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spleen deficiency using a combined induction method involving neurobehavioral assessments and traditional
Chinese medicine (TCM) syndrome evaluation. The model was constructed via modified electroshock and forced
swimming protocols, and compared to a chronic unpredictable mild stress (CUMS) -induced depression model.
Syndrome validation was performed using TCM prescriptions. Depression assessments revealed that the mice in
the combined induction model exhibited significant depressive-like behaviors compared to controls. Moreover, the
5-hydroxytryptamine (5-HT) and dopamine (DA) levels in the brain tissue and serum were significantly decreased
(P < 0.01, P < 0.05), while corticosterone (Cor) levels were significantly increased (P < 0.01). TCM syndrome
evaluation demonstrated symptoms including mental fatigue, delayed responses, insomnia, reduced appetite (P <
0.01), and diminished tongue color intensity (P < 0.01). Cardiovascular and digestive functions were impaired (P <
0.01, P < 0.05), with a decreased spleen index (P < 0.01). Validation experiments indicated that paroxetine
alleviated the depressive-like behaviors, while the classic TCM formula Guipi Decoction significantly modulated
depression-related biomarkers and syndrome indicators. A mouse model of depression with both heart and spleen
deficiency can be successfully established using the modified electroshock combined with forced swimming
method. Animal experiments were conducted with the approval and supervision of the Animal Ethics Committee of
Jiangxi University of Traditional Chinese Medicine (ethics number: 2023031303).
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Table 1
parameters. 5-HT: 5-Hydroxytryptamine; DA: Dopamine; Cor:

Compound mass spectrometry optimization MRM

Corticosterone; APAP: Acetaminophen

Compound QI Q3 Transition DP/V  CE/eV
5-HT 177.100 160.100 177.100—160.100 70.000 17.000
DA 154.100 137.100 154.100—137.100 60.000 14.000
Cor 374.100 329.400 347.100—329.400 85.00 30.00

APAP 152.000 123.000 152.000—123.000 31.000 14.000

Table 2

acid-water; B: Acetonitrile

Linear gradient elution procedure. A: 0.01% Formic

Step  Total time/min  Flow rate/uL-min’' A% B/%

0 0.00 300 70.0 30.0
1 1.50 300 30.0 70.0
2 3.50 300 5.0 95.0
3 4.50 300 5.0 95.0
4 4.60 300 70.0 30.0
5 7.00 300 70.0 30.0
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Figure 1 General condition observation and behavioral results of mouse. A: Dynamic recording of mouse body weight; B: Dynamic
recording of mouse food intake; C: Dynamic recording of mouse water intake. n = 9, mean = SEM (ANOVA is two-way analysis of

variance). "P < 0.05, "P < 0.01,

sk

P < 0.001 vs control; D: Mouse sucrose preference test (SPT); E: Tail suspension test (TST) immobility
time; F: Forced swimming test (FST) immobility time; G: Open field test (OFT) mouse trajectory heat map; H: Total distance traveled by
mice in the OFT; I: Number of entries into the center by mice in the OFT; J: Time spent in the center by mice in the OFT. M1: Chronic
unpredictable mild stress; M2: Electic foot-shock combined with weight-loaded swimming; P1: Chronic unpredictable mild stress with with

paroxetine treatment; P2: Electic foot-shock combined with weight-loaded swimming with paroxetine treatment. n = 9, mean + SEM

ok

(ANOVA is one-way analysis of variance). "P < 0.05, P < 0.01,
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Figure 2 Detection of neurotransmitters in mouse brain tissue and serum. A: 5-HT levels in mouse brain tissue; B: DA levels in mouse

brain tissue; C: Cor levels in mouse brain tissue; D: 5-HT levels in mouse serum; E: DA levels in mouse serum; F: Cor levels in mouse

serum. n = 9, mean = SEM (ANOVA is one-way analysis of variance). ‘P < 0.05, “P < 0.01
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Figure 3 Tongue manifestation and sleep phase detection results of mouse. A: Tongue image of mouse; B: Quantitative results of the red

intensity of the tongue manifestation in mouse; C: Time spent in the wake phase of mouse; D: Time spent in the rapid eye movement (REM)

phase of mouse; E: Time spent in the non-rapid eye movement (NREM) phase of mouse. n = 9, mean = SEM (ANOVA is one-way analysis

of variance). "P < 0.05

M (P <0.05).
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Figure 4 Hemodynamic results in mouse. A: Ultrasound imaging of mouse carotid artery; B: Average blood flow velocity in mouse carotid

artery; C: Systolic vascular diameter of mouse carotid artery; D: Diastolic vascular diameter of mouse carotid artery; E: Ultrasound imaging

of mouse heart; F: Left ventricular ejection fraction (LVEF) in mouse heart; G: Laser speckle brain blood flow imaging of mice in each

group; H: Average brain blood flow velocity in mice. 7 = 9, mean £ SEM (ANOVA is one-way analysis of variance). "P < 0.05, P < 0.01
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Figure 5 Spleen index (A), superoxide dismutase (SOD, B) and malondialdehyde (MDA, C) levels in myocardial tissue, and D-xylose (D)

and gastrin (GAS, E) levels in serum of mice. n = 9, mean + SEM (ANOVA is one-way analysis of variance). "P < 0.05, P < 0.01
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Figure 6 General condition observation and behavioral results of mouse after Guipi Decoction administration. A: Dynamic recording of

mouse body weight; B: Dynamic recording of mouse food intake; C: Dynamic recording of mouse water intake. » = 10, mean + SEM

(ANOVA is two-way analysis of variance). ‘P < 0.05, "P < 0.01,

ok

P < 0.001 vs control; “P < 0.05, “P < 0.01 vs model; D: Mouse SPT; E:

TST immobility time; F: FST immobility time; G: OFT mouse trajectory heat map; H: Total distance traveled by mice in the OFT; I:

Number of entries into the center by mice in the OFT; J: Time spent in the center by mice in the OFT. n = 10, mean + SEM (ANOVA is one-

wkx

way analysis of variance). "P < 0.05, P < 0.01, ""P < 0.001

VK2 AR US , model 21 /) B JBLIE F8 2UK T+ control
MR, BA G %ER (P<0.01), ZHBZEITE,
/N BRI FE B 2 4R T (P < 0.05), MM Z TEYT R IT )G
B /I BRA H 0 2 1 2 5o
345 VARHETRROAERN SR

25 BANE 10B.C 278, 5 control ZH/)N AH EE, model
H/NBR L SOD & & R & (P < 0.05), i MDA
& EF (P <0.01), 210 VYT MIEMEZ G T R, /D

f SOD MDA % & 154 2| i 4 (P < 0.05, P<0.01).
4.6 VARE;738 7 5B D-xylose X GAS ixt 5 & 46
“#R
25BN 10DE AR, 5 control 4/ B AHEL, model
H/N R IME Th D-xylose 2 GAS & & £k (P<0.01), &
HREZ 16T )5, /N BRUILIE H D-xylose & GAS # & 2. %
FHiE (P <0.05), IHZ PEITIRIT B/ R A T w3
BAHGE L.



SRR A —FofCo JIR P R TR VIS S A R ) 2 57 R PP AR T 0 - 2207

A g0 . B 20— . C 15—
_ - *% L ¥ —_— g
2 15— 2 15 2
2 0 5 10—
-~ & 8
£ 1.0 = 10— S
£ ‘3 B
LS g g
= o -2 5—
o 05— S s =

< o
e} a 2
o @]
0.0
ol

D 150 E F
& 100 & &0
= = 3

e~ =

2 g g

O g —_—

50 — o )

g = g

e Z
<

23 = 3

Figure 7 Detection of neurotransmitters in mouse brain tissue and serum after Guipi Decoction administration. A: 5-HT levels in mouse
brain tissue; B: DA levels in mouse brain tissue; C: Cor levels in mouse brain tissue; D: 5-HT levels in mouse serum; E: DA levels in mouse

serum; F: Cor levels in mouse serum. n = 10, mean = SEM (ANOVA is one-way analysis of variance). P < 0.05, P < 0.01
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Figure 8 Tongue manifestation and sleep phase detection results of mouse after Guipi Decoction administration. A: Tongue image of
mouse; B: Quantitative results of the red intensity of the tongue manifestation in mouse; C: Time spent in the wake phase of mouse; D: Time
spent in the REM phase of mouse; E: Time spent in the NREM phase of mouse. » = 10, mean + SEM (ANOVA is one-way analysis of
variance). "P < 0.05, “P < 0.01
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Figure 9 Hemodynamic results in mouse after Guipi Decoction administration. A: Ultrasound imaging of mouse carotid artery; B: Average

blood flow velocity in mouse carotid artery; C: Systolic vascular diameter of mouse carotid artery; D: Diastolic vascular diameter of mouse

carotid artery; E: Ultrasound imaging of mouse heart; F: LVEF in mouse heart; G: Laser speckle brain blood flow imaging; H: Average brain

blood flow velocity in mice. n = 10, mean = SEM (ANOVA is one-way analysis of variance). "P < 0.05, “P < 0.01
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Figure 10 Spleen index (A), SOD (B) and MDA (C) levels in myocardial tissue, and D-xylose (D) and GAS (E) levels in serum of mice
after Guipi Decoction administration. » = 10, mean = SEM (ANOVA is one-way analysis of variance). "P < 0.05, "P < 0.01
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