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Fatty Acids-treated Apo E KO Mice

Kim, Hyo-Sook -

Lee, Myoungsook

Food and Nutrition and Research Institute of Obesity Sciences, Sungshin Women's University, Seoul 136-742, Korea

ABSTRACT

Dietary fatty acids are under intense research to identify anti-atherogenic mechanisms, so we investigated green tea
powder (GT) as a protector against atherogenesis originating from lipid peroxidation such as 4-hydroxynonemal (4-
HNE) and malondialdehyde (MDA) in different dietary fatty acid-treated apo E KO mice. Growth rate and dietary effi-
ciency were lower in apo E KO mice with or without LA compared to wild type. Plasma total cholesterol (TC) and tria-
cylglycerol (TG) did not correspond to values in other tissues, but TG in heart tissue decreased significantly by GT
after linoleic acid (LA) or docosahexaenoic acid (DHA) was administered. LA induced apoptosis as evidenced by
changes in aorta morphology and immunohistochemistry. Lipid peroxides (LPO) was increased in apo E KO mice with
or without LA corresponding to the accumulation of 4-HNE or MDA in the proximal aorta above the atria. GT con-
sumption tended to reduce the primary causal mechanism of atherogenic phenomena such as oxidizability in both LA
and DHA treated atherogenic mice. A high polyunsaturated fatty acids (PUFA) diet involved the changes on stress-in-
duced apoptotic signaling by increasing caspase 3, cytochrome c, and nuclear factor-kB in the heart tissue, but decreas-
ing the bcl-2 protein. However, GT remarkably reduced the expression of apoptotic signaling, in contrast to the PUFA
diet. Therefore, the potential of GT as an anti-atherosclerotic dietary antioxidant was tested in this study. (Korean J Nutr

2011; 44(6): 465 ~ 473)
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Fig. 1. Research design for this study.
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Table 1. Diet composition of experimental diet

E(+/4) E(=/-) LA LA/GT DHA DHA/GT
Casein 20 20 20 20 20 20
DL-Methionine 0.3 0.3 0.3 0.3 0.3 0.3
Cornstarch 20 20 125 125 125 12.5
Sucrose 45 45 37.5 375 37.5 37.5
Cellulose 5 5 5 0 5 0
Green tea" 0 0 0 5 0 5
Corn oil 5 5 20 20 0 0
DHA 0 0 0 0 20 20
Mineral mix” 3.5 3.5 3.5 3.5 3.5 3.5
Vitamin mix” 1 1 1 1 1 1
Choline 0.2 0.2 0.2 02 02 0.2

bitatrate
(g/100 g)

1) Green tea: Green tea powder 2) AIN 76 Minerak Mixture
(g/kg of mix): Calcium phosphate, dibasic 500; Sodium chlo-
ride 74; Potassium citrate, monohydrate 220: Potassium sulfate
52; Magnesium oxide 24; Manganous carbonate 3.5; Ferric ci-
trate 6.0; Ferric citrate 6.0: Zinc carbonate 1.6; Cupric carbon-
ate 0.3; Potassium iodate 0.01: Sodium selenite 0.01: Chromo-
nium potassium sulfate 0.55: finally added Sucrose to sum 1.0
kg 3) AIN 76 Vitamin mixture: g/kg of mix: Thiamin-HCI 0.6: Ri-
boflavin 0.6; Pyridoxine-HCI 0.7 Nicotinic acid 3.0; D-Calcium
pantothenate 1.6: Folic acid 0.2: D-Biotin 0.02: Cyanocobala-
mine 0.001; Retinol acetate 400,000 I.U.. dl-aTocopheryl ace-
tate 5,000 I.U.; Cholecalciferol 0.0025. Menaguenone 0.005: fi-
nally added Sucrose to sum 1.0 kg
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Western blotting S
7k 2219 100 uL lysis buffer (I M Tris, 5 M NaCl, 0.1 M H ASo|A] & nE Ayl SPSS SWE 0]-835fo] B4

EDTA, pH 74E 375t} @il S £e3h & 12% Aol SDS- 33tk -"‘v_j +3FHA} (mean + SD)E 5131, ANO-
PAGEES AAetdtt 7|9 5o 2 Hejd el nitro- VA test & p < 0.05 oA zF AT 7ke] fojat& ¢
cellulose membrane (Schleicher & Schuell Grr, #401396)  EFJSIT
© =2 120 VoflA] 3+ A7t 59 transferdt & 5% EA|&E-H
Al2of A 1A]7F §<¢F blocking 3FAtt TBST 9 (20 mM H
Tris-HCl, 0.8% Nacl, 0.05% Tween-20)2-%2 membrane<

024 3 2} HlojE & UAGA| (cas-pase-3, cytochrome  H|F B9
c, bcl-Z, p-ikB, Santa Cruze Biotechnology)E ©|-&3}¢] 8F7F AFSS A& Z71=FE Table 200 YERQIL) ZF &4
4ol membrane¥} HA) ¥HE-AIZITE Membranes 3 A W 857t Xﬂ%ﬂﬂ% AHEH E (/D2 47 g, E (/-
Aol oS AAFgAel tigh Sol&Ql o|AFAE Ao 29 g, LAT2 76 g, LA/GTw-2 4.2 g°] F7Fs3th
A gk A7 559 membrane®} ¥HSAIFCE 3 A1 membrane  WFH DHAT S 1.4 g, DHA/GTw-2 0.2 go| 43ttt E

= Mol $ ECLEY (Amersham Biosciences) 22 A (-/-)--& 53004 65= Atolo]| Alg-o] FAst AT 852714]
T X-A 5 (FUJ medical X-ray film)ol] leEAlF &2lsl  v]53t A5 FAISHATE LA 1550014 8571A] A4
Sk A AT 7He BAAL LA/GTHS 559 Als A4E 59

Table 2. The mean of body weight gains, food intake and food efficiency in apo E KO mice fed PUFA with GT for 8 weeks
E (=/-) + 20% fat

B ECA) LA LA/GT DHA DHA/GT p-value
BWG” 0.6 +0.2"° 0.4 + 0.3° 1.0 + 0.7° 0.5+ 0.5 -0.1 £ 0.2° -0.02+ 0.3° < 0.01
FI 3.3 + 0.88 3.9 + 0.45 3.4+ 056 3.7 1.2 3.1 £ 034 3.3 + 0.39 NS
FE 0.23 + 0.09°  0.08 £ 0.08° 028+ 0.23° 0.10 £ 0.15° —0.03 + 0.07° -0.01 = 0.11° < 0.01

1) Values are expressed mean + S.D 2) BWG: Body weight gain (g/week)
a, b, c: differences in contfinuous variables between the groups were tested by ANOVA
FI: Food Intake (g/week), FE: Food Efficiency (g/week) = Body weight (g/week)/Food intake (g/week)

E(+/+) E(—/—) E(+/+)

E(+/+) + LA E(—/—)+ LA+ GT E(+/+) + LA

{ - ' o

E(—/—) + DHA E(—/—) + DHA+ GT E(=/=) + DHA

N

Fig. 2. A: Gross morphology of proximal aortae in 20%LA, 20%LA + 5%GT, 20%DHA and 20%DHA + 5%GT treated apo E KO mice. The
presence of atherosclerofic lesion (white arrow) were clearly observed at inner-curvature and branch points of aorta in apo E KO
mice. B: Representative image of an aortic root atherosclerotic lesion (white arrow) in LA, LA-GT, DHA and DHA-GT treated
C57BL/6J apoE KO mice.
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GT-& DHAZ] wlste] §o80.2 Zastert. 1249
TCRIFS 243 A% B3 208 bl Feld DHA/GT

> DHAW || Blste] 12%7} 74819tk DHAY - LA
of wjsto] 28 F7FetdAct @ TGE=F A= E (/)b
E (+/+9)35tt 64% Z7V5F3ich. DHAT-0] DHA/GT=Eo] H]
slo] 30% S7Vath Az o)M= EHoAlet o] E
(+/H)w2} v)wste] E (-/-)to] 57bshelth LA/GT+2 LA
1} Blwste] 7%, DHA/GTw-S DHATZ Hwslo] &4
A} gheFol 31% A 0 &2 7Askgint. 1k 204 S

A R 1t frolAdol flginh

Z7}8190 7 LA/GTZ-S LAiLoﬂ Hlsket RhashA atele. @ A, I RN LPO (4-HNE/MDA) 8%
U DHA/GT=oll A= DHAMY Blwsto] f-o2lo = Zha Apphe] SFeb mab B ool ofgk A1 HAkeHES]
AZTE AR TCHEE E (/)] E (/9w Blal A4S Table 4o UepiSlek 3, A7, 1kellAe] LPO A
alo] 49} ol Z71519Lom] DHAT-E LAZ Hlalel oF 2 A& E (/)] E (/923 vlamslel durgos 2vjel
v S71stt LASE LA/GTEe] #fol= ¢li= W DHA/ o} ZF A4k x|t gt GTAA|w-e] E42] LPOAY
Table 3. Effects of dietary green tea on TC and TG levels of serum, heart and liver in different 20% PUFA fed apo E KO mice
E(=/-) + 20% fat
E(+/4) E (/) e p-value
LA LA/GT DHA DHA/GT

C

Serum 107.5 + 355" 412.8 + 202.8° 364.9 + 129.9° 4350 + 102.4° 581.7 + 194.5° 420.8 + 55.2° < 0.05

Heart 17.9 £ 3.2° 768 + 13.4° 739 + 9.6° 757 + 6.6° 141.6 £ 18.8° 123.5 + 18.4° < 0.05

Liver 26.5 + 7.0° 421 £ 16.1° 27.8 +7.1° 30.6 + 8.8° 549 + 6.9° 483 £ 12.7° < 0.05

G

Serum 50.8 + 8.4 83.2 + 25.2° 82.1 + 28.0° 1477 + 60.4° 153.3 + 30.0° 201.2 + 30.4° < 0.05

Heart 20.5 + 6.7° 116.5 + 24.0° 949 + 18.7° 88.3 + 14.9° 1332 + 5.2° 91.2 + 95.3° < 0.05

Liver 642 + 7.1 124.3 + 86.3 72.9 £ 50.8 41.6 + 13.9 872+ 22 51.3 = 246 N.S

1) values are expressed Mean + S.D

a, b, c: differences in continuous variables between the groups were tested by ANOVA

N.S : non significant

Table 4. The differences in the total lipid peroxides (LPO) including MDA and 4-HNE of serum, heart and liver in 20% PUFA with GT

freated apo E KO mice

E (=/-) + 20% fat

E (+/+) E(=/-) p-value
LA LA/GT DHA DHA/GT

LPO
Serum 44.4 + 125"° 506 + 21.8° 422+ 23° 43.1 + 10.9° 74.8 + 20.2° 710 £ 18.7° < 0.05
Heart 7.8 + 59° 8.1 + 3.2° 1.5+ 2.5° 1.4+ 21° 19.7 + 5.3° 137 £ 1.8° < 0.05
Liver 6.5+ 0.3° 83+ 1.0° 8.4+ 15° 7.5+ 1.4° 244 + 11.2° 15 + 3.6° < 0.05
MDA
Serum  22.44 + 3.1 27.8 + 13.3 269 + 22 25.5 + 13.7 36.3 + 8.5 320 + 89 N.S
Heart 54+ 39 67 + 3.4 72+ 20 67+ 1.0 115+ 3.0 6.9 + 9.9 N.S
Liver 4.1 + 04" 53+ 0.7° 57 +1.3° 59+ 1.1° 17.4 £ 7.9° 9.9 +0.1° < 0.01
4-HNE
Serum 219 + 104" 228+ 10.2° 153 + 2.4° 17.6 + 4.4° 385 + 21.3° 390 + 9.8° < 0.05
Heart 2.4+ 2.2° 1.4+ 0.6° 42+ 0.7° 4.6+ 1.4° 8.2+ 23° 67 + 0.2° < 0.05
Liver 2.4+ 0.3° 29+ 1.0° 27+ 1.8° 1.6+ 1.0° 70+ 50° 50+ 02° < 0.05

1) values are expressed Mean + S$.D

a, b, c: differences in continuous variables between the groups were tested by ANOVA

N.S: non significance
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Fig. 3. Cell signaling of mitochondrial damage from the hepato-
cytes of apoE KO mice and 20% LA, 20% LA + 5% GT, 20% DHA
and 20% DHA + 5% GT tfreated apo E KO mice.
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