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o OE: B ETRBAEEEARNIZERT T, RN E RIS (Hedgehog Fungus extract Granules, HFEG) ¥&
JT1eMEZE4E1% H % (chronic atrophic gastritis, CAG) FI/EA KHMNS. ik RABAIEHEILH & CAG A, %4 F HFEG
T4 G, PEEESRRARE. BHSURME. BRRE. BEBEALR T BEEANYEILEE (superoxide dismutase, SOD)-
EIARL I &% (succinate dehydrogenase, SDH) & 75 - (malondialdehyde, MDA). —%{L%& (nitrogen monoxide,
NO). Wi & &M EEEEH; KA UPLC-Q-TOF-MS @ MBI 220 58, FIAH 16S rRNA AR 441 V1 e i 45 4 K i
R RMEERE, FE45 G Spearman AT 5 HE WA < AIFCH . £585R HFEG REF A5 CAG KR E (P<
0.05. 0.01), 3% B AR, FEACER pH 4 B FHEALH MDA, NO /KF (P<0.05. 0.01), J#& SOD. SDH &
PRI BRI K (P<0.05. 0.01. 0.001). 16SrRNA #llfFF 4R %R, HFEG %M CAG K HIJE B ERE® Ruminococcus
FELE AN BB Ligilactobacillus X EE . ARUIH S ILmIE H 35 N ZERARU, RGHERE/R HFEG fliREARNEIR . B
AR AR EY G, RNERNRY, CRMRAEEEE. %4t HFEG matild 2 2EmR . faii K ae SRy, I
W BN BT R BT E . DS IRE RSB, AMIRIT CAG.
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Abstract: Objective To investigate the effect and mechanism of Hedgehog Fungus Extract Granules (¥ 3k & $#2 BV Wik, HFEG)
in treating chronic atrophic gastritis (CAG) using metabolomics technology and gut microbiota analysis. Methods A combined
modeling method was used to prepare a CAG model. After four weeks of intervention with HFEG, effect of HFEG on body weight,
gastric tissue pathology, gastric juice acidity, activities of superoxide dismutase (SOD), succinate dehydrogenase (SDH) and levels of
malondialdehyde (MDA), nitric oxide (NO), pyruvate in gastric mucosal tissue were evaluated; UPLC-Q-TOF-MS was used for serum

metabolomics research, and 16S rRNA technology was used to analyze the structure of gut microbiota and screen for differential
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microbiota. Spearman was also used for correlation analysis between metabolomics and gut microbiota. Results HFEG significantly

increased the body weight of CAG rats (P < 0.05, 0.01), improved the pathological changes of gastric tissue, reduced the pH value of
gastric juice and the levels of MDA and NO in gastric mucosal tissue (P < 0.05, 0.01), and increased the activities of SOD, SDH and
level of pyruvate (P < 0.05, 0.01, 0.001). The 16S rRNA sequencing results showed that HFEG significantly increased the relative

abundance of Ruminococcus and Ligilactobacillus in CAG rats. Metabolomics identified a total of 35 differential metabolites, and

metabolic pathways showed that HFEG could regulate the biosynthesis of phenylalanine, tyrosine, and tryptophan, as well as

phenylalanine metabolism, tryptophan metabolism, and other pathways. Conclusion HFEG may treat CAG by regulating metabolites

such as amino acids, lipids and energy, as well as regulating the abundance of bacterial communities such as Gammaproteobacteria,

Rodentibacter, Ligilactobacillus and Pasteurellaceae.

Key words: Hericium erinaceus (Bull. ex Fr.) Pers.; liquid fermentation extract granules; chronic atrophic gastritis; metabolomics; gut

microbiota; oxidative stress

WESL B Hericium erinaceus (Bull. ex Fr.) Pers. >k
¥ F #H F |1 ( Basidiomycota ) « % 3k & &l
(Hydnaceae) &=k )& Hericium!, X AAM5RK%50K
WSk, fENREES “ARRURT RRE R,
AT HG 25 2 1 FH AV R0 24 FH D 20T 52 3098 2 3 1
TR B, EREANIEAZ RIS, B
FHH BRI WR4E ChEZGHER) 0#,
WS w M R, BRI TUNE. B4k, BARLF
IR E R, kW s & 2SR,
ZWE. mER. JEIIR. SEE. w2 EEST, H
TEVER G T BRI N . AR, Mk
BAPR. . Pue . Sl iR s
ZHBAE R, H TR AETT B R0, Bl 4
Ji 200 [ B8 i 2% B i o B T8 B L B
P 24 PR A ot B A A S 77 B ROREL3T, Sk v S U
$i (Hedgehog Fungus Extract Granules, HFEG) [14
AL B 15, Hor, HFEG FZH TR 81k
B R Sl DL A A5 B A0 .

FERGNE IR A b, FRIE B g (0 RO AL fE
4, FETRAA S 309, B 451 B % (chronic
atrophic gastritis, CAG) SR E# WLATH RS
P, BN B e A AR A ) 2 BT,
FAAE N 2.55%~7.46%"8). CAG 1EN—FhE 2 H
Gy IREW BN, FERINEFEES . A
Ak, FEBE I b R A AR S AS BRI A SR T
AF0920, PR | CAG a7 KM E & #kAR, 3
BLUIMIR IR ZL v 0] Y H ULRL A 17 175 i 3 122)
DA K B il A0 2 2o F . SR, FRaib S 2iE
JTAEAEAE LA BIFAR R, i BA B i b
BEY5. BE9. ORI FFEIhaesE . O
AR RGUREIR (e Sk fskdm) . il
SN A S MR R G S A RN . R, 3R

CAG ¥ N4 3 H AT R TT RS U N B 2L
AR, CAG PREHLEIRE FEABIRN, HAZ
OAET B R EAATHEZE S R & b Ak
A, X — i FEE WA TR EAT B (Helicobacter
pylori, Hp) JEGL . S ARSI A1 5% 17 15 Al 4t
RN, ERE SR, W HFEG {E AR iR 5
BAEBEREME, HRAREEHS T FEIEHT CAG
()22 A RBERAT,  Wad i v M R A3 4] Hp s AR,
IR BRI RR), M2 4GS CAG kBt
o BUAk, AHECRR— A2 B0 250 CUnMIAR IR BB ,
HFEG 1EZR &7 2807 T 5 AANHA R BT ilm RIS 2
7, HFEG Jk 5 P 24577 S8l 2 el /BB Im A REIR A
BHFZIIRER, [Fi, HFEG B R4 A rH
EH CAG BIKIHEEH. SR1M, HFEG fEMiEH
T BRBHRE S T B I E LRI R —
Wz, DA HAE CAG MELIGTT I /7.
AR 22 R R PR 2 2 e s 2 AR A i
P2 JE IR — M B 2, AR R I AR A
W B PR T 51 RS I 4 3 8 I AT &
KEELT8, FE CAG WHye, AT LLE
R BRSO, BB TR R A
PR, XA AR AL fe il T 1 R AR A (1 2
B, FRERAL T X IRIIRG . SRR LA K g s AR DL
fifto WbAL, AR ZH S mT LA B e I va T S IR A
AL, NSCREIIR T TR AL R0, AHRH, i
rH AR R PR AR 2 i AN B A TR A
TER AR, ENRIEE BB AEYDIRER),
HHT, CAG FIRWZEFTIGE KIS Hp YA B
B A5 2 PR SR B VA RBY, 38E E 5 W
[H) 1 B B AR RS RS REREASEY . Zhang S6331k
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o BB HAEYIE 518 E PE AR B R
ARG BRI R VMG, THEAPIRE T, YLk
(AR 2 AR 2L, AR AT il A Y 2 TR AR AE
WUAEE 26 RBP4, RS HAR S 16S rRNA #
RG-S FRE RIS CAG MR 1A
T R EAEMLZS, KGR T CAG
HHAE AR P S LA B AR B A R IE, N
B 1) T AW LA SLAR U T 4 1 24 0 T TS s R
IR AR o

BT EARFARIVR, AT AANEEE CAG
KRR, KB A A, B, B3
Ji2H 2R AR S AL YA RS (superoxide dismutase,
SOD). BEHIMRMEAME (succinate dehydrogenase,
SDH) ik & A - (malondialdehyde, MDA ). —
AMA (nitrogen monoxide, NO)D. HNERER & =,
9% HFEG %K BB R 520, [F) i 55T UPLC-
Q-TOF-MS Rt H 2= AR, 45& Zuguit- o ik
REAR SRR A 1) 22 AR, i A B fENLS],
HRAE 16S rRNA W5 7341 K R 3E s T 18 7KF4)
T 2 A B 22 5 TR AR AR, DA XoF g T I A 11 R 5
K H 2553 M1 (linear discriminant analysis ,
LDA) §ifiide #-2H [ 1) 2 5 i, #¢ )5 i83d Spearman
FHORAE I3 BT R Fe M i TR A S AR A DG, 4R AT
HFEG J877 CAG [#Lil. AHEF N HFEG KN
MRt — & Mskin 2%, [Ny — 2T kiR
LT LA R AR
1 #8
1.1 34

SPF 2 tfeME SD KR 60 KR, i (180+20) g,
W B AL 5 AR A HEAR B IR AR, eSS
SCXK () 2019-0010. K RFAFRF LI EZ K
EEWIRE, R (25+£2) C, 12h WREASE, IEW
TFE 3 &GRSR, SIYSEIR 2 LvE R R 2R
ik (GHHE'S AWE202311408).
1.2 ZAm5iEHE

HFEG ([E 217 H14023099, fit'5 221218)
FH L P R R 2L A R A R34, HFEG BES UM AR,
Sy HIFREL 157.92. 631.68 g, hNZ%4E/K 1 680 mL,
Bc i) R B EE A 94 376 mg/mL (IR ER, 1E N
HFEG . ®miEHASGHIER. SR (hE2mh
J5 b _ETFE K ARAEY B3, %} HFEG HEAT & & %€ o
28 3,5- T AHIE K IRV FAR AR IR, 2 HE R
N 44.37%, EHEEEON 10.51%. B8 Sl

JeHE (5 2301079 IWH EMZDNLAR AR 25
RS E (S 320121 W9 E FHEERIE A ER
AR 2w s BCA B EHIRFENE w7 & (5 2309005)
T A AL 2R E R AR AR NO MERGflE (it
520240703 PAHRER I (L5 20240627) MDA
MikA (S 20240709). SOD kA& (S
20240716) 340 H B 5t 2 A TAERE 78T SDH ik
& Gt 20240721) WAL A EEA
FRAF; g Ol (S F240A0216) i gy H
g (5 222124) ¥ H 3£ E Thermo Fisher Scientific
A HAHIE Al
1.3 Y5

KQS5200E AU F g e ds CRAL T B AR A
FRAF]D; ST2100 2 pH i CREEHM ARG TR A F]D;
75002402 FEEA R E 0L (35[E Thermo Fisher
Scientific A ) ); KZ-III-FP BYRFEEAL (L ZE4E/R
EYRHE IR AT ); HH-4 R B IR KIS H (4
IR RHEARAERAF)D; AB Sciex Q-TOF 5600
R (EFE AB Sciex BHEATRATFD.
2 Ik
2.1 HFEG j&fr CAG ZXFEM
211 Sl ERSGZ REGENMEESE 3d )G,
RHBHLECE, K 60 HORR A AXT A, fA
H. Bl (15 mg/kg) M HFEG K. &7&E
(0.25. 1.00 glkg, 7 AAH M FIRIRZERGIER 1. 4
f5) U2, 4340 12 Ho TR R R, HA
FHRHEAEREEH CAG #A, RIRRAEH
S 0.1%Z/KIEHAN 20 mmol/L Jlii 5 IH 4
WL BEAUMmEHE (2d 27, 1d 228, &S
IR 10 F, JEREEE 10 FBENLIEE 3 HOKRCRH IR
AREAFL (HE) Gt M5 B FBUR B, HbiE
BRI 5. SR EHIRI G, S4E44 ig MM Z
Y, WHRRAFIRRA ig SR RRRZRTRK, 1 kA,
BB Yy 4 F o SEEI R RERS 3 d FRE 1 IR .
2.1.2 FEAREHMHE KRRGASEHRE, KREE
BAAEEIK 240, CBERRIEG, FTOFIENE, Z5FLdal]
WCAE B IR = Sk, 43 85 i3, (A7 T-80 C
UKFEH ARFERR, HUH B AL, KT,
R E N, TEVETE, BIHUE TR/ E
gy, FH 2 5% R ] v R T 5
213 —MIEHMEE WEKRPAFEE . K
R BR BE . TEBN SRR R 222
2.1.4 BHALUREAML K2 R EEREE R E 5
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HAWK B, U1, 47 HE 4uta, BT
BT NS B R AR O

215 BIRRE BRI G, gifleal TR
B 4h, 23T, K B AZETHCR K, 3 500 r/min
B0 15 min, HU VG, pH THGIILERFE o

2.1.6 HFEA L SOD.SDH i 14 & MDA NO.
WERER ) &5 DK B FRAZ, HHESIHK,
4 C. 3500 r/min &> 10 min, B _EEWR, #0ER
F & U6 BRI SOD. SDH it & MDA, NO. 7
P 2 1) 5

2.2 MAEREEFESR

2.2.1  FESBHI% B S0 uL MEFEA, IIATA
(R EE-Z 5 (12 1) W 150 pL, %€ 3 min, 4 C.
13 000 r/min #5C> 10 min. H{_E3F 150 pL, ZWHK
GiET. N 70%HEE 200 pL EIE, WWHE 3 min,
4 C. 13000 r/min &> 15 min, B_EFHERT AN
AT LC-MS 24T,

222 &M Bk Acquity UPLC HSS T3 £
(100 mmX2.1 mm, 1.8 um), JREIFA 0.1% FER/K
W (A -2l (B, BEEEBEML: 0~1min, 2% B;
1~6min, 2%~60%B; 6~13min, 60%~90% B;
13~14min, 90%~100%B; 14~15min, 100% B;
15~17min, 100%~2%B; 17~19min, 2%B.
IR 50 C; RFRIAE 0.35 mL/min; #EFEE 5 ul.
223 JRIE &M WIS B U Celectrospray
ionization, ESD), IE. R0, B
YN RN 5500 V/—4500V, BTIRIRE 450 C;
BN Ny AR (CURD. 4L (GS1) Kbl
B (GS2) JE 7143914 30+ 55+ 55 psi (1 psi=6.895
kPa); % K (DP) A 60 V/—60 V; filif# fE & (CE)
K 45 eV/-50 eV

2.2.4 BAEAE Al Onemap A K 1% JF 4G %L
P mzz 4%, (A MS-DIL #fFiE4T 0682
B, OREA I AR T4, 4 AL B 8 5\ SIMCA
14.0 #AF 4T F 855 73 #1 Cprincipal component
analysis, PCA), X4 rl g1 2047 P4, FIH PCA
LG 8] 53 A1, AR T2 I g /> — e ) 43 #ir
( orthogonal partial least squares-discriminant
analysis, OPLS-DA), DIZE#FHEEM: (variable
importance in projection, VIP) >1. P<<0.05 A%k
-, DR R A 20 2 (Al g 2
R, JHIREIEADAR B, [FI BRI
H¥E%E (HMDB, https:/hmdb.ca/) A1 [ 2 5

TELEINREMIEAT €, FIH MetaboAnalyst (4
FEimid p # AR 5 B AH | B2 (Kyoto
encyclopedia of genes and genomes, KEGG) #{# /&
KR BEAT T o
2.3 16S rRNA JUF 747

BRI NED T HRFEE D IE T
—80 CIRAF, HOWIRAL. BN HFEG K. it
HHX 8 MM, i B H YR R R
AT AT A2 A DNA $EHURT 16S rRNA V3~
V4 n] AR XYY, B 5 7E lumina Miseq I 51
BT EIEENFT, %80 97% 8 AT BB 51
K3 AR #AE 5> 25570 (operational taxonomic
unit, OTUD. K] QIIME2 43 #r#f4:, ] DADA2
Bl PEREAT 0, SEILBREAAET] . JR/K-F LA R
IATHIAAAL, JEUARRIE 2B AR . i B
R T S RAL S AR Z I 22 57, PRI
) 51 43 7T RS2 K 7N (linear discriminant analysis
effectsize, LEfSe), IHITiH 4R =1 & &AL My
72 AR RN 22 5 G RE T RO RE SR 2 i, FR R AR
W5 2 R AR AR G .
24 GITESH

A IER AT R X £ s KR,
Graph Pad Prism 9.0 Geit AT ST 22000, W
A ELECRH ¢ A, 241 ELACR FH B IR 307 22
HT. MATEBE YR ZE 5 MR A Kruskal_wallis £k
A5 o
3 4R
3.1 BHAR—REARMFRELN

XA R B R A 6P, HUBUEER . AR
N PIE IR s R K BB R AR TG,
HEMIGEIER, HHERD, FEHERE, B8
Wb, AMESTE, KR{ERE: 40 HFEG 15,
KA ERER A prscs, HiEREE S (P<
0.05. 0.01, Kl 1),
32 BUEXRBHRREETL

i 2 fros, o ALK B R e, IR
EHED RS, BRNBE R IR B R B R 2
a6, BEwyD>, BRIEERZARME, RUENIRIE
Bl i AR AT A IR R, B R 51 5
55, RYEAMMRIETE LA HFEG fIRFI R4 R 1%
AR, BRIETECR: HFEG s 24 B &
IR HE SRS, R TR A IR 2, &
PEAH MR IR -
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ol |@
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400 I

T T T T
W R BE 025 1.00
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HaBALIE: *P<<0.05 #P<<0.01 ##P<0.001; S
#: "P<0.05 TP<0.01 ""P<0.001, 3. 6.

P <0.05 *P<0.01 *P<0.001 vs control group; "P < 0.05
"P<0.01 *"P<0.001 vs model group, same as Figs. 3, 6.

1 BEARKERELR (X£s5,n=10)
Fig. 1 Comparison of body weight of rats in each group
(Xts,n=10)

33 BHHEKERBRERETL

Wi 3-A fizR, STHRAKR BRERME, BT
B ZH K SRR AR 245 5 8010 B 1R 3 i b, xR
b, BHAKRE®R pH HEZEAR (P<
0.001); 452454 B pH {E 474G A AL (=11 ,
Horp 8 25 4L HFEG & A 1A B =R
(P<<0.01. 0.001).
34 FHEKRRBFIRALF SOD. SDH EMRK
MDA. NO. AT

WK 3-B~F fizn, SxiiRdibbds, A K
B, 1 B I 4 2 P MDA WNO 7KF .35 T (P<<0.05.
0.01), SOD. SDH V&1 A INEAER /KR E BRI (P<
0.05); SARAYZH LLA, B o i 2H B R A 2Rk
MDA. NO /K& #FBFK (P<0.05. 0.001), SOD
T P S T A R K SF B 3E R (P<<0.01. 0.001);
HFEG fiG5fI &2 40 MDA 7K1 2 F#fIk (P<<0.001),
SOD. SDH y&i & N ERER /K ~F- .3 T+ a (P<<0.05+

HFEG 0.25 g'kg™! HFEG 1.00 g'kg™!

B SL RN SR I R AR
Black arrows indicate inflammatory infiltration and glandular atrophy.
2 FERRBFRBALREBEMS (HE RE)

Fig. 2 Pathological morphology of gastric mucosal tissue of rats in each group (HE staining)

0.001); HFEG &4l MDA, NO /KT & & F& 1K
(P<0.05. 0.01), SOD. SDH i1 & 75 B & 7K °F- &
ZTtE (P<0.05. 0.01).

35 RBLEZSHR

351 MiEREEE /5  RA UPLC-Q-TOF-
MS BEAT R B MLIE FF i 1) 40 B A R4, 7EIE
METFHAT, SFHFERM LS FREWE 4 A
No B EIR, BUHFEMIEY RIF, H&H 2 (A0
NAEA 2 57, EEARIIEVETY RIETAR, RF%4H
KRN KA. fEIES T, R
(2 4 i ANEE 8~10 Jrfh, REIRLAH I 5 X}
TR ZH AN 245 41 D T W R [ s T A 6 i Tk
T, PREENTAIES 7 2ph, BIRAH G0, =AML

2y e, R A K BRI H S IR T R A Ak
N K RE AR A A2k, KA PCA
F1OPLS-DA J5 1406 8- LI 375 A AR U 48 B 3R AT R
NIFHT o
352 WS KB EE SN
SIMCA14.0 AT AU FE FR 347, &5 SR an & 5-A.
B flizR. FELME I PCA G5 R al LIE H, FiEpE
RERE I, RV RL, B4, PCA 4
REIR, FHREARRELN 95%IIEE X IR, HAH
T2 53 B REAR A F AR G PR A, X B2 RE A
FENMIESE 4 RIR, MR ARNSEHTES 2
GO, 2 HREARUS ¢ BRI B B, X
DGR, fEBRH SR 8], R



5496 « PED 2025488 B56% B 158  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 15

A B c
8 — 1.5 0.6 =
Hi 5 * H
—~ * zZ
6 T oo
ok g 104 E 044 e
@ _— ° sokk
T skkk =] g
|5 i
= : z
8 0.5 E § 0.2
2_ wn
0 0 I 1 1 1 1 0
Xﬂﬁ T%L‘; ﬁiﬁ 025 100 R B B 025 1.00 XTHH ffﬁﬂ *éﬁ 025 100
il HFEG/(g-kg™) il HFEG/(g-kg™) il HFEG/(g'kg™)
D E F
0.157 0.0101 ok 150 7 *%
# sk
£ 0.0084 ~ "
o &0 [ "
3 0.10 B 2 1007
i " g 0.006 = 4 é
£ > 4 £
S & 0.004 2
Z 0.054 = @ 2 50
%‘ E 0.002 @
0 0 1 1 I 1 1 0 T T T T T
Xj‘ﬂﬁ %E?i ’g*ﬁ 025 100 XFHR B A 025 1.00 PR BEE %% 0.25 1.00
i HFEG/(g'kg™) Fiild HFEG/(gkg™") Hiifd HFEG/(gkg™")

3 BEKXRERpHME A) RBEFEHELH SDH (B). MDA (C). NO (D). AR (E). SOD (F) 8 (X+s,n=6)
Fig. 3 pH values of gastric juice (A) and contents of SDH (B), MDA (C), NO (D), pyruvate (E) and SOD (F) in gastric

mucosa of rats in each group (X +s,n=06)
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Fig. 4 Total LC-MS ion flow of serum in rats in each group under positive (A) and negative (B) ion modes
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Fig. 5 Metabolic profile analysis of serum samples in rats of each group in positive and negative ion modes
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ZE5t.
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Table 1 Identification of differential metabolites in serum

TER s HFEGIK I 2 HFEGR /i £

75 Rt w/min  m/z X MAEF  HMDBID ZGR (miz) WA SR s
1 L-AAER 3.057 166.0853 CoHuNO»  [M-+H]* HMDB0000159 91.05, 103.05, 120.08 [ 1 —
2 sn-HHb-3-BERRAERS,  0.814 258.110 1 CsHuNOP [M]™  HMDB0000086 86.09, 104.10, 124.99, 166.05 i " "
3 AR A B 8.562 400340 1 Cx;HssNOs  [M+H]" HMDB0000222 85.02, 144.41, 383.33 i e "
4 JHBE-L-AT 8.869 4263603 CasHyNOs [M-+H]" HMDB0005065 60.08, 85.03, 144.10 e [ [
5 1-EE-sn-HHH-3- 9491 5223565 CaHsNOsP [M+H]* HMDB0002815 104.10, 184.07,339.28, 50434 1 " W

R R T
6 FER 13.014 3052480 CxHz0.  [M+H]" HMDB0001043 8506, 93.07, 95.08, 97.06, |* 1 1
109.10, 117.07, 119.08, 121.10,
123.11, 159.11, 175.14
7 L-ER 12752 329.2468 CpHpO:  [M+H]* HMDB0002183 67.05, 83.08,91.05,93.07,95.08, 1 — "
105.07, 107.08, 117.06, 121.10,
129.06, 141.06, 145.10, 147.11,
149.13, 157.10, 158.10, 161.13,
167.08, 17111, 183.11, 185.13,
199.14, 209.13, 215.17, 223.14,
227.17,237.16, 329.24
8 3-WI MR & 10.605 279.1599 CigHnOs  [M+H]* HMDB0001518 93.03, 105.03, 151.07 i " W
9 [EMERS 0.719 116.070 1 CsHNO>  [M-+H]* HMDB0000162 56.97,70.06 i [ [

10 #2EHRER 0.849 118.0876 CsHUNO,  [M+H]" HMDB0000043 58.06 1 — —
11 JefR 1.346 123.0552 CeHN:0  [M+H]* HMDB0001406 53.04, 80.05, 96.04, 123.05 i I [
12 A DGR 2011 132.1022 CeHiNO>  [M+H]" HMDB0000172 56.05, 57.06, 69.07, 86.09 e [ [
13 Ik-8,11,14,17- 0.899 160.1317 CsHi7NO>  [M-+H]* HMDB0002183 55.05 i " W

ZA BRI

14 4-CEHC 3.695 190.050 5 CioHNO;  [M-+H]* HMDB0000715 63.02, 89.04, 116.04, 144.04 i — "
15 KEABiRE S 0.904 204.1239 CoHisNOs  [M]"  HMDB0000201 57.03, 85.03, 144.09 i [ [
16 - 0.832 130.0507 CsHNOs  [M-+H]* HMDB0000267 56.05, 84.04 i " [
17 RHAH R 0.801 175.1196 CsHuN:0;  [M4H]" HMDB0000517 70.06, 98.05, 130.09 i [ [
18 9-HETE 12.032 303.2276 CisHpO:  [M+Na]* HMDB0000673 79.05, 91.06 i " "
19 HIBERREE QB 4.406 118.0876 CeHinO3;  [M+H]" HMDB0000665 69.00 i " [

(18:0/0:0)
20 ¥ ILBENERENLEE 3531 123.0552 CeHiOs  [M+H]" HMDB0000448 53.04, 81.03, 83.05 i — "

[20:4(52,82,11Z,
142)/0 - 0]
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e — —
BE O REM wmn ome WEL WAKTE  HMDBID O () %f;,ﬁﬁvs ﬁfggi; igf;;@;
21 HER 1.409 191.018 9 CeHsO7 [M—H]" HMDB0000094 57.03,67.01,87.00, 111.01 (i " [
22 Hm 3.548 203.0819 CiiHiN202  [M—H]™ HMDBO0000929  72.00, 74.02, 116.04, 130.06, | ™ —
142.06
23 MR 4.001 212.0014 CsH/NO,S  [M—H]" HMDB0000682  79.95, 104.05 | . P
U RRER 8499 3912835 C4HuoOs  [M—H]" HMDB0000626  61.99, 164.92,345.28,391.28  |™* e —
25 SRAEEIREEW 7168 391.2837 CuHaOs  [M—H]" HMDB0000518  180.91,391.28 i V" [
26 R JRIEMER 7.045 407.280 4 C4HyOs  [M—H]" HMDBO0000619  69.03, 251.20, 289.21, 343.26, 1% ™ [
40727
27 LB 3751 1729920 CHe0sS ~ [M—H]~ HMDB0060015  93.03 (i " [
28 L-ERER 5.061 187.0973 CoHis0s [M—H]" HMDB0000784  95.04 N — [
29 RER 12.678 2532165 CigH302  [M—H]" HMDB0003229 116.92 ¥ 1 —
30 Wil 9.887 319.226 8 CxHx0s  [M—H]” HMDB0010222  59.01, 67.05, 109.06, 121.06, 1% [ [
145.10
31 2BRERTR 10.622 480.310 5 C3HyNOP  [M—H]™ HMDBO011130  62.96, 78.95, 122.98, 140.01, 1 [ [
152.99, 196.03, 283.26
32 FER R 9.641 6192910 CHiOP  [M—H]" HMDB0061690  59.01, 152.99, 241.01, 259.02, 1 [ [
25924, 28522,  303.23,
315.04,333.05
33 23T 2446 103.0409 C4Hs0s [M—H]" HMDB0000729 57.04 N I [
34 2-FHEA-FENER 1695 117.0208 CsHeO4 [M—H]" HMDB0000202  55.01,99.92 N [ [
35 2R 3.583 117.055 4 CsHio0s [M—H]" HMDB0000407  59.01 N [ [
T FR LW, 7 FRTE, =7 RN SXEALLE: *P<0.05 #P<0.01 "P<0.001; SHAIHLLE: TP<0.05 “P<0.01
**P<<0.001.
“ 1 ” indicates up-regulated, “ | ” indicates down-regulated, “—" indicates no change; P < 0.05 *P <0.01 *#P<0.001 vs control group; "P < 0.05

"P<0.01 *"P<0.001 vs model group.
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Fig. 6 Changes of relative content of differential metabolites in serum of each group (X £ s, n =6)
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Fig. 7 Analysis of metabolic pathways in serum samples of rats in each group
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Fig. 8 Analysis results of gut microbiota



FES 20256E87 $56% H 158  Chinese Traditional and Herbal Drugs 2025 August Vol. 56 No. 15

» 5503 »

4 e

KHFFLLL CAG ALK RN AR SR, A
HFEG 877 CAG FIfERMLH], FIH UPLC-Q-TOF-
MS FAXS K RIS AT ARUIH S 08, TRk
VIR B E A IERS, iR HFEG M1E AL
il ik %e 35 MEFRIEY S CAG ZE VI
5%, FLHEFG 7 2 n] B3 Bl X S A b 54 .
AR 16S rRNA MIFFHR T CAG HIKAE S WiE
WHFIR R, 8T T IHIE w18 KRR 2 % &
ZSEMAR, FodTMERE Y S 2 558 81
PSR

B, AW %% T HFEG 1577 CAG 2555,
SR EIOR, Y575 4 HJ5, HFEG ] &35 A1 K AR
JRE K& B pH, Hrx B AL TR SOD.
MDA 2. MRk, CAG KIANRS KA.
T EA PR Z DI SBT3, CAG KRB 2
JEESZ A, AP P AR A LU R, T T B0 B
FORER T4, 0 B RIS i . B e T gl
REEEMLE M, MDA RN R & A E b i)
HHIEARI =2, ATREIR AR N E S T Ai A2 2, 10
1l i 4 B P R o100, A G RN, RN R
MDA &t Ak e nt 5 R INE i F 4. thab,
SOD J& kP =B HL AT, AT LRI NI 2 1
MR, BAME A RN IR
AR 2 R B B IR S5 ThRe 2, SOD MM &
B B WS RR H R RE 1, BTk,
CAG 33 SOD JEMHERFK, F-A B4+ MDA
ACETH R, HUA BB R B 25144, T i
BB #5105 . A7 K, HFEG B2 10 CAG KR
BRI 2 SOD JE M FFIK MDA /K, 7w
HFEG [ 838 ik 1 35 S S R A8 =LA 45 AT
RIEH CAG HITER .

HW, A FRF AR AR AR, wEdEEAT
Loess IH— b b2, 254 MBI PCA 35 BTG
B OPLS-DA 200 VKB #6566 A5 284 10E 47 7] &
PEREES, B8 T CAG Hagi AR SRS
RAEF T DIERAWEIREF VLW, geEfR
WX CAG MM, LR 240 arissh
MEEE ), 2. IR RS R R A A
RS TRE B FTS), =R (tricarboxylic acid,
TCA) FEMEH & bE IR IR L R SRR, &
RERALN R H BB, BRI T E
RE AR E, TCA AT ZEELA 2 FEBER A 21,

WA R, Aes A3 EL T e i i se e i 0 A A
WIEE ShRefE R R, dt—DnE B R 248
AT, & CAG PEEFURRF R, FriEik &
B AR LR AR, & TCA JEHH )
ehE] AR, 7E 2 M R A AT SAE S B Hh S EE AR
H, FEBRAKF R CAG Alif S 2k ik
TCA THH fe &7 A 1) iR 981 A 72 K I HFEG 7]
ThE CAG KB AR, eI E IE
W, et B RRE S 5 A RE /. Rk, HFEG 1
Re il R AR LAY iR AR T & 44
(TCA #E¥5) il CAG A& I R IEIE ST/
FHSEIR A A TCA JEM e 4t 7 HE I Re =AM
A&, HFEG &7 &2 n] 22 LS & &,
BT P9 IR IR OR3P ol A= 3R - CAG KRR,
SRR B B A, SR B R T T S BB B
T RERRENG, 1X 5 SCHRRoE Hoe St B R AR K
BRPRIRIE 72— 201400, A, R i 1 S i AR I fe i
M4 — 4% EER (nicotinamide adenine dinucleotide,
NAD) (W7 K3/, NAD )iz T W fR
FIZ0 PR ) TCA fEIRBY, CAG KB H IR A% &
RPEAC, RO E FEAn e AR UREAS, diiuREE
AR ek 2> 1T e A2 H R 4 1) I R 2 — B2
HFEG nJ @i A5 RBEZ KT, 5% TCA 1E38, o
HRe A . Bk, YRR SR I i K P T e
#& HFEG @it i1 ge AUk IGIT CAG —FhJ7
K. JBFARBIHESE CAG WiFE. CAG £—1%
W Z R RAES I SOE I FES, T A DU e —
FhE EL ) JOREAN 0, 75 B P e SR 4SS, mf
PAZ 5 IR SOE I BB, fEAR T, SXTREA
AL, BRI AEA PUHRR K T, R CAG K
RORARIER N, 5 Zhou ZBNHHFR —3. HAE
A DR IR AR B % /& HFEG VA YT CAG KRB,
$27~ HFEG mlilid e 4 PG RRARU R #8897 CAG
IEH

AR TR A YDA 9 B B 2 P AR T R
KFHNF=E, SEOEHEEAED RN R, o
A R TE R 2 B B R T P 2 AN A
e, SERFREEML (0 MDA F12). AR
Ve JOREANIR AN B H G BRI
IERAMIRE, 58 E %K. BEERE. B
Bz A B T R DIAH 0, 75 CAG i B 2
H, SOD n] Ll it i B A B 25 1 E B2k, s
AN, PRY B . B FCRE, MRk 2
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B A R 3 R K MDA K P K B T E L Y i
(myeloperoxidase, MPO) &1, HEMETEIUE M R
i, WA ILEE SOD i1, Mk B #4506,
EARW AR5, K HFEG HAHUEMER.
M A S 2 — P Z PR, S 59 &4k
R BTAEALES3 . AR TS, HX A R, AR
HER S RRIG, R CAG KR ATRER AE S
RIS R, BEAh, R AR &R 52
5 CAG 2 F F RSP, FadRoilE, K2 mT6e
H4 RS AE F U R T A s 5575 3 B0 8t s 1
(A RIS, 55 22 SORE M0 B YT AR DR, 7
A, KERIMEFEARER S ERED, R
nRez 5 TR

T T HFEG V677 CAG IfEFNLH], A
FURF 16S rRNA M %2 HFEG X CAG K 7iE #
BRI, g5REIR, SXTIRAMLL, A TR
BETE TR = 0 2 A, o dOURF B8 1 AR 2
W22 R, F/B HGAE 3G N2 BA Ji 18 2B ) B B
WER, 80 R R R E R e A 5iE
WAEYI L IROE S 8 E Y H R sz dm, 30 S5
JIE 22 RN Fo Al SOREYD PR HE N IR 25 B, W38 i
RIEFEH CAG MIREN, HHERAMLEL, HFEG
i TR A AT AR B B RO 1 1T b
{B, X$E/" T HFEG 7] G ik 115 it b A ok 2% ik
CAG 52K e wEEREL. ok, SHAAMLL,
HFEG ik =74 n] B2 18 58 B BR R A 3=
FEo WEFLRAA, Sk R R B 4 22 Wk ] A 15 i
W, W0 a5 R B ERE B R, bt
TR A BE MR TR 2R R, AERR I TE A S
i, RIEWERYVER©SS, Kk, HFEG n] @ity
IR BR BR S 1R AE T 3 B SR i i 1 B e R AP AR
M. BRI, CAG WIRAEAIHIERMAES RS
ZAELL, Gt LEFse 70 M &L, HEY2H iz 1 e
SR RER FOERE H PR . &
FF0& JE T DR i e 2k, PP AR E 2 1L-17 45
{12 9 4 M PR 0700, 1y L3 B 8w e i R S H 2R K
RIS 5456 B BRI P M 2, I AR A
— MU, Ak, BEE LA B OB 2 Ik A Ak
WHFCUESE B B geud i, i i g 0 28 40 R 7 1)
AKF, TR gb 26 PR+ (Wl TNF-o IL-6 £l
IL-1) 724207274, HFEG a7 2 A FLAT R AH X
F R SRR AR LA B B, #E HFEG i@ b
WA BT, M KIERIT CAG FTEH.

RV R TR, IR e AT
JB SRR R R IEAHR, MRS TCA [HCHE
B A, ATARER SR B R B AR 22 KR IA A0 A= 40 i
[ZRLA ATP & R iia, Ml 5 R i
2 IR FEIR A A 40 S B BE RN A0S AR IR AT B
J& Citrobacter #2& y-"Z TN H 1)— AN EE g, H
JSC IR BE S AR AT AR BRI 77 AR AH AU =, i 1A
FAFIRATE Citrobacter rodentium =5 # P {EAC ST
T o AT AR R AT B B A 9 U7 o p e AT DAAHE U
HFEG W] il 4% y- TR G20 A AT 1 a8 AH G
FRE, RIATERI A KIEIRIT CAG MER .
HFEG =7l &4 2 7 5 A IR AHS Wt Z . A
BIRE W IEAK, Mlthz24i4dR B IMEEIR
X, 2 NAD'HIREIME, |2 S5HEmGe A0
M ThRers. AT, XA, B
B A FEAIK, 3R CAG KR BE QM2 .
-3 1 R AN R P 8 3 8 T st R I e Tl G e A e
Pl Y4 O] TR Mz B A D O TR i BRAZ IR, T B R
NAD?), i [CEEHE T y- TR ENE0, itk
AT LAHEN HFEG 7] g st 1 42 B 0 4 0 o R AH X 3=
B, SEIEBE FK ST R HEFS BT CAG IR .

ARG HFEG @1 b L SOD
1 MDA AR, A T CAG KBS
077, I ARG 2H = A i B RIS A BT UE B
HFEG w] L% y- AN mEk AT R, it
AT IS AR . L-BRm IR . RELANERR 2
2R, M RIERIT CAG MITER . AR
AN HFEG 1597 CAG HIVE FIHLEHI0E 7 f (ks g
27, T HXF HFEG Bl PR & 2 H 25 2 fiRH AR o
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