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Abstract: Objective To investigate the mechanism of Houpo Wenzhong Decoction (JE4Mi& H17%) and its formula granules in treatment
of gastropathy with spleen and stomach deficiency cold type, and provide a reference for evaluating the potential of formula granules as
substitutes for traditional decoction. Methods Houpo Wenzhong Decoction (DEC), formula granules (GRA) and decoction with
accessories (ACC) were used to treat the model rats of gastropathy with spleen and stomach deficiency cold type for 7 d, which was

established by lard and cold vinegar for 10 d. The levels of motilin (MTL) and gastrin (GAS) in serum of rats were detected by ELISA.
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Gut microbiota diversity of rats was detected by 16S rRNA high-throughput sequencing technology, and then metabolomics in urine and
feces were researched by ultra performance liquid chromatography quadrupole time-of-flight tandem mass spectrometry (UPLC-Q-TOF-
MS/MS). Finally, the correlation between gut microbiota and metabolomics was analyzed through Spearman’s analysis. Results
Compared with model group, the body weight (P < 0.05) and levels of MTL and GAS in serum (P < 0.01, 0.001) of rats were significantly
increased both in DEC group and GRA group. The results of 16S rRNA sequencing indicated that Lactobacillus,
Eubacterium_xylanophilum_group, Lachnospiraceac NK4A136 group, Roseburia, norank f Muribaculaceae, Ruminococcus
gnavus_group and Parasutterella (P < 0.05, 0.01) were significantly regulated after treatment with DEC or GRA. A total of 32 biomarkers
related to spleen and stomach deficiency cold were identified in urine, while 39 biomarkers were identified in feces. Notably, shared
metabolites such as 170,21-dihydroxypregnenolone, melibiitol, cholesterol acetate and 70-hydroxy-3-oxo-4-cholestenoate were found
together in DEC and GRA groups. Metabolic pathway analysis indicated that DEC or GRA played an important role in regulating pathways
such as steroid hormone biosynthesis, phenylalanine metabolism and vitamin B6 metabolism in urine, as well as steroid biosynthesis and
porphyrin metabolism in feces. In addition, Spearman’s correlation analysis also revealed that there was a strong correlation between some
intestinal differential flora and differential metabolites in urine and feces. Conclusion The mechanism by which DEC and GRA improve
gastropathy with spleen and stomach deficiency cold type may be related to the regulation of gut microbiota composition and pathways
related to steroid synthesis and amino acid metabolism. Overall, DEC and GRA are basically the same in biochemical indexes, gut
microbiota, and metabolomics. Thus, GRA may be suitable for clinical use as an alternative to traditional decoction.
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metabolomics; 17a,21-dihydroxypregnenolone; melibiitol; cholesterol acetate; 7a-hydroxy-3-oxo-4-cholestenoate
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2 RA CH AR BRAL S vk =24k s MTN-2800D
BRWIRAE R B COREERRR SR B AR A D
TGL-16.5M B midt 501 R A DA 3
HIRA T ; GeneAmp® 9700 % PCRAX (£ [H Applied
Biosystems /A ] ); Illumina MiSeq il 74 (SE[EH
Illumina A &) ); Nano Drop-2000 & 7 Y6
1t (ZE[E Thermo Fisher Scientific A7) ).
2 FHE
2.1 iR REES
2.1 EAMEFHELA RIS R AR A
WIWF 73, BUE AN (2] 37.30g. BRI (%
F1) 37.30g. HE (B 18.65g. HH5E 18.65 g+
IREE (IREHL) 18.65 g+ A% 18.65g. T2 3.069 g,
FUHM J5 4 LU TR A 35050, FREL 10 g, 7K 400 mL,



FED 2025648 $56% BT7H  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7

* 2415

ZE 200mL, A, EHGER, IRGEAEGREK
BN 1.5 g/mL, BIfH,
2.1.2  EAME A T B f A FR R R T
TC A L 3] i 23 R R A 2L 1 i 1 2% 246 6 B 7 Sk
BEATA T BEAULEC 7 SRR AR 7 2, iR KA A K
5 2117 WUFAHFEIMAEZ ik fE, RIfS.
2.1.3  FUZ AR 2 g & JEANE T R
R INNGRLE f CRRERR 25 24 4 G 77 S0k 2+ B
FHRIE, RIS,
2.1.4  JEANE ALz A T LT URL I o
B DUEANS A0SR B R LB R IE
KH HPLC AU 5 JEAMER A Rz 4 MM Ebst
BRI & 4 s BR 2T U R S B 26
RIRl—HER, TR B, AR G 7 ROk [ S A
BN 5 AR T AH B C 5 ORI T 2 B E
22 BEEERFRAREIATHZ

R ST Rk 7 72 OV o B B R R A K R
B, HRLETig4 CARRE (10 mLkg), F7Tig
R (10mL/kg), FFEHER 10d. 10d 5%
FIR RIS IOKED . RRIRIE. T ERE.
FEEMDF) KATFE . BRI R =R S
%, LSRRI MTL & GAS &8 T, 12
INIE LR D3,
2.3 ARG

B 6 HKRAE AR, R EA R ig &
17K (10 mL/kg), W38 A5 RS ) (1)K B BEATL 20 A 2
. JEANEAZ R (Houpo Wenzhong Decoction,
DEC) 4. /7 ®iki (formula granules, GRA) 41
KRz s El (decoction with accessories, ACC)
4, 41 6 K. DEC 41. GRA 4HF ACC 41y ig #A
REZ 13.5 glkg (LA ZG ), WHBZH BN ig
SARFRIZENEK, 1R, S T d.
24 MARRERAE

RKIREGZ) 120 )5, B RRE TREEN, 25
“AEK, WEE 12~24 h JREANZE(E, HEAET
—80 CIRAFE; FUEERMIIRIEEIL 500 pL &IFTF
FRES O N, I ETR T, Anid N 4% (quality control,
QC) Ffih, J4k, FrAFEM&H 500 uL, 737l E T
THEEEOESF, 4 °C. 4000 r/min 250> 10 min J5,
IINHEE 3mL, %€ 1 min, 4 ‘C. 12000 r/min
O 15 min, B EIHER, BT EIIAHEE 200
uL Z¥%, WWhE 3 min J5, 4 C. 12 000 t/min 250
15 min, HUEJEW, SRFEFEHT: BRI ZefE

FHL 100 mg, MINEEHE, SKIEGE, @5
BY 30 min, 4 ‘C. 12000 r/min 250> 15 min, B _iE
W, BEEWAX LT 37 CIR4GEZET, M 200
uL FEERE, WwieRs], 4 ‘C. 12 000 r/min 250
15 min J5 B EIER, 5358, BEASFE 2 R
10 uL, VREJE1EA QC FEfh s FRIGFIZEAERE 5 H
FAERE R ARSI . S5, SRR ip 1%KE
L4 (40 mg/kg) WREE, NEEZMMCRIML, =R
#H 1hJ5, 3500 r/min &0 15 min, 43S 1iEH T
MTL. GAS B i GRS H KR E A A,
WA G E T-80 CIRfF, TUKIHEMIZS Lifg
VR ZRE AR A R T 16S tRNA W7 .
2.5 HHEIEARAYNE

SERG AR SRR AR A R, SEIR AR
J& » F I ELIS A 12705 1 W 540 I K BRI/ H MTL
I GAS & &
2.6 16S rRNA SiBENFF

K EE W 2 PIRE S 0 1 B A 2 R
B RigSE AR R A IR A R 588, KA HER
21 DNA $h#R57 & 17 5 DNA #i#2, X 16S rRNA
R V3~V4 XHEHT PCR 14, K551 PCR
PGP AT AL . B R — A S T O T SC
e, FERAT AL, S48 AHE I SCETE Tllumina
MiSeq PE300 V& FiEAT i@ &l 7. Al 2544k
R i 3 B R AR A OO
2.7 AESREMRIEF ST
271 %A SRA Waters Acquity UPLC BEH
Cis taiH: (50 mmX2.1 mm, 1.7 pm), FEHIHH
0.1%HFER/KIBEIR (A -LIEEWR (B, FhREEDEML:
0.01~15 min, 5%~60% B; 15~25 min, 60%~ 100%
B; 25~27min, 100% B; 27~27.1 min, 100%~5%
B; 27.1~30 min, 5% B; #&fRiiE 0.25 mL/min;
HEREARFR: JRWE 3 ul, 28(H 1 ul; #EiR 30 C.
272 KM CRAIEETFHRMEREL, BE
500 ‘C, BFUEHLE 5.5 kV, ZfEHEE 100 V, %
fREE 100 V, flifERERE 35 eV, ARSI ANFNLS
&, TEE 500 °C, HHEREIEH m/z50~1500, =
A5 40 psi (1 psi=6.895 kPa), Hdf KA A 30
min, W5 S AEHE SIS 50 psi. fHH QC £ it
ITHESIE, (5 580 RERS . SR EL,
PAK Sy BT R i aF 8 HAE RS 74 1 5T QC FE
DAL W 0 5 0 S B N R R S 5 VRS R
273 A XS A KRIRE . FEFEAT



* 2416 »

FED 2025648 $56% BT7H  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7

R, ¥ UPLC-Q-TOF-MS 43 #7 Bi 13 4% & A
MarkerView 1.2.1 AT IAL R, GFHIEXT 55 g
VLRCE D 0R, 159 206 & 4 S R B I 1a) A0 5 far LU A4S
BRSO o R SIMCA-P 14.1 A4S A 2 5
REAR AT Z egiit b, BAROTEaSE o
HT (principal component analysis, PCA) Fl1EAZ
/N3R5 40Hr - Corthogonal partial least squares-
discriminant analysis, OPLS-DA). F||f % jt OPLS-
DA B[4 S B E A 4552 (variable importance in
projection, VIP) {H KT 1.0, AR (fold
change, FC) <0.8 8{>1.2 H P<<0.05 fifiik = 5714
AU - A8 N AR 24 25045 2 (human metabolome
database, HMDB). 3i#BH:[H 5 A4 [ R4 4
(Kyoto encyclopedia of genes and genomes, KEGG)
S AR, R & AR AE AR G
Y. e, R B0 2 e As B 2l 5
A MetaboAnalyst 6.0, F-H 8 KEGG ¥ FEXT 2 5E
HE R A b B AT AR R 1R )

2.8 Spearman XEX 7347

FIH Spearman AHKMESHT TV, SehZifE R
bR T B D 22 S W D B R AR A e 2
BE AR VAT R A, W I IE R
A S5 WIEPER I AR B AR R R, DR
Jo 3 B R S5 AR 2 (R AH B A FH Ok &R 05,
2.9 FIHFESH

f# F GraphPad Prism 9.0 #fF 0 HE #1741t
b, IR AT E SRR AR LLECR A ¢
Frer, 20 4 [E) H s BL A U 75 K FH B R 3R O 22 90 i
(One-way ANOVA) ., JE IEZS 7047 1 2 S 4008 K A %
kS, Jipile o B A SR it S8 5 R 25 RHECA R
ATV ED - EHAT G .
3 %
3.1 ENEFIARLAFIE T P& BIRAE 7 Bk
B 73 53 AT

Xof Lt A VA s B L 1-A~Ge
AR AN Bz S AN FIR RN 1R A

2
A 1 3 B 1 C 4
l| 30
4 | ||
| | I‘ .
Y R N ,_'l o _,“ I
| 1 '|
| 4
| O S 371 LS W\ — L“.‘% o
0 10 20 30 40 50 60 0 5 10 15 20 25 0 510 15 20 25 30
t/min t/min t/min
7 11
by E 0 F 1|0 F G 1
‘ 8 | n
5 ’ h |‘
L I o UL |
9 11
10
2 P ‘I‘ ‘] \
| |
7 J J | I
o L L Y 00 PR VR U A
0 10 20 30 40 0 10020 30 40 0 10 20 30 0 200" 40 60
t/min t/min t/min t/min
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1-hesperidin; 2-alpinetin; 3-honokiol; 4-magnolol; 5-pinocembrin; 6-cardamonin; 7-alnustone; 8-liquiritin; 9-ammonium glycyrrhizinate; 10-costunolide;

11-dehydrocostuslactone; 12-6-gingerol.

1 EfNEFFARLZ (A BE (FH) BEAFA B). ZEMAEFTAN (O ETERATA (D). WHER S FHMN
(E). REBHF BT (F). FEEHFTR (G) BIX BRSNS HPLC &igE

Fig.1 HPLC chromatograms of standard solution and test solution of Houpo Wenzhong Decoction (A), Citri Reticulatae

Pericarpium (remove white inner capsule) formula granules (B), ginger juice-processed Magnoliae Officinalis Cortex formula

granules (C), Alpiniae Katsumadai Semen formula granules (D), fried Glycyrrhizae Radix et Rhizoma formula granules (E),

Aucklandiae Radix formula granules (F), Zingiberis Rhizoma formula granules (G)
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#p<0.01 *P<0.001; SERALLE: "P<0.05 "P<0.01 "™P<

A-body weight of rats in each group during administration; B-MTL level; C-GAS level; #P < 0.01 ##P <0.001 vs control group; “P<0.05 **P<0.01

**P <0.001 vs model group, same as below figures.

E2 AHEAEEEKRRARE. MTL 1 GAS KT (X+s,n=6)
Fig.2 Changes of body weight of rats in each group during administration and MTL and GAS level (X £ s, n=6)
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melibiitol /£ DEC ZH A 5 [a) % R [B13, 170,21-—
BRIPIGTEENE GRA A X B2 B . an &
7-D i, FEAEFEAAF, HxTREA i, A4

F I RERR

JERRIRR IX 2%

15 NEFAEY, T

88,14 £ % . Wil EREE 20 2 AW, 45F DEC
JE ] R R JE AR IX . 7o-F2 335 AR -4-HH S 4 IR B



FED 2025648 $56% BT7H  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7

« 2420 «
A
1.00
QC-1
QC2 0.98
QC-3 0.96
QC- 0.94
C-
Q 0.92
QC-
0.90
QC-1 QC-2 QC-3 QC-4 QC-5 QC-6
C
‘ @ YR
300 ] [ Rutit]
150 an, A DEC
¥ GRA
= 0
= _1so \ vwv @ ACC
-300 ?
-450 |
I I .
-600 -300 0 300 600
t[1]
E A DEC
400 v GRA
200 ‘W‘
a0 v ¥
-200 Y.
~400 -
-600 -

-800  —400 0 400
t[1]

B

1.00
QC-1
Qc2 0.98
QC-3 0.96
QC-4 0.94
QC-5 0.92
QC-6

0.90

QC-1 QC-2 QC-3 QC-4 QC-5 QC-6

D
) o X1l
400 - - A
200 \A A DEC
— 0 ® A ¥ GRA
S ] N o @ ACC
-200
~400 - -
—600 - ! X .

-1000 —600 —-200 200 600
t[1]

A DEC

600 v GRA
400

200

0

-

g

2]

-200 - Aw v
—400 -
—600

. ! : —
-1000 —600 —200 200 600
t[1]

A-JRIBI QC FEAAR S R EUEFEAE: B-FR{E1 QC FEAM K ABIEFEAE; C-SAKBRIRT PCA BUS Bl D-%41 KR F(F PCA His & E-
DEC 41#1 GRA 4L R PCA HU5 Fl; F-DEC 4M1 GRA ZHHZE(E PCA B E.

A-heat map of correlation coefficient matrix of QC in urine; B-heat map of correlation coefficient matrix of QC in feces; C-PCA scatter plots of samples

in urine of rats in each group; D-PCA scatter plots of samples in feces of rats in each group; E-PCA scatter plots of samples in urine in DEC group and

GRA group; F-PCA scatter plots of samples in feces in DEC group and GRA group.
5 QC #E7ZK Pearson 18X REUEFEAEIAR BFHEKRKIR. FERIFDIN PCA (n=06)

Fig.5 Heat map of Pearson’s correlation coefficient matrix of QC and PCA of metabolites in urine and feces of rats in each

group (n =6)

7K, EIRARE R SRR 4,4-— F JE-50-1H 5 -
8,24- " M-3B-FE /KT, 45T GRA W] LiffiH[EEE 2
FREE KT R 7o-F2 56354 R-4-H £ A IR IR 1)
K BT R, GRA A 2 MU E
REFEIEAEYIFREY S DEC AmEE S, HrijHHE
B CPRIE  To-#22E-3-R-4-H 8 IR RIS £ DEC 4H
R ) B i) St R LR

3.43 RULEMS ST KL AR B % 21 8] R
AFEAE 7 AW 7371 F N\ MetaboAnalyst 6.0 £
A FET- G TIEE E T, W 8-A. B iR,

ERE, REPIRERSER A &R BN
s BRI SEE S R EL, PR &
s FIZRNBTT BRI & R S ah BRAC U &5 T % 31
fils 45F DEC ¥R77 A » I LA R 4 9 2R AR
W REEEER A G R P RRARSSE, Hrhog
RS BT B F e, FEE SRR I A
Y&y AT R A QA B LA 2 R I s 45T GRA
9T IR PRI S B % A7 SR R e 1
MR AL 4EAEER Be AR LRSS, S
HAEAE R Be ARSI A 2R A QU % ) —1gP {E 4R



FED 2025648 $56% BT7H  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7 + 2421 -
A B
oI ) oR? ) g : o ol iy
400 $ WS 1 -.-0-00-0-0--::_—_'_:! - QZ 600 ADEC (1) | ‘l"= ..... B QZ
200 . ST ; I = 300 " ¢ AT i-
g_o—¢1 = Hit § o—4 &, 1l
=200 . %l . = 2300 % 2 Wa
-400 -2 —600 B
~600 - = - ! » - -4 -
—400 0 400 02 02 06 10 600 0 600 02 02 06 1.0
t[1] R2=(00,0972), 0*=(0.0,0.668) t[1] R2=(0.0,0.992), 0*=(0.0,0.687)
C i D 2
) fi A ' o R’ I oI i oR
400 vGRA 1{ te-e -4121335"' =2 . A o] ‘w—o-o--o-&---»-_-_—,—_i (1%
200 : s oL I i 400 X S ‘ I =
g o b #1 [1§a g 0 . 2o Mt
=200 % = = . % \'
400 2] e ~400 . o RER
~600 — 3 L - —800 T e jm_ ® -
~1000 —200 600 202 02 06 10 ~1000 0 1000 02 02 06 10
t[1] R=(00,1.0), 0*=(0.0,-0.537) t[1] R2=(00,0.998), 0?=(0.0,~0.295)
E ‘ sDEC 1 I «GRA oR
i e g e 2 T -0~ - 2
w0 s wE Ii - e ] i*l', .« w0
a0 s = T I = & 0 Y u x O 11 I
~400 =1 ] = —400 = % -1 .
—800 : - -2 = ; - —800 - e =i -2 | N =
-1000 0 1000 202 02 06 1.0 ~1000 0 1000 02 02 06 10
t[1] R2=(0.0,0.998), (*=(0.0,-0.17) t[1] R2=(0.0,0.999), (*=(0.0,—0.228)

A-XTHEH AR ) )RV B-DEC AHATBIRLA IR C-GRA AN AR D-%f BRZL AT 3848 ; E-DEC AR EE; F-

GRA HIFIRERILH (135 E

A-urine in control group and model group; B-urine in DEC group and model group; C-urine in GRA group and model group; D-feces in control group and

model group; E-feces in DEC group and model group; F-feces in GRA group and model group.

& 6

FLHARFRA OPLS-DA RAERIRBIIGIERE] (n = 6)

Fig. 6 OPLS-DA score plots and corresponding model validation plot of samples in urine and feces of rats in each group (n = 6)

K BIAH SRR, T A H (0 m IR 4 3 B 2L 1l
S
3.5 RBAEEEMNREEFI KBS
AR SLE6 458 Spearman 4 4347 77125 DEC 4.
GRA 21 5HR A 1) 22 57 B R 5 22 AR A T DR B
3HT. W 9-A. B fiizn, DEC Vi iiE s ik
I8 8BRS RIS W3- 28 . S-H i
RIS 2 B 1EASE (P<<0.001), 1fi5 melibiitol.
170,21- IR0 2 5 & e (P<0.01); W
M EAT BB S R 170,21- 38 e
il 2 B IEAHR (P<<0.01), 5 S-IRH &2tz
5-HBEPUEM RS 2 W3 A OC (P<<0.01); HLEKTR
J& 5 RBACH VIR B H &R 2 5% IEAHG (P<
0.01); FIZEF} NK4A136 Bf5 R BAC YA 2.
HERR. 170,21- 35N . melibiitol 2 123
IEAH2E (P<<0.01. 0.001), EIYPTTIREE S 2 M %
TE IR IR E BRBERE R4 R BT RS 2 AR I
fi] i 7, FR G 2 2 25 IEAHOG (P<<0.01), 5 7a-52
Fe 35 AR-4-FH SUH RIS . Cer (d18 1 1/18 1 0) 218
EAMSE (P<0.01. 0.001), WEARZEHEEAFFBEEE.
EIEFEFF NK4A136 B 52 Mz . i 9-C. D A

7, GRA VR¥5 118 B R 8 R SRS SO A 5 R
R 170,21- IR RE R 2 525 EAC (P<
0.01), i 5 4-F2 32K 2, % 2 % 3 FAH R (P<0.01);
BIREFRL NK4A136 #E S REAREY 170,21- 252
FEZA TR . melibiitol 22 EMK (P<0.01.
0.001), M5 4-FEKLEREZEMNML (P<
0.01); EIVPTTIKREESRBARBYIR R, 4-575k
HOMERBEIEMEE (P<0.01), M5 170,21- %%
FRZP )RR 2 B A S (P<0.01); FLERAT &
5RBAUYIR 18 2 B3 U 2C (P<0.001); H
FRAT 1 B 5 2 AR I 2L R B B3 =2 (P<
0.01); H[EEE ABREGR. MHA &5 B s ik % B Bk
B BIVDTTIRE B 2 W3 EAHG (P<0.0D), 15
WK TR EAT R (P<<0.01). BIZEF} NK4A136
B (P<<0.001) B FHI,
4 g

Fr T R 2 0 TR AR T ) R R, R4
FEVLA M R AR 7 T R PG SRR o XXy iR
4H. B, DEC 4. GRA 41F1 ACC 41 Ji7iE it
SERHHAT T, N o ZREHGE KRG, SAATND
Pl w2 R B B TR, ATRE R T



© 2422« PER 2025648 B56% BT Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7

A R vs XHHR DEC vs #57 GRA vs 7!
SFE ERFMSEE VP R EREMe L VIP SFE cEEREMelE  VIP
7 o g0 7 : P : 1.0 7 N 1.0
.31 i +3.0 «29
6] 51 0 50 6 43
. *7.1 *6.7
3 i 01 5 e85
54 %4 B4 " :
| 0 T . e
3 3 3 R
. : 2 A
. -"-‘:_ . l‘... IR
1 1 1
-2 2 4 6 8 10 4-2 0 2 4 6 8 —64-2 0 24 68
logoFC logoFC logoFC
B s X DEC vs f52 GRAvs 17
B SR cEREMELW VP ST EEEMet VP
Do L1 12 . : - |10
l -3.1 40
3 *52 107 g
72 70
*93¢q 8 :
T 6
4,
2-,,,
32-1012345 —4-2 0 24 68 10 420 2 4 6 8 10
log,FC log,FC log,FC

L-PEEL R LigR SB-HE 5 5¢-30,70,120- = FE

- .
—_ N

To- k-3 SAAC-4-E (55 M RR TS
SRR

KM AR

83

W R iy Ta-F2 R [
o e LREHLIpp——— i
A ks 7 o,120- " -5p-HH b %¢-3- A
Eg%m 44-— I -8.1424- =4 i 1
oo , S -2
FLEHER I g ‘ 08,14- 8
HLR-- £ R 1 iy ‘ So-fi§%55-8,24- ~4-3-7F0
1125 R £ T I = To-FEHE N {55 445-3- A
HER | ” e X
B il do- L R S Y DEC
11B,170,21- = FHE 500 B 44-ZHiBE-S0-f1H {5 -8-J-3p-BF GRA
170,21-ZF235-58-424:-3,11,20- = | : AR
u
S5-I L EOP-2
HE@%J;\@ o T4 TS £5-8,04- 5 3B
S 3R 24— : %ﬂé@@éulm —m
53] = IS 58,24
170,210 574030 ; ;‘5‘@;%%‘;'@“é'““'ﬁ'”'ﬁ
170-$2 700 Sa-Z55t-30,200- 8
170,21- =320 )5 B [iiEaS
4-(2-E IR 2.4- " HART R Cer(d18:1/18:0)
[ B e i T
melibiitol i MR BRI
5 M6 AL B R | | JRAMIH X
4 . Bl d LysoPC(18:1/0:0)
gl i & 3P~ 73 4-5-15-20- A

o : 5-L AR BT
4R 46— FHEI
BB F LysoPC(O-18:0/0:0)
GAa S 4 VA L
-t Bt I 9,10-SR - \BHE R
I5[1k-3- 2.7 21- BTG R
SIS I TEAE DR

[ |

T 1

AL BRI FEEREA AR F AL KR 22 A KL B C. D-BAURRRIB . FEEhr S IRE A
A, B-volcano plots of differential metabolites in urine and feces of rats in different groups; C, D-heat map of serum biomarker cluster analysis in urine and feces

of rats in each group.

E7 BEABRKBMEFREFMRKHVEEER n=06)

Fig. 7 Differential metabolite identification results in urine and feces of rats in each group (n = 6)



FED 2025648 $56% BT7H  Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7

* 2423 »

Xof i vs A5

DEC vs #5i%!

GRA vs B!

7 © K[HREHE WK Hpam @ ELECANIN FiEs i
6 4 2|
TR A ,
N i 3 I 1.0 855 D a TRABEAAT 1 R M
FABmIH g | @ LR
SR e 1 N B J R
f [ nyiseliviied e P aaal il
2 R s R A E 0.647 © ERERERACH
1 éf T, s 1 “FALH g . \
ook EPTR I ¥ AT B A R R 0.4 1 oRERHE LN &
0 0.050.100.15 0.0 0 004 008 0.12 0 004 008
Pathway impact Pathway impact Pathway impact
B
T B vs TR DEC vs 1557 GRA vs FHAY
HERAA £ AR L
0 © REREEDER . @t 1.0 ] emmicn ®
2.0 >H FE s A
81 BIB R 2 KRN AR G FHRREMER
61 | NOREBMOENER ) s © BRI R
T4 REmMEEER T ‘
LR o1 N
EHANZE MY ANV ()] N N L s
0 04 08 0 010 020 0 002 004

Pathway impact

Pathway impact

Pathway impact

A-JRIBZEFAIN KEGG <R B-2EZ RN KEGG <K,
A-KEGG bubble diagram of differential metabolites in urine; B-KEGG bubble diagram of differential metabolites in feces.

B8 PR, FEEHANIBGREEKE

Fig. 8 Diagram of differential metabolic pathways in urine and feces

PR 2, 25500t i T A 5 R IR 520 D038 1 )
F B EMBREE, SRV B AR B 2
SRR RN, IR PCoA S5 RKH, 47
2H K BR 1 B R A A R S AR R A A b 2 e B
E550f A K Bl T8 R S M i, T 24 4H 2 )
AR R 22 5, U 45 24 ) Re 8 2 i 1 R
TR B K R TE WA 2, B2 A e BOR
BEA—F

T V& S B B R 7 T 2% B A P 1 i 28 R AR
XPEFE, TR RIR, KB MERAEY R 3
K OFEEEERE ] RRET ] T8, &7
BEBE [T 59T 5 1152 ma HLAK R A R IR DT it A7
“HHE (FB) RIHEImiERRAS ) — MR,
B F/B H 5 M H M IE AL B it Aok, ik
EBUICI, IR i w R RS BN E R, 8
FHIKT IR, GG LR B KT B2 BTt
%57 DEC Ml GRA Ja HoK-T- B8, H GRA
WERE IR T DEC, AW Fi3R B LR B & v] LAAE
B S B AR R R, R LR S
WP XTE EA 6, HE TR FLER 0T 5 K 3
ARG FHI, FLRF NMR A fiae, XAlhES:
M= AZTF (adenosine triphosphate, ATP) [{j1#
Z IR JRE IR 3G 5 2 R S B 8 /KT
RETE, AR, EW 5L T

Sl R E WA ORI T R
SR ANEE, Xa]RE2 5] EH A R G R
Kz —2, DEC 415 GRA ZAHK THAIH, HiF
I B ERE R F ETHE, DEC ArEEH
B, ATREAS T RS ZNIE, KRBT HREE
bR, IR B R AR LR P A A
AT, Bl v & IR 8 T WG & E R v 2
(akkermansia muciniphila, AKK) J&—fpf7iE &
HIEMA e, 7O A 2 W R EE R TR (short
chain fatty acids, SCFAs) FI4EA 2R, /b 98 0E M,
Y5 1 B D RE AR, # GRA 4l E 4R
Bl v 2 KB )&, nl A2t 7= 4 25 SCFAs MM
VAT TE RIE, SRAANE B KR IE TR IR 2R Y
BT R ANZEE AR 4 2% 23 5l 434 7 DEC M
GRA B E M FE R BRI S AW 520, %
i 32, 39 ANMEBTERIEE BIRAYIREY. H
i RIFAEMIZR . 21-FR 3L 2GR V2 B fe 557
FE 8 S FRPOVRI A b IH RSSO g n] SE R IR 15 B JE AR
YIkRE), PRV B 5T AT S AE R . AR AR DY
MR 9,10- A J\BAR IR . TR AN BRIX 55 A P FE Y
B R AR A, XA T I R AR
B EEE Y. 1 melibiitol. 170,21- - F FE )50
Wil JEE B R T . T35 k-3 - S AR -4-TIE 5 4 R T
TEVME BT R e A ARE, AT 73 R I I



T A SR AT AT I
BIZE R NK4A136 B
i o, 2 I B

Ao HBAT B AL

N E TR R I BRI
BV TR R

LR

W5 -3- 2.1
4-ZIF T

melibiitol
£ e

56~ PR ARG A T RERE IR Y
2 L%

TR B
TRRE 2P

170,21-

. 2424 « PER 2025648 B56% BT Chinese Traditional and Herbal Drugs 2025 April Vol. 56 No. 7
A B
RO HRFFER ;2 BV T B I:IO
T YRR T ER T B : SRR BRI 05
RV 1] i © KK B ER -0
FLIHT R 05 B KR I:ﬂﬁ
LR Bk -1.0 WA SR TR -1.0
HERE R FEIZHE R NK4A136 HF
EIZH R NK4A136 B FLERHT B R
WE AT SR l LR B BRTE R
B HE BRI
BEERE THE BEMKES
ENTREERE SEesE
R mE 54k &ﬁ%é@:
2 OSHA ENr B
B SN B s H o
3 < E )
A 1w S YE
5 W = o
s 2 9
~ ! i
— ~ gﬁj iﬁ\‘
1 2
<
%
C D
1.0
LB | I o
PR 0 &

I A SR AT B A
BIZE R NK4A136 B
R 5, 2 P

HIr HBAT B A}
TEURE E BR A
HIMARENE )5

t—o.s
-1.0

B R E N
i R

£ 4N

TS E

=31 H

< D

crG=

5 &

Q3

mln

s

E

A-DEC 2R ) PR 22 55 T AN 22 5 AR B-DEC ZH MRS ZRY 20 RO A 22 5 T A 22 S AR C-GRA SRV TR 4 F) PR VA 22 57 1 T A 22

FARHYI; D-GRA ZH AR (A0 22 7t 04 S A 2 S AR 0

A-differential flora and differential metabolites in urine in DEC group and model group; B-differential flora genus and differential metabolites in feces in

DEC group and model group; C-differential flora genus and differential metabolites in urine in GRA group and model group; D-differential flora and

differential metabolites in feces in GRA group and model group.
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Fig. 9 Heat map analysis of correlation between differential bacterial genus and differential metabolites (n = 6)
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