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Neurotoxicity Mechanism of Dictamni Cortex Based on Network Toxicology and

Metabolomics
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Harbin 150040, China)

[Abstract] Objective: This study aims to explore the neurotoxicity mechanism of Dictamni Cortex by integrating network
toxicology and metabolomics techniques. Methods: The neurotoxicity targets induced by Dictamni Cortex were screened by the
Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) , Traditional Chinese Medicine
Information Database (TCM-ID), and Comparative Toxicogenomics Database (CTD). The target predictions of the components
were performed by the Swiss Target Prediction tool. Neurotoxicity-related targets were collected from the Pharmacophore Mapping
and Potential Target Identification Platform (PharmMapper), GeneCards Human Gene Database (GeneCards), DisGeNET Disease
Gene Network (DisGeNET) , and Online Mendelian Inheritance in Man (OMIM) , and the intersection targets were identified.
Protein-protein interaction (PPI) analysis, Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis, and Gene
Ontology (GO) enrichment analysis were conducted. A "drug-compound-toxicity target-pathway" network was constructed via
Cytoscape software to display the core regulatory network. Based on the prediction results, the neurotoxicity mechanism of
Dictamni Cortex in mice was verified by using hematoxylin-eosin (HE) staining, Nissl staining, enzyme-linked immunosorbent
assay (ELISA), quantitative real-time fluorescence polymerase chain reaction (Real-time PCR) , and Western blot. The effects of
Dictamni Cortex on the metabolic profile of mouse brain tissue were further explored by non-targeted metabolomics. Results:
Network toxicology screening identified 13 compounds and 175 targets in Dictamni Cortex that were related to neurotoxicity. PPI
network analysis revealed that serine/threonine-protein kinase (Aktl) and tumor protein 53 (TP53) were the core targets.
Additionally, GO/KEGG enrichment analysis indicated that Dictamni Cortex may regulate the phosphatidylinositol 3-kinase
(PI3K)/Akt pathway and affect oxidative stress and cell apoptosis, thereby inducing neural damage. The "Dictamni Cortex-
compound-toxicity target-pathway-neural damage" network showed that dictamnine, phellodendrine, and fraxinellone may be the
toxic compounds. Animal experiments showed that compared with those in the blank group, the hippocampal neurons in the brain
tissue of mice treated with Dictamni Cortex were damaged. The level of superoxide dismutase (SOD) and acetylcholine (ACh) in
the brain tissue was significantly reduced, while the content of malondialdehyde (MDA ) was significantly increased. The level of
Aktl and p-Aktl mRNAs and proteins in the brain tissue was significantly decreased, while the level of TP53 was significantly
increased. Non-targeted metabolomics results showed that Dictamni Cortex could disrupt the level of 40 metabolites in mouse brain
tissue, thereby regulating the homeostasis of 13 metabolism pathways, including phenylalanine, glycerophospholipid, and retinol.
Combined analysis revealed that Aktl, p-Aktl, and TP53 were significantly correlated with phenylalanine, glycerophospholipid,
and retinol metabolites. This suggested that Dictamni Cortex induced neurotoxicity in mice by regulating Aktl, p-Aktl, and TP53
and further modulating the phenylalanine, glycerophospholipid, and retinol metabolism pathways. Conclusion: Dictamni Cortex
can induce neurotoxicity in mice, and its potential mechanism may be closely related to the activation of oxidative stress, inhibition
of the PI3K/Akt signaling pathway, and regulation of phenylalanine, glycerophospholipid, and retinol metabolism pathways.
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BRI PO R, ORI B2, K2 0y 58 IR AT I RE g b R BT, G R v aE i o 4
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Il R 24546 — 5 1 3 s AE T o
1 MR5RHE
1.1 3% SPF % BALB/cHETE/NEL 40 H 14 i &
(18~22) g, AL T KA A YR KA A BRAH
A RAIE 5 SCXK (11)2020-0001 , 52 5§ /) B4R 3% T
B S 58 4 LR (22+2) °C LB JE (50£10)%,
12 h/12 ho/ms AW i 7 d, DLIE W 8 . A B 5T
SRR RN N VN S0 B 7/ S ol (ol e A A T E i
e, A S W 3 75 6 1 S8R0 E 1 55 50 3l ) Jo 4 s 1A
(H#t7HE5 2023062501) .
1.2 254 SEm R 25 AR R A feE R A Tl A
A R (5 Y057-23-05-001) , 22 B Jp i1 v
P2 28 K 2 24 27 o 25 JH A W)~ 200t 3 e O R 204 2
E B B2 25T B W) 1A 8 Dictamnus dasycarpus
B TR AR B BRI f6F 7 300 g, I 8 52818 K L 1%
0 30 min, [ 3% 45 B 30 min, i 8 25 W 150 6 4% %%
K, Il $E 30 min, & I 2 IR 25, e % 75 R AX
Wi 5 R T A
1.3 {5 HARK-DHL (HE) Y i (Bkig DR A&
VIR A BR A\, 525 C203203) 5 M8 A AL W 17 Ak Tl
(SOD) #3771 &5 P9 - (MDA ) Ko il 3 751 & ( 1
ME = RAEWHE R DA R A, %555 N
S0101S.S01318) ; Z Fik IH ik ( ACh) iz i 3 7] & ( B8
N ARSI, B85 A105-1-1) 5 SERT 5
E 1 R A 5% 28 SV (Real-time PCR) A R4 5
i A SR TR VAL 38 FH 2R PR T 1A UL B} Real-time
PCR Fl IR W (98 A= I RHECA BR A |, 48543 31 R
MRO05101M ,M910701S) ; PCR 5| ¥ & B ( 2 % V1.
L R B A PR A T ) 5 4% 22 5 S 2 LR IR

JUW H i -3-w R I A i (GAPDH) HL A  BRUAR o
A AW B (HRP) A5 i B9 S bt 1L 2F e % 3R & M (Ig)
G .HRP A5 i L 40/ B LgG (I FE4E /R A= W F}
HABR 2 W), 585 40 51 G1101,.G1036.GB15002-
100, GB23204, GB23301) ; # 1 # B B1 (Aktl) .
TP53 85 & 1k (p) -Aktl B f& (35 E Affinity 24 &) , 1%
543 %1 AF0836 .DF7238 .F0016) .
1.4 %% Quantstudio3 %! Real-time PCR {¥ ( 3 [#
Waters 2 A ) ; M2000Pro Y i 41 X ( 3% [E Thermo
Fisher Scientific /A ) ; Eclipse Ci-L % 1E & Y644 1]
8 ( H AR Nikon 23 A )  BT-230 U 20 4144 J 45
HLOE AL R F B A BR A F)) s R155NP-Q2 AL
150 7 AL (% [ Taiva A H] ) ; G2-XS Q-TOF % LC-
MS/MS % 4t ( 3¢ [ Thermo Fisher Scientific Waters
XEVO) ; LC-12N/18N-50C % %+ HL (M /1 JR AL %
PR AT PR ] ) 5 R-1010 BYJE e 75 &AL (R M < Ik B
VA R ) 55300 BYAR A7 S ol R (Vi B
B AL ER A A ) 5 165-3301 Y H 3k A3 B B ( 55 [
Bio-Rad A ] ) .
1.5 B th 2 R e 2 A R R S i
- & (TCMSP) % 45 J& (http: //Isp.nwu.edu.cn/tcmsp.
php)
swisstargetprediction.ch/) ; GeneCards #(#% J& (http: //
www. genecards. org/) ; CTD % i J& (http ://ctdbase.
org/) ; TCM-ID (https://www.bidd. group/TCMID/) ;
OMIM #( #& % (https://omim. org) ; PBD #{ #& /&
(http : //www.rcsb.org/) o
1.6 24kt KBCE AR 300 g (HEE 258, A 8 4%
PR R ZE 18 /K 12 1 30 min J5 , 913 42 1 30 min, Y 4E
PEW; M 6 fF IR R ZE MK, EE B AE 1 k. &I
2B, R e e 78 AR 4, R & VR T HL T 1
AR, BT T RS AR
2 Ak
2.1 T O £ A B OR T A i BOM 28 g
PEREAR  HE T TCMSP £ 5, DL e A ) R
(OB)>30% 252 1 (DL)>0.18 Jy i v £ 1 , e 42
1 8F Kz 194k 2% 1 43, 938 3 Swiss Target Prediction
TE 2 A P2 00 [ B Rz vh Ak A 1 A3 R TR A 5 78
GeneCards 304 /& . CTD 40 F2 iy A Gl 3R] “ 254
I 2 4 22 351455 ( Drug-induced nerve injury) ” i 3£ B0
fie A L5 M & B A OC Y, bR iC A “marker/
mechanism” Y 5E D], 25 B o 42 56 DA ORI (R FH MR R
A5 B B 228 458 05 B A 5 B U7 6 15 3 09 25 1 B o3 1 A
bR 5 0 2 3545 AR , 7F Venny?2.1.0 F 5 X H — % e
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2.2 ﬁ El ):rﬁ: -% El B\% *ﬁ H 1/'5 FH (PPI) M éﬁ E]/‘J 1"2}] g Table 1 Primer sequences
¥ 58 45 B 45 5 A STRING, % [ Fh 24 1% & S} “Homo il FAsT30) K /bp
sapiens”, 5.3 PPI W & A5 1, 5 A Cytoscape Ak gk GAPDH L GGTCCCAGCTTAGGTTCATCA 120
Frf A AT 20T RUE R (Degree) A B L Fiif AATCCGTTCACACCGACCTT

Aktl i AGCGACGTGGCTATTGTGAAG 150

PE(BC) KB % E (CC) , i e A% 00 5
2.3 EEHEAMAK(GO) & /B 5t AR 5L N 5 5L K 4
A P42 15 (KEGG) i #% 70 B ¥ S £ A T A
Metascape, % & J& 7 “Homo sapiens” , 43 5l #£ 17 GO
53 1 B KEGG 3 # 43 87 , 38 o 5 A4 A5 F & 7 94k
3T .
2.4 gl B -0 - 20 BE R -OE B I 25 4
B R AR AR A | e R P B SR KEGG
il % 5 A Cytoscape B4, ¥ ##: W 25 8], 11558 Degree .
BC } CC, i i A% 0 57 -
2.5 EhWord K42y ¥ BALB/c HEPE /N BUREBL S
N2, S HH A4 (92.7 mg-kg!) , H B )4
TE 24 h N % 5 KR B e K B A F1 (40 mL-kg™)
PR LT /MR
2.6 FEARWESL JNERBIHERAIET, — &85
FIE NN AL A2 10% 2 R F R E 2, T )5 &
HE 4t {8, K A 55 20 AL A 5 — 30 20 VR A7 F T i K A
Y2 W B % 7 (ELISA) J Real-time RCR A& .
2.7 41419 SOD MDA \ACh K& Bl 41
AU, A 9 A% AR TR VR Y P B S e e TR A
3 min, &0 (12 000 r*min™”, 15 min, 4 °C, &.0> &
10 em) 2 ¥ , B I ¥ R ELISA A6 I /)y B £ 21
SOD MDA ACh #§ 457K .
2.8 /INERUMN 2 200 B A AR BRI A2 A G 41 21
HEAT A S e Yl e JE , 64T HE e 8, ) R IR (4,
T2 0 IUBE T ISR 21 20 BRAR fb IR R
2.9 Real-time RCR i M /v & Fil 41 21 Aktl .
TP53 mRNA KF B4 41/ UK 20 21, 43 3R 5
& VA A5 TRIzol ¥: H2 HUE RNA J5 , 4% 30 5 ik ) &
Ui T 45 20 TR RNA 308 5 5% il cDNA, 28 J5 LA cDNA
b 15 He #F 4T Real-time RCR, i GAPDH i [ £ 3t
R A H R SRR DA A 3 AN . O 454
95 °C i 4% 1 30 5,95 °CAE ¥ 5 5,60 °CiR k 31 s,
40 MEHR , 95 CCP I 15 s, L2 H By 5L A Y
FAXT R B, 55 L3 1.
2.10 4 [ S Bl 1 (Western blot) £ 1 71N B3 g
ZH 41 Aktl . p-Aktl Fl TP53 # 1 /K F 42 BN R
G20 258 1, BCA YA DN 26 Pk B . SWE TR =i 4
R VIR T, B K T PR A R 4 B Y AR RE L
. 34 .

T ¥ GCCATCATTCTTGAGGAGGAAGT
TP53 |3 CAGCACATGACGGAGGTTGT 180
[ iif TCATCCAAATACTCCACACGC

E1 % PVDF [ I, 5% i B 4= 0% 5 4] PVDF % 60 min
J& L A —$t - Akt1(1:500) , TP53(1:500) . p-Aktl
(1:500) .GAPDH(1:3 000),4 °CH & i 7% , 5B
i ALY (HRP) #5381 —HT(1:1 000) = i T 0%
B 60 min /5 , FH TBST VEAK 3K, &K 5 min. {4 TR
A UF I ECL KOG, T4 257 R OCAU AR & Ge v gl
A% . M Image T3 B 45407 IR BEAH -

201 AR ) AR 2 2 A D 2 43 A

2.11.1 UPLC-MS £ ] 4 4 ACQUITY UPLC
BEH C,, & i # (2.1 mmx100 mm, 1.7 pm) , H: &
40 °C ; T A 0.1% H R K W (A) T i (B) , 6
J ¥k i (0~0.5 min, 99%~80% A ;0.5~2.5 min, 80%~
40%A; 2.5~4 min, 40%~34%A; 4~5 min, 34%~
20%A; 5~7.5 min, 20%~14%A; 7.5~8 min, 14%~
1%A; 8~9 min, 1%A) . # £ & 4 pL, i #
0.4 mL-min". BT 55, 73 BIAE IE B T 4G
W, IE B 7 B 40 W25 i R 2 kV, BB T B 40 A me
SR 1S KV IEE FHEfLA K 60 V., 75 THEFLHE
JE 70 V3 B T8 35 B 120 °C ; it % 7 <0 500 °C;
JI R S 1 000 Leh'; #EFL AW 50 Loh' Al
FEHE 15~45 V.,

2112 AL ORI QUERM: , 3 ik X /)N B 4
SURE ARG #E A7 0 W 3 43 A (PCA) B B IE
2 e /N 36 325 H40 51 43 Bt (OPLS-DA) i 1 75 #E 19
AW bR Y K 5 AR o R AR i G (VIP) (>
1A A B 58 0 18 2% 2, 4R BTk 55 R 0 2R W A R
Y, [\ A N 20 4 2% B B (HMDB) Ml
KEGG #F A7 HH A 38 2 5347 o

212 Geits#Ab P fd ] SPSS 26.0 KR 1T GE i
A3 AT, BCHE UL xes o, P4 TA) BE A SR FH 2 ST R AR
(R, P<0.05 HZESAFITFE L.

3 &R

3. BRI £ B A BOR T e T 3R 22 i
i LA 4 25 B a5 R R 3T TCMSP 1k
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53 B0 PR R SCHR R M 07 38 R B L
T3 A2 R AY I A5 B 199 AN Ak 2 1l 43 X Bz 1 4
FHERAR 5 LA 25 %) JIr 35 #ih 28 451 495 ( Drug-induced nerve
injury) ” 2 3¢ #E 17 , £ CTD. GeneCard 1 3t % 7|
2 025 4N F5 PR A K A5 B 10 25 W U TE RO AR Bl 42 4
i bR UEAT HEXT 75 3 2 F 1 S AR BT 1574,
Bl A R SR 1 7 BORE 22 4 45 G AH DG 1R R AR .
U 38 5 RS o A

3.2 PPIMZMMEE B 1R 15T EERAFA
STRING %4 %2 b , % & W) # & “Homo sapiens” , #F
11 PP T, 45 B 51K 3¢ H.45%53>0.90 (1 PPI I 4% , i%
R 2% 3L A 67 A5 L 3 1809 Sl , HAT S ACF A
B BRI R R AT MR BEAE R LB 2 R
IR RS AR VR R B 22 T A
L, F| FH Cytoscape B4 HR 38 15 55 B AOR B (5 B
YE PPILIEL, H v [B] J& /0N (2318 TR 78 1k 55 Degree {H
J% 1F e, 38 i Analyer Network i1 & ) 4% 45 & 10
Degree. BC } CC, fiii ¥& i Degree>115 H BC>
0.033 9 H CC>0.787 8 i 4L i s I A1 2> E = &0
B A, BP Akl (TP53, UL 5 H it B kA Rk J2 35 2,
DA b %0 8 2 AT RB AE 1 fE R T SORh 28 B b &
HEEEAEH.

x2 ETPPIRISHASEAMBHERGZOESR
Table 2 Core neurotoxicity targets of Dictamni Cortex based on

PPI topology analysis

No. EA Degree BC ccC
1 Aktl 120 0.034 7 0.808 2
2 TP53 116 0.0339 0.787 8

3.3 GOEL5KEGGHEE»HT  FIHKEGGHK H
fief iz X6 N7 ) I AR T B SRS 058 B L, DL P<0.05 Sk i i
SMF, E £ T 181 4@ # . L fold enrichment 1 P
Sy da A, 2 B count HEF HIT 20 4~ 5 A 4 B 42 il L
], H b 25 B 5 A DG 38 1%, D PISK/AKt {5 3 %
N W R GO ' A 4B, L P<0.05, O T 1 4%
4,73 BP,CC,MF, & % 5 H 73 50 770 .87 .156 7% ,
M4 P A /N 35 BUHE 44 T 21 2% (14 2B ) 2 3k 7 2 1
(SIS R 1 e o 2 T
AL S A R

3.4 A Ry B R - S T I -3 B I £ A
# FH Cytoscape #4 3 “ H 24 - ji 43 - #8530 [ 7 )
251D, DL 1G5 s RCRRE n A4 BE . 38 2F Analyer Network
11545 # Degree .BC K CC1H , B L ajmita ¥ 3L 4
BG4y, 0 18 R WA BV AR S W R B

VTR ARSI, 3% B8 Degree {BLX SCHE AL 7 il 73 47 HE
B, FLR DL 3 4 HE AT BE S 1 e Bz BT Bk 22 45 1
35 PE IS o

R3 HHEABMEKRGIXBUERS

Table 3 Key chemical components of Dictamni Cortex causing

neurotoxicity

No. 2 oy Degree BC cc
1 11 6 B 10 0.043 2 0.3653
2 Bl 15 0.004 9 0.374 0
3 4 9 0.033 0 0.3520

3.5 P& R /NN ZH 21 SOD MDA \ACh #5#x
sz S5 AR, ST aEE T s, /DR
i 20 28 MDA 7K °F i % 7t i (P<0.01) ,SOD \ACh
TP J 2 BEAR (P<0.01) , 4875 il 41 232 3] — 2 i s
O AL AT e 5 AR R OK A G, WER 4.

x4 BAEERYNRKEALS SOD. MDA AChKFEH M (F+s,

n=6)

Table 4 Effect of Dictamni Cortex on SOD, MDA, and ACh

levels in mouse brain tissue (x+s,7=6)

o fiilks SOD MDA ACh
éﬂi]‘] -1 -1 -1 -1
/mg-kg /U*mg /mmol- g /mg* g
72 H 4L 28.71+5.59 15.72+4.16 155.03+25.37
Mtz gl 92,7 5.89+3.88"  53.80+16.93"  60.97+15.11"

T 52 A Y P<0.01(5£5[F)

3.6 I EE R /N BURK ZH SR G B 8 A
/N BRI 20 2R 7 )2 5 1 By R CA3 X 40 il T A 4540 1F
LR A R U N 5 1 B R A5 2 ) G AL 4 2 T
WL 22 Wi 26 T A 4R A0 L G € lin R A B A
AE RGP AR BIR, S ad e RIEFEE 401
HEF B 55, LA M TR 25 00 0], 46 J50 785 AT, it 426 400 450
WRZ 5 AR, AT OE TS, 414
S/ 20 M A AR RN T L A B T B R 5E 2 b
TR BRI A o £ b TR, P R AT 200N B 20
2195 A 05, B4R S A O i T T .
TLE 1,
3.7 R R/ BB ZH 24U Aktl \ TPS3 mRNA /K
R A PR, R 2 25 41 BRI
Aktl mRNA 3 ik /K F & 3% B {X (P<0.01) . TP53
mRNA £ iAKW 3% THE (P<0.01). L& S,
3.8 [ H RN BURK 20 24P Aktl  p-Aktl . TP53 4
FKER 2 528 (AL g, (8 Rz 4170 BRI 4
4Urh Aktl ., p-Aktl 2 171 7K F i 3 B AL (P<0.01) ,
TP53 f F K b 85 (P<0.05) . LI 2.3 6.

. 35 .



531 5 20 ] HESSEFFFHRE Vol. 31,No. 20
20254F 10 A Chinese Journal of Experimental Traditional Medical Formulae Oct. ,2025
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m‘fﬁ%&h

NVE

T A HH B A4 (E 2 )
B 1 ARt/ RN H R R Aktl . p-Aktl  TPS3 F A RiEK F I
(x400)
Fig. 1 Effect of Dictamni Cortex on protein expression of Aktl,

p-Aktl, and TP53 in mouse brain tissue(x400)

x5 BAtFE3/NRKAL S Aktl. TP53 mRNA 7k F i) & i
(x+s,n=3)
Table 5 Effect of Dictamni Cortex on Aktl and TP53 mRNA

levels in mouse brain tissue (x+s,n=3)

2150 4t /mg- kg Aktl TP53
A 1.05+0.22 1.51£0.15
1 fif Bz 41 92.7 0.45+0.12" 3.25+1.25"

Akt] W s 56 kDa

60 kDa

TPS3 s W 53 kD2

GAPDH sy w36 kD2

A B
2 HHENRBHLR PR Aktl p-Aktl [ TP53 FE 5 R LBk
Fig. 2 Electrophoresis of protein expressions of Aktl, p-Aktl

and TP53 in brain tissues of mice in each group

F o6 BAEEEI/NREAS R Akl p-Akt] TP53 E B REHF 1N
(x+s,n=3)
Table 6 Effect of Dictamni Cortex on protein expression of Aktl,

p-Aktl, and TP53 in mouse brain tissue (x+s,n=3)

3 ) it Aktl p-Aktl TP53

ZH L

! /mg-kg'  /GAPDH /GAPDH /GAPDH
sk 1.06+0.036 4.83+0.11 0.86+0.02
MR 927 0.68+0.025%  0.84+0.01% 1.09+0.13"

T 525 T4 Y P<0.05,2 P<0.01(Z£ 7))

3.9 XN R4 SRR EE A R
PCA KM AR RO, 25 H A 5 A i 2 45
. 36 .

2547 PCA VE4y B B 2 43 T, 7R & 7 5 B0
BRI 2 ZUAR 7K 7 & A 2 R 5 Ol T R R AL )
e 2% 5, 3 57 OPLS-DA %I 3 17 4> #7 , OPLS-
DA 1543 IR RS HEAT 200 YR Bl AL B 40046 50, 1E 25 4
A TR ZH R Y=1, 0°=0.999, ft B T #5 X T  Al
Z B R*Y=0.997, 0°=0.994, R*Y . Q* ¥ #E3it 1, % W #
YA 55 1) il B R U R, B RY ¥>00, K
KEAETA BRI R WA S-plot EI [ H1, K £
B 7 W A D SR BRSNS
A7 B, 3 g 5 D ) S - 00 D T A 2 T A A 22
S, UL 5 SRR BRIk R
3.10 PR R X /0N BRI 2 4T P TR MV AR AR AR AR
I RZ R I X /0 R 4 R AR AR 3 4 7 Ak
i, 548 54 VIP>1, Fold Change>1.2 &% <0.8 %
q-value<0.05 QI ™9, 25 (415 i 2 25 2 L 4%
Fo# ke B 40 4> 22 AR = ) 480 B 1 R Y e AR
SR, 5 A R, A S B3 A bR
WFEME B, 9N WA Y W R A, UG R
s B im A
301 e R XN BUG 2 20 AR s s
/0N B HG 2H 2R R AR o i BE T AR bR R E AT
AT, LA A >0.10 S 2% 14 0 ik , 45 9 R
th ALY K13 S AR i, P P<0.05 HL 5 Wi {H >0
14 0% SR AR 3 A2 32 B R TN 2R A L H s AR
B A A, L3 A R B A R
4 BEEHWMESEFSREAZF

K H pearson A5G PE 2 B, X I 2% B PR 27 0 %
F9 2% 0 B A5 Akt VTPS3 KA T 2 27 Jr i 8 1 1) 40 4~
22 S AR ) AT AE DG PR 43 A 3 SRS AR -
B R OGP I 2% [, AT AR R Akt p-Akt  TP53 5
40 Rl A ) AR BE A7 A2 B 5 1R OQ IR, DL 8 iRt RSB n
Mok, Hop S8 XFIEAH 62 X A, | R >
0.999 4 8 X, H: P LA p-Akt 5 Retinyl ester #H 5¢ 1 £
WL, UL T, AR R Akt TPS3 Al fig i i i 5 22
S A v K i O B B 2 5 [ fE R R 2
0 B, B O A IR AR TTRE O p-Akt S 5 R
A9 Retinol metabolism X & 42 , 33X b fif B H 5 57 Jr
MWL AE T 2 A AU .
5 iFit

AW 58 R FH ) 45 25 B 2% 0000 1 & 7 i % v 4
BEPE MR AE DL, 45 B B2 45 R WK, (1 fF f
ik W BE R B 5 Akt TPS3 BE 1 94 #52 PI3K/Akt i
% S T 5 M 48k R R A0 R O T A 2 D A 0 AR
MR EE A . B3 kW, & Mo
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x7 EFREMERERBXESN
Table 7 Correlation analysis between differential metabolites and

target genes

G Akt p-Akt TP53
HMDBO0036811 0.990 0.999 -0.826
HMDB0003598 0.994 0.999 -0.830
HMDBO0035631 0.989 0.999 -0.825
HMDB0031299 0.989 0.997 -0.822
HMDB0036565 0.990 0.999 -0.827
HMDBO0031152 0.990 0.999 -0.821
HMDB0032913 0.990 0.998 -0.816
HMDB0035622 0.992 0.999 -0.829
HMDB0001999 0.988 0.998 -0.828
HMDB0012225 -0.987 -0.997 0.792
HMDBO0003119 -0.989 -0.998 0.811
HMDB0034171 -0.991 -0.999 0.818
HMDB0002725 0.994 0.999 -0.831
HMDB0001065 -0.986 -0.997 0.792
HMDB0000567 ~0.984 -0.996 0.780
HMDB0006236 -0.988 -0.998 0.802
HMDB0003447 -0.989 -0.997 0.849
HMDB0004186 -0.991 -0.998 0.829
HMDB0006482 0.991 0.996 -0.817
HMDB0029387 -0.956 -0.974 0.699
HMDBO0036458 -0.971 -0.984 0.757
HMDB0001369 -0.902 -0.924 0.561
HMDB0036579 0.984 0.989 -0.838
HMDB0000157 0.973 0.988 -0.862
HMDB0030124 0.891 0.891 -0.934
HMDB0000620 -0.973 -0.976 0.726
HMDB0010382 -0.982 -0.995 0.801
HMDBO0010397 -0.910 -0.950 0.703
HMDBO0010396 -0.866 -0.916 0.655
HMDBO0010395 -0.947 -0.968 0.781
HMDBO0010383 -0.854 -0.884 0.693
HMDB0000917 -0.993 -0.998 0.850
HMDB0001095 0.977 0.993 -0.815
HMDB0012276 -0.984 -0.997 0.818
HMDBO0011148 -0.952 -0.960 0.859
HMDB0003337 0.961 0.980 -0.777
HMDBO0012108 ~0.946 -0.964 0.839
HMDBO0011637 0.850 0.868 -0.661
HMDB0005030 0.989 0.971 -0.845
HMDB0008069 -0.981 -0.989 0.750

B AT R AL R . SOD J2 241 g v 36 1 S e T LAY
R 7/ DR N R I AR e
F4 3 B BE 0 B i IR 0 i 5 A A Ak R 3R, O AE R
g R A2 5 A 0% T A N S ] R Y B BT
i A A Y R 2 ) MDA, B 4 A 1 5 41
il VE F , MDA 7K (8 k0] DL Al 240 it N 4804k
0 G G R = WA VAT LR UN 7 A AT EAAE i K VR 1B
A M R S AR S Bl 22 R 0 B TR, R Mk b A A 2 0
Ji 4n ACh AR T BB 7 S AL B A R R R TR S
45 0L R i R ] BRI S fL i SOD 1 1 H B fIK
ACh % &, Fhis BRI A fb W) MDA & &, AT 7= 2E
P45 0, X AT il g AR ARk R R AT R
AT 5T 25 F Wow L (1B R 75 5/ BRI 41 20 3
i, A k2 21 vh SOD | ACh /K - | FF & i 21 21
MDA 7K ¥, $2& 75 11 ff J2 38 3:F 3% 5 MDA .SOD \ACh
K- T T IR A AR R OK T e 25 R 2
PI3K/AKt 5 5 10 [ 2 o 1 40 Jif 0 7~ 1 2 B {5
538 %, PIBK/AKfE 5 5% S AE M & oo h R P &
HARE HUE AR BT TR, PIBK A — Fip
21 if P 5 B TR L W L T LA 5 Ak Y B 1R A
Akt A] DB R b 40 B i) — R B B AR 43, DA T
RAEDUIRT-VE . R 9E 7R, TPS3 il iof 45
A A ) 29 65 p3a i PIK3CA 3 I 35 PI110K , FF: Uik
D Akt AR, A IE 45 325 B ) Ake 35 6k BHL1E TPS3
S0 AN SR R NI = (] I 3 (1 AN
Jidi 20 21 v Aktl mRNA 7K P f Aktl  p-Aktl & FH 7K
S, T /N BN 41 40 TP53 mRNA J TP53 2K 4 %
PRIV, i — 20 B B R T B0 28 4503 L O B
Ik Aktl 3% 4k, 96 TPS3 114 B A, F 1 1 45 PI3K/Akt
15 8 %, TS R A LR T, DT S SRR e 05
A g AR A 2 2 R — 2 R R P
/N BRUG 2H 2 40 Rl AR P KO 2 R 45 13 45 4R
R AR R M A, o LUOR TS &R L H i AR
PN AN R AL R T N KN 7S PN N
TR — )8 THEREALER . fERh—Fbd
REL TR, AN & R T LA o i A B B i 22
FUE b B3R A5 O H 2 A% 3 W B0 S B, L R )
o 5 ) Ak 2 RS . AR SE SR, L EE R R TR R D
FR % 2H 21 P %) Enol-phenylpyruvate JE 1M $ &L 2K 71 &
MR AR R A2 o 5 L R EE, A OG5 R, H I e
AR 25 L 23 5% i B 28 0T 1) 25 K R D) BE L A F O 45 R
o, P& Rz AT AL /N BRI 414U LysoPC (161 0/
0:0) .LysoPC[20:5(5Z,82,11Z,14Z,172)/0: 0] .
LysoPC [20: 4 (82, 11Z, 14Z, 17Z)/0: 0] . LysoPC
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[20:4(57,82,11Z,14Z)/0: 0] .LysoPC(16:1(92)/
0:0) .PC[18:1(9Z)e/2:0] .PC[18:1(112)/18:0] .
LysoPC (17:0/0:0) 7K > 32 ifif It L H- v s B 48 35 £
AL DR R B E B SR M AT
RH BB P R PO AL B A
Pt AL 00 TR R ) R 5 R IR T 45 ) B 2 5 A ML 431k
ﬁ’fnﬂ:?ﬁﬁ%iﬁf&%ﬁ%fnﬂﬂ@%ﬂﬁ‘i%ﬂ%ﬁ
AL AR AE B IR DU BR G 55 bl 28 3R AT PR SR 1Y K
L R B A B A bk B E AR R Y R R
Al T R TR R AR AR AR R
F &R G, /N BB 20 R B T
P N, B R S o R e A i A A K
m AL AR RS . AN, Akl
p-Aktl .\ TP53 5 2 5 2 B2 . H il w fig S A0 v e A it
Yy BAT I AH DG B R 1 B 58 A R T Akel L p-
Aktl TP53 i 17 45 4 2 18 L H i Wl A Bz 0 g e
AR 38 A28 3 105 & /N RO & B, Fo o DL p-Akt 2
55 0 0B A R A MR L FEMEALE . 4

Fr ik, 1 EE R AT S /N BBl 2 40, HOTE TR AR AL
il T B 5 3OS E A RN UK A PIBK/AK (538

RN R H B DL S B AR R AR
Y.
[(FlgEmzR] R AAPBE, kAL AL FRIR
ORI RG AR EF R,
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