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Abstract: Objective To explore the mechanisms by which berberine (BBR) inhibits colorectal adenoma (CRA) in APC™™* mice.
Methods A total of eight C57BL/6 mice were randomly selected as the control group. APC™™* mice were randomly divided into the
model group, low- and highdose (50, 100 mg/kg) BBR groups, with eight mice in each group. Mice were fed high-fat diet and

administered treatment for 10 weeks. The number of colorectal tumors and the maximum tumor diameter were observed.
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Histopathological changes in the colorectal tissue were assessed using hematoxylin-eosin (HE) staining, and the expression rates of
ki67 and p53 were evaluated via immunohistochemistry. Serum metabolites were detected using high-resolution untargeted
metabolomics, and differential metabolites were identified using orthogonal partial least squares-discriminant analysis (OPLS-DA),
followed by functional enrichment analysis. RT-qPCR was employed to assess the mRNA expression levels of ornithine
transcarbamylase (OTC), arginase 1/2 (ARGI/2), nitric oxide synthase 2 (NOS2), and argininosuccinate lyase (4SL) in colorectal
tissues. Results BBR significantly reduced both the number and size of colorectal tumors in APC™™* mice, improved atypical
hyperplasia and inflammatory infiltration in the intestine, and suppressed the positive expression rates of ki67 and p53 (P < 0.01,
0.001). Metabolomics identified 145 differential metabolites between the model and control groups, and 51 differential metabolites
between the model and BBR groups. KEGG analysis revealed that metabolites in the arginine biosynthesis pathway, DL-glutamate, L-
citrulline, N-acetyl-L-glutamate, and N-o-acetyl-L-ornithine—were upregulated in the model group but downregulated following BBR
treatment. RT-qPCR results indicated that compared to the control group, the expression level of OTC mRNA was decreased in the
intestines of model group mice (P < 0.001), while the mRNA expressions of ARG1, ARG2 and NOS2 were increased (P < 0.001). In
comparison to the model group, the low- and high-dose BBR groups restored OTC mRNA expression (P < 0.001) and suppressed the
mRNA expression levels of ARGI, ARG2 and NOS2 (P < 0.001).

Key words: berberine; colorectal adenoma; APC™"* mice; arginine; metabolomics

45 H 9 (colorectal cancer, CRC) 2 55 i LI
— PGB, ERERESE TR 2 1, BAEE
RAVZEALFEF I RE A, G T ™ E A 2 AR
EEH R (colorectal adenoma, CRA) & RALE
gEH PRI b R i R RRE, IRAT LU AR -
B BRARIBWTEAL N CRC, HA A BNH WL
CRC AT AR, PE4RIE 90%M1) CRC H CRA i
JEIMK, BHWT CRA [3 A8 it Xt Fik/> CRC k&
A B RS B4, CRA KB& “1EW b R -
AN i 448 A R - e - R S MR B
N CRC, iR 10~15 50, W50 kL, EIRAR
JEE 10 £ R CRC RIFHEN 2.7%, EIREE
IR N 5.1%, REIVE BN 8.6%, T
NA 21%2. [k, BHW CRA XFBiii CRC +4r
HIE,

EAr, TR CRA #7480 77 3 B R R 1R
o, AE TR KRIL CRA 5 /R YIR E
HE WS, AL, ANBERHSE R IR F= )%tk CRC
J CRA FAREE KA 5. HHAREH, Nk
/INBETRT RARA, B iR B R )RR ST, HLREAT AL
/> CRA KRG 1~2 R KFO, JRAE/NEEGFE
MUY CRA, AHEARIIME FHLEA R A o

FER. RIREARWy @ fe 2. %
FER TR SORENLEI R CRC KRB R 0,
tb,  MEARE e RS B EE SR T2
Kk ARTIFL AL, CRA B RIMIE 5
f FEXT IR A7 AE B35 25 5%, CRA BB IS P T BRI
JE TR R, T R TR CRA MIRAER

fEHEERI, B CRC BE MR o 2R
B RD, HEH S SRR, R mAS7T
FEG AT R0, Ak, 7T I/ BE R AT DL a1
5 2 A AT AU A B AT « R B IR
JaB s O R AT IS S A 2R ALY R, AH
DU /0N B el T A 6 ek O YO A T R A X
CRA MI¥RITIER

AHIE T K AR #E A o 7 A M A BRI R
APC™™ /N ERLIE AU A4k, R I 2 e AR
AR E R BRE EIR A & g A, dE—P i il Sy
RN EE PCR MR ImEH L PR AR A RS
AR SCHE LR 1) mRNA FRIAFIELL A 2 57, UEsdh
i /NBEBGS CRA BIVRITTER TR 5 5 AR
A RS K.
1wt
1.1 B9

24 W SPF Mt APC™ /NG AT 8 H SPF 2%
HEME CSTBL /MR, 8 RS, AE (20+2) g,
W B VLV R T AR ARG R A ], S el e
5 SCXK (F5) 2022-0016. /1A 7% T HxHE B
50%~60%- #SE 21~23 CHIFEI, 1a 77 1 e i
B REERL, HHRK. ARG SN B 25K
ST Vs b (R FES 20230136).
1.2 BHE5RH

60% H AR A = IR TR (L5 2310-18) T H B /M
EIEY R AR A ; RNA Easy Fast 4204/
Y1 RNA $2BURAF & (S Y1818) I H bR
WRANRHERAT; SYBR Green Master Mix. F



- 7738 -

FED 2024FE 11 H B55% B 228 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22

B, &K (L5 2961636+ 73594, A470-500) ¥
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AR 0.5 mL/min; JEFEAA 2 uls BIA K+
25 mmol/L Z.R%#%+25 mmol/L &K (A)-ZJ (B);
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B0 JE BRI 22 B O VR SR RNA, Kl RNA 58
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VW, WA I —%E cDNA, ¢cDNA BF-20 C
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BHG FIFIIE 1.
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Table 1 Primer sequences
Ean 3 (5°-3")
orc F: TTTTGGTGTGGGAAGCCAGT
R: GCATCCCGAATTTTGCAGCA
ASL F: TGCAGGGAAGCTACACACAG
R: TCTTCTGGGGCATCAAGCTG
ARGI F: TGAGGAAAGCTGGTCTGCTG
R: ATCACCTTGCCAATCCCCAG
ARG?2 F: GGCTACAGCTGTGTCACCAT
R: ATCCAGAGCTGACAGCAACC
NOS?2 F: GCCAACATGCTACTGGAGGT
R: GCAAAGAGGACTGTGGCTCT
ASL F: GCATCTTCTTGTGCAGTGCC
R: TACGGCCAAATCCGTTCACA
GAPDH F: GGTTGTCTCCTGCGACTTCA

R: TGGTCCAGGGTTTCTTACTCC

FitFE o

KH SPSS 26.0 BAFHAT b, HIELAX £s K
e ZHIAIZE RN ERTT 20, R EESS
A H 5 255 %8s . Bonferroni 6363447 25 7] P
buEs, =T Welch R 36 #H 47 S AR 1E Hh s,
T H Dunnett’s T3 463547 9 P9 LLEL

2.5
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AL bR R ARG, B2 R IIR T A 28 4N g
B N T R AR BN Z L
JEEERTEW, SRR, BEE E AR SE
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Table 2 Effects of berberine on number and diameter of intestinal tumors, and positivity rates of ki67 and p53 in APC™"*
mice
43l 7l &/(mg-g~") JTE IR A J¥ 38 e K M8 B/mm ki67 PR Z/% p53 BHPEZR/%
X i — — — 1.17£0.65 5.37+0.85
FETY — 4,00+ 1.00%# 4.67+0.58"# 8.63+2.53# 18.94 4 5.00%#
INBETR 50 1.00+1.00"** 1.00+1.00"** 4.41£0.59" 7.46+£2.57"
100 0.6740.58" 1.004+1.00*** 3.934+1.22" 8.64+1.66™

Sxl i tbg: #P<<0.001; SR T P<0.01

##4P < 0.001 vs control group; **P<0.01 **P<0.001 vs model group.

K ki67 FERIAEMMAZ, p53 FERIAIEA
MR AR, SX AL e, REA AN R 4 2R
ki67. p53 BHMERIEEEFE & (P<0.01); S5
RUA L, NEERIK. mAEA/REBAN
ki67. p53 FHMRIEE EZFHFMK (P<0.05).

“"P<<0.001.

3.2 RIFHES LI B BT IEM

WK 2-A. B Fi7R, ¥ QC #EA TIC #HA73E K]
HE L, & R 1 e S 58 B AN PR B A ] A B
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N SRR EE AT
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/INBETR
50 mg-kg™!

/INBETR
100 mg-kg™!

: AR oeetms
Y /NEER 50 mg-kg™!

pogic) R /NEERE 50 mg-kg™ /NBEBH 100 mg-kg™!

A2 APCM N R B IR SR 5K/ B-HE Jefhy, BOFLRRAE M IGERAHIE R, WOFLARERMLERR, SO ai M ARF
KRR ERBOAE RN . C- s HLUL S Y Rl ki67 FIFAYERIL: D-fs HAUL Y AR p53 MBHHERIA.

A-number and size of intestinal tumors in APC™"* mice in each group; B-HE staining, yellow arrow represents tight array of colon hyperplastic glands,
blue arrow represents basophilic mucus, and green arrow represents mucosal and submucosal necrosis with inflammatory cell infiltration; C-positive

expression of ki67 was detected by immunohistochemical staining; D-positive expression of ki67 was detected by immunohistochemical staining.

1 /NEERX APC™VUNREAEMERE. R, HE £E& K ki67. p53 FAMRAIFIN

Fig. 1 Effects of berberine on number and diameter of intestinal tumors, HE and positive rates of Ki67 and p53 in APC™"* mice
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A-negative ion mode; B-positive ion mode.

B2 QC#XKTIC EBILE
Fig. 2 Overlapping TIC chromatograms of QC samples
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A-FUES TR R B A vs b IR ZH 72 RARBI ¥ OPLS-DA ¥4 ;. B-1E B FAE U AR AL A vs X IR 4H 22 AR 1Y) OPLS-DA 114l
C-IE B TR R B4 vs X HRZ D 20 P2 AR I 08 2 53 5 HOHOIR B s D-S e R RBE B A vs IR A vh 20 AP SRS 10

KL ZREHRAE

A-OPLS-DA score plot of differential metabolites between the model and control groups in negative ion mode; B-OPLS-DA score plot of differential
metabolites between the model and control groups in positive ion mode; C-bar plot of fold changes in the expression of 20 differential metabolites between
the model and control groups in positive ion mode; D-bar plot of fold changes in the expression of 20 differential metabolites between the model and

control groups in negative ion mode.

&3 APCM™ RS ERNRIEREHINESR

Fig. 3 Differences in serum metabolites between APC™"* mice and normal mice
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A-OPLS-DA score plot of differential metabolites between the BBR and MOD groups in negative ion mode; B-OPLS-DA score plot of differential

metabolites between the BBR and model groups in positive ion mode; C-bar plot of fold changes in the expression of 20 differential metabolites between

the BBR and model groups in negative ion mode; D-bar plot of fold changes in the expression of 15 differential metabolites between the BBR and model

groups in positive ion mode.
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Fig. 5 KEGG analysis of biological processes involving differential metabolites
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