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Research progress on the mechanisms of alkaloid components against colorectal cancer
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Medical College, Henan University of Chinese Medicine, Zhengzhou 450002, China; 2. Anorectal Department
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ABSTRACT The incidence and mortality of colorectal cancer (CRC) in China have been on a steady rise. Current therapeutic
approaches can curb the progression of CRC to a certain extent, but issues such as toxic side effects, high metastasis rate, and high
recurrence rate cannot be ignored. In recent years, alkaloid components derived from traditional Chinese medicine (TCM) have
demonstrated tremendous potential in the prevention and treatment of CRC due to their diverse structures, complex mechanisms,
and broad biological activities. Representative alkaloids such as matrine, berberine and evodiamine exert anti-CRC effects through
multiple pathways: regulating signaling pathways including Wnt/B-catenin, nuclear factor-kB, signal transducer and activator of
transcription 3, and phosphoinositide 3-kinase/protein kinase B/mammalian target of rapamycin; inhibiting the proliferation,
migration, and invasion of CRC cells; inducing cell apoptosis and autophagy; arresting the cell cycle progression; regulating the
gut microbiota; suppressing cellular glycolysis; and inducing ferroptosis.

KEYWORDS alkaloids; active ingredient; colorectal cancer; mechanism; signaling pathways; berberine
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mesenchymal transition, EMT) J& CRC ¥ # f#Z .0 L]
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L) 5 42 28 0E " 5 T 58 5T 42 J8 2K 1 9 (matrix me-
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i 388 o) A A A R AR 0T, £ 2 e A LA™ A% IR 1
kB (nuclear factor-kB,NF-kB) 515 544 5 Kbk S0 16
1 3 (signal transducer and activator of transcription 3,
STAT3 ) 4 55 Yl AT A b iz A4 (%) 34 B FD A TR i
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BRAET BRI 1 A ot ik e i s AR R 5 &
WA AT 2, R A SR T M A (reac-
tive oxygen species, ROS) DA & % It H JIk (glutathione,
GSH) 1§ % VI AH 5¢ . AN gkt (labile iron pools,
LIP) )il 5 2k 25 ]l ek 25 s b A oK ROS X
L ROS AR S S8 A0 20 M RS mste B v v 22 AN T A s D T
(polyunsaturated fatty acid, PUFA) , 4= ifig i i A k¥
GSH "I 7EA I H K E AL W) 1 4 (glutathione peroxidase
4, GPX4) AV s B AR i AL i AR - 2
00 A0 g 1 82 - 0 48 16 ¥ (phospholipid-polyunsaturated
fatty acid-hydroperoxide , PL-PUFA-OOH) #% b iy AE #5:
AT , T ERAE T & . 24 GSH A kb sk iiH #6
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STAT3 5 3 % , " I 184 5 20 L AZ B D A 23, M T 417
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T35 AT 18 o P A p-mTOR B35, #14] mTOR {5518
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PI3K/Akt {5 53 1% , |- 9% E-cadherin 19 % 3% , T J4 N-
cadherin [ &3k , B E &P CRC 418 HCT116 .RKO 14
KB RE I ARR AR i o AN M, &P AT
CRCAEH . Z=A 9™ R, /INGER A v 8 1 T A
it RNA 13635 , FEMT ] Wnt/B-catenin {5 518 1 , [
1% Wnt 8% i 51 (WNT) 2B . WNT10A . B-catenin S H T
TR LN AXIN2 . POUSFI .CD44 {335 , M55 CRC
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AT BT IR, 5 4 B R e nT 3 3o B IR p-NF-kB . p-
STAT3 [ 25 35 , 41 ] NF- kB/STAT3 {5 5 i & , 1l 55
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1 RYE A N R AE K O MMPO 263K Bl B IR
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5 T SR 2R B B 5- R0 PR M E L Fh R A BRI AT R
JHERIR RNA SEPTY (circSEPT) [ %1k , #U1i) | 1 miR-
654-5p 1235 , i 1 J#4% circSEPT9/miR-654-5p 431l
b P A 8 TS F cleaved-caspase-3/9 ) £ ik, 5 S
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homolog, KRAS) . p-AMPK & 1 1Y % 35 , 411 il ROS/
KRAS/AMPK 51 4 , b1 [ A SW480 4il Y #iT e
FRIBCER B LA A i, DT 00 ) HOA e At 2™

A= g 44T CRC A FAALAE AL 1.

AR
n )
v P
g
= PYR LA

s ‘l HXK2.LA | .

£ * \ ik gy <

o o B T W e

N 7 £ @ & LR D

L Fer §’ @7‘% EMT |, STATANF-xB,  /)EER
— & S @ %> %  mTOR.Wntjfcatenin | !

GPX4.GSH.GSS | & ® EY
Hl #®

- A E o 9\

- ® JRE X
ot B S (O)-5%z oo
ad B4 N S0 ongEmm

U2 DI Bocl B2, OZEA-HNRH
iﬁ*ﬁ?f“" (T L caspase-3/8/9 1 @%ﬁ‘%ﬁm
R ) B,
el (@R BN
7R
My .CDK , A=AER,

LC3B-1I p62.
cyclin D1 | Beclin-1 |

TR s |G
Bl EWHZER ST CRCIERLH

3 HEERE

T2 AR YIRS RS AR 2 R0 208 P A
B, S BRI AT 25 M i AR 3, ZE A il CRC 1Y &
AR Dy R B R . ARSCER R, AR YR
BA3 P CRCAE FHAIL N 3224 v e 41 i Aoy 200 B 10 4=
SR S AN TS E W, B A0 AR R A
W E R, 5 AT T, LA 40 b e A
Horfr B A g R SR ENMREZ . 5
T %5, AR W R R ) o B i 3 JE4% mTOR , Wnt/
B-catenin , STAT3 %5 SC #5538 % & #4911 CRCAEH ,
H mTOR {55 510 B b TAZ AL . EAN, 3850 Wi
B A2 H R B9 HT CRC AR, 51 /NS mT [i] B4 o
Y LR B 5 S A R T SELVRF 40 R A I R B 1 T
T 5 5% 2R 0 g mT () 410 161 200 45 5 RN 35 5 A 9 I 5
FRAEIU AT [R5 S 4 i A e S R80T, TEBRA Oy
AT, EL 450 B S4B B 5-FRUR MEIE™ 0008 5 TR
TOFVEAEE ™, %t CRC ELAT U [R] HVE F

JUAE Wi 1R 43 4T CRC VR AL I 5% 3 W
A ARG F A (1) HETHLEIFIE =22 e i
] e 200 6 B S R TR W S LA

HhEZG 2025 4E55 36 4245 24 3



P9 B a8 G RE 75 T A LR ST 400 ) A AR 1 i 2
BT AL LA e S e Vol 42 15 39 e it 245 5 Tl A I A
P2 5 (2) ZEWTFEAT 5= B AR RSN SR BE , Sh e i 51
PRBIFSEARXT B =, BRI T il PREE S (85 (3) 155 3d %
FHAEHFF mTOR , Wnt/B-catenin . STAT3 Z5 22 #5518
$%, A 368 g K DI [RI AL ) e Ay A 56 00, A LA 4TI 48 78

A= WIEE T CRCAE 43 FHL]

ARARMTFE LA F 24 1 S8 S 15 B v 8 0 2k
TR, RGAZIA R B A= i8S i oy s #E— 15
PR 7 B S SRR R IR ARG AR 1
J T R 5 A MR ST T I AR A I S i T I
il FP AR VR FH 5 s H 5 A 24 e e i) 00 1 b )
RN RIS 25 WF 5T 5 [N i (A )9 S0 SE 58 i) A 1 S5
A, S THHlm RIS A 8 s 5k nT 5 B AR 045 Be ot S
S EAH £ B SRS, FR GE AT 22 38 8% P R BIL R ,
i 22 RS SR HE S AR WU 0 7R CRC B IR Y
PSR 5 RSB
S LBk
(1] ZR7F, B, ki, 55 2022 4F b [E 8L IR A T

SIHTN. TR 2, 2024,46(3) : 221-231.

[2] HAYNES J, MANOGARAN P. Mechanisms and strate-
gies to overcome drug resistance in colorectal cancer[J].
Int J Mol Sci, 2025,26(5) : 1988.

[3] #k#E, L5, ?‘/J\Eﬁfﬁ,%. I [ DA 0] 57 T DA T A 24
P W 8 I UE 28 50 #R 1 [J/OL]. rhAe vh BR 2 7]
2025: 1-11[2025-08-04]. https: //kns. cnki. net/KCMS/de-
tail/detail.aspxfilename=ZYHS20250717001 &dbname=
CJFD&dbcode=CJFQ.

[4] CHENIJF,WUS W,SHI Z M, et al. Traditional Chinese
medicine for colorectal cancer treatment: potential targets
and mechanisms of action[J]. Chin Med, 2023,18(1):14.

[5] ill%ﬁﬁ SRIRAR PV, 45 . v 24 A R e ARg £ P IS

1. IS A Ak, 2023, 29(13) 1 264-272.

[6] FiFTT W S5 8k, 55 /NSRS SR BRIk X 4

BRI RS A2 AR T 152 (D). Hh S Ty )
Jki,2022, 28(24):98-104.
[7] JNB,FENGY F,SUNY,etal. GPR56 promotes prolifera-

tion of colorectal cancer cells and enhances metastasis via

oL

epithelial-mesenchymal transition through PI3K/Akt sig-
naling activation[J]. Oncol Rep,2018,40(4) : 1885-1896.

(81 ZEEHMH AR, JORCH , 55 . B J8 3 I e L
MMP FI TIMP /23515 5 b 5505 7331 09 56 R ARTE ).
R 20057, 2021, 18(16) : 35-39.

[9] CALLEJAS B E, MENDOZA-RODRIGUEZ M G,
VILLAMAR-CRUZ O, et al. Helminth-derived molecules
inhibit development
through NF- kB and STAT3 regulation[J]. Int J Cancer,
2019,145(11):3126-3139.

[10] BIAN J, DANNAPPEL M, WAN C H, et al. Transcrip-

colitis-associated colon cancer

TEZED; 2025455 36 £:4F 24 1]

(11]

[12]

[13]

(14]

[19]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(25]

tional regulation of Wnt/ -catenin pathway in colorectal
cancer[J]. Cells,2020,9(9) :2125.

LAVOIE H, GAGNON J, THERRIEN M. ERK signal-
ling: a master regulator of cell behaviour, life and fate[J].
Nat Rev Mol Cell Biol,2020,21(10):607-632.

aRAS AT PNk, 25 . 3L T Hedgehog {5 51 M HY RE SRR
V545 H e SWAS0 4 JA TR HLERIBT ST )], Hh B2y,
2021, 52(8):2365-2373.

CORTES-BALLINAS L, LOPEZ-PEREZ T V, ROCHA-
ZAVALETA L. STAT3 and the STAT3-regulated inhibitor
of apoptosis protein survivin as potential therapeutic tar-
gets in colorectal cancer:review[J]. Biomed Rep, 2024, 21
(6):175.

FOERSTER E G, MUKHERJEE T, CABRAL-FERNANDES
L, et al. How autophagy controls the intestinal epithelial
barrier[J]. Autophagy,2022,18(1):86-103.

TANG Y F,ZHANG Y B, LIU S P, et al. 14-3-3 binds to
and stabilizes phospho-Beclin 1%* and induces autophagy
in hepatocellular carcinoma cells[J]. J Cell Mol Med,
2020,24(1):954-964.

JAMASBI E,HAMELIAN M, HOSSAIN M A, et al. The
cell cycle, cancer development and therapy[J]. Mol Biol
Rep,2022,49(11):10875-10883.

QUR Z,ZHANG Y,MAY P, et al. Role of the gut micro-
biota and its metabolites in tumorigenesis or development
of colorectal cancer[J]. Adv Sci(Weinh) , 2023, 10(23) :
€2205563.

WANG Y H,ZHANG Z Y,SUN W C, et al. Ferroptosis in
colorectal cancer: potential mechanisms and effective
therapeutic targets[J]. Biomed Pharmacother, 2022, 153:
113524.

WIREE, 74 I, A5 FLRRILIE TR 45 B i ik Jé
HHEIBTFEBLR ). AP B Y RS A AL AR, 2025, 33
(4):469-473.

MAGALHAES R S S, BOECHAT F C,BRASIL A A, et
al. Hexokinase 2: the preferential target of trehalose-6-
phosphate over hexokinase 1[J]. J Cell Biochem, 2022,
123(11):1808-1816.

e 2628, A, 45 . ¥ SR Y IL-6/JAK 1/STAT3
{7 T IS 4 s A LR 9 0 T B R R 1 5
[1]. thEfEf 24, 2024, 40(7) :1436-1440.
BRI A 20 BB ) 45 L e A R R B R RS L
HHATFE[D]. K KPR 257, 2024

2R /NBERSE 1 1lincROR/miR-145/Wnt/B-catenin {5
SRS AR DI RERT YD), )M BT EER
KE,2022.

CHAN S X, SUN R, TU X C, et al. Rutaecarpine sup-
presses the proliferation and metastasis of colon cancer
cells by regulating the STAT3 signaling[J]. J Cancer,
2022,13(3):847-857.

SR SO 25 R D RO AR R A K & VEGEF

China Pharmacy 2025 Vol. 36 No. 24 + 3147 -



(26]

(27]

(29]

[30]

[31]

[33]

[35]

[38]

£ 3148 -

MMPI IR [T]. FAKEE:, 2024, 45(4) : 766-769.
CHENGY,YU C,LI W B, et al. Matrine inhibits prolifera-
tion, invasion, and migration and induces apoptosis of
colorectal cancer cells via miR-10b/PTEN pathway[J].
Cancer Biother Radiopharm, 2022,37(10):871-881.

XUH 28, PeSCf, 55 . BRRIREAETT RIKG BUD A A EL
EAM TR I Akt 7T I B DI R4 5 25 B R AT 25 W)
HIVR YT RCR B AE FPLHIBESE D). hE2d, 2022, 53(16):
5044-5051.

FLAH D PR, 4 B AR R miR-4317
X 45 B e SW620 24 0 334 5 A 4 1 64 5 e K AL [D].
bR 2y, 2022, 44(21):3235-3238.

REN H,ZHAO J P,FAN D S, et al. Alkaloids from nux
vomica suppresses colon cancer cell growth through Wnt/
{3 -catenin signaling pathway[J]. Phytother Res, 2019, 33
(5):1570-1578.

T, BRI, AT, A £ A TSI AR AR AL [ EGER )
) 225 B 98 A0 ML G A W 24T R O R S T R AL AT
FE]. A T B R 2 o 4 (BE 2 R L 2024, 53(3)
328-337.

MR, FIRRER R AR, A5 . /N BEmE i O A i
caspase W PE A T A 3E DL SS A EEERID]. o =
2R, 2023, 39(1):21-31.

PSR, XL AP, A5 . SRR BT IIE 1 1445 Hedgehog 15
S B T4 T R HCT-116 ZIRE TR 75 [)]. s
YLK, 2022, 38(1):71-77.

AT . A BRI & 5-F8 bR 15 WE T Ao 0 f STAT3 9 1
AR TSS SR A A K D). A LRIERER
2#£,2023.

JEGEAE 255 . R R A ks B 3 I 4% cireSEPT9/miR-
654-5p 5 M 45 F i i SW620 41 i 18 5 K 7 7 1) HL il
] FER RO i (B2 , 2022, 51(1) :44-49.

T R SO B A 1) HIF-Loc 410 1 s P ) L VD )
TR L P R ST ALD). K K 2 R,
2024.

BtiA: . e R i) PDHK 1 5045 B 88 76 4% 14 53 5 BIL I
WFFE[D]. Kt Kt B2y, 2022,

LIANG L, SUN W, WEI X, et al. Oxymatrine suppresses
colorectal cancer progression by inhibiting NLRP3 inflam-
masome activation through mitophagy induction in vitro
and in vivo[J]. Phytother Res, 2023,37(8) : 3342-3362.
TR, REAR, BE, 5  MARGRO B TR 25 e
BRI []. 25 B A, 2024, 40(4)
652-661.

China Pharmacy 2025 Vol. 36 No. 24

[39]

[41]

[42]

[43]

[46]

[47]

(48]

(49]

XIAJY,GUO P J, YANG J, et al. Piperine induces au-
tophagy of colon cancer cells: dual modulation of Akt/
mTOR signaling pathway and ROS production[J]. Bio-
chem Biophys Res Commun, 2024, 728:150340.
SUN Q, TAO Q,MING T Q, et al. Berberine is a suppres-
sor of Hedgehog signaling cascade in colorectal cancer[J].
Phytomedicine, 2023,114:154792.
GUI Z W, LT J W, LI J, et al. Berberine promotes
IGF2BP3 ubiquitination by TRIM21 to induce G//S phase
arrest in colorectal cancer cells[J]. Chem Biol Interact,
2023,374:110408.
BYUN W S,BAE E S,KIM W K, et al. Antitumor activity
of rutaecarpine in human colorectal cancer cells by sup-
pression of Wnt/B-catenin signaling[J]. J Nat Prod, 2022,
85(5):1407-1418.
LIU L, LIANG D, ZHENG Q, et al. Berbamine dihydro-
chloride suppresses the progression of colorectal cancer
via RTKs/Akt axis[J]. J Ethnopharmacol, 2023, 303:
116025.
CHEN H T, YE C X, WU C H, et al. Berberine inhibits
high fat diet-associated colorectal cancer through modula-
tion of the gut microbiota-mediated lysophosphatidylcho-
line[J]. Int J Biol Sci, 2023,19(7):2097-2113.
SUN Q, YANG H, LIU M L, et al. Berberine suppresses
colorectal cancer by regulation of Hedgehog signaling
pathway activity and gut microbiota[J]. Phytomedicine,
2022,103:154227.
CHENHT,YE C X,CAI BY,et al. Berberine inhibits in-
testinal carcinogenesis by suppressing intestinal pro-
inflammatory genes and oncogenic factors through modu-
lating gut microbiota[J]. BMC Cancer, 2022 ,22( 1):566.
SRAR ST, B, XA, S L INUAR BE i 94 4% STUBL/
GPX4 1% T B AN A LR BRAE T (D). BT R R
#2,2024, 44(8):1537-1544.
SR WA IR ) 45 MR e A% O A P S pL
WIFE[D]. #M - R P27 B, 2023.
JEHE, XRS5, AR, 55 . TR ORVE ] TR A OC B
XoF 8 g e AR UR T R Z I [0, vh 25
2024, 21(3):295-300.
XVBE, X3, 2B R 228 BiE 1 ROS/KRAS/
AMPK 17 il 45 111 96 SWASO 4 it~ 14 2R A 1A 8% fi
[7]. W24, 2022, 38(3) :344-347.

(ISR 1401 : 2025-08-13 {517l H 401 : 2025-12-02)

(4t - AR AR )

HhEZG 2025 4E55 36 4245 24 3



