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Abstract: Objective To explore the therapeutic effect and mechanism of Shouhui Tongbian Capsule (75 258 {F k%, SHTB) on
post-stroke depression (PSD) using a multi-omics strategy. Methods A mouse model of PSD was established by photochemical
induction of stroke combined with chronic unpredictable mild stress (CUMS). Depressive-like behaviors were evaluated by
behavioral tests, and neuronal and myelin sheath structures were assessed by histological analysis. A comprehensive approach
integrating 16S rDNA sequencing of gut microbiota, metabolomics of feces and brain tissues, proteomics, neurotransmitter detection
and Western blotting was employed to systematically elucidate the potential mechanism. Additionally, gut microbiota was depleted
by antibiotics to verify whether the effect of SHTB is dependent on intestinal microbes. Results SHTB significantly improved
depressive-like behaviors and neuronal morphology in PSD mice. 16S rDNA sequencing analysis showed that SHTB restored the
balance of gut microbiota, characterized by an increase in beneficial genera (e.g., Enterococcus) and a decrease in pro-inflammatory
genera (e.g., Oscillibacter, Erysipelotrichaceae). Metabolomic results indicated that SHTB could correct fatty acid metabolism
disorders, particularly linoleic acid and arachidonic acid pathways, and reduce the levels of neuroinflammation-related metabolites.
Proteomics and neurotransmitter detection further revealed that SHTB could restore the levels of serotonin (5-HT), y-aminobutyric
acid (GABA), dopamine (DA) and norepinephrine (NE) (P < 0.05), reduce the abnormal accumulation of glutamate (P < 0.05), and
inhibit the excessive activation of TLR4/MyD88/NF-kB inflammatory pathway (P < 0.05). After depletion of gut microbiota by
antibiotics, the above effects were significantly attenuated, indicating that the efficacy of SHTB was gut microbiota-dependent.
Conclusion SHTB could restore the gut microbiota, repair the intestinal barrier, regulate fatty acid metabolism, inhibit
TLR4/MyD88/NF-kB pathway-mediated peripheral and central inflammatory responses, and restore the balance of key
neurotransmitters through a gut microbiota-dependent mechanism. This multi-dimensional improvement in the gut-brain axis
function contributes to its anti-PSD and neuroprotective effects.

Key words: post-stroke depression; Shouhui Tongbian Capsule; gut microbiota; fatty acid metabolism; neuroinflammation;
neurotransmitter imbalance; TLR4/MyD88/NF-kB pathway
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“ - M AH SRR LR PR IE ACRE 7 IR A Bk = R
Gt gi. JuI SHTB J& 17 Al il i Ji7 18 b B 2 98
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PEANTT I LR AT R (chronic unpredictable mild
stress, CUMS) #37 PSD /NEAREY, DLRSITAY
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BRSNS . B S 4 R ) 245 45 TR 25 v 25 3
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1.2 AR5

SHTB ([HZ5#E7 720150041, 5 26210483)
& 5 JE 6 25 PR A F R4 shFRIETT (S
H20123161) W4 H LR J7 i 254 BR A 7] 5 JEBGRIE
BAKAK (S 632-69-9) W HEHE Sigma A ;
5-HT (dit'5 153-98-0). AAEMR (glutamate, Glu,
5 56-86-0). £ H ' EJIRE (norepinephrine, NE,
fit'5 51-41-2). FAREK-HL (hematoxylin-eosin,
HE) 4t il (b5 H0809) W H b sl REFE R
MRAT; GABA (b5 56-12-2). DA ({5 59-92-
DVEER S 73-22-3) & SRS AS18).
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1.3 {43

LGY-20 BIBOGET LED 6 (b 5 24F %2
BHEAR AT B BT R85 (HA HITACHI
AF]D; Z326K B EdE A SOl (4 [E Hermle 2
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PREEFGIE 0.25. 0.50. 1.00 f5) U814, 441 8
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] AR EE . AR WIRIIEAL . M R SR,
BEHMNEREE, SHHHE/NR ig M2 (10
mL/kg), TR, PT 41 PSD 4 ig 254K
Ks 1R, EERZG75 21 d.
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ARG, HATAT RN BRI (tail
suspension test, TST) FTIFAINARAEAT A, 0%
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+F ' (elevated plus maze, EPM) SEHGH 0 5%
/N BRAE T TBUE 5 458 PR )k N R S 15 B )
g3, CAVPAS AR FEAEAT N, BERE R 475256 (sucrose
preference test, SPT) I 56 {7y BUidk B S i) 75, Jf:
H I 1% pA 54K 48h, BEEICkI 2h
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LR RS T RERE, HAH Image T B
Xf Ibal f GFAP [f15¢ 6 AT & b, LAV
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WA, oy B3 R0MmE, %8 ELISA {7 & it B 1A
I i 4H 237 LPS. IL-1B. IL-6. IL-10. TNF-
a 7K,
2.6 Western blotting N EIEIM ZES TLR4.
MyD88. p-NF-kB. NF-kB X 720427 Occludin.
Claudin-1 EAFRIX

BT B R A2, InNZARIR 5K
ARG, BORIEH. EAFMET RIERER
-SRI e B FE Uk, % PVDF B, B H1GE,
a3 B E — PR e, BRSSO ECL 4 2% ROtk
AR, K Image J 547 b 250 K FEAE
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KH LC-MS sE &5 i Zit 5-HT. Glu.
GABA. NE. DA. {0& /KT,
271 FERAGE EURTEIHLNEAR, BTk,
4 C. 4000Xg &> 10 min, HL 50 pL E3E#L 0
ANHEE-Z - KB® (2:2: 1), WRESEL
4 C. 9100Xg &> 10 min, HL 2 pL FiEW, 47
LC-MS/MS 3.
272 B4 K Waters CORTECS UPLC

HILIC (434 (50 mmX2.1mm, 1.6um); BN
N5 mmol/L FIFRE:-0.1% PR /KIEW (A, I
(B), BHEVERL: 0~1.0min, 95%B; 1.0~8.0 min,
95%~70%B; 8.0~9.0 min, 70% B; 9.0~9.1 min,
70%~95%B; 9.1~12.0min, 95%B; ¥ 35 C;
AR E 0.2 mL/min; #EFEE 2 pL.
2.7.3 B SRA AB SCIEX-5500 X, &
TAGUE A I #5525 B BS U Cheated electrospray
ionization source, H-ESD), KM 1EBFRulli =,
HTAHIE 3500V, . A BAARIRE
GrR 354 5. Oarb, ESTALHENEREE 325 C, X
LR TE 200 C.
2.8 WBHIEZ0H

KH TCMSP %4 /% (https:/tcmspw.com/tcmsp.
php), LA ARAEYIAI I E =30%. 252514 =0.18 Nkn
#E, UgdE SHTB HITEPEM ;s K SwissTarget
Prediction (4 £ Chttps://www. swisstargetprediction.
ch/) TR SHTB i 1 i 70 1) ¥ 7E 8 .
GeneCards Chttps://www.genecards. org/) DisGeNET
Chttps://www.disgenet.org/ ) . OMIM Chttps://www.
omim.org/ ) EHE FE3REL PSD AHICHE 15 . £ ] VENNY
2.1 ik SHTB & PERSr 5 PSD IIAS SR AL, I
STRING #47d # H it -5 A BUAH B AEH] (protein-
protein interaction, PPD) %%, il it Cytoscape #
HEATATAAL . f# ] DAVID 6.8 #4173 R A4K (gene
ontology, GO) Ihfg &t #l K 5 R A /R4 15
(Kyoto encyclopedia of genes and genomes, KEGG)
R T (P<0.05),
2.9 IRFBEMRIHEF S

3B 5 mg FEAHBATAIN f R HLUEAS,
ANHEEK (30 1) BAT T 0 ek i 5 AR B 12
B, B BB T TR o R i R e OB
g -Z 0 HHR RS (UPLC-HRMS) RGHH T 85
Rl JRAGEE AR IESREL . X7 5 IH— AL S,
KH SIMCA 14.1 #3047 3 5534 (principal
components analysis, PCA ) J 1E A2 ff f/]> —3F-#1 51
M7 (orthogonal partial least squares-discrimination
analysis, OPLS-DA), H4&5iG0 & BB H &
Gi it A IR 0 10k 72 AR 81
210 FHEEESN

I 16S rDNA i &l /5 43 17 1 T8 B A 2L 1k
M ZFEE . SEHUZSERE AL DNA J5, 7405 16S
rRNA H: A5 E AR XIEREAT I o a7 518
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2 B4R 65, K DADA2 8§, Deblur J7i%3#ET %
W LB DURISY 3 7 7 5117248 (amplicon sequence
variants, ASV), BE/EHEATYIM 4 RIERE. 2RSS
AT R FH T H0HE 1) D e Tt 2 A
211 BRBEREREF SN

MR A2 T RS i 2 A Rk
WEARL . HURTAII B EZHEY, N RIPA ZEff 78 5
SRAMH, BOUE I, R BCA T EE
. FEEASHMGIEE, (B GE-RE
i (LC-MS/MS) RGEHHTRIN %, w4
P Lo 5 AEME B ik 2 ik e,
2.12 IMEENSHFEREEMRER

J9EeE SHTB HAE FH A& A4 1 il g i ik
— R i AR AR D BB BT I ER. 48
HICR/MRBEHL I N TFARAE R TFAR+HiEzRA,
PSD 4. PSD+JiE R4, SHTB (200 mg/kg) 4H
FISHTB (200 mg/kg) +HuEzRM, fH 8 H. %
“2.17 TUN R 45 2y, ARIERITMERT 7d, /D
AR ig ISP RIR AV (ZCRTIAR 1 g/L.
A B

e B

I | T

& | oS | ﬁ?}ff”ﬁ

[Cap | cuMs TSHTB 100 meke |-<=  1sT

[ i+ coms + s 200mate | sPT

|- CUMS +SHTB 400 mgke | Q2
Bmncovs T

G
ICR /N

P IR 1] 5 G /%

7

T

&R

1 I 1
0 7 28

t/d

0157

0.104

0.054

FE T T
PRSI (s

0

SHTB/(mg-kg™)
A-ERBRH 5 4R B B-EPM SESf/NRIETFSUOE (5 B TR S b C-TST sh/NRAZIISE); D-SPT rhvb BRERE R AF 1640 E-OFT th/bh iR
PIJIEENHEE: F-OFT H/NRIETT-O X IBF I ) ST ARMAS PT AHE: *P<0.05 *P<0.01 #P<0.001; 5 PSD 4HILHE: "P<0.05
“P<0.01, FEIH.
A-schematic of experimental design and grouping; B-percentage of time spent in open arms in EPM test; C-immobility time in TST; D-sucrose preference

index in SPT; E-average locomotor speed in OFT; F-time spent in central zone in OFT; *P < 0.05 #P<0.01 *#P <0.001 vs sham group or PT group;

*P<0.05 **P<0.01 vs PSD group, same as below figures.

0- T
fBFA PTPSD 100200 400 4477

SHTB/(mg-kg™)

WER 1g/L. THER 05gL. T 1gL), &
BB 2 S0 45 R AR T i A IR A VA DA
PERFR BB . OB IE O, AR
IGEERERE . 2425 21d J5, BHTIT AR, 1k
LM ZEAT HE Jeth, WMERAFUREAR . Witk
BFARAFEFAR PR DN RISEREA, W
DNA K JZ .
213 GitEST

B LA X £ s %78, KM GraphPad Prism
8.0 FAFREATBL it 43 #T, M Shapiro-Wilk #56 PFA
BARMIIEASTE, 3 Levene’s Ky daffi & /7 255 1 .
XA LRI, RABSIFEA ¢ £550; 2400
1) 2 S A B DR 3R BOW R 32 ANOVA, 456
Tukey F/afiidiiT Z L. MiEERE S
2 [A] I AF SR IE T Spearman AH 2 73 B A o
3 %R
3.1 SHTB Xz PSD /NREVHIERHEI T

SEBS S5 S HATAT A (] 1-A) . EPM 5K
ek (B 1-B) iR, SEFARAIE, PSD 4/

C
*
1507 *
#Ht
= | o °
EIOO N
= .
&
¥ 50
]

0_

fEFA PTPSD 100200 400 76T
SHTB/(mg-kg ") SHTB/(mg-kg )
F
*

200_ *
Z 150
= 150
= o
100 z
X oo
,g 504
+

0

TR PTPSD 100 200 400 47577
SHTB/(mg-kg™)

1 SHTB Xf PSD /NRATAFMFN (X+s,n=8)
Fig. 1 Effect of SHTB on behavior of PSD mice (X *s,n=38)
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SR 7E T SR 52 B I ) o B S BRI (P<<0.01); 5
PSD #41tb4:, SHTB K. 71 &2H /N R AE T T80 15 B
i) o B R TR (P<<0.05. 0.01). TST 455 (]
1-C) 8Bon, H5EFRYLE, PSD 4/ Rz
[ 525 B K (P<<0.01); 5 PSD #H LK%, SHTB H7)
AT RABI R E 455 (P<0.05).
SPT 55 (H 1-D) &or, HERFARALLE, PSD 4
/INERERERE R B PR 5003 P (P<<0.001); 5 PSD 41
LbsE, SHTB HH 571 E 2E RN RC G 7T 2H /)N BUIE W 4 i 4
BETE (P<0.01). OFT 45% (K 1-E. F) &R,
HEFARALLLE:, PSD 4N AT sh gk
O DX A5 B I 1) 1) i 25 93 /b (P<<0.05.,.0.01); 5 PSD
L, SHTB H 7l & 4H /N BT 3218 Bl g FE A0
[X dek {52 85 Bsf 1) S 538 0 (P<<0.05), YT 24/ BRU

A BFA

DG X

CAl [X

B BRFA
HAI B Rz 0
GLEEHEN

rhCy [X 3815 B I ) S5 2 1 0 (P<<0.05)
3.2 SHTB ¥z PSD /MEANZHLRILELRZF AR
SEHISTEM

NPEAE SHTB b 20 4378 25 22 A 2 AR 37 1
F, X820/ B D AL 4L AT HE Yt LB i i
ME, HE Jetasi B (- 2-A) SR, RPERAMZL
JLEEMTERE, K HEE, ZAZTEMN: PSD 4L
WZIE G HEBIZEEL 40 I A R 2 1 932 ] 58 Y
MY, 4 SHTB 15, A EmsAs g3 i)k
B, WA TUHPIE RS, RAERIER>, gH g
F1F LARAT -

SRS R (B 2-B) &R, BHTERHAMZ
JCHBEE AR IR, M RE, ZETE, ¢
AR ESFH: PR RS T, S

PSD SHTB 200 mg-kg™!

A-HEES Y HE et (X100, HOHTFR DG KIZEETE I, W s k&R CAl KHEFIE BL; B-ATAM K= 2 o B AR i) TEM
KR (X1000), LOFKFRENAAE, WOFSLEOREIE, BEOFLFRANIN, SOFSLEOR R, FORFRHHAS .

A-HE staining of hippocampal sections (x 100), yellow arrows indicate nuclear pyknosis in DG region, and blue arrows indicate the neuronal arrangement
in CAl region; B-TEM images of prefrontal cortex neurons and myelinated axons (x 1 000), red arrows indicate mitochondria, yellow arrows indicate
lysosomes, blue arrows indicate endoplasmic reticulum, green arrows indicate synapses, and purple arrows indicate myelin sheath structures.

B2 SHTB X PSD /MR IN4E AR KB B (LY RN
Fig. 2 Effect of SHTB on pathological and ultrastructural changes of brain tissue in PSD mice
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P AT, s e B HAE+ 5, BUHEER
NIEFR; WFRMEEFE, RIUBIRAK, 6105
Btk RARBCEF R, SRARE BRI, Kb/
MRS, )5 B0 X5 TEW, BRI SIER,
AP, BUE . SRFARALE, PSD Atz T
ek 2y AR BYIRTE ot P U b i TS P 1
FEATN, Mt fL 55 BT s bR =,
B2 2440, HRBUB/N, SNBEFERANE, 9B
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Fig. 8 Correlation analysis between gut microbiota and differential metabolites
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Fig. 9 Proteomics analysis and neurotransmitter quantification
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