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Modified Chaihu Guizhi Decoction alleviates anxiety- and depression-like behaviors in

mice with chronic unpredictable mild stress by inhibiting the JAK2/STAT3 signaling

pathway
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Abstract: Objective To investigate the mechanisms of Modified Chaihu Guizhi Decoction (MCGD) for ameliorating anxiety-
and depression-like behaviors in a mouse model of chronic unpredictable mild stress (CUMS). Methods The main chemical
constituents of MCGD were identified through literature review, and network pharmacology analysis was performed to
predict the potential pharmacological mechanisms of MCGD. For in vivo validation, male C57BL/6] mice were randomized into
control group, CUMS model group, fluoxetine (FLX) treatment group, and low- and high-dose MCGD treatment groups (n=
15), and in all but the control group, CUMS models were established by daily exposure to two randomized stressors for 28
consecutive days. Starting from 3 days prior to modeling, MCGD and fluoxetine treatments were administered daily via
gavage and intraperitoneal injection, respectively. Depression- and anxiety-like behaviors of the mice were assessed using
sucrose preference test, forced swim test, open field test and elevated plus maze test. The changes in mRNA expressions of the
clock genes and inflammatory markers and expressions of the JAK2/STAT3 signaling proteins were detected using RT-qPCR
and Western blotting, and immunofluorescence staining was used to detect microglia activation in the mice. Results The key
active compounds in MCGD identified by network pharmacology analysis included quercetin, acacetin, formononetin,
nobiletin, and baicalein. GO analysis identified 607 enriched pathways, and KEGG pathway enrichment revealed significant
involvement of the JAK2/STAT3 and NF-kB signaling pathways. In the mouse models of CUMS, treatment with both fluoxetine
and MCGD significantly alleviated anxiety- and depression-like behaviors. MCGD treatment significantly reduced Ibal
expression, improved the inflammatory markers, reversed the decrease in clock gene circadian rhythm amplitude, and
obviously downregulated the expressions of JAK2, p-STAT3, p-NF-«B, IL-13, and IL-6 proteins. Conclusion MCGD effectively
alleviates anxiety- and depression-like behaviors in CUMS mice by modulating the inflammatory pathways and inhibiting the
JAK2/STATS3 signaling pathway.
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Tab.1 Primer sequences used for RT-qPCR in this study

Primer name Sequence

IFN-y Forward AGCAACAACATAAGCGTCATTGA

IFN-y Reverse TGACCTCAAACTTGGCAATACTC

TNF-o Forward GCCTCCCTCTCATCAGTTCTATG

TNF-a Reverse ACCTGGGAGTAGACAAGGTACAA

IL-1B Forward GCAACTGTTCCTGAACTCAACT

IL-1B Reverse ATCTTTTGGGGTCCGTCAACT

IL-4 Forward TCCTCACAGCAACGAAGAACA

IL-4 Reverse AGGCATCGAAAAGCCCGAAA

IL-6 Forward ACAACCACGGCCTTCCCTACTT

IL-6 Reverse CACGATTTCCCAGAGAACATGTG

IL-10 Forward GGTTGCCAAGCCTTATCGGA

IL-10 Reverse AGACACCTTGGTCTTGGAGCTTA

Bmall Forward CTCCAGGAGGCAAGAAGATTC

Bmall Reverse ATAGTCCAGTGGAAGGAATG

Clock Forward TTCCTTCCTTAGAGACGAGACT

Clock Reverse CTAAATGCTACCCTGAGGATAGAG

Cryl Forward GATCCACCATTTAGCCAGACAC

Cryl Reverse ACAGCCACATCCAACTTCCA

Cry2 Forward CAAGCACTTGGAACGGAAGG

Cry2 Reverse GAAGAGGCGGCAGGAGAG

Perl Forward CAGGCTAACCAGGAATATTACCAGC

Perl Reverse CACAGCCACAGAGAAGGTGTCCTGG

Per2 Forward CCACACTTGCCTCCGAAATA

Per2 Reverse ACTGCCTCTGGACTGGAAGA
GAPDH Forward CAACTACATGGTCTACATGTTC

GAPDH Reverse CTCGCTCCTGGAAGATG
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Fig.1 Network pharmacology analysis of the mechanisms by which Modified Chaihu Guizhi Decoction (MCGD) alleviates
anxiety- and depression-like behavior in CUMS. A: Venn diagram of shared targets between MCGD and depression. B:
Component-target-disease map. C: Core intersection targets. D: Gene Ontology (GO) analysis of the shared targets, categorized
into Biological Processes (BP), Molecular Functions (MF), and Cellular Components (CC). E: Bubble chart of Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analysis for the shared targets.

R2 NRRSEHAEER A AT AR E R X ST R

Tab.2 Key active components in Modified Chaihu Guizhi Decoction (MCGD) for treatment of depression

Code ID Name Relevance Soucre

CH9 MOL000098 Quercetin 128 Chinese thorawax root
HQ1 MOLO001689 Acacetin 62 Baikal skullcap root
BS4 MOL000422 Kaempferol 55 White peony root
GC9 MOL003896 7-Methoxy-2-methyl Isoflavone 40 Liquorice root
GC10 MOL000392 Formononetin 36 Liquorice root
ZK4 MOL005828 Nobiletin 33 Submature bitter orange
CH10 MOL000354 Isorhamnetin 32 Chinese thorawax root
GCo6 MOL002565 Medicarpin 32 Liquorice root
BX3 MOL002714 Baicalein 31 Ternate pinellia
GC63 MOL000497 Licochalcone a 30 Liquorice root
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JAK2.STAT3 X4 & hE

Tab. 3 Binding energies of the core active components of
MCGD for depression treatment for docking with the core
target molecules JAK2 and STAT3

Target Sample Estimated AG (kcal/mol)
JAK2 CH9 -6.45
JAK2 HQ1 -6.48
JAK2 BS4 -6.40
JAK2 GC9 -5.53
JAK2 GC10 -6.27
JAK2 ZK4 -6.27
JAK2 CHI10 -6.7
JAK2 GC6 -5.73
JAK2 BX3 -5.43
JAK2 GC63 -6.13
STAT3 CH9 -5.48
STAT3 HQI -5.16
STAT3 BS4 -5.08
STAT3 GC9 -5.9
STAT3 GC10 -5.09
STAT3 ZK4 -7.44
STAT3 CHI10 -5.64
STAT3 GC6 -5.02
STAT3 BX3 -4.78
STAT3 GC63 -5.8

STAT3 5 CH9 (quercetin) , CH10 (isorhamnetin) ,
GC9 (7-Methoxy-2-methyl isoflavone) , GC63 (lico-
chalcone a) fll ZK4 (nobiletin) 35 Fl f1 44 ik &4 540
EASARORL R, H  STAT3 5 CHO4 &g H
-5.48 kcal/mol, CH9 ) 3,4- " J% %L 5 STAT3 iy Lys548
TE i EUEE s STAT3 5 CHI10 25 4 fiE M -5.64 keal/mol,
CHI10 1 3, 4- — 5 3£ 55 STAT3 () Lys548 JE i & 4 ;
STAT3 5 GC9 454 fiE H-5.9 keal/mol, GCO ) 3,4-— %%
J 5 STAT3 1) Asp371 JE i S 4t ; STAT3 5 GC63 45 &
fiE }-5.8 keal/mol, GC63 fiY 3, 4- — ¥ 3 5 STAT3 Ky
Asnd89 JE hL S i ; STAT3 15 ZK4 254 fiE 4 -7.44 keal/
mol, ZK4 i 3,4- %5 5 STAT3 1Y Asn489 JF i U
RAMEAER(F3,83).

22 IR
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h, IR FERE R L PR AT R (P<0.01) , SRIBTEIK AN
i [) 25 1A (P<0.01) , WPk st [R] sk 20 (P<0.01) . 5
CUMSHLAY AL L8, ik S¢S HE AN AR L & 7 it 20 A
VGV A /N BRATARFEAT Sy, 3 T8 A i 47 5K
FWE UK ] (P<0.05, P<0.01) , ARS8 38 B vk AS Bl it

] (P<0.01,K14).

2.2.2 Jmek I H K -E CUMS ) Ko BB AT A
53X REZH e, CUMS AR A ZH MY B0 I 8 Y £ FERRT TR,
SR S0 DX IEE ShEHA] 7 Fedsi D (P<0.01) , BT
S WA 225 (P>0.05) 5 i 2R85B0 T O 6 sl
[i1] 7 U AHRZRR BB (P<0.01), 5 CUMSHIZE A,
Tk SeSAREAR A | R R AR R T G N R
JEFEA TR 3N s XS Sl TE] | e (P<0.01)
HEIFERUEG shisHa] & AR A (P<0.01, 81 5)
223 Ik SERAHA TRDRELARLEARTE 5
Xof REZH LA, CUMS A AL A /N RG24 4% X+ IL-
18.IL-6 . TNF-a IFN-y ik K F- T (P<0.01) , #I R [
T IL-4,IL-10 % 35 /K F F B (P<0.05, P<0.01) . 5
CUMS BERIZH LA, MRS SHAEARA AR | e 751 et 4 R 3R
PUyTAL/NERPT T VAR 4 - IL-18 .IL-6 . TNF-a JFN-y
Fek K (P<0.05,P<0.01) , LM R T 1L-4.1L-10
FkIKF-(P<0.05,P<0.01,[516).,

2.2.4 Ak MM S T IAK2/STAT3 2 5% 5
X AR 2 b, CUMS #5578 21 /) f) JAK 2, p-STAT3/
STAT3 .p-NF-kB/NF-«kB IL-1B IL-6 & 13k KT 5
(P<0.01), 5 CUMSHRIZH HAS IR SESIEAA IR =
FIEZH ARG T 20/ N R JAK 2 .p-STAT3/STAT3
p-NF-«kB/NF-kB . IL-1B ,IL-6 & 4 # ik /K - (P<0.05,
P<0.01,K7).

2.2.5 Hmek SE AR T 8 4 CUMS > R0 B 42
RO &k FA H5XRA A, CUMS B AL 41 /)N B
Bmall ,Clock,Perl Per2 &% k35 K PRI (P<0.05),
Cryl.Cry2 JZ16(P>0.05), 5 CUMSHAIZ LLEL, fin
WA S A A Y A1 v 91 e L AR R T L TR A
Bmall. Clock, Perl. Per2 & & #i& 17 /K “F # [& I (P<
0.05,/18).

2.2.6 Mk EIAA S TIREDL CAL R IR 40 i 8d
A XA A, CUMS AR FRIZ /N Tba 1 FHIA:4H A
B TR (P<0.01) o /INKE T2 L 53 32 s K B B Sk i/
(P<0.01). 5 CUMSHIRIZ AL, itk S SAEERIA AL
o ) AR FEPG VT 2 /) BRUAT AT Toa l " BH 4 240 Jf 250 i
(P<0.01), 40/ NE B4t 43 32 A B (P<0.01, 1519) .
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Fig.2 Visualization of the results of molecular docking analysis.
A: Docked molecular conformation of JAK2 with CH9. B:
Molecular conformation of JAK2 docked with CH10. C:
Molecular conformation of JAK2 docked with BS4. D: Molecular
conformation of JAK2 docked with ZK4. E: Molecular
conformation of JAK2 docked with HQI.

GC9 7-methoxy-2-
methyl isoflavone

E3 HFIHEER AL

Fig.3 Visualization of the results of molecular docking analysis.
A: Docked molecular conformation of STAT3 with CH9. B:
Molecular conformation of STAT3 docked with CH10. C:
Molecular conformation of STAT3 docked with ZK4. D:
Molecular conformation of STAT3 docked with GC9. E:
Molecular conformation of STAT3 docked with GC63.
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Fig.4 MCGD significantly improves depression-like behavior in CUMS mice. A: Experimental design. B: Sucrose preference
percentage in the sucrose preference test (SPT). C: Immobility time in the forced swim test (FST). D: Swimming times in the
FST. Data are presented as Mean+SD (n=15). Statistical analysis was performed using one-way ANOVA followed by Tukey's
post hoc test. “P<0.01 vs Control group; *P<0.05, **P<0.01 vs CUMS group.
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Fig.5 MCGD significantly improves anxiety-like behavior in CUMS mice. A: Trajectory map in the open field test (OFT). B: Total
distance in OFT. C: Time percentage spent in center of OFT. D: Trajectory map in the elevated plus maze test (EPM). E: Time
percentage spent in open arms of EPM. F: Number of entries spent into open arms of EPM. Data are presented as Mean+SD (n=15).
Statistical analysis was performed using one-way ANOVA followed by Tukey's post hoc test. “P<0.01 vs Control group; **P<0.01

vs CUMS group.
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Fig.6 Effects of MCGD on mRNA expression of inflammatory factors in the hippocampus of CUMS mice. A: Relative mRNA level of
IL-1B. B: Relative mRNA level of IL-6. C: Relative mRNA level of TNF-a. D: Relative mRNA level of IFN-y. E: Relative mRNA level of
IL-4. F: Relative mRNA level of IL-10. Data are presented as Mean+SD (n=6). Statistical analysis was performed using one-way
ANOVA followed by Tukey's post hoc test. ‘P<0.05, “P<0.01 vs Control group; *P<0.05, **P<0.01 vs CUMS group.
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Fig.7 Effects of MCGD on the JAK2/STATS3 signaling pathway in the hippocampus of CUMS mice. A: Protein bands of JAK2, p-STAT3,
STATS3, p-NF-«B, NF-1B, IL-18, and IL-6 detected by Western blotting. B-F: Quantitative analysis of JAK2, p-STAT3, STAT3, p-NF-«B,
NF-«B, IL-6, and IL-1p protein expression levels. Data are presented as Mean+SD (n=3). Statistical analysis was performed using one-
way ANOVA followed by Tukey's post hoc test. “P<0.01 vs Control group; *P<0.05, **P<0.01 vs CUMS group.
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Fig.8 Regulatory effect of MCGD on expression levels of clock protein genes in the hippocampus of CUMS
mice. A: Normalized circadian rhythm amplitude of Bmall. B: Normalized circadian rhythm amplitude of

Clockl. C: Normalized circadian rhythm amplitude of Cryl. D: Normalized circadian rhythm amplitude of
Cry2. E: Normalized circadian rhythm amplitude of Perl. F: Normalized circadian rhythm amplitude of Per2.
Data are presented as Mean+SD (n=3). Statistical analysis was performed using one-way ANOVA followed by
Tukey's post hoc test. ‘P<0.05, ““P<0.01 vs Control group; *P<0.05, **P<0.01 vs CUMS group.
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Fig.9 Effects of MCGD on microglia activation level in the hippocampal CAl region of CUMS mice. A: Immunofluorescence
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analyzed per mouse. Data are presented as Mean+SD. Statistical analysis was performed using one-way ANOVA followed
by Tukey's post hoc test. “P<0.01 vs Control group; **P<0.01 vs CUMS group.
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