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Abstract. Objective
and its mechanism involving the regulation of bile acid metabolism and the cyclooxygenase — 2 ( COX - 2)/
prostaglandin E2 (PGE2) pathway. Methods

dose metformin, medium — dose metformin and high — dose metformin groups. A CRC model was induced using

To investigate the inhibitory effect of different doses of metformin on colorectal cancer ( CRC)
A total of 60 BALB/c mice were divided into control, model, low —

azoxymethane ( AOM)/dextran sodium sulfate ( DSS). Tumor number and diameter were measured with a caliper;
fecal bile acid levels were detected by liquid chromatography — mass spectrometry (LC —MS) ; and protein expression
of COX —= 2 and PGE2 in colon tissue was determined by immunohistochemistry. Results ~ Tumor numbers in the
control, model, low — , medium — and high — dose groups were 0, 11.58 £7.13, 7.83 £3.38, 3.33 £2.06 and
2.83 +1.40, respectively; tumor diameters were 0, (2.91 +0.32), (2.43 £0.31), (2.11£0.37) and
(1.98 £0.38 ) total  bile (20 989.00 =+ 306.69 ),
(43 256.50 +187.08), (32 265.26 +325.08), (23 035.72 +136.33) and (22 351.51 +145.36) ng - g ',
respectively; deoxycholic acid ( DCA ) concentrations were (3 160.14 + 113.31), (16 684.58 = 4.39),
(11 544.47 +7.86), (5 472.60 +£25.03) and (5201.36 £79.95) ng - g~ ', respectively; lithocholic acid (LCA)
concentrations were (2 140.43 +76.23), (14 452.6 +47.82), (9 085.87 +11.14), (3 145.09 £54.20) and
(2955.51 £38.02) ng - g ', respectively; cholic acid ( CA) concentrations were (6 917.71 +51.12),
(2051.41 £88.47), (3 181.64 £23.79), (5 564.01 £35.45) and (5 866.10 +63.80) ng - g~ ', respectively;
chenodeoxycholic ( CDCA ) (5 720.33 + 53.07 ), (1135.43+48.38),
(1530.56 £37.57), (4 060.14 +37.09) and (4 542.83 £27.39) ng - g ', respectively; taurocholic acid (TCA)
concentrations were (497.24 + 59.29), (1 560.15 + 26.03), (958.13 +28.00), (705.21 + 3.66) and
(669.24 £33.00) ng - g ', acid ( TCDCA )
(1027.96 +84.28), (2918.60 +122.90), (2 518.23 +70.50), (1 411.36 £49.15) and (1 389.87 +5.80)
ng - g~ ', respectively; COX — 2 staining scores in the model, low —, medium — and high — dose groups were
(5.75+0.97), (4.50+£1.78), (2.75+1.66) and (2.67 £0.89) points, respectively; PGE2 staining scores were
(5.75+0.97), (4.50 £1.93), (2.67 £1.67) and (2.50 £0.90) points, respectively; compared with the control

group, the aforementioned indicators in the model group showed statistically significant differences; compared with the

mm, respectively; acid concentrations were

acid concentrations were

respectively; taurochenodeoxycholic concentrations  were

model group, the indicators in the low — , medium — and high — dose groups showed statistically significant differences
(all P <0.05). The medium — and high — dose groups were significantly more effective than the low — dose group in
reducing tumor number and diameter and regulating bile acid metabolism (P <0.05). The inhibition of COX -2/
PGE2 expression was negatively correlated with the dose of metformin. Conclusion Metformin exerts anti — CRC effects
through dose — dependent regulation of bile acid metabolism ( reducing DCA, LCA, TCA, TCDCA and restoring CA
and CDCA levels) and inhibition of the COX —2/PGE2 signaling pathway. The medium — and high — dose groups
(250 =500 mg + kg™ + d™") show more significant effects.

Key words: metformin; colorectal cancer; bile acid metabolism; cyclooxygenase — 2/prostaglandin E2 pathway;

dose — dependent

AT IR T BT AE A P2 DR E L I3 R R R A B I OE™ . % CRC L)

R PET 1R , H AP I S IH R ( deoxycholic acid, DCA)
47 IHAR (lithocholic acid, LCA) By 45 B i i
(colorectal cancer ,CRC) fUEUEH £ . B/KFE RS
JEVHR AT 38 75 5 DNA A0 45 A R S 4 48 5 Ak
FlHEsh CRC KA . HES
2, COX -2) /5|7 & E2 (prostaglandin E2, PGE2)
5 T R I 3 PR S A T Uk T R T 3
T2 SR T I e i R LA, 55 BUIE TR O

-2 (cyclooxygenase —

REIRFE B H A S AR A a3, HEpip e e, —
FROSUIIAE: Ao i TN 24, 305 479 i B AT R AR Bt s
#H CRC %A WU oA AT 15 s T e 4R i
A5 IR R , — F RUIAT A 3 1o 5 e AH 7
WA S TR P FH A B3R, (L3900 5 IR
THRAGH - COX - 2/PGE2 38 % A SCHRMEAT 7 1 — 25
WF9E. ABFTE BAERE R B OOUIE i
PLEIIE] CRC B9k 1, S 45 8 M i 9 s R 1 )7 A3



13098

v T R 25 PR gk R

AL 21 ] 2025 4F 11 7 (B 443 1))

I AR B o
MER5TE

1 ##

KIEEHH  ABETEEH 60 H 6 Ji ik i i &
BALB/c #EPE/N L, AR 19 ~20g, 1 A i35
SRS S BR AW AR PR ATHIES: : SCXK (377) 2021 -
0002, fii A AT IES : SYXK ([#] ) 2021 - 0031, {5l F£ 7E
IR L . ARSI AR R FER A JLO OB
B s e ZE G 2 HE (BRI 5 : 2021 -26) , /NER
W IR 1 BREE AR IR R DGR A 5
il o BROE L B IO A 1 285 1 R Z8 VUK TR I 75 o

WA E A A H B (azoxymethane , AOM) | 4fi
JE.95% ,Ht5 . YA0805 %5 AT B2 4 ( dextran sulfate
sodium, DSS) , 43F1& :36 000 ~50 000, 3tt5-:G11243,
K28 [ Mpbio 2% w] Az 7 ; R 1 2% ik ( phosphate —
buffered saline, PBS) , £ i :0. 01 mol + L™",PH 7.2,
b5 21773143, N AN BE 2 BHECA PR W A2 75
4 COX -2 Hipfk HE2H PGE2 Hifk , HHh 3¢ [E Abcam 2%
A A R BR AR E A, B RV E A R ECA PR A
AR WA 3 — BT A DGR (P L S L W
iR ) , ¥ H 3E [E Thermo — Fisher /&) 477,

{X2%F HistoStar 2 L1 ML, VL 75 4E MRELE ¥
FARAB R T P 5 s Excelsior AS ZH 2 i /K ML, 1.9
HEARBLE Wy BOAR A BR 2L 7 7 i 5 HistoCore BIOCUT
HAFF Y AL, db o St B B A R 7] 77 s
HS — 1145 $ 5 1% FdL, 36 o0 S i 5 A8 B A IR A
A7 s N = SIM 8 85, H A Nikon 2% ] 7™ i 5
ZY - 6804 A sl AE AL 3 A AN, it 1 BRI AR R
AR FFE 5 CFX96TM Real — Time System , 35 [
Bio — Rad 2% #] j fi; QTRAP 6500 + J5i % X .
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B EWEWOHAE, 5475, F Waters ACQUITY UPLC
BEH C 34 (2.1 mm x 100.0 mm, 1.7 pm), LA
0. 1% HER/KH R (A) NG (B) S i sl AH 2174
Velbio BUEALI A AB Sciex QTRAP 6500 + R 4¢, Hi
5% %5 FL %5 (electrospray lonization , ESI) 11 8§ F-# 2, 5
TR L 550 °C, B 1 mis AL IR — 4 500 V, A R
241. 32 kPa, il £ [ )i W5 ] ( multiple reaction monito-
ring, MRM) § 4 . X 4 vHE VR0 A7 WORH €0 3% — Hf IG5
FEER 4 AR (liquid chromatography — tandem mass spec-
trometry , LC — MS/MS ) #ill , £5 I 1 B 75 AH L ¥ B2 315
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WFFE L UREA TR
3 ZitFEsE

F R v 3.5, 2 B B iRR (0 — R IR 4
ARARZE R IF AT AL . ] SPSS 26. 0 B fF4b LS5
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PR, IR EE ] ANOVA B T7 22004, 241
e LSD ¢ #5558, Kruskal — Wallis H %556 F TAEIESS
I3 AT B , RN A 23 AR DG o

# R

1 JBHNMNREHNEHES KNI

X REZE A DL A8 B, TS TR 2 R ARG v v )
SR/ R e IR e R S B 4
o A TR (1 P <0.05) , i S0 g
e B3 A AR i S B 21 W 3 D (P <0..05) ,
PR S A A A LA, FE G SR ST
SC(P>0.05) o AR g 7 e 52 36 2 1) B JRe A e
TULH Y E 08/ (1) P <0.05) , HoA g 77 5L 21 1)
e B AR S g 2 4 2 s/ N (3 P <0.05) , o
ISR 5 R B SR AL U, FE g o B2
AR (P >0.05) o b ATE LI 3504, il
A P OBUDICTRN S8 Fr) 30, 52 58 2 I Re 1 24 LA I T o
By B (B P <0.01) o 45RILEE 1,
2 INAFRRARRIEFRE

FHNRE AR 21 HE Qe@ )5 8w, BRx) i
AN BRI AR | L 7R SR 20 19 /0 BV H B

JeA i B AR RR o R R AR b B R A TR A
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3 EFERETERARMNETWL

FIVBAR 35 — B e FH BRI 1 8 Fh IH iR
(VR E o X A AT AR S S B 4 b ) S B
YUFT R SR 41 VT R W B A N A
(20 989.00 £306.69 ), (43 256.50 + 187.08 ).
(32265.26 £325.08 ), (23 035.72 + 136.33) Al
(22351.51 £145.36)ng - g~'o SXF B A L, 17
YT RRIRFE B THE (P <0.05) , 23t —HIXL
W10, AEG 70 S 2 1 R P v 5 Y
IR FRAR (Y P <0.05) oy, oy il e g 4
SIEHRR M BE IR TR B S5 3020 ($) P <0.05) .

x1 HA/DEGETHMREEEATHEHR (2 £5)
Table 1

Average number and diameter of intestinal tumors in

mice in each group(x +s)

Number of tumor —  Average tumor Average tumor

Group

bearingmice (n) number diameter ( mm)
Control 0 0 0
Model 12 11.58 £7. 13 2.91 +£0.32
Low — dose 12 7.83+£3,38" 2.43 +0.31°
Medium - dose 12 3.33+2.06*%  2.11%0.37**
High — dose 12 2.83+1.40** 1.98 £0.38 **

Compared with model group, * P <0. 05 ; Compared with low — dose group;
#P <0. 05 ; Control group: Mice were administered 0.4 mL of physiological
saline daily by gavage; Model group: Mice were administered 0.4 mL of
physiological saline daily by gavage; Low - dose group: Mice were

administered metformin at a dose of 125 mg - kg™' - d ™' daily by gavage;
Medium — dose group: Mice were administered metformin at a dose of

250 mg -+ kg™' - d7' daily by gavage; High — dose group: Mice were

1

administered metformin at a dose of 500 mg - kg™' - d ' daily by gavage.

ot B, . ? 7 “”‘ % >

1 JRARKE DAL (HE) J (035 A I /) BRL &5
( x100 f%)
Figure 1

i s 7 20 41

Mouse colonic lesions detected by hematoxylin and
eosin staining( HE) staining ( x 100 magnification )

A: Normal colorectal tissue; B; Colorectal adenocarcinoma; C: Colorectal
adenoma with high — grade intraepithelial neoplasia; D: Colorectal adenoma

with low — grade intraepithelial neoplasia.
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(669.24 £33.00)ng - g~ ; 4= KE B3 A IH R (tauroche-
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(1027.96+84.28 ), (2918.60 =+ 122.90 ).
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LCA ¥R B34 B3 3 X EAL (34 P <0.05) , [R] A, 458
B2 TCDCA Fl TCA ¥k B ¥ & & L (8
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P<0.05), —HXAKTHG, SERIAL A L, K. s
RIS 4 DCA LCA [ TCA F1 TCDCA ¥ FF ¥ i
FHIEAR(Y P <0.05) , Hrp il e i B H
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Ty —J5 T, 5% BRALAH H, AL ) CA il CDCA
iR Tl N S 1 d o SN = 4 2 e S O
CDCA Ry B 35 & 25 T, Ho v s 39 o 52 56 20 1Y
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Jg(5.75+0.97) . (4.5+1.93), (2.67 + 1.67) A
(2.50 £0.90) 4y, fEIEH 414, COX2 fl PGE2 JL-F
Ak, FERFIZd COX -2 fil PGE2 323k B i 4%
2. G ZHUINT WG, SERAAE K &
FIHEE S COX2 1 PGE2 & [ k1] i R (1
P <0.05) , Horfrr gm0 i S gn 41 b AR i SE g 41 4
R (P <0.05) , i | e ) i SE g 4 2 W) FE e v
2 bR ISR (P >0.05),

i

CRC J2& 3K ] PN & 238 T A8 T 238 34 A v 1) %
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HZ M B, fExX—E Ko fd, R S5 T
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R TE B, I PRBIF 5T 32 B, AT d 3 R I AU
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A, S IR RR AR R AR 45 R R AR
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B /0N B B i 1S R g — 2P e iE T W OBUIK A it
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I 2 3 0 ) 45 i e 988 T i, LA 3 30 Sy e
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AT BCRE N B . A S AR A
(HE Jef) gon, = HOBNR T 100 41 0% i g 22 4 R 78
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AR Il FEHL T 2R B 3 WG RAFSE , LA 1At T o (LNPO23 ) 5 22 5 i 97 Ak
e, I8 ANERM 35 REFEsk Ey7 R 5 T A& RHIZ I C3 B/ FES 55 (18 ~60 %),
9 AR T A5 B L C3 VBRI (B <77 mg + L™)  BEHULHTSS - 75 RAHS - 15 RIYIRE AR L
fH(UPCR) }y 1.0 g - g~ B &y, S AS AIEE — 15 KAK B /NERIE T 2 (eGFR) A4 30 mL + min ™"+ 1.73 m ™' 5§
TR LA BRI G R A A% SR TR RN R BRI 1 o A PG RIS 538 LA 10 1 BENL ) Be 0 03 7T o 20 e
EFANZH Ml Bz o2t T et RS R X 2 A IR I T )2 E 6 N A MIBUE I, 2 53 1 ik 200 mg f/H5 ] P
LRGN B 2 UG HE & 6 N H IR, BT A 2 538 I 200 mg (AT PR, BER 2 IR, FEA R
6 ™ H B R AR D . 2021 457 H 28 H 22023 422 H 15 H L0k 132 #2535, b 58 i oK i i
e, B, 3L 74 5] (64% Fy FPE;69% a1 N) B 12 1 BEPL ST LA o] 2 (n = 38) s BRI (n =36 ) A TIRYT .
GRINAR 1 B2 5E IR WIRME L TIRYT . 76 6 DB, SRR, JH8 AT 419 24 h UPCR A 43
FeAs Ak A —30. 2% [95% BAZX[E] (CI) —42.8 ~ —14. 8, ZRIFIAHF 7. 6% (95% CI —11.9 ~31.3), 7EfHIE
Al P4 ,24 h UPCR 4 JUa 3B 7E 32T 4 3.33 g+ g 7' (95% C1 2.79 ~3.97) , 76 MHBFH2.17 g+ g
(95%CI 1.62 ~2.91) ; fE L REFI L, FELRHT 4 2.58 g - g7' (95% CI 2.18 ~3.05) ,6 A~ 04 2.80 g - g~
(95% C12.37 ~3.30) . SZRIFIAH L, % AT PELE 6 4N B9 24 h UPCR B&K T 35. 1% (95%CI 13.8 ~51. 15
P =0.0014), 766 A0}, JHE AT PER I A et 5 W A IR IR E LR R . JHS ATPEAE C3 5/
B B T EA AP I 52 P R AT 32 e A



