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Effects of Different Dietary Oil and d-Limonene on Histopathological and

Biochemical Changes in Experimental Hepatocarcinogenesis

Lee, Mi Sook - Kim, Jung-Hee

Deparmment of Nutrition, Seoul Women's University, Seoul 139-774, Korea

ABSTRACT

The purpose of this study was to investigate the effects of n-3, n-6 fatty acid and d-limonene on histopathological and bio-
chemical changes in experimental rat hepatocarcinogenesis. To attain the above objectives, weanling Sprague-Dawley female rats
were intraperitoneally injected twice with a dose of diethylnitrosamine(DEN, 50mg/kg body weight) and after 1 week 0.05%
phenobarbital was provided with water. Sardine oil rich in n-3 fatty acids and corn ol rich in n-6 fatty acids were fed at 15% by
weight and 5% d-limonene was added to the diet in each group. Ten weeks or 20 weeks after DEN treatment, rats were sacrificed.
The formation of glutathione S-transferase placental form positive(GST-P) foci was significantly decreased by the treatment of
cither sardine oil or d-limonene. HMG-CoA reductase activity was not affected by dietary oils and d-limonene. Protein kinase C
(PKC) activity was decreased by either sardine oil or d-limonene. Particularly d-limonene decreased the membrane PKC activity.
Membrane Cholesterol /Phospholipid(Chol /PL) ratio was significantly decreased by d-limonene in sardine oil group. The data
showed that GST-P* foci number was positively correlated with membrane PKC activity and serum cholesterol and negatively
correlated with liver cholesterol level. These results suggest informations about the correlation between histopathological and
biochemical changes such as cholesterol metabolism and PKC activity in experimental hepatocarcinogenesis and thereby can
elucidate the possible mechanism related to the cancer inhibition. (Korean J Nutrition 33(1) : 23~32, 2000)
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Fig. 1. Experimental design.

Table 1. Composition of basal diet

Ingredients Amount(%)
Corn starch 55.2
Cellulose 5.0
Casein 20.0
DL-methionine 03
Corn oil or sardine oil 15.0
Salt mixture' 3.5
Vitamin mixture® 1.0
Vitamin E 0.015
Butylated hydroxytoluene 0.01

'AIN 76 mineral mixture

*Composition of vitamin mixture(Oriental Yeast, Japan), gkg mix-
ture: Vitamin A acetate(500,0001U/g) 1.0g, Vitamin Ds(40,000,
0001U/g) 2.5mg, Vitamin E acetate 5g, Vitamin K; 5.2g, Thiamin
chloride 1.2g, Riboflavin 4.0g, Pyridoxine hydrochloride 0.8g, Vi-
tamin B,, 1.0mg, Ascorbic acid 30.0g, Inositol 6.0g, Choline chlo-
ride 200g, p-Aminobenzoic acid 5.0g, Niacin 6.0g, Calcium pan-
tothenate 5.0g, Biotin 0.02g, Folic acid 0.2g, Cellulose finely powd-
ered to make 1,000.0g

BE Jol 17Ye] FUK Azste] vd Asfule] 3
014 -40THA BEsATI} TFEAAT

2. MBEE Y R NE 28

HEFELZ 1057 A 3, 122178 #4472 @57
E AHEEte sl AN Y, 8L FeHoa e fHe H
AE AAEEsI Ao, BF F A JAELE F
&Y% st -80TolAM BF REstATrt BAsIAG. 1
< A H T A 9+ 10% normal buffered
formalin®ll A3}lo] 22A8H3 FEAof| o] 813, V%]
= A3y 248 st Xy &7)3E B s

re] AEY A7]#& Masmoudi 5] ¥l uje} ¥
gt HvA dAF] Y 39S buffer A0.3M
sucrose, 2mM EDTA, 10% glycerol. and 20mM He-

WS B ek 33(1): 23~32, 2000/25
pes, pH 7.5)¢ Yo homogenizer(Wheaton)i Figtkcy
AA GRE BAELZ YEAIR UrAE 25 ¥F ¢
A1 2-2]7](DuPont Sorvall, RC-283)& o] &3t} 242}
subfraction®Z #2j5t4

7+ #ARE 1,000g04 1587 dAE st
< tHA] 100,000go 4 60%3F 94 Bel¥ A
o cytosolZ ¥, o4l pellet membrane fraction
oz dguysigl. olF Y¥E buffer B(20mM Tris-
HCl. 2mM EDTA, and 0.5% Triton X-100, pH 7.5)%
At BHA8S Al Basta, YmAE BAl mi-
crosome S #21317] Y3 buffer C(0.25M sucrose. 0.05
M potassium phosphate, 75mM nicotinamide. 20
mM B-mercaptoethanol, 2.5mM EDTA, pH 7.0)¢l #|
HEMA A 12,000g914 2087 e A & ZFdgt
< #a g 100.000go14 607 P4 Eelste vietel
7}ekeke pellet2 buffer D(0.05M potassium phos-
phate. 20mM PB-mercaptoethanol, 20mM EDTA, pH
7.2)0] AAGAA} BE ASEL A A4S AMESHA
F& 52A2 & -80C BIsAGE BAA Al
AH&-3 Tt

3944_4

S e s
= =]
o

[e]
ag

2] gHAF foci®] o WA o2 ehiUTt. GST-
P& (polyclonal Ab. MBL, Japan)t 1: 20022 3|4
st ARgER A, foci ok WAL i o] 0.2mm ©}
Aol Aure FEk JAENZA(VIDEOPLAN, Carl
Zeiss, Germany)& A3t dd4g F9 WAooz
Axksted iU

Proliferating cell nuclear antigen(PCNA)2] A8}
e olol ] M3k GST-P* focist BYstm Uatagt
< PCNA 3l (monoclonal Ab. Santa-cruz)® wvHto]
Abgsloich GMe] dabe dnFod #EEte PCNA
labelling index(LI) & YR}

4. 435y 24
1) 8% A e BYLHE ¥Y 59

g% R o] SU2HE FFL Sale 579 WHe
4 A2ME o83k FFAY kitrHBC 108-E)=



26/ 2|42} d-limoneneo] 2} ket o vl 3

ARS8t SAstglon, 7o) e AEE FFS UA 2
A4< Bligh 9 Dyer™e] W& o] 83lo] F&3u, F
8 A2 SN EoLEES FFE SA

o

2) 22 gYE 8§

Microsomal HMG-CoA reductase 42 Hulcherst
Oleson®¢] Wgoz &4} wgA|eke g HMG-
CoA, NADPH. 0.1M triethanolamine-0.02M EDTA
buffer(pH 7.4)¢} microsome ¥ ¥H-&A171 & A&
Z & dEdE J-A7]11 0.4M sodium arsenited ¥
dithiol-arsenite complexS HAAZATH ¥ke F8% 3
mM DTNB €948 91 412nmollA &3 & ©3E &34
stHen g49 #4%E monothiol-arsenite complex
o] FFAF 0.136€ o] &3t Ak, BAE CoA-SHY &
o3 gL}

Protein kinase C¢| 84%E Yasuda 579 el
9J3l9] cytosol, membrane fractionoll A Z+zt &8t}
PKC fraction®l reaction mixture(20mM Tris-HCI :
pH 7.5, 5mM Magnesium acetate, 0.5pg/m! phosph-
atidylserine. 50ng/ml diolein, 0.1mM CaCl,, 40uM
MBPs,. 108M (y-%p]ATP(3-6 X 10°%cpm))E W-A7]
T AAEYE A4EHS P-81 paperdl #31 ¥ scin-
tillation cocktail(BBOT 8g. Toluene 2L, Triton X-
100 1L)°ll ¥4 liquid scintillation counter® &3t}
PKCOl #4%& FFXUsA 1% ¢ ATPEAH
MBP...2 *PE incorporation Al7]t &49 402 7
Akl cpm/mg protein/min 2.2 VRt

ol gake FFEAHE bovine serum albumind
ARt Lowry™e] o2 A3l

3) ME9e A o R Y BT

Membrane fraction®] A3 Bligh®} Dyer™<] #d
< o]g3le] &3 T A A B ARgslat 29
ZHE §FE Sales™ HHS £8F F2H(FEAL
cholesterol 3 & kit) & o]&3to ZA3%ct.

Q1214 ke Q1" Fo 509l phosphoruse] gk
& 3% 3= Rouser 379 Wy o2 439t

2ol XA 24L& HPLCE °]&3t= Patton 579
WS ARt S48t 88 columno2E Hib-
er I column(Merck, LiChrospher Si-100)& A}&-3t
Axate] ohF diEo = A 712 (phosphatidyl-
choline, phosphatidylethanolamine, cardiolipin, pho-
sphatidylinositol, phosphatidylglycerol. phosphatidy-
Iserine) 2 B3R oM 7} A9 3t 25 WA F

71914 B84 %2 8t Eeld 7} peaks EF UA
A N9 retention time} B 3}e] Eelalgitt.

At 242 AF FE298 Metcalfe 59 WHo=
WA transmethylationA|Z] ¥ gas chromatography=®
233519 th. Columne Innowax Capillary Columns
A5 7% 7]= Flame ionization detector® AHE
Rt zh Aol e A WA HE7A WA %
2 Fa9on a9 7} peakE 5 A4 methyl est-
er? retention time} ¥)walo] go1ak9]c}.

5. UM

A8 Azle] BA gt Statistical Analysis System
(SAS) programe ©]83}¢] 3-way analysis of varian-
ce(ANOVA) % Duncan'’s multiple range testol 23] &
JAE AFsat

"
HFEA Fofut AHojAwe] £/ H d-limonene A3
7} AT 2L 2 FA A s 9 A A woked
Fo 73 d-limonene HHTNA 2zt AF7H40t Vet
gout foHl #EL ofYtHTable 2). Yutzoz
HtEAe o AYEEY AFTE BAAE Ao

=3
By 93, oHAyge A d-limonened] 7ol

Table 2. Effects of sardine oil and d-limonene on body weight and
liver weight

Body Liver Liver weight/
Groups . ) .
weight(g) weight(g) Body weight(%)
Cco 211.5 + 22.5% 53 + 0.43° 252 + 0.36°
CcD 224.0 + 19.0° 78 +1.0¢ 351 + 0.41°
CL 199.7 + 11.0® 7.2 + 0.5 3.60 + 0.10°
CLD 192.7 + 16.8° 104 £ 1.4 5.39 + 0.49°
SO 186.6 £ 12.1° 6.8 + 0.9¢ 3.86 + 1.27°
SD 2210 + 183 106 + 1.3° 484 + 0.62™
SL 194.1 + 9.3° 8.9 + 0.6° 458 + 0.44°
SLD 2106 + 140* 139 + 2.1° 6.57 + 0.74°
Significant DL O, D, L, O, D, L,
factor OxD DxL

CO = corn oil, CD = com oil + DEN, CL = comn oil + d-
limonene, CLD = corn oil + d-limonene+DEN, SO = sardine oil,
SD = sardine oil + DEN, SL = sardine oil + d-limonene, SLD =
sardine oil + d-limonene + DEN

1) Values are mean + SD. Values with different alphabet within
the column were significantly different at & = 0.05 by Duncan’s
multiple range test: n = 7 - 11

2) Statistical significance was calculated by 3-way ANOVA at o =
0.05 O = oil, D = DEN, L = limonene, O X D = oil x DEN,
D x L = DEN x limonene
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Fig. 2. Effects of sardine oil and d-limonene on GST-P* foci numb-
er and area.

HERAS RS e 33(1): 23~32, 2000/27

Fgo M AT B9 B Jee v 2]
49 tAE sk mey e e Ao
AztEict £3 AYPAT M 2AstHl wse paAge
W 29, B4 $A9%, 0184 AE, A 5714
M B ¥4 5 FHSAQ W) AojalRg TF
F Fo) $55AE BFY Tol vistel Hon oY
ATE T3l Ao HFAA LR o3 Feeh
HEE o= AR AAFozZH SF5fol vlsle] wda)
Qoo AP oj= HE AAANZ F Athes FEE 7}
3t

e
re
-
2
>
ft,
2
%
8
o
12l
=]
rir
&
-
av}
S
g
oft
%

d&
ARt A2 YElGon o] d-limonene®] 7+e] ¢t
H4E AAE 7 dvke A& sk Rolt} o)#g
T AFE fridely g5t g g7E HAFE 2 o
T-9 AxtEn} dXh= A2 E d-limonene®] £ FHY
SollA BT gy o2 AM8E 5 9lE 7HeAS vehd)
Mgl M d-limonenes )&% A5l 433 WHH
o] glom o] FFHe| YAEAZ K= 99} w9 ety
Aol My fete] wekaleol A Aol 1%y 5%9) d-li-
moneneTHA] g A4 A7t BEEHUL. £ 10%
9] d-limonene FFAIE 45U HadY T BaES)
I ol2jdt AT ARES vigeE U #AlA limo-
nenes HZA<l X gAZ YFo|A AR it

3. PCNA EXR|p

PCNA #AA & AogH 439 d-limonene 43
o o) rAEE Ao Yelyton o] 7t GST-
P* foci®] 2T} AP FABAE 2E Aoz vepdt)
(Table 3). PCNAE DNA polymerase-82] B xghilo
A &3 FASE AXAM F718le, 53 S ph-
ase ¢ A FrHElE ZAeR duA glon, FHIZ
apoptosis®t A ZF7]¢ke] #A 2 PCNAS ek A7}
gstA AgE 3 et

# A79 o= Aolglf3 d-limonene®] HYE 2 <)
Folof| o8 &slA dojuks AEEG dAcM AXE
L A=AE JAT F &S YEL Jon o|ze
Aoj2] ¢ d-limonene®] ¢t AAI2HE-g AHE 5

< Ao A7y,
4. 9% A 1Y FYAHE B

¥4 Fo2HE §F Mol FF d-limone-
ne A¥, WA Folo] SJaix 2N Aoz ek
oh. HolAe) FHol HetdE Holelfrzel 55T
uo foHoz we 84 FUsHES Ushigien

i}

32



28/Alo| A3 d-limoneneo| 7 stz off vl & o3k

Table 3. Effects of sardine oil and d-limonene on GST-P* foci num-
ber, area and PCNA labeling index

Groups Foci number Foci area PCNA labeling
{No./cm?) (mm?/cm?) index (%)
cD 13.78 £ 10.00° 3.70 + 6.24™ 193 + 1.76°
CLD 401 + 400° 240 + 1.56 0.46 + 0.52°
SD 6.41 + 399° 216 + 1.77 0.97 + 0.83®
SLD 092 + 1.09° 0.64 + 0.71 0.08 + 0.11°
Significant O, L NS O, L
factor

CD = corn oil + DEN, CLD = corn oil + d-limonene+ DEN, SD
= sardine oil + DEN, SLD = sardine oil + d-fimonene + DEN

1) Values are mean + SD. Values with different alphabet within
the column were significantly different at o = 0.05 by Duncan's
multiple range test: n = 7-11

2) Statistical significance was calculated by 3-way ANOVA at o =
0.05 O = oil, L = limonene, NS = not significant
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Fig. 3. Effects of sardine oil and d-limonene on serum and liver cho-
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Fig. 4. Effects of sardine oil and d-limonene on microsomal HMG-
CoA reductase activity.
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Table 4. Effects of sardine oil and d-limonene on hepatic mem-
brane cholesterol and phospholipid contents
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Fig. 5. Effects of sardine oil and d-limonene on hepatic cytosolic
and membrane protein kinase C activity.
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4,5-triphosphate(IPs) 7} A4 €}. oldf DAGE PKCE
cytosol 24 membrane?# 22 o5 AA phobol
ester$} 22 WEA ] £EA7} HA sl £F [P
AXN ZES olFAA ZEd s FA3EE= PKCY
BA4E& F7HA Axete dhild QatslE FR s ulAg
AR AEFAE £ e Aol 53] phobol
ester®] F&A0 PKC9 phobol ester2}t] binding ac-
tivity7b Al E2e] QA H o] Aol upe} wpARE 2o]%]
He] ofojit APt} FRol whel Al Ere] QXA FA4do)
#3235 membrane-associated PKCS} &4o] Wig 4
ASASZ 7ldEG.®

ey B Ao BE AY Ay 984 A Aol
fr AFA¢ 2 PKC 8457} 248 AL ooz o)
of thdt o B2 A7) Yoy w3 PKCY BALE £
Ca**~dependent protein kinase C9+& &4 & o] o}
Yt o] 79 isoformsS THER 451 43
oA Yel= isoforms £¢ W3S 2AMEFE o] ©

Total cholesterol  Phospholipid-Pi C/PL-Pi
Groups . . .

(nmole/mg protein) (nmole/mg protein}  (molar ratio)
CcO 28.3 + 3.1* 114.8 & 119"  0.249 + 0.031°
CD 25.1 + 3.1™ 135.0 = 14.3° 0.188 + 0.064°
CL 23.4 £ 3.3¢ 110.0 + 29.5%  0.222 &+ 0.045"
CLD 25.7 + 3.0" 1269 + 17.9"  0.205 + 0.031¢
SO 30.2 £ 5.2° 103.8 + 13.3° 0.293 + 0.053°
SD 244 £ 45" 129.2 + 13.5®  0.190 £+ 0.034
SL 204 + 4.0° 118.0 £ 17.5% 0.175 + 0.038°
SLD 21.7 + 2.2¢¢ 123.2 + 141" 0.178 + 0.024°
Significant L, OxL, D D, L, OxL,

factor DXL DXL

CO = com oil, CD = comn oil + DEN, CL = comn oil + d-
limonene, CLD = corn oil + d-limonene + DEN, SO = sardine
oil, SD = sardine oil + DEN, SL = sardine oil + d-limonene,
SLD = sardine oil + d-limonene+ DEN

1} Values are mean + SD. Values with different alphabet within
the column were significantly different at o = 0.05 by Duncan's
multiple range test

2) Statistical significance was calculated by 3-way ANOVA at o =
0.05 O =oil, D= DEN, L = limonene, O X L = oil x
limonene, D x L = DEN x limonene

L

P
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Table 5. Effects of sardine oil and d-limonene on hepatic membrane phospholipid composition

Group PE PG PI PS CL PC PE/PC

co 337 + 5.2% 10.2 + 33" 6.6 + 2.5° 39 +1.2% 2.5 + 0.6° 432 +5.3° 0.8 +0.2°
CD 29.7 + 2.2 116 + 2.2 42 +16° 43 + 25 1.8 +1.1* 485 + 59® 06 +0.1°
CL 292 + 1.6° 105 + 1.2 44 +12° 38+ 16 2.0 + 0.3* 502 + 2.4° 0.6 +0.1°
CLD 298 + 1.7 116 +06  42+08 41+ 1.2 22 +07%° 48.1 + 2.7 0.6 + 0.1°
SO 33.1 £ 1.5% 105 + 2.5 33+ 14° 38+ 1.6 1.6 £ 0.3° 478 + 1.7* 0.7 + 0.0®
SD 31.6 + 3.2% 102 + 1.8 33+07° 39 + 14 16 + 0.3° 49.4 + 2.5° 06 + 0.1°
SL 341 +2.2° 103 + 1.1 35 + 1.1° 23 + 04 1.5 + 0.2° 484 + 2.0® 0.7 £ 01®
SLD 32.0 £ 2.9™ 114+ 17 40 + 09° 32+ 06 1.9 + 0.5% 474 + 41% 0.7 + 0.1%®

CO = corm oil, CD = corn oil+DEN, CL = corn oil + d-limonene, CLD = corn oil + d-limonene + DEN, SO = sardine oil, SD = sar-
dine oil + DEN, SL = sardine oil + d-limonene, SLD = sardine oil + d-limonene + DEN, PE = phosphatidyl ethanolamine, PG = phos-
phatidyl glycerol, PI = phosphatidy! inositol, PS = phosphatidyl serine, CL = cardiolipin, PC = phosphatidyl choline

1) Values are mean + SD. Values with different alphabet within the column were significantly different at & = 0.05 by Duncan's multiple
range test. NS = not significant: n = 5-11

2) Data are presented as % of total phospholipids

Table 6. Effects of sardine o0il and d-limonene on hepatic membrane fatty acid composition

Fatty acid Cco cD CL ClLD SO SD SL SLD
SFA(%) 395 £ 49 395+49 377 +£38 375+19 377+49 388+19 381+23 38024
MUFA(%) 73+£09° 65+06° 74+20° 78+07° 109+32 100+24 109+21° 100+ 1.7
PUFA(%) 53.2 + 43™ 540 + 52® 549 +55° 547 +14 514+ 34 512+ 19 510+ 3.4 512+ 13%
UFA/SFA 1.5+ 04 16 +0.2 1.7 £ 03 1.7 + 0.1 1.7 + 0.3 1.6 + 0.1 1.6 + 0.1 1.6 + 0.1
MCL 187 + 02° 187 £ 0.1° 187 £0.1° 186 £ 01° 190+ 01° 190 £ 0.1° 190+ 0.1° 190 £ 0.1°
ut 21 +£02° 21402 21+02° 21+01° 25+02° 25+01° 2502 25%01°
2 nb6 419 + 27° 443 + 46™ 436 +35° 454+ 15 197 £14° 189 +19° 197 £20° 203 + 4.5°
2 n3 106 + 60° 87 +09° 107 +21° 86+ 1.1° 305+ 3.2° 312+ 35 302+ 30° 304+ 42
n-6/n-3 41 +11° 54406 42+15 54+13 07+01° 06+02 07+01° 07 +03°

1) Expressed as % distribution of fatty acid methyl esters

2) Values are mean + SD. Means with different superscripts within each row are significantly different at p < 0.05: n = 5-11

CO = com oil, CD = corn oil+DEN, CL = corn oil + d-limonene, CLD = corn oil + d-limonene + DEN, SO = sardine oil, SD
dine oil + DEN, SL = sardine oil + d-limonene, SLD = sardine oil + d-limonene + DEN, MCL = mean chain length, Ul
saturation index, X n-6 = sum of n-6 fatty acids, £ n-3 = sum of n-3 fatty acids, n-6/n-3 = n-6/n-3 fatty acids ratio



Table 7. Correlation coefficients between biochemical indices and
histopathological changes

LW/BW G No. G area PCNA LI
S-Chol -0.215 0.195 0.210 0.260
L-Chol 0.395*  -0.158 -0.150 -0.124
HMG-CoA 0.155 -0.024 -0.036 0.089
GST 0.773**  —-0.464**  -(0.392* -0.488**
C-PKC 0.251 -0.145 -0.114 -0.069
M-PKC - 0.651% 0.353* 0.230 0.531**

*n < 0.05 *n < 0.01 *+n < 0.001

LW/BW: Liver weight/Body weight
G No.: GST-P* foci number

G area: GST-P* foci area

S-Chol: serum cholesterol

L-Chol: liver cholesterol

GST: Glutathione S-transferase
C-PKC: cytosolic protein kinase C
M-PKC: membrane protein kinase C
PCNA LI: PCNA labeling index
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