co 2858+14.3"  798+053  227+0.09
CO-CAR 22471122 10.51+0.93 4.63+0.19
CE 308.8+15.1 9.08+0.62 2.93+0.10
CE-CAR 2577153 1468 +1.59 5.6020.39
SO 278.8+24.0 9.26+0.97 3.92+0.18
SO-CAR 261.2+21.0 13.38£0.80 5.171+0.22
SE 289.0+19.7 9.12+0.81 3.16+0.10
SE-CAR 2485+17.1 14.84+0.81 6.02+0.28
Results of 3-way ANOVA
Effects
8&[‘}{ NS NS 0.0050
VITE 0.0012 0.0001 0.0001
NS 0.0154 NS
OIL x CAR NS NS NS
OIL X VITE
CARX VITE NS NS NS
NS NS 0.0039
OIL X CAR x
VITE NS NS NS

)
Yalues are mean+SE.

U A% Aok A B o) eke) 27) Aleke] of Frp
A% PAsHE Atebn A7,

UM Z 0| Ha| Fx|5HA pis)

b Relel M3t 4Y AL HAAA 4L AASEA 9
F7H Q) zte] Yejshaq Mok AP A, §2ro2 wst
& o Spg Rl vla) Yol f2e) o] WA B HE
A e o, w3 2Es 2 of e
oA Z2l ol 2 Felet 4 WahE walch 7o) ey
A FoAF TR Yol fTol e Wejstaal e}

N Seefrckes Wyl Aga garsia &
of &3t A K9k 2= Faldt 4 ek Aojal {7
Zhol H2 A vehlle AL o)A A7) M E B
Hod Ao R, A3 o] f-= o 4 9121} eytochrome P450
o] Fepe] wistE Aze 2 4 gl

22 Ao kA Q) W o) 9|8 GST-P foci: GST-P foci
= W2 A=A oty BgEAd FolFeAnt
A=At GST-P’ foci Ap hEA Fof Foll 4] g2
o2 F748 A fr X8 FFol webd s & xpo) & o)
A sket viekel E el 9 sbe] kgt oA A e
Bt GST-P foci A& vkl 24 FojFol| 4] 27159
2.7 v]etn] E B 3ol o3t o Z7}E 9 ek GST-P'foci
3 Y2 % (maximum diameter)®) &3 As= GST-P' foci
WA AR S B TH Table 3). whaba] B o o) &)
AW ] GST-P foci 342 e} B3 Fodof 95t 27}
Hedow, o]z g F7he wlelel E B3 s oS Aok
2t f2 9] FFol whebils GST-P foci FA o G2 A

Table 3. Effects of sardine oil feeding and vitamin E suppl-
ementation on GST-P" foci number (No./cm?), area (mm?/
cm®) and maximum diameter (mm)

GST-P°  GsT-p' GSTP foci
Exptl groups foci . maximum
oci number  foci area :
diameter

cO 007+ 007" 001+ 001 005%0.05
CO-CAR 534211070 1871+ 6.77 0.73+0.13
CE 008+ 008 005+ 005 0.10%+0.10
CE-CAR 6886+ 7.17 46.02x1080 1.06%+0.16
SO 0 0 0
SO-CAR 64.09% 9.02 1680+ 558 0.66+0.07
SE 0 0 0
SE-CAR 6991+ 4.12 3807+ 988 097+0.13
Results of 3-way ANOVA
Effects

OIL NS NS NS

CAR 0.0001 0.0001 0.0001

VITE NS 0.0053 0.0163
OIL XCAR NS NS NS
OIL X VITE NS NS NS
CARXVITE NS 0.0053 0.0330
OIL XCARXVITE NS NS NS

YValues are mean+SE.
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1 2ol 7} el sl ot Lefvt o] 2 A7t 125744 A=
o} GST-P’ foci FA o] Aolel-f-5 AR TollA S5
g AAT T folHes skl 29).
el Ea] Eodo 2§ 7he] WetaA o A = single cell,
mini foci, large foci® ¥ A2 =717} A =l =4, Sate(30)
o) ®ye} vis) & w, Solte} Farber?] 2t #-%= =98
W3] 7] B o o] A A]7]Ql 85+ large foci DA =R
SR

gt ol A 9 wiets]l EXR o] 3t #8-& A,
oJubA o 2 wlelwl B B3 M ERe] W Axg o
Asba, FopdA-E A kA 7Y, HAu-ES ApF 5] FF
AL dAgksl, slabd U EAE F ¥ A S o
A gheka B aE 51 9l eh(31,32). Mclntosh 5(33)2 7 ol Al
Zete] wlebnl B(1 g/kg diet) & AHE-3he] A stl& o) =it
3HEel 93 £4 ) Wisled RIAAE R 193, DEN
Fof 2] ofe] 3}et B Lol gt AF A a-tocopherol(1500
ppm diet)2 & A&l st A7t olek i B s doh(34).

v FZelle vlelnl E 23A19 ek 21 Al o
g A7 oA 1 g}, & Kagerud $(35)2 ©] 4] (tran-
splant)®} 3 Z9FolA] a-tocopherol(50 mg/kg BW) .54
of] WFALA Z A irradiation)ol] & A &5 FHA 71}
T B atedvh =7 Swick® Baumann(36)< 3'-methyl-
4~dimethylaminoazobenzene(3'-Me-DAB) 2.2 fX.& #
oAl 1~1.6 mg a-tocopherol/kg BW-S FU2 o, = ZF
A7) 7} A & HHE F o3t Bqbell= 2.3]7 7H }—"J
kAol k7t Z7)slgd ot M EA S £ 3 o] F ol =
o kAo 7t A=l char Boarsled ok Horvathed Ip(37)+ 1000
mg vitamin E/kg diet ko] F4] A 7] ¢l 4t selenium @]
bk g-& wolEcha Aok F NA A o] Fu F315HA
o vitamin EZ 353 % o L°"EJ+7]- gty B sy
t}. 53] Ura 5(38)2 =3l ol 28 B4 st Al o A
ulebal B9} 230.36, 0.72, 1.5%)-& o4 3-8 w9l o}
ol B Fof 8 A oA 9 vlEtal E 23(0.18,
0.36, 0.72%)2 2319 HAE F7HA7= A9-8 Roly, d
2 Fo] Fujelul o] R3S AL S S ddde £

a9l o B} ¥4 gA o) SrtE kA Rwsgdch e

22 vkl B2 B34 ol A4 Bako] opvie} uleidl
E9] B3 A= Fof Aol Foddte A2 A7t u
2ha] oA ol 4 9] vl elul Eo| Fojf, Fo7]7t H A
7r FHeFE g 2] A ) Aol gt A& Ql A7) kAo
oflyf 52 o 2 wlelqg] E9] B85 AT 5 & Aol

Hematoxylin and Eosin(H&E) 4 8% o] 2} § =23}
A W3} H&E 94 o2 7hA 22 geldlaq Wdls &
A g A UG EAS Foslz veiul EE 233 S
F-(CE-CAR®I| 4] 7+ ¥ (liver cirrhosis), ¥ AHnecrosis),
%7 4% (septal inflammation), ©]3 A A Z(dysplastic cells),
219} w3 farty change) Sl 714 Z7}1= 9l (Table 4). o]
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Table 4. Histopathological finding in rats treated with sardine
oil and vitamin E supplementation

Exptl Finding

group L N F SF D I CF BF EF (n)

8th week

CQO Q Q Q0 Q 0 Q 0 0 0 3
CE 0 0 0 0 0 0 0 0 0 5
SO 0 01 0 0 0 01 0 0 0 5
SE 0 ¢ o o0 o0 0 0 0 0 6
CO-CAR 09 09 1 04 01 L7 03 01 01 7
CE-CAR 18 12 23 05 15 28 05 0 02 6
SO-CAR 04 06 06 06 04 18 06 04 O 5
SE-CAR 05 05 08 05 0 15 04 07 0 6

L: liver cirrhosis, N necrosis, F: fatty change

SF: septal fibrosis, D: dysplastic cells, I septal inflammation
CF: clear cell foci, BF: basophilic foci, EF: eosinophilic foci
(n): number of animals

A A= §goR RAYY Ju) Aselx A s =3t
GST-P’ foci 943} Hujm o] CE-CARTNA 714 & A
A x| ghot. webaA St EA S Foista vl EE B
gt 2450FoA] HigtalAe] 7R E21E Aoy »alc)
AP AgEAS FAYg Sl vEel ER
B8 598 A7 Aolelfatel view]l EE HE8 5
WE AR gkt e] o] FAHE AR Bolzd 1
ol &9 strt Sf A7} 7HA L £ tocopherol
ek A E 5 qlol £ Ao A v e E BE3arol A=
25 800 IUE 3F3tdwHl, A el 2]l = tocopherole] mh &
HotE 2] &8 Fef o] f-2] & At ) Seefe
100 g 5% & 17 mg®] tocopherole] 541 Q1= A& 4185
sl 2= AA tocopherol 332 Aol kg B 45% F
FT-2 761U, el 3FT2 5010, v]el®]l E B&T2
o] kel 800 IUE W& & 333 Aolc}. 53] Gonzalez
Z(39)el] 23 29 butylated hydroxytoluene(BHA)3} 8]
el EE 238 & o follAd Seafich 2 A4astE
o] Aol EshchE Havl slsivh ol o 7o) B E 3pA kAt
o FFol utz} datsla e FHE g £ glo 2 o
Toll A 2 ofe] vielgl EE F-Ftlong S4ph
o= AAZ "askuo} o 389 tocopherole] EFH
AA 7l == Sl
William(40)2 & 7122 & ol =537 9 &
el 3t=Ql WL g o] 52 S ER AE 4 9)
thar 3l el =3 Chander $(41)2 ZbA| Eol] A dfo] 23]
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Table 5. Effects of sardine oil feeding and vitamin E suppl-
ementation on serum @ -L-fucosidase activities (nmole/mlL/h)

Exptl groups a-L-fucosidase

co 257.12+ 47.44"
CO-CAR 629.40*= 63.39
CE 330.40% 57.02
CE-CAR 573.03+ 97.02
SO 373.83+ 23.31
SO-CAR 688.19+ 1.73
SE 33995+ 18.13
SE-CAR 747.67+101.06
Results of 3-way ANOVA
Effects
OIL NS
CAR 0.0001
VITE NS
OIL XxCAR NS
OIL X VITE NS
CARXVITE NS
OIL X CARXVITE NS

YValues are meanz SE.

Table 6. Correlation between GST-P' formation and a -L-
fucosidase activity

LW/BW G No. G area G Max.
G No. 0.946™
G area 0.908" 0.906™
G Max. 0.928"™* 0977 0.965™
FUCO 0938 0.949™" 0.789" 0.801"*

*p<0.05, **p<0.01, ***p<0.001

LW/BW : Liver weight/Body weight, G No. : GST-P' foci number,
G area: GST-P’ foci area, G Max : GST-P" foci maximun diam-
eter, FUCO: a-L-fucosidase
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