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[(# ZE] B8 HTUK (CAR) XHEME#ZF/H#EE (OGD/R) R EIE KR4I (AS) #ifi
MIECGEMER, IR T BERME LG . gk B ASH AXTIRAL . B84 (OGD/R41). OGD/R+
CAR#H (CAR#H) A OGD/R+CAR+ MR IEME M #MEE (AMPK) #&# AICARAH (CAR+
AICARZH) . MTT i 4k gy I 25 20 AS A7 10 R 45 g A I PR 4 %, Annexin V -FITC/PIk
T2 B ARG I £ 41 AS T3, Western blotting WA R I 45 20 AS  AMPK.. #2fk AMPK (p-AMPK) .
WA EWMERLEN (mTOR) . B /L mTOR (p-mTOR) . MK EHKHE 3B (LC3B) .
Beclin-1 1 P62 2 1R A KT, REEFOC Y ATL L4 AS LC3B IR Enm B . g5 S 4
3, OGD/RH AS £F 1 2RI 4% 35 Yo €0 B PR 40 L R 0] W B AR (P<<0.01), ASHT- R8I (P<
0.01), ASH p-AMPK/AMPK F1 LC3B [ /LC3B [ I {8 M Beclin-1 % 1 % ik K F W 8 7F & (P<<
0. 01) p-mTOR/mTOR W18 & P62 1R A K B (P<<0.01). 5 OGD/R4ILE, CARH
AS TGRSR Y BH M g A R 8 W s (P<<0.01), AS{FJE;%H)%ELWEE (P<<0.01), ASHp-AMPK/
AMPKFILC3B Il /LC3B | Fuf & Beclin-1 8 15K FH R EEAL (P<<0.01), p-mTOR/mTOR 1A
M p62 [ RIAKFH BT (P<0.01)., 5 CARZALH, CAR+AICAR 4 AS 771 5 4% 75 e {4,
FHPE 40 B 2% ] i AR (P<<0.01), ASYPHTZRJtE (P<<0.01). ASH p-AMPK/AMPK 1 LC3B Il /
LC3B I FfH & Beclin-1 2 [ # ik K F 81 8 F+ & (P<<0.01), p-mTOR/mTOR i {H Al P62 & (4 % ik
KB B AL (P<<0.01) . LC3B st ge (425 I 5 Western blotting ¥ K I 45 5 #4 #5 — 5,
5. CARX OGD/RFFEAS it HA R IEH], HAE LS AT 68 5 #0H AMPK/mTOR {5 5 & 12,
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Protective effect of carnosine against oxygen-glucose
deprivation/reoxygenation-induced astrocyte injury through
inhibition of autophagy by AMPK/mTOR signaling pathway
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ABSTRACT Objective: To discuss the protective effect of carnosine (CAR) against oxygen-glucose
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deprivation/reoxygenation (OGD/R) -induced astrocyte (AS) injury, and to clarifly its possible mechanism.
Methods : The AS were divided into control group, model group (OGD/R group), OGD/R-+CAR group
(CAR group) , and OGD/R+CAR+ AMP-activated protein kinase (AMPK) activator AICAR group
(CAR+AICAR group) .

survival rates and green cyanine staining positive rates of the AS in various groups; Annexin V-FITC/PI

MTT assay and green cyanine staining method were used to detect the

method and flow cytometry were used to detect the apoptotic rates of the AS in various groups; Western
blotting method was used to detect the expression levels of AMPK, phosphorylated AMPK (p-AMPK),
phosphorylated mTOR (p-mTOR) ,

protein light chain 3B(I.C3B), Beclin-1, and P62 proteins in the AS in various groups; immunofluorescence

mammalian target of rapamycin (mTOR), microtubule-associated
staining was used to observe the LC3B positive fluorescence intensities in the AS in various groups.
Results : Compared with control group,
AS in OGD/R group were decreased ( P<C0.01 ), the apoptotic rate of the AS was increased (P<C
0.01), the ratios of p-~AMPK/AMPK and 1.LC3B Il /1.C3B I and the expression level of Beclin-1 protein
were increased (P<C0.01),

were decreased (P<C0.01).
staining positive rate of the AS in CAR group were increased (P<Z0.01), the apoptotic rate of the AS
was decreased (P<C0.01), the ratios of p-AMPK/AMPK and LLC3B I /1.LC3B I and the expression
level of Beclin-1 protein were decreased (P<Z0.01), and the ratio of p-mTOR/mTOR and the expression

the survival rate and green cyanine staining positive rate of the

and the ratio of p-mTOR/mTOR and the expression level of P62 protein
Compared with OGD/R group, the survival rate and green cyanine

level of P62 protein were increased (P<Z0.01).
cyanine staining positive rate of the AS in CAR+AICAR group were decreased (P<C0.01), the
the ratios of p-AMPK/AMPK and LC3B I/
LC3B I and the expression level of Beclin-1 protein were increased (P<C0.01), and the ratio of
p-mTOR/mTOR and the expression level of P62 protein were decreased (P<C0.01). The LC3B
Conclusion: CAR
has the protective effect on injury of the AS induced by OGD/R, and its molecular mechanism may be

Compared with CAR group, the survival rate and green

apoptotic rate of the AS was increased (P<C0.01),

immunofluorescence staining results were consistent with the Western blotting results.

related to the inhibition of the AMPK/mTOR signaling pathway, thereby inhibiting autophagy.
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Mammalian target of rapamycin

WURK (carnosine, CAR) J&—® il B-19 & 2 F1
L-2H 2R 20 n i) e ik, 3 4 ORI R UL P 45
HAh T 21, BAPEl . Pomiktl . &
SR pH ZZ W AEEH . R Y BoR . CARX ik
A I P8 A5 4 (ischem1a/reperfus1on injury, IRI)
HARYPER. BB (astrocyte, AS) &
KRR 22 RGN b R W R A, 7R AR AR
PSS MG IR S T R AR . A R — Rl gt

b RS 0 2 M DAY T AR i i A, ) 4 M
Hh SR AR B DR 1 32 A0 AN L A AT R A, e

2 ARG A WE R PG IR DR FFRE R P . ASAMES S
T IRIAY KAk i 7, HE P ALE W & 248
FAE 51 kA, SO AS B A IR YT Il
IRTA R S ms 2 — %' CAR A a2t X [ 0 3 45 ok
VA W DR S i S AN L PR 21 2 IRT Y BR ABIE SR
CAR 5 s B 28 R e P05 1 W AE & R 7T LU CAR

f T 5 F) P 4 1 S B0 AR 40 o A 52 36 oRe T A b 8 3
AS AT HOBE R ZF/4 OB E
deprivation/reperfusion, OGD/R) ##] fixi IRT, M
240 A W AR R DT CAR FEW % OGD/R T 1 AS
B A AE -

1 #RtE57EE

1.1 @i . 22XMNAPE KEMASWH Liff
ORHBE A M % . CAR i o0 M e b 3R BR 25 B iy A FR
A, S 2104282, 4 >99.9%. 5-&
BEWR e -4 FE T N A A% (5-amin-oimidazole-4-
carboxamide 1-B-D-ribofuranoside, AICAR) W4 H
%[5 MedChemExpress 23 @, g H B 1% A6 4 F1 i

(adenosine monophosphate activated protein kinase,
AMPK). # M {b AMPK (phosphorylated,
p-AMPK) . WiZL 3 %) HiHE R LA M (mammalian

(oxygen-glucose
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target of rapamycin, mTOR) . # & ft mTOR
(phosphorylated-mTOR, p-mTOR) . Beclin-1,
WAE A & B B % 4% 3B (microtubule-associated
protein light chain 3B, LC3B). P62 13-l 3l & M
(B-actin) — BT M H I ABclonal 4 ¥ Bl £ R
o, FEIRE R eagle H5 FR A /F12 8 R IR A& W
(Dulbecco’ s
mixture F-12, DMEM/F12) JCHESLRIRE 20 . B
R £ 2% vh ¥ (phosphate buffer solution, PBS) iy
B RO 38 A e PR BR 2 W), e Tl 4 A 9 1 W
(0.25% WRAE) . ¥ -BE8 R W . WEWE IE IRk Y me
(methyl thiazolyl tetrazolium, MTT) |
blotting M IP 4 Ml %24 i W . A& W B i Bt R
(phenylmethylsulfonul fluoride, PMSF) Fil 4§ A £
aam b 2% & Ot ¥ (enhanced chemiluminescence,
ECL) il &Ml A s = RAEWHARGIRA A,
CO, 5 FH A = SARE T4 W A b E 28R QIR
BHEEABRA R, S A Y WA W A 3L E ZEISS 242
A, A A B 35 E BD A ], KA &
[ Bio-Rad A A, BEB R A A F i K Ge R A
R H] S

1.2 %3 # . OGD/R&ZEfmipsE F AR
i AS B T & 102 B9 R A4 003 A1 R - R
DMEM/F12 5 & Hi Jr g, 37 °C. 5% CO, K 5%
Farh iR . BRAR RS SR VLER 12 hs K g B BE AL 43 A
XHHRAL . B4 (OGD/R41). OGD/R+CAR4
(CAR#4H) #f1OGD/R+CAR+AICARZ (CAR+
AICARZL), 7EMIEYLHKEE HAT2 h CAR 4155 92 )
RN E 9.0 mmol- L' CAR; 7E IfiL 75 ¥ #k
Z5AT 2 h, CAR+AICAR A1 3% W F m A &
w % & 9.0 mmol- L' CAR #1 1 mmol-L™'
AICAR ™" MLy PUE A R, OGD/R# . CAR
A CAR+ ATCAR 4 43 il fin A TG 1t 355 JC B 55 7%
W, IEARFERRE W CAR AT ATCAR ¥ J3 5 i 3 4H
[, 5720 BT AR EREL N 9520 N A 500 CO, il JE
N 3T CE=AURAS A SR 6 h e, KA E#NY
& A KR CAR i AICAR B 58 42 15 9% W H #L85 5%
24 ho XFHRZE A 56 4 15 95 W 45 5% 30 ho

1.3 MTT*:#EMELASHEEER K ASLIFTL
5X 10 %% BEHE AP T 96 FLAR ML 35 b, B H #& T
37°C. 5% COBEFeMih 24 hJG# I “1.27 rhrik
R PRARM, D3 AN FEERR AR O 3G SR A 4,
Hofh e P g5 R ARR 3, BHEREIRE

modified eagle’ s medium/nutrient

Western

flo ERWEREREIMAS gL " MTT I 20 pl,
B A 37°C. 5% COREFMTIME 4 h, K5 W
FEMTT WAL INA 150 ul —H LA, 7£Z23)
fE W bR A 1 A SR AR RS I 490 nm A WOEEE (A)
B, BAKREZEDLIANES, LRHEL 3K, kA&
SR BULE A . MIRATE R = (LA AE—
FHAAME) / GHRAAE—ZFHAAHE) X100%,
1.4 gFrepniagFremimpt K
AN T 12 LA BB SRt b, H&8R 1. 27 Rk
SCFRARBRIS , WIS, R L IRE IR L 2 1000
LU B8] SR FH 56 42 55 97 WM B, AL A 500 pL # B
JE GRS Y, Z A K L A 37 (CHE IR AR v kL
H 10 min, X PBS ZE sh i UE % 3K, # Hoechst
33342 MR 1+ 1 000 L 4 B J5 . AL im A 500 pL
i BEJa Ye i, BT 37 CCHE SR AR Tl B F 10 min,
K FH PBS 2% Ml Ve % 3, &K 5 min, B T2
OB N RS AT AR I, g KL e T 4
MR, BE T 40 AR A 2¢O B U R OISR S 4R Uk
1E B A0 ) RS B 4L 4, Hoechst 33342 1] L % 35 41
JRORSE e A M A%, BE N OULER 2 W (U, FHORRIR 4
JifL S H . B AL 3E B 6 Ah N [ AR B T 40 i 3T % A i At
ToHCR S A, R SE Y O AR a5
Y o, BH P 40 Mg % = (Hoechst 33342 4f Jifl # — 4% 75
e fHPE 4R M%) /Hoechst 33342 4 i %% < 100 % .
1.5 AXmEAEMNESLASATE HAS, U
WAL 2X 10 R T 6 FLAN LSS TR, %
BEO“1.27 hop sk ab S, R 6 FL 40 B 3R A b
EFRWICER O, RS, RITICER
JE SRR WA, 1000 remin "0 5 min, 3 b
W, PBSZE i vh 240 Ml f5, 1000 r-min "B .0
S5min, A IXZ5G S, T AMEES (1~
5) X10°mL ', B 100 pl 40 i i T i =4 dom
5 pL. Annexin V-FITC ZE# LM F 5 min, A
10 L PT (20 pg-mL"") F1 400 pL PBS 2¢ ik ,
SEZ) ALK . 4l A TS R = R A T
B+ BRI A0 R TR0 /AR R < 100 %% .

1.6 Western blotting %4 @ & 42 AS # AMPK.
p-AMPK . mTOR. p-mTOR Beclin-1,LC3B #= P62
o REARF I 127 oy kA BN IE S
A S (¥ B L ) o8 PMSSE @ RIPA=1 : 100)
FEVK AT S, WE R A EAREA, R Lowry
A DU 20 B AR R B, R T L Weestern blotting 15
o W H R Gk K P 3T K AMPK, p-AMPK
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mTOR, p-mTOR, Beclin-1, LC3BF1P62 i B
A1 1000, 1:1000, 1:1000, 1: 1000,
1:1000, 1:500F11: 1000, Lp-actin# A /EN
WS, KBRS A5, >R H Image T4 {4 i
TR A, IR ENEARIEKE, HEA
FIk K= H 18 4 K B A/ B-actin 2 1 4% 4
JRBEAH

1.7 ZAEFZRFEAMNEZHASTLCIBMEERLL
BE B R AR KW AS B2 R T 24 FL 40 M 8 3R
Be, 4N s R AR fL 11004, &R “1.2” oy
PAb PN S, WS ROEE IR W, PBS 42 v M Bk
W3, HIR5min, BALIMA4AY ZRHE T =R
/N, PBS S U 3UC, A UK S min,
A 0.5% Triton X-100 il i W&, & F oK [ i &
15 min, WFEER, MA 3% BSAHH®R, T=
b =l R 2 N e = L O ) /NI R
B—HLC3B (1:100), & T4 CHEEhdr, #
AV 6 4k, YRS min, A B O B
Cy3IgG Bt =4t (1:50), =i FELEE 3h,
KBS 3K, BIR 5 min, fFEERAMT
Hoechst 33342 4% 10 min, PBS 2 P i Y& % 31K,
R 5 min, TE R PE D0 B AUEE R W88 Y A siUR I
M. R A Image J B 53 B 844 43 B LC3B BH 1
PG .

1.8 %t ¥Eo#H RH SPSS 22.0 G it # 4 47
Giit b, A AMAETE R, AS S Y @ /1%
1 B %F, ASPH 1%, ASH mTOR. AMPK,
Beclin-1, P62 f1 LC3B # 13k 57K F, LC3BFHPE
DGR Y R IE A O E55 1, Plats R,
2 21 AV FEAS S4B U ARk T B TR 3R T 25430 Hr, L )4
AP I ECR R/ F W2 Rk U P<
0.05 AT L,

2 7 R

21 BUAASHAERPGEF L ERMEBBER

MTTERBR: HXBRALE, OGD/R4IASTH
R (P<<0.01); 5 OGD/RALHE, CARY
ASTEE R TR (P<<0.01); 5 CARAHH, mA
AMPK #1571 AICAR J5 1) CAR+AICAR 41 AS#F
WERFEAL (P<<0.01) (1), SR Yo (046 U 45
R SXRYAHE, OGD/RYI4E Y 4 H
MR FEAL (P<<0.01), A & A 0 Bk A,
#R OGD/RFH AN 2815 . 5 OGD/RY1EL,
CAR 2H %75 G4 (6 BH 1 40 M= 03 & 7+ (P<<0.01),

IR S RE R ; 5 CARAE, CAR+
AICAR 4H 4 35 Y (0 BH M 40 o R &Ik (P<<0.01),
IS Z U . W 1A 1.

K1 ASHERMSFHASZEREHEARE
Tab.1 Survival rates and green cyanine staining positive rates
of AS in various groups detected by MT'T assay
(n=9,2%s5,7/%)

Malachite green

Group Survival rate of AS positive rate of AS
Control 100.00+4.81 99.45+0.25
OGD/R 46.03+1.97" 80.25+1.19°
CAR 85.2045.04~ 95.8241.73°
CAR+AICAR 55.9942.03" 88.11+1.38"

"P<C0.01 compared with control group; “P<20.01 compared with
OGD/R group;*P<C0.01 compared with CAR group.

2.2 ZAASHATH Annexin V-FITC PIMFric
TN I Z5 R R . SRR, OGD/R4]
ASTT- R B I (P<<0.01); 5 OGD/RAH
B, CARHAS TR WM (P<0.01); 5
CARZH %, CAR+AICAR 4H AS i 1= % B i I+
B (P<<0.01). WK 2.
2.3 % %4 AS ¥ AMPK. p-AMPK. mTOR,
p-mTOR. LC3B. P62 #= Beclin-1 & & % i& &K ¥
x4, OGD/R4LASH p-AMPK/AMPK
Fbf . LC3BII/LC3B I e {E Al Beclin-1 2 4 & ik
KB &8 T (P<<0.01), p-mTOR/mTOR H{H
P62 3 1R IKKE U M (P<0.01); 5
OGD/R 4%, CAR 4 AS 1 p-AMPK/AMPK
Fefli . LC3BII/LC3B I Fb{H Al Beclin-1 2 1 % ik
KB i AR (P<<0.01), p-mTOR/mTOR {4
MP62HE HRXKFIEIAE (P<L0.0D); 5
CAR 4 H #, CAR+AICAR 4 AS 1 p-AMPK/
AMPK e f . LC3BII/LC3B I H{f #l Beclin-1 &
M 2% 5K F 8 &8I & (P<0.01), p-mTOR/
mTOR [l il P62 2 111 R A K P W] W L (P<
0.01), WL 3.
2.4 BAASTLC3IBMMHZAZRE SXHE4H
(1.0040.08) H&, OGD/R £ 40 i b 5¢ )¢ ik
R4, LC3B MMM E (3.10£0.08) Bl & Tt
B (P<<0.01); 5 OGD/R##, CARZ AS 4
Ji 5T LC3B 28 G ik J AR 1/, LC3B FHM: 9%
s (1.44+0.10) B @ BEAL (P<<0.01); 5
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Fig. 1 Survival of AS in various groups observed by green cyanine staining ( X 400)
24 =4 E 2
: JQpET : ,n_‘- S; = - ot s ‘
el =3 oé““"m'r;
P""ﬁ" o o 3
~t = 3
% - ol AL B sn ALl e el = A
100 100 10* 107 | 10° 10°  10* 107 | | 100 100 10* 107
FITC-A FITC-A FITC-A
A B C D

A: Control group; B:OGD/R group; C:CAR group; D: CAR+AICAR group.
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Fig. 2 Apoptotic rates of AS in various groups detected by flow cytometry

CAR 4l %, CAR+AICAR 41 AS Jifi Jii # L.C3B
TG Uk BRAE B, LC3B PHYEZE G (2. 60+

0.16) BHEFA®E (P<<0.01). WK 4.
3 3w i
IR R i AN 9<>mmmquCAin

OGD/R % 5 1y AS 45 0 B A B4 /9 EH
%/Fﬂ%CARﬂEFT, SRR R ﬂﬁtzl-w‘aﬁ
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g1 O IS T 1 (3 GO R e 21 O 7 ez X
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24 hxh AS =AW W 4 45, MRSl s 5
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A : Electrophoregram ( Lane 1 : Control group ; Lane 2: OGD/R group ; Lane 3: CAR group ; Lane 4: CAR+AICAR group) ; B—F:
Histograms ; B : Ratio of p-AMPK/AMPK ; C : Ratio of p-mTOR/mTOR ; D : Ratio of LC3B Il /LC3B I ; E : Expression level of
Beclin-1 protein ; F:Expression level of P62 protein. "P<C0.01 compared with control group ; “P<C0.01 compared with OGD/R group ;
“P<20.01 compared with CAR group.

B3 Western blotting BByl &40 AS H AMPK ., p-AMPK . mTOR ,p-mTOR.LC3B.Beclin-1 %1 P62 5 35 H Ik B F1
HEHE

Fig. 3 Electrophoregram and histograms of expressions of AMPK, p-AMPK, mTOR, p-mTOR, LC3B, Beclin-1,

and P62 proteins in AS in various groups detected by Western blotting method

Control OGD/R CAR CAR+AICARW
Hoechst
33342
- - - - -
. - - - -

B4 BT WELHASH LC3BFHMHERIEIREE (< 400)

Fig. 4 Positive fluorescence intensities of LC3B in AS in various groups observed by fluorescence microscope( X 400)
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TFREAL; CAR AT LA il Beclin-1 7K F# LC3B I /
LC3B I W &, [A B I m P62 8 1 & ik 7K F
VLU OGD/RGE 41 M A B, 17 CAR X A W5 H A7
— EAMHIEH, A AMPK #4757 AICAR ﬁIﬁ
CAR Y [ W B0 i B8 J0 955 , W CAR 1 A2 i
A B B R Kk LR
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