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ABSTRACT: Objective To explore the improvement effect and mechanism of astaxanthin on D-galactose-induced
cognitive dysfunction in aging mice. Methods The mice were divided into normal group, model group, low-dose
astaxanthin group, middle-dose astaxanthin group, and high-dose astaxanthin group by random number table method.
Except for the normal group, the other groups were given continuous intraperitoneal injection of D-galactose, and the
aging mouse model was established by intraperitoneal injection of D-galactose. The changes of learning and memory
ability of mice in each group were detected by water maze test. The content of malondialdehyde (MDA) and
glutathione (GSH) and the activity of superoxide dismutase (SOD) in mouse brain tissues were detected by
spectrophotometry. The levels of interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in serum of mice were
detected by enzyme linked immunosorbent assay (ELISA). Expression levels of synaptophysin (SYN), postsynaptic
density-95 (PSD-95), p38 mitogen-activated protein kinase (p38MAPK) and phosphorylated p38 mitogen-activated
protein kinase (p-p38) in mouse brains were detected by immunoblotting. Results The results of behavioral
experiments showed that all dose groups of astaxanthin could improve the cognitive dysfunction of aging mice
induced by D-galactose in a dose-dependent manner. The biological test results showed that astaxanthin could reduce
the content of MDA, increase the content of GSH and increase the activity of SOD in the brain tissues of aging mice;
reduce the levels of IL-6 and TNF-a in serum of mice, suggesting that astaxanthin could improve the cognitive
dysfunction caused by D-galactose-induced aging mice through antioxidant and anti-inflammatory. In addition,
Western Blot (WB) results showed that astaxanthin could significantly increase the levels of synapse-related proteins
SYN and PSD-95 in the brain of aging mice and reduce the expression level of p-p38 protein, suggesting that
astaxanthin could improve synaptic plasticity by inhibiting the over activation of p38MAPK signal pathway.
Conclusion Astaxanthin can improve cognitive dysfunction in aging mice induced by D-galactose, and its
mechanism of action may be related to inhibiting excessive activation of p38MAPK signaling pathway,
anti-oxidation, anti-inflammatory and improving synaptic plasticity.
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SRR AR M B 2 B s IR I ZE 51 S VT
1.4 LT5E
141 Z¥HH5ERTFH

¥ 40 FUREME BB/ BUE SR A 1, BEALAM L S
H, B 8 H, ABINIEHRA . BRI, HFE RN A
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Fanmt e

¥ BB/ W (radio immunoprecipitation assay, RIPA):
H FTEHI 77 (phenylmethanesulfonyl fluoride, PMSF): 2
i WA B0 351 350 - AL M =100:1:1:2 AR FR L L 2330, 2I3¢
W (mL): 2 2UH 5t (g)=7.5:1, BAELBAEVKIA AT, il
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Table 1 General status of mice in each group (n=8)

) mOs BRI Ea
il i R iR
% RN
g i b N N
AL By WS AR
RG] ‘ ELAIH, \
VAN N
it o i i
R BB
Eied|
P Pr g
IRARR g BRI iR
w4l

22 BHNPBRABEHTILIE

TR N R AR E AR IR 2 IR, 7ESCR AR
PRS2 /) B AR T S B A S T R S BRI AR, Bl
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W S S D-F U R 8] T /NRURE A9 A K SRR
AL, SR RAC. . EARAN AR ECE 4. 5
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B AR A AR
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Morris 7KK B SEESZE AN 3 fim, M 2 d FFR, 5
IEE A E, AR /N B AR AR BB 3 T i (P<0.01),
WAL AR B, B 2w ) i DS ROV AR A L R AR
(P<0.01), IFHZEME. HFIELICEEZERP>0.05); MEE3d
Thin, SR, SRE R S A RO B R
fIR(P<0.01), HFFF R H L T W 8 2% 5:(P<0.05); 4
5d, SERAM L, IFEFEMKG0 mgke). (100 mg/kg).
(200 mg/kg) 7 15 A 4% 4 /0N LI AR S 4 (3 2 BRI
(P<0.01), WFFEEEHBIR, D-FFMBOE &/ N0 1z
FIW R, ST RHGED R — 5, a4 TR
BETHRE, ZE/NRIEIICIZaE75 5 T 2R,
S5 RV R AT LA el /N 2 2 02 e -

TEES S d, WSV AR R I, 5IER A, B
RIZ /N RAE ST 5 T AE 22 BR AP T R IR ) 43 E (3R 4l
B EERER(P<0.01), 90 s PNEFBRT- 5 B EL (R 4) ik 2R
fI(P<0.01), SHAILIAA L, HFF Z{R(S0 meg/keg)Fl & T Wiy
/NERTE HAR G R 43 b 3 THR (P<0.05), 2R85B
B T (P<0.05), KR (100 mg/kg). #5(200 mg/kg)
F T /N T H AR BR B E 43 EAl B3 i (P<0.01),
ST B YOBO BB THE (P<0.01) . BEEAZEE/ N2 330
1288 J1450E W A BB FRAR(P<0.01), T2r34Fird R
IPIE, /NI 2TICACBE AR BB 2l . 7RSI A 4%
/N AU KGE B (R 5)J0 R 35 Pk 19 25 52(P>0.05), UilI4%
ZH/INEUAAS BT 350 R S B P 48 R 7= A S

#*2 BENR 5 BAREETUR@E n=8)
Table 2 Body weight change table of mice in each group within 5 weeks (g, n=8)

215 %0 551 )4 55 2 )4 3R 55 4 )4 ERN|
EH A 19.38+1.10 25.37+1.64 28.17+1.32 30.30+£2.96 31.90+2.96 32.98+3.30
LA 21 19.34+0.97 24.66+1.72 24.83+1.52" 24.77+1.41% 23.92+1.71% 23.75+1.69%
IR AR = 2 19.00+1.06 24.61+2.29 24.88+2.39 25.86+2.37 27.2142.87" 29.27+1.78"
IFE R PR EA 19.09+0.91 24.53+0.89 25.42+1.31 26.42+1.31 28.95+1.26™ 30.20+1.33"
U 2% T R e 2 19.22+0.71 24.96+1.43 25.62+2.04 26.62+2.05 28.86+2.58™ 30.72+2.50™

T SIEWAML, *P<0.05, #P<0.01; SHERIHAH, “P<0.01,

=3 BEPRKEEREBRYNLER(1=8)

Table 3 Results of the latency period of mice in the water maze experiment in each group (n=8)

AR /s
gl
¥ 1d 5 2d % 3d 4 4d % 5d

EHA 64.84+2.86 44.36+4.32 30.3243.26 26.82+2.24 16.53+£2.35

FERI 2] 71.47+3.75 69.65+4.43" 63.86+4.06" 54.3243.43" 37.22+3.35"
W Z AR 71.99+5.45 65.69+3.66 54.79+4.31" 47.63+3.05" 27.66%3.34"
LN e e 67.41+3.63 62.49+5.63 48.97+4.02" 35.61+3.30" 21.6242.45"
LNl 65.26+4.52 52.57£4.27" 42.71+3.39™ 30.26+3.17" 19.20+£2.62°

VE: SIERAMLL, #P<0.01; SHETLHAM L, "P<0.05, "P<0.01; 3 4~7 [Al,
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Table 4 Percentage of stay time in target quadrant and number
of crossing platforms of mice in water maze experiment in
each group (n=8)

415 HFR BRI R I E A % ST A
EHH 40.32+6.27 6.63£1.27
IR 13.54+1.65" 0.87+0.23"

IR R AR =2 28.3243.68" 3.2340.42"
LN ibilh= e 33.53+4.46™ 4.35+0.63"
IR 2R T R e 2 36.23+5.32" 4.80+0.21"

24 HERX D-HIABHEREZNRENHEN
A

HERE-ANEFEANEmTRE, NSz
TERPLIR Z R 24, o B B SR R 48 e Al
BN Z AT B — R WL 4P, (RNE A
M2 2, MREAEIE IR A th LM Bosb, B A ke
Rl BEHERR, 1 A MO 0 . AR R AEEL, M
SHEEE", KIifE R NP R AR A TR S 32 5 A
B R AR BRI A T /N UG R AR AR SO A
b, S5HBU05E 6 Frs, SIEWAMIL, D-EIsE i
/NI PN ) MDA 1 & S B2 5 (P<0.01), GSH
PR B EFEAR(P<0.01), SOD i % i 5 FAK (P<0.01), T
T URE ZAK(S0 mg/kg) T WG A9/ UK MDA & it
AR (P<0.05), GSH &4 8% 7+ (P<0.05). SOD ik

BEETHR(P<0.05), 4T 2 (100 mg/kg) . Hi(200 mg/kg)
F T UG /N Uk MDA & 4% 53 P& A% (P<0.01),
GSH ¥t ) . 3% T 75 (P<0.01), SOD 7% 1 #% i 2 T 785
(P<0.01). AWFFTEE R UL BINE s 5 D-2F 3L S 80
BUIN R 7 2 KBRS MDA, [R5 GSH 5 BRI,
It B4 AL SOD IEH: I BIRAK, 4 TIRE R THUG, IF
HRM. . mAlEg/NER P MDA K- B A,
GSH /K F-Al SOD MR FH i, FH LR /R IR 28 0] LI
WEE D-F FURE S B0 AL A 5 -
25 MERYN D-FIAEHRENRMKENNEI
AT HE, AS TR RSB0 R T R Y B AR Y
55 G SN B VI G o W BA 7R e R FR A S A AR A AR
NI 0 B AR 35 1 B 25 S E R 1 9 2o B R 7180
PR AR AF 5300 T /0 BRI 24 b ) SR E IR - 2R 3k K OF
giange 7 prR, SIEW M, D-2 LR O 2 R R
20 /N B A TNF-a Fil TL-6 (5 B3 8 28 T+ (P<0.01),
M 45 T IR 75 R K (50 mg/kg) 77 & T UG 19/ Bl i
TNF-a Fl 1L-6 1% 53 i 3 P AR (P<0.05), 45 TIFH &R
(100 mg/kg). (200 mg/kg)i& T HUS (/)5 BRI H
TNF-a fl IL-6 & B B 5 R IR(P<0.01). ARFFE45 R 8
N, K RS D-2F FUBE S B0 BT o A KL
TNF-o I IL-6, W5 TARE R TG, R5EHFRKTFH
S RRAR, P b B R 2R AT D i D SRE TR B BRI,
W3 D2 UM 2 /N LS R A A T B AR

#z5 HEPMRKETLWHFKRE LR (n=8)
Table S Results of swimming speed of mice in water maze experiment in each group (n=8)
vk 3 BE /(cm/s)
205
% 1d %2d % 3d % 4d %5d
IEHA 23.26+2.68 25.49+3.34 24.06+2.32 21.13£2.03 22.45+3.24
LRI ZH 26.33+£2.32 26.06+2.35 25.45+2.34 22.47+2.52 27.32+1.61
LN (iFilhei| 24.32+1.43 23.31+1.68 22.3242.26 21.25%1.45 25.28+2.43
LIS e abiilhreci| 26.47+2.59 24.13£1.62 27.15%1.42 25.42+2.37 26.31£1.66
LINo= =il 27.62+4.31 22.4140.51 22.36+1.49 22.46+1.22 24.8244.25

#6 FH/NIRENTP SOD EHR MDA, GSH &2 M (n=8)
Table 6 Effects of SOD activities and MDA and GSH content in the brain of mice in each group (n=8)

45 SOD i ?%/(U/mgprot) MDA % #/(nmol/mgprot) GSH ¥ #/(mg/gprot)
E# A 66.26+5.64 24.2043.31 21.21+2.41
LRI ZH 54.65+6.28" 35.28+5.74" 14.22+2.14%
IR ZAR A = 20 60.34+6.10" 30.34+3.24" 16.35+3.72"
LiNce e 64.72+5.43" 27.42+3.87" 18.25+1.43™
U 2 T R e 2 65.42+531" 26.19+3.65" 20.67+1.46™




7466 B i R A R 2

13 E

#£17 HENRIMED TNF-a F IL-6 B1E 8 (n=8)
Table 7 Content of TNF-a and IL-6 in serum of mice in
each group (n=8)

20 51 TNF-a &8 /(pg/mL)  IL-6 & /(pg/mL)

EHA 279.58+16.86 191.13+9.84
MR 20 439.89+25.63" 264.64+12.27%

EE W2 48+£15. .68+14.
LIS igiled] 370.48+15.77" 225.68+14.05"
WR 2 Al 368.96+26.43" 193.25+7.39™
LIS =il 275.30+17.52" 188.43+10.66"

26 MMERX D-FIBEHEE/NRMF SYN
PSD-95 EHFKIAKFRIF M
FWNHI T RE R K 2 20, Horp e fil r o v 2
2] FCAZ i 2 Al et 22 — U0 5 A 56 28 11 78 28 fik
EI BT EHEEELMER, YRAMMCEARESFE
BF, MRS EBOHIMAR . R L = A H T RE R
20 SYN S —Fhifi 2 JeHs A -5 28 il b AN T R 2 DA
SR e BT AR 11, HLgeak 20T Do ffy S e 2 fi )
DIREIRARPT ) PSD-95 JEAEAT Z IR BE 1 20 I il 0
YT R IR —FRER R T, AR S IF IR RS, F
BIAR G M 5 5 TR A i R R R A R A VR TR A5
W 7 /N EUR Hh 2 b DG B (T R Rk, nigl 1 B, SIEH
ZAAR LY, D-2F 7B SRR 2 /N U P SYN Al PSD-95 2
M2k BB R (P<0.01), TZATERY ZK(50 mg/kg)il

sq b
Hjé 1.0
&
0.5
2
0 3 EH A
< PRI E
IR R AR AR
15 D HR5 2 Hpolage
= 2 K 2R R
I
e iﬂi‘ 1.0
AE 05
g2

TE: HIEW AL, "P<0.01; SETEIZIAM L, "P<0.05,
"P<0.01; 2.
BT R X D2 LB /N R SYN Al PSD-95 211
IR (n=3)
Fig.1 Effects of astaxanthin on the expression levels of SYN and
PSD-95 proteins in the brain of D-galactose-induced aging mice (n=3)

PR A/ BUB P 9 SYN FiT PSD-95 12 3 T3 (P<0.05),
25 TIRFE ZE H (100 mg/kg) . #5(200 mg/kg)Hl 15 A9/
FUB 9 SYN Al PSD-95 & [ ekl it 2 1 (P<0.01)
AT LE R BN, D- S /N BN 2 il 5 2R
PR I /b, BN BRUK M 2 fih w7 98 1 A2 1] 1 5 i,
£ Morris /KB 25 b, 588/ 2% 2004288 ) B i
FEAR, M4 TURE R T2 )G, D-FIAMT8EEE/)
BRUING H 2 M AH G 2 P A 2R W B i, TR/ RUAYAR 2T
TCREI BB RT . S5 FM, IFE R LLET UGE TR
INERIE Ml FT AP, AT 3% D-2F LB /NS R YA
HIY)RERRERG .
27 WMERN D-HIAWBEZ/NIRRKG p38
p-p38 EHFRIAKFHIF M
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Fig.2 Effects of astaxanthin on the expression of p38MAPK and
p-p38 proteins in the brain of D-galactose-induced aging mice (n=3)
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