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2. HRY K FREBFRE, )R M 510642)

W E:ART D-o- A FEBEEERES A Bt D-F IR R E DR EMHA, B0 XK bIE LR+ § BT
@ (VEO4) . D-o-A BB BB B+ §BE AL (VEZA) | D-o-A A M BB B+ § BE 1T 5 & A e
(VEX 48) #94RINAMRE ), FRADRAAF EH D-FIBEE LR EHEA, R ARRE LRp#dtirFm. 4%
k9, ZMEARMHABRGRLANMER, L+ VEZ Be9RI AL RRE;, EREBEA DR AL, 2=40 5
Bt FE, RN SBEH KT A48 (Glutathione peroxidase, GSH-Px) . E AR (Total antioxidant
capacity, T-AOC) # &, # =& (Malondialdehyde, MDA) 4 & ¥ F& (P<001) , wFF XE B F oA %-
18 (Interleukin-18, 1L-18) . @4~%-6 (Interleukin-6, 1L-6) . AF#Z 3R & A F-a (Tumor necrosis factor, TNF-a)
Fa B o % 46 47 5 7 4 R 8% (Alanine aminotransferase, ALT) . & ¥4 £ 8% (Aspartate aminotransferase, AST) K
FHRBEFTHE (P<001) ; 23F#WE, HRAKRRGEE F-E2-48 % H-F (Nuclear factor-erythroid 2-related factor
2, Nif2) . B &ALt R # (Quinone oxidoreductase, NQO-1) . Az 4r % # & F:-1 (Heme Oxygenase-1, HO-1) &9
mRNA Fe& G %X 2 FH3% (P<0.0001) , HLBARE ABE47i@ 3 L8 Nrf2, NQO-1. HO-1 #9 %5, K#EHL AN
R, ARZEIREENKR, ¥ VEZARZEARRE. 5L, D-o-4F 0B AS 2AL4 A 0 38 A f A AL AR
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Galactose-Induced Aging in Mice
KAN Xutian', CHEN Weili*, LI Jiaxu’, HE Wenjiang', DING Liugang', LI Pan’, DU Bing’, LI Wenzhi""

(1.Research and Development Centre of Infinitus (China) , Guangzhou 510623, China;
2.College of Food Science, South China Agriculture University, Guangzhou 510642, China)

Abstract: To investigate the ameliorative effect of the D-a-tocopheryl acetate compound on D-galactose-induced aging in
mice, the in vitro antioxidant capacity of the compound of natural oils+phytosterols (VEO), the compound of D-a-tocop-
heryl acetatetphytosterol (VEZ), and the compound of D-a-tocopheryl acetat+phytosterol+astaxanthin (VEX) were meas-
ured. The aging model was established using mice injected with D-galactose on the back of the neck, while the intervention
was carried out with different compounds. The results showed that all three groups of compounds had strong antioxidant
effects, with the VEZ group showing better in vitro antioxidant effects. Compared with the aging model mice, the interv-

ention of the three compounds increased glutathione peroxidase (GSH-Px) and total antioxidant capacity (T-AOC), decre-
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ased malondialdehyde (MDA) (P<0.01), and a decrease in the serum inflammatory factors interleukin-14 (IL-15), interleuk-

in-6 (IL-6), tumor necrosis factor (TNF-a) and liver function indicators alanine aminotransferase (ALT) and aspartate

aminotransferase (AST) levels were significantly reduced (P<0.01). After the intervention, the mRNA and protein express-

ion of nuclear factor-erythroid 2-related factor 2 (Nrf2), quinone oxidoreductase (NQO-1) and heme oxygenase-1 (HO-1) in

mice were significantly enhanced (P<0.0001). This indicated that the different combinations exerted their antioxidant

effects through up-regulating the expression of Nrf2, NQO-1 and HO-1, thus achieving anti-aging effects, with the VEZ

group showing the best expression effect. In conclusion, D-a-Tocopheryl acetate complex achieved their anti-aging effects

by increasing the expression of antioxidant-related mRNAs and proteins, thus enhancing the levels of downstream antiox-

idant enzymes, among which D-a-tocopheryl acetate was more effective when combined with phytosterols.

Key words: D-a-tocopherol acetate; D-galactose; antioxidant effect; anti-aging effect; nuclear factor-E2-related factor
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IR, 25 [ S8 A RE SR S RE SN 1 & A, AT AR 38C0
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E2 related factor 2, Nrf2) J& & b1 5 5h 25 A A4
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AU, Hit, S¥RBEA bR R UE A EH YR,
FHHRFHAE AL YR R s =z —.

R MEYEAEZE E B —Fh RARPU AT, nliE T
FRfb s N, 2B 4k 2 E Briefitftb 9, figid: 3
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& HATE HW4E2E R E BRIUATAEY Z —. EHER I
S NSRS PR SR Y, S A AR = AN
REWitE & &, B RAFRSMTTEARIET  Fa 4 £ s
] e AR E LIS B (Superoxide dismutase, SOD)
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RG] . D-a-A= B I ESEREGE-HEA) £ B+ 3R
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I AbES—EYRHE A R A
1.2 LWHE
1.2.1 AAMEA SIS
1.2.1.1 DPPH-ERR% ZSHEHATEY ik, IF
BEAEER . FHOEREARIE ) . 4i2E 3 C Mkl
JREWEST B 1. 2, 3. 4. 5 mg/mL BB W, B
2 mL AN[E]B e B AR S i B R, A 2 mL
0.2 mmol/L Y 1,1- 2 Kt -2- = 54§ 48 Bt (2,2-diph-
enyl-1-picrylhydrazyl, DPPH) WK, 1R2J, 4000 r/min
B0 6 min, EHE 30 min, JHZ B NS HHHE, 78
517 nm AMWEMS GRS . # LI ARG RIS ERAE
1-(A,-A) 10
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o Ay SRR IOGREE; A, S HJCK Z AR
DPPH ¥R % BRZH G ; Ay S IE/K L EER AR
BB R A FAH OGRS
1.2.1.2 -OHEKFE S TAEE WikE,
AR E Y . AR C MRl ek
A3810 1.2, 3. 4. 5 mg/mL B, EE P A
2 mL B s i AN [5) 53 ik BE 1A S . 6 mmol/L
1 FeSO, ¥ . 6 mmol/L I H,O, ¥k, $&2) Ja if
‘# 10 min, 1A 6 mmol/L /K12 2 mL, IR%5],
VRO CERE 30 min, 76 510 nm MIHESGHEE . FHEE
H FH 3% (Hydroxyl radical, -OH) i B 28 34 LL R 243X
oA
1-(A.—-A) "

b A, SRRSO AL S FHZETE K AR
IKAGIR BT RELEIBOGE s A M FH 80K B e
IS AHOGRE
1.2.1.3 FeZ# G081 Z=H EFEEMN WY, H
VN S NN LY/ N A O i3 = 91 WD iy: w7195 il
1.2, 3. 4.5 mg/mL MW, 7FEIRE A 1 mL
AR e B A, 3.7 mL Z8487K . 2 mmol/L
i FeCl, ¥ & 0.1 mL F1 5 mmol/L 1) JE I 15 75 X
0.2 mL, ¥R #E5], #EOGHE 10 min JF, 5000 r/min
B0 10 min, B 75 W 7E 562 nm Ab 52 W 6 R,
Fe” B G341 LU N AR
1—(/:0— A)

Ko A, RHES O EE, A, R FHZRIE AR
SRR ZR P Y FeCl, 1975 FHAHOGIRE, A, M 28408
IREARE B As LG .
1.2.1.4 BiRJEfe)) SHIWEEE" ik, FHZ
Bl AN A C) | 4 238 C R ot vk B 4351 A
1.2.3.4.5 mg/mL R, FIH =5 L IRE50E &
RJFERE ST, 4E 700 nm MIILROSGREE . B JRREJIHE AT
SR =R

RIBJRRE T = A - A,

o For A CHRESREH IO RE, Ay S S BEEE
AR BRI E R as LA O
1.2.2  ER/NEERRIP A BT S5
1.2.2.1 FEEFERIGEST KT 50 2 SPF %/ ElUEE
REPEMESE 1R S, AR E LS S 41, FE4H 10

-OHIE B (%) = 100

Fe* B A H (%) = 00

B Hor, BRI BEZH (NC)/NRUE: H T3l At 2 F
AT E R 0.9% A B ER /K 3 E AR AL ZH (SLM
2H) . RER AR E ALY+ (5 BE4H (VEO 4H) | D-o-
A B I ESER TR HAEY) $ B BCLH (VEZ 2H) . D-o-24EF
T IS PR TR - AR ) S IR R A IC4H (VEX 2H) /N
H T3t Bz RIS 300 mg/kg 19 D->EZUBE, [R] At
VEO #H . VEZ 4 . VEX HZE OHEE, 5 FFE N
1.7 mg/kg AER BOAH R 321808 b, T RT3 4525
AFR(0.1 mL/10 g), ZEZE 6 J&.
1.2.2.2 MG RHNEHL R SLeahsl)a, /INR
ERE 12 h, [ 1% EL L Z4M(3.5 ul/g) RIS 4/
R, dmlR /N BRHRBER, FHES OB ORI BRUMVR, R e aT-
A IR, B EE 2 h, $RJ5 3500 r/min B5.Cr 15 min, B -
TEW—20 °C PRAFAFIN . SRIMS, R 220 S50HE 5 F 4k ST
7N BRI ESCED IR, JR LA T i A= PR 7K v e
Ve, BRI, FHUEARE TR IH7K 55, URAEe H o
1.2.2.3 HiEAFERE  RYE GSH-Px iRF& . T-
AOC i £ . MDA IRFIE U 5, MR iyg H4H
R FFE R
1.2.2.4 IMIEHRIEHEFIE ARG UL 45, M
SE IL-6. IL-18. TNF-a J45EKT7K¥
1.2.2.5 JFoigesebrie  ARPEEFE UL A5, e
IMyE+ AST. ALT &H.
1.2.2.6 RT-qPCR il Nrf2 il % ' mRNA iy 334
Z: HEEH TN TN 25 U0 19 7 v, BOIF AR ZH 4 0.02 g, HH
Trizol ¥ 32 HUZH 41 2. RNA, DLZH 41 3 mRNA A BE
e, Wik 5% cDNA, #2395 SYBR Premix EXTaq IT i)
Sl UL EC T B AR FR, PSS S s TIAR M,
95 °C, 10 min; ¥ ¥4 K7, 95 °C, 15 s F1 95 °C, 30 s,
3 40 PMEIH; BRI HTAE 60~95 Co 2744 ik
ST Nrf2 AHXF NS EEE B-WLEhEE [ (B-actin) (Y FRIA
7K. PCR F1¥ AL R A BRAFE TG L, 7]
YIFPINEE 1.
1.2.2.7 Western Blot Kl Nrf2 i 2% 85 F I =ik
BYHY 0.025 g HFARZHZE, FHUKF1¥% PBS ¥egH 4,
A 300 uL RIPA Zfit i T AE WA S ¥ B SO i s,
VK L 246% 10 min; 4 fF &5 EF 4 °C, 12000 r/min
B0 15 min, B VRS TEEERE . AR 20 pL ££
S THLUR GBS, SR S Nrf2 . NQO-1,
HO-1. p-actin Piif—EZERIIFH 60 min, 4 °C iF17K;
2 d S IECE 30 min, A " HUEE 90 min JF,
7 ECL fh22 &6 b b o, P FHBERL BMR AL HE ZR Se

x1 519F5
Table 1 Primer sequences
Bt Fe L FEoI T i K (bp)
f-actin ACATCCGTAAAGACCTCTATGCC TACTCCTGCTTGCTGATCCAC 223
Nrf2 GCTCCTATGCGTGAATCCCAA TTTGCCCTAAGCTCATCTCGT 143
NQO-1 TACGACAACGGTCCTTTCC AGAAACGCAGGATGCCACT 142
HO-1 TCCATGTTGACTGACCACGACT CCCACCCCTCAAAAGATAGCC 191
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155240 8 R GraphPad Prism 9 4k {064 7 S ol ::ﬁ
WA RS HT LA R 22 PR, S P b ofi 2 = /5
R, LHIR] LEBER SR 28 2545317, P<0.05 TG W E 40 / = VEO
eSS 5 Lk % M
2 BR5H5H LT
21 ERSMRSILE T 2 5 s
2.1.1 DPPH-4R3% DPPH ERR W HkIPAL Y FRAMRAKIE (memt)
JRIGHURALRE ST, M, P fLaE SRR 7. B 100r
P 1 AT, BRI EE N 1~5 mg/mL If, VEO 25, VEZ 30 b
ZH. VEX A1) DPPH - ¥5RR%F4533 M 20.83% . 16.08% . S
14.25% JHE% 58.86% . 67.81%. 63.18%; 1E 5 mg/mL i’g or
i, VEZ LI Rt s Zaf
212 -OHWFIR2E O S Py — i, FUAT b ® ol
SROGEALPED, I 1 AL R VEX 412 4h, Higvs
WA 4 - O 745 I 23 I JJa vl 8 1y 9 i -5, o 0
VEZ HMERFENZEILT VEO 4H(P<0.001). VEX
ZHAY-OH Y5 BREEITE 3 mg/mL iAFE K 7E S mg/mL C 100
Bf, VEZ 2H 1915 BRBE 71 67.48%, LT VEO ZH A1 ol
VEX . ~
213 FSHAfE)) Fob BT RATIREUBL L A g or
I3, il 3k et S (HL 0, ) 22 [8] (4 250050 52 3 ik fie % wf
i 4 1 L OOH) A i, Vs 48RS LI 24 T 2 |
BT Fe? Bk R 1 AL Fe¥', MM
IS IS A, BT AU A 0 R
Pl 1 AT, 7EIFCRRHRE ) 1~5 mg/mL S FEIPY, AR [A)AE B i FRIE (mg/mL)
WA F e B Rl S It e FEE (0 b i 5, 2 D 25
H LR 3 C 1 e B £t JI3RAGECIL: Horlt VEZ Lo P
YHFEINAE, 7F 5 mg/mL ATk 61.64%. ~ U e
214 ROIRAES)  ROAIRRE IR0 L ] I R N
Bl TSR R T RE 1, PURALRE T AR EJ Lol p o
SRl T R T ) ph P L R ‘ e o
1~5 me/mL 705 PB4 A< 2 P00 A 6 I ) ot Bk B I = ey
YA R B M N T T, 24 R S T 3 mg/mL 0.0 T' —

VEZ 1) SR R RE T 4. X K AEPY I g i
FEP) S BEEAT RAFIPTAEARRE T, X S ARG 45 A
Bl ¢ b, ANEIE B, VEZ 411 DPPH- & BRiE
7. -OH JEBREE ST . Fe*' BAHEST . BB IFRE J1405H:
22 REPNFRBMEUER

2.2.1 AFEIEFECYXT /N AR NP A b FE bR 5
m FEIEEAEFRIRAST, PrEib R SHE RN
i Z T HES(ROS) , AR AL G 32 S b N 3
133, GSH-Px JEPrafb R ge b 2 b A fbil, 7157
LI ) ROS Fefb hy Z AR, LA Wi 5 4 Ak
JBPY, T-AOC Rt b BT AT A AL A4 %
MEPTE ALK, BPUEA R ETIRRIRE WL A 18
PR, MDA JEAR il S b B RS = = —, H

FE VR B (mg/mL)
El 1 AEE YRS RE T

Fig.1 Antioxidant capacity of different complexes in vitro
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fifg V& J1 A1 T-AOC ¥ 4 4351 i 2 (P<0.001) FR&ET
63.54%. 45.00%, MDA &= B ZE T 70.60%(P<
0.0001), X 32 B D->{=ZUPH B0 & /> BUSE A 35 455 1l
. 5 SLM gHAHLE, ANRIE B GSH-Px HifFE ]
FR¥EET T, VEO 4H . VEZ 4H . VEX 4H 453 53 hn 1
34.28%. 98.12%. 170.49%; Min £524 [F5¥ 2 B [6) 17
B ingisE 2 E gefigiE o _F GSH-Px FERER
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Fig.2 Effects of different complexes on antioxidant indexes in
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mice
7 FRE NC A “#"Fn5 SLM 4 i “*7/“#”
TR P<0.05, “**7 /“##” TR P<0.01, “***7 /“ g FoR
P<0.001, “****7/“su” 2R P<0.0001; & 3~18] 5 [d,

ik, BHEPUAEALRE T, X S AWIE S R—2 . X+ F T-
AOC Wi, VEO 4H . VEZ 4H . VEX 2H43 5| b SLM
HIEHN T 65.01%. 70.18%. 70.67%(P<0.01); X} T
MDA #: i, VEO 41 . VEZ 4H . VEX 4 43 3l [t
SLM ZHIFIK T 56.04%. 67.04% . 64.04%(P<0.0001).,
K ER G WF oY R BH AR FE A, A E A T
PRAK I Bz 4 MU ) GSH-Px 1235 T3 . MDA i (%
I ZEE4R 4500 TS FR BHAE YY) (5 BERB AN S IR IR &
w7 W ARERE MERR D I/ N RS RL Y MDA T, A
WFgE R B, —2HE R W EILT DB 500
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