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Abstract

Objective: To investigate the effects of fecal supernatant (FS) derived from septic mice in different
groups after intervention with Jianwei Lianmei Decoction on an inflammatory model of RAW264.7
macrophages and an injury model of Caco-2 intestinal epithelial cells, and to preliminarily explore
its in vitro biological effects mediated through the intestinal microenvironment. Methods: Fresh fe-
ces were collected from mice in the normal group, the DSS model group, and the Jianwei Lianmei
Decoction intervention group to prepare fecal supernatant (FS). The safe concentration range of FS
for RAW264.7 and Caco-2 cells was screened using the CCK-8 assay. An inflammatory response model
was constructed in RAW264.7 macrophages using lipopolysaccharide (LPS), while an oxidative dam-
age model in Caco-2 cells was established through stimulation with hydrogen peroxide (H202). Prior
to the induction of these models, the cells were pretreated with FS at concentrations verified to be
non-cytotoxic. Following treatment, the viability of RAW264.7 cells and the production of nitric oxide
(NO) were determined. In addition, the mRNA expression levels of inflammation-associated cyto-
kines as well as proteins related to the intestinal barrier were further evaluated using RT-qPCR anal-
ysis. Results: Within the tested concentration range, FS from all groups showed no obvious cytotoxi-
city toward RAW264.7 and Caco-2 cells. After LPS stimulation, inflammatory responses in RAW264.7
cells were successfully induced. Compared with the model group, FS treatment from different groups
reduced NO levels to a certain extent; however, inflammatory indicators such as iNOS and IL-6 were
not significantly reversed, suggesting that the direct regulatory effect of FS on the macrophage in-
flammatory phenotype may be limited. Following H20: stimulation, the viability of Caco-2 cells de-
creased and the expression of intestinal barrier-related molecules was impaired. Compared with the
model group, FS derived from the Jianwei Lianmei Decoction intervention group slightly improved
the expression of tight junction proteins such as Z0-1 in Caco-2 cells; however, the improvement was
modest, and some indicators did not reach statistical significance. Conclusion: FS derived from mice
after Jianwei Lianmei Decoction intervention showed a relatively weak regulatory effect on the in-
flammatory response in LPS-induced RAW264.7 cells, but exhibited a potential trend toward improv-
ing barrier injury in H202-induced Caco-2 cells.
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i B R A T B R A . R BB L B R L B R R I R BT, BBk A2 RS 4
WA RNTERBAL, X ROk 4 & 5O RN, TERCBENEIR2] [3]. Bk, SCEMIEE MR .
15 h b ThRE SR AT AR RS SR, PTRER IR ERIE VB TEVR T SR .

MR T IREE IR R R 2 A R[4]. BATRTHI AR BoR, JEr b Mg, Bk, PR )
IR EMFZ X DSS 5 LPS BtG B 7 5 IR M ik s AN R A S LA R SGEE R, IRt
Ja R B . i SREFEAE T R E AR ER . B RTRTSCIESE, ME w BRI, TR WRF L
TR SRR ARG . REVTIRATAEZ, ShtERaS Ml % REI[5] [6]. FRATHEN R EHNFZ 7] fE
T I O R EEAE /)N B PR 3 TR A 2R L (R M T R A g B A S AN ) S 2 RV A R AR = 4 T
FEAEVRITAEA

5 4 A g P 28 I 20 R 2 P B SRS, R R JE A O o A il R A R T
A E K AR R i e e fa s b R HERZ OB 7]. LPS RIS RAW264.7 4RI PPA 28 RE IR -1 R il
NO A= B R A AH A5 5 30 28 di A SR 8] [9]. Caco-2 4 AL PR B % T MR AL (10 B b e R 2 2 JE 04
BREREA, AT RREERIGET, FR H0, 1 Caco-2 EALAAHAF AL & F TR0 S Ak N
WS EUN E R S B R [10]. ZE0E FIE 65 7 B AU A2 1R J5 8 i3 17 B2 (short-chain fatty acids,
SCFAs). MHVTER. M. WIMSKSEAYNEIEYINT, Wi Q=i s, mTH TR ARSI
5 E R SHLEI11] [12]. ABFFFH RAW264.7 4 S IERR RN Caco-2 AN AL, ARSI Z2 5,
WA WE B IR TT IR EEE /N SRS b 37 o) 4 R Y 58 R S 82 % B B A DG AR AR 1 52, DA PRI IR
WA T V7 A 75 T 3 5 ) g R 0 A T 7 A i B o (R R i i S RS VE A

2. RS RE
2.1, EERAI S

DMEM 5577 % (3£ H Gibeo, #t5: C11995500BT); PBS 2y ([ i I Fe 4 /R AE M RHG A IR A 7,
#5: G4202-500mL): fH4-ILEFBS, HE LONSERA); H# % - MHREP/S, HFEAKEMHAR
FRATF); CCK-8 il Ll = RAEMHEAREIRAF]); 0.25%EM( HiEE S REVMEARGRAR); 2
WE(EE Sigma, #t5: L2630). 3% H,O, (hE I KiFi#): & RNA FEHGRF &AL S 2 A A H
FRAAE]D); SFRBE(ERNN AR TAHRAF); DEPC K(WE I RAEDHEARGIRAF); oK CBE(ER)IAR
& T4 B2 7)) Prime Script TM RT Master Mix (H 4 Takara); TB Green® Premix Ex Taq™ II (H 4 Takara);
#iF T/E 6 (35 AIRTECH, #!'%5: SW-CIJ-2FD); {HIRE5FEAE(THEIEE/R, A5 HCP-80); HbnfrillfL
(3 E Thermo scientific); CFX Connect TM Real-Time PCR 1% (3% & Bio-Rad); T100 TM Thermo Cycle PCR
X (3¢ E Bio-Rad).

2.2. SLIG4RAE

/IR AZ B VR R RAW264.7 200 A0 A 45 B e 4E M Caco-2 AI5ISK H ATCC 41 A 2 (h [ 1%
BAEMHEARARAF, 5 IM-M028 F1 IM-H092).
23. A&

2.3.1. 4HpAEESE

RAW264.7 4l fiEs 77 T & 10%Mf 4 1L (fetal bovine serum, FBS) Al 1% XUt (H & & - ¥ % &)1
DMEM 5E 4157534 ; Caco-2 FIAE 7+ T 20% FBS. 1%XWPT K 1%3AE % 75 R L FR (non-essential amino
acids, NEAA)[¥) DMEM 58435550 . PIF AN E T 37°C. 5%CO, MIFNRER: FRM R 9% . frdtiffsE
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K& 80%~90%ph & I HEATE/C. RAW264.7 ZH AN Caco-2 40 M35 Bt B A KW i B T 5 425256 .

2.3.2. #EEBFSHHIE

WCAE IE 8 41/ SR(FS-CON). AR EEIE R 41/ R (FS-Model) K Jal MR 34 M3 41/ BR(FS-WAHHAE) [R5 i 3%
i, TUK AR #ERFRECS /N IE(E 100 mg, I TA R £ 2% M (phosphate-buffered saline, PBS)
I mL, 7 RBEIRET, HIRIRELIHR .

BEJE T 4 CE&METFHATHIAE 0. B2ELL 8000 x g Bty 10 min, 2 FR K HE /> AR b 27 4 S Uk
W W SRS S B0, FERL 12,000 x g B0 10 min,  PAE— 25 2 BRI BT R o
W IR B O JE I EIEW, FFLAJGTE PBS Mkt AR HARIKE 10 mg/mL. FfJE KA 0.22 pm TG AR IS I8 R
B, RIGFE LIEFS). #4551 FS IR T T 4 CokFE, KIAGRAF T-80°CUKFa & H . Al T-K L/t
i, 3G R VR

2.3.3. FS %f RAW264.7 1 Caco-2 ZHMIR 2{EARE M THIE

K CellCountingKit-8 (CCK-8)i:AG il FS Xf RAW264.7 F1 Caco-2 4H MG 11540, DLk J5 sk
6 BT FH 22 40 A - BOR 842 K0 RAW264.7 1 Caco-2 40, 1] 4% 520 i BBUR 20 3l BA 1 x 105 cells/mL
12 x 10* cells/mL % 00T 96 FLIR, LA 100 uL 4HAEEM, #FEE T 37°C. 5% CO, 57740
IR TR, FRANNG RS e AT G S B . R 6 ANR AL, 1% FS S5 FRILARAN L 4 5 1 B AN R
JERRE: 1:1000. 1:500. 1:200. 1:100. 1:50 Al 1:25, XFFRALINANZARFIES 7 HL . kaLBs5% 240 J5, FE
RIEW, DL PBS B BE 2 o BEERFFLINAS 10% CCK-8 RFFIAJC MG 1 953, 100 uL, 37°CHEiE
H 2h, TEEHRC 450 nm KA E B LG (ODYE . MRIE & AHANME a5 58, ik RAW264.7 Fl
Caco-2 M JCH] BB MEAE FH 1) FS IR FH TR 825050 . 4ifyg 4% =0t 5

Y% 71(%) = [(OD L5384l — OD Z¥ 1 4L)/(OD XfHifL — OD ¥ F4L)] x 100%

2.3.4. RAW264.7 4R LPS RKEERB K Caco-2 4HiE H.0: EHIRGIREIRE T

K CCK-8 ik i B Ak . s 2 B (lipopolysaccharide, LPS) LA PBS i F7IHC il i 1 mg/mL
W HoOo BEH % 10 mmol/L BEE, IRECILA, I LATC MiEEE I Bl 2 pr s LARIREE . HOMEUE K
RAW264.7 ZHMfiFl Caco-2 4HMd, % “2.3.3” W% EHAP T 96 FLAL. ARSI 40 HuNs BERR E 5, 77
ZIAKEFRAEE, DL PBS BV 1~2 IR, RAW264.7 40 B IIAASFIIR BE LPS (10, 25, 50, 75, 100 ng/mL)
AbFE 24 h, DAEEST SORERER; Caco-2 4HHE 4 MM FMKE Ho0, (100, 200, 300, 400, 500, 600, 700, 800
umol/L)AbFE 24 h, VI MWI IR . IBRAE W 5 57 2850, BALIIANT 10% CCK-8 il 18577
H 100 uL, 37°CEIEIFE 2h, T 450 nm #EKAARN OD i, Ffi% “2.3.37 AT EAHIE /1. 1)
PEARMLYE ) N PERESE, 45 A AR e M e J5 82556 B F B AR e AR

2.3.5. FS X488 40 payE H A S0

TEWE FS 222 AF R EE A M R B AR IR 5, 3 — 2D WLEE F'S S 9 E S A 400 £ A5 704 4 i v
IR . RAW264.7 Fil Caco-2 4HfI#% iR &AM T 96 AL B IR R, Fram Ml BERR G 5, S AT
2 AR E FS TALEE 4 h, Bl /0 AN IE BRI LPS 8 H0, 68457 8 24 ho ML R
F CCK-8 A 4n iy /1, FARRER “2.3.37 o Bl b S AN is /1238 4k, PR FS X4 LPS i S 1
RAW264.7 JIERR K Hy0, 15 F 1 Caco-2 S ALSRA AL T AT FH
2.3.6.NO 2 EME

KH Griess £l RAW264.7 A 577 i — % A (nitric oxide, NO)Y & &, LAVFAT FS X 20E X
NEFIEENE . RAW264.7 AHIEERN T 24 FULBOF R FRLRAG, S6 DA 1K) 22 2K 5 FS AL #E 4h, BN
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IR LPS 4R 25597 2 24 he PRGNS, WS- A AfIRE 7= Big 50 uL - 96 FLARH, ALK ITMA
50 uL Griess Reagent I fl 50 puL Griess Reagent I, ZILEERI . DTSRRI ERZ HIFRHERT £, T
540 nm PACALMEBOCIE, WRAEARAE 2T 5 %4 NO & &

2.3.7. RT-qPCR X EE FRiX

K FH S 5% 0l 2 B R Al B 20 Vi (quantitative real-time PCR, RT-qPCR)AG I %S 2H 41 ffg Hho+H e
[l mRNA [3RIE K o BOSBUE K RAW264.7 41 AN Caco-2 40, il & 4 ML B3 5 707 L 2.5 x 10°
cells/mL A1 2 x 10° cells/mL % FEFERN T 6 LR, BALIA 2 mL 4008, #ZFEET 37C. 5% CO,
WA, FRAMGEERE e I, BRTRRAAL, A 4 e DAR I HY 1) e AR B FS TlALHE 4 h,
B J5 43 B NGE R IR B2 () LPS BY HoO, 4R 4E15 95 % 24 he BFR45H G, FEEIRM, M4 PBS Lk
TETEPIIR . B S 4% B RNA $2HGRGT S0 8 0F U S AN A S RNA . 3579 RNA £ 5K H DEPC /K47 %
fift, IR FALER/ B B HT AN E H ODago/ODago FUfE, LAPHAl RNA HJZEREE . EHRAERF A ZR A RNA
VBRI A0 30 268 SR ) 6 U B AT R G S R BE, 45 1 cDNA . LASRAF K] cDNA AR, %18 TB Green®
Premix Ex Taq ™ II 371 & 6 B HEAT 520 26 Y6 5 & PCR 1. PCR MR F#E N : 95 CHiAEYE 3 min;
B8 HEAT 40 MR, BAMEREIE 95°CAENE 10s. 60°CIBK 30s LA 72°CHEH 30s. 5257+ LA GAPDH
TENN S, HEREERBGIHE 5 WA 1 2 20 B2 AR Fk Sodid 2788 Iy AT v B 17
RHBE 3 MER.

2.3.8. GiitFEath

P SEBG I AT 3 0k, SEEREE DAL £ FR#EZE(X +5)KR. KH GraphPad Prism10.0
AT R B o T PR IR 22 R LU, SR ABRSIAEAS ¢ R s 4 =4 & DL R3S LU, TSR
BRI R TT 2 M (one-way ANOVA). #ZEFHA G EE S, Widk— S TR EZ HILEHT, LI
FHZ A EAEZER. DL P<0.05 FonziERBE SR L.

Table 1. RAW264.7 cells primer sequence of the target gene
= 1. RAW264.7 HARRSREE 54955

Gene Forward primer sequences (5'-3") Reverse primer sequences (5'-3")
C(;ﬁfclg{ TGGCCTTCCGTGTTCCTAC GAGTTGCTGTTGAAGTCGCA
iNOS CCACAGTCCTCTTTGCTA GTAGTTGCTCCTCTTCCA
IL-6 CTGCAAGAGACTTCCATCCAG AGTGGTATAGACAGGTCTGTTGG
IL-10 CTGGACAACATACTGCTAACC GGGCATCACTTCTACCAGGTA

Table 2. Caco-2 cells primer sequence of the target gene

3% 2. Caco-2 HpmEREE S |1¥F7

Gene Forward primer sequences (5'-3")

GAPDH
(Homo sapiens)

GGAGCGAGATCCCTCCAAAAT

Reverse primer sequences (5'-3")

GGCTGTTGTCATACTTCTCATGG

Occludin ACAAGCGGTTTTATCCAGAGTC GTCATCCACAGGCGAAGTTAAT
Z0-1 CAACATACAGTGACGCTTCACA CACTATTGACGTTTCCCCACTC
NQO1 GAAGAGCACTGATCGTACTGGC GGATACTGAAAGTTCGCAGGG
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3. &%
3.1. FS f RAW264.7 $1 Caco-2 AN R L RBIF AL R

KH CCK-8 VAR MIA R EE FS XF RAW264.7 4G J1s2ma . 2580l 1 s, SxTIEZAAHLL,
RIRIE FS ACFE 5 405 Ju R W R 4. o 1:1000 2 1:200 ¥ 5 5 FE A A0 3G 3 A4k FRAE 1B K
Py $OR FS TEZIREVEH P 6 RAW264.7 0B JC I B8 tEAE o MR E i — 0T, 4Uiis insfa ~
B. 25 R, FSTE 1:200 K& UL FFRRE A E0EAF 5 RAW264.7 410 B W AN i st . ik —2B A0 FS Xf
Caco-2 4IIIE IS0, S5 R 2 R, SxtHR4IMLL, & FS 45 Caco-2 4TS /18 A28 1k
AL, £E 1:1000 & 1:25 WREETE A MG S B A e R RS e . SRR, EPTIRIEIREETEEN FS Xt
Caco-2 At AR H B R HEER . Bk, JFELscimol kA 1:200 1 1:25 WEM FS 2nlfEH T
RAW264.7 41 i 11 Caco-2 4HfiE.
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Figure 1. Effect of different concentrations of fecal supernatant (FS) on the viability of RAW264.7 cells
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Figure 2. Effect of different concentrations of fecal supernatant (FS) on the viability of Caco-2 cells

2. NERELE EFHFS)% Caco-2 HAREEHBIEN

3.2. RAW264.7 40ff1 LPS 2AE4REF Caco-2 4B HLO, S {GHEBIN TS R

NS REE AN AL, o BIRSIAS [FIR . LPS A1 Ho0, X4 B 12 ma(F 3). 7 RAW264.7 41
Mo, LPS AbFEJE 40 HS TR R, SR B A ) B KT IR ZH(P < 0.001), 4HAETG I 4ERREL) 50% 4
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Fio GEEH BRI R T ME, AWFFCIERE 10 ng/mL LPS {E N SERALS FIRE . 16 Caco-2 4, (RIKFE
H20, (100~500 M) 20 B yE 3 52ma%e /0N, T 600 uM Bz LA H ik 2 AT BA 52 PR AR A A 77, Hoh 800 uM 4

JiE 1B EHBAR(P < 0.001). RIHESE 600 uM Ho0, 1E N 1 AR IR

150+ 150+
T
__ 100+ L 1004 - - T T T
g 2 *kk
H H T
.; 'E
= *kk kK dkk
[ *kk *kk =
© 8
50 50- .
*kk
° Cor:trol 110 2'5 5'0 7I5 1 (IJO 0 ! ! ! ! ! ! ! ’ !
Control 100 200 300 400 500 600 700 800

LPS(ng/mL) Ha0,(uM)
E X2 (Control) bbE:, "FonZREA SR (P <0.001).

Figure 3. Screening of LPS-induced inflammatory model in RAW264.7 cells and H202-induced oxidative injury model in

Caco-2 cells
3. RAW264.7 4ABf1 LPS K HEAEEY K Caco-2 4B Ho0: F AR IEELK B 75 1%

3.3. FS SHERMMARE HEIR

B
150 150
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(A) RAW264.7 4l LPS #AERAL; (B) Caco-2 Al H2O2 EALRTEEAS . 55 R4 (Control) L5, *HnEREE S
TR (P <0.001); HHERADLPS 8 H20 A, *RoanZR B R T2EE P <0.01, #P < 0.001).

Figure 4. Effects of fecal supernatant (FS) on the viability of inflammatory and oxidative injury model cells

4. FEE EIBFS)MRAE K EWIRA R B MARIE HIIF N0
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TEWE FS AFRIR L RS ARGk 5, i — D% 3 4 FS SRR AN HvE s, 45 514 4.
7 RAW264.7 41l LPS #RERBAY A, SxFHRAI LA, LPS ZH4mAis /182 FRE(P < 0.001); 5 LPS 4tk
%, FS-Model 201 FS-W+H+E ZH 40y 7735 2.+ (3 P<0.001), FS-CON HEFHmia®h, (HuE
FEARXT A PR, &R FRIE FS Y0 fE— @2 22k LPS 753/ RAW264.7 4% /1 F R, A FS-
Model Z171 FS-W+H+E 21 F A B.(14 4(A)). 7E Caco-2 4l H0, AT, 5 0F R4 L,
H,0, ZHAN PTG /123 F (P <0.001); 5 H,0, 41HE4%, FS-CON. FS-Model 2 FS-W+H+E ZHZ 15 /135
B (3 P < 0.001), H FS-CON 415 FS-W+H+E AR SR AN B, FiR&E LW, FS AbFE%
H,0, 153 1) Caco-2 40l i fb 45 15 A — & R4 7E FH (] 4(B))-
3.4. FS f RAW264.7 #Affl NO 4 B EY SN

NGV FS X RAW264.7 410 58 A S S FE0A K6l 45 2H 40 H 15 77 s NO /K, 45 53 LA
5. SXPHEZALLEL, LPS 41 NO BRI B &P <0.001), $R KRB # M) . 5 LPS 4 t#, FS-
CON #H J FS-Model 2135 7] F#{% NO BEBUKF (35 P < 0.01), FS-W-+H+E 4 FFFHE NI EP < 0.001). 2
INARFEIRIE FS ¥R 4E — 2 2 FE L4 LPS i 510 RAW264.7 41 NO i AR, A FS-W+H+E 414E

M & .
40
*kk
I # ##
30 - - it
T
]
=
B 20—
o
4
10
o 1 1 1 T 1
"\ A
«\‘so \3% 00‘\ <° 4 x‘g@
o & S
[$) < Qg {(%Q\

Ex R4 (Control) LA, "3RI P<0.001; 5 LPS ALbE:, *RonZERHEAGIMERE (P <0.01, #P < 0.001).

Figure 5. Effect of fecal supernatant (FS) on nitric oxide production in RAW264.7 cells
5. F{E L3E(FS)¥T RAW264.7 4HAR NO 4 BEEISZMR

3.5. FS M RAER i FHRE1R X EE RIAR

RAW264.7 i 2 hEAHSEE 1) RT-gPCR 45 R WL 6. 55 Control ZHEHL#L, LPS )5 IL-6. IL-10
A INOS KiL¥ & FS MG, & RIEFEKRIEKT EIAFFEEZN . 5 FS-Model 4 EL%L, IL-10
FIETE FS-CON At —SHtaE, ZREASE (P<0.001); i IL-6 & iNOS 7fEH 4% FS 445k
XIS o Caco-2 M A AT 193 S 5F e AH DG 2 (A1 ) RT-qPCR &5 R LA 7. 5 Control A4, H,0, 4k
HLJ5 Caco-2 A S %8 F A OCHE R RIA R %, HA Occludin 1A B E FEK(P <0.05). & FS TS,
NQO1. ZO-1 Al Occludin ik LA FFEE TS, HA FS-W+H+E 4% ZO-1 #1 Occludin 238 i ] 2,
P27~ FS AT ReX At S8 W B R ohie T b A — e SR 1EA

DOI: 10.12677/acm.2026.1641695 4276 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.1641695

B 55

2500~ 50 15+
.
i
. . .
_ 2000+ — 40+ -
2 2 2
2 . . 8 3
@ 2 2 10 ik
< 15004 2 30 z -
< <
4
g 10001 s 20 . F
2 - £
[ & [
500 10 ’L‘ ®
c T T T T 0 T L} L} T T o T T T T T
> S > >
O 3‘5 > & QQ/ \@\ \3% > obz\ x@ & \89 > & x@
ca & N N & & N & & NS
¢ & g ¢ & S & g

5% &4 (Control) ELHE, *FiR P < 0.05; FR™ P <0.01" %R P<0.001; 5 LPS AtL#, *FrnERAEFGITYR
(P <0.01, #¥P < 0.001).

Figure 6. Effects of fecal supernatant (FS) on inflammatory gene expression in RAW264.7 cells
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Figure 7. Effects of fecal supernatant (FS) on intestinal barrier-related gene expression in Caco-2 cells
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