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Effect of Flavonoid(+)-Catechin as Stabilizer in Rat
Fed Fresh and Peroxidized Fish Oil
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Abstract

To evaluate the antioxidizing effect of flavonoid on fish oil and peroxidized fish oil, rats were fed with
diets containing 5% corn oil (CO), 5% corn oil and 15% fresh fish oil (FO) or peroxidized fish oil (PFO) for
4weeks. An half of FO and PFO group rats were injected with 10mg flavonoid (+)-catechin (a day per kg
body weight) (FO-C and PFO-C). FO and FO-C group rats showed higher increase in body weight as
compared to PFO, PFO-C group rats. Whereas, the opposite result was obtained in case of liver weight
increase. In addition, catechin apparently reduced liver weight by 12~17%. Phospholipid, cholesterol,
triglyceride and lipid peroxide content in serum and cholesterol, lipid peroxide content in liver and adipose
tissue of PFO, PFO-C group rats were significantly higher than those of FO, FO-C one. These results
suggested that catechin reduced the synthesis of lipid and protected effectively against lipid peroxidation. In
fatty acids profile of neutral lipid and phospholipid, the ratio of polyunsaturated fatty acids (PUFA) versus
saturated fatty acids (SFA) in PFO, PFO-C were lower than that of FO or FO-C because of ruduced PUFA.
Contrary to our expectation, the enzyme activities of superoxide dismutase(SOD), catalase and glutathione
peroxidase (GSH-Px) in rat liver of FO and FO-C group were lower than those of PFO and PFO-C group.
These results were quite interesting and might be explained in terms of homeostasis. In case of total lipid in
liver, C20:5, C22: 6 fatty acids were decreased in rat fed peroxidized fish oil. In conclusion, catechin was
considered to be an antioxidative and hepatoprotective drug and hypolipidemic agent.
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Table 1. Compoasition of experimental diets

(g/100g)
Ingredient Control Fish oil Pe'roxlc.ilzed
fish oil
Casein 20.0 20.0 20.0
Mineral mix * 3.5 3.5 3.5
Vit. mix * 1.0 1.0 1.0
Choline chloride 0.2 0.2 0.2
DL-Methionine 0.3 0.3 0.3
Cellulose 5.0 5.0 5.0
Corn starch 25.0 25.0 25.0
Sucrose 40.0 25.0 250
Corn oil 5.0 5.0 5.0
Fish oil 15.0
Peroxidized fish oil 15.0
Total 100.0 100.0 100.0
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Dried stem of Prunus davidiana(2.2kg)
Extrated with MeOH(3hr, 4times)
Concentrated, and pratitioned
with CHCls, EtOAc, BUuOH and H20

l

CHCl3 ext EtOAcC ext BuOH ext H20
Slica gel and sephadex LH-20
column chromatography
(+)-catechin
Fig. 1. Isolation of (+)-catechin from the stem of Prunus
davidiana.

Characteristics of (+)-catechin : white needle shaped
cristalline, mp 174~175°C, [a]8=+10" (c=0.123,
MeOH), IR (KBr, cm™) ; 3350, 1630, 1525, 1470,
1290, 1150, 1080, 1030, UVAmax**nm(log &) ; 282
(3.50), MS(m/z, rel. int) ; 290(M™*, 21.1), 152(RDA
fragment with B ring, 43.4), 139 (RDA fragment with A
ring + H, 100), 123 (152 - CHO, 69.7), 109(123 - CO,
8.0), '"H - NMR(DMSO —ds, 80 MHz, TMS)§ ; 6.74
(1H, d, J=2.0 Hz, H-2"), 6.68(1H, d, }=8.0 Hz, H-
5’), 6.62(1H, dd, ]=8.0 and 2.0 Hz, H-6"), 5.92(1H,
d, J=2.0Hz, H-8),5.72(1H, d, }]=2.0 Hz ,H - 6), 4.51
(1H, d, }=7.0 Hz, H-2), 3.85-3.75(1H, m, H-3), 2.
50( 2H, ddd, ]=5.4, 8.1, and 16.0, H - 4).
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Morris2] w*el} miz} o-phthaldialdehyde& ©]£-3)
o &Astgon B FFH2UEL £ @
st}

FA o] 2FZYAHZL2 cholestezyme-V (Eiken Ch-
em. Co.)kitE Al§3le] Ao 7 24341,
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¥ A 52| glutamic oxaloacetic transaminase (GOT)
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Superoxide dismutase (SOD), catalase ¥ .
glutathione peroxidase (GSH-Px) 42| &3
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Table 2. Effect of flavonoid(+)-catechin on body weight gain
and liver weight of rats fed corn oil, fish oil and
peroxidized fish oil for 4 weeks

Group" Body weight gain(g)  Liver weight(g/1008W)

cO 147.66+10.1 2.87+0.124
- FO 124.75+13.2° 3.25+0.093°
FO-C 125.44+12.1° 3.18+0.091°
PFO 97.22+ 9.78° 3.98+0.080°
PFO-C 100.68+11.1¢ 3.94+0.175°

"CO : 5% corn oil
FO : 5% corn o0il+15% fish oil
FO-C : 5% corn 0il+15% fish oil and injected catechin
(10mg/ kg body weight) a day
PFO : 5% corn 0il+15% peroxidized fish oil
PFO-C : 5% corn 0il+15% peroxidized fish oil and injected
catechin (10mg/kg body weight) a day
Values are given as means+SE(n=7)
Significantly different from the control
*p<0.05, *p<0.01, p<0.001
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Table 3. Effects of flavonoid(+)-catechin on lipid peroxide
value in serum, liver and adipose tissue of rats for 4

weeks
(n mole MDA/ mg protein)
Group" Serum Liver Adipose tissue

CO 1.83+0.19 1.56+0.11 2.93+0.25

FO 2.37+0.19° 2.06+0.07° 3.44+0.31°
FO-C 2.32+0.23° 1.83+0.09° 3.00+0.31°
PFO 3.65+0.29¢ 2.34+0.14° 3.91+0.21*
PFO-C  3.40+0.19° 2.04+0.10° 3.23x+0.22°

YRefer footnote to Table 2
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Table 4. Effect of experimented diet on serum cholesterol
and HDL-cholesterol level in rats for 4 weeks

(mg/dl)
Group® Total cholestero! HDL-cholesterol
cO 61.72+3.94 30.05+2.42
FO 76.81+6.37° 34.80+1.99°
FO-C 69.76+5.36 37.09+1.23°
PFO 80.13+5.21° 34.30+2.37¢
PFO-C 84.33+7.00° 32.93+2.98

"Refer footnote to Table 2

Table 5. Effect of experimented diet on tissue and feces
cholesterol level in rats for 4 weeks
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A FAAAZ A7 U AEAR A 28R
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Table 6 GOT, GPT9] ¥A & HAFJNA 243}
o olfr<} Hadstol o] A o A AEE
Fre|Rlo] o Ax AAY £ QA AP A
olt}. COF vl & FO, FO~C (p<0.05), PFO, PFO-C
T (p<0.001)8 GOT, GPT&A] o] §-2j3 o8 2713
25, GOTS| 4& 517 Felof o8 A= e A
stEs AS 4 Yoy GPTEA 4 vl A& 7h
79 A= A9 gl AL Vel A F92 3
237t GE A EAD FAE T8 39 ey
GOT, GPTE#A S SIS W Bx3lerl & &
A8 Fod7t & FAel s Gy BAFIE
2w sty o A sltsd o8 28 FA 7
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Table 6. Effect of experimented diet on the activities of ser-

um GOT and GPT for 4 weeks
(Karmen unit/mi)

(mg/g)
Group” Liver Adipose tissue feces
CO 6.90+0.18 13.86+2.67 310.0+£18.5
FO 7.64+0.11° 2005+2.14 714.7+16.8°
FO-C 7.35+0.26* 17.79+1.08* 687.9+67.9°
PFO 8.221+0.15° 30.00x3.26° 871.41+21.4¢
PFO-C  7.88+0.68* 2488+1.18° 972.9+26.0¢

Group"” GOT GPT

cO 115.34+10.39 99.50+ 5.81

FO 187.44+15.02° 153.43+13.25°
FO-C 173.81+10.34° 145.55+11.87°
PFO 203.14+12.24¢ 170.19+13.35¢
PFO-C 183.77+10.18° 180.02+ 8.42¢

"Refer footnote to Table 2

" Refer footnote to Table 2
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(p<0.05). :

ZFde| SOD, catalase, glutathione peroxi~
dase #4

A A4S 7 A EEo] NEE A7
d) o] &l Ot A2 4L Eujste A4 E] $A4L
23 3§ Table 84 Y}efuir}. SODEA-& CO

Table 7. Effect of experimented diet on serum triglyceride
and phospholipid level of rats for 4 weeks

(mg/dl)
Group” Triglyceride Phospholipid
cO 75.64+5.64 124.64+6.81
FO 94.41+7.43" 135.5615.40°
FO-C 85.07+7.41* 126.06+8.14
PFO 101.65+8.62° 146.15+5.42*
PFO-C 92.84+5.34° 139.20+4.04°

Fel ¥]3] FO, FO-C(p<0.01), PFO, PFO-C (p< 0.05)
oA &Ao] Aoz Eghon, FOZI} PFOF
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FEoad ARS7] 7] A 3ol ae} 7he] SODRA] o]
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COZ| H# FO, FO-C, PFO, PFO-CT-°] §-2] 4 o
2 Z/Hlen, Aalstel§ AR Fel o j A AT
H £ 84¢ 249 (p<0.01, p<0.05). 1872, 7}
H 1 5o &3+ SOD, catalase 128 72 GSH-Px¥#
o] AgAHA A= K23 o7} PR it
fr AA TN = AL Zel7l sl p<0.05,
p<0.01, p<0.05) RAE Fvigle A2 RojAn)

E o =39 XY =4

83, 2 4 Az d glejA ] XA FAX
A o] Al A& Table 9~11 ¢ vl glc). of f-9
Auparz Aol F ol A} ko) FARA A QA Ao
A w3 etz skl =u**” Table 9|4 28 COF9)
YRS 2w FA)L Cie:0, Ci6:1, Cis:1, Cis:27}
28 A Aro| g o}, of 5} HALSel -8 Mol 29
FA A2 3} Q1A Aol A= Ci6:0, C18:1, Cis: 27} F+8
Algrate]lgd 2w C0:4, C20:5 C2:6 52 AE EF

Table 8. Effect of experimented diet on the activities of liver
cytosol superoxide dismutase(SOD), catalase and glu-

"Refer footnote to Table 2

tathione peroxi (unit / mg protein)
Group® SOD Catalase GSH-Px
cO 5.25+0.71 105.97+10.00 0.276+0.031

FO 7.231£0.46°
FO-C 6.80+0.40°
PFO 7.54+0.45°
PFO-C  6.95+0.31°

128.97+ 299
130.37+ 8.18*
164.13+ 7.66°
147.49+ 7.02°

0.336+0.034*
0.343:+0.026*
0.385+0.019°
0.306+0.016°

“Refer footnote to Table 2
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Table 9. Fatty acid profile in serum of rats
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Cu2:67b AWk Ao} Fabsher. =3, o4 4
AZ vl sl § AT APALE F B3]
C20:5, C22:6 2L B X3} 2 uh4te] §afo] AL
< AHY A FY AAS sl sz A7tEe
Atk o9k st #29 FAAAH A A AA

(%)

Triglyceride content Phospholipid content
Fatty acid
CcO FO FO-C PFO PFO-C CcO FO FO-C PFO PFO-C
14:0 2.14 1.67 2.24 1.88 1.49 2.32 4.09 1.42 3.06 2.67
16: 0 16.21 20.16 26.23 2291 23.09 12.91 18.30 21.45 15.63 19.33
18:0 3.44 4.00 5.16 3.48 8.10 5.95 3.73 10.89 295 2.99
(21.79) (25.83) (33.63) (28.27) (32.08) (21.18) (26.12) (33.76) (21.64) (25.76)
16 :1 15.28 3.69 4.46 1.82 2.94 1.61 21 4.28 2.51 4.33
18:1 13.74 13.63 16.81 10.70 14.62 8.74 12.64 12.01 11.14 12.54
20:1 t 1.05 t t 0.49 t t t t t
(29.02) (18.37) (21.27) (13.8) (18.96) (10.35) (14.75) (16.29) (13.65) (16.87)
18:2 13.67 16.94 17.01 13.21 15.24 9.60 18.40 13.12 11.61 12.56
18:3 3.83 0.80 t 0.31 t 1.42 t 1.86 t t
20:3 1.33 5.52 6.14 2.49 8.19 6.95 6.84 8.04 12.04 8.13
20:4 1.56 5.35 4.65 2.62 7.14 1.47 4.66 5.28 3.04 5.45
20:5 1.44 4.52 4.44 3.45 3.27 1.28 4.60 4.91 2.95 1.93
22:6 1.45 4.49 6.60 3.68 493 1.98 9.11 7.44 3.44 5.52
(23.28) (37.62) (38.84) (25.76) (32.08) (22.7) (43.61) (40.65) (33.08) (33.59)
USFA/SFA? 2.37 219 1.79 1.39 1.51 1.62 2.27 1.69 2.16 '1.96
P/S? 1.06 1.46 1.15 0.91 0.97 1.07 1.67 1.20 1.53 1.30
P 50.48 116.07 127.38 79.46 119.04 55.77 151.20 143.06 . 93.10 114.49 -
"Unsaturated fatty acids/saturated fatty acids ? Polyunsaturated fatty acids/saturated fatty acids * Peroxidation index
t: trace
Table 10. Fatty acid profile in liver of rats (%)
Trigyceride content Phospholipid content
Fatty acid
CcO FO FO-C PFO PFO-C CcO FO FO-C PFO PFO-C
14:0 0.99 1.03 1.51 1.4 1.92 0.32 0.39 0.53 1.13 0.34
16:0 16.85 23.30 23.99 27.78 21.48 14.75 19.51 24.32 21.57 27.60
18:0 10.48 11.13 4.69 4.52 4.35 10.22 19.64 20.39 20.84 16.68
(28.32) (35.46) (30.19) (32.30) (29.48) (25.29) (39.54) (45.24) (33.54) (44.62)
16 :1 2.35 1.92 2.34 1.24 2.00 0.72 1.20 1.04 1.57 0.89
18:1 25.23 12.22 16.50 7.64 13.74 6.79 5.96 5.60 6.31 5.47
20:1 0.32 0.98 0.73 1.80 0.92 t 0.42 0.48 0.32 t
(27.90) (15.12) (19.57) (10.68) (16.66) (7.51) (7.58) 712 (8.20) (6.36)
18:2 23.02 18.39 21.29 21.11 18.34 12.46 14.02 9.93 12.19 10.85
18:3 0.42 1.42 1.02 1.81 1.61 0.14 0.88 t 0.28 t
20:3 0.21 t t t t 0.20 0.59 0.51 0.54 0.48
20:4 1.08 2.68 3.91 1.46 1.76 2.21 14.92 13.92 13.95 13.15
20:5 0.30 3.41 3.89 2.29 32 0.92 3.66 3.77 3.14 3.67
22:6 2.24 11.52 11.22 4.30 4.73 4.09 11.88 12.77 10.16 11.02
(27.27) (37.52) (41.33) (30.97) (29.65) (20.5) (45.95) (40.90) (40.26) (39.95)
USFA/SFA" 1.94 1.46 1.99 1.23 1.57 1.1 1.34 1.06 1.44 1.04
P/s* 0.78 1.06 1.37 0.96 .1 0.81 1.15 0.90 1.20 0.90
Pi® 48.71 145.05 152.12 78.74 88.69 60.72 193.66 191.43 169.77 181.33

-¥Refer footnote to Table 9

t : trace
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Table 11. Fatty acid profile in adipose tissue of rats

LR

(%)

Trigyceride content Phospholipid content
Fatty acid

co FO FO-C PFO PFO-C cO FO FO-C PFO PFO-C

14:0 1.84 2.79 2.14 5.12 1.44 1.56 4.06 1.07 2.75 2.51
16 :0 255 18.34 - 18.41 21.42 22.08 12.44 22.02 17.97 16.72 18.71
18:0 t 6.87 4.04 3.34 2.24 195 5.94 14.58 4.18 3.12
(27.34) (28) (24.59) (29.88) (26.21) (15.95) (32.02) (33.62) (23.65) (24.35)

16:1 5.49 4.59 5.94 5.49 4.78 35.07 6.02 4.48 4.72 3.61
18 :1 31.04 17.62 22.8 20.1 18.68 25.56 18.92 13.65 15.02 13.40
20:1 t t 1.01 1.0 0.70 t t t 0.75 t

(36.53) (22.21) (29.75) (28.55) (24.16) (60.63) (24.94) (18.13) (20.49) (17.01)

18:2 27.4 18.76 16.5 15.9 17.07 12.68 26.51 22.50 13.58 12.15

18:3 0.20 t 0.79 0.7 0.22 212 0.73 1.05 0.75 t

20:3 t t 0.32 0.47 0.28 1.36 2.52 1.39 1.00 1.07
20: 4 t t 0.63 0.58 0.75 1.66 t 2.83 1.92 2.99
20:5 t 392 4.72 2.30 2.93 2.99 3.79 3.39 3.38 3.79
22:6 t 3.03 3.78 2.11 3.14 0.67 3.63 3.04 3.4 3.60
(27.60) (25.71) (26.73) (22.06) (24.39) (21.48) (37.18) (34.20) (24.04) (23.60)

USF/SFA" 235 1.72 2.29 1.70 1.81 5.14 1.87 1.56 1.89 1.63
P/S? 1.01 0.93 1.09 0.75 0.89 1.35 1.09 1.02 0.99 0.93
P 27.89 60.4 55.75 50.45 55.19 44.26 61.33 52.86 63.57 63.85

»Refer footnote to Table 9
t : trace

el 7 B F 3} v] Fo] 75 u) 5w USFA/SFA v) 2}
P/S ule] AR Aol= gglov} PFO-CE A £3
Cao:4, C22:6 & A WhAke] ool 4§ Ko o]
Ftel 1 571 AdelA e 2B E A a2 Ak
£ A s A7t sl Aoz AZEd

7rzA) 9] WAt 241§ B (Table 10) 54 A A o]
A #Aast g To] ARFA AT s Coo: g,
C20:5, C22:67F FA 3] 743 Aoz et Ao]9
of-frxAd o] A9 A4t A A= FFL A=
AL @ 4 AR AR A A = He}E o]} ne]
2 ghgirl. 18| m stEl A 2] Fodel o7 4b3He] oA
E3oA, FAR AN E o f A AT FAatstelf
AAT 2F s A RAF2 P/S ul7b A HEld
C20:4, C20:5 & AEEF3pAYALE] QA 875
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= oA 534E el

A wpzA) o] )it 24 (Table 1) A A AL F
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& 4= 9t FlElR1 8] T 27t A A el 4] A
AAste] A A FAAANA of Tt st
)FT BF Fte T Fe] v FofFe vl P/Sy]
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2 o
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Bl31-& 10mg/kg A F o2 B3 T3] 457} A}
3 F A 4R FAC A, ¥y, A P Y
g gz Ao g X AH}AEE, FH2HE, T4
A, A2 2] AF, A Al 24 2 GOT, GPT, SOD,
catalase, glutathione peroxidase 2] EA¥A & HE
sigel. AFF7te Soaf AHT] oAF AdAT
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£Z9 268 359 59} HDL-FH 28 & FX9
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