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Neuroprotective & antioxidant effects of diets high in n-6 and n-3
fatty acids in rat focal brain ischemia model

Lee, Hee Joo,” Park, Kyoung Ae? Park, Myoung Sook,” Lee, Joung Hee,”
Cheon, Sang Eun,” Cheo, Myoung Ae” and Choi, Smi”

This study was undertaken to investigate the effects of n-6(cormn oil) & n-3(fish oil) fatty
acids on infarction size and the cerebral activities of antioxidant enzyme in rat focal brain
ischemia model. Weaning Sprague-Dawley rats were fed with either corn oil supplemented
diet(COD, 14% corn oil) or fish oil supplemented diet(FOD, 14% menhaden oil) for 6 weeks.
‘The right middle cerebral artery was occluded for 2 hours with a silicon rubber coated nylon
surgical thread. After 24 hours of recirculation, the rats were sacrificed and brain sections
were photographed using CCD camera after staining with 2,35-triphenyltetrazolium chloride
for 60 minutes in room temperature. The infarcted area was measured and the volume of
infarction was calculated. Catalase(CAT), superoxide dismutase(SOD) activities, and fatty
acid composition in the brain were also measured.

* Acknowledgement : ¥ @34 BK 21 #4¥el “H&EZF F B & ek Awd] #Ag 479 4Po £
H5)AS

1) College of Nursing, Seoul National University

2) Department of Food Science, Ka¥Ya University

41



The total and corrected infarction volumes were not significantly different between FOD
and COD group. The docosahexaenocic acid(DHA) and DHA content/arachidonic acid(AA)
ratio of the cerebral cortex, an index of defense against lipid oxidation, were significantly
increased in FOD group compared to those of COD group(p<0.05). In the left cortex(non-infarction
side) as well as the right cortex(infarction side) of FOD group, CAT and Cw/Zn SOD
activities were higher than those of the COD group(p<0.05). However, CAT and Cu/Zn SOD
activities were not significantly different between the left cortex(non-infarction side) and the
right cortex(infarction side) of both FOD and COD group. GPX activities were also not
significantly different between two groups.

QOur results demonstrate that the brain infarction size in FOD and COD were not
significantly different. However, cerebral lipid composition and antioxidant enzyme activities
in FOD and COD group were different. Fish oil, a source of n-3 polyunsaturated fatty
acid(PUFA) and corn oil, that of n-6(PUFA) may have a protective effect against oxidative

stress induced via different mechanisms.
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HEFE HEPY &402 o 7T FAE
a3y, HEY, b3 F9 HEw AL F
Fatediols], 1998), vt e 1999d
HPPPFo 2 APYF Aol 100,000 7299
o2 AL 198 AAR FBo|HEAX,
1999). 38 ¥ 14 ABF(reperfusion) A 24
e uhgA AAFE(reactive oxygen species :
ROS)& AAitstubgat gdde] 43 9 A
A DNA &£4¢ do7 H&de /e
4 9tKBraughler & Hall, 1989 ; Li, Chopp, Jiang,
Zhang & Zaliga, 1995 ; Fellman & Raivio, 1997).

A wgoz MY ARALIE A
ANA BAE BIshe A2y a3t aid
£ superoxide dismutase(SOD), catalase(CAT),
glutathione peroxidase(GPx) ¥°] len, A &=}
24 3shAl £E A{fAL7 AA 48E 3e
Glutathione(GSH)°] 1tHBorrello et al, 1984).
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AAE & e CAT, SOD, GPx 59 343 &
29 @AE9 GSH ol Aoz von
(Sinet, Hikkilia & Cohen, 1980), =& u]&=2 A
aHdtE gz Qe A3y &4 §
ol 53] Hogg A ojri(Zaleska & Floyd,
1975 ; Sokoloff, 1977 ; Agranoff, 1984, Hill &
Swizer, 1984).

Mo EAge T2 AW AAAL gifE
o7} 223 XK Polyunsaturated fatty acids :
PUFA)Q! DHA(Docosahexaenoic acid, Cz-6; n-3)
s} AA(Arachidonic acid, Cx-4; n-6)2 ©|5o|A
¢1tHTahin, Blum & Carafoli, 1981). < H=%
Z9kakel  linoleic acid(n-6 : LA)® ¢ -linolenic
acid(n-3 : LnA), 28z o &9 A ERQ] AAS)
DHA 2& o} Exsixdibel 343t zpg-o)
B350 ol HEA BE Add g Bl
2 7}% 2 cH(Simopouls, 1991).

ot BFE Al THIA ¥R Ue
DHAS} EPA(Eicosapentaenoic acid, c2-5; n-3)
o AEBA UP BE FFL ¥E¥oe vy
g 9 (Dyerberg & Bong, 1979 ; Okada et al,
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1996 ; Shahdat, Michi & Sumio, 1988), AAE &
o] §&3ln v LFEFRIF AEFA nAE
inte, 245F71 PUFAY Hlgol HA(59%)
HF ZH2HE FXE ¥3o 4Fd B3E
(Dupont, et al, 1990)7} Y&ol RuHr= 39
o}, w1 whdlel A HKingsley & Snyder,
1988 ; Laganiere, Yu & Fetnandes, 1990 ; Paulson,
Smith, Zhao & Bowman, 1992)7} B15Ee 5 4
e A3 E Holx ik

ojel Zol FX¥FH MF BT 7HE ol AAst
=, n-6 Alg Ao R AAS AFM} He
LAE ®ol ZT¥3ln e SF5H7t HEY £
ofd FHE vehleAd gt A3 438 o
Bg AAolth e E Fle g B
o] AHgEHT S5t HEF F HEYY 27
df WAle g 1 Vg 2AE et dn.

webd, B dyte X 5E F QBFA A4
7] Aol A% o &4 FAaAE F de @
e Goprrt A& AMYHJUY SEFEH BHE
o7k H&4d HE FLo] ofd GgE nX A
ol HF Aol ulu 43k, HAirs g4
WsE Adena s
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Zt 8 ¥ 4579 +3 Sprague-Dawley
g L ETEAHZRY Fdsted AIN 9BG
purified rodent diet base(¥[5 DyetsAE 7|2 &
A EE Azsidch Hold &9 FAT AR e
WEL(%)E 7IFLR &3, Ao AWYFs 3
A Alole] 2uiQl 14%(Weight/Weight) & &4
f{Com oil : CODE)%} %o} f-(Menhaden oil :
FOD®)E 247 #E7MAzl Modified AIN 93G
purified rodent diet(¥)= DyetsAl, Table 1)& 4
ol AFaHon, Zk Fo Loy F 1§
2 Uro] 65 AT r-Atd e B3FE
ZAMGE ¥, AgtE wXE] A8 BELd B

FAAM(-70T) &5 84 FFHAT AHSHY
BAL 22 01T, §5& H110% 232
12AM% 20 2(7:00~19:00) ¥Hed o]Fe8 =
dsdth. 4 2o 25utE] F HEE 2d e
Aol A e dEFEEL AT FEL diMe
2 HAN a7 248 98 COD Tl 120k,
FODZ ol 10vtel& wiAsAR, 54 §33 Hu

Table 1. Composition of diet

Ingredient grams/kilogram

High nitrogen casein 200.
Sucrose Q0.
Menhaden oil 140.
Safflower oil 10.
t~-Butylhydroquinone 0.03
Corn starch 32147
Dyetrose 132
Cellulose 0.
Vitamin Mix' 10.
Salt Mix? 5.
L-Cytine 3.
Choline Bitartrate 25

'Nutritional Biochemicals, ICN Life Science Group,
Cleveland, Ohio. Vitamin mixture is composed of;
VitA Acetate(500,000 IU/g) 18g, Vit.Dy(850,000
1U/g) 0125g, DL-a-Tocopherol(250 1U/g) 220g,
Ascorbic acid 45.0g, Inosito! 59g, Choline chloride
75.0g, Menadione 2.25¢g, p-Amincbenzoic acid 50g,
Niacin 42%g, Riboflavin 1.0g, Pyridoxine hydrochloride
1.0g, Calcium pantothenate 3.0g, Biotin 0.02g, Folic
acid 0.09¢, VitB;z 0.00135g, and Dextrose to 1kg.
Composition of Salt mixture, g/kg mixture; Calcium
phosphate dibasic 500g, Sodium chloride 74g,
Potassium sulfate 52g, Potassium citrate monohydrate
220g, Magresium oxide 24g, Manganase carbonate
(43~48% Mn), 35g, Ferric citrate(16~17% Fe)
6.0g, Zinc carbonate 1.6g, Cupric carbonate(53~
55% Cu) 0.3g, Potassium iodate 0.0lg, Chromium
potassium sulfate 055g, Sodium selenite 0.1lg,
Sucrose, finely powdered 118.0g.



Ay 24 BN A F 2% erlAAE A
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2. =4 H3E 29

653 AH%ol B 1073 43 Sprague-Dawley
P =(280~310g)E 30% 029 709% N0l 1.5%
enfluraneg F713 ER7F2E FUvHE &4
FASUE =EA7)1, dolo] H-9 AEY
14 E& Fol WATH AZ incisiong 7}
probeE 49ddd & F¥ FHE HAA
o} 2A1Z #A F 2443t A& E(recirculation)
A ZAtH(Nagasawa & Kogure, 1989). H3¥ =

48 fuste ¥ ALL 37H05TE /A3
et
3 oM 9 HBMT)| B

& FH F9 A #2240 e
7 A3y 2d AFAE YA 17 HE
#2389l Brain slicerd Z&% HE L8¥1,
AFHE 71¥e2 S Imm FW 27 A¥Y
o o]-g3}x &1, I thSHE 2mm FAZ BF
Hog AWy F 7274E UE TIE 2%
2,3,5-Triphenyltetrazolium chloride(TTC) &% j
A AL 6083 ©zol 9439 tH(Benderson,
Pitts, Nishimura, Davis & Bartkowski, 1986).
2% TTC ¥4 3¥e] dold AL g9
52l o} FEA(HARN), FExAL FA dE
=t o)A el ¥ 10% phosphate-buffered
formalin o) DAAA 2441 o] Z+ HHA9
EH 94AE CCD video camera® #93to], g4
EANAXE ol & HAMN WA HFE, LPT
A 43 5& AN
4, ket g40 gY: &3
1) A&
FXe
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AN F HHY 2 HYFHAE JPANA 1E
el HE A& & HE Ake 449
F2 AH3a, 3UA AU YF-E 2% TTC &
Hol] Fao] HAAE A F FH§ 3= v}
g o9& 4o HF(cortex)& #d TAE
A F FEE $F8£90154mM Tris-HCl buffer,
pH 74)& #A7lslel #AsEA 2 o8 9
8712 4TCoA 1083 1,000g2 EH3td AA
AL F& YEAA F 4 A7A -70C 4
14 Rastgh

2) g3} 549 A

(1) CAT 84 =

CAT ¥Ax+ Wy #23 &9 1,000xg ¥
$%& phosphate buffer(50mM, pH 7002 34
3 e H0:2 371t ¥ spectrophotometer&
o] £33 240nmolM FIE #F2E ZAIH
HoOpol 2AEFBASA 436M'en'e o] &3lo]
8= A3t tHAebi, 1984).

(2) CwWZn-SOD 84 =

SOD A=x Ul F#FANRY 12500xg H
%% spectrophotometer® ©]83t 480nmol A
F3= #AE ZA%AY. Epinephrined A%
31249 adrenochrome?] %4& 50% A 33t
£ o 8% SOD9 %€ lunitZ 3t BHEE
AArstg cHMisura & Pridovich, 1972).

(3) GPx 4%

GPx BALEE UiH9 #AY9 12500xg &
Zo| 4] cumene hydroperoxideE 7]1&AE A}-43d]
273l tt. NADPH7} NADP+Z 4islse A%
£ 340nmelA 3B =AE 5743193, NADPH
o] EAEFFASA 622mM 'en g o] &3] &4
=& AR K Tappe!, 1978).

@ @94 &% &4
g Zd3 43 B od I3

750nmell A ERFEAZ ZA3YPI, bovine



serum albumin §4g ¥FL4Yo g ALLdd o
Wz ek A4kt tHLowry, Rosebrough, Farr
& Randall, 1951).

Fqis g4 84& BMEe 239 YR E
o] &3t Uiy FAYoA ANAE FEEA o2
H 2339 ckLepage & Roy, 1986). X4t e
< DB-23(FFAP) capillary columng o} §3}d
gas chromatography(Varian 3400GC)2 2435
th & AHAF B2 ester® retention time# H]
A B APAEE BAsiged, 4 At
FFe 2HEZ2 HAE F Ao Ao o
NEg2 gAY

o
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4827 = SAS ¥4 program(Ver 62)& ]
g3l Hiy BEAAE AR vEFHA
o2 p<0.05 FFEoA Fikst F4x €A HaE
Wilcoxon rank-sum testg ol&3teni, il
A 8]W¥E Dunncan’s mutiple range test& ©)

&3ttt
2 o
1. =&l A7

TTC Alope &¥ol dojd AL PHo| 5
A gl &EA, ANERAL EA JdegyA
(Fig. D). olf B% HolZda &45F BE 2o
oM HAMY A2 E wjwEly] 3 o e
2 g3 AxANE 47 Uy A9 Av)g
Z33t3, AA AL (Total infarction volume)zt
BEE Adstd ¥ 2% % (Corrected
total infarction volume)& A3t RS54
F el HAB3A 2719 Arelzt dATHFg. 2).

Figure 1. Brain infarction after 120min-ischemia/
24hrs-reperfusion by occlusion of right common
carotid artery. The whitish area in the right side
of brain in com oil supplemented diet(COD)
and fish oil supplemented diet(FOD) groups
depicts brain infarction. Left side; COD, Right
side; FOD(a scale marker is 0.5mm).

A% BF HolTH S54E BF HolEne
AFolE ol Aozt Gk



m.
fol
;
|
<
k]
Emﬂ
£
=
8103
0

Totd

Figure 2. Total infarction volume in COD and FCD
group. (COD: com qil supplemented diet, FOD: fish
oil supplemented diet) There was no significant
difference in total infarction volume between COD
D) and FOD(M group. No significant differences
were found in cortex and striatum infarction volume
between two groups. Data were presented as the
means * SD of 12 samples of COD and 10
samples of FOD group.

2. B3t F40 ST

1) CAT ¥4=

olf BF: YolTe]l T H BF ol
Hld A& oie ARz CAT 84
E7} 556% Z7VEtHp<0.06). & did #3
FHAP2A)AAE olF BE Holol F44H
B3 Ho|Fd Hl&s] CAT ¥4%7} 65% 713t
AHp<0.05). olf BF dolF9 ¢4 oy 93
(HExzA)L S5FH BE: Yol FH& oy
HAREzA) vlsMe guagtis §4x7}
Bt ¥ ¥ 25 o ¥ ¥ CAT ¥4=7 2
s oy fostA E3Aoh(Fig. 3).

2) Cu/Zn-SOD 84 %=

ol BE HolFo] §54 BE oo |
# 22 oy HAETFRA)NMNY Cw/zn-SOD
AT 438% Z7FEATHP<0.06). $= oy
HAAYZH)AHE ol BE Ho|FTo]
& 23E Ao|Fd

i

& Cuw/Zn-SOD 8A =7}

10 1
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-
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Figure 3. The CAT activity of left cortex(non-
infarction side,[ ) in FOD group was significantly
higher than that of COD group(p<0.05+). The
CAT activity of right cortex(infarction side, ) in
FOD group was also significantly higher than that
of COD grouplp<0.05,#). Data were presented as
the means * SD of six samples from two
independent experiments.

328% F7F3ATHP<0.05). AF BT Aol
& d¥ JAFHYRA)E SFFF BE 4o
Zo A3 ¥ AAGEARY)E R P
HEA PHES B F F EF N HE £
Cw/Zn-SOD A %7} Zastgdoy felsix @
ke Fig. 4).

3) GPx 4%

SFFR BF HolEd of 2F Aol
A AadHad@Z 32 SN AHE
Z2%)9 GPx AEAAME F 8 Aol7t gt
(Fig. 5).

3. =l Xyt

S55s BE Hol2H off uF HolZ B
oA Has 304 oEuASG WzEAAY
AA, DHA, DHA/AA®) &€ #2)@ 3ol 3l
ATHP<O.06). AA04n-6)E SH4# 23 o]

=TT

oA ¥9k3, DHA/AAS Hl&2 o f B3 4
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Figure 4. The CuZn-SOD activity of left cortex
(non-infarction side,[ B in FOD group wes significantly
higher than that of COD group(p<0.05%). The
CuZn-80D activity of the right cortex{infarction
side ) in FOD group was also significantly higher
than that of COD group(p<0.05#). Data were
presented as the means = SD of six samples
from two independent experiments.
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olf BE oM dzAEgE by H3F ¥
Ho| foslA EsttlZzt p<0.05). DHA(22:6n-3)
= of BE HolddAM fFYstA Ested
(p<0.05), ol BHE Aojie Mz H7T 2
ol7} 13, diHHFME FFo] wol 5404
of3kel BYth S55d BE Aoy
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2% o] 43¢ DHAZ} %% n-3 A¥EY o
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Figure 5. The GPx activity. There was no
significant difference in GPx activity between COD
{{) and FOD(M) group. Data were presented as
the means * SD of six samples from two
independent experiments.
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F7ke] ol B Holvt A Holgrt o A
A A718 FsA gaAde Rez BaHY
g B AFEAH off ¥ SFFHY BF 49
F 5 T4 HAZ4e 2] Aozt gE AL, &
F5F 2% Aol olu] AFE off BEF Al
s} 2ol H7AAe A7|E FANUTGE RE A}
Lis= )

o Fistas BAEE FAT A, oAF
BE HojFo] S444 HE 4ol v #&
gyl A el CAT A4 =7} 55.6%, Cw/Zn-SODE
B8%Z FoA3A F7tsld, ojfrol &3 ol¥ ¥
a3t A4 g4l fEHAREE ¢ F I =
o 8 #¢ ¥ CAT, Cwin-S0D 84 =% F
T BEFA #AAoy feosiAe st
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Table 2. Fafty acid composition of the cerebrum(% of total fatty acids)

CcD FOD
Cortex Striatum Cortex Striatum

Fatty

Acids Lt. Rt. Lt Rt. Lt Rt. Lt Rt.
14:0 005:0081 01010084 ) 00910127 00410085 01310177
16:0 184110211  1778%1094  1806+0287 176620262 17450710 17580437  1866+1975 17631817
16:1 0240021 02310086  015+0127 02410038 04720048 04610048 050+0061 03310028
180 B549+0814 27181 X601 H9%6+0191 UDIT0T4  B7BH06H  BTIE0TE 264110601
181 14830797 15331050 167610913 17.39+129 141010506 16312024 179150998  18%5+2560
182 1491229 245%0924 1201086 1291029 15040830 20020772 040166 05010000
20:0 02610283  036+0334  027£0344 02610031 024%07%0  0.17+0017 025100%  044+0219
20:4 150241320 1413%1414a  150620606" 14644038 11.32+045° 1033£0340°  1116+0469° 11200019
2055 043%0181 04110372  043+0376 08&2+025 03610276  067+0162 0621025  070+02%
221 06510511  045+0656 0160140 04710330 128+180 03510206 025%0119  011+0148
226 22054 281740 02811587 19421535 RBBLLRNT BBH0471° B.36+150° 24000997
205/20:4 0030013 00330250 0030026 006+0017 003X0028  006:+0017 00610018 00610250
226/20:4 1020165 15510268 1HH0MT 13113007 24910008 24610104 20940058 21340085

COD: com oil supplemented diet, FOD: fish oil supplemented diet
Values represent mean*standard deviation. The different letters(ab,c,d) indicate significant differences at

p<0.05 by Duncan’s multiple range tests.

2 AAsR= 988 s a(Pak, 199%), Polyethylene
glycol—conjugated SOD(FAH #)e dg=z =
A3 H3EE T APF AN HBFA 27
£ Z4aA7the Ha(He, Hsy, Ezrin & Miller,
1993)7} itk wtelA, SODE Z4 H3E Ao
A A ¥ superoxide radical® HAslE o 13
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AztE o3& DHAZ U8 & 3d¥ 3 A
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A% Axety B 5= it
SR BE Ao|FoME HES(AFAEA)
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29 ARE F4% Hol7] W& 4A3L ol
9] Ajzbel) GPx€] #Eo] dolgd FsAE 44E
4 Qlth, aeg o ) g8 fhd dig 2
H2 &g B 4Hole CAT, CwZn-SOD &
a9 AL FEAE RRAT HAAN =277t
AF(Holf) BF 2olgt ulxd oz & W
CAT, Cuw/Zn-SOD® 3t E4E A
Glutathione(GSH) o]&4 B4t ZAA9 s
QA GPxol 8A4& fredtd HAEA Arlo] g
vz ZAeg Agdd GSHE A4 Hudg A
Astz, & 43t E2E ArLse ° F8
d Adgg s Ao LA Mester &
Larsson, 1989). 3 MAAREAA ¥ WE ¥y
HE GSH7} Atld &4o2 8 wHE B33}
© o FuUg 9% nIANE REGe dY
F(Yudkoff et al, 1990)st %2 #gtoz ¥ o
FAM= GSHY @AR GPxe dFo= U
A A7le) nHE d%E ¥ ¢ U3, HE
GSH &4 3hakal G449 glutathione-S-
transferase (GST)u glutathione reductase(GR)oll
g ATE AV B g Aok

HU At 24 B428 S95% BE A
ol o] BE Aol HE3 L&A o
XAz HzAgAe] AA, DHA, DHA/AA9]
[&o] A% Aot AT EFFEH BE 4
o]T& AA7Y oF HEF 4elF & DHAYL #9
A F215dn DHA/AAS vl&& off BE
Aol HodtA &tk E3 DHA® of
B3 2ol o e AZnrr £Zo] oz
FaG o 718 FAV S55F BE Aol
of Hlsh FoldtA ol n-3AEY AFAAL F
BE HolFdAM, n6AEY e S55H
BE AHATAM Aol Awre] EArt o W HE
ol Z W EATL € F A olAE ofo
Hlgol S u AA(204)8 ¥ #AHID, n-3
Adel Al EPAQ05)9] %ol AFolAg
7kt & Agalels gl &E Bad
A Atk A A& (Bourre et al, 1990), =35t
X o} gutg YF4sted S454E 4T 2
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A AAY BE A& ¥ & AAYE dF49E
vy 4 ¢lcHPawlosky, Denkins, Ward, &
Salem, 1997). Z22]1, linoleic acid(182n-6:LA)
255F HATAM A Jdebged, ol
Seea SYBGE AHNUE A LA =
A Jetz, of AT DHAQR26)7F F7}
¢ Mg AFet dASHRuiz, Molina &
Vazquez, 1990). E& S&5§F AHATANA
DHA/AAS] Hl o] o} R AAMF fido]
F7stez AEW JAAY n-69% n-3 Aty
Tgol 8% 4¥E I FFE dFE UK
tHGudbjarnason, Benediktsdottir & Skuladottir,
1989). ¥ dAFME SFFF AHATANMY
DHA/AA H|go] Yooz olRo] HEF o] %3
& A &gl FostA G&rt Azhsn ol
3 3 A7/ "asitlh DHA/AAS ¥ig =
g AbshAl(oxidants)E Q1% &4bel dis] A
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