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WE: Bay R4 & 6 A % 4838 A/ 2 A (hypoxia/reoxygenation, H/R)# 5 2 8 Ik i 40 M A% 3 B2 390 75 & & BB
(adenosine monophosphate-activated protein kinase, AMPK)/UNC-51 £ % ¥ 7% % & 1(UNC-51 like autophagy activating
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WA =& et MDA K-F & p-AMPK/AMPK. p-ULKI/ULK1. Beclinl & & & A K-F B F BAK(P<0.05), 5t %4
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Effect of Dendrobium Officinale Polysaccharides on Autophagy Related to AMPK/ULKI1 Pathway Induced
by Hypoxia/Reoxygenation in Astrocytes

HAN Hong, LIU Wenjie, CHEN Fang, LI Na(Department of Pharmacology, The Second Hospital of Shandong University,
Jinan 250031, China)

ABSTRACT: OBJECTIVE To explore the effect of Dendrobium officinale polysaccharides on autophagy related to adenosine
monophosphate-activated protein kinase(AMPK)/UNC-51 like autophagy activating kinase 1 pathway(ULK1) pathway induced
by hypoxia/reoxygenation(H/R) in astrocytes. METHODS Human astrocytes were cultured in vitro and divided into control
group, H/R group(H/R modeling), low concentration Dendrobium officinale polysaccharide group(H/R modeling+100 pg-mL™!
Dendrobium officinale polysaccharide), medium concentration Dendrobium officinale polysaccharide group(H/R modeling+
200 ug'mL~" Dendrobium officinale polysaccharide) and high concentration Dendrobium officinale polysaccharide group(H/R
modeling+400 pg-mL~! Dendrobium officinale polysaccharide). MTT assay was used to detect cell proliferation. Flow cytometry
was used to detect apoptosis. The kit was used to determine the levels of malondialdehyde(MDA) and superoxide
dismutase(SOD) in cells. Western blotting was used to detect the expression of p-AMPK, AMPK, p-ULK1, ULKI1, Beclinl,
microtubule-associated protein 1 light chain 3(LC3) I and LC3 II proteins. RESULTS Compared with control group, the
survival rate of astrocytes, the level of SOD and the protein expression level of LC3 I/LC3 II were significantly lower in H/R
group(P<0.05), the apoptosis rate, the level of MDA and the protein expression levels of p-AMPK/AMPK, p-ULK1/ULK1 and
Beclinl were significantly higher(P<0.05); with the treatment of Dendrobium officinale polysaccharide and the increase of its
concentration, the survival rate of astrocytes, the level of SOD and the protein expression level of LC3 I/LC3 II were
significantly increased(P<0.05), the apoptosis rate, the level of MDA and the protein expression levels of p-AMPK/AMPK,
p-ULKI1/ULK1 and Beclinl were significantly decreased(P<0.05). CONCLUSION Dendrobium officinale polysaccharides
can inhibit the activation of AMPK/ULK1 pathway and autophagy of astrocytes induced by H/R, which can promote cell survival
and reduce cell apoptosis.

KEYWORDS: Dendrobium officinale polysaccharides; hypoxia/reoxygenation; astrocytes; AMPK/ULK1 pathway; autophagy
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i e 1ML/ P78 73 (ischemia/reperfusion, I/R)#147;
JE— I AR B AR B AR, W UL T AR v A A
At it W S B ik 2 R s v R E BB A
i 2 P 2H 2R P R d 22 W A, A P G £
JE DGR, Bk UR $ifh & A 2s RSOt
JEESE I, R RIE R AN VR 454
JE A TR AEBR AT A o W 20 i 52 3 )
PO T I e A el R AT B Y 2 T B S P AN A
DLSZ AN i S A A B i) ST, O 4R I A
MIzhe SRRy E AR, AR, HWE R T
AN, 5 R A v sE T A s
FI W AT e fe ik AR R B4 e fk . T, BR A
T J5 40 L e P A5 05100 R R VT 2 1
(adenosine monophosphate-activated protein kinase,
AMPK)J2 0 3852 I i & 1 I 8 S5 [ 5, a]
FAEBERR AL UNC-51 S840 H W05 % 1(UNC-51
like autophagy activating kinase 1, ULK1)M i {k
FIWRT Bk KA ik 22 W ik B A it i) F2 A 22
gy, BARERAET . SR . PrELSE AL,
R T AR AL B Y, MR SR A S
/N BEPE IR T (R i A R 2 xS TR 3
i v R IR o 240 B 452 £ 4 T o ke = 05 A A
GO ST AR AMNB 4R /& 4R (hypoxia/reoxygenation ,
H/R)BETIBIALL /R 5455100, WFFER K A Mk 22 RS
H/R 1755 B JE I o A L4 A0 (R 5 i, IR H v 7E
Bl
1 #MR5EE
|8 RSV E

NEFERE TR AR (sciencell, 585 1840); i
M5 (AusGeneX, 55 : FBS500-S); DMEM #5355
H(merck/sigma, 75 : KL-P0032); k5 A1t b
795 SD9310, 4l =85%). RIPA 4l it 2L Wi (At
HEREPHARAT, 525 R0020); MTT #
W (AMEKO, %5 : N/A-896); AnnexinV-FITC/PI
200 L 89 A T 35 5 (A 0 T T e PR A PR 2
A, 595 S0185); N [ (malondialdehyde, MDA)
R0 & (R C AR YRR IRA A, 515
KA3736); MEIE L (superoxide dismutase,
SOD) i I ik 77 & (78 [ PromoCell , 1% %5 :
PK-CA577-K335); p-AMPK Hifk. AMPK Fifk .
p-ULKI1 #ifA . ULK1 Hifk | Beclinl Hiff . HAEH
KM 1 %% 3(microtubule-associated protein 1
light chain 3, LC3)¥ifk. B-actin Uik, FHifk
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1gG(52 5735k ab133448, ab207442, ab131210,
ab177472 , ab207612, abl28025, ab245357 ,
ab205718)}J4 H Abcam /A H] .
MIR-162-PC/MIR-262-PC 555546 (H AHS F 2y
A]); SynergyH 1 F#tn{X(EE BioTek A H]);
Guauasoft 6L JizCAHMIAL(3EE Millipor 24 F]);
GelDocEZ #E M A5 (3¢ [E Bio-Rad 23 Fl).
1.2 STk
1.2.1 4ffiEsE BIER AR 215 10%06
AT . R R-EEE RN DMEM B3Rtk gitA
37 °C . 5% COx ¥EFRAa i M F% , R di M=
FHIBEEE I BEH AL BE AR, 240 2 WU BOM 0
AL F DL 5250
1.2.2 H/R RS LA rd] B B IE R T
M 5% CO2. 95% N2 IR &M A 1 h By ICHEICIL
15 DMEM B3R L (BEEAIR), 75 37 C. 5%
COz. 95% Ny B IS FRAR TP B R 5% 4 h, B4k
5% CO2. 95%Z5HIA 1 h AIF 10%64 L1 AY
DMEM }; F R (R M), BT 5% CO2. 95%
23 S PG SR A A SR 4 b T H/R AR
B2 BT AN s AT R . H/R 4. IRk
BERR B A Rt 2 . R B R R A i 2 R A R
WA A R o 4E, H/R AR . . EukE
Bk Rz A MR 22 W 28 4 ol P A 57 HY/R B A B I ot
Hf, Pk, b B A A A
LY/ 100, 200, 400 pg-mL~" (4% & A
fisk i,
1.2.3  MTT 5045 21 22 T2 s Joi 4 o 34 A 1% O
¥ BRI B 20 MR 2 S B2 T 2.0x10° A4, 3T
96 fLEFFRML, % “1.2.27 Wi R iksrdiabse, £
7% 48 h, A MTT ikFIK55% 4 h, F LWHWR,
DMSO #E % 10 min, {ff FHEFF A 570 nm ALY
W2 FE (optical density, OD)H, 1A 4IMEAFTE R
LA K =0D 5260/ OD ssenx100%
1.2.4 i A AEASCR I 2% 20 5L TR 15 o 440 6 0 1 1%
B RIE R BT R R T 2.0x10° 4, #2
FhF 6 FLES RN, % “1.2.2" TR k4 Aab B,
Kigt 48 h, WAEANML, H 1xAnnexin 454 2 M
Bl A2 T 1100 A~ B I B 77, B 100 pL,
JA Annexin V-FITC 5 uL. PI 5 pL, ZE F#EHE
WEE 15 min, QG0 SR I 5 20 B 4
ST
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1.2.5 iR G 45 41 2R I B 4 i b MDA Al
SOD K-V F B B T 240 M o 8 ok B 2 Tt
2.0x1054, HEMT 6 fLEEFRMR, % “1.2.27 HF
TR B, E5E 48 h, WKAEANN, SJdRAbER,
B0 10 min, BRI, FEON SR UL 520
B, R T 450 nm 4RI E SOD J6 4,
T 530 nm 2L 3E MDA 18
1.2.6 Western blotting ¥l 4% 2H & & i o 4 i vp
AMPK/ULK 1 i BAHOCHE FI R IAEN AP
J AR R R R 2T 2.0x105 4, 2R T 6 fLES
TR, # “1.2.27 W)L dIAb B, 5535 48 h,
WCAE AL, A 5 2R R0 A Y RIPA 41 24
RIS R 1, BCA LI E B AW T o HGE &
EEBREN, 7M. SDS-PAGE $EI HLIK 4355
HHE PVDF L, S%MARWK & 2 h, JiInA
—¥Hi(p-AMPK Hifk . AMPK Hif&k | p-ULK1 Hifik .
ULKI1 $iff | Beclinl &, LC3 Hifk . B-actin $1
&, 1:1000)4 CHEIH, TBST EVE, MBAR
i E ALY AR IC A BT T 2 000), = TRIF
H 1 h, TBSTEWE, MAEGH LN, M FHEER AR
1R GHA IR, LA B-actin j]’z‘%ﬁﬁ, Mg 557 K
ﬁﬁ%ﬁm%amﬂ%
1.3 Geit2Eotr

THEFRH Xt s 3oR, 24100 HECR A A
BRI 2T, MM HBCR T SNK-q K, £dsit
LR H] SPSS 17.0 3f4f, 4 P<0.05 B, ZRAS
EI=-94

2 HR
2.1 AU RV T AN b I

5% FRZH AR EE , H/R 20 T8 e I A AT 0 2R i
FER(P<0.05); 5 H/R dHAHLE, K. . Bk
Bk W v 22 0 A AP I 5T 20 I A R I T
(P<0.05); BlAEERK AMZRREENTE, BB
[ A0 A BT R (P<0.05), 452RILE 1.

R1 ZEERRRARFBZERR(X LS, n=6)
Tab. 1 Comparison of survival rate of astrocytes in each
group( X £ 5, n=6)
415 PG 1%
XJ R ZH 100.00+0.00
H/R 21 43.38+2.56"
R BE Bk B A Rt 2 A 56.44+2.85D2)
IR BE R K R 2 A 68.8243.66123)
TRV BE Bk B A R 2 e 87.95+3.5912349)
e HXHRAHL, DP<0.05; 5 H/R AL, 2P<0.05; SIEHIEH
Fe 2 WA EL, YP<0.05; 5Pk B Bk i A Bl 2 AR L,
YP<0.05,

Note: Compared with the control group, "P<0.05; compared with H/R
group, ?P<0.05; compared with low concentration Dendrobium officinale
polysaccharide group, »P<0.05; compared with medium concentration
Dendrobium officinale polysaccharide group, ¥P<0.05.

2.2 A BRI AN R T Bl

S5xIE4AH L, H/R 2H B0 I 40 i i 7%
WETHE(P<0.05); 5 H/R HH, K. B, &
VR A B A R 2 A SR I S 20 R A 1 R R
R (P<0.05); BEELRL AR ZERENAR, B
TV I8 Jot 248 P 9 12 38 B IR AR (P<<0.05), 25 R LI 1
ik 2,

10* ,; 10* _; 104 .E.
10° ] 10° 10°]
S A7 =]

10? 1 102 - 10?2 E

10' 10 10

10° q 25 » 1003 1005 % A

10°100 10> 10° 10* 10°10" 10> 10° 10* 100100 10> 10*° 10
Annexin V-FITC-A Annexin V-FITC-A Annexin V-FITC-A
pupii:t| HRH R BB B A MR
104 10¢
10°4 10°
B ~
1074 102
101-; 10" 5 -
1005_] 3 100 ¥ b 21 o
10°10" 10> 10*° 10* 10°10* 10> 10* 10°
Annexin V-FITC-A Annexin V-FITC-A
R BEER B SR A 2373 279 Zay 20 2 i
B1 AHEWRRAERATER
Fig. 1 Apoptosis of astrocytes in each group
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xR2 BUEWRRARATELR(XES, n=06)

Tab. 2 Comparison of
group( X s, n=6)

apoptosis rate of astrocytes in each

4151 TT-%/%

X HEZH 9.95+0.83

H/R 4 31.86+2.69"

v B Ak A Rt Wl 25.34+1.62D?

rh B R e Rl 22 WAL 20.07+1.55H3)

T VR BE R KA R A 14.73+1.29923%
W HXFEAIAELE, DP<0.05; 5 H/R AL, PP<0.05; SARHkEEER
A 2B L, YP<0.05; 15 ik B Bk A i 2 B2 AR 1L
9P<0.05.

Note: Compared with the control group, "P<0.05; compared with H/R
group, YP<0.05; compared with low concentration Dendrobium officinale
polysaccharide group, »P<0.05; compared with medium concentration
Dendrobium officinale polysaccharide group, ¥P<0.05.

23 HKHERIEKR AN MDA F1 SOD /K-

5xHAM L, H/R 4P 405 H MDA
KV 3 T 5 (P<0.05), SOD 7K V- & 3 [ %
(P<0.05); 5 H/R 4Lk, ik, . SRR A
fit Z M 2L IS B A MDA 7K i 35 AR
(P<0.05), SOD /K F-&i Z F+ 5 (P<0.05); Bl 4k iz
At B R BT, R R A MDA 7K
B IR FEAK(P<0.05), SOD /K&K I (P<0.05),
G 3,

"3 BUAEMRFLAME T MDA, SOD AT &K (Xxs,
n=06)

Tab. 3 Comparison of MDA and SOD levels of astrocytes
in each group (X £ 5, n=6)

2051 MDA/umol-L! SOD/U-L!
X R ZH 7.73+0.85 174.08+9.88
H/R 4 33.84+1.13D 55.46+9.10"
GRS R 2 Al 28.86+0.98D2) 92.67+10.2212
PR A AL 21.49£0.95DP 128.84+10.17123)
FRES R AR 15.23£0.97D999  150.07+11.39D299
e HXFEAIAELE, DP<0.05; 5 H/R AL, PP<0.05; SRk
A 2B L, YP<0.05; 55k B Bk A i 2 B2 AR 1L,
9P<0.05,

Note: Compared with the control group, "P<0.05; compared with H/R
group, 2P<0.05; compared with low concentration Dendrobium officinale
polysaccharide group, ?P<0.05; compared with medium concentration
Dendrobium officinale polysaccharide group, ¥P<0.05.

24 FHERKFRAMH AMPK/ULK 18 #§ A 5%
HARIREH

5t MAAM, HR 4R R0 |
p-AMPK/ AMPK ., p-ULKI1/ULK1, Beclinl &[1%
KK B TR (P<0.05), LC3 I/LC3 11K A 7K
S F AR (P<0.05); 5 H/R AL, 1K, H. &
W R Bk £ i 2 B4l B OB IR R 4l ik
p-AMPK/AMPK . p-ULK1/ULK1. Beclinl %513
KK 5 R AR (P<0.05), LC3 I/LC3 14 4 ik 7K
F 5 2 TR (P<0.05) 5 Bl 2k B A ik 22 Wk B 1) 7
B, BRI T p-AMPK/AMPK . p-ULK1/
ULK1. Beclinl & [ iA7KFZ K FER(P<0.05),
LC3 I/LC3 1K R IA KB IR T 5 (P<0.05), 45
WE 2, %4,

P-AMPK v wmmme emmms s s

AMPK «omms oIms Tms Tams o

P-ULK] s S s e s

ULK] «mm T T TS o

Beclinl e — on— c—

T W m——
R e S ——

LC31
LC31I

B-actin  AEEG_—_— e o— —  —

A B C D E

B2 %4 EMKFKHM+T AMPK/ULKI @B X & B %
HAEI

A-XFHRA; B-H/R s C—IRWREES B A2l ; Dk EEgk e
Rl s Bk BERR B AT 22 W4 .

Fig. 2 Expression of AMPK/ULKI1 pathway related
proteins of astrocytes in each group

A—control group; B-H/R group; C—low concentration Dendrobium
officinale polysaccharide group; D-medium concentration Dendrobium
officinale polysaccharide group; E-high concentration Dendrobium officinale
polysaccharide group.

F4 HHEWRFMN T AMPK/ULK] ##AH XA E G R B AFHB(X L5, n=6)
Tab.4 Comparison of AMPK/ULKI1 pathway related protein expression levels of astrocytes in each group( X x5, n=6)

2053 p-AMPK/AMPK p-ULK1/ULK1 Beclinl/B-actin LC3 /LC3 I
X RE L 0.16+0.03 0.23+0.04 0.32+0.05 1.97+0.12
H/R 41 0.84+0.06" 0.91+0.07" 0.860.06" 0.48+0.07"
AP B 4k B2 A fip 22 il 0.59+0.0492) 0.64+0.0792 0.70£0.0592) 0.74+0.0912)
rh B R K A i 2 bR AL 0.42+0.04123) 0.52+0.05123) 0.55+0.0512)3) 1.13+0.09123)
R AR A 0.28:0.031231) 0.37£0.03234) 0.43+0.04234 1.56+0.09123%

TE: SXTHAMIL, VP<0.05; 15 H/R 4L, 2P<0.05; SRS A M ZHEAMLL, YP<0.05; 5Pk BB M A M 2 H4LHI L, 9P<0.05,
Note: Compared with the control group, "P<0.05; compared with H/R group, 2P<0.05; compared with low concentration Dendrobium officinale
polysaccharide group, ¥P<0.05; compared with medium concentration Dendrobium officinale polysaccharide group, ¥P<0.05.

R E B 227 2021 4E 9 F 45 38 B4 17

Chin J Mod Appl Pharm, 2021 September, Vol.38 No.17 <2113 -



3 g

Fil A e WL R IS, R 259
PR 5P S M AT B 2, (U
AP VR I ML T ) [) o 2 R 7 S A I S
ST U UR B0, AR it —2 e, B
TV I T 44 b 2 i 20 23 b B oy = 1) o 48 T T A
M, S5 MTRSYER . MR R i ik bR
BEdERy . PR nl SR DL B SR L R
T 2, SRR K E F DI RE A 4E
XoF it i Kt B A — s AR AP VR TS, b5 R
M HR FSREIEREANNE, 4558 8xR, BIPRE
UM AA T R RN, TR R TS, RIET 2
Ji e SRR ] A A 7 ) MDA JKF- S 35 T8, 4T
AL SOD KT R, #&8 HR iR REAE
TV Rt I 240 i v 4804 I 380 S I R, 5 e 40 i )
g . BT, R — AR AU IR i B 4 A
IR #i45i

R A BERAR SN 2 St h 25, HAA R
A, 3 MY SR BT R,
LA A YRR A i A A S e
BT, Fraiom U, e SEEIRY R, 2R A i
Al EAREHURAAER, PR UR B RO H .,
WIS 3R I, KB A MRl 2 MR S i B A fik b
FEIE MRS, T B AR E & MPPH S
P ibifi. Li SFUSE Eos, B2
WEXT R 75 3 1 R B iz A B o 4 A R A FnE
BAEH . Tk SO R W], Bk B A Rt T
TNF-o 5 | 289 /NR I S 2850 HT22 4 T HA
THIVERT o ASBIFSE A FAS [ B 19 2k B o R 22
ALFR H/R T RPN, SR ER, BIER
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s BIE R B AE H/R S &4 Awg, H
AMPK/ULK 1 # % 5iX —il #2 . Zhang SE22HF5E
KB, BR R A ik 22 W B ol & 45 i 6 A e g 1
EAL RO AMPK A5 5485, DI 45 1 s 4
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AMPK . B2k ULKI. Beclinl #[/KF & W
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