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Investigating Mechanism of Dazao( Ziziphi Jujubae Fructus) in Attenuating Fuzi
(Aconiti Lateralis Radix) - Induced Neurotoxicity : A Combined
Approach of Network Pharmacology and Animal Experiments

CHEN Lihua, WANG Ping, XIE Shuhong, WU Lu
(Jiangxi University of Chinese Medicine ,Nanchang 330004, Jiangxi, China)

Abstract ; Objective To investigate the mechanism of Dazao( Ziziphi Jujubae Fructus) in reducing Fuzi( Aconiti Lateralis Ra-
dix) — induced neurotoxicity based on network pharmacology and animal experiments. Methods The toxic components of Fuzi

(‘Aconiti Lateralis Radix) and active constituents of Dazao ( Ziziphi Jujubae Fructus) were screened through literature retrieval
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and database searches. Potential targets of toxic components were predicted using Swiss Target Prediction and PharmMapper data-
bases, followed by construction of a comprehensive target library. A disease target library was established by retrieving “nerve
toxicity” and “toxic encephalopathy” — related genes from biomedical databases. The intersection targets between component —
related and disease — related targets were subsequently subjected to protein — protein interaction( PPI) network analysis and Kyoto
encyclopedia of genes and genomes( KEGG) pathway enrichment. Comparative analysis of the identified detoxification pathways
[ from Dazao( Ziziphi Jujubae Fructus) ] and neurotoxicity pathways[ from Fuzi( Aconiti Lateralis Radix) ] was performed to pre-
dict the underlying detoxification mechanisms. Using SD rats as the animal model ,a quantitative real — time polymerase chain re-
action( qRT — PCR) was employed to investigate the effects of Fuzi( Aconiti Lateralis Radix) and Dazao ( Ziziphi Jujubae Fruc-
tus) combination therapy on mRNA expression levels of phosphatidylinositol 3 — kinase ( PI3K) , protein kinase B( AKT) and hy-
poxia inducible factor — la( HIF — 1) in the brain tissues of the rats. Results Through network pharmacology analysis, it identi-
fied 21 potential toxic components and 1169 potential toxic targets in Fuzi( Aconiti Lateralis Radix) ,including 570 neurotoxic tar-
gets. There were 29 active components in Dazao( Ziziphi Jujubae Fructus) with 680 corresponding targets. Venn analysis identi-
fied 76 overlapping targets as the potential detoxification targets through which Dazao( Ziziphi Jujubae Fructus) counteracted Fuzi
(‘Aconiti Lateralis Radix) — induced neurotoxicity. PPI network pharmacology identified quercetin, saponins and specific alka-
loids as the primary mediators of Dazao ( Ziziphi Jujubae Fructus) detoxification effects against Fuzi ( Aconiti Lateralis Radix)
neurotoxicity. The KEGG pathway analysis identified enrichment in 171 pathways, primarily involving signaling pathways such as
the PI3K — AKT signaling pathway and HIF — 1 signaling pathway. In vivo studies revealed that Fuzi( Aconiti Lateralis Radix)
disrupted redox homeostasis in the rat brain, promoting oxidative stress,whereas co — administration with Dazao ( Ziziphi Jujubae
Fructus) effectively counteracted these pro — oxidative effects,q RT — PCR experiment results demonstrated that, compared with
those of the control group,the mRNA levels of PI3K, AKT and HIF — 1« in the cerebral cortex and hippocampal tissues of the rats
in the Fuzi( Aconiti Lateralis Radix) group were significantly increased. Compared with those in the Fuzi( Aconiti Lateralis Ra-
dix) group,the mRNA expression levels of PI3K,AKT and HIF - l« in the cerebral cortex and hippocampus of rats in the Fuzi
(Aconiti Lateralis Radix) — Dazao ( Ziziphi Jujubae Fructus) combination group were significantly decreased. Conclusion The
neuroprotective effect of Dazao( Ziziphi Jujubae Fructus) against Fuzi( Aconiti Lateralis Radix) — induced neurotoxicity is media-
ted through modulation of the PI3K/AKT/HIF — 1 signaling pathway, thereby alleviating Fuzi ( Aconiti Lateralis Radix) - trig-
gered oxidative stress damage in rat brain tissues. These findings provide a novel perspective for network pharmacology research
on toxic traditional Chinese herbs and offer new insights into the mechanism of toxicity reduction through herbal compatibility.
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MDA ) 375 & (R st RRHE A R A B35 A300 -1 - 1) 5 8
AP AL (Superoxide dismutase,SOD) 12077 & ( F AU MR
HA MR S :A00T -3 -2) 3 & RNA $2HU0 & (JLm &R
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REEAY AR T MF49 - 01) 5 LI 90 5E it 2R 5 il i
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2 FiE
2.1 MEFE M W E
2,11 W Absa A de s ey kB LI IObR b 254
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2438 T H ( Bioinformatics analysis tool for molecular mechanism
of traditional Chinese medicine, BATMAN ) Fl17s 31 2H % ( HERB)
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Z R A UniProt $4J5 7 , % 25 [ 5T 42 Bk A 4t 5 HEA T 4 4645 5]
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RALIE M 3, DL 1 ik A2 9 A BE (Oral bioavailability,
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A RER K AT A0 AR 10% 1 2T 30 W, 2 R 0, Wi 4
FIEWP AR T - 20 CYKFE TR Seaitnill . — w7
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B cDNA,JE1T PCR 1. I8 0L 1o DUl -3 -
T it & it ( Glyceraldehyde — 3 — phosphate dehydrogenase , GAP-
DH) A2 R, SR FH 27 e 1 H R PR A R SRk i

x1 519751
519 J¥51(5° -37)
PI3K F:AATCATAGCCACAGATCCACT
R:CTGTCCCCACTTTACTGAGC
AKT F:CCACAGGTCGCTACTATGCC

R:ACAGCCCGAAGTCCGTTATC

HIF -1« F:ACCTTCATCGGAAACTCCAAAG
R:ACTGTTAGGCTCAGGTGAACT
GAPDH F:TGTGTCCGTCGTGGATCTGA

R:TTGCTGTTGAAGTCGCAGGAG

2.4 GitE %

SR SPSS 19. 0 F i AT Bdm ge it , 2H 1E) 348K L Bk Al A
&K J5 255341 (One — way ANOVA ) , 2 [ 4501 A R L8R
B/NBEZR(ISD) B, J7 2278 55 B ] Tamhane 65, AP <
0.05 FrEFEAGIFE L,

3 #£R
3.1 MFwEERNNEEEFEIN
3.1.1 WFEZ2HEMRH»KEFTFiL WL TPMSP,BAT-
MAN HERB V& 8 % K UM R R —SL45 3] 176 [ 115
PR BT A CTD B RS T & R R, T $AH
N EEFRAEAE T o VBB 2 A R SRR I 04 B 2 M o3
BUBRAEREPE AT AL 22 4, L3R 2,

2 T AR

4 F ID(8E CAS) T4 OB/ (% ) DL
MOL001040 Aconitine 56.06 0.83
MOL002644 Beiwutine 44.09 0.77
MOL001039 Benzoylaconine 48.48 0.42
MOL000359 Benzoylmesaconine 52.47 0.44
MOL002648 Crassicauline A 64.89 0.81
MOL002652 Deoxyaconitine 58.36 0.85
73870 -35 -6 Foresaconitine - -
MOL005576 Honokiol 40.12 0.24
MOL002651 Hypaconitine 50.18 0.81
MOL002649 Isodelphinine 46.23 0.78
MOLO000555 Juglone 37.15 0.07
MOLO000675 Linoleic acid 41.90 0.14
- 8 — Lipohypaconitine - -
MOLO01 Magnolol 61.38 0.19
MOL001344 Mesaconitine 44.21 0.83
126266 -35 -1 Neojiangyouaconitine - -
545 -57 -3 Oxonitine - -
MOL000432 Palmitic acid 19.30 0.42
MOL001973 Uracil 61.84 0.20
70578 -24 -4 Yunaconitine - -
MOLO13350 14 — Deoxy — 11,12 - Di- 47.15 0.23
dehydroandrographolide
3.1.2 WF#AEMZEME SN £ GeneGard F & W4

AR TR AT 570 A, K BT A B A5 0 i A R B
Ja, RIS BRI G, R B W7 M 2 s AR S R 3 TSR

4

154 A4~ G5 R ILAETT T B 1,
3.1.3 WF -2 EWMES HFRS - MEREIEM S
KN4 57, Palmitic acid (2 HEER , degree =57 ) | Aconitine
(53K 79, degree =38) .Honokiol ( FIJEFM i}, degree =38 ) | Uracil
(R W% BE, degree = 37 ) | Benzoylaconine ( % 1 ik & 3k J& i,
degree =33 ) | Foresaconitine ( {if & 3k i, degree = 27) | Linoleic
acid( V. i iR , degree = 26) | Hypaconitine ( {X 1 3k B, degree =
25) Mesaconitine ( 1 5 3k 5§, degree = 24 ) | Yunaconitine ( = 1
3 B, degree = 24 ) | Neojiangyouaconitine (7 YT il = 3k Bif,
degree =23 ) , Oxonitine ( %8 2 3L i, degree = 21) | Deoxyaconitine
(ERG L0, degree =21 ) J& 77 A 1 28 35 1 1) 32 BE AT,
ZERIAETT L 2,
3.1.4 WFAZERBEREETESLE L0 DAVID
AR PEXS 154 A B 7l 23 M0 SO Tl B 0 BT AR P
R /NEICHEFRT 10 2509 KEGG 58 B8R, 45 9 W3 3.

3 WF MR AU AR CIE PR

TS KA PH B
Pathways in cancer SIS B K 1.23276E -29 42
Proteoglycans in cancer SIE T I 2 hE 1.47584E -19 24
Breast cancer SN (= B 1.03975E -18 21
Prostate cancer A Mg 5 5 T % 6.61404FE -18 18
Chagas disease AN (5 5 B 1.62025E -17 18
MAPK signaling pathway MAPK {553 % 3.66155E-17 25

PI3K - AKT signaling pathway

Kaposi sarcoma - associated

PB3K - AKT {ZE5@ %  2.18226E-16 26
TG R R e 2.TI4TE -16 21

herpesvirus infection AR
HIF -1 signaling pathway HIF - 1 {5578 % 1.30507E -15 17
Human T - cell leukemia virus  J2E P RKRR (5 4.00983E -15 21

3.2 RRYRME T 10 5 5 M0 W 2 25 28 2 AT

3.2.1 K& - W-Fih &k ade s itk & PPL M % 541
TSMSP ¥ i 26 15 BIAF& 2 AR R o0 4L 28 4>, L3k 4.
S B AT IR 3 HE 1 680 A, 55 B i 8 i P B I
AAERS 7B S B M R 76 >, String 2 1 BTAH B A T B 4
XF 76 D AHEE HHEAT PP 28R, 5 A Cytoscape BRAF AT
AIRAEAR P, 25 SR An3E UL I IE 3 T, PPL W45 B 76 A4~
F, 1299 Z5300 Ad IS AR IEAT degree fH 23 AT, W7 45 1A B
(Protein kinase B, AKT) g 4324 J5 1% b 25 F B4 3 ( Mitogen —
activated protein kinase 3, MAPK3) 1% 2& H p53 ( Tumor protein
p53,TP53) 4= K K 1 5% & ( Epidermal growth factor recep-
tor, EGFR) JB& £ 2 (Insulin, INS) (Wi 2L 2 ¥ & 1 8 K ¥R A
(Mechanistic target of rapamycin kinase, mTOR) | Ifil & W Fz 4 K
KF A(Vascular endothelial growth factor A, VEGFA ) 45 /1) 38 4E
T RE W) A 2 T A A, R T LA R ] BB R A R 4508 7
YERI R B ZE R A

3.2.2 RE¥REFEBIE SN DAVID B EXT 76 A28 4
BRI B R 0T, KEGG 1 52 70 Hr 4 2138 % 172 2%, 4
44 58 AT A A T I 1] 4, B £ 9 A . MAPK  PI3K — AKT
HIF - 1 255 5l b SR SR B BOR .

3.2.3 KRB - WTAY 2 ke b - B3 M % B
Cytoscape X 3840 LS P A4 Qnddi 5L I &1 S, 158 PRI 4 143 A 4k
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SIS T W T 0 26 55 1) S B P AR S5 s Quercetin (i
2 2%) Mauritine D (ZERIPEHH D) Berberine (/NEERH, ) |, Protopor-
phyrin( JEIM#K) (beta — Sitosterol (B — 43 {5 %) \Moupinamide ( ]
BAMERS 1z ) . Coumestrol (377 37 #€ % ) . Fumarine ( Ji i 5 6 |
beta — Carotene ( B — ] B N %) | Stepharine ( J¢ T 4 HEB) .
Stepholidine ( ZZHE T4 BEWE K ) . Nuciferin ( faf M- ) . Jujuboside
C_qtURR A= AT C) 55 Bh 7 A #4080 2 A F i SCBE 0 R
AKTI ( degree = 66) . MAPK3 ( degree = 66) . TP53 ( degree = 60)
13 AN
F4 K28 PMHRAGHER

¥ 1D T4 OB/ (% ) DL
MOLO012921 Stepharine 31.55 0.33
MOLO012940 Spiradine A 113.52 0.61
MOLO012946 Zizyphus saponin I_qt 32.69 0.62
MOL012961 Jujuboside A_qt 36.67 0.62
MOLO012976 Coumestrol 32.49 0.34
MOLO012980 Daechuine S6 46.48 0.79
MOLO012981 Daechuine S7 44.82 0.83
MOL012986 Jujubasaponin V_gqt 36.99 0.63
MOLO012989 Jujuboside C_gqt 40.26 0.62
MOL012992 Mauritine D 89.13 0.45
MOL001454 Berberine 36.86 0.78
MOLO001522 (S) - Coclaurine 42.35 0.24
MOL000211 Mairin 55.38 0.78
MOL000449 Stigmasterol 43.83 0.76
MOL003410 Ziziphin_qt 66.95 0.62
MOLO000358 Beta - sitosterol 36.91 0.75
MOL004350 Ruvoside_qt 36.12 0.76
MOL000492 ( +) - Catechin 54.83 0.24
MOL005360 Malkangunin 57.71 0.63
MOL000627 Stepholidine 33.11 0.54
MOL007213 Nuciferin 34.43 0.40
MOL000783 Protoporphyrin 30.86 0.56
MOLO000787 Fumarine 59.26 0.83
MOL008034 21302 -79 -4 73.52 0.77
MOL008647 Moupinamide 86.71 0.26
MOL002773 Beta — carotene 37.18 0.58
MOL000096 ( =) - Catechin 49.68 0.24
MOL000098 Quercetin 46.43 0.28

HRAE P {EHET 1 KEGG {55l B /-t 45 R MR 5, K5
AIHT JESAE (7538 % MAPK {5 53 % . PI3K — AKT {5538 % |
HIF - 1 {553 % i AE o 09 2 B 20 L 210 e £ 5 38 B
mTOR {5538 B 55 AH OCIE B S5 AT 56 R %), 2 I L A1) A8
TR 15 530 %, FT RS AR R JE B B
3.3 HMEF 5 A AEALA KR W4 R F MDA fn SOD 8y %

S5 2 J5 R BRI RN Bz J2 v MDA & 5 Fi SOD 3 1 ) 2 45
R 6, HIEF A A, b 7241 K Bl T oA iz J2 v MDA %7
HETH i SOD JEHERREAR, 22 5 B it B L (P <0.05) ; 5t
T AH L, T AR 20 K B 5 Rz J2 I 2 2 rp ) MDA 5 2 B
i .SOD & T, Z R EA G E L (P<0.05), 45HRA]
DB AT 3 3R BRI 2 4R Ak — P A SR R, 5 A R AL i 5
55 AL AT R 395 A B ) DR B 2L 2 %) S Ak B S 3

5 OREREMTHEENE KEGG {5 5@

A il e P{H g
Pathways in cancer SIS S g 4.59F -44 52
EGFR tyrosine kinase EGFR R FRELHEFMH 2. 11E-43 31
inhibitor resistance 5]t 244
MAPK signaling pathway MAPK {55l 4.73E -39 41

PI3K - AKT signaling pathway ~ PI3K - AKT {55 i 1.05E -38 43
HIF -1 signaling pathway HIF - 1 {55 % 1.97E-38 31
Proteoglycans in cancer SIE IR 20 1.60E -32 33
Prostate cancer iRl Rl 5.20E -31 26
mTOR signaling pathway mTOR {5578 4.92E -30 29
Breast cancer NS Sk 3.29E -29 28
Endocrine resistance A DA O 3.78E -29 25
6 KR ZH MDA & SOD &M e 458 (n =8 ,x £5)
X K2
givl MDA/ SOD/ MDA/ SOD/
(nmol/mL) (U/mgprot) (nmol/mL) (U/mgprot)
ERAH  2.658+0.554  34.186+7.348  3.303 +0.364  23.820 +5.142
MF4l  8.507£0.273* 23.399 +3.963* 9.235+0.432* 19.176 +7.478 *
Feffidl  4.304 £1.114° 32.374 +6.730% 7.708 +0.587° 22.524 £2.113%

U« HIEH A AL, P <0.05; A SHF4L A, P <0.05,

3.4 ¥ 5 AREAAN AR M4 4 PBKAKT fo HIF - 1o
mRNA £ 3% 8 % 7

AR P28 25 B2 43T , ORI 7 2 R M ) DG B Ry
AKT1 MAPK3 TP53 .EGFR .mTOR ,VEGFA HIF — 1o IR i Bk
WL -3 — S4EFH#E AL W B0 o ( Phosphatidylinositol — 3 — kinase,
catalytic subunit alpha, PIK3CA) 4¢; 33 /E F 1Y {5 5@ i% N
PI3K — AKT 1 HIF - 1 {5 5@ #5455, R, A S0 50 5 5 iF o Bt
F5 AL A K BN 20 24085 T Fn iz )2 PI3K AKT FTHIF -
la mRNA Fiki2m, 25 R ILIE 6, & 6 nJ A, 5 1E 5 41 A1
L, B 2H 0 B R 7 )2 4 2 H PISK AKT A1 HIF - 1« mRNA (1)
RkHRZE ETH(P<0.05) ; HHFAH L E, Mt 75 KRR AL
2H A BRI R Bz )2 41 41 rp PIBK  AKT F HIF — 1o mRNA ()3
K FRE(P <0.05)
4 itig

RGBT 1 22 B 1) DO 245 25 BR2E AT, 153k B TR Sk ik
B STEE 13 AR 2 S M S B ARG I L A .
A B R R B K L B i i R Y — 2 AR M SR A €19 —
i A= W, B Boeh 2 B B0 I U I T R S
PR IR Sk 3 XL R A e, )
FEUESEIE Sk B2 M T EE BB . AR, R IR 2 L 1)
EEABR ST, BT REEWRPRIIR . UF58 3R 0T, A5 8 1T
S5 20 240 L P 4 A L0 S B R T, A e
TSRS T Fo A e B S0 48 P B RE S Al 22 T Th B, AN U SE G
R, FEANERTER T 50 wmol/L fHk BE T AETE S0 IH T
A e kT SR R R AN T 3 2 g O y -
AT R (GABA) SZ K5 | & v i v 22 4 ifil , 8 28 3 S0 o
JiE IR A R 2 AT BIEST R IR 5 & PR R
1k, B4 - BRI TIREE TN S AR I, Bl &
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< ] < 124
% 0.84 5
=] A £ 0.8
0.4 o]
0.0 0.0
AKT HIF-1a PI3K AKT HIF-1a

T« SIEHAHLIE, P <0.05; A S T4 HA, P <0.05,
6 BFT - OB R U ) (A) FIEJZ (B) 214U PIBK AKT i1 HIF ~ 1o mRNA SIARYRH

TORESERFITNRE 5 W i BR A 34 AT R4 48 1k i 5 i 25 A
RIS, IR 2 R 5

AR ATl o 22 R Y P 4% 2 B o3 B, e B R
PR B TS | KR 28 R A 02 B A I R HEAE Y R A
AKT1 MAPK3 TP53 . EGFR .mTOR ,VEGFA HIF - 1o, PIK3CA
SR AR AR PR G A 55, R 2SI 15 538 A5 U B A
MAPK {5 53 % \PI3K — AKT {55538 % Al HIF — 1 {553 % 2
VeI S B . B B SEAIESE , R AT & 22 B 2 1
AR Y HAT — B B R 2 R T R R S R R Ak
A I Bz R IR S R AP R BT A R R I R0 240
TR A Y2 N DI RE , A F MAPK | PI3K | AKT  B5 7 &
B B — 3B ( Glycogen synthase kinase - 33, GSK - 3B) {5
SIS VAT PR P B A R ARSI BRI U
BRI Y . B - A K BERES S AL ST R R T
WA AR HE ARG PR 2 T 4 M3 58 I A1k, T A TR YT M &R AT
PRGBGSR 7 S A A MR N BE A (B )
X BB b I T M A R 2L 2 (PC12 ) 2 B 25 g o 28
BI85 Caspase 5530 B 55 B WEMFRTE H (AB2S -
35) W ARG P s TR EEE Y . KRR AR AB 1S
H PR TTIRG , B2 S IR ICRE T, I RBIE A W R B H S A
5% SOD 31 H i S8 ALt ( GSH. — Px) % P s B AL 10 4%
AP il -

PI3K - AKT {5 5@ f S 500 048 AR K DR S AR
SER R A SR 2 R KA R SR T X Ak B
5 mTOR (A4 45 HIF — Lo (975 M K 15, HIF - 1o
ML UL A VEGE, VEGF i i 45 A4 s i A
BT, e AR B A AR ARG I Hh R FE GV E . TR R B, R AIR
T 4 PIBK AKT [ 3238, BB R M pl 8 R E , SN pf
S,

FAL N ORI 28 2R SR 1 [R 0 R 2 — , RIHIRER
S, B SCHRIERT Y HE0E 19 PI3K — AKT {5 5440
20 1 0, 3 O AR TR0 R Aok ) HE AR, 51k
SOD &1 TR MDA £ 8715 HIF — 1 918 o do H
A TR RERNE A DFFEIERT 48 1 HIF - 1 0% A6 55 NADPH

6

ST (NOX4) b9, 16 LU 4 )5 1 #E SOD JEHEfim MDA 1Y
A, ZHEN J L2257 5 B HIF - Lo FREE805 5 , R BUE T IX
¥ SOD 354 T4 1 35% ,1fii MDA & 74w 1 1.8 4, LALAF
FEEIULH 1 PI3K — AKT I HIF — 1 {5 538 i B2 3805 RE el
EER AR S L EZDIW: U [

ARTESCFTE LSRR WM 5 10 i 22 2 1L 5 RE T8 U 4121 4R
PR AR A 5%, R TCAL 45 24 5 R 3d 1m0 37 fig 20 21
PI3K — AKT 1 HIF — 1 {55538 1, AR RRF 3~ %0 Ml 41 2 i) S8 AL B
WA s, RIS RE AR o BIEREE R A 2 P2 I 45 24
HEEEE SR Bt RIS A, O b 25 BC AR T BLR T 5
FEAL TR
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