2026 4% 3 H o [ S2 6 S 2 4 March 2026
W34k H3W ACTA LABORATORIUM ANIMALIS SCIENTIA SINICA Vol. 34 No. 3

KRB0 BRI e 55, JET 244 1 IR 8 50 ) S iR e /D BUBERL G A S04 (D], T E SR Sh 2k,
2026, 34(3): 326-338.

ZHU H X, CHEN J J, YANG H, et al. Construction and evaluation of mouse model with pressure overload-induced heart failure
and dampness syndrome based on multi-omics [ J]. Acta Lab Anim Sci Sin, 2026, 34(3) . 326-338.

Doi;: 10. 3969/]. issn. 1005-4847. 2026. 03. 002

BT 2 2 2 09 JR T30 G ar O ) 3 FEAIE /) B
B B F 5 PR
5&/_-_})@1,2 , l}/iﬁ%illj ,#ﬁﬂ#ﬁ "}Iﬁ‘l,2,3,4 ’ Ell \]%I %51,2,3,4 ,E%:{*@I,Z,SA*

(1. TN EZ R 55 IR RE2ERE, T 51000652, 4403 ip IR IEE &
WA E NP E RS T B ERE, M 5100205 3. JARETER,
JoH 51002034, T ARA Y E B IGHMES ISR TS S0, )M 510020)

(WE] B® @SB iRt/ R LI R R, FiE K C57BL/6 /NBENL Y
FRFAR L (Sham group ) VO (TAC group ) L FERAIE4H ( TAC-D group) , HHT R, BFARH RIS
AEEGIKS ORI E SRS A AR O A PN BRI IR SR T IR I8 5 O IR R 78 F23)
K5 A0, A HSCE TN AR IRAR 8 h JEATIRUE AR, LA i ) 4] 55 T 1R % PRI, 354 8 JH, AR (P BRI
UES AR 128 ) WAk /N B2 RAE , 45 5 AR EE 2 - B /s Bl IE DI BE O WLZH U0 B2 S e i
25 L NT-proBNP K I g 7K F | [ HEA T30 16S rDNA U Rl 775 3F #0 1) £ 35 2 27, 40 3200 4 Y U /) LA
RGP AR bR, SR O IRIEA I AR 2 7 MRS B FEAR L B L5 B AR AE 5 O 20
50 IR 4 R SR RO IR T RE R A O LA | SR e R AR R A L I NT-ProBNP 7K V- T =5 AL g 7K -
REAR, IR F F AR R e O MR 2 SN &, /MBS 16S xDNA W 3 R R FE I AR 2 22 45 R R | O
PRI A AR S /0N BRI PN A W A i BB B A8 Ak, JE T LEfSe 3 BT (LDA > 2) & B, Enterorhabdus |
Eubacterium , Corynebacterium , Christensenellaceae . Erysipelatoclostridium % 5 /18 J& 76 O IR IE2H W 38w 48 5 1R
4 KEGG & 453 im0 a MR k4 22 S A ) 20w e 7 HHmmR N A8 A6 A DOR IR A5 IE T 20 1 2 A 38
B IR ARAH S A s R R BB Eubacterium  Erysipelatoclostridium 5 %5 & SR A6 A4 VU IR A 15 Ay
R4 16R-HETE , 6-keto PGE1 , PE-NMe2 (16 : 1(9Z)/20 : 3 (8%, 11Z, 14Z) ) , Prostaglandin F2a K TXB2,
Oxoglutaric acid ,12(R) -HETE fF7E R E ARG, G518 F BNk 478 RER A m il e W0 P45 1) SRS 4L S M B
{222 R T 0 R B AT O S M/ U R AR P BRI S W B RO i 3 ) DAL O IE DI BE L LT NT-
proBNP O HUZHSURFEF A e i S S A S AR AR AL FLVF A0 48 4 ZE ML LAl I BI A B E B8 Eubacterium |
Erysipelatoclostridium FNAEA VUIGEFR AR ZE L , 14 1 He 07 8 7 O 80 UE /D U B BRI M R &R

[XER] 0y PEEMAE R IR & SRR 16S rDNA ; JEFE e 4G 4 %
[(FESEES] 095-33 [ XEAHREDB] A [XEHS] 1005-4847 (2026) 03-0326-13

[EETBE]ERARB S m LW H (82074369) , 48 5 e v B2 W iF B &K 45 50 36 % & Wil ( SZ2021771002, S720217712,
S720217726,5720217746) , ] MM i BHE R TR (B ) 456 9% Bh 3L 5 1 H IE R AT 551 H (2024A03)0739)

Funded by National Natural Science Foundation of China (82074369) , the Specific Fund of State Key Laboratory of Dampness Syndrome of

Chinese Medicine (SZ2021771002, S7Z20217712, S720217726, S720217746) ,Basic and Applied Basic Research Projects of Guangzhou

Science and Technology Bureau Jointly Funded by Municipal Government, Universities (Institutes) and Enterprises (2024A03J0739).

(EFE N IRG O, T TR LB AR, WF5 07 W EE 2GR IR O LA BN . Email :2984189528@ qq. com

[EEES W, & W4 BITFIT R, BF9E 07 . TR R 25 6 O L B0 . Email : luckyblue1982@ 126. com



| SE IS S W) 4R 2026 4F 3 A58 34 55 3 ] Acta Lab Anim Sci Sin, March 2026, Vol. 34, No. 3 327

Construction and evaluation of mouse model with pressure overload-
induced heart failure and dampness syndrome based on multi-omics

ZHU Hexin'*, CHEN Jijiang"*, YANG Hua®, JIANG Wei'*"*,
LYU Weihui'*?**, LAN Taohua'****

(1. the Second Clinical Medical College of Guangzhou University of Chinese Medicine, Guangzhou 510006, China;
2. State Key Laboratory of Dampness Syndrome of Chinese Medicine, the Second Affiliated Hospital of Guangzhou
University of Chinese Medicine, Guangzhou 510020, China; 3. Guangdong Provincial Hospital of Chinese Medicine,
Guangzhou 510020, China; 4. Guangdong Provincial Key Laboratory of Chinese Medicine for Prevention and
Treatment of Refractory Chronic Diseases, Guangzhou 510020, China)

Corresponding author; LAN Taohua. E-mail: luckyblue1982@ 126. com

[ Abstract] Objective To construct and evaluate a mouse model of pressure overload-induced heart failure
with dampness syndrome. Methods C57BL/6 mice were divided randomly into sham, thoracotomy and aortic
restriction (TAC), and TAC-dampness ( TAC-D) groups (n = 7 mice per group). Mice in the sham group
underwent thoracotomy without aortic constriction, while mice in the TAC group underwent aortic arch constriction to
induce pressure overload-induced heart failure. All mice were housed in a normal environment. In addition to TAC
surgery, TAC-D mice were placed in a controlled temperature and humidity chamber for 8 h/d to induce dampness
syndrome, with the remaining time spent in a normal environment. This protocol was maintained for 8 weeks. The
macroscopic manifestations were assessed using the “Evaluation Scale for Dampness Syndrome Animal Models in
Traditional Chinese Medicine”. Modern medical techniques were employed to measure cardiac function, myocardial
histopathology, immune homeostasis, serum N-terminal pro-B-type natriuretic peptide ( NT-proBNP ), and lipid
levels. Fecal 16S rDNA sequencing and serum non-targeted metabolomics were conducted to develop novel evaluation
indicators for the heart failure with dampness syndrome mouse model. Results Mice in the TAC-D group exhibited
fatigue, lethargy, reduced responsiveness to external stimuli, and anal soiling. Mice in both heart failure groups
demonstrated marked cardiac dysfunction, myocardial injury, immune homeostasis imbalance, elevated serum NT-
proBNP levels, and reduced lipid levels, especially in the TAC-D group. Fecal 16S rDNA sequencing and serum non-
targeted metabolomics revealed significant alterations in the gut microbiota and metabolites following dampness
syndrome induction. Linear discriminant analysis effect size analysis ( > 2) showed that the bacterial genera
Enterorhabdus, Eubacterium, Corynebacterium, Christensenellaceae and Erysipelatoclostridium were significantly
enriched in the TAC-D group. Metabolomics kyoto encyclopedia of genes and genomes( KEGG) enrichment analysis
indicated that differential metabolites in the TAC-D group were primarily enriched in glycerophospholipid metabolism,
arachidonic acid metabolism, and bile secretion pathways. Pearson’s correlation analysis revealed significant negative
correlations between the bacterial genera Eubacterium and Erysipelatoclostridium and metabolites involved in
arachidonic acid metabolism, including 16R-hydroxy-5,8,11,14-eicosatetraenoic acid (HETE) , 6-keto PGE1, PE-
NMe2(16 : 1(9Z)/20 : 3(8Z,117,14Z) ), Prostaglandin F2a, TXB2, Oxoglutaric acid, and 12 ( R)-HETE.
Conclusions The combination of aortic arch constriction and a controlled temperature and humidity environment
successfully established a mouse model of pressure overload-induced heart failure with dampness syndrome. The
“Evaluation Scale for Dampness Syndrome Animal Models in Traditional Chinese Medicine” , cardiac function, serum
NT-proBNP, myocardial histopathology, and immune homeostasis can serve as conventional evaluation indicators for
this model. Additionally, the incorporation of disturbances in the gut bacterial genera FEubacterium and
Erysipelatoclostridium and arachidonic acid metabolism further develops an innovative evaluation system for the heart
failure with dampness syndrome mouse model.

[ Keywords] heart failure; dampness syndrome in traditional Chinese medicine; disease-syndrome combined
animal model; 16S rDNA; non-targeted metabolomics
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L FE (P < 0.001) ; 5.0 2R L, O R 1R AELL /)N
£E 5 RULVEF, LVFS {H & W% (P < 0.05) , [
€% LVESV {5 ETE (P < 0.05), W& 1, /MO
207 IEZH 20 HE I Masson 42 (025 IR #27R  M L TR
S AREL, L RELUFN.C 260 TE L 1 300 5 0.0 LA
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Time/week MILT Ak S SRk s (&1 2,36 2) o A,/ R
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Figure 1 Body mass changes in mice over It ,‘C‘Eéﬂi%ﬂ% (P <0.05) ,E‘E‘%gﬁ*ﬁ 4 ,
8 weeks(n = 7) O FERAEAH FIFE R E TR (P < 0.05) LK 2,
E1MULIIRAHRN G 2 50 = 7)
Table 1 Cardiac function indices in mice(x + s,n = 7)
L) LVEF/% LVFS/% LVESD/mm LVESV/uL
Groups
AL 53.63 + 5.26 27.18 = 3.29 2.68 = 0.32 27.15 = 7.45
Sham group
DR . - - o
TAC group 41.11 £ 3.73 19.92 + 2. 16 3.36 £ 0. 19 50.78 + 10.59
L FERAEA " # . #
TAC-D group 35.21 + 2.40 16.75 + 1.32 3.71 = 0.19 58.79 + 7. 18

o HRFARAMIL, ™ P < 0.001; 504, P < 0.05, (FE/ZEIF)
Note. Compared with the sham group, ** P < 0.001. Compared with TAC group, *P < 0. 05. ( The same in the following figures and tables)
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Note. A. Echocardiography. B. HE and Masson staining.

Figure 2 Assessment results of cardiac function and myocardial injury in mice(n = 7)
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&2 /DEUMTE NT-proBNP K-FAG I ALO LA AL ST (2 £ s,n = 7)

Table 2 Detection of serum NT-proBNP levels and statistics of myocardial fibrosis in mice(x + s,n = 7)

Rl L HLEFHELL %
Groups NT-ProBNP/ (mmol/L) Myocardial fibrosis/ %
EE

AL 23.46 + 2.56 3.54 + 0.96
Sham group
DY . -
TAC group 49.56 = 12.41 29.48 + 4.08
LRI " ”
TAC-D group 79.45 + 15.03 43.57 + 5.40

T SRTFARGAMLIL, " P < 0.05; 5.0 R4, "P < 0.01, (FE/EIF)
Note. Compared with the sham group, * P < 0.05. Compared with TAC group, ™P < 0.01. (The same in the following figures and tables)

(P <0.01); 5.0 =4 MM, O 8 E4Hw
LDL-C BEEML (P < 0.01),TC. TG &%

FOHDL-C W2 BT SR & 5122 m X
(FE3),

F 3 /DNEUMTE MU (2 + s,n = 7,mmol/L)

Table 3 Detection of four items of blood lipid in mice serum(x + s,n = 7,mmol/L)

£

TG TC HDL-C LDL-C
Groups
3 4
B AL 1.10 £ 0. 13 6.30 + 0.29 1.39 £ 0. 10 0.85 +0.17
Sham group
[HFEY
R 0.83 + 0,07 5.81+0.26° 1.63 £ 007" 0.49 + 0. 13"
TAC group
S -2a) é
Lol A 0.71 = 0.09 5.53 +0.41 1.76 = 0. 19 0.28 + 0. 08"
TAC-D group

0 S5RTFERAML, P < 0.01, (FERE)

Note. Compared with the sham group, ™ P < 0. 01. (The same in the following figures)

2.4 INERPR KB 5 Treg & IMiFE K E E F 1Y
T

L Treg ALY 28 R0 77 2. CD4" CD25°
FOXP3*, 5% FH 9t =X 4t A AR A /N BRAA Y Treg 11
FREN, SEFARLME, O /N Rk
LU Treg KV EFFIK(P < 0.05) , 5.0 =4 A
e, O IR IE A /N R Treg /K- B FEAR (P <
0.05) HAEWE 2 TR, La it E X
(UL 3A) o /N BRI 48 4 PR A 225 2R S
SFARLME, O=H SO RAEA F TNF-a
IFN-y B Z & (P < 0.01) UM S IL-4
IL-10 [AIFE B ETHE (P < 0.01) , I H 5.0 2404
., TNF-a( P < 0.001) IFN-y(P < 0.001) .IL-4
(P <0.01) IL-10( P < 0.001) 750> i IE 4
T = A S B . (WLIE 3B)
2.5 /INRIEFERIEY 16S rDNA MFER

INEIHIBEHAEY o 2R B, ST
R A, O A /N A Simpson $5 £ T &1,
Shannon F8 8 P& MK, 5.0 A A b, O =R IEH
Simpson 84 % 1%, Shannon 5 EFE AL, ¥ L4 11

PRSI 4A) , B 2R T AR BRI B
(principal coordinates analysis, PCoA) 7w, i F
AL O 50 5 WU 2 6] ) T A P R s T
AR 2 X (WL 4B) . [RIE /U B A=
FEIE 8o A s TR B SR TR
e, O H AR TE W 1] ( Patescibacteria ) F1EBER ]
( Firmicutes ) - FE T 8 UFFH 1] ( Bacteroidota ) Fl
PERREE T ( Verrucomicrobiota ) F-FE 11 ; 75 J& 7K -
b, 5T ARAMK, O 2 HW 2 E
( Akkermansia)  Muribaculaceae = JFE WH g 38 i | &t
WG ( Dubosiella) . Saccharimonas F- FE W g F
PO R IEH BRI AR B T —E i (H
1 Enterorhabdus . Lactobacillus .  Ileibacterium .
Bacillus %5 7 J& 3= JE Kt 81T B 34 m, 7E
Bacteroides Atopobiaceae , Parabacteroides 22 E
JEETKF- 3 B S A (DL 4C) | ax a5 2R I [+]
W 3 2H/INBUTE W 18 S A 0 0 2E i T A7 AE I ik 2
5t LEfSe ZrHriidk O s\ UE4H 1 2 & S ik
PEYIFR 25 R B IR DA O R IRAE
Mo A 8,105 & K-F ik A Py i —F A A7 7R
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ANEUIE B L Treg ALY SEAE K 7~ RIKTE B (n = 7)
A. Flow cytometry plots and statistical graphs. B. Detection results of TNF-a, IFN-y, IL-4 and IL-10. Compared with the TAC
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Figure 4 Results of 16S rDNA sequencing of fecal microbiota in mice(n = 7)
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