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Effects of Perilla and Com Oil Diets on the Hepatic Microsomal Fatty Acid
Composition, Cytochrome P-450 Contents, and Glutathione S-transferase
Activities in 2-Acetylaminofluorene Treated Rats

Kim, Kyungmin - Choi, Haymie
Department of Food and Nutvition, College of Home Fcomomics, Seoul National University

ABSTRACT

This paper examines the effects of dietary fats on the fatty acid composition and marker
enzyme activities during liver damage in 2-acetylaminofluorene treated rats. Weaning Sprague-
Dawley male rats were fed the dicts of beef tallow(BT, source of saturated fatty acid), corn
0il(CO, source of n-6 fatty acid) and perilla 0il(PO, source of n-3 fatty acid) at the level
of 15% fat. Ten days after feeding, 2-acetylaminofliiorene(2-AAF) was injected intraperitoncally
twice every week at the level of 50mg/kg body weight for 7 weeks,

Liver microsomal and cytosolic fractions were collected to determine the microsomal fatty
acid composition, lipid peroxide(malondialdehyde, MDA) contents. glucose 6-phosphatase(G6
Pase) activity, cytochrome(Cyt) P-450 contents, and cytosolic ghutathione S-transferase(GST)
activity, The fatty acid composition in microsomal fraction was reflected by different dietary
fats. By 2-AAF treatment, linolcic acids were increased, regardless of the diet. MDA contents
werc higher in CO group than it was in BT group. However, 2-AAF treatment decreased MDA
contents m all dietary groups. G6Pase activity of BT group was higher than those of the other
groups. CO group had the highest Cyt P450 contents, and 2-AAF treatment lowered Cyt P-
450 contents only in CO group. GST activitics were higher in CO than in BT group, whereas
the enzyme activitics were increased by 2-AAF treatment in all dietary groups.

These results suggest that dietary fats and 2-AAF (reatment affect microsomal fatty acid
composition. The cnzyme activities concerned with liver damage were influenced differently
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by dietary fats and 2-AAF treatment. Although PO dietl contains much more polyunsaturated
fatty acids than CO diet, PO diet doesn’t cause more oxidant stress compared with CO diet

in these data.

KEY WORDS : dietary fatty acids * endoplasmic reticulum - lipid peroxide * cytochrome
P-450 + glutathione S-transferase.
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Table 1. Composition of experimental diets
Beef Corn Perlla
wlow  oil oil
(g/100g diet)

Component/Diet

Com starch 54.7 547 547
Vitamin-frec casecin 20,0 20.0 200
a-cellulose 5.0 5.0 5.0
Vitamin mixture(!) 1.0 1.0 1.0
Salt mixture(®) 4.0 40 4.0
DL-Methionine 0.3 0.3 0.3
Beef wllow 15.0 - —
Comn oil - 15.0 -
Perilla oil - - 15.0
(1) Nutitional Biochemicals, ICN Lifc Scence

Group, Cleveland, Ohio.

Vitamin mixture is composed of ; Vit.A Acetate
(500,000 1U/g) 1.8g, Vit.D conc.(850,000 1U/g)
0.125g, o-Tocopherol(250 TU/g) 22.0g, Ascorbic
acid 45.0g, Inositol 5.9g, Choline Chloride 75.0g,
Menadione 2.25g, p-Aminobenzoic acid 5.0g,
Niadn 4.25g, Riboflavin L.0g, Pyridoxine hydro-
chloride 1.0g, Calcium pantothenic acid 3.0g,
Biotin 0.02g, Folic acid 0.09g, Vitamin By, 0.
00135g, and Dextrose to 1kg.

(2) Composition of Salt mixwure, g/kg mixmre ¢ Ca-
HPO; 500g, NaCl 74g, K50, 52g, Potassium
atrate monohydrate 22g, MgO 24g, Manganase
Carbonate(43~48% Mn) 3.5g, Ferric Citrate
(16~17% Fe) 6.0g, Zinc Carbonate 1.6g, Cupric
Carbonaie(58~55% Cu) 0.3g, KIO; 0.01g, Ch-
romium Potassium Sulfate 0.55g, NayScQy - 5H,
QO 091g, Sucrose, finely powcred 118.0g.

oA & ice-cold homogenizing media(154mM KCl,
50mM Tris~-HCL, ImM EDTA, bufler, pH 7.) 25ml=
WA AT M A & e 4k, 12,000xgel) 4] 20&
T8 HHEEHAT. NER (el dcbris) &

AASIL FEAL Dol A 4T, 105,000xgo]] A
INZE et 9485 crosol microsomes

e

e 2asl microsome2 5m] 2] homogenizing
media® FHAA LT 1)ro -70T A JgF
BoeIgT

Bligh# Dyers] 9o osied x| 22 29
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At} Screw-cap tubed] methanol : chloroform :
microsome solution(2 : 1: 0.8, viv) S 2% chlo-
roform IvolumeS 4o 84 FZoA HHo]
2894 ~§} e & 1 volumeZ AH7MEE 3 3000
rpmef 4] 20% ?_} ] A2 3} chloroforrn &%)
Hepend 2w WESET. Ao D HEas
N2 = ﬁ_,_ A7l F A7l chloroforme.
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Chloroforme]] ##AHE AFE& diz Ax
A7l & 05N methanolic NaOH 0.4mlE #H71A)H
208 T4 B © 2 At} of7]¢] 0.5mle
boron ﬂuorlde—methanol reagentE AH7FAZ] 2 100
T B2 22 587 7EA7 O d8oA 4
1 8 1mlg F7HAA BeE BAAZT 44
methyl esters= 2mle] petoleumn etherd H7igh
5859t 3000rpmef A A A E-2) 8] etherd($)3
& Ao} N2 AZAA BF AR

Z)wkAl dh2ke GP 10% SP-2830 100/120 AW ch-
romosorb 2.2 9182 A7 0.25mm, Z¢] 30me
capillary columng &8t gas liquid chromatog-
raphy(Hewlett Packard 5890) 2 &3} ct. Ao
standard fatty acid esters ¢} reicntion tme¥} B
&3sto] R4S FFE % towl area® A4
.

5. 7t microsomeol| 48] XA HAsE 27

2t microsome?] A AH}Ar81EL. thiobarbimuric
acid(TBA) -2 o] £8}e Vacagl Harms-Ring-
dahl ©109g] Wlo = malondialdehyde(MDA)Qq
ok =AsYrk FA A7) microsomed 1ml 3
glod 370 A 9047 R T2k ok A 7lel 50%
(v/v) trichloroacetic acid 1ml& 7}8H3L 1% thiobar-
bituric acd 2mb& FH7)ste] e BolA 1087

gatdrh. o)Ag Hgol FZs WA
4000rpmel| A 1027 4R 1 F5dE
5820mell A FHE=E F8AT o E&E 89
L8 tetracthoxypropane(TEP) S 34383 Th

% -’.01' rﬁ

ZA7} Cyt P-450, GST BAHE

6. Glucose 6-phosphatase AT &3

7+ microsomeol| 4| Baginksi 5179] HH o 2 glu-
cose 6-phosphatase 3 EE 24 35}9c}. Sucrose
/EDTA(0.25M/1mM) 0.1ml, glucose 6~phosphate(0.
M) 0.1ml, cacodylate buffer(0.1M, pH 6.5) 0.1ml-&
AH R 4L 5 3mg proein/mlg 2 34 A17] mi-
crosomeS 0.1ml Y1 37CEFF oA 5827F A48
A1 711} Ascorbic acid/richloroacetc acid 298 (2% /10
%, wiv)S 2.0mlS H7}s ohe 3 000X gof) A 3E-7F

2] s 42D L0mle] ammonium rmolyh-
date(1.0, w/v) 0.5ml2} arsenic/citrate 29 (each 2%,
w/v) 1L.0miE 22 A 718kl 840nmel A spectro-
photometer® 4T E SA3) %ot

7t microsome cytochrome P-450 &Haf &4

cytochrome  P-450 &2
Omura®} Sato’¥2) W 0 2 reduced carbon mo-
nooxide complexE 450nme} 490nmel] A spectro-
photometer=. &7 314 v}

Microsome §-H L &2 A1A &F Ilmg/mle] @ 2
BEZ TFETE CO gasZ 187} bubbling Ao}
CO gas® A% 4 eAG 3~55 Zch
lineS Z3slEth o} sodium dithioniteS 21

B Zof 450nm%} 490nmell 4] SR EE =519
t}. o}¢ molar extinction coeflicents 91 mM™em™!

2 39

8. Glutathione S-transferase B45% =3

Tk cytosolefl A glutathione S-transterase] 4%
¥ Habig §'99) Wyig ol83e] HAsA Gy
tosol& 1.5mg protein/ml FE7 52 43 &
gl 0.5mlofl ImM #FUE glutathione(GSH) 1
ml®} 1mM CDNB(chlorodinitobenzene) 1ml&
718l 340nmof| A 24-7F S E L] MEE S35
Gl CDNBE] molar cxtincion coefficients= 9.6

2k microsome

v 3 base

mM'em™ 2 3t 549 BATE AN
9. ol Fak £
7k cytosol B microsome?) ©e 2 ¥ =5 bovine
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Table 2. Farty acid composition in hepatic microsomal membrane in 2-AAF treated rats

Fatty acid Beef tallow BT+ 2-AAF Com oil CO+2-AAF Perilla oil PO+2-AAF
(BT) (CO) (PO)
16:0 19.6% 0.5P 18.841.2° 21.5% 0.9F 229+ 1.7¢ 19.0+06 P 16.9+0.72
16:1 1.4+ 0.5 2.3+ .5abc 035£0.12 0.6 0.1° 0.5% 0.042 0.6£0.17
18:0 25.0% 0.5 20.7£ 0.5¢ 9239+ 1.1 951+ 9.0b 255+1.2 b 227+ 0,92
18:1 18.3£0.2°  27.1%184 6.5+ 0.82 8.0+ 0.82 7.5£0.5 @ 10.94 0.80
18:2 8.9+ 0.42 12,8+ 0.7b 19.1+ 1.6¢ 25.54 2,04 189+07 ¢ 24.04 1.4¢
201 0 - — - 6.6£06 2 7.0+ 0.62
20 4 21.5% 0.5° 14.5% 0.5b 26.214 0,74 19.0% 1.5¢ 1042 0.6 * 8.9+£0.72
20: 5 - - - 794102 6.1%0.72
292 1 6 6.0t 0.5° 4.0+ 0.5%® 8.5+ 0.2% 2.1%0.52 44303 3.8+ 0.4
SFA 44.6£0.7% 895114 44,74 8.7 473%£3.7b  508+£09 © 459+ 1,15
PUFA 36.41 0.6° 318+0.52 48,71 1.44 445+ 519  416+£08 ¢ 42,7+ 1.0¢
SFA/PUFA 1.2+ 0.00 1.5+ 0.0b 0.9t 0.12 1.1+ 0.29¢ 1.2+£01 b 1.1£0.%

1) Values are meant SE.

2) Means in a row with the same letter are not significandy different by Duncan’s muliiple range test(P<0.05).

SFA . Sawrated fawy acids
PUFA . Polyunsaturated farty acids

serum albuming EFE A o2 8l Lowry $299
wio e =48 gch

10. FAAE

AgAAE SPSSE o) &dte & T Hirt
Bzd BEeAE AL p<0.05 FFAA
ANOVA test & Duncan’s multiple range testo]
gste] 2+ AYFE e FARES AFSGR.
=t

2t & 1

%3

7+ microsomc®] A ¥kAk Al M (Table 2) 2-
AAFE SASARAE Hel A 2& Hma 4

ol R¥kakz=Ad o] o2 A o] # 7He] microsomed]
R ekl ZA ] 2 vt glo] 18 3(n-3) A|8Hile]
2L 2718% 4HN7 T2 1B E%s g2y
20 : 03 20 5 AHbate] &4
d)&ted CO, POFOA 1872 X
wow 53 18 1 2(n- 6) At
HAHAIZ COFellA 2004 A o“ﬂ'fé}%‘tﬂ =74 o
ehdeh. 2oh2 A o) B3yt 7F microsorned] A4k
Z4d axe JEg AHRE, L HolANT

AN 2-AATE Fel@ A% FARA e Euo
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Ao SAGTUE 0 AEAA AYAE
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Table 3. Effects of dietary fats and 2-AAF on the hepatic microsomal lipid peroxide contents and glucose

6-phosphatase activities

lipid peroxide

Glucose 6-phosphatase

Group (nmoles malondialdehyde/ (nmoles Pi Liberated/
mg protein) min/mg protein)
Beef tallow(BT) 0.091+ 0.006% 450.78+ 25.33¢
BT+ 2-AAF 0.072% 0.0142 263.06+ 24.272
Cormn oil{CQ) 0.129+ 0.012¢ 354.11+ 32.08b
CO-+2-AAF 0.070% 0.0082 202.22+ 20.19%
Perilla oil(PO) 0.117£ 0.010b¢ 217.80+ 7.85%
PO+ 2-AAF 0.070+ 0.0122 212.70+ 6.982

1) Values are meanz SE.

2) Means in a column with the same letter are not significanty differcnt by Duncan’s multiple range test(P<Z0.

05).
A4 2E POZEH COZAA 18:2 x4 L94
ek #9939 Aozt 1ol n-3A ARk

okl A FIH= wIE 990 ALE oz A7
gk
Microsome?] X @ 7At8l 2] &7e 9-AAFE
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w29 AEe BTE A7 SAHAAY B
gz Aste] Moa 27he AABAEo]

71

3 Adaeed ]

Ewgoz As wa 2 M54 AR S
| dRARess Fagl due »rzﬂoh:}
A%

St O
"%“F'TTF

2 ;:Et"ﬂ]lﬁ%) £
T3k 2+ microsomed] X HAAREE FPol= T
Aol A2 Aolol FARA Aol7t thehpa] gt
ARBAHREE BET Aol Bzl
ZA7L b} Hojxkel 2Fo wha} welE &
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Glucose 6~phosphatase(G6Pase) = 3F A X 3| 2o
FEHo] Ik AR7F SdEAY S2FAHA F4
Ut Fadoa guA Qe 2 A9 45 (Ta-

ble 8) ol & G6Pase2] B4 =7} 9-AAFE T o3}
B AL HIE ST5H, EARTY &oz
yot A a7]E Fgapfol Wdta g wx)
ste EFHE JEhAE @) o)dga B 4
A4 E}E ’éﬂéﬂ'mf’ﬂ e 571520129 Gb
Pase@J =7} Spfit 47150123 #4EQ
Aol HolA gol gorr: A&z ARst
Hed Aoz Yy4PE

Cytochrome P-450
(umoles/mg protein)

0.150 + IWb
b
0.100 a
a a
0.050 +
Beef tallow Com oil Perilla oil
[’_—_]-AAF +AAF

Fig. 1. Effects of dietary fars and 2-AAF on the hepatic
«nicrosomal cytochrome P-450 contents.
Means with the same letter are not significantly
different at P<{0.05 level by Duncan’s multple
range test.
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Cytochrome P-4502] @k(Fig. 1) BTl A
2-AAFe] Fod &8 fFHom FIEIY=H
o] e 9REA2 FA7} cyrochrome P-4509] &
e 4edthe 2aPd 9 CoTgre
9-AAFS] oAl Q38 ZAste HYE BQn
POZAAE 242 wHart gk o Ax:=
weolzdo] A&£HQ T} n-6A4 xfite] F
B3 COTAAT ] FEYAELGRAL =
A7) AQA o] 4BEH o gE @AY of
Hr} 2-AAFE TR F2 M2 o] T Afolof M=
COZd A= PO} BT Bt} Cyochrome P-
4509] ko] A VEbEd olv X a4t
Ao)7t FEYAFHEE wUTHE 8 R g9
3 A5t POTH BTZARl ol oAl =}o)7}
$10] Cytochrome P-4509] &% A|Hhate] ZF o
g Mg £ e ALE vGETH

Glutathione S-tansferase(GST)= 194 2FE)
AazANA B4FE ARAY 2 gl
thioneg conjugatonA}# 84 EAZ wjd A7)
Lo fodte BARA SYELY B o3
Bl AE GSTEAE7F SV i By

o of

Glutathione S-transferase
{nmoles CDNB conjugated/min/mg protein)

250 4
[+
200 L
150 +
0 a
100 4
50 4
Beef tallow Corn oil Perilla oil

E: -AAF Vi +AAF

Fig. 2. Effects of dietary fats and 2-AAF on the hepatic
microsomal glutathione S-transferase activity.
Means with the same letter are not significandy
differcnt at P<{0.05 level by Duncan’s multiple
range test.

AT, o] AHo|A GST BHE(Fig. 2)= A A
ol 5 2-AAFq] oJ3f F7telsith o] Ad=
B A9Q9 0E AREOWRE X Aes
oo AARNEE S aRHo® AAsew &7
Ho g AL g Aotk A 2-AAFS FoFR|
%o AolFAHE COTo) Hlgld fojHe=
GST #A=7t EALElRI POFL BTFolU
cowel Hgte] {2o]Fl Aolg HolA oksit)
o] 2= EFTAM il vlaty
GST &4 =7 ZolAA @& 72 BExgAiit
oz 913 oxidant swess HA] Fedt Ex s o)
EA 7} op e} Mol Hre] F
A2 g BHoFrh

3n
2
=
o
a5
il
)
_1

zrlse HHNZ 4 9oms niAdel A
olghe A&AY 4AE Felstolol T Aol

£ g

Sprague-Dawley &= & o)A 4§ 4]7]
Z(beef tallow), E<=Ff(com oil), E7]F(perlla
ol) & 2ty o] f & 7F F¢ HHAZ T mic-
rosomes] AMBEAF ADHLHE FE, cyio
chrome P-450 %%, glucose 6-phosphatase, gluta-
thione S-transferase) BAdEE ZA 39t}

7} micosomes] R|HHAF 2L 9-AAFE Fof
SRR A T vmEE Mo ALt Ao F
wred o BTFS) wdted CO, POTA 1812 A
Hibo] ol vElgte s 53] 181 2(0-6)7F B
COTe] 20 : 4ol A HERT

Microsome®] A @AAEE FFL 2-AAFE
Fa8tA] gk Aojrol A HwIH COT o] BTT
Hoh =4 GER I 2-AAFS Tt B¢ = BE
Qolgeldl Rashe FFe B

Glucose 6-phosphatasc(G6Pase)9] 4 &&= 7t
X7 EAEAG SFYGA FLT dE A

-9 —
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e B AgelA GéPasce] BA== BT, CO,
POT £22 WolHth

Cytochrome P-4509] #3-& BTTIAE 2-
AAF9] Tofd] o3 f-9Heg FrhsiHa CoT
qAE 2-AAFS] T 233 Fhd= AEE
HGon] 2-AAFS Fo{atA] @& A Aol Fol
Ae CoTAME 7P A et

Glutathione S-transferase(GST) A4 xE A 4
olF BT 2-AAFo] 93 F7I3IAUIL 2-AAFE F
S3kx) e o) 2N E COFo| BTES) Hl3he]
Aoz GST BA=vE A veht T
o] 220 upel AojAH AATeEZE oxidant
stress7t H2A E7ME 4 2% AlAbgEch

(B dFe] AL H7EL (FIEH9A",
AgE (FEFL, 5502 (FERIRAA
one-batch typed 71%3te FHRFUS)
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