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Abstract

Objective: By integrating network pharmacological predictions with in vivo animal experiments, the
potential molecular mechanisms by which baicalin improves depression-like behaviors and allevi-
ates hippocampal inflammatory damage in mice with chronic unpredictable mild stress (CUMS)
were explored. Method: Relying on multiple databases, the action targets of baicalin and the disease
targets of depression were screened. The intersection was taken to construct the PPI protein inter-
action network, and GO and KEGG enrichment analyses were completed. A CUMS depression mouse
model was established. Blank, model, fluoxetine, and baicalin high-dose and low-dose groups were
set up. The body weight and open-field behavior of mice were observed. The levels of inflammatory
factors IL-1p, IL-6, and TNF-a were detected by hippocampal HE staining and ELISA. Result: Core
targets such as IL6, TNF, IL1B, and CREB1 were screened out, and the enrichment pathways were
concentrated on inflammatory responses, immune responses, and neural signal regulation. The ac-
tivity of model mice was reduced, hippocampal neurons were damaged, and inflammatory factors
were significantly increased. High-dose baicalin could significantly improve the behavior and hip-
pocampal pathological damage of mice and downregulate inflammatory factors (P < 0.05). Conclu-
sion: Baicalin can alleviate depressive behaviors and hippocampal neuroinflammation induced by
CUMS. Its pharmacological mechanism is closely related to the regulation of inflammation-related
target pathways, providing experimental support for the study of baicalin’s intervention in the neu-
roinflammation mechanism of depression.
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1. 518

HIHRYE (Depression) & I PR &5 WG MBI 2 —, KWZ ik 15%~25% [1], IR 3 EER I N FRFLL
WS BRI B BAMEET B SRR = R R IREE , 7™ B W] B R AU 1 B A A Th RE R RS [2]
fEtt i PAEHAR SR BoR, SR 3.5 {Z[B1HANE &%, HEWABEZRE L@, RETUHIHS
W CAEIRIR BT N, B BB A AE W R R 25 PE AN RSO, L Bl £ S VR /7 3R i [4]
Ut JEY)TEER S O L e AR R UL T S

IR, A JOREEAIARAE A 2R R R P O T 2 332 500 o A8 AR BT S0 rh X S e 2RE U
et IL-14. 1L-6. TNF-a {2 S AR A TR, BEMTEmafh 20 LA . AR N 20 WA 1T L S fi vl 22 17k
S A2 TUIRE o W AR TG 48 IR M NS N (R B B X, R SORE RO BB RREEAE SORE SN
W] AP T AN AT IR R B, T2 S AARREAT AT . BRI, MR 2R SEORE £ R
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WU 21 F LR A 2R .

T (baicalin) f& — M 1 2435 25 (Scutellaria baicalensis Georgi) ) T4 o4 B 4l 44 ) R SR 2 B 285
&5, HAPEA . iR SIS ARY 5 2 E2GHEPE[6]. BT 7o SR, FEEHF A0/ 40
IR R B L 5 AH 2 DI RE R R [7]. BAR O WF IR SE S AT — e B E R, (B gseie Ty
AThME UL 2R 5 ) R EL TR (A FE ML o 19X 4 265 B 2% i Hopkins T+ 2007 4E 15 32 H[8], %7 1E AWM
LRI AR AT R I R AR R i R, Fon A S HUR AR AR T, A B T HES R 29 R IS5 6 R S
DRI, & 26 24 312 5 Z ) SR 7, BRORT D7 s 25 AR (R E LIS B (R IE AR [9] . AR 7T 40
SRR R % 24 3L 2 1 2 T TV AIOORE PRV TR UM AH DG B, JE4E A CUMS NRSEES, MT R, 5
YLV R Je ST R TR S AT IRAE, DA B 5 T AR A DGR 48 SO RE TR L S I0 140

2. HRIFNTTIE
2.1 FEREE

211 MEELTH
A YRAIE FEAE FH 1R X 8 8 25 s FL 05 P T 1L PR LR (3 1)

Table 1. Online databases and their URLSs
< 1. MBTEL IR E R Mk

Tool URL
TCMSP http://tcmspw.com/tcmsp.php
SwissTargetPrediction http://Awww.swisstargetprediction.ch/index.php
Uniprot http://www.uniprot.org/

SEA http://sea.bkslab.org/

CTD http://ctdbase.org/

TTD https://idrblab.org/ttd/
GeneCards http://www.genecards.org
DisGeNET http://www.Disgenet.org/

STRING https://string-db.org/
DAVID https://david.ncifcrf.gov/
Veney http://bioinfogp.cnb.csic.es/tools/venny/
Metascape http://metascape.org/
Cytoscape Install

2.1.2. EEH/ ADME 4514

BEE RIS AT AR HEHE(ADME)FRI 205 R I T TCMSP £ FE[10], 28 PEUER T (h
e N RN E 25 80 {000 TR 25 414> 4509 X H ADME V)i, Herp 25k 40L BE (DL AN IR ZE 0 41 H B2 (OB)
[11] 2 VP& ) ADME FFAER B 2458465, ABF5T L OB >30% H DL > 0.18 1E Ak bnitt, ZAniExt T
HELZI T R SRR A EES A

2.13. EFEHHEXELTTN
M SEA [12]. SwissTargetPrediction [13]/% CTD [141%5504k 246 R B2 A A S ME R A A R B8
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JEARAT L A5 B AT & R A 25 5, 3l UniProt 2 Bt AN [FER IR BE bR IRAT 48— #64e UniProt ID,
R EESH RN S LS.

2.1.4. HIEBAESE S FREL
M TTD, GeneCards [15]F1 DisGeNET [16]1%4k 2 7 15 AR SEAH SR FE K o X6k AS [R5 7 4 A
HEAT &I LEMPRUEILAL L, SRAGHEE SR S A .

2.15. 54 - FRIRZ KB THIE
W 8 25 TN B A S AT RE T B A N Venny BHE e, MRS IR, i N A AT HE A

2.1.6. EARK - EEREEER (PP

{8 Cytoscape [L71E AT @A T 2540 - Fdws - AR 4, DAHAT I s A ol 250 Va7 HIVAIAE ) 98 (6 AR
RS, FIH String BHEFET &, LR E S (0.4) MBS SIALE A S50 PPl %, B
Cytoscape 4+ ] MCODE [18]#di 4 F1 CytoHubba i+, 43 Hil 15 5 2y BEAH S AR B J 56T ¥ 4h S B ik HE
HHT 11 B AZ OBE

2.1.7.GO st EE K KEGG BB EE
P Az 248 555 N Metascape “F 5 HE1T GO Thae & £ KEGG s = £ 0. GO T HsEYidiE.
MM 5> FN 0 FINRE =57 . LA P < 0.05 Afidkhritt, HHHEZ SEaT 0 E 45 H T AL 247

3. EhHCIE
3.1, T4

35 R 7 FIRSHENE ICR /N, 5T 30 £ 5 g, TWEIIEERERZSLIR A L. /N BRIFTR T b
B2 25 R SR VU IR BR Be sy hots, FRBRIRE Y 22°C~25°C, AHXHE LA 50%~60%, 12 h JGRE/BIEIEHT,
H H#EE YUK,

3.2. 4549

WA, 4 >90%, MWHZAEEMEARERAF . SHERBIATT RN B ALK I N2 H RA
Alo IL-18. IL-6 Al TNF-a ELISA Frillislifl &y | i FE4E /K . IL-18 (B85 : GEMO0002). IL-6 (175
GZEMO0001). TNF-a (¥t%5: GZEMO0004).

3.3. BERIERIATT

H/NERBENL A4 (n = 7/2H): XTE&(Control), #7140 (model), CUMS + 47T (FLU) (10 mg/kg),
CUMS + %1 & 8 41(H-BA, 50 mg/kg) 1 CUMS + #2541 (L-BA, 25 mg/kg). M4 HTIA 7%
AT NI 6 K CUMS R85, 1F CUMS #4755 4 AR, KB W4 2550 BA (25 mg/kg 2% 50 mg/kg), B
Control ZHH /N R AL, FrA VYT Zi¥simnd B 8L 4 T/ . Control 4145 TA#13h/K, FLU 4145 T35
77(10 mg/kg), H-BA ZF1 L-BA 45325 TAHN IR B 51, FFEE2 5 6 JAR[19]. RIkR%# 24 h J5,
K FH 5 RGN 20 /N B S it 22 R Ao 3 FH S bt 5510 28 (Y5 R583S, IRYIIER AR AE a2 A TR A F]), DA
1.0 L/min HASRMEBRNA 5% F R (b X A A WA R, MaE, HE), RRERNZEIFR S04
f ik JE I R R B AR i A 5 AV R RABE T )G, IRECR AR R S S H S T fa 22 i o

3.4. CUMS #2FF

SRS AT A [19] 9 B, SR CUMS F2 /7 @I AMARRERE AL . IS BERTEE /N BB 1 9%,
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FEH A 2 Fro Rl i 2 ff, HARIEES N HRIBAE R, F74k 6 HR T 7R85 1T il

Table 2. Chronic unpredictable mild stress protocol

=2 BUTHUTNEENHS R

Stressors Descriptions

Time
The First Stimulus The Second Stimulus

Mon Day and night reversal Shaking

Tue Noise Ice water swimming
Wed Foreign body Humidity

Thu Empty cage Hot water swimming

Fri Binding Tilting

Sat Peculiar smell Tail clipping
Sun Removing water Fasting

35. BTH

FERIBIAT TG BT S A RGUAS NI RS H e . A APRE A — k. ARIESEHT A T [20], £
FIW™ 32 SRR A IE 3l /N RIE SRR R AT . F5K/)N 80 x 80 x 50 om F S 4 ke f 73 )i 25 MHAE 9 1ET7
oo ELEFABT, Ridg /N E R BRI R, PS5 8l I0F/DRIAT N, BIET R
THRNENL IR AERRR RIS A AN, ] 759%IK) L WEM 2015 KA AT E 78 1 LAR RS 50 s Ao At 1 -
36 HE REME NS DARARSEN

AT IR, 2% )% B S BB RS Y A S RIS SR (R A A TR R A R, PR R) ARS8, Wik
UL, A5 KINAE 4%% R HRER[EE 48 /N, H UG, UIA, B LBEKAL, 8RR,
HAKGH 20 min, BARKISE, BT 1%HK LB WU S BRKE S, CREBUK, BT
Qekbe, WK, EW, FHATUWE.
37. BREARMRB(ELISA FRAMEDEL IL-15, 116, TNF-a kT

KM 2L, BYRE, IANARRERK, JKEEAEE N 20K, B0 )E SRR, 4400 ELISA el FiF
WA IL-18, 1L-6 A1 TNF-ac (KT, I R 32 R S i B AT
38. GO

KH SPSS 26.0 Si it 4k Ao Hricdls, HHATIESYERELS, THRETORIIE £ FrfEE(X+s)FRon, il
FFE RS A Hop 2550, Z AR SR B 3 5 Z2 i, LR LR A LSD 81 Tukey ¥ AT
HIEBDAN, RAESHEKRLE. P<0.05 RREFEGIHE L.

4. R
4.1. EEFH ADME xR

M TCMSP %3 7 th 3R B 25 ADME 15 (5 3). 45 S EoR, A H 1 1 ARZE YR FE R 40.12%,
ZIWIRRAYE N 0.75, FORHHEA —E g tEE R . S T8N 446.39, AlogP Ny 0.64, Caco-2
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$h-0.85, BBB ZHUN-1.74, $E/RHE S DRGSR 200 A B — e e s, 5 I i o e 3 o5 2w
AEAIN A PR

Table 3. Pharmacological molecular properties of baicalin

3. ASHAED TR

Name MW AlogP Hdom Hacc OB (%) Caco-2 BBB DL TPSA
BA 446.39 0.64 6 11 40.12 -0.85 -1.74 0.75 187.12

4.2. BEHRE AT

T P28 78 26 T H AL S 38 %59 179 M AESE . b, SwissTarget-Prediction 4k 2 Wi 75 5 101
ANEERE 5, SEA B FETINAS 2] 65 NV AEHE 5, CDT Hiodis 22 Filiil 5 2] 43 MNEAERE 5 . FIH Metascape
JEIR T EAERE s A (5] 1) TEAMREI R, SR, LDERITEE (3R K H SWISS, CDT Ml SEA HJVE 7R .
FEPIE B, SR = A B 2 T B A A A, P I WA R BIUER RE E HAH R

SSIAS

Figure 1. Circle diagram showing the distribution of potential targets
1 BEELSHHEE

43 HBER

R 325 e B s 5 VRIS RE O BE s AT SR T, IRAS SR 25 T UM AE AT AR SS R B R (14 2)
FREGRE R, HWEESIMAAE (B AL /E LA 33 A4S, 7R 305 H AT RE il i 7 IR L 5 4R 0 i
Z 5 ISR S B A

4.4. PPI M EHE A OB E

WAL BN BERAD PPI W& A HARIAZ H.. STRING HHEE S, %M B 44 N5 5
167 NMih%k, BRI SH ISR, DEARR IR 2 M A TR (4 3), R4EEEFEHHES] T
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W& R 33 AMEIE H AR, KT S E AT 10 M EARME NGB E R E TR E . i
CytoHubba i {3347 ¥ $h 0 #r, 533545 IL6. TNF. IL1B. NLRP3. PPARG. CASP8. TNFRSF1A. TP53.
CREB1 5% 00 (1E 4) o FRRZOEE s 2 5 90 OB S e i AR T2 e & aT PR ARG, 3R R
i SN AT R A B 25 T TAATAE I B A ) AR

BA Depression

Figure 2. Venn diagram of baicalin and potential targets for depression
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Figure 3. Protein-protein interaction (PPI) network of baicalin and depression
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Figure 5. GO function annotations

5. GO IhRE 1

DOI: 10.12677/acm.2026.1693122


https://doi.org/10.12677/acm.2026.1693122

Wit &%

hsa05332:Graft-versus-host disease - @
hsa05143:African trypanosomiasis - °
hsa00500:Starch and sucrose metabolism - °

hsa04621:NOD-like receptor signaling pathway -

hsa05133:Pertussis - o -log10(pvalue)
hsa05321:Inflammatory bowel disease (IBD) - l a5
hsa05146:Amoebiasis - .

hsa04931:Insulin resistance - ‘ 20

hsa04925:Aldosterone synthesis and secretion - 25

hsa05142:Chagas disease (American trypanosomiasis) =20
hsa04668:TNF signaling pathway - count
hsa04750:Inflammatory mediator regulation of TRP channels o e 3
hsa04380:Osteoclast differentiation @ ¢
hsa04022:cGMP-PKG signaling pathway - ! ® s
hsa05162:Measles - ®:

hsa05161:Hepatitis B
hsa05164:Influenza A 4
hsa05152:Tuberculosis -
hsa05166:HTLV-I infection {

Figure 6. KEGG pathway enrichment analysis
6. KEGG BEREE

4.6. IMNRIFET

TE#HAT CUMS JERHT, MESA/NRIAE, 2R LA THHE (P > 0.05) (% 4), CUMS Jl¥#)E,
FULH /N BRAAR TR0 FRZE A B R R, SR PE N2 /N BRAAR T S K (P < 0.05); AT 24WiR T A, S
TUZH AR LG, B8 55 7 A N PG VT 4/ SRR S 240 B R 38 N (P < 0.01), HLa G 7T 2 AR S48 in o i d2. 3% .
SERPUR, BEETEAEAE - EREE EXE CUMS %S/ RAAE N .

Table 4. Effect of baicalin on body weight in mice (g, X£s,n=7)

F 4 BEEINNREEENM(Q, X+s,n=7)

Body weight
Group n
Before CUMS After 2 weeks CUMS After last administration

Control 7 328+1.8 36.5+1.5 41.2+2.6

Model 7 335+2.0 31.4+3.2" 240+4.2™

FLU 7 323+21 305+2.2 30.4 + 3.4%%
H-BA 7 325+3.9 30.0+3.1 29.3 £ 3.8%*
L-BA 7 335+24 30.8+2.0 26.0 +3.4

5XBAMLEL, "P <005, "P<0.01; S#AHML, *P<0.05 **P<0.01.

4.7 INRIKEFEREFE L
W37 de(OFT)H, SXRRZEAALL, I /N B A B RS B0 B A0 IR 2 FAR(P < 0.01) (38 5), #2Exr
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CUMS RIFAT BEAR/N B B G S AR RAT . SR, 58 R R4S R 4/ RAER
BOMBESLREE B G B (P <0.01), 45RKH, HEH S CUMS 7SI/ E S sh AR R
TR, b Ei AR A O

Table 5. Effects of baicalin on mice in the open-field test (X s, n=7)
5. AETHEINRAET AEWRHAFM(X £s,n=7)

Group n Number of walks Number of stands
Control 7 199.1 +16.3 56.3 +10.1
Model 7 103.1 £20.8™ 38.6+6.6™
FLU 7 197.4 + 19.4%% 51.4+5.7%
H-BA 7 191.7 £ 18.6%* 473 £7.7%
L-BA 7 179.6 £ 29.1%% 434+7.0
X HEZLAHLE, "P <0.05, TP <0.01; S5#RAMLL, *P<0.05, **P<0.01.

4.8. HE $amLER

HE Jeta s REIR, WHRAVNRIEDS CAL XA Hy BT, MR, MG, H5880H
BONIEH o BN IES CAL XM TTHIPI ZEL, SR>, T AL 46 R e 2 40 45
AL, SRR, MEVTAMSE S T AL S CAL XA ottt AN HRS RO, 4
QAT Pt . BRI R, S A4S CUMS 7 i S 4L 4R B 05 (14 7).

Figure 7. Effect of baicalin on HE staining in the CA1 region of the mouse hippocampus. The arrow indicates the damaged
tissue (x400)
7. AEEINNRIBD CAL X HE REAIFM. SikiRRZIRAYLELR(x400)

4.9. BREXSE IR MHRA LR (ELISA SE)&R

ELISA frllgs Fos, SXHREAAMHEL, BRI IL-18 1L-6 A1 TNF-a /KFEIRZETHEP <
0.05), 7" CUMS W] 55 W] 2 (AN SE S B o SRR AR EE , 0 ¥ T 4LAN 3 2 v B 4L/ BRI IL-
18+ IL-6 F1 TNF-a /KF3 2 Z R (P < 0.01); B FRAE A Lk 85 7K IR 2 T ks, HdIL-
6/TNF-a 727 LA i it 2 2 (P < 0.01). S5RKH], A4 CUMS S HISMEIE & R, Homil
BAEHE 9IS (% 8).
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xR, *P<0.05, “P<0.01, **P<0.001, P <0.001, ““P<0.0001; S5#HAHAIELL, *P<0.05 **P<
0.01, *¥%p <0001, **%XP <0.0001.

Figure 8. Effect of baicalin on pro-inflammatory factors in the serum. Data are presented as mean + standard deviation (n = 7)
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Figure 9. Effect of baicalin on pro-inflammatory factors in the hippocampus. Data are presented as mean + standard deviation
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