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Abstract: This study explores the antidepressant mechanism of Radix Bupleuri-Radix Paeoniae Alba herb
pair and the core role in Xiaoyaosan. The behavioral indicators were used to observe the effects of herb pair,
Xiaoyaosan, and a negative control (Xiaoyaosan remove Radix Bupleuri-Radix Paeoniae Alba) on CUMS rats.
The body weight, number of crossing and rearing, sugar preference rate were significantly decreased (P<0.001)
and the immobility time of forced swimming test was significantly prolonged (P<0.01) in the model group. Radix
Bupleuri-Radix Paeoniae Alba herb pair has significant antidepressant effect, with the number of crossing in low
dose group similar to Xiaoyaosan, while the number of rearing and the sucrose preference rate in high dose group
are equivalent to Xiaoyaosan, and the immobility time in high and low-doses group are better than Xiaoyaosan.
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University. Metabonomics results showed 15 biomarkers related to depression, whereas administering Xiaoyaosan

or the herb pair can ameliorate 12 or 8 metabolites respectively, compared to the negative control, which can only

ameliorate 6 metabolites. The metabolic pathway analysis showed 5 depression-related pathways. The herb pair

and Xiaoyaosan exerted antidepressant effects through common 4 metabolic pathways, while the negative control

only exerted effects through 3. In summary, behavioral, metabolomics and metabolic pathway analysis revealed

that Radix Bupleuri-Radix Paeoniae Alba plays an important role in the biological effect of Xiaoyaosan.
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The data of rats' weight of C (control), M (model), P (positive), XYS-H (high-dose Xiaoyaosan), BP-H (high-dose Radix

Bupleuri-Radix Paeoniae Alba), NC-H (high-dose negative control), XYS-L (low-dose Xiaoyaosan), BP-L (low-dose Radix Bupleuri-Radix
Paeoniae Alba), NC-L (low-dose negative control); The trend of rats' weight in 28 days (A) and weight of rats on 28 day (B). n = 10, x £ s.
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Figure 2 The numbers of crossing (A) and rearing (B) of C, M, P, XYS-H, BP-H, NC-H, XYS-L, BP-L and NC-L in open field test.

n=10,x+s. "P<0.001 vs C; "P<0.05, "P<0.01, ""P<0.001 vs M
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Figure 3 The sucrose preference rate (A) of C, M, P, XYS-H, BP-H, NC-H, XYS-L, BP-L and NC-L in the sucrose preference test (A);
The immobility time (B) of C, M, P, XYS-H, BP-H, NC-H, XYS-L, BP-L and NC-L in the forced swimming test (B). n = 10, X+ fp<
0.01, #P<0.001 vs C; "P<0.05, ""P<0.01, ""P<0.001 vs M
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Figure 4 Typical '"H NMR spectrum of serum samples from control rat. The serial numbers in the figure 4 are consistent with those in the

table 1

Table 1 Assignments of 34 metabolites form rat serum

No. Metabolite o,/(multiplicity) No. Metabolite o,/(multiplicity)
1 HDL 0.87 (m) 19 Creatine 3.04 (s), 3.93 (s)
2 LDL 0.89 (m), 1.27 (m) 20  Choline 3.20 (s)
3 Isoleucine 0.94 (t,J=17.2 Hz), 1.01 (d, J= 7.2 Hz) 21 Phosphocholine 3.22 (s)
4 Leucine 0.96 (t,J= 6.6, 6.3 Hz) 22 Glycerophocholine  3.23 (s)
5 Valine 0.99 (d,J="7.2 Hz), 1.04 (d,/J=7.2 Hz) 23 Trimetlylamine oxide 3.26 (s)
6  Isobutyric acid 1.07 (d, /= 6.9 Hz) 24 Scyllo-inositol 3.36 (s)
7  2-Ketoisovalerate 1.11 (d, J=17.2 Hz) 25  Taurine 3.41(t,J=6.0,4.2 Hz)
8  3-Hydroxybutyrate 1.20 (d,J= 6.0 Hz), 3.31 (d, J = 6.0 Hz) 26 p-Glucose 3.41 (dd, J = 6.9 Hz), 3.46 (m), 3.72 (m),
9 Lactate 1.33 (d, J=6.9 Hz), 4.12 (q) 3.90 (d, /=12 Hz)
10 Alanine 1.48 (d, /= 7.8 Hz) 27  o-Glucose 3.53 (dd, J=3.6 Hz), 3.71 (dd, J = 6.0 Hz),
11 Lysine 1.45 (m), 1.73 (m), 1.90 (m) 3.78 (m), 3.84 (m), 5.24 (d, J= 3.6 Hz)
12 Lipid 1.57 (m), 2.77 (m) 28  Glycine 3.56 (s)
13 Acetate 1.92 (s) 29  Glycerol 3.59 (dd, J = 6.6, 4.2 Hz),
14 N-Acetyl-f-D- 2.04 (s) 3.66 (dd, J=3.9,4.2 Hz)
glucoside 30  Allantonin 5.39 (s)
15  Glutamine 2.14 (m), 2.45 (m) 31 Tyrosine 6.89 (d,J=2.4 Hz),7.19 (d,J=9.0 Hz)
16  Acetone 2.23 (s) 32 Phenylalanine 7.32 (m), 7.42 (m)
17 Pyruvate 2.37 (s) 33 Histidine 7.04 (s), 7.74 (s)
18  Dimethylglycine 2.92 (s), 3.70 (s) 34  Formate 8.46 (s)
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Figure 5 PCA scores plots (A) of rat serum from C and M, permutation test form PLS-DA (B); OPLS-DA scores plot (C), V-S-plot (D),
OPLS-DA scores plot of C, M, P, XYS-H, BP-H and NC-H (E), OPLS-DA scores plot of C, M, P, XYS-L, BP-L and NC-L (F)

¥ VIP>1 H. P<0.05 {F > 0 368 18 76 A= W0 bs B 20 10 ) 52
PRt o b2 2 B AL A | BH 1 2 2 L GE DB A L 2 A
2 B 4 of B8 2 35 4T OPLS-DA 4347, B0 38 85 L 265 %)
AR X RO 2B b P 1 [ 250 (] SE, 5F).
23 E£EREYSH B A [ R Y A AT
OPLS-DA 43 #7, i i t 15 Bl 15 J0H8 5 #H 56 1) 7 75 2E
YIkREW . 52 A B, AR K BRI i b
FREE A\ 3-FR TR N R 43 &Ik i Bk B- 7 %
B H SR R o 2 B 8 R A & BT AR
MR A 7R PR L IR L D9 R R L ULIR R A =
HE 7 R AR & R PR A . SR A bR, I8 0% HRE
RERAREEREAOVREERED . FREAR B
NG 3-FR 5L TR TN =R S TN I T R UL IE
B SR = Rl R - 7 67 W 55 12 Bl AR A AR B
ZistRe W EHH P mEERES R AAR AR
P ez PR 20 7R T S  FULIEF < A = PR R A o 2657 R 5
8 T 75 LE W bs s B St HEL B 5 4 3 (R0 o 3 op g
MR E O R R AR VLB o %
WSS 6 g e AL bR B . 45 BT, FE AR B R
K b, Se - A 2555 et & 07 B 5 19 G 4 b &
ARG REREN . ERRERIEITREE b, 58—
FIAT 2556 % bR SR TR S 5 A — 8 (K
6)o T 9 14 XoF HEAE b 76 40 1) 0 15 B SRR B AN B e
BH-EAT 20T o a7 S A — 11 AT 245 00 7 18 18 SO AR A
FORAE bR EA B VAT L B B ZAE .
3 RBEESW

H 8 'H NMR % B 5 15 Bl 5 300H1RE A1 5% 7 26
Pnbr A UL R T8 T8 Y 2455 0 [ o R 3 (B ) AR

Yk & 4% N\ metaboanalyst (http://www.Metaboanalyst.
ca) ¥ FE b HEAT A IE B A BT . W TA, R AL R
Pathway impact %7 HH ¥ $b 20 B BT oF 550t 00 A 36 o 2%
H B, AL IR-log (p) RS & 4701 (1 2
F KT o AHIE T R AR B 5 e 4B KT 0.1 1)
A0 5 HIAD A O B AU I8 B, Lk 15 3 5 2 A
W, 73 N H =R 2 Z R TR A R A SRR R
RIRA R RV E B WRAR RE R RMAZ
PR AU PR R R AT W % A BB 5 2E . £ CUMS £
TSGR 1) 5 25 AU 0 v, 2 3 SO 24 0 3 g R Y
HIR) 4 S5 AR B%, HLOGT A (B A 1T 38 6 1% 25 2 A8 R
BEMAKFE—E (B 7B.70); FIEXT BN EHS 5 T
Horp 3 A0 HHE R (B 7D). Ui B SE R - 1A 25 0 AR
TR Fho I R AR B R S BT AR R AR .

Wig

S L AT G AT A Y o B BLAE DA KA S5 K
FEWRNh. SEH AR, LA AT Z BREUHI SE ] 2 S
I, FH SR 2 S O] AT 2 R 8, —Hie— Wi, 2w AT
A T RO AR 2 007, JERE S B TR KEEJR &
Frgi 5 K CRF AR J7), 277 S A AT 4
VA IRID IR IR S5 BT 2 A A 2 A, A2 AT
AR 22 0427, JLrh DASEEUON R 2, AT R 2. A
W58 DL CUMS BEAL K BRI S0 0 4, 82 2 0 L Il 1&
FICART IS P Xt R A K SR AT o 2 B R i, AT
JZ TR TS — AT 0] 18 B8 BCACHE FUAMAR A T 5Tk
R FH AR U 2 27 BRI B S - 11 A5 24500 ) s 4T ' A
WL, MK ZE W 35490 [ 8] 55 P58 48 75 245 068 oF 3 & 10



< 726 - 222224 Acta Pharmaceutica Sinica 2019, 54(4): 720 -728

1.5+ 4 0.20- 1.5-
g QQ g * * I; * () I; ; gols- Kk Kk *A: *% * * ok g A " Q’;
: m] o A
1.0 @ A ## A 1.0-% ## % o o
3 % o % &» % é % % s 3 g? & & R & E X 9 v & K3
2 o o 2. 0.10- & m 2 2 o V& g .
1) < o ‘% o A 1) ed ®
= o = S dig 2 os 3 & & %
£ 0.5 < IS = 0.5
§ ﬁo.os— § S A o
0.0-— T T T T T T T T 0.00-— T T T T T T T T 0.0-— T T T T T T T T
C 3 % 8 vy .y O D %Ry A C DRy
‘gf W .&:@' F .1.*% RS 4;@ L ﬁ:® &Y 4;@ RS
HDL Isoleucine LDL
0.25- 0.25- 0.129
8 # kkk ok *
0.204 0.20- J
g 0.154 P I T T s B 2 0.154 S A tg? % g o wkk O
leTioara®e 108 Sep¥ey e T oodgvis
£ 0.10-% & & i % % » 2 0.10- S =R N § woxx @R A % N
5 v 5
A T eT feg 273 3w
0.0t 0.00lr—— 004"
C S 3 RPN ¢ o %8 PR R S S S S PPN
FELEF S R F LT SL
Alanine Acetone 3-Hydroxybutyrate
0.4+ 0.35- 0.6
O a sy KR i ok Z
8 0.3 ** = 8 0.30 "o * g . m 4 m]
g8 ™7 seskok * o g 0309 * AA * [m] & v * A
4 o % o e O < é Vg O 24 % % %% ® & o ‘%
202 w 4 2us]® & & = 3 >
21 % @ 5025 % 5 B n 2 o O % u]
2 |9gvoma o0& 2 ° 4 £ v = o
g A % = v B0{0O 2 v o ®
Z o < 0201 o ° % A
@D
A
0.0-— T T T T T T T T 0.15-— T T T T T T T 0.3-— T T T T T T T T
C D R 2 D vy ¢ S R > 0 yoy RS 2 e 3 Voy
.ﬁq &L _p@ RS ‘;@ USRI S .\;@ & _‘;ff RS
Pyruvate Glutamine Creatine
0.5+ 0.6 1.8
# A A *v* E‘k ok -
S 0.4 * S 2 S 1.6 * *
o o % o O m * =] o @
3 A o % 3 v 5 & EE g o A
o 0.5 SO
< 03{ 811:2 z @ %K Z £ Gl %L o % ® ? o af E 144 %P wx O g -
e T Fe pL B E 2 e ¥ b bg®E 2 ° g8oid
g0 ° o s © E04 > 7 9 o R0 A g 1] %% o AA%WDJ ©
5 £ .44 3= o
i ® A N
.1 ° .0
L e 03— —— ot
S R A e e VIR I R e PO C %Ny
¢% &Y ‘&( RIS ‘F@’ PRNS 4?‘%' e -;‘% &Y .&f RS
Choline Trimetlylamine oxide a -Glucose

Figure 6 Comparison of relative peak areas of the potential biomarkers associated with depression, which could be regulated by XYS, BP

and NC. The relative peak areas of metabolites were obtained from '"H NMR analysis of serum. n = 7, x 5. “P<0.05, *P<0.01, #*P<0.001

vs C; "P<0.05, " P<0.01, ""P<0.001 vs M
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Figure 7 Summary diagram of pathway analysis with Met-PA. The metabolic pathways associated with depression (A); Regulation of met-

abolic pathway of XYS (B); Regulation of metabolic pathway of BP (C); Regulation of metabolic pathway of NC (D)
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