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Study on anti-aging effect of safflower oil on the mouse
model aged by D-galactose
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Abstract: To study the anti-aging functions of safflower oil, mice
model aged by D-galactose were administered safflower oil by oral
gavage. The content of malondialdehyde (MDA) and the activity lev-
els of monoamine oxidase (MAO), glutathione peroxidase (GSH-

Px), and superoxide dismutase (SOD) in the brain and liver of these
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mice were determined with biochemical kits, respectively. The signif-
icance of the differences in the content of the components associated
with aging and anti-aging among each group was analyzed
statistically. The main results were as follows. The MDA content and
the activity level of MAO in the brain and liver of mice in the groups
administered safflower oil were significantly lower (P<C0.05) or very
significantly lower (P<C0.01) than those of the aging model group.
However, the activity levels of GSH-Px, total SOD (T-SOD),
CuZn-SOD, and Mn-SOD in the brain and liver of the mice were very
significantly higher than those of the aging model group. It was sup-
posed that the anti-aging mechanism of Safflower seed oil might be it
could inhibit the lipid peroxidation induced by free radicals and
reduces lipid peroxide by scavenging free radicals. By improving body
s metabolism, it promoted the decomposition and metabolism of D-
galactose, and improved the material energy metabolism, and then
regulated the expression of genes related to aging. Meanwhile, the
expression of MAQO gene was inhibited to reduce MAQO content in
liver and brain, which resulted in promoting the expression of the
genes, including GSH-Px, CuZn-SOD, and Mn-SOD. This could in-
crease the content of GSH-Ps, CuZn-SOD, and Mn-SOD both in
liver and brain. We concluded that the safflower seed oil could signifi-
cantly reduce content of MDA and MAO and increase that of GSH-
Ps, CuZn-SOD, and Mn-SOD in liver and brain of aging mice
models, performing the obvious anti-aging function.
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B . XN S YRR R R R P O R A TR,
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T AN R RS R AT I T £l EE AR
HIPRRE 2% 101286 J1 . SOD 3% J7 MDA & &R 1. XM
M 200 ) 52 2 Sh B BB 5 1 PR I R N T AR A AR
o EHE . YLK R N 8 (MDA ) & & 1 9 i A 1k %
(MAO) & PERE I, 17 8 1k 9 82 A i (SOD) 1 43 b H K 2
ALY (GSH-PxO 15 o4 06 20, 3 a3 A MDA /) & 5 &
MAO,SOD I GSH-Px i 1 » w] AT HI ML 22 22 F{g B 1Y
Rt AR B R D2 LM 7 /N BB R, B
FRZ B DT T L0 AEKF I R B Ak B AR
& 16 A LA KE Il 1 22 R P AR AR R 22 AR 48
IR} & RS RV S
1.1 KF S5 EE

CLAENT I M — G, BT 88 23 A A R PSR A IR EIb IR
R A RS H

T (MDA | 5 i S04k il (MAO) #0469 0% 1k il
(SOD) 43 T 45 b H Bk 33 404k 9 B (GSH-Px) . & 1 (TP)
D 3 70 v B W DR RS T

D-2FFUBE JGK Z W VK BR ¥4 R 43 #r 4 5

S8 HNE] L 43 96 06 BE 3. UVT752N B, [ A3 A 43 BT {0 48
IR

S B % L : GC-14C PF %Y, Shimadzu Suzhou Instru-
ments Mfg.Co.L.td,145 Huashan Road,
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1.2.1  ZLAERFI I NG I FR A R B & i 8 SR AR 0
B, Wl G ME: 35 kS DB-WAX (30 m X 0.25 mm X
0.25 pm) BANE M, H L 190 C L H L 20 min; JE R 1R E
250 °C, AN 43 i #E AR s R (AR 99.99520) Wi # 1 mL/min,
FEJE 2.291X10° Pas 4 il 5 : FID &0 8 K 0@ K il 2% , 15
240 CHERERE 1 L,

1.2.2 5 gh ¥ Ko 4

(1) KM CE B /) . SPF G 3t fd ) 2. i . B i
4 H REGOED g K R EMEARARA A,

(2) ZiXsh P4y KM /NR 40 H @M IR 7 d 5,
FEALA A 4 41, B4 10 H, RPIE X AL E B Ri R 4] a4k
FEH AR 4 2T AR R
1.2.3 ZAEFFMAENHE SRPEERY ST
FH NN AWM E AN ANER 25 g BRI A
LIRS R B AT IRE S T 3 mL L0841 ol A 30k
AP =5 i 1 i /DS B BH I BE CTO) 1 = R (TG) & 1 (P<<
0.01) LA K S 3 W IR AT 2% 32 i 2 79 I [ B2 (LDL-O) 5 & (P<<
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0.05), MUARFR T 3 mL/ (kg « &) F & K £L 4647 il 19 A%
F s v )RR R 2 £ B0 6 mL/ (kg D).
1.2.4 FEIPEAIG & AP LRI R
A LT AEHRT TR ) o 20 21 26 K7 S i 5 e 4 0 R A H S
W FES 5% D-2EFL B 125 mg/(kg » d) (0.2 mL), @ 7
RGP, IEE M A A B TS 0.2 mL A4
BERK . S DR RS 4h LA KT AR R A BUOE S
ZLAEAF M 3 mL/Ckg « ), &5 5] & 20 /) BUE 15 4L 46 FF I
6 mL/(kg+ d). £ 3% & BRI 41 A1 1E 4 X B 4 R
6 mL/(kg « DRYZEMAK. DL B R 2 BT S 7 i & A
6. & H [E]— B ] B 347 3 5 F0 i AL BT, 7% S AT 42 d.
T R S kA2 /N B e U R AR R K
12,5 MEHiea K58m0 g A S 56 b BUE B AR
BATHRAERBFR FEEQR/EBR) . EE R/ E
i DE N
1.2.6 20 SURUT I L 2050 38 46 BB AR S ARl 8 IR 3R
BIRR (5 42 K Z /N RAS | 12 he #5ER IR SR B A+
A3 A . b FE /N B TG NG 2H 4R R0 AT DR, 4 °C AR B
KPR T R AU T B BT A ST IR 4 12 9
(g/mL) H BN AL B ER 7K, VKB 2544 F 51 %% 10 min, 43 51
£ 10% 0y i 412U R BFOIE A 21 50 %, B 0 10 min
(2 500 r/min) , JX L5 . & —60 C TR . RIF. %
FER R 8 U B A3 L R SR A TT D0 4 ol B S 43 3 s i T 41
SUWETE A (TP N — [ (MDA) 19 & & & B i & 1L g
(MAO) A etk 3 401k 9y it (GSH-Px) | 58 846 4 157 1k
fit} (T-SOD) | 4 £ 18 4 16 9 15 A B [ CuZn-SOD (SOD-1) ] i
£, T-SOD & i & CuZn-SOD & 4t 153 1| 4 18 & 1k 9 15
fLHE [Mn-SOD(SOD-2) % it .
L2.7 Sitadr KB BIEYRA x + 5 &R, A SPSS
11.5 GETT 3R AT 5008 20 BT AL IR U BOR A ¢ K 6, DL P<<
0.05 e 2 5 W E .
2 #iRS5nbr
2.1 AEFHBHBRARRSENSHEBIENE

2T AE KT A i I R 2L SR o A LR 1
2.2 RE/MRMIN GEMBEENTH

L G W N TR I W i N I
A/NRAT SR G2 VB R BT & M TC o I M R R L K AR
i R B 5D - R B o e R IE % X AD RS R
LN A X i G =X DL v N = R COP A= [Ny NG 1 S A W =1
F A1/ B B B R R B KAE IR IR B T S . 5 %0 B 41/
REWBZR. S4/PREESHREEMEAHIE 2.3,
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Table 1

The fatty acid composition and content of

Safflower seed oil

B W BRALA AR &4t/ %6 || ARIFRRALAR AN & 5/ 20

FE AR R 5.41 V9 R 80.51
R 12.63 W RR R 0.24
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Table 2 Comparing weight change of mice in each group (n=10) g/mouse
45 H1H 52 %3 A £y %5 A %6 SR
EH R IR 34494212 35.0843.71  35.2342.99  35.66+3.32 36.153.69 37.27+3.68 2.44740.43
FEEBRA  34.86+2.48 30.704£2.80 31.0543.40 32.67+3.67 32.88+3.08 34.2543.04 1.1240.18%
I B4l 34,03+3.45 33.1343.58 34.51-3.49 36.04+3.17 36.0543.79 37.2543.02  3.2240.37:2:12
B 34.14+3.02  33.5543.90 34.724+3.18 36.48+2.95 36.092.37 37.6142.93  3.474-0,232:b2c3
Tt a RIRHIEF X IRAA L .al 2 P<C0.05,a2 2 P<C0.01;b F/R 5 ERALIAA L . b1 2 P<C0.05,b2 Jy P<C0.015¢

1o 7 2 SRR AR E 03 Sy P>>0.05,

%3
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Table 3 Comparing change of food intake for mice in each group (n=10)

g/(d * mouse)

4153 918 2R %3 A 54 8 %55 A 56 )8 S
EX B4 5.0040.39  4.904-0.80  4.944017 4.96+0.83  4.784+0.91  4.7040.64  204.98+18.52
FEBMY  3.7840.45  4.5040.20  4.6540.24  4.62+0.57  4.734+0.32  4.734+0.32  182.16412.95
I = 3.534+0.42  4.1840.62 4.464+0.62  4.65+0.64  4.7140.64  4.74+0.73  190.664 14,5935
R 3.47+0.13  3.914+0.45  4.324+0.17  4.47+0.33  4.244+0.45  5.1040.35 188.6243.23:1:b3:c8

T a RARGIEH X A, al 2 P<C0.05,a3 2 P>>0.05:b Fn 5B BAIA A L, b3 iy P=>0.05;5 ¢ Fonm Ml w4 51K

Fl 4 2 AH 1Y . e3 S P>>0.05,

Hr 2 2 AT 50 4 R R S N 2 ) B A TR
B AR T IE X B4 (P<<0.05) . K 5 7 & 4 /) A T
S AR R M TR RO B R R (P>
0.01) B« w7 12 4 9 2 ) /) B £ T80 39 o 3 T B 3
FEH

3R 3 AT, B R AL 20 AR RT Wil ) 2 2 /) BREBR
bk 2% T 1 X BAL(P<20.05) , (AR ) Bk 415 % B 41
T RFZERP>0.05), K. F A R4/ RS T e
RALRBEFEES MR mAEHAZE/DRBEERE TR FEE
St (P=0.05) oy b AT 60+ £0 46 KF 31 A0 50 Ak v IO /s B A 43
i A M N . T AR L0 AR R A BN OF AN & 5
W) /0N BRUR B BT DA SR B 0 W AR AL
2.3 AWAFMIT/NRBMEFHREELAR[S MDA EER N

FFH MDA 250 & I 1 4% 20 /) B B I Ik 4 4 MDA
ALK 4.

AR 8 FI /D BRI 40 2R 0 MDA 55 58 A Sy A Bt %2
IR bR, EEAKHE & Harman D F 1956 4FE 4 H &AL B
B R AT R A I A A AR A e R R O R P A

F4 SANMRMRFEALN MDA §ELLE’
Table 4 Comparing content of MDA in the brain and liver

of mice in each group (n=10) nmol/mg PROT

21 51 figi 2 21 JENE 2 21
E % 2 0.87-+0.10 1.5840.48
B 1.182£0.292 2.184-0.56%
figsnl A 0.9240.16%-b 1.6340.22%-1

1R A7) i 4 0.9620.14:3:b3:c 1.80420.26%-P1-c3

t a BARGIEFXIBAMIL a2 Jy P<<0.01.a3 2y P>0.05;
b FR G HEZBBAA . b1 Jg P<T0.05; ¢ R & 7 4t
HAEEF AL, 3 R P>0.05,

AL RE ST SR A B Y A B S 5 A0 R R A
G W R S A N o o 4R Ak S R LPO OIS I 3 Stk 9D
LPO BB =4 MDA 8 {5 B2 19 . 85 55 & 2E 38 B g, fif
I3 375 1 AT %2 v 240 i 400 R 5 4, ki 4 2 L BB T A
H A A A AL AR IR S A L RS A5 LT
AE & AR AR SE I S BOMLIR TR, R F 4 A, E R
A1/ B AL MDA 9 #8835 (P<C0.05) sl i 3% & T
IE B (P<C0.01) . ZL A6 AT A 25 77 ok 20 /) BRUJq A 4
210 MDA F Bl T 157 X B4l (H 22 R R B, 47
AR L 5 R 2 BRUFF 4120 MDA 7 5 46 25 % T 58 2 i
4 (P<C0.05) , fHfii 1 4% MDA 75 # g% T 3= B A A, (1 22
SRR E . K E R P D B MDA
BICEEVEZER . TS LT 26k i n] LAY 2 /0 BRI L BT 41
21 MDA /&2, B AU BIEM . XA R8540 A &
B Ve K. Vedg—Fh R RBUEAT, X/ B 4i i oy 2
XA EEEE,
2.4 g HITMRBFHELE MAO,GSH-PX & 4 1

=AU

FI A MAO Ft GSH-Px i85 £ I 22 £ 41 /5 BRI AT 20 21
MAO Fil GSH-Px [ iG #2550 L% 5,

oG JFF 42U A o 8L B B R IR B 2 — o MAO B9
PE S MR 25 24 % V156 2 MAO [ 7F = 5 1 A b 1

157 S IE A 6 2 HL R B0 9 B ARG i 2 — . GSH-Px
RO I ARG A W i FT DL RS MR OH 3 & 1 i

Tl ALY OB A0 R B 45+ RN ) BB 1Y S . T MAO
GSH-Px {f P &M 5 R R R M E 4 hn . th3 5 Al A, 3%
R ZE N B O FH 8 MAO 35 P B 28 T IE % 4 IR
(P<C0.01); il GSH-Px ¥ M4k i 3 % T 1F % X B 41 (P<
0.01), BRMGZ14UH GSH-Ps i ¥ 8 3 I F 1E % 4 B 41 (P<<
0.05) AL - 2L A6 7 b AR i 570 o 41/ BUR L AT 4140 MAO Al
129



RIS E N

2016 F % 10 #

x5
Table 5

SHENRBFALH MAO B GSH-Px &M L&
Comparing activities of the MAO and GSH-Px in the brain and liver of mice in each group (n=10)

U/mg PROT

MAO

GSH-Px

4151

fivi £H 21 JiF 421

i £ 21 JiF 4

IE % iR 4] 4.934+0.78 2.314+0.41

FEEMMA  6.14+0.82% 3.75+0.59%
A4 5.05£0.50% 2.53+0.70%:b
1 79 k2 5.0340,620:b2:¢3 2 6140,5193:b2c

189.88+19.88 449.50+60.19
104.7847.92%
136.81429.2141-b1

139.874-18.8721:b1-c8

366.30£57.85
419.16+40.4723:b2
426.14+67.583:b2:c3

T a RARGIEEXBAML al f P<<0.05,a2 35 P<0.01,a3 Jy P>>0.05;b F78 5 5 L BB 40 46 e, bl
AP<0.05,b2 2y P<C0.01;c K i M i 4 5 %7 i 4148 1, e3 2 P>0.05,

GSH-Ps {§ME S IEH X BABAE B HEZ 5. A mi. &
FH2H /N UK I 4141 MAO 3% PE M B 38 T 8 i A 4
(P<C0.01) . Tl GSH-Px 1§ P g 35 Ak . 3 & F o & A 4l
(P<C0.05 3K P<C0.01) . 1K . 5 771 42k 4 9 201 A1 /) BRI T 41 201
MAO 1 GSH-Px [ I 3 M 25 5% . H1 06 Al 1, 20 78 FF I
BEAPOEEER. X 0T B8 40 46 47 3 40 ) 5 2%/ B MAO

5 29t GSH-Px 3 5 1 45
2.5 LATEFFimIT /R RE.FA L T-SOD, CuZn-SOD, Mn-
SOD & 1 1 % I
K H SOD 73 B4 57 & I 5 25 28/ B L i 4 48 T-SOD
1 CuZn-SOD 1 ¥ ¥, K| ] T-SOD & & 3 25 CuZn-SOD 77
755 Mn-SOD & i, 25 B L3 6.7,

R6 FAHAMNMNBRKALRE T-SOD,CuZn-SOD F1 Mn-SOD & 4 £t 8
Table 6 Comparing activities of the T-SOD, CuZn-SOD and Mn-SOD in the brain of mice in each group (n=10)

U/mg PROT

20 51 T-SOD CuZn-SOD Mn-SOD
NG osyisEl 219.37429.19 164.87+16.97 54.50+13.61
e AR 157.25+14.92% 120.77+15.87%2 36.48410.462
R =4 179.18 33,2901 139.54 430,032 40,64 49,7843:b1
w0 o 188.544-33,8923:b1-c3 144,17435.1223:P1¢3 44,37 412,3423:bL.c3

T aBREIEWIBAMIE, a2 h P<0.01,a3 Jy P>>0.05; b 3575 5 35 2 45 0 41 A
L b1 Sy P<C0.05 ;¢ 375 i 7 B 41 S5 A% 4T HE ¢3S P=>>0.05.

%7 SHEMNRFASREH T-SOD.CuZn-SOD F Mn-SOD & 4 5 b #51
Table 7 Comparing activities of theT-SOD, CuZn-SOD and Mn-SOD in the liver of mice in each group (n=10)

U/mg PROT
415 T-SOD CuZn-SOD Mn-SOD
NReopiE 125.70£13.61 105.53£8.75 20.17410.61
LT 98.97 4 3.93% 87.38+6.56 11.59+6.56%
IR 1 21 115.20+9.03-b1 101.6744.82:5:b1 14.53+9.78%:b1
15 7] 2t 2 110.43412.473:b1-c3 96.8018.743:b1:c3 13.637.89q3-bl-c3

T aRXRGIEHXBAMLE ,al Hy P<0.05,a2 3 P<<0.01,a3 § P>>0.05;b R 5%
LRI AE B, b1 2 P<C0.05 ;¢ om0 S AR A s 41 AH 1, e3 2 P=>0.05,

Pl

SOD 1 2 1 P9 5 22 19 i A AL B & Re 8 A Ak B & 1
F R 7R Ay o 4A Tk SR AU T DA D i R 0 ATk R
LR AL LU0 40 i S 2 B2 . W E B S AL S SOD i 3 14 7]
TRV Z B E, B, 4 56 2% I T-SOD, CuZn-
SOD J¢ Mn-SOD fENAFFE X 4. B3 6 FIE 7 Al AL &
A0 20 /N U L BE 41 20 1 T-SOD, CuZn-SOD & Mn-SOD i
Pk AR T IE % % B 20 (P<<0.01) . 046K Ik L &5 7 4 21
AN PR 1 T-SOD, CuZn-SOD 2 Mn-SOD % #: 5 iE
XA B B RS R N T RS (P<0.05).,
R34 /N BRI LT 4H 4L T-SOD., CuZn-SOD B Mn-SOD
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RS R /N RTC R 2  EHLIR AAAE RE
W A, SOD E A SR Z — . BEE T BR A B i JE
TR 4 A Z 445 . SOD PR B B | 56 7 3 B2 T 46 5
B0 SOD & ik A R Uk /b, {5 % AL A6 KF 35 AT LA S 35 19
N 2R RS T-SOD, CuZn-SOD & Mn-SOD & & , ¥ fin
BUA LA AL RE J7 AT A B PR E 1 H Y
3 R

AU 25/ RS B T ISR TS DR 3L 42 d )5 . 3
EAE R /N AR Y MDA 37 R MAO 36 P L 3 JE2H /) B
# I+ GSH-Px Hl SOD-1 #1 SOD-2 i 1 . # B ik, H ik,
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AT 50 9T 1 D BURE AL BT L R D2 2L b g
P/ U . ZLAENT I R 1 3 R AR/ BRAL IR 1) MDA
a5 MAO W& ¥, B35 42 & /b R i& GSH-Px, T-SOD,
CuZn-SOD J¢ Mn-SOD 7§, HF B M= #/EM .

CLAENT I I BT A AL AT R R « LK & A £ &
T R o R e AR T IR R . ik 2S5 S/ £
ASAMLFNAL 2 AR PR AP AR S A B 2L B0 o Ak W &
BRI EAA Y R FAEA . B AR AL HE I AR W
I i 5 B A AR W LA A e AR S AL e sOR T
STAENT I &7 F 500 Ve A S B SE IS T . e
i v bR A 3 I A BT 0 S A Ak R . M T
REAR AR L1210 MDA 35 800 21 26 b7 ol A AR 3 119 7%
I 28V P s B ok O A L T TS A L A 3R AL 4B
AR, 3 D-2F ZUE 53 i AU B IR D-2 ZLbE S Ak ok
FLBEEE . AT 5B LML F K . — Jy w0 B 5| R AL
PRI Z N MAO e [H 3R 3k DT R AR R 20 2010 MAO i
P Bl 1F BRI 2 5 i 2 8 S50 Bk st B 40 A DA AR R AL R i
B HE 5% 3 2 5 oy — J7 LR 38 B A AL (B %2 & W) GSH-Px,
SOD-1 fil SOD-2 % (A & 557, 1 42 w5 41 20 40 Ma
GSH-Px.SOD-1 il SOD-2 3% #: P4 K SOD %3 #: , 44 8 Pl {4
TR B A S 0 e T BRI L 41 41 MDA &
[ YLK N RS X (2

LI R M TR 2 AE R 0 B AL T 4 Tk
S HBEAT BE R A MBI ST s LU AN B 5 £ A6 KT Db 6 3 2 A G Ak
R ek 1% . BB AT X 20 A8 ke il h BE A0 R B I8 R 5
ST LT ALK I8 T 8 B LA R AL R 32 5 1 i B

530 ZLAE AT I RE B 3 FEAR /N ALK MDA & & 5
MAO 1 | 32 5E /N R ALK& GSH-Px, T-SOD, CuZn-SOD
M Mn-SOD %, B BEMBLZEBEM.
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