FEA4EBFE1H 2025F1H PR T LYY 3 Drugs & Clinic Vol. 40 No. 1 January 2025 «23-

ERLE AT Akt/mTOR {5518 B Xt 3% AR 725 20 R ) 1= F0 B W B 22 Mg

ELE, k@, #ER, BXHM, x| 3k
IR RZEH T B ERE EALWEL, HEF AN 450000

i . BW HeHEAT T E OB B A EMEREED (AKY/mTOR) I #8540 M8 TR0 1 BEIRI 500 o
FiE B AERYE PANC-1 4007y X R4 . FERtEF (1004 200, 300 umol/L) #H. SC79 4. AL +SC79 4. CCK-8 %
KA IS 775 A AAS TGN MR T B FHREEE T e (MDC) St 4 B b 51 Mg/ IMAR B 385 A8 9 s etk 0 4
HHRCEAI G E 1 BEE 3 (LC3) BHPEZE; gRT-PCR Arill4tfdh Bel-2 B X BHH (Bax). RAEIRE: ik 2RI & iR 1 1 -3
(Caspase-3)~ Beclinl. p62mRNA 3ik; Western blotting fill 4 g+ LC3. Beclinl. p62. p-Akt. p-mTOR & AN FRILH .
R SyHRALLE, RS FIEL PANC-1 ZIHTE /1. p62 &AM mRNA HIXHRIEK . p-Akt/Akt. p-mTOR/mTOR &
FEAG, APET R, HMEMABRMER . LC3 PR . Bax. Caspase-3. Beclinl mRNA 3%} LC3-II/LC3-1. Beclinl &[4
MR REEEET G, HEMNEMRN (P<0.05). 5EBTE 300 pmol/L ZHHEE, AL +SC79 41 PANC-1 4HE3E /1. p62
FHM mRNA X FRIEKTF. p-Akt/Akt. p-mTOR/mTOR B2ETHE, TR, AMEMAHMER,. LC3 MR, Bax.
Caspase-3~ Beclinl mRNA FKiA & LC3-I/LC3-I. Beclinl £ (AT FRIEKFRZERFK (P<0.05). 4518 JRALHFAES PANC-1 41
J 5 R T LA BT R S #0 ) AKYmTOR JBEEAT .

KRR JRALE: BRMME: AW JET EOEE BMWAMMEMERLEER

FEDHES: R285.5 XHEFRERE: A NEHRS: 1674 - 5515(2025)01 - 0023 - 07

DOI: 10.7501/j.issn.1674-5515.2025.01.004

Effects of polydatin on apoptosis and autophagy of pancreatic cancer cells by
regulating Akt/mTOR signaling pathway
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Abstract: Objective To investigate the effects of polydatin on apoptosis and autophagy of pancreatic cancer cells by regulating
Akt/mTOR pathway. Methods Human pancreatic cancer PANC-1 cells were separated into control group, polydatin (100, 200, 300
umol/L) group, SC79 group, polydatin + SC79 group. CCK-8 method was applied to detect cell viability. Flow cytometry was applied
to detect cell apoptosis. Monodansylcadaverine (MDC) staining was applied to detect the positive rate of autophagosomes in cells.
Immunofluorescence staining was applied to detect the positive rate of microtubule associated protein 1 light chain 3 (LC3) in cells.
qRT-PCR was applied to detect the mRNA expression of Bax, Caspase-3, Beclinl, and p62 in cells. Western blotting was applied to
detect LC3, Beclinl, p62, p-Akt, and p-mTOR proteins in cells. Results Compared with the control group, the PANC-1 cell viability,
p62 mRNA expression, and relative expression level of p62 protein, p-Akt/Akt, p-mTOR/mTOR were lower in polydatin groups, the
apoptosis rate, autophagosome positivity rate, LC3 positive rate, Bax, Caspase-3, Beclin] mRNA expression, and LC3-II/LC3-I, the
relative expression level of Beclinl protein were higherin a dose-dependent manner (P < 0.05). Compared with polydatin 300 pmol/L
group, the PANC-1 cell viability, p62 mRNA expression, and relative expression level of p62 protein, p-Akt/Akt, p-mTOR/mTOR in
the polydatin + SC79 group were higher, the apoptosis rate, autophagosome positivity rate, LC3 positive rate, Bax, Caspase-3, and
Beclin] mRNA expression, and LC3-1I/LC3-I, the relative expression level of Beclinl protein were lower (P <0.05). Conclusion The
mechanism by which polydatin induces autophagy and apoptosis in PANC-1 cells may be related to the inhibition of the Akt/mTOR
pathway.
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Abcam A 7], #t'5 ab192890. ab302669+ ab109012.
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12 FH&

1.2.1  diffsr 4 4525  PANC-1 4 i 43 Ryt &
ZH. FRALE (1004 200+ 300 umol/L) #H. SC79 4.
PERE +SCT79 4. XFHEZH PANC-1 20 AS AT AT b
B PRALE SRR S A 100 200, 300 pmol/L
FEALF AL EEGT A 24 hU'; SC79 0] 5 mg/L SC79 4b
YN 24 h('2); F kT 4 SC79 4 300 umol/L [
B AT 5 mg/L SC79 AbHEZIA 24 ho ALFRLE S,
VAR GEEL N ORI

1.2.2 40fEyE A PANC-1 4Ll 5104
ASFLEFNT 96 FLARH, F2BR 1.2.1 TR %34T %
MALFE G, 1A% LR 10 uL CCK-8 ¥, 37 C
TIFE 1he R BRGNS 450 nm ARG (1),
FHH A /7
MMTE ST = (A os—A we) | (A um—A 2e)

1.2.3  ZHME TSR R P T B R SR 4% b 2K
MEERZH PANC-1 40, A S 8T 100 uL 555
g, AR N 5 pl Annexin V-
FITC 1 5 pL B4 A 0E . BBEE 25 4F R E 15 min J5,
FEAFERINI 400 L 456 G A8 I XA B A
PSR IE T %,

1.2.4  EWRAMARHIPEZR RN %2 PANC-1 4
(5X10* ~/mL) #EMT 96 FLARH, & FLn
0.05 mmol/L MDC i E 1 h, XA RMEM
REWRIMETE R, HrhE2m A B MR 2
125 4iffih LC3 R Rk e HK4
PANC-1 4HME T EHEBE AT 24 fLtRkH, XF
PANC-1 4HMa 347 [ 58 « ik HIAALEE, R40H
Hoin—$Ht LC3 (1 :3000) ¥ E 2h, FHHZE Bt
(1:3000) BFHEMM 1 h, Bk, BHAE, WLt
PG LC3 FHMER,

1.2.6 PANC-1 #iiffirf Bel-2 <8k X & (Bax)-
RARARFr IR -3 (Caspase-3) -
Beclinl p62 mRNA Fikfkaill {8/ Trizol i
$ZHL PANC-1 415 RNA. ¥ 1 ug RNA 55N
cDNA J&, PL cDNA R E S PCR &40+ 15 H
SYBR Green Master Mix i1 qPCR &l . B-actin iy
W2, @it 2728 3ENE Bax Caspase-3+ Beclinl
p62 mRNA FKik. 5|1¥F514 Bax 1EIA): 5-“CTCAA
GCGCATCGGGGACGA-3'; J2[f]: 5-“CAGCTGAC
ATGTTTTCTGAC-3"; Caspase-3 1E[A]: 5-GCTGTT
ATGTAACAGCCTCA-3"; % [f]: 5~“AGGAGAGATG
AAATCTACTG-3"; Beclinl 1EJ7]: 5-CCAGTTTAA
CTCTGAGGAGC-3'; Jx[f]: 5'-CCTCACAATTTTAT
AACAAA-3"; p62 IE]: 5-AAGCAGCTGCTGCTC
TGACC-3; J2[fl: 5-GGGCGCCCTGAGGAACAG
AT-3"; B-actin E[A]: 5-AGATGGCCACCGCTGCC
AGC-3"; [JA]: 5-GCTGCCCCGAGGCCCTGTTC-3',
1.2.7 PANC-1 4iffg LC3. Beclinl. p62. p-Akt.
p-mTOR & [ RIPA 22 2% PANC-1 411
20 min Ji5, BGOSR FIE RN PANC-1 4
SEH, BCAEEEERAKES,  30pg AT
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p-Akt (1 : 6000). p-mTOR (1 . 5000). B-actin (1 :
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p62 73 7IBR LA B-actin K FE{EAF A Beclinl .\ p62 & H
AT FIE K5 p-Akt/Akt {H . p-mTOR/mTOR 18 %
FAEN p-Akt. p-mTOR & FHAHXFRIE K.
1.3 ZFESH

S FH SPSS 20.0 Gt # A0 Bdm gt 47 04, I
PLx + s Fom. BIRE T ZE0HT K& SNK-¢ F G
iiRREZ N 48
2 #R
2.1 EHRFEX PANC-1 4HB65E RV

LR A, JRALT A R A A M v ) B
FEA%, HLEFEANE, SC79 At 1R E T
(P<0.05); S5EHAFE 300 umol/L 4 EL%:, FEAL
H +SC79 H4HHE /7552 F 5 (P<0.05), WLEE 1.

1 &L PANC-1 ARGEALLE ( x+s, n=6)
Table 1 Comparison of PANC-1 cell activity in each group

(xxs,n=6)

2H ) & AHHIE 1/ %
pagit — 99.41+0.35
JRALHE 100 umol-L™1 87.96+3.64"
200 pmol-L 72.26+3.17"%
300 umol-L* 50.08+2.13"%&
SC79 5mg.L? 115.56+3.69"
JEALE+SC79 300 pmol-L'+5mg-Lt  76.69+3.584

XA "P<0.05; SEAE 100 pmol L AHELEL: *P<
0.05; SRERLEF 200 pmol L™t 4LELES: &P<<0.05; 5&ALEF 300
pmol- L™ 4 FL#Z: 4P<<0.05,

*P < 0.05 vs control group; *P < 0.05 vs polydatin 100 umol-L™! group;
&P < 0.05 vs polydatin 200 pmol-L™! group; 2P < 0.05 vs polydatin
300 umol-L™! group.

2.2 ERFEX PANC-1 4R R T-RY SN

LR oA, JRALE S S A TR R
FTriE, HEFEMIM, SC79 HA0 M yH 1T K
(P<0.05); SEMAF 300 umol/L ZHEL%:, &AL
T +SC79 ZHA0 M 1% B35 P (P<<0.05), LK
1 ik 2,
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1 PANC-1 VAT RIR I ARG
Fig. 1 Flow cytometry of PANC-1 cell apoptosis

®2 &4 PANC-1 AT RLE ( x*s, n=6)
Table 2 Comparison of apoptosis rate of PANC-1 cells in
each group ( X*s,n=6)

ZH 51 Prilhes AT TR 1%
Xif HeE — 5.67+0.23
PEALH 100 pmol-L 1 14.294+0.69"
200 pmol-L 1 27.65+1.38"*
300 pmol Lt 49.66 +2.46""&
SC79 5mg.Lt 2.11+0.15"
JEALE+SC79 300 pmol-L1+5mgLt  20.76+0.984

S5 RRA LR "P<<0.05; S5EALE 100 pmol L7 HLLHEL: *P<
0.05; S5PEALE 200 pmol L™ ZHLLEL: P<<0.05; HLEALir 300
pmol L™ A HL#%: 4P<<0.05,

P <0.05 vs control group; *P < 0.05 vs polydatin 100 pmol-L™! group;
&P < 0.05 vs polydatin 200 pmol-L™! group; 4P < 0.05 vs polydatin
300 pmol-L™! group.

2.3 EREX PANC-1 ZRAE BRE/MAFEMERE
A

5 R A, JRORL T #5014 At L
PRBRME 2R B2 T, HEREMME, SC79 440
T W MABIPER B E BRI (P<<0.05); HERE
300 umol/L ZHEbE:, FERtiF +SC79 HanfiE+ Lk
INMABH R FEG (P<<0.05), WK 2. % 3.
2.4 EHEX PANC-1 4T LC3 RIAHEN

L R s, PR &7l 4nia - LC3 BH
PERBET S, HEAEMCHE, SC79 A4t
LC3 PHMER B K (P<0.05); 5FERF 300 pmol/L
AL, FERttr IR +SC79 At LC3 fak
REFZHEL (P<0.05), WK 3. £4.
2.5 [EBLEXT PANC-1 4859 Bax. Caspase-3.
Beclinl, p62 mRNA FRikHIS20H

LR LR, RACE & EHA T Bax.
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oyt SC79 BERLH +SCT79

100 00

2
AL/ (umol - L)

2 PANC-1 4 BRE/MFTZAE) MDC 3t (X200)
Fig. 2 MDC staining of autophagosome formation in
PANC-1 cells (x200)

®3 KA PANC-1 4B BREMEFAMERILE ( X s,
n=6)
Table 3 Comparison of the positive rate of autophagosomes in
PANC-1 cells in each group ( xts,n=6 )

£33 Fiills Wit MABHTERE /%
it — 12.68+0.54
JERLH 100 pmol-L 2 19.77+0.83"
200 pmol-L1 30.43+1.46"
300 pmol-L 1 47.76+2.23"%&
SC79 5mg-Lt 5.18+0.23"
ML +SC79 300 umol-L*+5mgL?  25594+1.164

xR "P<<0.05; SEALE 100 pmol L7t AHLLEL: “P<
0.05; 5PRAEF 200 pmol L™ ZHELHE: “P<<0.05; 5JRALTF 300
pmol L' A ELAE: 4P<<0.05.

P <0.05 vs control group; P < 0.05 vs polydatin 100 umol-L™! group;
&P < 0.05 vs polydatin 200 pmol-L™! group; 2P < 0.05 vs polydatin
300 umol-L™! group.

paii SC79 JERE4+SCT9

100 200 300

AL /(umol- L")

3 PANC-1 A LC3 FIEHIRETNRE (X400)
Fig. 3 Immunofluorescence staining of LC3 expression in
PANC-1 cells (X 400)

%4 B PANC-1 4BAh LC3 FAMERELE ( x+s, n=6)
Table 4 Comparison of the positive rate of LC3 in PANC-1
cells in each group ( X*s,n=6 )

ZH 5 fiili=s LC3 B I%
o iR — 15.7740.69
JRALCE 100 pmol-L 1 22.34+1.15"
200 pmol-L 1 31.69+1.49%
300 pmol-L? 45.56+2.08"#&
SC79 5mg-L? 6.22+0.31"

JEALE 4+SC79 300 pmol-L14+5mg L 28.73+1.342
Hx AR "P<0.05; 5EALH 100 pmol L7t A LLAL: #P<
0.05; SFEALE 200 umol L7 ZHELEL: &P<<0.05; SResttr 300
pmol L' H ELAS: 24P<<0.05.

P <0.05 vs control group; *P < 0.05 vs polydatin 100 pmol-L™! group;
&P < 0.05 vs polydatin 200 pmol-L™! group; 2P < 0.05 vs polydatin

300 pmol-L™! group.

Caspase-3~ Beclinl mRNA K ik &L 3% F+ &, p62
mRNA KIAFFE, HEFEMICHE, SC79 A4t
" Bax. Caspase-3+ Beclin]l mRNA 3RiA 35 [#1IK,
p62 mRNA FiETHE (P<0.05). 5 300 pmol/L
AL, A +SC79 Haiffit Bax. Caspase-3-
Beclin] mRNA 1A 2 F#{K, p62 mRNA FKikFHE
(P<0.05), W& S5.
2.6 EBCEXT PANC-1 4B+ LC3. Beclinl, p62
EHB X Akt/mTOR B EBFTIENFNT

LR LA, pRAUE &R EHA T p62.
p-Akt/Akt. p-mTOR/mTOR &5 [ X} KI5 & 12 2% 4
%, LC3-I/LC3-I. Beclinl & [AFHX} 1A & 5 2E T
. HEFIEMHIM, SC79 A41iu+ p62. p-Akt/
Akt. p-mTOR/mTOR & HAHX Kk & 2 E A5,
LC3-I/LC3-1. Beclinl & AMX KRB REFFK (P<
0.05); 5 Rt 300 pmol/L 4 EL#Z, JE ki +SC79
MM F p62. p-Akt/Akt. p-mTOR/mTOR 2K [ 4]
X FRIE R W ETHE, LC3-I/LC3-I. Beclinl 2K 4
X FIE B L (P<<0.05), LK 4 FIE 6.
3 g

JoR g A — PR B M R, TRIT IR RRAR
A, YT ESGERTT RIS, RACE R —ME T
TRCIHEFEIEY), BATIZRED SN, A
WAl Bk, YU, AT, Mg prsgkise,
CUERFFEIRIE, RS SEmRampEmET. A
B AR MG-63 408 -0 mE0 718, DL R 5T R B
PR AT I 5 S AN T AN W R BUEAE
Bax. Caspase-3 ;e E WA T- AR ED T, B
FLFAK AT 0 0 M R T AT oAU AHIE R &R R
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%5 %4 PANC-1 ffith Bax. Caspase-3- Beclinl. p62 mRNA FiAELEE ( x x5, n=6)
Table 5 Comparison of mRNA expression of Bax, Caspase-3, Beclinl and p62 in PANC-1 cells of each group ( X*s,n=6 )

15 _ MRNA XS ik &
Bax Caspase-3 Beclinl p62
X e — 1.004-0.00 1.004-0.00 1.00+-0.00 1.00+-0.00
IS 100 umol-L™* 1.314+0.10" 1.284+0.11" 1.4140.12" 0.86+0.06"
200 umol-L™* 1.6840.12" 1.5640.13"* 1.7940.15" 0.65+0.05™
300 umol-L™* 2.05+0.14"#& 1.984+0.14"%& 2.394+0.18"& 0.31+0.03"&
SC79 5mg-L™ 0.78+0.07" 0.63+0.05 0.34+0.03" 1.46+0.12"
AL +SC79 300 umol-L*+5 mg-L ! 1.4610.144 1.334+0.124 1.68+0.132 0.70+0.062

5 BA R "P<0.05; 552 100 pmol L A HHE: #P<0.05; S5FEALE 200 pmol L A LLHL: 4P<<0.05; 5 FEALE 300 pmol- L' 4 LL#%:
AP<<0.05,
P < 0.05 vs control group;*P < 0.05 vs polydatin 100 pmol-L™" group; P < 0.05 vs polydatin 200 pmol-L™! group; 4P < 0.05 vs polydatin 300 pmol-L™!

group.

rse " oxae BUEFRIETIMED A BEE PANC-1 4UHINE /1, 5S40
1 - emm—m e -— 4510 BT, i Bax. Caspase-3 mRNA ik, HE7|

Beclin] S—— i s — ) | AT, RRHE 5 S PANC-1 20T,

PRI R p————— B 22 A U R B, AR TR B R v FE ARG,

EATE IR AT AR kA S A RO, B R
ST B AT FE o — P BE ORI L, YR
Akt D D GEED SN G S S (0 PERIANREPE RS T DATS 3 E W, DAERE AR
ffaE tERY, HEERT R AR T 2 /T, FRERE
s v 55 S4B AR T, $9 n4n g 9% U251, LC3. Beclinl
mTOR - S S S S - 2 50 < [0° p62 SEEFE LR A WEAR &, LC3 & H WA

p-Akt S G — e G s— 5.6 10"

p-mTOR ‘S s— e— e G w— 80 |(

(R e —— — NG, HIRGE R ERIE KT A] B R E R A=
A 100 200 300 SC79 JERLTF+SCT9 HEINR2; p62 TE H WA Bt 72 BB 82 LC3,

PR lmol ) JEmIL IR, 53 p62 KT 5 WG 5

E 4 PANC-1 #Hffish LC3. Beclinl. p62. p-Akt. p- 50231, Beclinl /£~ B Wl A 1, ] 1888 E 5o &

mTOR EH#iM IBOE AR, AW, SXTRALE, EAE

Fig. 4 Detection of LC3, Beclinl, p62, p-Akt and p-mTOR K 2H PANC-1 gi b @ W/ MABE M2 . LC3 FH

proteins in PANC-1 cells V£, Beclin] mRNA %1%} LC3-TI/LC3-1. Beclinl

# 6 #%&iH PANC-1 BB+ LC3. Beclinl. p62. p-Akt. p-mTOR ZEEEE ( X +s, n=6)
Table 6 Comparison of LC3, Beclinl, p62, p-Akt and p-mTOR proteins in PANC-1 cells of each group ( xts,n=6)

o _ AN RIEE
A5 bilhs ) - X
LC3-Il/LC3-l  Beclinl/p-actin  p62/B-actin p-Akt/Akt  p-mTOR/mTOR
xof HE — 0.26+0.02 0.69+0.06 1.2340.12 0.80+0.08 0.65+0.06
PR 100 pmol-L 1 0.37+0.03" 0.78+0.07* 1.00+0.09" 0.69+0.06" 0.51+0.04*
200 pmol-L* 0.53+0.05™ 0.92+0.08"%  0.814+0.08"%  0.52+0.05%  0.3340.03"*%
300 pmol-L 1 0.914+0.08"&  1.46+0.14"& 0.4540.04%& 0.3440.03%& 0.1240.01"%&
SC79 5mg-L? 0.1140.01* 0.3040.03" 1.71+0.15 0.9240.07" 0.7940.07*

FRALE +SC79 300 umol L +5mg-L™*  0.50+0.054 0.88£0.072 0.76 £0.072 0.58+0.052 0.36£0.032
XA "P<0.05; S5FEAHE 100 pmol LM HHE: #P<<0.05; S5FEALE 200 pmol L' A HLHL: 4P<<0.05; L FEALE 300 pmol- L' 4 LL#%::
AP<<0.05,

“P <0.05 vs control group; #P < 0.05 vs polydatin 100 pmol-L™! group; 4P < 0.05 vs polydatin 200 umol-L™! group; 2P < 0.05 vs polydatin 300 pmol-L™!

group.
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HiE, PO Akt/mTOR 3 #% AT DA fi 2 Fk i de 240 P 17
721261, N Akt/mTOR 8B ] 75 5 e 4n B 1
H5HWRE, ARG HIEA 5, 54
B, SC79 41 PANC-1 4Hffi+ p-Akt/Akt. p-mTOR/
mTOR &3 5, 40 B S g, H SC79
N Akt BEF, £ AkUmTOR @#8% 5 7 PANC-1
Y E v ST R . SCT9 HANE /v T xR
4, FI Ak/mTOR HEE M EIGHE—P5I KT
PANC-1 4HfE GRS, X5 Fddi T
M PSSR RAEI A . BRA, BFIEEALTY
A4 PANC-1 41 e+ p-Akt/Akt. p-mTOR/mTOR,
HEFIEAIME, HEN R 7S PANC-1 41/ H
Wi 5 8 T2 AL ] G5 #0H] Akt/mTOR 382 K .
T ISR FIRHEN, ARSI SC79 #EAT T RIS
4%, 25 R, SCT9 Jkgs 1 FEALE X PANC-1 il
H W5 T R AR

i FRTA, FRBCE RS PANC-1 41 H S5
T HIHLH] AT B 5306 Akt/mTOR A 5, %7
TR B R T SR AR
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