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Astaxanthin regulates AMPK-SIRT1 pathway on the effect of sevoflurane-induced
HT22 nerve cell injury
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Abstract: Objective To study the effect and mechanism of astaxanthin on the viability and apoptosis of hippocampal neuron HT22 cells
induced by sevoflurane. Methods HT22 cells cultured in vitro were divided into control group, sevoflurane group, sevoflurane +
astaxanthin (1.25, 2.50, 5.00 umol/L) group. The cells of sevoflurane group was given 4% sevoflurane stimulation and treated for 6 h; The
cells of sevoflurane + astaxanthin group was treated with different concentrations of astaxanthin for 2 h before 4% sevoflurane stimulation.
The MTT experiment was used to detect the survival rate of HT22 cells in each group, and the DCFH-DA fluorescent probe and
thiobarbituric acid method were performed to determine the levels of ROS and MDA content. Flow cytometry and TUNEL were applied to
detect cell apoptosis in each group, and Western blotting was used to detecte expression of CyclinD1, Cleaved caspase-3, Bax and Bcl-2,
AMPK, p-AMPK and SIRT1 proteins. Results Compared with the control group, the survival rate of HT22 cells in the sevoflurane group
was significantly decreased and the apoptosis rate was significantly increased. CyclinD1, Bcl-2, p-AMPK and SIRT1 protein expression
were decreased, Cleaved Caspase-3, Bax protein expression were increased, and ROS activity and MDA content were decreased.
Compared with the model group, the expression of Cleaved Caspase-3 and Bax protein were down-regulated in the astaxanthin group, and
the expression of CyclinD1, Bcl-2, p-AMPK and SIRT1 protein were up-regulated, the activity of ROS and the content of MDA were
decreased, which were dose-dependent. Conclusion Astaxanthin has a protective effect on sevoflurane induced HT22 cells apoptosis and
oxidative stress injury, and its mechanism may be correlated to the regulation of AMPK-SIRT1 pathway.
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AEBHEMMLE ST AN A T HRE. IFER 2
HARTE AR — R RAR RIS bR, BAPUA
o B, pusk. MK A afAE .
BOFRIE SR, IRE R KL BER (LDH) 1
B RIS 7T, D H02 155 1 M
(ROS) A B AIGH M T, FoF A S8 4% ) O I B
AR ERBL, BFE 20T DLARS KGR 1 PV v
Bl SRIMTUR S 20 LR 5 1 e 2 40 i 4 Ak
LFORTE TR R WAROE . STk, AR
SR 5 /N SRR S M 2 0 RIR I HT22 4 difsi
FRARY, AT AR T 2 ) A 4 400 i S8 S R 1 P
PR F B AT BEALA , Dy FL I PR B FH B2 L B8 (K
1 w8
1.1 ZEHRERAT

W ME-E R CEEBE, FIFIEREZ A R A
"], 120 mL/f, 'S 18041632; WFH 24 H Sigma
HIRAF, 50 mg, #t5: 472-61-7, FENE >
99.99%; DMEM #5775, W 5 46t H/R A Y HAR
AIRAF]; a4, m= ks 150124, WHE ki
T RKPIE AR AR A A BREAR, 75t
5 T1350, MHILE R EERHEARAF; MTT i
A, FEEALS ab211091, T HALE HEAHREA
R H] 5 Annexin V-FITC/P1 X440 M T2l 77 &
FEindl s BB17041X, W H Eifg VAR R A
; Lipofectamine2000, 7= fhftts 11668-027, M4H
< [E Thermo Fisher /2 #]; Cleaved Caspase-3. Bax.
Bcl-2. SIRT1. AMPK. p-AMPK —#i iRt 4
T BgFRIC Y — i3 F 3£ [E Santa Cruz A #]; ROS
Kz, Foait S 181011, W H LigRgE LY
BHEARAT, A8 (MDA) BRm&, 75
fit'5 170213, W HRXRY wAEYEHE AR AF .
1.2 ‘mAm

NIRRT HT22 (W E B s
MHARER AT, HASLIAEREREIRTTE .
1.3 SLINEE

ELX800 My tx ¥ (3£ [EH BIOTEK 2 )

FACSCalibur 2 7t =04 e {3 (32 [ BD A 7] ); GelDoc
Go &R if% 24 (£ Bio-Rad AF]).
2 FHE
2.1 {HEREEFE

L&A 10%f62F M5 DMEM $5 9% Ba 85 7%
HT22 40f, BT 37 ‘C. 5% CO [HIE}EF4H N
Fr, RS 2 d HiR 1 REEFRIE, frdi ARG
I F 80% 75 A7 I HEAT AR 7
22 LWAB5S5E

PLEAE 10%f6 4 1175 i DMEM £ 37 365575 HT22
YA, 25 AR ER AL X A s AR ECN 4%
(-E&UBEE T HT22 400 6 h 1 -B kA, dr
FTACEE HT22 4l 2 h J5, 7EEN 4% Lok
6 h, iFE Z IR FE 73994 1.25. 2.50. 5.00 umol/LIEl,
43 AR+ R R A
2.3 MTT AN AE5E

HAHMMEFE 6. 12, 24 h)E, &AL HIMA
20 uL MTT R, 7850R5), &M FEFE 4h,
Fr L, LI ZHEEA (DMSO) 150 uL,
WATIRS), TRARNIFE 10 min, N FHEEFRAOR: 20
JfL7E 490 nm ARG (A) {8, LAXTHEZL40 i 7F
TEFAEN 100%, ELA AT & 4B AATE 2R A2 AL
2.4 HT22 {Ap ROS 5EMEFN MDA &=+

F4 HT22 44 0.25%1 5 FBHH AL, &40
MO, 4 ROS Aar a7 &5 B Al - 2H 2l
BRI, ROS /KFLAZOEIRER IR . WA S H AN A
REIR s, R E EZBRVEAS MDA & &,
2.5 SRR MAET

AR HT22 4, FH 0.25%)5 2R A igH A4
Mo, AR R, TR B D 6 X 105 AN/mL,
4 CZfFF, 1000 r/min B0 10 min, BUZHITTE
BEAN 100 uL 5428498, IEN 5 uL Annexin V-FITC
5 5 uLPI, EiREEHEE 15 min, FEIIA 400 uL
SEA ORI, N U A ORI 4 B T4
2.6 Western blotting # CyclinD1. Cleaved
Caspase-3. Bax. Bcl-2+ SIRT1. AMPK, p-AMPK
#0 B-actin EARIE

%20 HT22 40, FPIRKRFREE, A
R, VK EZ4% 30 min, 4 ‘CZ4FF, 12 000 r/min
e B50 10 min (EOP42 6 cm), W ISR E
T — B OE A, SR bk B R 5 2 R FE
WiEEEAs 2X EHEZM ARG, BT
100 ClHE/KBE#AANZFE 5 min, FEADH. &



FI6HBFEAM 202154 A AR % wE%E  Drugs & Clinic Vol. 36 No. 4 April 2021« 647 »
HEAT + R B RN - SR A B L B ik 3 AR

(SDS-PAGE), #EFLIIA 50 pL SEFEM, ik
4: 80 V. 30 min, 120 V. 90 min. 4 ‘CZ% T (90
VO HLE) B2 h, T 5% AR Uk B 1 he KRR
B E —PIURMFER (1:500), 4 CHEE 24h, HE
PUMRER (1:2000), =\EFE 1h, HENHEsEY
2R IERF (ECL), BE=MEER, Btk
B R G LA B-actin N S50 Hir % 5 1 561 K BEAE
2.7 BEitHEFAE

SKH SPSS 21.0 Geit2# A bk, AH T EdE
FFEIESD, PAX s TR, PSR AR
AR, ZARLRCR AR 20T, IR
SEH LSD-t #4036, DL P<<0.05 AR BA S L.

31 IMBERENEEBELIE HT22 @EFEM
CyclinD1 B FRIERIF M
xR, CHEE HT22 40/ 12, 24 h
TG A CyclinD1 5 FRIA R & K (P<<0.05);
5B, R+ R R SR A HT22
YL 12 24 h £ A CyclinD1 & (R B ETH e
(P<<0.05), S5-Lglk-+4FE % 1.25 umol/L 4 LL,
LR+ 2 2.5 pmol/L 41, LR+ 175 % 5.00
umol/L 41 HT22 #iififl 12, 24 h {7353 Al CyclinD1 &
HRIEEZETE (P<0.05), WE1MEI1.
3.2 IFEEX-EHREMME HT22 BRSNS AIRT
xR L, HoBEH HT22 41 ROS v 4

F1 ITEHEX-CHEBAIE HT22 4AE7EERM CyclinD1 FEARIAMHM (x+s5,n=9)
Table 1 Effects of astaxanthin on survival activity and CyclinD1 protein expression in HT22 cells treated with sevoflurane

(X%s5,n=9)

- 735 R 1% CyclinD1 & [ X F ik &
2H ) C/(umo-L™)
6h 12 h 24 h 6h 12 h 24 h
Sof — 101.01+6.17 98.25+6.19  100.924+8.55 0.67+0.06 0.75+0.09  0.76+0.09
Rk — 08.78+13.26 83.24+6.37°  73.06+8.86"  0.65+0.06 0.35+0.06° 0.26+0.03"
LRBIFE R 125 97.92+10.75 85.061+9.63 83.89+9.41*  0.63+0.07 0.45+0.04% 0.32+0.02*
2.50 09.46+10.97 91.09+8.34*  86.15+7.85% 0.65+0.03 0.50+0.06*¢ 0.57+0.10%&

5.00 95.62+5.70

95.53+7.57"%4 91.62+11.93%4 0.62+0.07 0.6440.09%44 0.66+0.06%%4

SEA LR "P<<0.05; S-LHBFALE: *P<0.05; S-LHBE+HIFEE 1.25 pmoL L 4 EL#%k:

k. AP<<0.05

&p<0.05; -t +1HFE &R 2.50 pmoL?

"P < 0.05 vs control group; *P < 0.05 vs sevoflurane group; &P < 0.05 vs sevoflurane + astaxanthin 1.25 umo-L™" group; 4P < 0.05 vs sevoflurane +

astaxanthin 2.50 umo-L~! group

CyCliNDL = S s o s e 6D
B-actin

— — —  — v— 0

CyclinD1

— 12h
B-actin 12h
CyclinD1 = 24 h
PraClin @ ———— 20

X EAEE 125 250  5.00
LR+ IR & (umo-L Y

1 Western blotting &3 HT22 4RBfI9h CyclinD1 R FRI%
Fig. 1 Protein expression of CyclinD1 in HT22 cells
detected by Western blotting

Al MDA SEEZETE (P<0.05); S-tamtam
Et, LA+ 2 1.25 pmol/L 20 LBk o
7 2.50 umol/L 4. L5k + 1R 75 2 5.00 pmol/L 4
HT22 40/l ROS 5. MDA SEEERMK (P<
0.05), H-Hset+1UFE xR 1.25 umol/L AL, +
FE I & 2.50 pmol/L 41, -B U+ 1R & 5.00
umol/L 2 HT22 4ifid ROS %1% . MDA & & & E R
ZREL (P<0.05), W2 FIFE 2.
3.3 IFEEXM-EEELIE HT22 AT RIS
TUNEL/DAPI %63 kA sUAR AR 45 2R 2
N, EXTRERZHARL, CRERH HT22 iR B
FE (P<<0.05); S-LHEZAALL, LHmE+HIFE &=
B HT22 4 T2 K (P<<0.05); 5L
fik+IR 2R 1.25 pmol/L 4R EL, CalE+ 452 2.50
umol/L 2H. L5EE+ 4752 5.00 pumol/L 2H HT22 4
M TR B (P<<0.05), WK 3. 4 F13 3.
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100 ym

it HR SR LB RS & 1.25 pmo L LRI 2 2.50 ymo-L 7t -Gk 12 5.00 pmo-L !
[El 2 DCFH-DA ZHHREHEM HT22 4ifE ROS 5&EME (X 200)
Fig. 2 ROS activity of HT22 cells detected by DCFH-DA fluorescent probe (><200)

xR 2 UFEEX-EHEBIE HT22 4HA1 ROS 5&MH. MDA SE8I%M ( x%s5,n=9)
Table 2 Effects of astaxanthin on ROS activity and MDA content of HT22 cells treated with sevoflurane ( X +s,n =9 )

ZH 5] C/(umo-L ™) ROS #58& (MFI) MDA

X i — 98.50+5.16 4.29+0.48

L — 309.34+8.74" 7.09+0.41"

LR AT 1.25 243.41+7.19" 5.63+0.43"
2.50 187.83+6.74%& 3.33+0.35"&
5.00 174.84+7.99%& 2.59+0.31%&

xR "P<0.05; H-LaERLLLE: *P<<0.05; 5-LHEE+UFE & 1.25 umo-L L 4 L% #P<<0.05
*P < 0.05 vs control group; #P < 0.05 vs sevoflurane group; %P < 0.05 vs sevoflurane + astaxanthin 1.25 umo-L"" group

-----DAPI
-----TUNEL

-----NIerge

B IR Z 1.25 pmo-L ™ H5RER I 2R 2.50 pmorL? -BIREE IR 2 5.00 pmo-Lt

B3 TUNEL/DAPI JFFE RN HT22 MDA
Fig. 3 Apoptosis rate of HT22 cells detected by TUNEL/DAPI fluorescent staining method
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Fig. 4 Flow cytometry detected HT22 cell apoptosis rate
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*3 MEEX-CHEBILIE HT22 AT HIM (x2s,n=9)
Table 3 Effect of astaxanthin on apoptosis of HT22 cells treated with sevoflurane ( X +s,n=9 )

HT22 488 - % /%

5 C/(umo-L™) :
TUNEL/DAPI 5% e a3k A A
X H — 1.00+0.11 3.214+0.56
Lok — 6.2440.71" 16.73+1.42"
Lo+ IR R 1.25 5.23+0.31% 12.17+1.41%
2.50 3.0940.35%& 7.45+0.99"&
5.00 2.3640.58%& 6.55+0.80"¢

HIRA LS "P<0.05; S-HREHAE: *P<0.05; H-bgHEE 1R R 1.25 ymo- L 14l A% #P<<0.05
P < 0.05 vs control group; #P < 0.05 vs sevoflurane group; &P < 0.05 vs sevoflurane + astaxanthin 1.25 umo-L™" group

34 MMERI-CEEBLIEHT22 HETHEXER
FIKHIFZ T

ExtIHAR L, CoBiZH HT22 410 Cleaved
Caspase-3 #il Bax HEHFXRETHE (P<0.05),
Bcl-2 & AR IA AL (P<<0.05); H5-LaBrAAMLL,
L+ U R SR E A HT22 412 Cleaved
Caspase-3 il Bax &k &3 [#(% (P<<0.05),
Bel-2 EAFREEZET S (P<0.05); S5-LHEF+
URF % 1.25 pmol/L A AH L, Lo +1EF & 2.50
umol/L ZH. LMk + %R 2 5.00 umol/L 24 HT22
i Cleaved Caspase-3 il Bax & 1K i& i 3 FHIK
(P<0.05), Bcl-2 HHFERETm (P<0.05),
DL 5 FIEK 4.

R4 MBFENEEBLIE HT22 4 Cleaved Caspase-3. Bax 1 Bel-2 HEERIZRIZM ( X +s5,n=9 )
Table 4 Effects of astaxanthin on the protein expression of Cleaved Caspase-3, Bax and Bcl-2 in HT22 cells treated with
sevoflurane ( X +s,n=9 )

——— . . Cleaved Caspase-3

— e — e —— BC|—2

— . — w—  BaX

— e —— 200

R LHEBE 125 250  5.00
LR+ IR F(umo-LY)

5 Western blotting %l HT22 £l Cleaved Caspase-3.
Bax 1 Bcl-2 EARIA
Fig. 5 Protein expression of Cleaved Caspase-3, Bax, and
Bcl-2 in HT22 cells detected by Western blotting

o _ HEAAEN R LR
415 C/(umo-L )

Cleaved Caspase-3 Bax Bcl-2
pogit — 0.24+0.03 0.76 £0.08 0.26+0.05
5 ik — 0.56+0.08" 0.26+0.06" 0.724+0.07"
LEE RS = 1.25 0.46+0.04% 0.41+0.05% 0.46 +0.05%

2.50 0.35+0.02% 0.45+0.06"& 0.4340.05%
5.00 0.28 £0.04%& 0.5540.06"& 0.334+0.03%%

HRHRALELE: "P<0.05; S-HREHALLE: *P<0.05; H-biHEE+1FE R 1.25 umo-L T 4l L% #P<<0.05
P < 0.05 vs control group; *P < 0.05 vs sevoflurane group; #P < 0.05 vs sevoflurane + astaxanthin 1.25 umo-L™! group

35 IMEEHEXM-EHEBELIE HT22 48 SIRTL. 0.05); H-Lammk+ 4% 1.25 pmol/L ZAHLL,

p-AMPK #1 AMPK B &RIERFN

Lt AR, LBk HT22 48/ SIRT1
Al p-AMPK FEHRBEE S (P<0.05); 5L
SRERALAR LG, LA S R SR E4L HT22 41
i SIRT1 #l p-AMPK £ ARIEZER (P<

BB+ 1R R 2.50 pmol/L 40 LB+ IR E &
5.00 umol/L 41 HT22 4 g SIRT1 F1 p-AMPK &
Tk EZFK (P<0.05), AMPK EHEIXLE
FHE (P<<0.05); AMPK & 75 % 4 1A 2 7 A 2
=%, WK 6 Mk -5,
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—— — — v SIRT1
e S S S s P-AMPK
S San TR W e AMPK

AR S S S . -actin

IR -LAEE 125 250  5.00
L FUE 4 IR 2= (umo-L )

6 Western blotting &3 HT22 4HAf SIRT1. p-AMPK
#AMPK EHR &KX

Fig. 6 Protein expression of SIRT1, p-AMPK and AMPK in
HT22 cells detected by Western blotting

4 g

H AT, S 6] o 20 2 it 1 25 3R P T 2 4
WFC A, SRR vT LAa # ) A TR AR
K v 20y ik BHL 2 BT 850 B 453473 170, 30 ] 40 ) 200 341
ZF 2T Akt FITE A% 2= (MTOR) K3, P&k LDH
TE BB E W, AT R 5 4 48 41 B OR3P 1 FH 8,
SR, AR R AR SR, Bl SR H 15
t, 2GRN R, &R
RERRRG: JUHAESE KA, 0 LBk 2 &
IREAE TR E A, T2 K RS S AN
hig. LHREFACIEE 7 HiE SD KR, EEMns
S Hf R TR0, A SR A -G AR S T HT22 41
10, KIL A% -LaREERI HT22 411 6 h J5, 4/
LR BEAK, TGN, ROS iEtE. MDA & &

5 IMEENM-EEBAIE HT22 4088 SIRTL, p-AMPK #1 AMPK EEFIAMEM (X +s,n=9 )
Table5 Effect of astaxanthin on protein expression of SIRT1, p-AMPK, and AMPK in HT22 cells treated with sevoflurane ( x+s,n=9 )

i EEHMXNRIEE
2H 51 C/(umo-L™)
SIRT1 p-AMPK AMPK
o e — 0.29£0.03 0.28£0.07 0.86£0.05
B — 0.57+0.07" 0.74+0.08" 0.85+0.09
A R 2 1.25 0.43+0.05" 0.54+0.03* 0.85+0.03
2.50 0.35+0.03"& 0.47+0.04%& 0.86+0.05
5.00 0.3240.02%% 0.40+0.05%& 0.81£0.03

54 : “P<<0.05; S-bLiRmkH AL *P<<0.05; S-bHAEE IR 1.25 pmo-L 1 4l EHE:: &P<0.05
P < 0.05 vs control group; *P < 0.05 vs sevoflurane group; #P < 0.05 vs sevoflurane + astaxanthin 1.25 pmo-L™! group

BEWZ, A -UHEBS S HT22 40 E T AL
RS, 5 SCRRARE S O 2 4 25 AR &
IFE R dEgi 2 A BISHE NRYE, B
BIRBREIPUEMGRE T, B i T o 4 45 1)
EFDY, GORHR R, UR 2 AR08 FR AR BRI Sk - F
VEVERT,  H] - AR e R T, IR R
5 AR RS T R 2R 58 T A AR S
F) HT22 20 3% 7k 1 LDH B, FEAK
caspase-3/8/9 1 Z4fE PARP, DL H i 41 i
ROS MR &, s hndtE R Bal (ARE) [E 1,
MRS HT22 408 S 2 3 S i i 2. At 50 F)
MG RBEE 6] HT22 4y, 255K, A
AR FE U 75 22 REAS PLLORE S 20 HT22 40 favd
BEAIC, 4TS, ROS #EPE. MDA & &I,
YU TR FE B Bel-2. Bax. casepase ZKRSFET:
FHOCHEDR A%, Bel-2 A2 400 40 B IR T 1 4% 32 9T Y
R Z —, 1 Bax. casepase J&feit4m i iET: ()3t

A, Horh Bel-2 5 Bax HifhER AR IA L] 5 40 i i
7o 2 AU O34, AHIFFT Western blotting SZE6AIESE,
WA R AT LA RIS T HT22 4aff-h Bel-2 &
H#E, Tl Bax SEEFRE, AL Caspase-3 &
IR, A A AR T BakeT
W, SRE B AR . IR T, AR
BB AR - RS T 10 HT22 gifidnds .
WFFR B, AMPK/SIRTL i i A2 40 A i Ay
T E RS 2 05, AMPK J2& 41 5 21 g AR
WHME SRR ST A, SR 2t 3 2 1,
AMPK FIXsiE MR, SIRTL /&2 —2% NAD*K
WA A OBLEE, e Taniizt, 549
MAFG . S RISET SR R O R P8,
WA EY, AMPK 5 SIRT1 A DL BT, EAIE
SRl , RS PN RE AR IO, BTSSR
7N, G TT BRI HT22 /N R S0 241 AMPK
A SIRTL FEARIE, 5 CHRIE — 520, A S2E6 A
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ANFIR RS R AL B -G 1) HT22 4aJfd, Bl

FHURFE IR RN, SIRTL Fl p-AMPK 2 (43X

B2 3400, 278 AMPK-SIRTL f] fig 2 IR R R4t

SRE HT22 40 547 (4 2 4% I8 1
ENGIFE Sl IR R S e e 37

(¥ HT22 40 TR AR AT, e arF LI AT

AE AT AMPK-SIRTL @ AH ¢, (HIL Bk 7

HE RN S i i A et — Bt it AWTsek

B 7R 20D A RSO 2 gl B 1 1 AR B AR

NIFRUNE = T Bhia A 2 4 A 2 2 ARk .
RBAR AEHHFRAREGEAZTR
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