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Abstract: Objective  To investigate the effects of

[F&TH ] EEAKRER LT H (82174003) 5 T2 = isoginkgetin (IS0) on AlCl,-induced zebrafish behavioral
HEhA I H (2022310031002310) disorders and A, ,,-induced PC12 cell injury, through the
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kinase 3B (GSK3B) and cyclin-dependent kinase 5 (CDK5). @Zebrafish at 3 days post-fertilization (3 dpf) were used as the subjects of the
study and divided into the following groups: control (Ctrl) , model (AICL,) , ISO low, medium and high doses (2, 8, 16 wg/mL) , and
donepezil (DPZ) groups (n=30). The zebrafish were exposed to the treatment for 24 hours, and behavioral responses to light/dark stimulation
were monitored using a behavioral tracking system. (3)Real-time quantitative reverse transcription polymerase chain reaction (RT-qPCR) was
used to measure mRNA levels of BACEI, PSI, PS2, CDKS5, and GSK3B in zebrafish. @ PC12 cells were treated with 10 pwmol/L AB, ,, to
induce a injury model. Cells were treated with 2.5 pmol/L ISO for 24 hours. The groups were: Curl, Cul+ISO, AB, ,,, and AB, ,,+ISO
groups. RT-qPCR and Western blot were used to measure the mRNA and protein levels of BACEI, PSI1, PS2, CDK5, GSK3B, and to assess
the protein levels of p-Tau (396). B The effects of ISO and LiCl, either alone or in combination, on the protein expression of GSK3@ and
p-Tau (396) in A, ,-induced PC12 cells were assessed, using 10 pmol/L lithium chloride (LiCl) as a control. Results (DISO had
relatively low binding energies with all target factors. @ISO (low, medium, and high doses) and DPZ significantly increased the movement
speed of zebrafish in the AICL, group. @ RT-qPCR results showed that ISO significantly reduced the mRNA levels of BACEI, PSI, PS2,
CDKS5, and GSK3B (P<0.05). @In PC12 cells, compared to the AB, ,, group, 2.5 wmol/L ISO significantly reduced the protein and mRNA
levels of BACEL, PS1, PS2, CDKS, and GSK3B (P<0.05), and decreased the level of p-Tau (396) (P<0.05). & Western blot results
showed that ISO and LiCl, whether administered alone or in combination, significantly inhibited the protein levels of GSK3[ and p-Tau (P<
0.05) , with no significant differences observed among the treatment groups (P>0.05). Conclusion ISO exerts neuroprotective effects by
inhibiting the levels of AB cleaving enzymes and Tau phosphokinases.
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materia medica research

BT R 9% 16 R R (Alzheimer’s disease, AD) Y &
7 JEL I ELUE A & IRNA YT, ™ H 5 I £ 11 2B
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.12 g REE L BRVE S 4 fJfE 40 f PC12, 1l
B B 2E R B AR IR L

1.1.3 4 53R A 18O (L5 : POONSF47765) , I
TR YRR R AT . BIEMHEE I 1-42 H B
(AB,,,) (It 5 : 04407525) . Z Z3 WK 5% (Donepexzil , it
5. CCHM700646 ) Fl cDNA 3% % 5635 & (it 5
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FF 3 TRIzol 357 (L5 B511311) \ 2x 52} & 4 PCR
P ) TR A 1A W (SYBR MasterMix, it 5 .
B532955) , H 7% Takara 24 Al ; 75 K & & 4L 81 (ALCI, -
6H,0, 4It5 : 102301046) , B 5t Al 221350 e dn A FR 2
A WA O 3B (GSK3B, #9591 s¢-377213) \Tau
PR (585 2 se-32274) .p-Tau(Ser 396) HLiA (52
5 18e-32275) K 1(PS1, 595 1 5¢-365495 ) Filhk |
B EK 2(PS2,5¢-393758) P A | 41 it J&] 31 25 11 1 st
PERE 5 (CDK5, 525+ sc-6247) L4k, 3% [E Santa Cruz
AR ] B 4TI EE 1 (BACET, £845 . PSH05-19)
oA O AL A B R A BRA W) 5 i A 1l (FBS,
H5 :SV30087.02) , DMEM 35 75 3L (b5 : SH30022.0
1B), 3 [E HyClone A Fl .
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48) B Z EMRHE A BRA s Z e R bs A (A5
Synergy?2) , & [H BioTek 2 Fl 5 4 [ 8l ke AL AN (7Y
*Z :Tanon-4200SF) , [ REERMHE A FRA R ;4 H 3l
W RE | PCR R 48 (51 05815916001L) , Hii +-
Roche 7 &) ; Western blot HL Jk %% R AL ( % = .
PowerPacTMHC) , Z& [E Bio-Rad A7) o

12 L& 5k FZh)E 3 d(3 dpf) B BE
LB 53 30 B2 T 6 FLp X REZH 5 0.19% 1) — FH A
AR (DMSO) , 25 wmol/L Y AICL, MU 4, i 5 24
hJi, 75 THPEMR K N 2 .8 fll 16 pg/mL 1) 1SO 1,
Ak SR 24 h, IFLL S wmol/L DPZ FIAE FHE 25 %5 IR
IV 512 56 2H A Uk A« 1F H 6 BR 4] (Cel) 55 7Y 2
(AICL) A% H s 254 (2,816 pg /mL 1SO)
K5 pmol/L FAMEZY Z 23R FF4H (DPZ) .
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1% BT I DMEM {55 #] 45 4% 5% 3% 3 F 37 “CAN

5%CO, A 75 . O FAEKIIR PC12 41 i
PLx10° ANmL 8 A T 6 FLAR H , & 1L 19 AB L,
(10 pmol/L) #| # 24 h, F- A 2.5 wmol/L 1SO K% 33
24 h, SEHGALAR I N X IR (Ciel) X BRI 25 40
(Cul+1SO) LY (AB,,,) MR 25 40 (AR, .+
1SO) . @V LiCl A BH M2, 53 & X) JR (Curl ) 41 % 18
25 (Cwl+1S0) 4 | 155 AU (AB,.,,) 2H J #5 AL Jin 24
(AB,.,+ISO) ZH LAY BH A 25 (AR, +LiCl) 2 A%
AN I pHYEZS (AR, ,+1SO+LiCD4H .

1.4 4 F x# PubChem (https://pubchem. ncbi.
nlm.nih.gov/) B 5 T 2 1SO 1 SDF k& 24546 S,
I, H OpenBabelGUI 3.1.1 #K 4 % 6 & MOL2 #% X, .
M\ PDB (https: //www.rcsb. org/) 5 4 JE T #% BACE1
(PDB: 4XXS) . BACE2 (PDB: 6JSZ) . PS1 (PDB:
2KR6) . PS2 (PDB: 7Y5X) . CDK5 (PDB: 7VDP) #
GSK3B(PDB: 1109) 544 , )i H] PyMOL2.6.0 # A4 Aii
AT, BRI E . i MOE2019 #E47 437
X% o >k Fl PyMOL Fl Discovery Studio 2019 % X}
ST AT LA
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B ST . JFIER A SR, -80 °C
TAEE

1.6 5B i# 4 & PCR(RT-qPCR)  XF T 5 & o 5§
PC12 418345 B8 TRIzol 357 156 A 45 30647 5256, B
FH TRIzol 2 71 48 MU B 5 0 5 41 Al & RNA, #% 1]
Takara 195 5% S 30 70 G /E 7 1k SERC I 10 pL %
RNA .gDNA Eraser 551K 5 I 28 42 ‘C/KIA 2 min 5
UK 15 min DL ZBRIE I ZH DNA, F5- LA S0 ik 2
REFCHI 20 WL i SRR & |, 25 37 “C/K I 15 min 85 °C
TIN5 s J5 VKV 15 min, FF RNA 33555 58 i cDNA, If:
PL95 °C .30 s WAEPE 5 B 1L 95 “C .5 5,60 C .30 ~
34 s, W EIEIECH 40, 347 PCR LN . DL B-lsh ik
FIBE ] (B-actin) NS, 347 B S0 PCR A, 2%
IR 3ANEAL, L2 YE R 45 H SR AR X 2
ikt BES AL Y)T A A T A TR () AR
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3 5195 ﬁﬁi‘
BACE1  L¥f:5'-GTGCATGATGAGTTCCGCAC-3' 20
U7 :5'-CATGAAGAGCGCACAGATGC-3' 20
PS1 -¥%:5'-GGCTCATCCTCGCTGCTATT-3 19
N :5'-AGCCACACCATCGTAGAGGA-3' 20
PS2 3 :5'-GCTCACACTCAAATACGGCG-3 20
FH#:5'-ATGGGGTATAGATGAGCCGC-3' 20
CDK5 37 :5’-TCCACCGTGACCTTAAACCAC-3' 21
Tl :5-CAACGTCACCACCTCAGCAG-3' 20
GSK3B  Li:5'-CCATCCATGGACTAAGGTGTTTCG-3" 24
I :5'-CCGCAGTTCATCGAAGAAGGA-3' 21
B-actin  Fi#:5'-CTCAGGATGCGGAAACTGGC-3' 20
FF:5'-CATGGACGCCCATTGTGAGG-3' 20

H: BACE1 N B4yl 1 JLX , PS1 R 2 1 JE N, PS2 g il 2%
2L, CDK5 J 240 i JE 301 26 11 0 5 IR, GSK3B A Hi B i i il
3B, B-actin K B-WIBhEE A,

K2 PCl12wmpe3| 4h 55

S 5143 Frgf
BACE1 Fi:5-AAGTTTGCCATCTCACAGTCATCC-3’ 24
Fi%:5"-CCGTCCTGAACTCATCGTGC-3' 20
PS1 i :5"-ATACCTGCACCTTTGTCCTACT-3" 22
N :5-GCTCAGGGTTGTCAAGTCTCT-3" 21
PS2 i :5'-TGCGCTCATGGCCCTAGTGTTCA-3' 23

U :5'-TGGGCTCATTTCTCTCCTGGGCAGTT-3" 26
CDK5 L3 :5'-CGCCGCGATGCAGAAATACGAGAA-3' 25

T :5-TGGCCCCAAAGAGGACATC-3' 20
GSK3B LJi#:5'-CGCTCCCTGTGATTTATG-3 18
N5 -TTAGTCCAAGGATGTGCC-3' 18
B-actin  Li7:5'-AGCCATGTACGTAGCCATCC-3' 20
T :5'-TATCAGCTGTGGTGGTGAAG-3' 20

TE:BACET N B-/r MG 1 3[R, PS1 R RAEF 1 W, PS2 LR
2 B[, CDK5 g 40 e JA $03 6 1B 5 BE 1A, GSK3B W s & L i
3B, B-actinK B-WLBhEE A,
1.7  Western blot #]  $4z JE“1.37 1 2 ffg 55 %
G320 AR 20 M T LACSR e 5 T DE 19 (RIPA ) 24 fi
M, M H R (BCA) 2 e, DLAEFL 1 Ff
40 g, 10% 1 e HE A 1R 5 3R DY 045 Tk g 6 Je H, Tk
(SDS-PAGE) 73 B M M, I ¥ B RIE IR 24T 4 R
(NC)BE |, 5% BEAR Wi By h 2 R EF ] 1 he 4 CREIR
T LA 1:1 000 LA 53 519 B GSK3B . Tau . p-Tau (Ser
396) \PS1.PS2.CDK5 . BACE1 —Hiid 7, 5 2 K LA &
Y -20 1) Tris-HCLIE W (TBST) YEAR 3 K5 | = I 0PE

H H(1:5000)1 h, TBSTPEE —Hi. T AL
B , F Tmage] 3014 5 Ak 257 (45 B, D H i -3
W2 I S8 (GADPH ) A NS 414087

1.8 it ¥ 7%k W Graphpad 8.0 Fk 4 E4 T80
AR B B F R N ws , 241 IA] HLEER A AR Ry 22
AT ERXUH 2 20007, P P<0.05 N 22 558 Gi 1T
2 #R

2.1 ISO 5 BACE1.BACE2.PS1.PS2.CDK5.GSK3B
FanTAARFHELRS NERRISOSEN
JOTHE A 2 8] B AH EAE T fd ] MOE 2019 3/ F #8147
O FX . NS AR/ T 5.0 keal/mol B3
W2/ 5 E A A REFHEEE0EME,1S0 5
BACE1.BACE2,PS1,PS2,CDK5 1 GSK38 & H 4>
SFERE A3 9 }-8.138 6.-7.316 7.-6.576 3.-6.298 8.,
~6.332 4.-7.910 8 keal/mol , 72 W IT A5 T #8 o5 1y 3
P RGPS5 G061 . 190 5 e S R 8 B
LAWY, A S0 T H i DA
WAERSEZ R a6 a5 R 1 R .

2.2 IS0 % & AICL % 5 ¢4 52 1 & *F BF B 30 4% ) ik
BB SR A D A8 B R (& 2A)
KA (K 2B) R, 5 Cual ZHAH L, ALCL 2H B
i AE RIS A5 1z 2l B 0 5 AR, Ko Rt
T % %) S W RE T R B o 1T 2.8, 16 pg/mL 1SO J&
DPZ 2 5 By 1 (947 A 3 BT el | DA Wk B2 IS0 &4
S R 3 (P<0.05) .

2.3 IS0 i# 4+ AICL, i S 4952 L & F BACEI . PSI .
PS2 ,CDKS #= GSK38 mRNA 7K+  RT-qPCR 454 i
7, AR ZH BE I ff 1Y BACEL ., PS1. PS2. CDKS Fil
GSK38 mRNA 7K V-0 i Ft & , 7€ DPZ 8¢ 1SO 2 YA
J7 41 AICL 5 I BE D fa v 3R 7 19 mRNA 7K
WAL, ILIE 3.

2.4 ISO #p#) AB,,, % F 89 PC12 28 27 BACE1,PS1
Fo PS2 69 % & A2 mRNA 7K P RT-qPCR 52 5 46 )
ISO X AB 75 314 PC12 4il Jifd H APP 24 fiff: it 119 5% M
AB ZH 40 Mo s BACET . PS1 F1 PS2 () mRNA Jh & , i
1SO 254141 BACEI . PS1 i1 PS2 mRNA & % F %, 5
B g g R — 5, WKl 4.

2.5 ISO##) AR, #5589 PC12 2 it ¥ Tau 8955 82 33
B bR BB AR, AT PC12 400 Fh GSK3B
FCDKS5 17K Fr i, 10 1SO 254 20 GSK3B il
CDK5 My7K-F-BEAR, HAME] T 2400 p-Tau(396) & 17K
X SRS IS R WAl 5.
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A SRR E 1S0- Bé}wﬁe 1(BACE1),B } I1SO-B /& 1 2(BACE2) ,C A 1SO-FEZ 1(PS1),D A ISO-FEZE 2(PS2) , E A 1SO-41 iy
JEIBEE BRIV 5(CDKS) , F 2Ry 1SO-WE 4 iU 3B (GSK3B) -

El1 1SO5 BACE1.BACE2.PS1.PS2.CDK5.GSK3B #)4~F *F AL A |
A B
80 . owi - 2 ug/mLISO - 16 pg/mL ISO 51 N ) )
. AICl; - 8ugmLISO * DPZ P g i B
T
> 45 i*m }M l i A4- L i o T 0 Cul
£ e Wi Btk M g MHY s EE 2 2 o
i, Hl{ ]} 1” : U { i e i | Sug/mLISO
ptiy g { = 06 ug/mi. 50
;\ﬁ}éj 30_1 4111, ; " 1] Ig immﬂ 1@12 D
Lo W ] ® |
1.5 T T T T T 1 0
0 10 20 30 40 50 60 100 20 30 40 50 60
t/min

t/min

A N B 0 B2 2B, B ASETHIRL . Cul 278 FA IR ISO S AR A 2R, ALCL MRS, DPZ A 225 R5% . 5 Cul 4 LUK,

#4P<0.01 ;-5 AICL 4 FLER , #P<0.05 , ##P<0.013n=30, Fts,

&2

2.6 ISO @it #p4) AB, ., ¥ 549 PC12 28 it ' GSK3B
&P B AR Tau 89 3 B B BR AL O T 5T 180 X
GSK3B Fll Tau AW HI4E F , 5255 LA LiCl by BHAE X R
Ah P PCI2 4 fE . LiCl A 2l T AR, 55 1Y
GSK3B 19335 I I IR AL Tau 8 A 3RIK K-

1M 18O A1 LiC1 B FH 2H 5 1S0 5 LiCl b 25 245 EA #H
LR , S REAM ] GSK3B Fl p-Tau 5 [ F 7K, WL
El 6, 3 H 0 # I AN REAS B3G5 B 7E 3R
1SO 5 LiCl3d i< A1 [R] (g AL il , R 400 i) GSK3B B

1SO *t AICL, % 549 52 I % 35 5h J5 & FwiZ 3h i /% 09 % vl

K p-Tau AY 3k .
3 g

AD KL 5 2%, & 5w HEA NG TT
i) £ 32 TR 1290 LA AR UTRLURI Tau 25 11 R 1L
R SCEEERE , R DL AB A Tau Ry #1855 A A& 14T
TS —E 5T AD Wy AHARSC 25 W ATh Ak T 5%
WrBe™ . HZ AR, T2 AR 200 A 2000 B 1
FREF LEBT AD 25 W o8 Sl HL i 5
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T BACET g B-/r AT 1 KX, PST g 38 21 BLR, PS2 2 2% 2 JE IR, CDKS Sy 200 1 J5) 401 26 11 08l 5 2 ), GSK3B g o S 45 i i it 3B .

Crl 225 FIXF L 1SO S SR AV 22, AICL S S840 ER , DPZ ) 2730k 5F .

5 Cul 41 LR, #P<0.05, #%P<0.01; 5 AICL 41 L3, #P<0.05, ##P<0.01;n=

3,x%s0
3 1SO 5+ AICL# 58 % & BACEI PSI .PS2 .CDKS #= GSK38 mRNA # % v
A o B - C ' sk #
\XC’O » X\% 20
S & R ¢ 5 £8’
c !5 Se
BACEI 70 kDa § Sg2
S E 0 73
PS1 35 kDa éiﬂ £z,
PS2 35 kDa 00
GADPH 35 kDa
D 4 E 25 F 3 *k # GZ_S *% #
3 2 _ g 20 o
£8 sE <52 <&

e
b3

Ctrl Ctri+ISO Ay, A i +1SO

Ctrl  CHISO ARy A B +1SO

e
b3
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