J Korean_ Soc. Food Sci. Nutr.
32(8), 1328 ~1336(2003)

1

-

d}o} |

Fel 7+ el

[

o

>

Effect of N-3, N-6 Fatty Acid and d-Limonene Treatment on

[ 0[A] N-3, N-6 X|da M5 Y d-Limonene
gt X[AZXM 2 Protein Kinase C &M X0 O0|Xl= H&t

3

i

4
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This study was done to investigate the effects of n~3, n—6 fatty acid and d-limonene on the hepatic membrane
lipid composition, protein kinase C (PKC) and glutathione S—transferase (GST) activities in experimental rat
hepatocarcinogenesis. Sprague-Dawley female rats were fed with two different types of dietary oil for 20 weeks.
Corn oil (CO) and sardine oil (SO) were used at 15% by weight as a source of n-6 and n-3 fatty acid, respec—
tively. One week after feeding, rats were intraperitoneally injected twice with a dose of diethylnitrosamine
(DEN, 50 mg/kg body weight) and after 1 week 0.05% phenobarbital (PB) was provided with drinking water.
Membrane fractional lipid composition showed that the content of cholesterol was higher in SO group than
CO group and also significantly decreased by d-limonene. The content of phospholipid was increased by
carcinogen treatment but not affected by dietary oils or d-limonene. Membrane C/PL molar ratio was sig—
nificantly decreased by d-limonene or carcinogen treatment in SO groups but not in CO groups. Fatty acid
composition was changed by dietary oils but not by carcinogen treatment or d-limonene. Cytosolic PKC acitivity
was not significantly different by dietary oils, d-limonene or carcinogen treatment. However, membrane PKC
activity was significantly increased by carcinogen treatment and decreased by d-limonene. Cytosolic GST
activity was affected by d-limonene or carcinogen treatment in all dietary groups. These data indicate that
dietary oils, d-limonene and carcinogen treatment can not change much membrane phospholipid composition.
But membrane C/PL molar ratio was changed by carcinogen treatment and d-limonene although the effect
was different between dietary oils. Therefore, it is suggested that different dietary oils and d-limonene can
somewhat modulate the changes of membrane fluidity and activities of membrane bound enzymes like membrane

associated PKC during carcinogenesis.
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v DEN injection 50mg/kg BW CO : com oil group
1 comoil diet SO : sardine oil group
QB  sardine oil diet CL : comn oil + 5% d-limonene
= 0.05% PB in drinking water SL : sardine oil + 5% d-limonene
com oil + 5% d-limonene diet .
Wizzzd ~ sardine oil + 5% d-limonene diet

Fig. 1. Experimental design.
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HEUSE 5d %L AR 7

Alg FE-L 205 AHRte] 3]st oL, 314 Aol 124] 24
FAAZ F 52 A 2 T F FA] A s
of A7k A G A F AR 1Y 1S
AAY F T A Asperd £48 st Al =2d
2718%E BeEsigrt

7rel A EY 4713 F2]= Masmoudi 5(20)2] ¥ of] o}
2} 5 g9 £93% 7kdS FAsle] buffer A0.3 M sucrose,

2 mM EDTA, 10% glycerol, and 20 mM Hepes, pH 7.5)
25 mLel| gol #A7|2 dAZAA A A4z g
FA715, U Rl= g Y5 44 £l 7] (DuPont Sorvall,
RC-2839)& ol&3}ley 7r72e] subfractione 2 #=]3hgich
b A AL 1,000 gl A 1527 A Felstw A4EFgas
t}4] 100,000 goll A 6087 14
tion(pellet)¥® cytosol(supernatant)-2 ¥
k& A A ZE F tubeol] ol B339 2.7 membrane frac-
tion®] 4§+ buffer B(20 mM Tris-HCl, 2 mM EDTA, and
0.5% Triton X-100, pH 75)2 deste] B35 ¢ )
sl 24 AREL AA Axd G5 FHAA -80°C
of Bytsldvirl 244 AW ARE-3ksld

H-2}5}%] membrane frac-

3}l cytosolS A

Table 1. Diet composition

Ingredient Amount (%)
Corn starch 25.2
Cellulose 5.0,
Casein 20.0
DL-methionine 0.3

Oil (corn or sardine} 15.0
Salt mixture'’ 35
Vitamin mixture” 1.0
Vitamin E 0.015
BHT 0.01

1)Composition of salt mixture (AIN 76), g/kg mixture: calcium
phosphate dibasic (CaHPO4) 500, sodium chloride (NaCl) 74,
potassium citrate, monohydrate (K3;CsHs07 - H2O) 220, potas—
sium sulfate (K»SOy) 52, magnesium oxide (MgQ) 24, mang-
anous carhonate (43~48% Mn) 3.5, ferric citrate (16~17% Fe)
6.0, zinc carbonate (70% ZnO) 1.6, cupric carbonate (53 ~55%
Cu) 0.3, potassium iodate (KIOs) 0.01, sodium selenite (NaxSeOs
- 5H-0) 0.01, chromium potassium sulfate [CrK(SOu): - 12H201
0:)5 sucrose finely powdered to make 1,000.0 g.
Composmon of vitamin mixture (Oriental yeast), g/kg mix-
ture! vitamin A acetate 500,000 IU, vitamin D3 100,000 IU,
vitamin E acetate 5 g, vitamin K3z 5.2 g, thiamin chloride 1.2
g, riboflavin 4.0 g, pyridoxine hydrochloride 0.8 g, vitamin Bi»
0.5 mg, ascorbic acid 30.0 g, D-biotin 20 mg, folic acid 0.2 g,
calcium pantothenate 5.0 g, p-aminobenzoic acid 5.0 g, nic-
otinic acid 6.0 g, inositol 6.0 g, choline chloride 200 g, cellulose
powder to make 1,000 g.

AHs}Etr FAq

Axere] FH2HE 2 F XA FF 5A  Mem-
brane fraction®] ]2 Bligh®} Dyer(21)9] W1 & ©]-8-3}
04 Z22% F A 24 B4 AMSst e A E T

2 Sale 5(22)9] wh-& A 4P ol 83k FFA
o} cholesterold & kit(BC 108-E)& o83t A 3lsich

]_;z_u}_g] o]x]zl z/\é iz—] - uL_q} o];qzl zx—]% chlo-
roformell o} 9l AFel €] 7k membrane fraction #| &
Z o 4} HPLCE ©]-8-8}+ Patton £(23)9] Wl & Al-8-3}

o A3t} #el8 columnd Hiber 11 column(Merck

Co, LiChrospher Si-100)-& A+-&-3tgich Q124 2442 mem-
brane fractionol] theF &-f=e] 9= Ao 4#H s+
o3 A 7}A) Z(phosphatidylcholine, phosphatidylethanolamine,
cardiolipin, phosphatidylinositol, phosphstidylglycerol, phos-
phatidylserine) £2]slgl o, 7+ Qx4 9] ek x5 =
Joll A WA 9= Alarsledck 225 7 peaks TF
QA]A goWel retention timed}t H]® &elste] T34

,q]iul»_g] A ukAk FA EA A 2L 2] A Z%qﬂ
€& Metcalfe 5(24)2} ¥ 2 2 = A transmethylationA] 2]
% gas chromatograph(Hewlette Packard 5890 II Series) &
221 3}9d ok, Column< innowax capillary column-2- AF-8-8}
912 7A%7]% flame ionization detectord A&ttt zh
uhako) ekl AbF WA i W %2 P e
E2]" 7+ peak?] #<¢le ZF A4 methyl ester?
retention time¥} W] mLs}ed o] Fo] Hr}

Protein kinase C @A % &4 : PKC &4 =+ Yasuda
Z.(25)2] "hH o] 2] 3}e] cytosol, membrane fractionol 4] Z+
7+ FA skl oh

PKC fraction®l] reaction mixture(20 mM Tris-HCI; pH
7.5, 5 mM magnesium acetate, 0.5 Ug/mL phosphatidyl-
serine(PS), 50 ng/mlL diolein(DO), 0.1 mM CaCl, 40 uM
MBPi-14, 10 1M [ 7 =*p]ATP(3-6 X 10° cpm)] 50 uLE g ]

30°Cell A 20%-7F H}i/‘] 71 & jce—cold 100% trichloroacetic
acid(TCA) 5 L& ¢ 3L icell 4] 1083t incubationA] #A 18-
< HAAZh vhe-& A A7) F 3000 rpmel A 5&7
Al 22 8ho] A2l 30 ULE 2% 2(cm) 2 AHE P-81 paper©
% Z A paperE 75 mM HzPOsoll 5E4 49
washing®tal, ZAZA]A bialell @ol scintillation cocktail
(BBOT 8 g, Toluen 2 L, Triton X-100 1 L) 10 mLE& ¥
liquide scintillation counter® &3 $t9t}. Control& CaClz
9} DOE A 21217 conditionell A1) o2 sttt PKCH
AN E= 252718 A 13 E9F ATPERE MBPs, 3
¥pZ incorporation A7 enzyme?] °Fo.g AAlslo]
cpm/mg protein/min2-& el ¢ich

Glutathione S-transferase &A% A : Cytosol9]
glutathione S-transferase(GST)e] A £+ GSHI 1-
chloro-2,4-dinitrobenzene(CDNB)&- 714 & A}-8-3}%] Habig
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F26)° W o g Aol GST B4 =& 340 nmell
A 2%¥E CDNB2| EAE#A 5 96 mM 'em '8 o] &
sto] A4l 2™ mg protein @ 1% %< 2§ 5= CDNB
9] nmoleT2 FA59ic}

=l ghek 24 1 Cytosol, membrane fraction] a2l
TS Lowry BPH 2N E &R 359}

S % A 9] ok membrane fraction®] & A8 =
#eF, QA" 2} ek PKC specific activity, cytosol®] PKC
specific activity W GST specific activity2] AJAkel| o] L3}
Ak

EAIXz2|

Ao A ke] F5t, d-limonene®] 4 # &3} 3 ot B =
of off wh-E e} o] Sk At aHE-& R 7] 95t AYA
#-& 3~way analysis of variance(ANOVA)Z B4 351ed ¢ =
0.05 =30l 4] Duncan’s multiple range testel] 2] sl -¢-2] A
< A% k. € A3 A3 %4 Al Statistical
Analysis System(SAS) program= ©]4£3}lw »E A}
€ BdH FFHAE ZA S

Zot Y DE

Aol HFZ, HE Y ZH2A

Aol A ekl PlX = A deko] 3L wiA sl
7] #lal g Folol s deju Aol YA 3t
2E St Wt EA T T A 23] A4
ol & AABA7] W el T3kl oAl

& =

A Z Z718-2 d-limonene 4 3 ol ohe} 74 sl=

At Table 2). A o] A uke] FFoll & A5 W3l &
A zpelrt ola, kA Fofol wat A Fo] 7t s
T 73] 9l2v} d-limonened} Wt &3 ToAs} AR
(p<0.05)F K9] d-limonened Fo3F Tl A= WotE
< FoAstH AFo] 23]8 At Tl AL v T4
t}. Tisdale® Dhesi(28)% ool Z = A2 zF4r} of
oJi}rd, gk=3}E Al fish oil 2 25%0) 4 TF3H 439

o) A

S
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fo

= 15%c|feng & E3F detliA s e Al A3
& Vehdz gl Ao Addc

A5AE AolA FHoll mbE Aol flglend, Ut E
< T8 A% foH o2 F7HP<0.00D) 3R 32, d-lim-
onened 4 HI Aol S7F AFE o FelH oA =

H [s)
skt =3, HEA ) d-limonene™ ] AF3E & 7H(p<0.01)
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7} lot F2lFol d-limonene? Fo] 3] o= FE A7} &
olx o g ZrH A ehstot W EAS FA FAY e
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Table 2. Effect of different dietary oils and d-limonene on
body weight and liver weight of rat treated with DEN

Body weight Liver weight Liver weight/

1

Groups @) (g) Body weight (%)
co 270.1+£199”%  59+05° 2.20%0.18°
CO-DEN  244.0+126.8%® 76L0.6° 313+0.38
CL 195.1+25.1¢ 66+1.0% 3.39+0.40%
CL-DEN  219.1+29.7%9  107+14° 491£043°
S0 257.7+35.3° 7.241.0% 2.81+0.14f
SO-DEN  257.6123.3° 109+1.8° 425+063
SL 206.5%33.0° 7518 3.62+0.64°
SL-DEN  226.6+358™ 13.3%2.2° 5.89+0.62°
Significant 0, D, L, 0, D, L,

factor? L DXL 6xp DXL  0xD. DXL

YCO=corn oil, CL=corn oil+d-limonene, SO=sardine oil, SL=

‘y)sardine oil+d-limonene.

“Values are mean*SD.

¥Means with different superscripts within a column are signif-
icantly different at p<0.05 by Duncan's multiple range test;
n=7~11.

YStatistical significance was calculated by 3-way ANOVA at
p<0.05, O=0il, D=DEN, L=limonene, OXD=0ilXDEN, DXL=
DEN X limonene.

A Wskm, BhEA Fo99) d-limonene’d # ofl b =

Z7Hp<0.001, p<0.001)7} vt Let-EAl s} d-
limnoened FAldl S FollA 71k 2HF-A 7} vl st
tH(Table 2).

e Al g St o2 AT Aap BehEal Fod i gho]
B ol Al E Hol sles o 5 adsdh Wt
=] o) 7t vd = HYE 2
2.7 Zhel| A of&] 71| s FH A W] 5
o}(29). =g d-limoneneel| 23l 7Fo] vl e o 4] 719} S 51
2F F7HA e & A Ak R ARV oo o
A= AT AUL 93)7] A At sty AlR
el

MzEBfol|A Z2iAHE Y QXA &2

ZHlAHE G2 Alo|A|uke] FR{of wpE o] 7} e}
v Aolel el Frlslg m, kB oo malde
Fre Al 2po] & Bo]x] ¢kstr}. ¥t} d-limonene?] 4 4
o Wt BE Ao|XHrel A ZHadlgon, B3] 1
7t A7) S4fFode P g FAE ¢gte
v Aol fellA v FEEA o Aql g ek
t}(Table 3).

Kawata 5(30)2 hepatocellular carcinoma®al2] 71A|
Eo A #43 HMG-CoA reductase?] &4 x7} AFAkale
A$url foldod w8o Hustgch B AY Aste}
vlas] 2 ey e FFo] Aeo)Awe] £7, d-limo-
nene?| 413 o Fol] ule} o} 2 A viehbs Z 02 Heol Ao]
Awte] FF-oll et d-limoneneo] Betell vl x| = <4 #Fe) o}
5 52 5 9ot =3 £ A¥ A d-limonene®] Z#

282 49 inhibitorZ 243 sl=Ae] gleg & $



1332 ZaA .

Table 3. Effect of different dietary oils and d-limonene on
hepatic membrane fractional cholesterol and phospholipid
contents in rats treated with DEN

Total cholesterol Phospholipid- )
Groups’ (nmole/mg Pi (nmole/mg C/PL-Pi
protein) protein) (molar ratio)
co 3831% 4.357™% 32228+35.10" 0.120+0.021%
CO-DEN 4120+ 433  360.95+29.76" 0.115+0.013"
CL 37.03+ 741 325.0414804® 0.114£0.016™
CL-DEN  3867+11.22%  323.20%+73.43® 0.118+0.016™
50 50.18% 9.44*  311.19+54.46° 0.163+0.029°
SO-DEN  4540% 7.83"  343.30+3579% 0.133%0.024°
SL 3567+ 755 309.48+54.70° 0.117+0.028™
SL-DEN  3841% 419"  35692+32.46™ 0.108%0.009°
Significant O, D, L,
factor” O. L, OxL D OxL

YCO=comn oil, CL=corn oil+d-limonene, SO=sardine oil, SL=
sardine oil +d-limonene.

C/PL-Pi: cholesterol/phospholipid-Pi.

Malues are meantSD.

“Means with different superscripts within a column are signif-
icantly different at p<0.05 by Duncan’s multiple range test;
n=b~11.

“'Statistical significance was calculated by 3~way ANOVA at

2743

Cholesterol/Phospholipid C/PL) molar ratiot= 4] o] x| v}
Z5ol e o2 Aol g i &, SFFRTdAe
o2 Bol9l d-limonene A # ol & A7} vhel}A]
gfo} Aoje]ftoll A= whetEA Fod A frefAQl 2h
3191, d-limonene A A Aol = o4 A2 et
kA, Aol FTd A e kg3 % d-limonene s &
Ale]] B gt F(SLD)el| 4 C/PL-Pi molar ratio”t 7F4 <k
o} ol” Azt oF3taA o] vl d-limonened] &3}
Aol Aukel Fieol mhet b 2 P1E 4= 9lvH(Table 3).
Kessler $(33)-& C/PL molar ratio?} =2 = 2|2 9]
FrEA o] Golxlcky B ustriA Alo] Fof Au-E el
o} 4% A 7)% C/PL molar ratio7} ¥ 3}gtekz Fo}. 282
2 7o) §-54¢ A4 FAHAAE WAt C/PL ratio®
AR HL!L?H 2 uj Aol Aol FFol upe} o] -5
Aol Wl ;:}3].1 Z] 013171‘:'7‘01]/‘1 kol %xa] =od1} d-limon-
eneg] A #d we}l 7t FEAdo] Foppivk AzE 5= Qi)
o] Axf A3 A-7(34)9] Ao} A3t H2E Ao

el A kg Folo 7 2 fEAde SR ot

JLH&&NQEL

p<0.05, O=0il, D=DEN, L=limonene, O X L=oil X limonene. d-limonenedl &AM E =] §E A o] Zr)sle] =y &

250 A x| dFgS vixelet A

ol o}
AR AR
CEAE R E R

° = MES| QIR W KA A
H ol 3ol mpeba & f2) 42l Aol 7} glow), Mok Fof

Membrane fraction®] #& ZA2 cardiolipin{CL)2-

0

A 92k Z7Hp<0.0D3HE Aol ek ol @ Aste Ao] AT HolAe I, d-limonenes| 44, ka4
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Table 4. Effect of different dietary oils and d-limonene on hepatic membrane fractional phospholipid composition in rats

treated with DEN (%)
Groups n Phospholipid Composition2)

PE PG PI PS CL PC PE/PC
co 31753 46+23" 81+29%  40+12® 32405 484+45% 0.7+0.2%
CO-DEN 288+55 35+04 9.0t18 39+0.8" 35+15% 51.3+4.7 0.6%0.1
CL 326L3.7 34+04 86122 33+1.0° 35+1.0" 485+43 0.7t0.1
CL-DEN 28.3+4.7 42%09 102+19 43+08" 3.8+£0.6" 492+43 0601
SO 29.2+42 37+1.1 87+19 3408 49+10° 50.1+t3.8 06+0.1
SO-DEN _ 32.1%t65 35109 81£23 3.7+09% 39+0.8% 492+52 0.7£0.2
SL 326168 36+1.1 8.0+3.1 46+1.8° 45+1.0® 474149 0.7£0.2
SL~-DEN _ 20.4+37 39+14 92+18 34+08" 4020.3% 50.1+53 06+0.1
Significant factor” NS NS NS NS 0, OXD NS NS

YCO=corn oil, CL=corn oil +d-limonene, SO=sardine oil, SL=sardine oil +d-limonene.

“PE= phosphatidyl ethanolamine, PG=phosphatidyl glycerol, Pl=phosphatidyl inositol, PS=phosphatidyl serine, CL=card:olipin,
PC =phosphatidyl choline.

Values are mean™ SD, Data are presented as % of total phospholipids

*Means with different superscripts within a column are significantly different at p<0.05 by Duncan’s multiple range test, N5=
_not significant; n=5~11.

JStatistical significance was calculated by 3-way ANOVA at p<0.05, O=oil, Ox D=0ilX DEN, NS=not significant.



F el ZF g ol A N-3, N-6 #uhat 414

Wbyt Phosphatidylinositol(PI), phosphatidylcholine(PC),
phosphatidylglycerol(PG), phosphatidylethanolamine(PE),
PE/PC ratioe 25 Alo]x|4F 2% d-limonene 4 3, 1t
A Foiol me} Zolrt ol o2 vebytt). Hargreaves
(353 Robblee$} Clandinin(36)-2 Ao} x| uF2] =) u}at &£
Fr-oll w2} PE/PC ratiog 3t A 7tk R wslgd ot 2 A4
ol e 238 S GehllA] ekgtr) o]l Aol B A
oAz "2 A 27 23k 1A d-gu]z Al ol
A RS £ 5191 7] o ol vebd $ glen], e
= A AL ool e B o] AEE Aol a7Hy
sk

Membrane fraction®] x)H}F4}F 2432 d-limonene 4 31}
ek Fofofl whE Aol vehbR] gk} A3 Ao
] F ol w2 F2E Zolr} et S-ppfToll A4
£ n-674 A uHate] greko] Aol Rt foHow &
3, olel Kol Mz n-34 X bake] gheko] e Aow
el (Table 5). wW2kA] n-6/n-3 ratio7} & o] 2] f-7-of A
frel e g A vrebydel Aukabe) 234 25 A4k A
T whd B 23 AHAHMUFA)Y 7§ Aolelf-Fell A f<
HoZ 2 ks v, —LE%%Q A8k AHPUFA) 9]
A5 SeerTolA ] fo2 o g A eyt =
BHA 9 AHSFA)S] ghaka) gii}/iﬁhﬂl% UFA/SFA)S
fre] Al apolz) A A okgfr}

Protein kinase C 4%

Cytosolell 4 2] PKC#A &= Ao AWk F-Fut et &4l
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2 2 askal oh(p<0.001). 53] L 3t =7t S5 RT
o} Aol fTell A=A el
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2). ]+ membrane fraction®l| 4 ¢] PKC &4 =7} wtet &4
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Fig 2. Effect of different dietary oils and d-limonene on
hepatic cytosolic and membrane PKC specific activity in rat
treated with DEN.

Groups: refer to the legend of Table 2.

Values are mean. Different alphabets above the bar indicate
significant difference at p<0.05 by Duncan’s multiple range test.

Table 5. Effect of different dietary oils and d-limonene on hepatic membrane fractional fatty acid composition in rats treated

with DEN
Fatty acid co” CO-DEN CL CL-DEN SO SO-DEN SL SL-DEN
SFA (%) 417+49%P  448+4, 9’ 388+38"  409+19®  433+49° 42319 425+23° 426+24%
MUFA (%) 59+09° 55£0.6° 6.8+2.0° 7.0+0.7° 11.7+32° 11.3x24° 11.1+21* 108%17°
PUFA (%) 5241+43® 497152  544+55 521+14% 451+34° 4651199  464+347 4661137
UFA/SFA 1.4+04® 1.3+0.2° 1.6+0.3° 1.4+0.1% 1.3+0.3° 1.4+0.1% 1.4+0.1° 14+01°
MCL 187+0.2™ 186£01¢  185+0.1¢  185+0.1° 188+0.1"  188£0.1° 188+0.1*  1870.1%
Ul 22+02° 2.0+0.2° 22+0.2° 21%0.1° 2.4+02° 25+0.1° 25+0.2° 25+0.1°
Sn-6 39.0+2.7° 413+46"  458+35"  452+15° 175414 187119 183+£20°  186%45
Sn-3 129+6.0° 82+09° 82+21° 6511 26.8132? 26.7+35° 273+30°  27.0t42°
n-6/n-3 34+1.1° 51+06° 59+15° 71%+13 0.7+£0.14 0.7£0.29 0.7+0.19 0.7+£0.3°

CO=corn oil, CL=corn oil+d-limonene, SO=sardine oil, SL=sardine oil+d-limonene, MCL=mean chain length, Ul=unsaturation
index, 2in-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.

2)Expressed as % distribution of fatty acid methyl esters.

¥Values are mean T SD. Means with different superscripts within each row are significantly different at p<0.05 by Duncan’s multiple

range test; n=b~11.
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Fig. 3. Effect of different dietary oils and d-limonene on
hepatic cytosolic glutathione S-transferase specific activity
in rat treated with DEN.

Groups’ refer to the legend of Table 2.

Values are mean. Different alphabets above the bar indicate sig-
nificant difference at p<0.05 by Duncan’s multiple range test.
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