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Abstract

Effect of the egg yolks from laying hens intubated, p.o., astaxanthin (designated AEY) on the oxidation of
mouse liver microsome was Investigated using female ICR mouse (6~7 weeks of age). Mice were adapted in
a temperature- and humidity-controlled house for one week and randomly divided into 7 treatment groups
(10 mice/cage/treatment). Mice were intubated p.o., AEY (50, 100 and 150 mg) or control egg yolk (CEY, 150
mg) every week for 3 weeks. BHT (5 mg) and « —tocopherol (50 mg) were fed to mice as positive control. At
week 4, the liver microsome was prepared from sacrificed mice. Protein content of mouse liver microsome
with AEY treatment was relatively higher than that with CEY treatment. AEY treatment remarkably lowered
the content of unsaturated fatty acids including oleic acid and linoleic acid, but raised Lhat of the saturated
fatty acids mcludmg stearic ac1d AEY group showed relatively higher antioxidative activity than CEY, when
used Asc/Fe'? or NADPH/Fe'? as oxidant. Antioxidative activity of AEY was more effective than a—tocopherol,
but less effective than BHT.
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5 % 85 A A=kAdl stelehel Helg-o vl 13
2 79 Zo} astaxanthin(Sigma, USA) 4 mg® & AT 5
ato] 72l Al of) o4& W32 acetone(g/10 mL) 22 F&5x
SiAA I AEYE A}-g-hsich, duk AbREA 2] a2 ace-
tone(g/10 mL).2. 2 &35 £v47] & control egg yolk
(CEY)Z Al8-3lg). Add o Al-8-7k AEY 2] & carot-
enolddH=F-2 2.88 mg%°| 92 L &AL % carotenoid Tk
S 100%% 22 o, lutein 32.894, zeaxanthin 24.596, B~car-
otenc 10.7%, B-cryptoxanthin 8.3%, @ —cryptoxanthin 7.6%6,
cynthiaxanthin 4.1%, canthaxanthin 2.8%, astaxanthin 2.7
%, triol 2.6% 2 unidentified carotencid 3.9% % ©}+(14). CEY
2] & carotenoid T2 258 mg%el W2 1 EA-& lutein
41.3%6, zeaxanthin 31.3%, ﬂ—cryptoxanthin 12.3%, B-carotene
10.6%, astaxanthin 2.2% = unidentified carotenoid 2.3%%
t}(14). Female ICR mouse(6~7 5% ), chowA} &, p-chip2
E 7 ScienceAHDaegu, Korea) 245 913kl v}. Butylated
hydroxytoluene(BHT), 1,1,3,3,-tetramethoxypropane(mal-
onaldehyde bis[dimethyl acetal]; TMP=MA) Tris[hydroxy-
methyllaminomethane(Tris-HCI), B-nicolinamide adenine
dinucleotide phosphate(NADPH), ascorbate sodium salt
(Asc-Na), 2,2"-azolis[isobutyronitrile}( ABIN), cumine hy-
droperoxide(CuQOH), e -tocopherol(TC), ferrous ammo-

nium sulfate(FAS)= Sigma(USA)<ll A F-4Jstsic}. 2 2]
AR kAo 5 WA 17 olAtel Tk

Mouse *Z|

Female ICR mouseZ 7719 A 2]-7(10 mice/cage/ treat-
ment, cage® mice?] FFFA7 EA)E oo &=
(20£2°C)9} FE(60%)7F =AH = Adefx E3} ALz
AREA HEE splA 1597k ALSste] A2 7k PBS
200 uL(control), 5 mg BHT +195 pL soybean oil(BHT
2]), 50 mg TC + 150 uL soybean oil(TC#] 2]), 150 mg CEY
+50 1L PBS(CEY 1503 =]), 150 mg AEY +50 pL PBS(AEY
1504 2}), 100 mg AEY +100 ul PBS(AEY 100A=21), 50 mg
AEY +150 1L PBS(AEY 504 2)E A= A28 159 oﬂ
3H A 373 2 moused] ATE Fostget AL AR
Heldt 5 4F Fo| moused 3 AAZ L

*- 28
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Mouse liver microsome &2

MouseE 3] A A 7]7] 1247t R el & | &3 ALE FF
< F45l 7 mouses B AAA g HEFdAch 0.2
sucrose+ 10 mM Tris—-HCI-+1 mM EDTA &3 e8-& =4
332 o] AT mouse 2+ FAY =71 3119 vl HA
E£95}d homogenizer2. 2313 =k Al Z ok ©]171-& 10,000
Xg®Z 3087k A4l 2l ste] & 4592 vhA] 105,000% g
2 6057t 28 94 E2 5}kl A2 A A microsomes 2] 3}
A} Microsomeg 10 mg/mL 50 mM Tris-HCl FE2 3]
Mgt o}, A A FEte] -70°Cell A

|:.|.HHxI %l-a‘:b :_'-'.‘ Jé-,l

Microsome®l €& @2 a2 Bradford B (15).2.
2 EAstgdch o 42 2k (Bio-RadA 4 )5 50 mM
Tris—HCl buffer® 1:4 (v/v)2] ¥R 4¢] A7) 32, o
ZZ] (Whatman #1)2 o] Zslg o}, TFHEYL bovine serum
albumin(BSA)-S 100 uL= 10, 20, 40, 60, 80, 100 ugel ==
£ 50 mM Tris-HCl buffer® 3] 4 s}gic}. Zzte] g4
# A 54 100 uLY o] 5.0 mL2| 545 of A efE- 74/]—
B3l 7 e 127 T3 A)H 527 AL whag &
59 nmell A F3xEE FA et HWEFEx= 50 mM Trs-
HCI3 o A A)obrkg Alg-sfgiTh

A7) 9 %L 12% SDS-PAGEZ Laemmlis] ¥4 (16)e]
w2} 3519l 2 o] Coomassie brilliant blue R-2502.2 < 4
slo] A bandE Fasks)h 2 A E(20 ng)= sample
buffer(62.5 mM Tris-HCI, pH 6.8+10% glycerol+2% 3DS
+59 B-mercaptoethanol)$} 1:4 (v/v)Z 348} 95°Ce]
2] 487} 7}9 5} ¢4 gelo] loading 3+ v}, Marker24] phos-
phorvlase B(106,000), BSA(80,000), ovalbumin(49,500), car-
bonic anhydrase(32,500), soybean trypsin inhibitor(27,500),

lysozyme(18,500)2 Ab-&3t e},

é.——i‘ A7) $)8he] Al E5 hexane/
isopropanol(3/2, v/v) 5 ml.ell ;f"‘a‘ﬁ}"]il * 4,000 rpmol]
A 583 P42 ey ?5]- < AAFZ AFE:2 0. 47 M
NazS04(60 mL x 3)& 7}3}04 0446}%114 o E2 Al
FE7) A F2ATZ Ns gasshel A @2 & E A 74 6}
o X A-g FE£3 & GCR E4 319t °] o] 283 GCE
Supelcowax 10(60 mx0.32 mm, i.d., 25 pm [ilm thickness)
column FID7}F A 23 Hewlett Packard 53090(USA)S o}
Oven temperature-= 200°C(30 min)—240°C(3 °C/min) = =
23k

Mouse liver microsomes 0|88t Ehatald =5
-70°C WErel] H3=9l microsome® ice bath $] ¢l 4]

AAE =g AEREEA-L FAS(Fe™, 1 uM), NADPH
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(0.2 mM), Asc—Na(0.5 mM), ABIN(40 mM), CuOOH(0.1 miM)
9} buffer® PBS, Tris—HCI(pH 7.4, 50 mM)& A}-2-5}¢ic}.
Microsome ¥ =92 Table 13 2 H| &8 £l 2
@70l A 1527 HH-&-Al F k. wk-4-2] 2 & ice bath $] <
AT YA 2R Bl $l9 Agd g8 A4
malonaldehyde(MA)2] 82 TBA test¥hH(17,18) 2.8 =
A3 )

EETAL A437] 918t 2, 4,6, 8 10 nM TMP/05
M Tris-HCI(pH 7.4) 2 571 2] standard3- 58] 3}4
2, blank= 50 mM Tris-HCI buffer 0.5 mL5-& A}F-&5}4
t}. 16 mL screw-capped test tubeel] 0.5 mL4 2] 4F3} =

EA 2 A7 g microsome == standard¥ 2 g vh(A I
#1% ice bath ¢l AA8tedt)h). 3 mLel 1% phosphoric

acid®} 1 mL 0.6% TBA £4-& 9 v 10=7F 29 vortexA] &
o} o] £3elg =22(100°C, 45 min)ell A #Hg-Al7]z A9
of| 4 $13] A3}t 4 mL n-butanol- g 7}8}aL oF 183} 743}
A E53T AAEE]7)(2,000 rpm, 10 min) 2 FAE=]Ele] &
%% butanol(413)& $43] Fe A Atk FE£A(515)E
2k @ A A8 2 butanol® 531 nmell4] FREE &3}
sdch. n- butanol2 blank& A}-4-8% e}

Microsome2| ceiz! shat

Microsomeel] #3 w2 k& £ A2 Table
23} -t} AEY # @] microsome CEY A 2] ol ®] & &
A gako] Abd A o 2 oF 7~48%7} Eokth AEYS] A el¥
g 2 B 50 mge] # el 4] 216.7 mg/g microsome.S
= 8 He]7100, 150 mg)ell ¥] 3] @A ko] HA o}
ehge},

Microsome?2| M7|¥E pattern
Microsomeell 4] 28 198 9] F=(20 pg/lane)& ¥

#o] Mouse Liver Microsome®] AF&lel] wlzl& o3 sk 157

Table 2. Effect of AEY on the protein concentration of mouse
liver microsome

Treatment” Concentration”
(mg/mouse) (mg/g microsome)
Control 157.6

BHT 5 160.2

TC 50 139.1

CEY 150 1457

AEY 50 216.7

AEY 100 167.3

AEY 150 155.8

YControl, PBS 200 uL; BUT 5, 5 mg BHT +195 UL Soybean oil;
TC 50, 50 mg TC+150 uL Soybean oil; CEY 150, 150 mg CEY
+50 uL PBS; AEY 50, 50 mg AEY+150 uL PBS; AEY 100,
100 mg AEY+100 uL PBS: and AEY 150, 150 mg AEY +50

_uL PBS.

Determined by Bradford method (15).

datA 3o A7) od F3 A5} ol A band® pattern-& Fig.
13} ek}, AEY #&]7% control, CEY S -4l A7) &
Ael-L Jeby ol e}, 2=y BHTY TC A& Fell A o2 A
2] Foll 1] 8l 40 kDa 2 50 kDasl 221315 34 9] gheko]
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Microsome®l| 4] B2t Ajukake] GC 4 A¥E Table
33 2t} Al & 150 mge A 2|85 d, control® CEY, AEY
o AkakzAd e (B E A WAL/ 3R 94 = 27 162, 1.64,
2393t} &, AEY AHelg~= CEY # =]l 1]3] stearic acid
£ sty XA a4k eka|r) YA 0 9k oleic

—

Table 1. Composition of the medium for the lipid peroxidation of mouse liver microsome induced by various chemical reagents

(unit: mL)
Treatment Microsome” Tris~HCI” Asc Na” NADPH? Fe'™ ABINY CuOOH”
Control 1 05
Asc-Na/Fe? 1 0.25 0.25
NADPH/Fe? 1 0.1 0.15 0.25
ABIN 1 05
CuQOH 1 05

UProtein concentration: 10 mg/mlL.

“Tris[hydroxymethyllaminomethane (Tris-HCI, pH 7.4): 50 mM.

3)Asmrbate sodium salt (Asc—Na): 0.5 mM.

“B-Nicolinamide adenine dinucleotide phosphate (NADFH): 0.2 mM.

“Ferrous ammonium sulfate (FAS, Fe'®): 1 M.
”2 .2’ -Azobis[isobutyronitrile] (ABIN): 40 mM.
"Cumine hydroperoxide (CuOOH): 0.1 mM.
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Table 3. Effect of AEY on the fatty acid composition of mouse liver microsome

Treatment” Cieo Cuan Cig1 Cigz ¥y-LA  Cias Ciso Cws L}izsiugifgd ;at?;riig Total
Control 2507 126 355 18.8 1.1 0.6 0.6 58 61.8 382 100
BHT b 233 177 19.3 19.3 2.9 0.8 19 148 57.1 429 100
TC 50 250 177 17.3 184 30 16 1.7 15.3 55.6 444 100
CEY 180 243 12.2 22.4 26.4 2.0 09 14 104 62.1 379 100
AEY 50 24 .4 16.1 16.5 23.6 2.3 0.6 15 149 58.0 42.0 100
AEY 100 23.9 17.0 16.5 20.0 3.3 2.3 1.7 15.3 574 426 100
AEY 150 25.1 134 13.8 21.6 25 14 1.3 15.9 55.2 44.8 100

UControl, PBS 200 pL; BHT 5, 5 mg BHT+195 uL soybean oil; TC 50, 50 mg TC-+150 L soybean oil; CEY 150, 150 mg CEY
+50 uL PBS; AEY 50, 50 mg AEY +150 UL FBS; AEY 100, 100 mg AEY +100 oL PBS; and AEY 1580, 150 mg AEY +50 uL PBS.
Y Area percentage of each fatty acid apainst total area of interesting fatty acids and average of three measurements.

Fig. 1. Protein patterns of mouse microsome by SDS-PAGE.
Lane identification: M, molecular weight marker; A, Control; B,
BHT 5 mg; C, TC 50 mg; D, CEY 150 mg; E, AEY 50 mg; I, AEY
100 mg; and G, AEY 150 mg. Standard markers are phosphrylase
B (106.0 KD), BAS (80.0 KD), ovalburnin (49.5 KD), carbonic anhy-
drase (325 KD), soybean trypsin inhibitor (27.5 KD), and lyso-
zyme (185 KD).

acid, linoleic acid ¥-& &fsk EF A ubate] kv
controle| v} CEY A &]Fxc}h <F 6~10%7F ZAastga. 1
B} B =R A Fof| A AkEl7] £ linolenic acidy ar-
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o 7 ¥ k@ Ale] B3 AT o Aol & 7o)t
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Z7 A= AEY7} 8H4kE T57) 9193, ABINe| v CuOOH
7} AE S e Al 2 283 Al ARYS 8k4kEl 30} ¢
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Fig. 2. Effect of AEY on the oxidation of the mouse liver
microsome initiated by various oxidation inducers.

Same letter on the bars of each treatment is not significantly
different at p<0.05 by Tukey’s test.

Aot F2A 2 $% L, 150 mg A 2] el A= F-2 4l Al
ZH= Gth NADPH/Fe’ '3l 73 $-oll = AEY kol 2A¢
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B) &) 713 537 9] free radical scavengerely B v ¥ wlot
7ro] astaxanthin T AFH2-4] @ —cryptoxanthin, cynthiaxan-
thin, canthaxanthin, triol 51 &4 4k4 2759, 53] Asc/
Fe’'u} NADPH/ Fe™ ol A =39 84428 :M ke 59
o] Z7] P&l AR F&5Hc)k & AEY Mol 28 mi-
crosomedl| 49} 4ltel A& 7| & Q] A ukake] 24w e} B
A= E 7o) e}uiek(Table 3), Asc/Fe” 2 NADPH/ Fe*'o]
A E A7 FAVE e o2 A4 2y
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