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[Abstract] Objective: To investigate the effect of Xiaoyaosan on depressive behavioral phenotype in
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mice with vascular dementia (VaD) mice and its possible mechanism. Method: Sixty three-month-old male
C57/BL6 mice were divided into the normal control group, model group, positive control group, as well as
low-, medium-, and high-dose Xiaoyaosan groups. Mice in all groups except for the normal control group
underwent bilateral carotid artery stenosis. Two weeks later, they were subjected to chronic restraint stress, 6 h
per day, for inducing VaD complicated with depression. Mice in the low-, medium-, and high-dose Xiaoyaosan
groups were treatment with intragastric administration of Xiaoyaosan decoction (5, 10, 20 g-kg"'), the ones in
the positive control group with fluoxetine (10 mg-kg"), and those in the normal control group and model group
with an equal volume of normal saline for four weeks, during which the restraint stress was maintained. The
depressive behavioral phenotype of mice was observed in sugar water preference test and tail suspension test. The
fluorescence expression of myelin basic protein (MBP) in ventral hippocampus (vHIP) was detected by
fluorescence immunoassay. The ultrastructure of myelin sheath in vHIP was observed by transmission electron
microscopy. The protein expression levels of MBP, myelin oligodendrocyte glycoprotein (MOG) , myelin-
associated glycoprotein (MAG) , triggering receptor expressed on myeloid cells-2 (TREM?2) , inducible nitric
oxide synthase (iNOS) , arginase 1 (Argl) , interleukin-I8 (IL-18) , tumor necrosis factor- a« (TNF-«) ,
interleukin-4 (IL-4) , and interleukin-10 (IL-10) were assayed by Western blot. Result: As revealed by
behavioral test, compared with the normal control group, the model group exhibited prolonged immobility time
and decreased percentage of sugar water preference (P<0.01). Compared with the model group, Xiaoyaosan
significantly shortened the immobility time of mice (P<0.05) and increased the percentage of sugar water
preference (P<0.01). Western blot results showed that the protein expression levels of MBP, MOG, and MAG
in VHIP of the model group were remarkably decreased as compared with those of the normal control group (P<
0.01). The protein expression levels of MBP, MOG, and MAG in vHIP of the low-dose Xiaoyaosan group were
increased in contrast to those in the model group (P<0.05, P<0.01), while the protein expression of iNOS was
decreased (P<0.01). The protein expression levels of MBP, MOG, MAG, TREM2, Argl, IL-4, and IL-10 in
the medium- and high-dose Xiaoyaosan groups were up-regulated (P<0.05, P<0.01), whereas those of iNOS,
IL-18, and TNF-a were down-regulated (P<0.01). The immunofluorescence findings demonstrated that the
mean fluorescence intensity of MBP in the model group declined in comparison with that in the normal control
group (P<0.01) , while the mean fluorescence intensities of MBP in the low- , medium-, and high-dose
Xiaoyaosan groups were enhanced to different degrees (P<0.01). It was observed under the transmission electron
microscope that the myelin structure of the model group was loosened and the dense layer was separated and
irregularly arranged. Xiaoyaosan improved the structural integrity of myelin sheath and the looseness of lamellar
structure. Conclusion: Xiaoyaosan ameliorates the depressive behavioral phenotype of VaD mice, which may
be related to the up-regulation of TREM2, the induction of M2 polarization of microglia cells, the enhancement
of their anti-inflammatory and phagocytic abilities, and the promotion of damaged myelin sheath regeneration.
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Table 1 Effect of Xiaoyaosan on depression behavior of BCAS/
CRS mice (x+s,n=6)
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Fig. 1  Electrophoresis of MBP, MAG and MOG myelin

associated proteins in vHIP in each group
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Table 2 Effect of Xiaoyaosan on myelin associated protein expression level in vHIP of BCAS/CRS mice (x+s,n=6)

2 5 /g kg MBP/GAPDH MAG/GAPDH MOG/GAPDH
EH 1.00+0.23 1.00+0.13 1.00+0.10
i) 0.50+0.10" 0.32+0.83" 0.44+0.09"
FPGTT 0.01 0.63+0.10 0.490.10 0.520.08
I8 IE 5 0.79+0.09% 0.63+0.13" 0.65+0.12%

10 0.83+0.22% 0.72+0.15% 0.70£0.15%
20 0.85+0.16" 0.86+0.15" 0.73+0.09"
5 ?

B2 JEEH#R BCAS/CRS /IR vHIP 8 $518 fi 45 4 B 5 1 (L BE 47138, <25 000)
Fig.2 Effect of Xiaoyaosan on ultrastructure of myelin sheath in vHIP region of BCAS/CRS mice (SEM, x25 000)
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Fig. 3 Effect of Xiaoyaosan on MBP immunofluorescence staining of CA1 and DG region in vHIP of BCAS/CRS mice (IF, x100)

R 3 EEH BCAS/CRS /MR vHIP H1 CA1 X 71 DG X MBP K
FHRABER RN (F+s,1=6)
Table 3 Effect of Xiaoyaosan on average fluorescence intensity of

MBP in CA1 region and DG region in vHIP of BCAS/CRS mice

(x+s,n=6)
21 51 il /g kg 14

EH 89.94+7.24

LAY 26.95+6.68"

FIGT 0.01 52.52+5.30%

SEREE 4 5 49.65+7.26%
10 55.07+7.23%
20 77.14£6.69°*

5 IE R 4L Y P<0.01; 54 M 4] Y P<0.05,7 P<0.01;
SR PEITAH LA Y P<0.01(F4H) .

TREM2 e s e e asas e 28 kDa
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Argl WD s SN S S R 10 kDa

GAPDH "N s A S S S 33 kDa
A B C D E F
B4 FEMRvHIP/NEFARMIE, M2 BB XE A BK
Fig. 4 Electrophoresis diagram of M1 and M2 related proteins in

microglia in vHIP brain region of mice in each group
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F* 4 BEEHX BCAS/CRS/MNFR vHIP i R/ A M1 E M2 B HXEAREKEMNEIE GG+s,n=6)

Table 4 Effect of Xiaoyaosan on expression of M1 and M2 related proteins in microglia in vHIP brain region of BCAS/CRS mice (x+s,n=6)

21 51 il /g kg TREM2/GAPDH iNOS/GAPDH Argl/GAPDH
EH 1.00+0.11 1.00+0.11 1.00+0.12
iR 1.94+0.17" 3.25+0.28" 0.37+0.12"
FIGTT 0.01 2.20+0.23 2.92+0.24 0.41+0.07"
FEREE e 5 2.32+0.33? 2.80+0.19" 0.50+0.09

10 2.56+0.10" 2.540.15Y 0.63+0.05>
20 3.24+0.22% 2.12+0.17 0.80+0.08*

K5 HEHX BCAS/CRS/NE vHIP H TNF-a, IL-18,1L-4,1L-10 & B R ik K FHEM (f+s5,n=3)
Table 5 Effect of Xiaoyaosan on expression of TNF-a,IL-18,IL-4,IL-10 proteins in vHIP of BCAS/CRS mice (x+s,n=3)

4151 Fl /g kg TNF-a/GAPDH IL-13/GAPDH IL-4/GAPDH IL-10/GAPDH
EH 1.00+0.12 1.00+£0.22 1.00+0.15 1.00+0.11
H5i A 4.07+0.55" 3.23+0.37" 1.45+0.18” 1.79+0.39"
SPTT 0.01 3.23+0.65% 2.80+0.46 2.34+0.35Y 3.65+0.38
14 1% 4 5 2.80+0.25% 2.52+0.38Y 2.23+0.14Y 3.60+0.17%
10 2.46+0.34Y 2.18+0.27Y 3.56£0.26" 3.65+0.43
20 1.81+0.28Y 1.43£0.16” 3.97+0.15% 4.09+0.58>

IL-15 e S . . S e 31 kD2

TS . - — 25 D
-4 S B Sl &% % % 17kDa

IL-10 i d— 21 kD2

GAPDH " s S S S S 33 Da

A B C D E F
B 5 #&4E/NR vHIP H TNF-a,IL-18,1L-4,1L-10 & H ik
Fig. 5 Electrophoresis diagram of TNF-a, IL-18,1L-4 and IL-10

in vHIP of mice in each group
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