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Abstract: Protoberberine alkaloids exhibit significant antitumor and angiogenesis-regulating activities, yet their
specific effects on angiogenesis intervention and metabolic regulatory mechanisms remain systematically elucidated.
In this study, ultra-high performance liquid chromatography coupled with quadrupole/orbitrap high-resolution mass
spectrometry (UHPLC-Q Exactive Orbitrap HRMS) was employed to identify the chemical composition profiles of
Coptidis Rhizoma and Corydalis yanhusuo. The anti-angiogenic effects of the major protoberberine-type alkaloid
components were evaluated using the quail chorioallantoic membrane (QCAM) model and human umbilical vein
endothelial cell (HUVEC) proliferation assays, while vascular endothelial growth factor receptor 2 (VEGFR2)
mRNA levels were detected via qPCR experiments. Further analysis was conducted using desorption electrospray

ionization-mass spectrometry imaging (DESI-MSI) technology to examine the metabolic profile changes induced
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by the intervention of key anti-angiogenic components. The interaction between these components and critical
angiogenesis targets was characterized by integrating network pharmacology with molecular docking technology,
followed by a "structure-activity" analysis. A total of 13 alkaloid components were identified in Coptidis Rhizoma,
and 17 alkaloid components were identified in Corydalis yanhusuo, with protoberberine-type alkaloids being the
predominant type in both. Both the qCAM model and HUVEC experiments demonstrated that oxyberberine
exhibited the most significant anti-angiogenic activity. These metabolic abnormalities characterized by suppressed
energy and lipid metabolism, may inhibit angiogenesis by affecting cell membrane structure (phosphatidic acid,
sphingomyelin, phosphatidylcholine), signal transduction (VEGFR?2), oxidative stress, and inflammatory responses.
Molecular docking and network pharmacology analyses demonstrated that C-8 oxidation enhances oxyberberine's
binding affinity to EGFR and JAK2 through reduced binding energy and increased weak interactions, ultimately
conferring superior anti-angiogenic efficacy compared to berberine. These findings systematically elucidate the
structure-activity relationship and metabolic basis of protoberberine-type alkaloids in angiogenesis modulation,
providing novel insights for anti-angiogenic drug development.
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Table 1 Primer sequences for gPCR

. Amplification
Gene Primer sequence (5'-3")

length/bp
Actin Forward: CTGGCACCTAGCACAATGAA 123
Reverse: CTGCTTGCTGATCCACATCT
VEGFR2 Forward: GACTTTCAGGAGAGCACACG 89

Reverse: CCATCGGAAGCCTCTGTCTT
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YRR . B A5 (P < 0.05) )5 Z M (P < 0.05) Al
EEABNE 1.5 NERTEREER. BAEE
AR A ) AR B E T AE B AE AR S, T A AE
2 METLIN (4 22 25 T 2 Unl i AL Wb B st A7 9120
%52 . ¥ FH] MetaboAnalyst 3.0 351738 4 4> H1 . 8 i

OPLS-DA # % DL VIP > 1. |p(corr)| = 0.58 b 1 i
6 2H 1) 22 S AH DG AR 1, 22 S AR A 7 0k DI SR FH B TR 3R
J7 2 53 BT (ANOVA) ¢ £ 56 F1 A% 4t % % (fold change,
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PEFBEATVRANY . 45 SRR W, B /K IR e % i 2 |
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- FRLAE AR ) 24 AT VAR o T AT S8 A
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FIE, Giit & R T 79 48 h J5 qCAM I A8 i T A
qCAM B PP 55 SRR B (B 1A B), % T Tl
Az BB B B 0 103 R A N BE R N BE R, I
H AL /N BEBRAE 10204080 pmol L™ ¥k & N B A I
BRI AR EENEER (P<0.01,P<0.01,P<
0.001, P<0.001). 20.40.80 pmol-L"IEH]&R 2. &K B3
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Identification of the chemical constituents in Coptidis Rhizoma (HL) and Corydalis yanhusuo (YHS)

m/z

Source Component Formula Mode Calculated Measured MS/MS

mass mass
HL Magnoflorine C,,H,,NO, [M+H]" 342.170 0 342.170 2 297.112 2,282.088 9, 265.086 0
HL Coptisine C,H,NO, [M+H]" 320.0917 320.0919 305.068 8,292.096 8, 262.086 0, 249.078 4
HL Epiberberine C,,H,NO, [M+H]" 336.123 0 336.1229 320.091 8,308.091 1, 292.096 7
HL Jatrorrhizine C,H,,NO, M1 338.1392 338.138 8 323.114 7,294.112 3
HL Berberine C,,H,,NO, [M+H]" 336.123 0 336.123 0 320.091 7,292.096 7
HL Columbamine C,,H,,NO, [M+H]" 338.1387 338.1387 322.107 5,294.112 3
HL Thalmineline C, H,NO, [M+H]' 208.096 8 208.097 0 165.091 2, 150.067 7
HL Berberrubine C,H,NO, [M+H]' 322.1079 322.107 5 279.089 1
HL Noroxyhydrastinine C, H,NO, [M+H]' 192.065 5 192.065 7 149.059 9
HL Oxyberberine C,,H,,NO, [M+H]" 352.1179 352.1179 337.093 6,308.091 6
HL Palmatine C, H,,NO, M1+ 352.1549 352.1579 337.093 6,308.091 6
HL Worenine C,,H,;NO, [M+H]" 335.1152 335.0779 291.086 1
HL Chlorogenic acid C,H,O, [M-H] 353.087 8 353.087 8 191.056 4, 179.039 1, 161.024 8
HL Lariciresinol 4-O-glucoside C,H,,0, [M-H] 521.202 8 521.203 5 329.103 9
YHS Taxilamine C,,H,,NO, [M+H]" 370.128 5 370.129 6 190.086 3
YHS Palmatine C, H,,NO, M1 352.154 3 352.117 8 294.076 2
YHS  D-Lirioferine C,H,NO,  [M+H]" 3411622 3421690  192.102 1
YHS Tetrahydrocoptisine C,H,,NO, [M+H]" 324.1230 3241232 176.070 7, 119.049 0
YHS Bicuculline C,,H,NO, [M+H]" 368.112 8 368.1123 353.1259,338.021 0
YHS Jatrorrhizine C,H,,NO, [M+H]" 338.1387 338.1387 279.088 9, 265.072 9
YHS Tetrahydropalmatine C, H,\NO, [M+H]" 356.1856 356.1858 356.1858,192.102 1
YHS N-De-Me-N-Methylsecoglaucine C, H,\NO, [M+H]" 356.1856 356.1859 178.086 5, 151.075 6
YHS Yuanhunine C, H,\NO, [M+H]" 356.1856 356.1856 165.091 3
YHS D-Glaucine C, H,\NO, [M+H]' 356.1856 356.1857 279.101 6, 251.106 6, 220.883 0
YHS Isocorynoline C, H,\NO, [M+H]' 355.177 8 355.1773 340.1419,192.102 1
YHS N-Methyltetrahydrocolumbamine C, H, NO, [M+H]" 352.154 3 352.1570 190.086 4
YHS Canadine C,,H, NO, [M+H]" 340.154 3 340.154 5 176.708 0, 149.059 8
YHS Corydaline C,,H,)NO, [M+H]" 370.201 3 370.201 7 192.102 1, 165.091 3
YHS Dehydrocavidine C, H,,NO, [M+H]" 353.1622 353.1617 190.086 3
YHS Berberine C,,H,NO, M1 336.123 0 336.123 1 320.0919,278.080 9
YHS Dehydrocorydaline C, H,NO, [M]" 366.169 9 366.170 3 350.138 8,308.128 1
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Figure 1 Intervention effects of aqueous extracts from Coptidis Rhizoma and Corydalis yanhusuo and their constituents in qCAM. A: The
effects of Coptidis Rhizoma and Corydalis yanhusuo and their constituents on the area of angiogenesis; B: Interventional effects of represen-
tative constituents from Coptidis Rhizoma and Corydalis yanhusuo on angiogenesis in quail embryos; C: Intervention of representative
constituents from Coptidis Rhizoma and Corydalis yanhusuo on VEGFR2 mRNA levels in qCAM. n =6, x 5. P <0.05, "P < 0.01, 7P <
0.001 vs Con. qCAM: Quail chorioallantoic membrane; VEGFR2: Vascular endothelial growth factor receptor 2; Con: Control group; BER1-4:
Treatment groups administered with 10, 20, 40, and 80 umol-L" berberine for 48 h, respectively; OXY1-4: Treatment groups administered
with 10, 20, 40, and 80 pmol-L'I oxyberberine for 48 h, respectively; THP1-4: Treatment groups administered with 10, 20, 40, and 80 umol-L"
tetrahydropalmatine for 48 h, respectively. PAL: Palmatine; JAT: Jatrorrhizine; EPI: Epiberberine; COP: Coptisine; COR: Corydaline; DEH:
Dehydrocorydaline; THC: Tetrahydrocoptisine
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Figure 2 Effects of protoberberine-type alkaloids of Coptidis

Rhizoma and Corydalis yanhusuo on HUVECs viability. HUVEC:

Human umbilical vein endothelial cell

PA (PGD1/8:0). PC (18:1(92)-0(12,13)/2:0). PA (22:6
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Figure 3 The results of DESI-MSI metabolomics. A: PCA model; B: OPLS-DA model; C: Heatmap of differential metabolites induced by
oxyberberine intervention; D: Metabolomics volcano plot. DESI-MSI: Desorption electrospray ionization mass spectrometry imaging; PCA:

Principal component analysis; OPLS-DA: Orthogonal partial least squares-discriminant analysis; FC: Fold change
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Table 3 Candidate biomarkers of oxyberberine intervention identified by metabolomics. Significance testing was performed using
student's #-test. VIP: Variable importance in projection

Component Formula Adduction mlz FC P-value VIP
Triethylamine N-oxide CH ,NO [M+H]" 118.0870  2.05  0.000789 4.77
Xymedon C,H,,N,0O, [M+H]"  169.0478  2.89  0.000 674 534
2-(Diaminomethylideneamino)ethylsulfanylmethanimidamide CH, NS [M+Na]™  184.066 9 3.80 0.000 107  2.70
Thiostatin CH NO,S [M+H]"  192.1235 281 0.000 004  5.46
Loxanast Cc,H,0, [M+H]" 227.2229  3.85  0.000020 2.80
Heptyl ketone C;H,,0 [M+H]"  227.2793  3.04  0.000088 2.37
Dimethylmethoxy chromanol C,H,0, [M+Na]" 231.084 4 5.27 0.000 005  1.67
2-(4-Methoxyphenyl)ethyl hydrogen sulfate C,H,,0,8 [M+H]" 233.079 1 2.87 0.000 135 1.54
(8R,98,138,14S5)-3-Hydroxy-13-methyl-4,6,7,8,9,11,12,14,15,16- C,H,0, [M+H]"  273.1676 232  0.000157 1.07
decahydro-3H-cyclopenta[a]phenanthren-17-one
(28,3R)-2-Amino-4-octadecene-3-ol C,H, NO [M+H]"  284.2958 247  0.009044 131
13-Azaprostanoic acid C,,H,,NO, [M+H]" 3123267 248  0.003354 1.06
Xylamidine C,H,,N,0, [M+H]"  313.2347  3.68  0.000642 1.05
(1S,2R,38,7R,108,138,14R)-1-Methyl-14-propan-2-yl-2-propyl-12- C,H, N [M+H]" 3163213 244  0.002713 1.39
azapentacyclo[8.6.0.02,13.03,7.07,12]hexadecane
(3-(tert-Butoxyimino-methyl)-4-chloro-phenyl)-thiocarbamic acid, CH, CIN,O,S [M+H] 329.1562  2.61 0.000 038  1.09
O-isopropyl ester
N,N-Diisopropyl-N'-isoamyl-N'-diethylaminoethylurea CH;,)N,O [M+Na]” 336.290 1 4.01 0.001945 1.12
(5alpha)-23-Methyl-4-aza-21-norchol-1-ene-3,20-dione C,,H,;;NO, [M+H]" 358.244 1 0.37 0.000 853  2.44
(52,82,11Z,14Z)-N-(4-Hydroxy-2-methylphenyl)-5,8,11,14- C,,H,NO, [M+Na]” 4322802  0.50  0.000215 1.88
eicosatetraenamide
(28,35,58,85,98,108,138,148,175)-17-Acetyl-2-(2,2- C,,H,,NO, [M+H]"  446.298 1 036 0.003866 2.86
dimethylmorpholino)-3-hydroxy-10,13-dimethylhexadecahydro-
11H-cyclopenta[a]phenanthren-11-one
Mofarotene C,,H,\NO, [M+Na]” 4562803  0.47  0.004535 1.21
Z-LLNle-CHO C,H, N,0, [M+H]" 4763062  0.48  0.002434 1.81
(88,95,108,118,13S,14S,17R)-11,17-Dihydroxy-17-(2-hydroxyacetyl)- C,,H,O [M+H]" 489.3381  2.62  0.000275 1.17
10,13-dimethyl-9-nonyl-1,2,6,7,8,11,12,14,15,16-decahydrocyclopenta
[a]phenanthren-3-one
(18,28,6R,158,16R)-5-(Cyclopropylmethyl)-16-(2-hydroxy-3,3- C,,H,NO, [M+Na]” 4903237  0.31 0.001417 2.82
dimethylbutan-2-yl)-15-methoxy-13-oxa-5-azahexacyclo
[13.2.2.12,8.01,6.02,14.012,20]icosa-8(20),9,11-trien-11-ol
(8)-N-((S)-1-Amino-3,3-dimethyl-1-oxobutan-2-y1)-2-((S)-2- C,,H,N,O,S [M+H] 500.306 7 043  0.000222 1.39
mercapto-4-(3,4,4-trimethyl-2,5-dioxoimidazolidin-1-yl)
butanamido)-N,4-dimethylpentanamide
Vicriviroc C,H,FN.O, [M+H]’ 5343499 037  0.000247 2.27
PC(18:1(92)-0(12,13)/2:0) C,;H,,NO,P [M+H]" 5783770  0.46  0.007740  1.50
Quinoline, 6-(1-methyl-1-(methylsulfonyl)ethyl)-8-(3-((1£)-2-(3-methyl-  C; H,,N,O,S, [M+Na]" 610.182 4 8.92 0.007 600  1.61
1,2,4-oxadiazol-5-yl)-2-(4-(methylsulfonyl)phenyl)ethenyl)phenyl)
Ethyl 5-[[[4-(3-methylsulfonylphenyl)phenyl]methyl-(2,4,6- C,,H,;,NO.S, [M+Na]" 618.1350  2.68 0.000 182 1.03
trimethylphenyl)sulfonylamino]methyl]furan-2-carboxylate
1,2-Dilauroyl-sn-glycero-3-phosphocholine C,,H, ,NOP [M+H]"  622.4017 0.42 0.000 477 1.26
PA(PGD1/8:0) C,H,0,P [M+H]" 6353088 039  0.003257 1.19
DG(LTE4/0:0/i-16:0) C,H,,NO,S [M+H]" 7525135 048  0.001 041 1.49
SM(d19:1/20:4(5Z,7E,112,142)-OH(9)) C, H N O.P [M+Na]” 803.5417 0.16 0.000 140 1.65

Table 4 Major metabolic pathways modulated by oxyberberine
based on DESI-MSI metabolomics. Significance testing was

performed using student's #-test

Pathway Total Hits Raw P Impact
Glutamine and glutamic 6 3 0.13291 0.222 05
acid metabolism
Arginine and ornithine 4 2 0.221 73 0.000 00
metabolism
Valine, leucine, and 8 3 0.262 46 0.000 00
isoleucine biosynthesis
Arginine biosynthesis 13 4 0.335 35 0.089 74

EGFR 73 il 5 XHHEE AR LR E R T 1.2 M 1 AE
e, 455 R B N-9.94.-9.51.-8.2 keal-mol ™, Stk /NEE
B 5 VEGFR2.JAK2 .EGFR 43l 5 % 5 55 (4 1 & L R
TERL T 1 AR AN, 456 el N -9.84.-10.15.
-8.4 keal-mol”, LA [ 45 & #0070 T Fo A 45 & 45 M 38 1) 7F
P A/ INEERRS /N BERRSS & B A B AR AR R, 17 8 AL
F AR A L /N BERR AT 5 TAK2 45 A b B o &2 A4
WS AR G . R L %5 VEGFR2.JAK2.
EGFR 7 7l 5 0 4t A U 6 IR T B T 1.1 T 0 NS,
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Figure 4 The detection of energy metabolism-related indicators. A: The level of NO; B: The level of SDH; C: The level of pyruvate; D:

The level of ATP; E: The level of Na'-K'-ATPase; F: Ca®>*-Mg”*-ATPase. n = 4, ¥ = s."P < 0.05, "P < 0.01,

wkx

P <0.001 vs Con. BERI, 2:

Treatment groups administered with 20 and 40 pmol-L" berberine for 48 h, respectively; OXY1, 2: Treatment groups administered with 20

and 40 umol-L™" oxyberberine for 48 h, respectively; THP1, 2: Treatment groups administered with 20 and 40 pmol-L" tetrahydropalmatine

for 48 h, respectively. NO: Nitric oxide; SDH: Succinate dehydrogenase; ATP: Adenosine triphosphate

Figure 5 Key genes mapped by oxyberberine. EGFR: Epidermal
growth factor receptor; KDR: Also known as vascular endothelial
growth factor receptor 2 (VEGFR2); IGF1: Insulin-like growth
factor 1; JAK2: Janus kinase 2; KIT: Mast/stem cell growth factor
receptor kit; ESR1: Estrogen receptor 1; FGFR1: Fibroblast growth
factor receptor 1; FGFR2: Fibroblast growth factor receptor 2;
MMP9: Matrix metalloproteinase 9; MET: Mesenchymal-epithelial

transition factor
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Table 5 Binding energy of the main constituents of Coptidis
Rhizoma, Corydalis yanhusuo and key target molecules involved

in their joint action (kcal-mol™)

Component VEGFR2 JAK2 EGFR
Berberine -9.94 -9.51 -8.2
Oxyberberine -9.84 -10.15 -8.4
Tetrahydropalmatine -8.26 -7.91 -7.4

HAVRFE AR N R AR . GOy, XK
AR A AE DU BT R U B Rt A O i
VOV I A R S B B R T A A T
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T WA 2 /N B AR O VT A, I HEN R
INBEGR Y AR MDA IR SR 2 A T I
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BE TR 2 R IR 7E0, qCAM AR A 1) 8L FH 7E
I A RN ) - T3 14 7 T e i Bt — 58 T ik 5%,
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TR B IR VA 50 T K T A ) I B ) i R
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Figure 6 Interaction between key targets and representative components. A: Interaction between VEGFR2 and berberine, oxyberberine,

tetrahydropalmatine, respectively; B: Interaction between JAK2 and berberine, oxyberberine, tetrahydropalmatine, respectively; C: Interaction

between EGFR and berberine, oxyberberine, tetrahydropalmatine, respectively

w2 R 3R TFAT LR 5 52, qCAM
A5 R AR A 1145 B 17 O, B AENT T 1 PP 52 K B 3R
X GO6F LS A B ) T PR Y, 45 G I P R A i e it
S ANLH S AR, LA A R R o s R i B L
ML FC P2 A 1 SR . IR AT At 2 F X —“3)
V)—2n A 22 = UoRE =X I8 AR T T 24 0 T ik
SRS P AR XA E B R L ILE A Ry
) 5 B Al S A ML AT TR &

A5 HE T qCAM BB 5 HUVEC X # 3% 1 (1) Ji
ANBETR AL AR VDB 53 () ML AR BT TR AT T R0
R AL, G W 70 R P1/NBERR AR % (21K TCA 16 3%
SO NIV 110 == o A R 11 1 11 = 2 S 1 A N 1k
L, AL N BETRAE qCAM AR Y i R 30 HE bE /N BERBE Ry
225 1 AL A ANV B, CXE TCA 534 S 8k g SDH
T 1 R TED P ) TR R R B S ATP B & ) | BE R 2
F, X — R AR W AR IE . 2 AT B o R
B, SR /N B 2 2 DA 77 23 S Ik I R0 4 R A R
SRR B . B = WG A AR AR S = R
I (TCATEIR) B PIAH ¢, ol ik #2 fit fe v 28 AR,
HEZ S a2 A S A A A T, X —AR
I S (410 1) 5 B P o- B T R D
i TCA &3 3 B e =AU P0G . 58 & XU 40 )
A58 B 177 TR AR A 2] P 5 S ) 5% B 5 DX - NADPH 1 2 15k
il A D, 51 2 IR B P, ARHE A Bk
F I N R 2 [PA (PGD1/8:0)] /11 PA [22:6(4Z,7Z,11E,
13Z,15E,192)-20H(10S,17)/8:0)] i g Bt AE A% [PC(18:1
(92)-0(12,13)/2:0)] LA Az — Mt 3 H W [DG (LTE4/0:0/1-
16:0)] 75 & BEAK, X L85 51 70 1 10 7 B B AIC S ok 1 %

A T TR ARG ) 3 H R, DL AR B S AR 38 A
50T [0 £ 0 7 TR AT ek ke I U R B T A 55
TR W R B, H i s A & D-75 & Bt A -1 &
1E A 2 EGFR -1l i1 =5 22 C & 42, EGFR B8 i it
05 5 T e T A o) 0 ) 7 S e AU 21220 58 3 2
WE 2 AR . RIS, EGFR i I il i 1 JUL P e A5
AR T AKT WG DA S T R TG 0 0 0 1) A Y 1R %
fige, H00 1) ER I v IR R SR B B 1 A AU 5 )
TGS N, R b 38 0 g 7 T T R e = T 2, 3 A
SR DT R AT AR 0, /B P 20 TR fr AR B 1 T A2,
H EGFR-JAK il 1) 57 & 142 B % 5 BUIR o AQ W A 28 kr
ATy RE SR, 52 0 24 IS RD 2 b AR R T g, %o A AR =
BBRIEI Dy Re = A S s, I Re R EBUR AN S
Bz ) ik v W, EGFR £ AN 2 5 3 5 e &
SRR AR FIRR AL . JE T ARHIF 78 A I 2% 2] 21 2 5 4R
YH B A A AT I, AR 4K /DN BE B 8 6% 38 1ot 1 9% EGFR-
JAK Sl A S 10 BE 5 IR A U0 ) 52 v 290 o f 45 ) (1
REER Btk i B AR WEREAR) A1 E 2 5 1 A R 115
5445 (EGFR-VEGFR2 4ifr) 411l ifiL 8 A= B o

HOE RN LE 2R 3 B 5 AT I AR e ) g /N B ik B
AWk, HLA 3L AR TR TR —— R R R, E
2 G MIATAE RV 22 57, IR B 02 Sy s e AT T 2
R A ARG . B A LR, S T A /N
BB Y A Wk DA 2R B R = EH R A S M R R AR 5 T
B, TR VU A 22 R 45, 75 C-2 F C-3 A A7 7E W2 H A
RUAMFHIRGE M, C-7 775 1F L[ ZR4% 25 1 LA & C-9.10
A8 1) R A R o F 1) 2 A, 3K o s A £ /N BRE A A
Fo s Al BAT 83 1 1 THD 4 A I A R 1, T



- 3516 - 252 %4} Acta Pharmaceutica Sinica 2025, 60(11): 3507-3517

HDNAEAREEY Ry THEAER . S/
TREE T /NBEDR IR AR B 2, H Ak 5 N BB I T
I3 BIARE, T RE R MR H I E I PR R B 4 SRR,
1, HEM C-8 A7 1 S8 A0 AZ i mT DA 588 G0 it afi 8 AE B AN
PUAE A AR, 5 AT B B AR I Ath V5 1 G T v R -
AR L3 BRI IR, D IR AR 254,
X AF A 53 NI B AR, S T 1 9855 5 NS T iUk T
2, AT E LA, XA B A 2R A Rl IR H, iX —
YR FE AR 5 RT BE DT T B S AR S H R R
TEF T A A B DA AR BHAR SR bm A e 35 . B50%
Hh iR /N BERR AR W B, o AR C-2.C-3.C-9.C-10 i i%
FEA A B AR IR A, A L A A A Bt 4k . 3L,
C-2.C-3 /i £ ¥ $-OMe. -OH 5k J& /i -OCH,O- ¥ IR £
¥, C-9.C-10 fi £ 3% $:-OMe. -OH 5 J¥ i -OCH,0- &
AR GE AP, BFFT R L, T /N BB B AR )R B BV
PEEBR 5 C-8 iz 5] N b3k, C-O R 5l NZESA T 3 Bt
B Bl K H TR AR O 5 IR VA ME SR, C-12 47 3R BUAR,
C-13 A7 51 N e HE A7 S 9 47 ifiL R 3 1 4 58 5 C-9
oY C-10 4758 85 kg JE HUAR, C-10 8% C-11 £ F A JL 18 1
AP KB T, A HAE 4 R B R /N BER
58 /NEE S S 2 A R SRR AL AR R, 455 R
A —EZ 5w, 8O AL IS 1/ BEBRIK BH & TR 1,
T T 5% ) 24 FR R 1 S S AWK - A B R
o ANBEH I ZE4 S 45 1 /2 H 5 DNA A BAE FH 1 &
BLHLA, IF LA IR N T BE 65 5 DNA BE IR 22 % A i
A ELAE L, T 5 2 20 2 40 U o A A\ AE S e X
it o X PR AR AN BEBR AR 8 TP DNA & i Al
ek AR, Bhm R FEGUMORE AT AR . AN BED
BT D PR AE, S8 T o T 1 LT 43 A RS (]
A, BT ANE R PR B, DI 5N
B LTI R A AT B SR 2 AR, AN BETR R 5
EGFRJAK2 %5 I 3 A= Jlg ok T 17 26 B 0L 051 10 4 o2
SR TR LT A B 4%, I 7T g 5 B 4 S W
) 3 B SO T A X R AL S 5 Ok
BB 45 A RE PR, DR R T IR — S M AR RE 8 0
IR 0 A R S RE S AR O LA ofn AR
FRINRE . FEHHR 2 FIAIR R8I0 T 4 T S b A
SRR, XS ERSHEHRCERIHE S5
i R TR /N BER R AR WA (5] 1) 2R v M, 0 B L
1) BRI AN LR AR, DL R AE 0T A5 55 1) 0 B AN B B VR
PECY, A, SEBIR L FR TR o0 AP iE A
HBFW . RIMETE R IE AR £ F 8 R ek, mAs
[F) S5 P A ) il 2 30 H A [ ) 24 38 e R BB P R
WFIER W, 7r HESE B 2R £ 3 A R AE 28 £ 3 A2 B
BRI R 0L 3 3 R 7 T T BB AT AE 22 5, IR P ST A R 5 1

T e S R 5 HOGH AL A R T AR A RORAIT FT
HE 20 [ WA [R] ST B SE ) 3R 23R T UM A A2 il i
RORZE S, TR RS HE A I 5 25 ) B AR 4

g3 b, 3T qCAM AR R BENE P  ELLVF O 3 S
JIE 2R P i /N SRR 2R W A8 20 SN A s Y 245 3
YRR BAROR &, FR el H T V-t MR s T 85 55
AR AR {5 E AT qCAM R Y I8 A7 75 1fL ¥ Ak
Lt BT T (AN A2, e S5 38 3SR P 3 A Bl 0 2 A
ARG, BEATOC A W2 AR & R, 583 I
EVP HARAE . RIS, JE T 45 24 B 2 S A 4L 2 il
B RE G > M a5 SR, SN BEBROGE I A RS 1 AL A
Hh I R RIA AU 22 7 K B AR AR R R ik —
BT, Horh, SR R RIE A R AR LR B 3
XA B2, DL R A ) el e e K R HE A R R TK T
T LR BALAB A AT R4 f5 il i J5 8RR
AR, H AN BER “ e B -5 o 7 A & TEHL
A 15 AR S S B HEAT BE

B TTAk: MRl s 00 5T S BRTT JE HUs  r ASC R
FERG AR G SRR 7T 05 S BETH DL SO [ 4R 2 R i R
DU FLL o SCRPRIE SCHT 4R 5

FIERSE: AL SR AR TR G5 R

References

[1] Liao Y, Zhang Z, Hu W, et al. Glucose-regulating hydrogel for
immune modulation and angiogenesis through metabolic repro-
gramming and LARP7-SIRT1 pathway in infected diabetic
wounds [J]. Biomaterials, 2025, 318: 123182.

[2] Wang T, Shi X, Xu X, et al. Emerging prodrug and nano-drug
delivery strategies for the detection and elimination of senescent
tumor cells [J]. Biomaterials, 2025, 318: 123129.

[3] Feng L, Peng Q, Miao L, et al. "Monitor-and-treat" that inte-
grates bacterio-therapeutics and bio-optics for infected wound
management [J]. Bioact Mater, 2025, 48: 118-134.

[4] Wang Y, Wang S, Wang Y, et al. The natural compound sinome-
tumine E derived from Corydalis decumbens promotes angio-
genesis by regulating HIF-1/VEGF pathway in vivo and in vitro
[J]. Biomed Pharmacother, 2024, 178: 117113.

[51 AiX, YuP, Luo L, et al. Berberis dictyophylla F. inhibits angio-
genesis and apoptosis of diabetic retinopathy via suppressing
HIF-1a/VEGF/DLL-4/Notch-1 pathway [J]. J Ethnopharmacol,
2022, 296: 115453.

[6] YaoT, Tan C, Rong Y, et al. Discovery of natural AMPK activator
from the fruits of Xanthium sibiricum Patr.: xanthiumine A,
protoberberine alkaloid with unique C28 skeleton [J]. Bioorg
Chem, 2024, 150: 107527.

[71 Cui HR, Xiang HJ, Fang K, et al. Establishment of evaluation

model for bidirectional intervention of angiogenesis with quail



WRAT 55 TN B RS R AL DB 100 AL 2 s T PP A S5 AR T P L R

3517

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

chorioallantoic membrane [J]. J Beijing Univ Tradit Chin Med
(L 22 25 K22 4R), 2019, 42: 813-818.

Cui HR. Preliminary Establishment and Application of a Tech-
nology Platform for Angiogenesis Intervention Drug Screening
and Activity Assessment (I) (I & 2 & T 700 25 90 0 i B 3%
PR M AR & 10 @3 5 R (—)) [D]. Beijing: Beijing
University of Chinese Medicine, 2021.

Chen KD. Investigation on the Structure-Activity-Property Rela-
tionships of Protoberberine-Type Alkaloids in Coptis chinensis
and Corydalis Rhizoma (1) (35 3% 15 4E 5 22 R /N BEGE L A P ik
"R % R AR JL(—)) [D]. Beijing: Beijing University of
Chinese Medicine, 2023.

Cui H, Yang X, Wang Z, et al. Tetrahydropalmatine triggers
angiogenesis via regulation of arginine biosynthesis [J]. Pharma-
col Res, 2021, 163: 105242.

Liu M, Yuan G, Luo G, et al. Network pharmacology analysis and
experimental verification strategies reveal the action mechanism
of Danshen Decoction in treating ischemic cardiomyopathy [J].
Evid Based Complement Alternat Med, 2022, 2022: 7578055.
Zhang TJ, Xu J, Han YQ, et al. Quality markers research on
Chinese materia medica: quality evaluation and quality standards
of Corydalis Rhizoma [J]. Chin Tradit Herb Drugs ({1 ¥.25), 2016,
47: 1458-1467.

Habtemariam S. Berberine pharmacology and the gut microbiota:
a hidden therapeutic link [J]. Pharmacol Res, 2020, 155: 104722.
Wei Y. Study on the Anti-acute Gouty Arthritis Effect of Different
Processed Products of Leaves of Cortex Phellodendri (3% 3 A1
AN TE ] b B BT S R XU 6 98 4 FE 9 7E) [D]. Changchun:
Jilin Agricultural University, 2021.

Zhou JX, Wu SG, Gong JB, et al. Pharmacological activities of
berberine and strategies to improve its oral bioavailability [J].
Acta Pharm Sin (%% %%4}), 2022, 57: 1263-1272.

Cui HR, Zhao Y, Zhang WX, et al. Analysis of hot points of
angiogenesis research in China based on co-word analysis [J].
China Med Herald (' [ = 25 ‘F4), 2020, 17: 184-187.

Lu SF, Wang BY, Bai M, et al. Effects of berberine on energy
metabolism of hippocampus in depression mice [J]. China J Tra-
dit Chin Med Pharm (4R 2578 ), 2021, 36: 3580-3584.
Wu WY, Zhang YP, Xu J, et al. Research progress on mechanism
of berberine based on mitochondria [J]. Chin J Inf Tradit Chin
Med (7 [H f 2515 B 24 %), 2022, 39: 80-83.

Andersen JV. The glutamate/GABA-glutamine cycle: insights,
updates, and advances [J]. ] Neurochem, 2025, 169: €70029.

Liu W, Han L, Yuan F, et al. Mechanism of blocking the glutamate
pathway to exacerbate oxidative stress, ammonia toxicity and
metabolic disorders in crucian carp (Carassius auratus) under
saline-alkaline exposure [J]. Comp Biochem Physiol C Toxicol
Pharmacol, 2025, 291: 110146.

Ciombor KK, Bae SW, Whisenant JG, et al. Results of the phase

I/Il study and preliminary B-cell gene signature of combined

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

inhibition of glutamine metabolism and EGFR in colorectal
cancer [J]. Clin Cancer Res, 2025, 31: 1437-1448.

Yan C, Wu D, Gan L, et al. Significant metabolic alterations in
non-small cell lung cancer patients by epidermal growth factor
receptor-targeted therapy and PD-1/PD-L1 immunotherapy [J].
Front Pharmacol, 2022, 13: 949745.

Fan J, Ma T, Ren X, et al. cTAGES is essential for adipogenesis
and adipose tissue development [J]. Nat Commun, 2025, 16: 5457.
Poolman TM, Gibbs J, Walker AL, et al. Rheumatoid arthritis
reprograms circadian output pathways [J]. Arthritis Res Ther,
2019, 21: 47.

Downton P, Sanna F, Maidstone R, et al. Chronic inflammatory
arthritis drives systemic changes in circadian energy metabolism
[J]. Proc Natl Acad Sci U S A, 2022, 119: e2112781119.

Wang XK, Yang PC, Chen XM. Alkaloid from roots of Coptis
chinensis var shihchuensis [J]. Acta Pharm Sin ( 2§ %% %% i),
1964, 11: 389-392.

Kobayashi Y, Yamashita Y, Fujii N, et al. Inhibitors of DNA
topoisomerase I and II isolated from the Coptis Rhizomes [J].
Planta Med, 1995, 61: 414-418.

Ikuta A, Itokawa H. Alkaloids of Coptis Rhizome [J]. J Nat Prod,
1984, 47: 189-190.

Iwasa K, Lee DU, Kang SI, et al. Antimicrobial activity of
8-alkyl- and 8-phenyl substituted berberines and their 12-bromo
derivatives [J]. J Nat Prod, 1998, 61: 1150-1153.

Zeng QX, Wang HQ, Wei W, et al. Synthesis and biological
evaluation of berberine derivatives as a new class of broad-
spectrum antiviral agents against Coxsackievirus B [J]. Bioor-
ganic Chem, 2020, 95: 103490

Iwasa K, Kamigauchi M, Ueki M, et al. Antibacterial activity
and structure-activity relationships of berberine analogs [J]. Eur
J Med Chem, 1996, 31: 469-478.

Wang YX, Pang WQ, Zeng QX, et al. Synthesis and biological
evaluation of new berberine derivatives as cancer immunotherapy
agents through targeting IDO1 [J]. Eur J Med Chem, 2018, 143:
1858-1868.

Hao M, Li Y, Liu L, et al. The design and synthesis of a novel
compound of berberine and baicalein that inhibits the efficacy of
lipid accumulation in 3T3-L1 adipocytes [J]. Bioorg Med Chem,
2017, 25: 5506-5512.

Liu C, Zhao SX. Study on chemical components in tubers of
Jiangsu Yuanhu [J]. J China Pharm Univ (" [§ 24 F} K 2% 2% 4),
1989, 5:261-265.

Zhai MM, Gao C. Quantitative structure-activity relationship
study on anti-tumor activity of tetrahydroisoquinoline alkaloids
[7]. J Shenyang Pharm Univ (& FH 24 &} K 2% 22 4)), 2021, 38:
1213-1223.

Han YQ, Xu J, Gong SX, et al. Identification of chemical
constituents of Yuanhu Zhitong prescription by HPLC-QTOF/
MS [J]. Acta Pharm Sin (%% %%4}), 2017, 52: 132-138.



