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Foff b E N, B R K E BN T KE HE 2EMKRLEMAEBETLF L AL BESE(TDD #F 4,
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Treatment effect and mechanism of gramine on ulcerative colitis mice through

NLRP3 signaling pathway "
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[Abstract] Objective To investigate the effects and mechanisms of gramine (GRA) on dextran sulfate
sodium (DSS)-induced ulcerative colitis (UC) in mice. Methods Thirty-six specific pathogen free (SPF)
C57BL./6 mice were randomly divided in to six groups: control group,model group,5-aminosalicylic acid (5-
ASA) group (100 mg/kg) ,GRA low dose group (25 mg/kg) , GRA medium dose group (50 mg/kg) and GRA
high dose group (100 mg/kg) .6 cases in each group. The UC mouse model was established by freely drinking
3% DSS. Each administration medication group received daily intragastric administration for 1 week. The
change of the body weight and bloody stools were recorded daily. The entire colon was isolated and its length
was measured. The colon histopathological changes were observed by hematoxylin and eosin (HE) staining.
The IL.-18 and I1.-18 levels in eyeball blood were detected by ELISA. The expression levels of NF-«kB p65,
caspase-1,and nucleotide-binding oligomerization domain-like receptor protein 3 (NLRP3) proteins in colon
tissue were detected by Western blot. Results Compared with the model group,the weight loss of mice in the
medium GRA group and high-dose GRA group was reduced (P <C0. 05). However, the difference in the low
dose GRA group had no statistical significance (P <C0. 05). Compared to the model group,the colon shortening
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phenomenon in the medium and high dose GRA groups was significantly inhibited (P <{0. 05), while the
difference in the low dose GRA group had no statistical significance (P <C0. 05). The HE staining results re-
vealed that compared to the model group,the expression levels of blood I11.-18 and 11.-18 in the medium and
high doses GRA groups were significantly decreased (P <C0. 05), which in the low dose GRA group had no
statistical difference (P<C0. 05). Western blot test showed that compared with the model group,the expres-
sion levels of NLRP3,NF-kB p65 and caspase-1 in the low,medium and high GRA doses groups were signifi-
cantly decreased (P <C0. 05). Conclusion GRA exerts the therapeutic effects on DSS-induced UC mice, its

mechanism might be related to the decrease of NLRP3,NF-kB p65 and caspase-1 expression levels and inhibi-

tion of colonic epithelial cell pyroptosis.

[Key words] gramine;ulcerative colitis; nucleotide-binding oligomerization domain-like receptor protein
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BRI A WL 25.50.100 mg/kg GRA M #E>4 K
FRARMEH L1 WK/ dL Lk 1A X R 4L RN DSS 41 D) A= #
K 10 meg/kg #EH .1 WR/d.# L 1 . EHRAKRS
25 A /N RS 24 h, HEOR AR OK, Bl SRR B /N
B BRCHR BR ., 22 S5 A B /0N U H 52 3 1 45 i 41 27 1%
T ANZRPmh&H.
1.2.2 DR —HKESWE, % B E 3 4 (disease
activity index, DAD # 9 & & Kk Z 0l =

AR ™ 5 W /N B AR BEOIR AL 38 SR /D BRUTE 3 A
B N1\ 5 SN N 3207 BN 1 4 N 81 =
J& MRPEFR AL DAT PEA- R R 8 /N RO (R 3 T 1%
A PR S B A I A R R AT i AR L T ARAR ) DAT B
57 HAR R DAL W4y = (IR E T B R IE 4> -+ RAE PR
R4y M AR ) /3 W E A AR TETE L2 1. 1k 4h,
FE /I BB A A6 B 245 i 4 20 B 20 SRS 00 L 3
G AR K BE (Y0 L I 38 S X L 43 M S 4 R LA

WEFE GRA X UC (32 Wi, b 45 i A3 = S0
SN B A R/ %ok BRZEL 25 1 4 B <100 % o

*1 INFRARE T B LK (B 1R AN E I FE BT S AR
ix PR TR TAE R e i, AR
04 0 EH ER ()
145 >0~5% BT Fe it PR (O
24y >5%~10% R P MR 1f (4= +-)
34 >10%~20% i A8 PR MR LA (4 ++)
453 =>20% A A PR AR I A5 (> 4 )

1.2.3 HE F &/ R4 R
HE 0k R AR HE 7 28 . BB B /N B &5

AU 490 2 W e AbBE 24 h, B 5 BK . 3 i I
JEA SRR SRS R A B AR A TE YT AL
FUIRE A pm BV R YR AT HE e, e Ja H b
R B R FEOG B T WA 45 I 44U B el A8 . A
2155 P % (tissue damage index, TDI) ¥F 43, TDI ¥
g3 = CRAEFE BEVE 43+ Z6 B0 1 TR B2 DF 43 + 1553 B IR
PR 0648 9 [ PE 43D /4, HL AR TDI 34 o™, I
2,

*x2 TDI ¥ 43 §7

P4y RAE T Zh 4 4 TR % SRR EIN 95 72 71 1l

0 4% T 98 A 400 M 32 1 TE B W s 4 M 52 B L E IR TEI A X 4

14% b ROE MR, R R TR BAIUR KR LR S0~25 % MR M E R WA NS KE 0~25%
Bz 317

2 4% TS e AN I IR L B BN B B A 2 >25% ~50% B RS BEIR B AR N 45 M K E > 250 ~
T2 [N 50%

34 KAk RAEANR I BRNUZ B R T RS2 >50% ~T5% MBS MR B MR o 4 K > 50% ~

(S 75%
445 EERIEAEMM SR A ZEM R HGREEER BT ST5%NRES IR R RELERKE>TSY

IR

B

1.2.4 ELISA A& s IR 3R £ 1L-18.1L-18 R F

IA—20 “C UK FE B PRAF 1Y /) BRUIR BR L 5 2R 8 VR
B.OHL 4 °C 2 500 r/min B0 10 min, B E iR . ™
A% 4% B8 ELISA 30500 & U8 W 45 40 98 46 I /1 Bl HR K af.
HIL-1B8.10-18 7K,
1.2.5 Western blot # M 4 #% 20 42 NLRP3,NF-«B
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B GRA B9 A 2L & it UC /N BH 45 I 26 B R E
SR

UCHKRE RIESERF ., RIERNEEE S
REZEM . ImIKRE RV 78 UC B35 NLRP3
BSOS ELOR R S UC m ™ F R B A e, i
H R R NF-«B 5 8 15102 Ik sh I & .
NF-«B o] i@ i3 2 51 NLRP3 3£ )5 3 7 (10 45 & «B
GEA AN E RO SR fE DSS A S /Y UC
/NERUBE A, NLRP3 4 AE /AR 9 8006 I 2 B R 2
12 48 A MO IR TL-18 1 TL-18, 3 1M 71 72 45 7 266 st 4 41
SN . ABFR R b R R GRA R
UC /ML TL-18 A1 TL-18 7K P (P <C0. 05) , H 45 2H 21
1 NLRP3 Rk K P B AT AW BT # (P <
0.05) ,3X —%5 LB GRA 0] 3l i 1 NF-«B p65 il
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%5 NLRP3 4 5E /MA 9 00 o B W 1L-18 A1 1L-18 1Y
BRI T 22 /% 1t DSS 15 F /9 UC RAE .

METIF IR IA R . UC & 9% HL I 7T 68 5 i 38 Bt f T
REZWAHX, EMRSSHREFEBREAREIKET
e 380 B A A 3 A P L RN B M GE R OE M H B
BER R, Xt AR AT A A AR Ik R AE N TR A B
5 UMM AR T, A0 AR T 7F 2 40 1 86 5 ot B o 4
PR R R A CHE N KR W BG5S UC i)™
FEEEZ UM . SAERAE AT E AR [ L 40
FET R MM P MR T — AP B B o o AR T ]
AL, 51 K RAEE E AR R . 7 UC 1 & J
hHARERTER ., BT R H caspases MG
IRBEAE TR AEPE R T AN M A T B X, B & g
caspase-1 /- 5§ B9 18 % ol JE £ #1 caspase-11/4/5 4+ &
B2 fE 8 5| & . caspases WG 7T LL 5] & AE 4 41 g
K+ TL-1B A TL-18 A BT . LA, 78 S5 35 1 45 1 &
HORR B S A AP ETHCEAN L RS, G4
NLRP3 ., T2 #H 3¢ B & ¥ & H (apoptosis-associated
speck-like protein CARD, ASC),
caspase-1 F17H J2 & D & o 45 #4 3 ( Gasdermin D N-
terminal domain, GSDMD-N) , #i #i] NLRP3/caspase-
1/GSDMD 38 B4 5 19 40 M g 70l DUske UC™ ., 1
UC R, 4 215 0 b Bz 40 i 09 5 % ok
ToEUIAR O, 336 AT RE 43 51 R #E WY . NLRP3
RAE/INAAE N i 2 20 A T A G R DR RO HER R
WG5S UC MAER B %A% . NRLP3 RAE/IMAJE H
NLRP3 . &4 MK 8 11 55 48 25 1 A caspase-1 41
W B AW, 2 RE S I N Y DG, NLRP3 7
SRR e AR S 80 ASC 324E caspase-1 BRI WL £
BE /A BLHE caspase-1, U5 )5 /Y caspase-1 2N D
RAE P+ TL-18 Fl IL-18 A9 B2 F 43 Wk, I 38 3 U] 1
GSDMD 7 4 Jifd i F- T8 B%FL Bt £ 41 i i i 1 224 9 B¢
WA AE R T TL-18 M IL-18, 9 K 484 e i, A B
5E R W, GSDMD-N # U] H U2 4 fd £5 7 $04T 9 1% 0 A
BV AW R SR AL #E DSS S 1
UC AR /N F NLRP3,ASC.GSDMD-N, 1L-1B.1L-
18 Fik KTt - GSDMD-N [ 4 28 5 Y Y2 {6 59 Bt
7~ UC /)N B 20 28 PH % 4 i BH 5 3 22 L 58 6 (R 5
A HR B TR, R UC W AAE SH kT
YIS B MRFEf NF-«B p65 M5 BAY
11-7082(10 pmol/L) ki % NF-«B ESERETN
5 NLRP3 S AE /M (19 38075 , 45 3 8 /8 NF-«B p65 41l
il 550 B A T RE Z 05 S 89 NLRP3 i 4 7K
SER E S, R B E NF«B {558 5% A LLF 1
NLRP3 (% 357K -, I 0D R AE A 5~ TL-18 F 11-18
KAET AL caspase-1 FiBKFDY . A58 45 ]
5 RIS I8 — B R W GRA W] 5838 i 7 ] NF-
xB p65 155 1 B4 T 18 NLRP3 3 ik /K F 9 [ B sk
b caspase-1 W3R IE , [A] B 035 1 38 Bt B D fig , A AL
fie T UC /N B R AT SE IR

containing a

28 F R ARG 2 W GRA R85 DSS i S 11
UC /N R RE B 1 fE J2& 8 13 0 i NF-«B p65 K&
NLRP3 {5 & il % 09 %% 16, F% MK 1L-1B. 1L-18 A
caspase-1 FeIR K, Wil 45 4 L B A FE T SE BN
ARG T GRA (Y7 UC 3 1, 0] 5 UC B IIG
PRIA T $R A0 i
FmAR AL FNRAEFAZ YR

S % ik

[1] BERRE C L,MBCHB S H,PROF P B. Ulcerative
colitis[J]. Lancet,2023,402(10401) :571-584.

[2] RAO Z,ZHU Y.YANG P,et al. Pyroptosis in
inflammatory diseases and cancer [ J ]. Ther-
anostics,2022,12(9) :4310-4329.

[3] ZHANG D,GE F,JI J,et al. B-sitosterol allevi-
ates dextran sulfate sodium-induced experimen-
tal colitis via inhibition of NLRP3/caspase-1/
GSDMD-mediated pyroptosis[J]. Front Phar-
macol,2023,14:1218477.

[4] ZHENGHUA Z,JIANBIN J I, HONGXIA W, et
al. Qingchi San treats ulcerative colitis in mice by
inhibiting the nuclear factor-kappa B signaling
pathway and Nucleotide-binding oligomerization
domain, leucine-rich repeat and pyrin domain-con-
taining 3 inflammasome formation[ ] ]. J Tradit
Chin Med,2023,43(1) :68-77.

[5] LOUIS E,PARIDAENS K, AWADHI S A, et
al. Modelling the benefits of an optimised treat-
ment strategy for 5-ASA in mild-to-moderate
ulcerative colitis[ J]. BM] Open Gastroenterol,
2022,9(1):e000583.

[6] LEE H Y.BAEK D H. Perimyocarditis in a pa-
tient with ulcerative colitis treated with 5-amin-
osalicylic acid [ J]. Korean ] Gastroenterol,
2024,83(5):197-199.

[7] ZENG Q,ZHAO Z,NIE J,et al. Efficacy and
safety of endoscopic submucosal dissection for
dysplasia in ulcerative colitis patients: a sys-
tematic review and meta-analysis[ ] ]. Gastroen-
terol Res Pract,2022,2022:9556161.

[8] ZHANG J,JIA Q,LI N,et al. Recent develop-
ments of gramine: chemistry and biological ac-
tivity[J]. Molecules,2023,28(15) :5695.

(9] #x, B, A, FATHIRT 2, 4- g B GR
5 YR8 10 P B R /N BRBE B A AL AR 0. o ] 5
By 2k A, 2022,28(4) 1 19-25.

[10] HUANG L,ZHENG J,SUN G,et al. 5-Amin-
osalicylic acid ameliorates dextran sulfate sodi-

um-induced colitis in mice by modulating gut



292 FTRES 2026 5% 55 6% 24

Chongqing Med ],2026, Vol. 55, No. 2

microbiota and bile acid metabolism [ J]. Cell
Mol Life Sci,2022,79(8) :460.

[11] XU L,SU Y., YANG X,et al. Gramine protects a-
gainst pressure overload-induced pathological car-
diac hypertrophy through Runx1-TGFBRI1 signa-
ling[ ] ]. Phytomedicine,2023,114 :154779.

[12] BRIz . BAS . 28 B W3R X 5t 7 1k 45 0 %8 /)N B
R RGEE LT ). T2 .2020,42(5) : 1324~
1328.

[13] Be%E S ORI 15t 97 Tk 45 1 48 e DR 5 ik K 3L 2%
FRAE AT ) ], BREG AT . 2025,15(6) :9-11.

(14 B B8/ 2R, B 8 I R X 5t 97 1k 4
RKERM bRz A0 A T 0 52 ) S LI LT . v
)5 ,2025,36(2) :166-171.

[15] Z5a i, i & 4. & 528, 45, B4 17 i % TUGL/
PTBP1/NLRP3 73 % 4% 1 i L W05 240 i £ 73R 97
Btz 4 i R B9 HL L) ], B2y, 2025, 56 (5)
1667-1681.

[16] RHEE WA, L& 5. 2T TLR4/NF-«B/
NLRP3 {5 53 % 19 5 145 B A= 49 5800k 1t 97 P 45
RAEFIALHI LT 1. db e K22 4 (A R B2 O
2025,26(3) :322-328.

[17] ZHAO X,CHEN X, YUE C. Rutin ameliorates
inflammation and oxidative stress in ulcerative
colitis by inhibiting NLRP3 inflammasome sig-
naling pathway [ J ]. Cell Biochem Biophys.,
2024,82(4) :3715-3726.

(18] RIEURIL « B pg ARYVL, B « 05K, #&
e 55, 25 5 7 R IR B X UC KR4S
% MyD88-mTOR il iy i #2/E I LT . =
PRIE 2 ,2023,52(12) : 1769-1775.

[19] LU X,LU F, YU J.,et al. Gramine promotes
functional recovery after spinal cord injury via
ameliorating microglia activation [ J ]. J Cell
Mol Med,2021,25(16) :7980-7992.

[20] FUSCO R,SIRACUSA R,GENOVESE T,et al.
Focus on the role of NLRP3 inflammasome in dis-
eases[ J]. Int J Mol Sci,2020,21(12):4223.

[21] XUE J,YUAN S,HOU X,et al. Natural prod-
ucts modulate NLRP3 in ulcerative colitis[ ] ].
Front Pharmacol,2023,14.:1265825.

[22] TR, 705, THRAE, 4. 56T NF-«B/NLRP3/
caspase-1 55 HlARIT B P XS i XU ' 9 82
U U I B OB v I BLRI LT . 2590 PP Ao
2024,47(3) :496-504.

[237] LI C,DENG L,PU M,et al. Coptisine alleviates
colitis through modulating gut microbiota and
inhibiting TXNIP/NLRP3 inflammasome[]]. J
Ethnopharmacol,2024,335:118680.

[24] YU T,FENG Y,KONG W,et al. Gallic acid a-
meliorates dextran sulfate sodium-induced ul-
cerative colitis in mice via inhibiting NLRP3 in-
flammasome [ ] ]. Front Pharmacol, 2023, 14.
1095721.

[25] MBS, B2, T, 4. 3£ T ERK1/2 il B W 58
CCL21 X} HT29 40 g 5% % i £ 8 1 451405 19 4 )
LML L) ], HE P4 o 5 0 AR W0, 2023, 42
(4) :440-448.

[26] FAEME ., B4R . BRET K, 55, 40 M0 £ 17 78 B 26 e
Ji B A5 5 AL b B AR LT DL b A 2 gk
2023,39(4) :893-897.

[27] SUBRAMANIAN S, Bk#E , /N fiz 38 9505
Jo 1 B AR A AE T (B SO [T 1. A= B2 4l . 2020,
72(3):308-324.

[28] OH S,LEE J,OH J,et al. Integrated NLRP3,
AIM2,NLRC4, Pyrin inflammasome activation
and assembly drive PANoptosis[]]. Cell Mol
Immunol,2023,20(12) :1513-1526.

(297 COLL R C, SCHRODER K, PELEGRIN P.
NLRP3 and pyroptosis blockers for treating
inflammatory diseases[ ] ]. Trends Pharmacol
Sci1,2022,43(8) :653-668.

[30] & A, XIATHE, ik, % PF2 2 W IR B i@
NLRP3/caspase-1/GSDMD i 1l il OGD %
Fig ST fE T LR BT . g
P& 2 K 2f 244, 2025, 45(4) 1 638-646.

[31] DAI Z,LIU W,CHEN X, et al. Gasdermin D-
mediated pyroptosis: mechanisms, diseases, and
inhibitors [ J ]. Front Immunol, 2023, 14:
1178662.

[32] TAN C,XIANG Z,WANG S, et al. Diosmin al-
leviates colitis by inhibiting PANoptosis of in-
testinal epithelial cells and regulating gut mi-
crobiota and metabolites [ ] ]. Phytomedicine,
2025,141:156671.

[33] CHE J,WANG H,DONG J,et al. Human umbili-
cal cord mesenchymal stem cell-derived exosomes
attenuate neuroinflammation and oxidative stress
through the NRF2/NF-kB/NLRP3 pathway [ ] ].
CNS Neurosci Ther,2024,30(3) :el4454.

[34] XIANG Y.YU Y,LI Q,et al. Chicken telomer-
ase reverse transcriptase mediates LMH cell
pyroptosis by regulating the nuclear factor-«B
signaling pathway[ ] ]. Poult Sci, 2022,101(6) :
101826.

(e H B . 2025-06-22 &1 H . 2025-09-28)
ik T



