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Abstract: Objective To study the anti-anxiety effect of baicalein based on zebrafish model. Methods The zebrafish were divided
into control group, model group, baicalein group and diazepam group. Except for the control group, all other groups underwent the
induction of a zebrafish anxiety model through unpredictable chronic stress (UCS). After drug intervention, the behavior changes of
zebrafish were evaluated through novel tank test. ELISA was used to measure the levels of stress response biomarkers cortisol and
brain neurotransmitter serotonin 5-hydroxytryptamine (5-HT). qRT-PCR was employed to detect the gene expressions of tryptophan
hydroxylase 2 (TPH2), a rate-limiting enzyme for 5-HT synthesis in brain tissue, S-hydroxytryptamine lab receptors (5-HT1aR),
interleukin-1p (/L-1p), nuclear factor-kB (NF-xB), as well as intestinal /L-1f, IL-6, tamor necrosis factor-a (TNF-0) and NF-kB.
Western blotting was used to detect the protein expressions of 5-hydroxytryptamine 1A receptors (5-HT1aR) in brain tissue. The
composition of intestinal microbiota was analyzed using 16S rRNA microbial diversity sequencing technology. Results After UCS

treatment, zebrafish exhibited anxiety-like behavior, with a decrease in the total number and diversity of intestinal microbiota species,
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and an increase in the proportion of Aeromonas. Compared with model group, after intervention with baicalein, the dwell time of
zebrafish at the bottom of the tank was significantly reduced (P < 0.001), cortisol level was significantly decreased (P < 0.001), 5S-HT
level in brain tissue was significantly increased (P < 0.001), gene expression of 7PH?2 in brain tissue was significantly increased (P <
0.05), gene expressions of /L-1f3, NF-kB in brain tissue and IL-1f, IL-6, TNF-a, NF-kB in intestine were significantly decreased (P <
0.05, 0.01, 0.001), the protein expression of 5-HT1aR in brain tissue was decreased (P < 0.001), species richness and diversity of
intestinal microbiota species were increased, the gene expression of 5-HT 1R in brain tissue was significantly reduced in 2 mg/L
baicalein group (P < 0.01), while the gene expression of 5-HT1.R in brain tissue was significantly increased in 1, 4 mg/L baicalein
groups (P < 0.05, 0.001). Conclusion Baicalein has a certain protective effect on UCS-induced anxiety-like behavior in zebrafish,

which may be achieved by anti-inflammatory and regulating gut microbiota, inhibiting excessive production of cortisol in zebrafish,

maintaining normal secretion of 5-HT, and exerting anti-anxiety effects.
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Fig. 1 Effect of baicalein on anxiety-like behaviour in zebrafish anxiety model (X £s,n=9)
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Fig. 9 Intestinal microbiota community heatmap at genus level

BEAN, WmIWKFEEANFEET E EERIH 4 1ig

AR B M R R AT T R, B FRFEAEA — A ILRORE I, A 2 X
MW PR AR T R E AR, e A ADESREAER, N B EER R
B e B AL AN VG PR s RSB AR EE LR EAL o Marcon SFEUIEIHT ST B Ik PRAE FH AR B 25 A0
e, BOREE R BORRRER . MAMEKER  JUNEZREY UCS i3 (Bt AR SR ™ A 4
FHXS 2 LRI o FRIEME, SRR IR St RefE Nk I R IT AR FE 25 11



2166

PER 2026E3H B57% B 6 Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 6

SEIGANY) . Santos Marques de Carvalho U711 Ruan
ERIAE AR RS RN BB UEEER.
Selvaraj ZEPVR B 1. 2 mg/L U RGN 7B 5 fa
FEZK LTS 5= B B 1), SR PUAE ISR« Bt4b,
DAZKAE 504 i HUOR SEEG AN I B 55 R I 2, &5
REPEE ZM P H IR E (median lethal
concentration, LCso) {H 4 244 pg/mL, 6% )i &
W JE <244 pg/mL I BA RAFHIZEVRIGTER, 1. 2.
3 mg/L B ER AR B VR G 7 A R 3 R A
WL R NIES: 10 d B H DRSS R 0HE H
200~800 mg A ;A L EA B B4, AT
UCS 5 B 5 £ £ IR B 5 s 5 i M P AR IR AR
H, &85 R, S0TRAE, BRHR S A K
RS BIIE 2, ICHET BN () 25 1, B2 i
Bk T, R T . 5 L
B, 2mg/L A RGN T B AR KL BT
3, D T AEKELECH T B TR], $E 7B L £ 1
FEFEREAT NI/, X5 Selvaraj S5PIHFFL 45 R —
o HXTRA R, BB D SR B A
WL, (ARG RENER, BMHAEXGHHAN
WA EEMZER, £ Marcon ZEMIFHF 5T A UCS 4k
AN ZJP) T TR A O B 1 RS A BB, ARt
FERSHAME, &8 UCS AbHFIEE %52 Fi%)
BE 50 1Is B e I T AR R R

BRAT RSN, PR AR FE R BB B LR A4k
BhR 2 KA AR . B BT 2 HPA il 1) 3= RS 0
o TEREUR B A B €4, S-HT A2 R
. WHFAT R E ML, 3 AR
EAG MR BORA . KIFEI R 2 2 BUT K EAR
b, [EIREGE HPA B, (R 3ERE B SR 7 st s-16l,
AHIE FURT B By £ A 0 A ZH 2R 5-HT 7K-F-43%
ACREATA I, B8 55 2000 B R BEAN 5-HT f520 .
i Jo I A E LI SIS AR b 7S R T ) KA
bR EY), AR EEERNE R SR AR S RS
JE ST IR T80, 2/ NT S DOV I 7T AR PR B
B R RE T S, AR AR AT
(B 0 J T RE K3 T, SRR TS B
KPR, R T 200 PRI 1 AR R A A 4 1
R JRIEAR — B . 5-HT &R W A&,
F B 5 A 2R R e R A RS 4 T R
RAIEAE RO AR i, SEEHE 5 x4 5-HT 7K
FREK, HERTIEMAL 5S-HT KPHE, R
BB 20 T B ) fa AR R i 204X 5-HT /KF

A EEH . XA L 5-HT & 2L A TPH2
BTG RBL, AR i TPH2 RIK R E %
K, WERTHE TPH2 FiEFaE; X S-HT 2k
FEK 5-HT R TR 5-HTiAR ORI R, AR ZH
Bt 5-HT R M1 5-HT1aAR FI& R E T+, 2mg/L
WE R TG 5-HT1wR A1 5-HT AR KIAFFK. 5-
HT 4 KAl AT H & 5248 A 55 5-HT # 4T 6U m
0], 2554 T IRA SIS R, 5-HT /K
S FF B AT RE S AT 5-HT 1 Sl AT H S 32 R, &=
(1 ot BT A ERRE VR T R R RAMRAE A, 5-HT 14 R fi
Ji SR 2 AR 3 A7 1 5 1 25 A A RS T D) AH S I
KIGIX I, HFRIK 2B R R BIREA, R TR 7K
FEimt 5-HT1a Ffil5 IS AR RIE N, Bl v]
PLE# SN ¥ (Ul NF-xB) A EAEH#H] 5-HT; 4
DRI S, BRI 5-HT AR ThAERI2, 3%
LEF NP R B R 5-HT (/KA
—E/EH, xR TPH2 FikthAH M, 5-
HTiaR FEHFRIEF 5-HT1aR & ARIEMAE T HE
5 5 FREEAN 5-HT KF AR A %

KT, R RIERRAR R R REKT . FH i 5-
HT KT AR IEELEME IEA SN o 7 AR B o
KA, mERHFEAK PRERAEHA .
Piato Z52F 78 R B UCS AbF 5 7 5 i 2 B il A 1
FIL IR, B R TR 52 74 (glucocorticoid receptors,
GRs) FRIEW D o AHFTEH 2 mg/L 3525 GRs
PSP AT R O A B E, IR B KRR, B
JREIKEN 4 mg/L WA ZORAEBUEE 2 GRs, [#
G BB RO T 2 mg/L BER 2. RNy, tm]RE
5 5-HT KA K. f£Fm S-HT KI5 TH, HE8
HEILEL, 1. 27 4mg/L BB Z 50 F i 1.34. 1.49,
1.49 f%, 4mg/L #%HK M 2 mg/L iK% £ & 5-HT
ACPRCRARE, ATRERZ A S-HT 2R 7R 5L
HIH0E] T 5-HT (& AR, 4 mg/L 35 = IEHT
WY 5-HT /K°F, 5-HT /K F-THE)E iU s e
JE3l, 5-HT ZARFFGEHE 5-HT &5 5-HT sef
LI, FERMMEFRE S-HT bk, m&
RIS 2 mg/L 3 F AR T 8OERR210 1 R
VR 2 EREPE S5-F3 €l PR 1) 7] 23 2 AL HE
TE IS B 2, 51 21 B K808 T3S N R s 2= 1
—EFRRE IR A, ARk B B KON i 1 N7
2 FREUT RS, T E A IR 2 MR -
N7 i 2% 51 L B G T AL, B R AE A T 2
2238 o RTIRER 7 T T R IEAE B R R - S S 4R 1



PER 2026E3H B57% B 6 Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 6

» 2167 »

BRAREFENIERT -2 & TR, 5-HT 210 R
Gt, REETR, HREe B DA PR El ) v A B
(PIRE S AT BE R B s, AT S 8O0 £ EE YR YT 2L
R E I B2 78,

X B £ i B R IR I A A M R, &
UCS A3 & W #F Ace. Chao. Sobs.
Shannon fEEU(FC, $ERMEREBYIFFE M2
FEME AR Simpson FEEI &, $&RA —FHEL L
B 5 AT . 5T B R KT TR A
HUHE V& B B rh e L 52 31 < M B e AN A L IR B B
AERE = FE T o ASHIE 70 5k 5 £ Jigg i o 58 0 1) <
TG A DL IR T R A T BUR R, 7T 9l KA
AW P IE . AN SRR R P
i e, B e I AR S RS DL 2 P R
(RIIG IR SGR-27 B T JE@ 4 ] g 5| S 1R H
JIEA G2 BIOR, SlEMIERE K, A5 51E
KA1 — B Ty, WPRRY], RIETE R &
A ERIER LR AR s, FRRE R E I IE MY
FE MRS T B AT, JOE i W A
FERRE R R TR el Re G AR FHES 20, WK, 2R
TR GE RG] A R ) /N BR 2 RE Rl IL-1B NF-«xB
AP0 AT T R AR Y ZH B S i 2 2R IL- 18+
NF-xB B:[RFRi5 Tt &, Wid IL-18+ IL-6+ TNF-o-
NF-kB ZERRIE TS, 8253 T 15 DB R AER
FIKFENG, VLA BEES /AL — @ AR B3l 7 2AER
TS ERIE, BE T RIER .

M o ZEEEIRAR BT, 4 mg/L R RN
B ROR B, 1. 2 mg/L FEERANCRM
SN, WRER N 4 mg/L #5255 R A PR R
s, [AEEMSE T IGEwWEE T . BRI AR
B S5 RAEAIC, AT 4 mg/L AR TS,
SR JE EL k>, iE RORERR, IR EE R
AT REA R T 5 o £ il 2 IR AR BT, RS
BHATRAMER R R ML, HE—PIRIE
TS FONREE B A0 1 SRR A O, W
iff R B TR A PE AT LR 28 R AN A FE A A o i v
T I 22 P G A R 4 g R GOt I AR R T
BV IE, TR I8 - o 2 s e S 4 E PR K
-, HETRRE REE B R AR TR AR R . TR RIS
TR B E 2R RISy, BERRIN, |5
HFREME PR 202 IL-1B IL-6. TNF-a 7K°F, [F]H
ReC AR M E AE Y X RN KRBT, AR T, ES
T TG T A iz T R A R AT i 2H 23 % R T

RAEAEAN,, T T R R 2EL RSCRT G 308 248 ohE EA] - 2 [
(156 3 LR 75 EdE— D 7L . il 2 L R R
WEZ T, AR EMAEE S-HT T,
TE Wil h 2 504 I ig sl Ao I iE Sh T, (s
R I FARUR =30 SCRE IR & R G F i 4 R
QKRG MBI B a5 S AR
W, A Bk AR AR A B AT R 51 O IR K
W, MR R A, B IE A YL ]
PEZ O, y-R2 AT IREMAIE T, #S51E% N
A RO, A AT B FON B AT
Ja M EBE R Aces Chao. Sobs. Shannon FR%( 7}
=, R EREEYMEE M AN Z, £
T B A KPR VE AR B R LR B R R R
Lol b, BEEF 2T Re i R PR AR F kR i iE
PRANE, BRARAAE R 3L, W19 s i A 2
T I AR - - B o0 B L AR A e, RN S
FEFE AR B A 4808 0 = AR 2

AW —E R EREN SR T IR, S
T B AR KRR 45 B I 1), BRI T B o B K
S, S 7ML S-HT K-, 1458 T ixZH 23 TPH2
FERIZIE RIS T BB WAL, o8 T B AR
FEAT N SR ARSI HAFAE — € RIBR 1%, 7EA R
MFEAR AR R I — B R KR, BRI
ARV IR FFA B BRI H X Fh 2 R A i
TCHME . FEMAEH — 250, BRI
AN AR FE N 2 R B H AN [F) () SZ AR SR AN, A B ot
BELE IR PE LA 2505 3R e R AR S5 A, 7RI
R mn SRR 2R G2, AR
B IAIMLE o 34 B BRI X i 2 2R o0 2 A S A
B, WREREIN A AR SRR S . B,
BEXF I TT TR TN ORI =, X BRI 2] 10
LR TR RN 8 R EIR AN AR, ARk 75 R o
NEG. WANNRZE. T—F, TN L,
TN AT N o M SIS A SR Y K
ESEERAE, RGN SRR i, M ANYERE
HF 625 20 00) B ) £ £ R AT N 7 4 4 FH B0 7 B DR TR
PEo AL, FEMINEZRAELE, WAL
VIR FEN B Sy 2e . o ihy S AR AR AL
1) 5 e AL 2047 o

gi b, BEEFN UCS 3Bt D AR S REAT
NAE—ERFER, T Re 28 Hu 2 A 1 i
PRRFZEL A, S B 5 fa 7 Sl R B A, 4R EE S-
HT IR W RIS EAE A .



2168 »

PER 2026E3H B57% B 6 Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 6

HBAR AR FATEEA G R

SE 3

(1]

(2]

(3]

[4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

Goodwin G M, Stein D J. Generalised anxiety disorder and
depression: Contemporary treatment approaches [J]. Adv
Ther, 2021, 38(Suppl 2): 45-51.

Simpson C A, Diaz-Arteche C, Eliby D, et al. The gut
microbiota in anxiety and depression-A systematic review
[J]. Clin Psychol Rev, 2021, 83: 101943.

Strawn J R, Geracioti L, Rajdev N, et al. Pharmacotherapy
for generalized anxiety disorder in adult and pediatric
patients: An evidence-based treatment review [J]. Expert
Opin Pharmacother, 2018, 19(10): 1057-1070.

Chi F Y, Wang W S, Zhai S S, et al. Self-assembled
baicalein-2,4-decadienal nanomedicine synergistically
inhibits PGE2 expression and elicits anti-inflammatory
responses [J]. Chin Herb Med, 2025, https://doi.org/
10.1016/j.chmed.2025.10.001.

Song J X, Li M X, Kang N, et al. Baicalein ameliorates
cognitive impairment of vascular dementia rats via
suppressing neuroinflammation and regulating intestinal
microbiota [J]. Brain Res Bull, 2024, 208: 110888.

Chen S F, Hsu C W, Huang W H, ef al. Post-injury
baicalein improves histological and functional outcomes
and reduces inflammatory cytokines after experimental
traumatic brain injury [J]. Br J Pharmacol, 2008, 155(8):
1279-1296.

Santos Marques de Carvalho R, Duarte F S, de Lima T C
M. Involvement of GABAergic non-benzodiazepine sites
in the anxiolytic-like and sedative effects of the flavonoid
baicalein in mice [J]. Behav Brain Res, 2011, 221(1): 75-
82.

Ruan L N, Guan K Y, Wang Y, et al. Baicalein exerts
anxiolytic and antinociceptive effects in a mouse model of
of the

serotonergic system and spinal delta-opioid receptors [J].

posttraumatic stress disorder: Involvement
Prog Neuropsychopharmacol Biol Psychiatry, 2023, 122:
110689.

Selvaraj L K, Jeyabalan S, Wong L S, et al. Baicalein
prevents stress-induced anxiety behaviors in zebrafish
model [J]. Front Pharmacol, 2022, 13: 990799.

Stewart A, Gaikwad S, Kyzar E, et al. Modeling anxiety
using adult zebrafish: A
Neuropharmacology, 2012, 62(1): 135-143.

Marcon M, Herrmann A P, Mocelin R, et al. Prevention of

conceptual review [J].

unpredictable chronic stress-related phenomena in
zebrafish exposed to bromazepam, fluoxetine and
nortriptyline [J]. Psychopharmacology, 2016, 233(21/22):

3815-3824.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Piato A L, Capiotti K M, Tamborski A R, et al.
Unpredictable chronic stress model in zebrafish (Danio
rerio): Behavioral and physiological responses [J]. Prog
Neuropsychopharmacol Biol Psychiatry, 2011, 35(2): 561-
567.

Zhang ] E, Deng Y'Y, Cheng B, et al. Protective effects and
molecular mechanisms of baicalein on thioacetamide-
induced toxicity in zebrafish larvae [J]. Chemosphere,
2020, 256: 127038.

Pang H X, Xue W, Shi A X, et al. Multiple-ascending-dose
pharmacokinetics and safety evaluation of baicalein
chewable tablets in healthy Chinese volunteers [J]. Clin
Drug Investig, 2016, 36(9): 713-724.

Juruena M F, Eror F, Cleare A J, et al. The role of early life
stress in HPA axis and anxiety [J]. Adv Exp Med Biol,
2020, 1191: 141-153.

Mitra R, Sapolsky R M. Acute corticosterone treatment is
sufficient to induce anxiety and amygdaloid dendritic
hypertrophy [J]. Proc Natl Acad Sci USA, 2008, 105(14):
5573-5578.

Vignesh V, Castro-Dominguez B, James T D, et al.
Advancements in Cortisol detection: From conventional
methods to next-generation technologies for enhanced
hormone monitoring [J]. ACS Sens, 2024, 9(4): 1666-1681.
Balasamy S, Atchudan R, Arya S, et al. Cortisol:
Biosensing and detection strategies [J]. Clin Chim Acta,
2024, 562: 119888.

ZR/NEL, AR, AR, A RS X M Bl B £ AT B2
AN K RE JIRIFE M [0]. KB W2 4R, 2024, 48(9):
1566-1572.

Singh D, Singh P, Srivastava P, et al. Development and
challenges in the discovery of 5-HT(1A) and 5-HT(7)
receptor ligands [J]. Bioorg Chem, 2023, 131: 106254.
Albert P R, Le Frangois B, Millar A M. Transcriptional
dysregulation of 5-HT1A autoreceptors in mental illness
[J]. Mol Brain, 2011, 4: 21.

Albert P R. Transcriptional regulation of the 5-HT1A
receptor: Implications for mental illness [J]. Philos Trans
R Soc Lond B Biol Sci, 2012, 367(1601): 2402-2415.
Popova N K, Naumenko V S. 5-HT1A receptor as a key
player in the brain 5-HT system [J]. Rev Neurosci, 2013,
24(2): 191-204.

Terao T, Ishii N, Hirakawa H, et al. Is the bell-shaped dose-
response curve of the selective serotonin reuptake inhibitor
due to 5-HT(1A) auto-receptors? [J]. Med Hypotheses,
2020, 140: 109681.

Bandeira Junior G, Baldisserotto B. Fish infections

associated with the genus Aeromonas: A review of the



PER 2026E3H B57% B 6 Chinese Traditional and Herbal Drugs 2026 March Vol. 57 No. 6

* 2169 »

[26]

[27]

(28]

[29]

effects on oxidative status [J]. J App! Microbiol, 2021,
131(3): 1083-1101.

Lemaire O N, M¢éjean V, Iobbi-Nivol C. The Shewanella
genus: Ubiquitous organisms sustaining and preserving
aquatic ecosystems [J]. FEMS Microbiol Rev, 2020, 44(2):
155-170.

Janda J M, Abbott S L. The genus Shewanella: From the
briny depths below to human pathogen [J]. Crit Rev
Microbiol, 2014, 40(4): 293-312.

RUNAE, FHFFE. WMEY--hakh s i 28 IS
RAENE s % R BESE (7], b B i R AL, 2021,
34(5): 694-698.

Jiang HY, Zhang X, Yu Z H, et al. Altered gut microbiota

[30]

[31]

[32]

profile in patients with generalized anxiety disorder [J]. J
Psychiatr Res, 2018, 104: 130-136.
Ma X Y, Shin Y J, Park H S, et al. Lactobacillus casei and
its supplement alleviate stress-induced depression and
anxiety in mice by the regulation of BDNF expression and
NF-kB activation [J]. Nutrients, 2023, 15(11): 2488.
Liu J F, Zhang T H, Wang Y'Y, et al. Baicalin ameliorates
neuropathology in repeated cerebral ischemia-reperfusion
injury model mice by remodeling the gut microbiota [J].
Aging, 2020, 12(4): 3791-3806.
Roth W, Zadeh K, Vekariya R, et al. Tryptophan
metabolism and gut-brain homeostasis [J]. Int J Mol Sci,
2021, 22(6): 2973.

[FiEshit 3 E4)



