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Age Related Changes of Microsomal Fatty Acid Composition
and Lipid Peroxidation in 2-acetylaminofluorene Treated rats.
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ABSTRACT : For studying the effect of different dietary fats on carcinogenesis, fatty acid composition of
membrane and lipid peroxidation were measured. Male Sprague-Dawley rats were fed on diet containing
15% (w/w) beef tallow or soybean oil. A single dose of 50 mg 2-AAF/kg B.W. was injected i.p. in each diet
group 10 times. Rats were sacrified after 1, 5, 10, and 15 weeks from the first injection. By 2-AAF injection,
lipid peroxidation increased slightly compared to control group. The rats fed on different fats had similar
MDA production and those fed on soybean oil had slightly higher free radical concentration measured by
ESR. In young rats, lipid peroxidation level was high and hydroxy radical production was higher in soybean
oil group than in beef tallow group. With age, the lipid peroxidation values were decreased initially then in-
creased. The fatty acid composition in microsomal membrane was reflected by dietary fatty acid com-
position. In soybean oil group, monoenoic acid was lower and polyunsaturated fatty acid was higher than
beef tallow group. Linoleic acid contents showed the most discrepancy among groups. By 2-AAF treatment,
linoleic acid content and unsaturation index increased in soybean oil group. But in beef tallow group, there

was no difference in fatty acid contents.
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Fig. 1. Scheme of experimental design.
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), F 134 104 FAEtD A4 ol2 553 o A8 &
VIR 2059 ol 2} gch(Figure 1).

A A 12X 7HE FAA17] 3 AAFE FALSE 2441 7F § de-
capitationol] 93l FHAAZ T 7S YAIEDEY mi-
crosome#} cytosol 2 §-2l5}e] -70°Col| A WS B o3t}

XEopMsE £

7+ microsome?] x| 3 2}2+3}HE-2 thiobarbituric acid(TBA) Ht
& o] 83l (Vaca et al., 1986) malondialdehyde(MDA)2] %

o
< A
ESR spectroscopy& O|E8!l free radical intensity &4

e AAW 24 A W22 FEYEAA AFEAAE
71914 AZA)F] t}L2 ESR tubeo] ¥ Varian E9 100 KHz
modulation X-banded spectrometerZ o|-&3}o] 233}
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GHz= 1A &t (Dodd er al., 1980, Yim et al., 1988).
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1. A7+l ch(Freeman et al., 1982).

OH- radical& % A3+ NADPH cytochrome P-450 reduc-
tased] AT 71 §E7} OH- radical A A =9} free rad-
ical spin =& Hdl £ X3 FFE gHo A A4t g
3 BAH BA QLS DI T o] 3= MDAR
2235 A A3k A9l NADPH cytochrome P-450 reduc-
tase€} 4 HAA L i =oha SH9Y Player(1982)¢]
9} Yxj3tc}. o] Ao 2 Ho} NADPH cytochrome P-450 reduc-
tase A7t A AT uhgol Fa3 FTS AN S &
T 9lom, o] §49 &4o] oW OH- o] Bolx| 1
g AW x| Az e S8 4 4 vk uEkA
OH:, MDA, free radical?] ¥ 59} SFEA} A= UHI ¥
A7 loget FEH Bitope} AT 205 X]z’ﬂ}ﬂ‘}ﬂ
B2 9] initiater £4] microsomeo| A 2A3F OH-5% 9 ZE7}4
t} ESRE o] &3to] A 7hol| A &A 3 free radxcaH =7t
6% Z713F A2F Hol microsomed} THEo] cytosolo] =
radicalo] AbdeF 243 7154 2033 2lt). Cheeseman
(1982)9 ruoﬂ o3t H2RA T gz oA A Fol
F2 ZAste AFA A 245 MDAZLE cytosol7tA]
X3she 844 £48 MDA gto] of & Aoz} dvhit
Selch. Bal A"k Wl AANA} eytosole] FA)
3}o] hepatomadl ThE 48k w3 Aolga 349it

AAF F0{% X| R}

QYL AAFE it
o MDA & zto|7} °i‘ii’4
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28 ¢ & g3 Ya e Bargde w4sd sl 2
Anatal wrgo] Frhsle o2 deH=dl (Davison et al,
1974) o] = 5o 2]&l microsomeol| A} MFOA 9] &4 =7} &
7Fehe A 04 H.0.8 S7HAAX 52 AAF FojA]
superoxide dismutase(SOD)e] &4 =7} wolxy] ujiolztn
(Kim 1989) Azttt 12ld) ESRE A3} free radical 5

¥ &7 B8] AAF Fol9] free radical spin FE7}
“H—"r EUT 53] AAF7} Fold 39 A% 1059 1557}
A} AE o AAFOl| 9J3) free radicalo] 2o| Z7}slion, 1
ol AAFZL S5 2] &5 wio} uf§ gt} o] 5 AAF
Foizt HAEE dAMAE A S (perturbation A H & 7 &
b8l F1ch. web ESRZ 2R 234 radicale) Wo}
WerE A gl BT A7) 28-S HE F
add ESRE &A% A3, AAFY 93 free radical 5
At Zvretd) s A dbskE S vl sk MDA ’%“é%k

r_x
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>

d{

o)L} OH- 4T W2 2 Z4A Rk A 2l
2, AAFY| 23t &5 3 free radical > B5F | F & #
T, AAE Aolghr] HuE YE £79 radical, § AAFJ}
gAbE = B Y FHEAoY 1 dAtA Y] FAER A7
T radicald 7540l itk 1% dfue AAF diAtE: %‘— s
E/do] 7rst Nacetoxy AAF7} A(}}/HE] J,].X-L,] =7t Pé‘ol
radicalo] ESR¥ 0.2 77 = ] t}(Stier ef al,, 1972). FH 5} 7}
=X o2 MDAU OH-+ microsomeol|A] =3ty v]3]
free radical- & A A 7Hl| A A5G ). wekA microsome o] 9
of Xyl thd B AAtstEe] Bo] SIS
7HsAdel gl 12| BR o3 AnE FH £ o A2
AR ofe] EgelAM Blu 45t £ 84 il

Table 1. Fatty acid composition in liver microsomal mem-
brane of rats sacrificed at 6th week.

Y Group
Fafty acid SI SI-A BI BI-A
~Cl16 1.8+0.77 04%01° 19+04 1.6+£04*
16:0 21.1+02* 195+1.9 25.0+3.2° 25.6+2.5
16:1 03+05 02+03° 4.7+09 S57+Lr
18:0 268+ 1.4 253%x39" 19.7+34% 18.7+2.1°
18:1 11.0+0.7% 11.6+1.2* 294+55 33.9+0.8
18:2 24.0+09* 24127 7.7+25 7.0+11°
20:0 - 0.1+0.1° - 0.1+0.1°
20:2 05+01¢ 05+£04* 21x+1.1* 08+0.7¢
20:3 03+0.0' 03+03 0.6+0.6 0.6x+0.1°
20:4 13.4+2.6™ 173+24* 84+£237 59+1.3
22:5 01+£02 01x03 0102 -
22:6 05+09* 0.7+£1.1> 0.5+0.8° -
24:1 01+0.1°  01+0.1° 01+0.1' 0.1+0.2°
SFA 49.7+2.2% 452+53" 46.5+3.7% 459+0.9*
MUFA 11.5+1.1* 11.8+1.0* 34.1%+59" 395+1.5
PUFA  388+28 429+64* 193+59* 143116
DBI/SFA  24+04* 31+0.8< 20+057 1.8=+0.I
SFA/PUFA 13+0.1** 1.1+03*® 26+0.8" 32+04

Values are mean+SD.

Values in a row not sharing a wmmon superscript are sig-

nificantly different each other (p<0.05) by Duncan's multiple

range test.

SFA : Saturated fatty acid

MUFA  : Monounsaturated fatty acid

PUFA : Polyunsaturated fatty acid

DBI/SFA : %(% each unsaturated fatty acid x # of double
bonds of the same fatty acid)/Z(% saturated fatty

acid)
- : not detected
St : Soybean oil diet, sacrificed at 6th week.
SI-A : Soyean oil diet+AAF, sacrificed at 6th week
BI : Beef tallow diet, sacrificed at 6th week.
BI-A : Beef tallow diet+AAF, sacrificed at 6th week.
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AojR|2t W AAFS| S0i7} 2ZHSt X4t Aol ol
S oy

2718 T(S,S-A) 47]E7(B,B-A)RT} monoenoic acid
&hgko] W9} © ™ unsaturation index7} =k £ 3FA U/ E
X 812 9HAHSFA/PUFA) 3heko) woltH(Table 1, 2, 3, 4). 7
Aol 2uhat A8 B9 linoleic acid 380 =31 oleic acid
gk viotth weld Ao]A)o] Q] AXA o] AH
A 240 WSS G 5 UMD Aol AHY FH E
ghafol whe} AET o) 249 Wighr) e o Bad
<) %) 519 TH(Christon, 1988).

AAF7} £oiEl A, F71E AT Tl vls) 23
At ghako] wrobxm B XA §Heko] wobxth 1

Table 2. Fatty acid composition in liver microsomal mem-
brane of rats sacrificed at 10th week.

2jy 471530 A= AAF Fojol) &) 8 ¥ ax|ute] v
&0] FolAE Tl o] Hol7 gt} o) okEY
of thgk RiztAd o) o)zt Ak Ao wet dgthE B
(Singh, 1991)¢} Y&t Brt. Aol A EF s
o F7he T §54& F7HIA YHERY FY& 2 A
ARG Lo)3tA 3oh s tHSpiegel er al., 1981). AAF
FoqA] XA /ZH 2HEP/C)o] F7HAhE Kim(1989) 9
Hilo] oJ3}¥ AAF Folo o5 v} f5AE F7tH AT
B}, o] WetEHo] Rol® A4 MITY fEAel
Z7tslo] AAF7} UALE 2 AXATOE {957 HAs
I ARAL F 2 AL AEE o 8ot & Pohuzt
phase I E 72 E4L phase 14 £48 44 o|5A4 &
Jorg FeA el R F71E T HS, AA7 H

—

= kI o

Table 3. Fatty acid composition in liver microsomal mem-
brane of rats sacrificed at 15th week.

Grou
F\aﬁﬁdi sII SII-A BII BIL-A

\—GﬂK SII SIII-A BINI BII-A
Fatty acid

~C16 05+£02° 04%+01° 04+03 09+0.7
16:0 184+0.6c 17.5£1.6° 21.7+£2.4% 22.6+2.2*
16:1 05+£0.0° 0203 26+0.06 12+01°
18:0 23.740.2* 203426 262+0.2° 23.8+0.7"
18:1 79+£0.2° 11.94+0.8* 22.1+2.2 225+0.7
18:2 21.9+1.2 26.8+51* 9.0+1.0° 89+0.1°
20:0 0.1+0.2* 0.1+0.2" - 01£0.1°
20:2 0.7+04* 16+1.1" 13+05 3.0+04
20:3 0.6+0.1° 21+22* 09+0.3* 13+02"
20:4 21.6+0.8° 15.8+22* 14.6+0.8* 13.11+0.9*
22:5 05+0.1° 16+170 01+02 07+1.0
22:6 29+04 13+09* 1.0+03 1.6+£0.8
241 0.9+09* 05+0.0~ - 0.3+0.5*
SFA  42.6+1.0° 383141 48.4+2.9™ 473+3.5%
MUFA  93+0.7 12.6+09* 24.7+2.2 241+0.1°
PUFA 48.1+1.8 49.1+32 269+0.7° 28.7+3.7¢
DBI/SFA 3.8+02* 41+06° 23+03* 25+0.5%
SFA/PUFA 09+0.1* 0.8+0.1g 18+1.6% 1.7+0.3*

~Cl6  0.7+04 04402 06+03 06+0.2°
16:0  205+23* 18.6+2.9 19.7+0.1* 21.7+22*
16:1 03+02° 02+03° 32+02 3.0+0.3
180 229409~ 19.6+2.7¢ 274x1.6 21.5+1.3~
181  102+£13 11.9+14* 205=1.5 30.7x+2.3*

182  220+35 300+£39 85+1.5 89+1.1¢
20:0 03+0.1* 0.1£0.2" - -

20:2 0.7+£02* 0.6£0.1¢ 23405 22+08*
20:3 06+0.1 05+01° 1.8+03" 1.1x+04"

20:4 17.7+42° 16.0+3.8° 142+0.8 9.3+22¢
22:5 04+01" 03+£01 01+01" 02+£02
22:6 20+09> 1.3+0.7 1.0+0.2* 0.3+0.5*
24:1 10403  0.4+02" 07+£02~ 0.54£0.5"
SFA  445+25~ 38.8+0.2 47.7+1.4> 43.9+1.9
MUFA 12.0+0.8% 125+0.9* 24.4+15 342428
PUFA 435432 488+0.70 27.9+0.1¢ 21.9+4.0¢
DBI/SFA 33+0.6* 3.8+0.3" 24+0.0* 23+0.3*
SFA/PUFA 10+0.1* 08+0.0 1.7+0.0* 2.0+0.5"

Valuse are mean+ SD.
Values in a row not sharing a common superscript are sig-
nificantly different each other (p<0.05) by Duncan's multiple
range test.
SFA : Saturated fatty acid
MUFA : Monounsaturated fatty acid
PUFA  : Polyunsaturated fatty acid
DBI/SFA : X(% each unsaturated fatty acid x # of double
bonds of the same fatty acid)/Z(% saturated fatty acid)

- : not detected

SII : Soybean oil diet, sacrifced at 10th week.
SII-A : Soybean oil diet+AAF, sacrificed at 10th week.
BlI : Beef tallow diet, sacrificed at 10th week.

BII-A : Beef tallow diet+AAF, sacrificed at 10th week.

Values are mean +=SD.
Values in a row not sharing a common superscript are sig-
nificantly different each (p<0.05) by Duncan's multiple range
test.
SFA : Saturated fatty acid
MUFA  : Monounsaturated fatty acid
PUFA : Polyunsaturated fatty acid
DBI/SFA : X(% each unsaturated fatty acid x # of double
bonds of the same fatty acid)/Z(% saturated fatty acid)

- : not detected

SIlI : Soybean oil diet, sacrificed at 15th week.
SIiI-A : Soybean oil diet + AAF, sacrificed at 15th week.
Bl . Beef tallow diet, sacrificed at 15th week.

BITI-A : Beef tallow diet + AAF, sacrificed at 15th week.
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Table 4. Fatty acid composition in liver microsomal mem-
brane of rats sacrificed at 20th week.

Group SIV
Fatty acid

SIV-A BIV BIV-A
~C16  05+03 07+0.7 08+05  0.9+0.0°
160  248+4.0° 17.4+0.6° 183+1.1° 24.8+57*
161 05+0.7° 03+0.1° 23403 -
180 239415 189+16° 267+03 268+0.3
181 104401 148+11° 214+16 232+1.4
182 21.9+3.4° 280+18 75409 9.2+04°
200  0.1+0.1° 04+0.0 - 0.1+0.1¢
202 04402 04+03° 21+05 1.7+0.3%
203 0.54+0.0° 0.6+0.0° 14+02* 1.0+0.1%
204 15.240.9% 15622~ 169+0.9* 12.0+5.1*
22:5 - 03+0.1" 03+0.0 -
226 1.6+0.5% 1.5+0.4%* 224+03* 0.7+1.0%*
241 03+0.1a™ 02+02% 03+0.0~ -
SFA  49.4+30% 37.4+0.9 457+08° 522+54
MUFA 11.1£0.7* 153+1.2¢ 239+1.9 23.2+1.4
PUFA 39.5+3.7 472+1.1° 303+27 24.6+6.8%

DBI/SFA 2.6+0.3* 4.0+02* 28+02* 20+0.7*

SFA/PUFA 13+0.2% 0.8+0.0¢ 15+12%% 22+0.8"

Values are mean + SD.
Values in a row not sharing a common superscript are sig-
nificantly different each other (p<0.05) by Duncons's multiple
range test,
SFA : Saturated fatty acid
MUFA  : Monounsaturated fatty acid
PUFA : Polyunsaturated fatty acid
DBI/SFA : X(% each unsaturated fatty acid x # of double
bonds of the same fatty acid)/Z(% saturated fatty acid)

- : not detected

SIv : Soybean oil diet, sacrificed at 20th week.
SIV-A : Soybean oil diet+AAF, sacrificed at 20th week.
BIV : Beef tallow diet, sacrificed at 20th week.
BIV-A : Beef tallow diet+AAF, sacrificed at 20th week.

d=2 GAFE AT H&7idolet Bojzltd. ey Chan
(1983)¢] H.a1o) 2J3hd Aoz B 3A A Yol Hel H
$ & A FAMEE 458 U8 TR 39 E vt
linoleic acid= ¢+9] 2R &7}% o2 2 linoleic acid7} ¥+t
BA ot d3E e A ARV oAf. E
F& AAF Bl o3 dzFEtt AW geka
SFA/PUFA 4| &o| 97t Z718} 2 oleic acid grako] 47k 57}

Hort Z Aol AT
ZAte 2&

o] A7+ gAY 54 7]z A7H|(KOSEF: 90-
0700-12)9} 199335 ghghezl g avte] R Aty

A

10.

11.

12.

13.

14

doz S A= Yoo
D28

. Baldwin, S. and R.S. Parker, (1986): The effects of
dietary fat and selenium on the development of preneo-
plastic lesions in rat liver, Nutr. Cancer 8: 273-282.

. Cammack, R., P.K. Knowles, and W.J. Ingeledew, (1985):
The application of Electron Spin Paramagnetic Resonance
in Biochemistry, Biochem. Soc. Trans. 13(3): 548-603.

. Chan, P.C., KA. Ferguson, and T.L. Dao, (1983): Ef-
fects of different dietary fats on mammary carcinogenesis,
Cancer Res.43: 1079-1083.

. Cheeseman, K.H., (1982). Effects of scavengers and In-
hibitors on lipid peroxidation in rat liver microsomes: In
free radicals, lipid peroxidation and cancer. Ed. McBrien
DCH and Slater TF. Academic Press pp.197-214.

. Christon, R., Y. Fernandez, C. Cambon-Gros, A. Per-
iquet, P. Deltour, C.L. Leger, and S. Mitjavita, (1988):
The effect of dietary essential fatty acid deficiency on the
composition and properties of the liver microsomal mem-
brane of rats, J Nutr. 118: 1311-1318.

. Davison, S.C. and E.D. Wills, (1974): Studies on the
lipid composition of the rat liver endoplasmic reticulum
after induction with phenobarbitone and 20-methyl-
cholanthrene, Biochem.J. 140: 461-468

. Dodd, N.JF. and J.M. Silcodk, (1980): Electron spin
resonance study of changes in implanted muscle: a model
for implanted tumours, Clin. Phys. Physiol. Meas. 1: 229-
232.

. Freeman, B.A. and I.D. Crapo, (1982). Biology of
Disease, free radicals and tissue injury, Lab. Invest. 47:
412-426.

. Hammer, C.T. and E.D. Wills, (1979): The effect of

dietary fats on the composition of the liver endoplasmic

reticulum and oxidative drug metabolism, Br J Nutr. 41:

465-475.

Kim, H., (1989): Effects of 2-acetylaminofluorene levels

and butylated hydroxytoluene on the hepatic lipid perox-

ide metabolizing enzymes in rats fed different dietary fats.

M.S. Thesis. Seoul National University.

Koster, J.F. and R.G. Slee, (1980): Lipid peroxidation of

rat liver microsomes, Biochim. Biophys. Acta 620: 489-499.

Kuratco, C. and B.C. Pence, (1991): Changes in colonic

antioxidant status in rats during long-term feeding of dif-

ferent high fat diets, J. Nutr. 121: 1562-1569.

Kwak, C., (1991): Effects of dietary fats on lippid perox-

idation, drug-metabolizing enzyme activities eicosanoid

productions in 2-acetylaminofluorene treated rats. Ph.D.
dissertation Seoul National University

. Lai CS. and L.H. Piette, (1977). Hydroxy radical pro-



15.

16.

17.

18.

19.

20.

21.

Farty acid composition and lipid peroxidation

duction involved in lipid peroxidation of rat liver mi-
crosomes. Biochem. Biophy. Res. Com. T8(1): 51-59.
Mason, R.P., K. Stolze, and K.M. Morehous, (1987):
Electron Spin Resonance studies of the free radical meta-
bolites of toxic chemicals, Br. J. Cancer 55 Suppl: 163-
171.

McCay, P.B., M.N. King, LEE. Rikans, and J.V. Pitha,
(1980): Interactions between dietary fats and antioxidants
on DMBA-induced mammary carcinomas, and on AAF-

induced hyperplastic nodules and hepatomas, J. Environ.

Pathol. Toxicol. 3: 451-456.

Mouri, K., H. Tkesu, T. Esaka, and O. Igarashi, (1984):
The influence of marine oil intake upon levels of lipids.
o-Tocopherol and lipid peroxidation in serum and liver
of rats, J Nutr. Sci. Vitaminol. 30: 307-318.

Odeleye, O.E., (1991): Lipid peroxidation in the ethiology
of alcohol liver injury and cancer: modulatory role of vi-
tamine E. Ph.D. dissertation. The university of arizona.
Player, T.J., (1982): Lipid peroxidation in rat liver, hepa-
tomas and regenerating liver: In free radicals, lipid perox-
idation and cancer. Ed. McBrien DCH and Slater TF. A-
cademic Press. pp.173-195.

Shridhar, R., (1984): Spin trapping agents protect against
microsomal lipid peroxidation. Oxygen radical in chem-
ical biology. pp. 309-315.

Singh, Y., (1991): The role of xenobiotic metabolism

22.

23.

24,

25.

26.

27.

28.

147

and lipid peroxidation in hepatotoxicity in the rat and
trout. Ph.D. Dissertation. The university of california,
Davis.

Spiegel, R.J., L T. Mgrath, and J.A. Shutta, (1981): Role
of cytoplasmic lipids in altering diphenylhexatriene flu-
orescene polarization in malignant cells. Cancer Res. 41:
452-458.

Stier, A., 1. Reitz, and E. Sackmann, (1972): Radical ac-
cumulation in membranes  during
biotransformation of aromatic amines and nitroso com-
pounds, Exptl. Pathol. Pharmacol 274: 189-194.
Summerfield, F.W. and AL. Tappel, (1984): Effect of
dietary polyunsaturated fats and vitamin E on aging and
peroxidative damage to DNA, Archiv. Biochem. Biophys.
233(2): 408-416.

Swartz, H.M. and P.L. Gutierrez, (1977): Free radical in-
crease in cancer: Evidence that there is not a real in-
crease., Science 198: 936-938.

Tuner, G.A.,(1987): The biometic chemistry of malon-
dialdehyde. Ph.D. Dissertation. The university of IOWA.
Vaca, C.E. and M. Harms-Ringdahl, (1986): Lipid perox-
idation in the rat-liver S9 fraction: Influence of mem-
brane lipid composition, Mutation Res.162: 21-32.

Wade, A.E. and S. Dharwadkar, (1986): Dietary fat and
cancer. Ed. Alan R Liss, pp.587-606.

liver microsomal



