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Mechanism study of rhubarb-peach kernel regulation of feces
metabolic profile in mice with adenomyosis
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Abstract: This paper aims to investigate the regulatory mechanism of blood-activating and stasis-dissipating
drugs on fecal metabolic characteristics of rhubarb-peach kernel in mice with adenomyosis (AM) using fecal
metabolome method. Adenomyosis was modeled by pituitary transplantation, and after the end of modeling
administration, fecal samples were collected from mice. Non-targeted metabolomics studies were performed using
liquid chromatography-mass spectrometry (LC-MS) to compare the metabolic characteristics of the feces of mice
in each group and to find intestinal differential metabolites and potential differential metabolic pathways. The
results showed that compared with the normal group, 5-hydroxy-L-tryptophan, histidine, L-acetylcarnitine, 16-
hydroxy hexadecanoic acid, thromboxane B,, etc. were significantly up-regulated, L-urobilin and prostaglandin D,
were down-regulated in the feces of the model group, and were reversed after treatment with the rhubarb-peach
kernel. The results of metabolic pathway enrichment analysis showed that tryptophan metabolism and histidine
metabolism were the main intervention pathways of the rhubarb-peach kernel on AM intestinal metabolism. This
study found that the underlying mechanism of the rhubarb-peach kernel in the treatment of AM is related to the
intervention of intestinal metabolism of tryptophan, histidine, bile acid, choline and arachidonic acid, and the
regulation of pro-inflammatory microenvironment and fatty acid metabolic homeostasis. This study has been
approved by the Experimental Animal Ethics Committee of China Three Gorges University (No. 20190801).
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Table 1 Changes in the weight of mice

Before After
Group medication/g  medication/g
Normal group (n =9) 27.08 +1.78 29.80+2.19
Model group (n = 6) 29.73 + 1.17 31.13+2.13
Rhubarb-peach kernel group (n=7) 29.13+1.26  26.24 +3.49
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Figure 1 HE staining of mouse uterus. C: Normal group; M:

Model group; D: Rhubarb-peach kernel group
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Figure 2 Pearson correlation analysis of quality control (QC). A, B: Pearson correlation coefficients () in positive ion mode (A) and nega-

tive ion mode (B); C, D: Coefficient of determination (+*) in positive ion mode (C) and ion mode negative (D)
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Figure 3 Total ion chromatogram in positive ion mode. A: Normal group; B: Model group; C: Rhubarb-peach kernel group
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Figure 4 Fecal metabolomic analysis. A, B: Principal component analysis (PCA) of groups C, M, D and QC in positive ion mode (A) and
negative ion mode (B). C, D: OPLS-DA of C group vs M group, M group vs D group in positive ion mode (C) and negative ion mode (D). E,
F: Validation of OPLS-DA models for C group vs M group, M group vs D group in positive ion mode (E) and negative ion mode (F)
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Table 2 Identification results of potential biomarkers of rhubarb-peach kernel in the treatment of mice with adenomyosis. M/C: Model
group vs normal group; D/M: Rhubarb-peach kernel group vs model group; FC: Fold change; P: P-value; VIP: Variable importance in the
projection
Metabolit F 1 % M/C DM
1 Tm
cranote o " FC P VIP FC P VIP
Alanyltryptophan C,H,N,0, 275.13 1.982 0.043 1.243 0.458 0.029 1.401
16-Hydroxy hexadecanoic acid C,H,,0, 254.23 2.550 0.002 1.465 0.455 0.010 1.217
Prostaglandin D, C,,H,,0, 350.21 0.430 0.003 1.421 2.430 0.006 1.418
Cysteine-S-sulfate C,H,NO,S, 200.98 2.450 0.003 1.571 0.490 0.017 1.308
L-Histidine CHN,0, 155.07 2.589 0.018 1.644 0.205 0.003 2.153
L-Acetylcarnitine C,H NO, 203.12 3.424 0.018 1.442 0.275 0.022 1.481
Glycyl-tyrosine C,H N0, 238.10 1.865 0.023 1.348 0.528 0.021 1.341
L-Urobilin C,H,N,0, 594.34 0.151 0.003 2.324 4.736 0.019 2.013
Leucylproline C, H,N,0, 228.15 2.329 0.004 1.494 0.495 0.035 1.362
Thromboxane B, C,,H,,0, 196.11 2.541 0.007 1.641 0.505 0.034 1.343
N-Acetyl-5-aminosalicylic acid C,HNO, 195.05 1.979 0.010 1.394 0.609 0.044 1.059
2-Phenylacetamide CH,NO 135.07 2.378 0.000 1.631 0.471 0.001 1.500
Taurochenodesoxycholic acid C,;H,NOS 499.30 6.712 0.000 2.109 0.199 0.009 1.964
D-Tryptophan C,H,N,0, 204.09 2.324 0.000 1.606 0.566 0.021 1.280
5-Hydroxy-L-tryptophan C H,N,0, 220.08 2.082 0.002 1.468 0.568 0.018 1.231
A B
CvsM MyvsD
Class
! Mc
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58 . I b
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Figure 5 Results of metabolomic analysis of mouse fecal samples. A: Venn diagram analysis of C vs M and M vs D; B: Differential

metabolites in fecal samples between groups C, M and D; C: Metabolic pathway changes in stool samples between groups C, M and D. a:

Histidine metabolism; b: Tryptophan metabolism; c: Primary bile acid biosynthesis.
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i, ANEERESEEAREG RS, FEE
R IRE R IR AL AN 5-F2 A s A AT AU AR A P s
PERIIR o A0 JE L2 5-3 C fie mT DA R 2 it af 8 0 4 77
ISP LW 4 RS8R0 R4 Y, 52 R R A0 P A2 3
AR I, A NS AM B IR A RN, 48K
ZHE AR BT R IR AR IS AU, 15 W% -2,3- 300
%l (indoleamine 2,3-di-oxygenase, IDO) #& 1%L #if i&
15 1P) % o R R g, T A £ SR B A A R V- R I R
IREIR, T 45 N R IR Z I (kynurenine, KYN). £
WEFLR B, 75 B R A7 B 3 IDO Bk B4 i, vT |
WA € SR A3 AR, SR /IDOL Bl 4 1 A
S AEE S 95 A B 1 o3 Ak, R 2E R AR B0 B I T
KYN # iF 55 0] PAAE S 75 3 %28 52 44 (aryl hydrocarbon
receptor, AhR) [ PN R4 FC AR, 8 H 43 W 855 4 1 T
5 AhR 2 AR HH ELAE A, $00 6 Bt e G % s B, i gk
PR AR AE TS o 5 N 5 M A AR ek g 1
PEIEBE A8 77, BRI, B BRI B A AR R

T P AN ) G R iR 52 e 7 A ) R N,
HAFH 5 KYN B35 AhR 1 TL-17 FEPE 4 (reactive
oxygen species, ROS) 13 K, &4k S« % 9 A 7 1
AR 2 TRIFE 5 1A 5 ok 5 PP 17 A S 1 2
Uk, 5 P JELULZ ST ) ROS M AR 48 S 355 A T 1 45
i 3 P R B e R TR T SN L A 5 0 0 S R AR A 11 3
IR B AR SRVE A 5%, KB -BRAZ T T AT 2 2 k>
T SR I A T O € SR T M AR U = A O
fE 5B %G5 10 0 77 10— 0 B SEEG I SRS .

2H SRR ARS8 B 1 S R AT T SRR I 5 — AN
TERIBLE] . HE R R 0 TR L —, HA
BRI SE R A T K AR B B 220 0, “e I X
7 AM OB, R B, SRR S T
MR ZRY AH S, 41 € Bk i i E Hh 2H R I
T BROIR AR, Sk i i A% Y K R 3 2 I i A
G A ) PR PR T v 8 58 L5 E A A AR 1
Bg RS R E T R T4 R I 1R F 1L
NE B REE Y R ARG . A IE I, AR/
6 A H R W B B 1 AR S A I S RN
KPS B ORI, TS P MR R
PR 27 - AIE 1R 5 B 5 4 A If 2R % K P A AR B B R
R AEFEFOUESE, 5 RN R I, HERRTE AM
/ISR AT A S S R, I L R O IR R 9K
SR A BB RS . B A SR, BRARARK
S L 206 PR 2H B /KT T 2 R P S K R P 9 b it
BRI o A I TR I, T LA 24 4 K B I
TR R K BRI 2R AR A 3 1 R 2 A TP, A
(R 58 285 SRAIE S, 28 KBE-BRA- T TS AM /) iR 2R
R TR R, R BB AT A R 1 5
AR A FH RS 23 AMLJR G IR VB ZE LA

B 8 A 3 AR I B A, AR SR WP KL AM
/IN R E PP AR R TG PR 2 RS 2 S IR Rk i 4K
R, AR AR G S AM IR IR D R AR 5 3 AL
K. MR B- Ak ¥ 18 2 e 4l il A 0 PRI 28 A% 400
25 FhI) A A K R 7 R 1 0 BSR4, v 0k R A
IS BN AR Y T 07 B AR AR S 2R . A BT FTIESE
T 5 BRVUIR AR MR TP L A A I PR
EHRER &S, 5 ENUZ TR L R
RS T E RS T8 R g o,
FEPITE AR 9 AM B bR B 2 —, T 26k PRk 1 38 o= 72
J& BT T T 5 N S A M e 1) 4 B0 TR
(-G BROR AR TE IR AR, & T W E IR, BT RH R
RO ENRER . AP b A IE T R 2 LB 45 & A iR A H
SR AR R A 4y WAk i T, A A R A 1 i R
B, F AR B R AT HER . 80%~90% (1) AH I & 1]



Ao 4 RPN SRS AR AL AT 5L

2501

DAIE I [T bk I3 PR P 08 A [ 810 U b, P od i
JHHE & AR, E N BIARGE, #5 B AR 7 & A4k SR,
(R A T8 A B AR 25 2R R 2 BB R K il
Pl P ) PR AT, 2 3 B0 G MR IR 3G In A0 vk 8 MR 1R
Tl a2 (1 B P PRI, ACHIE AT 4 R R IR R R
ARG 25 FUH RN EE AM /DRI TE T B35 Nl &R
- BRAT VR TT S A R TR PR R0R I IR 5k A i T A 35 K AR
35 [V, IR SEAZ 2550 IR T AR F S oo R A 1Y

PGD, 5 Ifi ##: % B, (thromboxane B,, TXB,) 33K
TAA VUG ER AR . PGD, A& — Bk FLMG 2 (eicosap-
entaenoic acid, EPA) X5 7= 4, oA 5 4 A1 40 U5 14 (1)
EPA Y] i HoA0 A A H R OR AP 15 A 5 e Ao P
B AR B SR I EPA $R N B S I IE 21 B A IR
S ALRE KA 2 BURDY, s EPA & &5 75 W 3 AL
i 1) BRI AT R A SRR OGP, 3 ] DA 43 R AR A AT K
LT AM /)N SR i TE AR PGD, 1980 . AT, K
MR IR 9T RT3 i E A B T R A
PGD, & & . 71— Med DA R AU ™ ) TXB, /£ AM
T /N BR AR B 5, AR R B, &2 M4 25 A, (thromboxane
A,, TXA) AR, TXA, W B S T 5 A B4
Mt RAE K, T B0 AR 1 R AR B T R I,
) TXB, (1) % AT 3 3k 40 1) 28 0 250 /N SR 5 9
SRR AR . AR, K- iR T B
N IE N TXB, & &, 7] e S HSGE AM YR & E
AR BAR R IR 5K

2o NG W ERE ST SNt o Y M P (VS
Ae 5T 1 AM g8 (L2 R 41 208 & Rk LA SRR R
Tl % A6 2 DU I T8 1 AR R 4 412 28 T B 358 2 R 7 R A
WSS O, 18 R N EE 2R YT 18 WIR AL
P I0 (PIBILARIF 2 $ A 9 1) R R 77 e

YEE TTBK: S B AT 50 25 7 SRR AR S 00 R R 1 S S
B A P25 R 67t B 5 B S 56 2 b BRI S )5S
B T KN B 5 56 B A S0 48 BT 1R 3 Bk AR 3L
ATk .

FZEMI: A ST A B TCAE T F 2R
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