2026 1A %3285 18 January.2026 Vol.32 No.l e S

SUH AT, B, AN IR , 230 52 13 AL VAR PISK/ A Kl B 035 A Bos o5 5 T HT22 A A LA (AR T A LI AT 5T 1]
H B 2 F41,2026,32(1):21-28.

‘*z%#uﬂ# *PI3K/AktiE B&BL 2 A Bosss
SEHT22 &P AT HI R

MEARR, R B AR, S A
(LERIFESZXFAMESR, AT 5RIE  150040;
EMPRAGHEZZR, A 2N 516007;

3RMTHE ZARER/) MEARXFHRBEEMNER, & &M 516002)

[#F] B &AL o5 i P il i AR TR 1R 5 AR, T T HT22 40 B 69 £ 47 A L ZAUH) o o % AR
10 pumol/L &9 ARy 57 FHT22 48 R FE AR SN R 35 5 B g (AD VBERY , CCK—-8 A 4 R 75 ) i itk S 4 3% 7 B 1)
Big B AR, R B A A A 5 ALK A F41(0.05 mg/mLL) i 45 AL P A F 28.(0.10 mg/mL) 35k P A
& A Z40(0.50 mg/mL) A= 3R % vk F4 &40 4m R 2h 2H TRAL 22 1 hAm N AR,s a7 548 h, ) B X ) &4 ) 2m 8L 19
AB1p SOD MDA % , 38 AIRAHE M X ALK B Z R AARROS &AL ARBE v A B il 35 #5380 FL T 20K -F i 4
B R AR 25 M), qRT-PCRAZ M £X B AR DNAH W 4, & & FUEF itk % (Western blotting )% PI3K . p—PI3K . Akt
p-Akt.Bax.Bcl-2.Caspase-3& & & ik 45 R . 5 aF B AL LA AV HT2220 J0L 75 /1P 2 F %, 20 L I AR, . MDA
A3 A, SODEZ AR, ZAKRE Z Y, RARROSIE o, KRB CALIHE T %, AR @ E MRS
TR, AR IR E AL BT 3L, AR DNAR %15 P<0.05) , 49 1 A p—PI3K/PI3K . p-Ak/Akt & Bcl-2% &
F K,V (P<0.05), Bax . Caspase—3%% & & ik 3 hm (P<0.05) . HAEA 2045, Big 5 W FFE , ARosssih T 49HT22
& N P R3G e aa I AR, MDASZ I, SODE M &, KR B B3, ZAIKROS ARV, LAtk
J A bt KA ARE M A SU K ) AR BOR 0 AR AR S MR BT B L B N B A KA ARDNA R A8
A (P<0.05), 48 B M p—PI3K/PI3K . p—Akt/Akt & Bcl-2%& & % 34 3§ 4 ( P<0.05 ), Bax. Caspase—3%& & & ik &, 1V (P<
0.05) o 25 i 3 FAL G U B BB APos_ps i T 9 HT22 40 L & 54K BAL B A5 Ao 2 LR =, 2 38 2 VR A L)

T 465 8 45 PI3K/AktAZ 5 @554 %

[RAEIA| TR KBBR8 50U s RARR  BAL B8 B 15 PIBK/AKUE 5 i %

[PES>%£%5] R2855 [L#kARiRA] A [LFEHF] 1672-951X(2026)01-0021-08

DOI: 10.13862/j.cn43-1446/r.2026.01.004

Mechanism of Dushu Pill (i $#) in Ameliorating AP, ;—Induced
Mitochondrial Apoptosis in HT22 Cells by Regulating the PI3K/Akt

Pathway
MEI Benyuan', SONG Li?, PIAO Zhongyuan’, LI Li'

(1.School of Basic Medical Sciences, Heilongjiang University of Chinese Medicine, Harbin Heilongjiang 150040,
China; 2.School of Life Science, Huizhou University, Huizhou Guangdong 516007, China; 3.Huizhou Hospital
Affiliated to Guangzhou Medical University/The Third People’s Hospital of Huizhou,

Huizhou Guangdong 516002, China)

[Abstract] Objective: To investigate the protective effect and mechanism of the ancient formula Dushu pill
on ABy_ss—induced HT22 cells through the mitochondrial apoptosis pathway. Methods: An in vitro Alzheimer’s
disease (AD) model was established by inducing HT22 cells with 10 pmol/L. AB,s3s. Cell viability was detected

by the CCK-8 method to screen for the optimal culture time and concentration of Dushu pill. The experiment
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was set up with control group, model group, Dushu pill low—dose group (0.05 mg/mL), Dushu pill medium-dose
group (0.10 mg/mL), Dushu pill high—-dose group (0.50 mg/mL), and donepezil hydrochloride group. After the cells
in each group were pretreated with the corresponding drugs for 1 h, A3 was added for 48 h of induction.
Commercial kits were used to detect intracellular contents of AR, superoxide dismutase (SOD), and malondi-
aldehyde (MDA). Fluorescent probes were used to detect mitochondrial mass, mitochondrial ROS, mitochondrial
membrane potential, and the opening level of the mitochondrial permeability transition pore. Mitochondrial
structure was observed by transmission electron microscopy. Mitochondrial DNA copy number was detected by
qRT-PCR. Protein expression of PI3K, p-PI3K, Akt, p-Akt, Bax, Bel-2, and Caspase—3 was detected by
Western blotting. Results: Compared with the control group, the model group showed significantly decreased
HT22 cell viability, increased intracellular contents of AB,_, and MDA, decreased SOD content, reduced
mitochondrial mass, increased mitochondrial ROS, collapse (decrease) of mitochondrial membrane potential, massive
opening of the mitochondrial permeability transition pore, mitochondrial swelling and cristae breakage, and decreased
mitochondrial DNA copy number (P<0.05). The expression levels of p—PI3K/PI3K, p—Akt/Akt, and Becl-2 protein
in the cells decreased (P<0.05), while the expression of Bax and Caspase—3 protein increased in model group
(P<0.05). Compared with the model group, after intervention with Dushu pill, the viability of ARy ss—induced
HT22 cells significantly increased, intracellular contents of AP, and MDA decreased, SOD activity increased,
mitochondrial mass increased, mitochondrial ROS accumulation decreased, mitochondrial membrane potential
rose, the mitochondrial permeability transition pore closed, and the damaged mitochondrial structure was
improved. In the Dushu pill high—dose group, the mitochondrial DNA copy number increased (P<0.05), the
expression levels of p—PI3K/PI3K, p-Akt/Akt, and Bcl-2 protein in the cells increased (P<0.05), and the
expression of Bax and Caspase-3 protein decreased (P<0.05). Conclusion: Dushu pill can significantly ameliorate
ABysss—induced mitochondrial oxidative stress damage and apoptosis in HT22 cells, and its potential mechanism
may be related to the regulation of the PI3K/Akt signaling pathway.

[Keywords] Alzheimer’s disease; Dushu pill; mitochondria; oxidative stress; apoptosis; PI3K/Akt signaling
pathway
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gen species, mtROS) Kl 3 & (€ E ThermoFisher/A & , it
5 :M36008-1) ; 7§ - (malondialdehyde , MDA ) #6771 &
(f1t5:901318) B E ALY E AL (superoxide dismutase,SOD)
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drial permeability transition pore,mPTP ) il i 7 & (L5 .
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WAL S AG11701 ) 5 BB IR UL AS 3 -3 (phospho—
inositide 3-kinase,PI3K)—%t (L5 :N09JL.2P) . 2 H % i B
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WIEE3 -3 (phosphorylation—phosphatidylinositol 3-kinase,
p-PI3K)—HT (L5 : N25JL.04 ) B R Ak — B F1 I B (phospho—
rylation—protein Kinase B,p-Akt)—i(fit'5:N21MY04) .BCL-24H
KX H M (BCL-2 associated X protein, Bax) — 3T (It 5 :
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specific proteinase 3,Caspase-3)—HL(#t*5:R23315) 344 A AL
HRIEREAE W ARATBRA A 5 Il 2E 4T flgG (HRP) — 4T (2RI FE
AeoR A RHE A PR W)L 4155 : GB23303 )
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B A2 AL 30,5 h . 1.0 hFN12.0 hJe , BRST RE A A1 5
JTATO wmol/LEY AB,ss5175 S, 42210148 h, i B 15245 AL
FETAL BB ] FAR S .
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T o6 FLAR H, 4 A X BRZH BERIZ (TR £ AR R ST 1 4
(1.00 pmol/L) \ER 2 2 Z3WR5524H (5.00 wmol/L) . Eh AR £ 23 Uk
F7341(10.00 wmol/L) EEFR Z A5 WR 57441 (15.00 wmol/L) EL R
ZARWRFT54(20.00 wmol/L) , £5 ¥ i 1 118 £ 43 WR 5% 21 245 49 il
ALFR0.5 b, 1.0 hF12.0 hJF , BRXT B AN A 10 wmol/LI
ABos KL T8 h, LSRR 2 A3 WRFF Foc Pl FEART ) SR
224 JRESLEATH RIS RN IR BRI AL
RFIEE2H (0.05 mg/mL) A ALH I E2H (0.10 mg/mlL) (2 F3
FLi R4 (0.50 mg/mlL) (AR R 2 25 IR 3520 (10.00 pmol/L)
AT HRZE AT , 44 4 AN 25 AL BB LW I AA Bos.1s5 5, FITA AL
PRZH ) AU E S FRAR T AR S 1748 h, A T SeAH DG
23 WEIEAF
2.3.1  CCK-8LAiM AN MINEG 77 BOW B0 A= 4 01 i) 4 A il e
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MR ,37 C.5%COSH TR T R %, FrAn MG BE IS, 7 %
FRIEE FE .27 R R T A A T, AR ES R
AL, B A 3R IR A U SR SR AL IA100 Wl
10% CCK-SIRMRIMERFRIL, T37 CIEFRAG T HNIFE 1 h,
BT 450 nmIf A0 2 Y% B (optical density, OD ),
THA AR
232 HT2240MIEAS2=2E4k 4 MR T oLk i 9%,
FRAMAEIGRE 5 42,24  THEA T 4340, BRvT IRZL A1, 45 4L 40 i
ZHMITAL B WE A AR 55 T, AREERE 248 h, 7R MBS
WAL AL
233 I AR, MDA SODA TR K 40 B 42 Fp 1455
FRMARG SR, 0 “2.2.47 T 4 4L 45 25 Ah FHAT A, A0 45 400 i K 4
L T, e R S U B A3 A T4 R 8 A SRS Wi
R bR IR B 4RI AR, MDA .SOD % .
2.3.4 AR E mROS SRRIRA A7 . mPTPREI K40
MR F24fLMR P, 322247 0 R ik R 2 Ab B )S , FF
JRRE SR PRSTEVR2IK , Bl B 4 T i TR M % o, B S5 7™
BRI 0 o U B AR AT e (0 I S HRAE , A I e (A
S mtROS ZRAA B LA, mPTP, A 81 8 26 6 BB
ZEIHIR Image AT E /T
2.3.5 BSTEGMIGRE A K AR T efL AR
W RRANMINS BE S, 4> A48 2 T 10U , F R 7R 3, FH Al
ALJE A .08, 1000 r/min, &5044£10.8 em, B
5 minJ& 3 T A H 8 ] Y S IR A2 30 min, BB 5
AL i A BRER
23.6 qRT-PCREHMZKIADNA (mitochondrial DNA,mtDNA )
PEOVEC B R T ofLAR T, A4 45 2 T TR I SE A i
FHTA PBSFT AN, 1 200 r/min, B02£4210.8 em, B
210 min, B FHDNASRBG S HRHEUAIDNA , 4066 TS
IDNAMREE , 55 BoRI AR S, 32 10F5 0 BE, A 38 52 1o {4
£, IBHRT-qPCREEFATY 1Y, SCH S5 R 2220 H B BOkL Y
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Rz 1 qRT-PCR SIS

A 4(5°-3") TR R BRI

GAPDH #5166 CCT TCC GTG TTC CTA C 23
THESIH:GAG TIG CTG TIG AAG TCG CA

NDI #519):CTC T6A AGG GTG GAA TAA GCA G 21

TSI ATG GIT GAT TAG CAG TIC CIG G

237 HAFENLE(Western blotting, WB)RKHMAXEFH 1L
L2 AL IS A UM, N A S B LR T 0K 24 10 min, 2
L24210.8 em, 12 000 rpm/min, B5.05 min/5 I8 L7, BCA
DT R IV 1 o B AT AR L UK RS (A L4 C
% B — ¥ B —actin .PI3K . Akt .p —PI3K .p —Akt.Bax.Bel 2.
Caspase—3(1:1000) i 7 , TBSTYR 3K, IMA ZHL EIRIGE
1 h, TBSTIRE3WK, A MECLA Y GRE THO G, Fl FHImage J
PR LS AT IR BEAE 50T o
24 %itFEIrse RASPSS 26.08 AT S0 o 3T
PR G IR B 2555, DA BBt 227 (ats ) PR,
Z A LR R R T 22317 (One-Way ANOVA), T 7
H AR FHLSD -6 50, P<0.05 0 25 58 it #3 XLo
3 & e
3.1 miEN
3.1 BRI AURTHT2240A55G Sz 5% A g, 32
AU BIAPEHT2241 M8 12 h .24 h.48 h, ¥IX AN E R A
B 230 HIEFH (P<0.05) ; R4S L1 ~3 41 AL FRHT22 401 {148 h, fE
B ) 32 T A0 HAF T R (P<0.01) , UG 250 o e 48 il ks
SRR (W22)

x2 AEKREIEBAI HT22 ARAEERILE (xx5)

F3 ANEREEBIIT ARy FF HT22 HRFEEEILE

(x+s)
Espil n 0.5h 1.0h 20h
Xof HE2H 3 100.00£0.00  100.00+0.00  100.00+0.00
FEEHIZH 3 71.52#2.63*  70.21+3.18  71.10+4.33
AL 3 80.38£6.29"  81.12+2.65°  79.95+9.67
A2 3 86.96£6.28  85.55:£2.98  86.55+10.18"
BAA3A 3 86.23%3.55°  89.92+3.47°  86.67+8.58"
F 13.532 44.401 3.996
P 0.000 0.000 0.023

E G AR AL AR ,2P<0.01; 5 B A 40 L 4R, P P<0.05,P<
0.01.
3.1.3  ERIR £ R ST ABys.ss 15 T HT22 40 1% F1 11 52
50 R R AL ZH A AE 15 563 R [ (P<0.01 ) 5 SR 20
b A, AN IRk BE 3 iR 22 245 WR 5 WAL BEHT2241#120.5 h 1.0 b
2.0 W/, A% 10 pmol/LAYEER 2 73R ST HAL BHAHMI1.0 h 2.0 h
AT PEAT 2RI B (P<0.0588 P<0.01) o 245 & RS2 1,
JREETIITER 0 pmol/LIY FR R 2 25 WRSF AL BHHT224011.0 h
YERPa 25T BEAE . (WL 564)

T4 FRAKRERBSERFTIT ARy FS HI22 4

2151 n 12h 24 h 48 h
POkl 3 100.00£0.00  100.00+0.00 100.00+0.00
TERILI4 3 89.31+7.53 94.48+7.88  112.99+6.92"
BEHi4l 3 85.95+3.47 96.89+1.85  120.89+3.80"
FEBI3E 3 84.84x4.65° 97.37+9.76 126.87+5.11"
EBI4E 3 85.11+9.92° 85.77+6.97  93.4424.27
BERISY 3 44.62+8.88 39.36+5.04" 26.29+4.12"

F 16.891 25.323 196.075

P 0.000 0.000 0.000

& 5Bk, P<0.05,"P<0.01.

3.1.2  ERPFITARs B FHT2240HIE F1 e S XF R4
g R HT22 A0 A E TR SR A B R 1%, 2R A S5 2
S(P<0.01); B AL1~3A B4 0.5 h 1.0 h3 B I 52 5
HT22 40 A7 75 2 (P<0.0585 P<0.01) 5 B2 AL2~3 4 THiAb #2.0 h
2 15 A0 A7 15 % (P<0.05 ) o 3% #£0.05 mg/mL.0.10 mg/mL.
0.50 mg/mLAE R AT AR s R A BAR A WA TR
2250y (3R3)

popiistE] FRTIZH {555 UB K (1557112

B 1 HT22 @EFEEFTHL

24

FEEEERE  (xxs)
ikl n 0.5h 1.0h 20h

Xt IR 3 100.00£0.00 100.00+0.00  100.00 £ 0.00
AL 3 6721+348 70.17+446" 73.57 +6.05°
WREBIRSTIA 3 71632645 7475+£537  7527+5.62
ML EIRF2H 3 6645£692 7564+568  T454+4.56
HMRERRF3M 3 69.81+685 84841440 8434 +3.69"
HMRERIRFAA 3 5495+423" 7329406  70.67 692
L AEIRFTSAH 3 4959 £5.15  66.75+£2.15  63.75+£5.28

F 28.139 6.466 10.965

P 0.000 0.002 0.000

x5 ot B AL 4R ,P<0.01; 5 B A 40 b2, P P<0.05,°P<
0.01.

3.2 HT22#mfe A5 B4 X IRALHT2240 e 25 2 i B T
HREAR b, Z5AE SR B A A TE B A L A IR
I R AT AR 2R 5 55 5% R LU, A A 200 UL B A A L, %
LR E I N v i s IR 0 N A e 1 1 S ol
GRS A, A LA R PR 2 A3 R ST AL AN Z BB S A
BB G , AR A £, S5 s A, DR B AL E gl A
ihRRZ AR S A e A A o (LI D)

33 @ NAB, L, MDA.SODK-F  5%FHEL Hhds , A4 41
P AR, o MDA 75 5 B 5 3411 ( P<0.01 ), SOD 75 £ B i B 1%
(P<0.01) o SR A, A5 AU AL A B B EE R IR ( P<
0.05); EE AL E A2 AR L MDA 255 BH B FE MK ( P<0.05

B LRl
(x400)

JEe DI 11 =< R

[FEZNS
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RN (P<0.05) ; $hHR 2 A5 R 5F 41
TR (P<

% P<0.01),S0D %
AB_p MDA 58 W] g FE K (P<0.01),SOD %
0.05).(W#s5)

RS EHII ARy FS HT22 HA AR, MDA.SOD

IR (xss)

41 n AR s MDA SOD
iR 3 19941+£757  138+0.86 11.74+0.99
it 3 23752+446" 879+185  7.54+1.09°
ERAUEHIEA 3 22551£532° 737+149  932x091
B AL Jﬁé 3 21348+694 6.18+0.88" 994117
FRIEAEA 3 21401£7660 582+0.78 10421125
%ﬁmzz%ﬂﬁ?ﬁzﬂ 3020222+5700 532+1.16° 1040+ 1.55

F 15.067 12.345 4224
P 0.000 0.000 0.019
& b AR P0.01; S5 AR LA, P<0.05,°P<0.01

34 ZKEKREET LZEMARROSAKT HEiLLSETOMM20KRIC

DAPI

TOMM20

o-tubulin

X B4 PRI

AR
B2 EEAIT ARy, B HT22 éﬂm’a%ﬂuﬁx BN

LRR , 41 B a—tubulinbRIE 40 42, LLTOMM20/a—tubulin
B EL R AR B A A B it o 5 S S R, S A b, AR 4]
/A B A REAR , SR A0 B R (P<0.01) . 54
R, A ALG P R R S R R £ AR ST A Gt/ B
U ABSE N, 2ok A0 B B 34 ( P<0.0581 P<0.01) , RABEFS AL
I—JJIUEQEH“j?Hﬂ'jZ«

5% R 2 g, ARR 2 ROSHE G JE A . T (P<0.01),
FRARERR AN ROS RERIG I ; SR L, A e a il
o 21 RN R 22 4% R 55 21 29 i 5 347 B 2 B 1K ( P<0.05 3% P<
0.01), LA 45 3 30 A e oy B 2, 3R 7R 332 43 LT L 2>
ABos.s i FRIHT224 L R AR ROS AN, (ILEI2~3 . 366)

3.5 ZERBEEAL(JC-14R4T)  SXREAL b, BRI 4 41 A
LT/ TN L AEREAIG , SR AR FR 67 B 8 R [ (P<0.01) 5 545
LU RR N e o R G AN NN e NS e FANE ST

NG Fb A I, 2k RIS e A8 B 2 B T (P<0.058% P<0.01) o (1L
K4 .%6)

BE TJ?‘L‘:P

AL IR AR

(ﬁf’)u'c ><100)

Xof HE 2 RSItEE] AU Y

B3 EBHI ARy B HT22 2HH’@%M:I: ROS K%

BERAUG
B4 JEBAX ARy iBES HT22 AL RS B 022

JC-1 red

JC-1 green

XHRZH HRAILH

PR llﬂﬂ B AL R AR

(fRERt, ><100)

AR

2

PR
(FRE AR, x100)

AL F'f'ﬂ

5
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3.6 ZKEAREEEIEBIL(mPTP) 54 MR H kL, iR
TR B B AR P<0.01) , BE/R G A Bosos 5 TR AN AR A {4
IR 75 P A P LA B TP s AT b, B U R L R
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