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(FEE] B8l 200 QU S50 T I 22 i I i b S-36  (S-HT) RGN ARk B OB BUITAR DL . F73k R
JH 1 P SRR 38 (CRS ) A8 B B (A O BB A 24 5%, ICR /N BRI 7 25 (A B2, P VT 21.(0.01 g-kg!) , RO U P =5
W 21(2.5.5.0.10.0 g-kg') , BRES FAALAN, 45 21 % 22 28 d o 28 1 8 45, [ el 00 B3 e VR S 46 24, o0 R RIS i san i vk B R AN
W35 S0 PP ST AR 25 30 . IO R R v AR 0 1 -2 1 1 B - R 3 0L 3 B B 3% 2 (UPLC-LTQ-Orbitrap MS) % %8/ B 18
FEMEAR AL A A AL, AR 4R L 25 S A8 ) RS S 40 BT TR0 BOVA YT S R RS o R PR TG B 928 I BRI 2 75 (ELISA)
NS 25 M R0 G0 2 S-HT & 8. R 8 1 o8 BN Il 3 (Western blot) K6 W 45 I {0 2 AR 2 fL i 1 (TPHL) | #J1E SfL B A
(MAOA) 5-HT ¥4 iz 1& (SERT) . 5-HT 3 {& 4 (5-HTR,) 1 i #1 J¢ |2 €& & R ¥ fL [ 2 (TPH2) .MAOA , SERT, 5-HT 3% {k 2A
(5-HTR,, ) I FRIKAKT . SR 525 F24 i, AU K f 405 1838 B IR (P<0.01) , 3838 i DK RITE: R (¥ A8 2l B[] 2 1]
M (P<0.05,P<0.01) ; S BIRI A LA, 0o Blcrh v 7 det 21 /0 BROWE 7K s 407 2 B b 42 955 (P<0.05, P<0.01) , 58 301 Jif JK 7R 2l i) 7] &g
FE AR (P<0.01) , FF 0 HOAS 50 45k 21 /) BB R AN 2l B[] 4 B 25 AR (P<<0.01) o AR AL % 5 BT B, FF O B4 25 41 S A A 4
o) A 7422 A, A I AR F 0 3 R 4B NG AR A% 25 AR G, OB RN SR N A AL B (KEGG) B £ 2
SR AN R R AR A A 2 4508 H . Western blot S50 50 3F B 7R , 525 (1 241 A, 455 0 2 A TP 0 B5O0E 390 et A 000 3 5-HT &5
R TR (P<0.05) ; SAEALAL b, RO 0 S R A S S HEFRRITF R ESBHALh, 5504 i,
B4 TPH1 .SERT .5-HTR, . MAOA & [ # ik /KF J 5-HT &% 1t B 2 T (P<0.05, P<0.01) ; 5B 20 b A, I o0 #5045 7 i 4
TPH1.SERT & [1 ik /K 7 B & 1 (P<0.05,P<0.01) , FF.Lo il i 77l i 41 5-HT & 5t B A (P<0.05) . 78 KMGHT4H )% )2, 525
4] 5, B R 4] TPH2 . MAOA 3 [ £ ik K P & 5-HT & & B & F ¥4 (P<0.05) , SERT . 5-HTR,, & 1 £ ik K F 8 & L
(P<0.01); FHEERILL L, FF .0 HUAS ) B2 1 TPH2 MAOA B 1 R 357K & 5-HT & & 3% 118 (P<0.01),SERT . 5-HTR,, [
Fe K- R I (P<0.05,P<0.01) . Z5if : JF 0 1 0 35 2038 CRS /N B IARRE AT O, BT AR A F ML 5 98 35 286840 4
B i i 5-HT RS0 H 5.
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[ Abstract]
the fecal metabolome and the 5-hydroxytryptamine (5-HT) system in the gut-brain axis. Methods: The antidepressant efficacy of

Objective: To investigate the antidepressant mechanism of Kaixin San (KXS) by determining the alterations in

KXS was evaluated via the chronic restraint stress (CRS) model. ICR mice were assigned into six groups: control, model,
fluoxetine (0.01 g-kg"'), and low-, medium-, and high-dose (2.5, 5.0, 10.0 g-kg", respectively) KXS groups. Except the control
group, the other groups were subjected to restraint stress for 28 consecutive days while simultaneously receiving preventive gavage
of test drugs. Antidepressant effects were assessed by the sucrose preference test (SPT) , forced swimming test (FST) , tail
suspension test (TST) , and open field test (OFT). The fecal metabolome of mice was analyzed by UPLC-LTQ-Orbitrap MS,
which examined changes in metabolic profiles, differential metabolites, and associated metabolic pathways after KXS treatment.
The 5-HT levels in the serum, colon, and cerebral cortex were measured by the enzyme-linked immunosorbent assay (ELISA).
(TPH) 1 in the colon and TPH2 in the
prefrontal cortex, monoamine oxidase A (MAOA) and serotonin transporter (SERT) in both colon and prefrontal cortex, as well
as 5-HT receptor 4 (5-HTR,) in the colon and 5-HT receptor 2A (5-HTR,,) in the prefrontal cortex. Results: Compared with the
control group, the model group showed a decreased sucrose preference rate (P<0.01) and increased immobility time in both the
FST and TST (P<0.05, P<0.01). Compared with the model group, the medium- and high-dose KXS groups exhibited increased
sucrose preference rates (P<0.05, P<0.01) and reduced the immobility time in FST (P<0.01). KXS at all doses significantly
decreased the immobility time in TST (P<0.01). Fecal metabolomics analysis identified 7 differential metabolites between the KXS

Western blotting was used to determine the expression of tryptophan hydroxylase

groups and the model group. Metabolic pathway enrichment analysis identified 25 pathways, such as linoleic acid oxylipin
metabolism. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment further identified two pathways: tryptophan
metabolism and steroid biosynthesis. Serum 5-HT levels were decreased in the model group and the low-dose KXS group compared
with the control group (P<0.05). Compared with the model group, the medium- and high-dose KXS groups showed an increasing
trend of serum 5-HT level but did not reach statistical significance. Compared with the control group, the model group exhibited
downregulated expression of TPH1, SERT, 5-HTR,, MAOA as well as a declined 5-HT level in the colon (P<0.05, P<0.01).
Compared with the model group, KXS at all the doses upregulated TPH1 and SERT expression (P<0.05, P<0.01), and high-dose
KXS increased the 5-HT content (P<0.05) in the colon. Compared with the control group, the model group exhibited
downregulated TPH2 and MAOA expression and reduced 5-HT content (P<0.05) and upregulated SERT and 5-HTR,, expression
(P<0.01) in the prefrontal cortex. Compared with the model group, KXS at all doses upregulated TPH2 and MAOA expression and
5-HT content (P<0.01) and downregulated SERT and 5-HTR,, expression (P<0.05, P<0.01). Conclusion: KXS significantly
ameliorated depression-like behaviors in mice subjected to CRS by regulating the fecal metabolome and the 5-HT system in the
gut-brain axis.

[Keywords] Kaixin San; antidepressant; fecal metabolome; gut-brain axis; 5-hydroxytryptamine (5-HT) system
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TF O B AR/ BR3P T S B B i B )
55 Ji 1 W W re A 3, FE AL AT Re 5 R /0 B i
Jo IR B 2R3k i i 18 4% B 400 M il 8V T A
L e AN T O 5 g B T TR g AR I 9T UE S
FE0 HUCRE S 2 ol P A TR A R A AR AU P - O -
i P 9 TR F- B ik 3e A Sk, JF O P I AB
rh fi T 25 5 AR 3 4 el AR KA DG AE T BIL R i R DL
T ZEAE A A A S W G O B ) RE AR
AR GBA WAL R EE DA S . FHit, A&
SCHET GBAAE FHRRAE | SR B M 8 800 A €8 3% - 2 1
2 F BF - # H 5 08 B s (UPLC-LTQ-Orbitrap
M S ) A6 T 435 fizg 26 5135 40 LA Sz e g 3 AR A B B A
DOAR MR A A A e R R IO
5, HE T O 58 15 5 B R F AL 2E AT B E
5 7% FF O BT AR 1) GBA HLTH .

1 ##

1.1 % #% EthoVision XT B £ #7368 i R 4t (faf 22
Noldus 5 B % R A d] ), XR-XZ301 K /N B W 37 %%
B OXR-XX203 B/ BB R 2 XR-XQ202 HY /)N FR
SR GE WE VK B ( B RERE BRI AR A,
Epoch 2 %Y 4= i K i #r X ( 32 [ Bio Tek 2~ A ) ,
Amersham Imager 680 %I fb 2% & ot sl (4 A ( 3£
Cytiva/A 7 ) ,3 000 UHPLC Plus Focused %! # #& %%
WA 3 3% {Y . LTQ-Orbitrap XL &I 7 7% 1% ( & [#
Thermo Scientific 23 F] ) , Millipore Synergy UV % ##
a4l /K #L ( 9 [E Millipore A ] ) \DYCZ-MINI4 %Y H jk
X .DYCZ-TRANS2 B % B A (b 58 7S — £ W) B 4
HIRHED .

1.2 24 AZH (G5 20211218) il & (it 5
20220223) (K2 (4L 5 20211223) 1 & W (5
20210315) ¥ 0 [ At 5t A< 5107 5 25 Mk 5 B A R A
A, 2l e B 2 R 2 v 2 A B 2R TR AR 4 i 4
FE VIR A 2025 4 i b AR N R 2 ) 1Y T i
A

1.3 & FPEIT (R BTRL T A AR R R A PR
Al GRS F189157, HUAE 5 g/l ) 5 EHE (35 [ Sigma
AL H2 5 V900116-500G) 5 /0N B 5-HT il I 4 928 W
B I 2 % (BLISA) Kt ) & (b i VT3 A= W Bk 4%
HBRA AL RS TL12087) 5 UG 5 UL UE 1k (RIPA)
S 7K B LA BE R (PMISF) (BCA & [ ¥ Ji il 72
WA & ElE S RAEYWHARARA A, 5555
i PO013B.ST506.P0010) ; {4 24 iz 72 fL fiff 1 (TPH1)
Prik . TPH2 #7044 (3 [# Cell Signaling Technology /A
"l L, 8% 5 4y il o 123398, 511248) 3 SERT #i A |

MAOA $i& 5-HTR,, Hi i | 5-HTR B4k H ik -3-
R 1 S0 (GAPDH) T4 BRUAR it 4801k 4 il (HR P )
FRic LA P 8 41 50 HRP FRic L 2E P/ B E 41
ZH (RN =EE A AR R A AL 7S50k
29186-1-AP,10539-1-AP ,26438-1-AP . 21165-1-AP
29186-1-AP . RGAMOO1) ; H i@ | F i | 2 5 340 Sk o i
O s b A ) W | B S B o T
1.4 Zh¥) SPF % M ICR /MR 72 R, 1K it &=
18~22 g, 1 F 17 DL 4w (b 50 AR W E R B R w5
B S W) R A AR AE S SCXK(51)2019-0010; 47 3% T
b 5t BE 24 K A B B BR B 3h ) & Al R IE S
SYXK ( & ) 2023-0011, 3 ¥ ] 5% & 1 & &
18~25 °C , M XF 15 & 40%~70% , J't; M J& 34 0 5 1) i)
12h, A R EHK.
1.5 ¥ SMPLRRIFLI PR RFELR
WAL 2 S HEUE  AF B 3h W 18 A R L T
5 BUCM-2023041701-2041
2 FHik
2.1 W IR0 BRI A 7k R SCER R
WK IF LB MIE R NS KT A R
JEi 1120 DARIC, A 8 % B ZE AR K BT A&
2B h KRR IS GG 2 B WA G,
T HZ TP 70 cCF TR (R
22.1%) , FT0 b 0 J5 45 FH o BT DAZE R K RT3 4
i 61 B TR A U, A7 T 4 °CUKAR L 4 3 d FB L 1 .
22 S R4 Z RAEIFOEBAHHERLS g
A= 2l AR 70 kg, A5/ R B AR B0 B
11.67, 45 /N H & A 25 2.50 g- kg AE Kl
PR 45 505 o, P AR 4 S 25 R A T O BRI
Hh e 7 a0 ) R I DR AR ASOR B 1.2 40 B .
72 HHEPE ICR /N R BEHL 2 g 25 (40, AL, 3 7S
TT#H(0.01 g-kg™") , FFOHUMK cH s A 2 241 (2.5.5.0,
100 g-kg') o HAGBALNEHHEEHH
VIR, 25 LA R 2] B HOE B SRR BRIk . &
Wy JE bR A A, & 48 H R 48T 50 mL ¥k
BOEHRIREEE (N3 emxKE 11 cm, R
FEAE A B A ESAL ) 4 h, FFLL 28 dfE L BE
17 W5 7K A 4 L 530 Ui UK B R R 4T R 2 ki
525 P R, AR A /N BROBE 7K D 4 % b 2 R AR
R 3L YR YK R Ak R AN Bl T S 3, % RS M R
7 (CRS ) AR AU #E N7 i) o
2.3 NERAT AV
230 BEKIREFSEH K5 1% B 2K RN 3l 9k K
53 ) 2B A /N BRI KO, T s e /N B B AROR L
. 3 .
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SN /N B AT W K 3E B 31 25 48 h, 3 1] 7 24 ho i
e 1% BE A K FIAR FH K 00 8 5 SR S5 25 & /K 24 h,
552 H 20:00 =R H 8:00 k474 7K f 4 3, 52 5
TF 45 F RN 2 SRS o B R A S 2 A KO R A i R
O SR K I B R B K i e SR = K T RE R/
R 7K T8 A8 -+ IR K TH FE ) < 100% .
232 SRAAWEVKSCE S50 mT /N BRI I 4R
H i N 1 h(F R A 3 S50 A [ ) |, DR UE PR 55 2 HL
ek B . F /N EUE TR 12 em, KR (25+1) °C
A% B 5 (=5 25 em, B 42 15 cm) H 6 min, R
EthoVision XT #4538 &% & 48 ic st /N U5 4 min Rt
i 1S LTI AN W € s R | o) o T
TEARAS ALHEAT SN 1 B A 32 R3S DA PR35 3k 3 07
FE K TH I RE by 1k B ]
233 ERIE K/ARRERE(A L ecm i) HiE
WA e Ay [ 2 e A T B0 Sk 0 B A 1T 29 20 em, /)N
2z 18] FH P A Bm F BH A LR £k Bk . SR A
EthoVision XT #AGE i R 4810 5K 4E 6 min P 2R 3T
IEBFA] . /N B 28 v 1k 45 4L S 1 s AT
IR ARG BRSO E R Lk ST
234 WK AW %5 (50 cmx50 cmx50 cm)
b5 R e e B R Sk 3 R DR A N Ay A
25 /NIE I TEAR T (10 emx 10 cm) , o1 9 4 4 1F )5 B
BrEXRhhOoX, KA RETFMEX. RH
EthoVision XT #L45E & £ 48 20 #F 10 min PN/ BUTE
W37 46 P95 h BB R BT bk e e X R
i L BT B VR X R T L (R
2.4 FEACRE  TEATNAKGIN EEE ST, H R IR Bk
I, LA 7E 2 3R #f 2 h 5 7E 3 500 remin (5.0 2
10 cm, FIAl),4 cCAAMFT &0, WU , 25T
-80 °CUKHH & FH o F /N BN F AL 38 IS L 7E K & I iR
IS M 2, 43 A R VR R 5 U/ B
Jo W iy P9 B 288, P A B R K P R A5 i I 4R
1~2 em I Bt #7750 T =80 °CUKAE % H
2.5 fRIAL2E 0
251 FEALEE FREA (4l AL HEIT 4
T 15 ) /N BRUZS R 5 50 mg, A B2 R
W (FFEE-7K 3:1)1 000 wL,4 °CHFEE, 12 000 r+min’
B0 15 min, FF BV W TS IK 3% R 5 A%
WO ORI, B LIS, ff R OB T )5, m
AFEES0 pLE % . B 10 MFEARTRA 1L MRS
FEAAE BT P (QC) HEAR
2.5.2 Rl & F @5 4 F 8 ACQUITY UPLC
BEH C,, 4% 4% (2.1 mmx100 mm, 1.7 pm) , LA ¥ 3
. 4 .

A 0.1% H R K % W (A) - 2 15 (B) B B Uk i
(0~2 min,30%B ;2~12 min, 30%~85%B ; 12~14 min,
85%B; 14~14.1 min, 85%~30%B; 14.1~17 min,
30%B) , Ui # 0.3 mL-min", ¥ J& 35 °C , i#f £ &
3 Lo JIHE AR o e 5 %5 25 1 U (HESD) 1E L 1
BRI, BRI 350 °C, IE B B R LR
S 4KV -3kV, BHEREIS V,EERBE
110 V, 855 F45 BSR4l 2US (465 >99.99% ) ,
TE A B AR A AU B 437 Ry 40,30 arb, il B SR
4394 20,10 arb,  1F £ 55 - F0HE SR 45 35 fiff FH e EL o
S e 4y B A4 07 20, 73 HEAE 30 000, DL K BSCHE K
T AR (dd-MS?) 4 HER 17 500, 787 24 7 X h Ailf 45
755 25 (CID) , fif 4% g f& NCE35.,

2,53 EodE A FR B BRAR 09 BT A bR A A
Compound Discoverer 3.2 # 4 ¥ 17 5 F W& 19 iR 51 |
i e BRI — Ak S b G S S AR B LRI AY
e T IR X BHE T R o . 3R
SIMCA14.1 # 47 F W 53 4 Hr (PCA) Fl 1E 58 it F¢ /)N
T3 v - K B4y B (OPLS-DA) . Lk 2% 5 % %%
(FC)=1.5 5 <0.67, 7& & & 2 ¥ # 5% (VIP) fH >1,
P<0.05, 4% &% Bl (FDR)<0.05, fifi 1% 22 S AR 97 .
IZ 0 e A A AR 28 R T 2R
i) %6 %2 ffi il mz Cloud (https://www.mzcloud. org/) #f
i EIVC e, JF 256 A @ U BuE 5 . A5 1 2 5%
A48 FH A e R 5 3 R 4 R4 5 (KEGG, http:/
www. genome. jp/kegg/) . MetaboAnalyst 5.0 (http://
www.metaboanalyst.ca/)Z QRS & £ 0T T H.
2.6 ELISA K5l /Iy BRI v 45 W T4 2 )2 21 41
S-HT i ARALREALER 8 A4l 7 /N R i v 25
A R JZ S, UK AR ORI 9 A S AR BRIV B i TR
%% o (PBS) , 7840 W& , 4 °C .5 000 r-min’', £ .0>
10 min, B E3E M4 00 & U0l BT A I 5-HT & &
2.7 3E R B3 B (Western blot) & i /)N B 4%
Wi B R JR GG R R RIS A
GV N S NG (T AN S ok 7 ) | NG
¥ 1 RIPA 24 i W4T 203K ,4 °C, 12 000 r-min™,
£ 30 min, B 1, # BE BCA LRI 2 S AW E ., -
BEJE AR AT L VK R T 5% B R = IR A 2 h
J& i A SERT (1:500) . MAOA (1: 1 000) . TPHI
(1: 500) . TPH2 (1: 1 000) . 5-HTR, (1: 1 000) .
5-HTR,,(1:500) .GAPDH(1:10 000) — 1 , 4 °C%
Bl &, H,HTBSTZ MR VERE 3K, R E
ZHr(1:10 000) 1 h, EPEF B . R H] Imagel 6.0
S AT EE 1R .
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2.8 Giil2# 4 K Graphpad Prism 8.0 #E47 4%
0T R R Y + s Rax . B SR BUR AT
TE 25 G 56, RO T R T 25 40 A ISR FH B R Oy 22
SHT s E AT S IES A R HAES B R . LU
55 7K «=0.05, P<0.05 B 22 5% LA Ge it 247 X,

3 £#R

3. FFCHO AR N AR SRS AE 0 d i,
FAENRAE TR 2ZR LGRS ET.14.21d
BF, 525 (AL R, 45 41/ BRI B i/ BRI o e 2%
M (P<0.01) ;76 28 d B /N R B K, 55
P A A, A AR 2 R 0 IS 791 o 2 /0 BRUPR TR i
F T RE(P<0.01), PG 1T 4L A BT F B (025 5
T E Y, E7.14.21.28 AN, SRR A LA, 4%

F1 FOEXIMEBDMREREHEE (3£s5,2=12)

2 2P AR B XA 0T RAAE 7 d B SR T 41/
BRI T o B B 34 i (P<0.05) . WL 1,

3.2 TR ECHAR N AT R R AR S A
P4l b B, B A0 20 /N BB K e B R B 3 BR IG
(P<0.01) , 5 38 JiF bk A1 2 9 A sl isf Jia) B 48 3% Jon
(P<0.05,P<0.01) ; S5 HEAIZ b g, BUVG 7T 41, FF O L
L AR DS BB KO 4 2 B 4R (P<0.05,
P<0.01) , 5830 VK AS 3l B 1] & 25 B IR (P<0.01) , 9
PEIT 4 TF 0 4% 77 4 /s BUR: R A sl s (] 8 3
I, 22 %06 G128 X (P<0.01), &41/NRIEW 7
Bk R BTN B[R] s DXf5E R TE] A T X
FEER S AR R 2ZER LS ¥R .
W2 F3,

Table 1 Effect of Kaixin San on body weight in depressed mice (x+s,n=12)
4190 Fl /g k! 0d 14d 21d 28d
EE 23.74+0.21 32.37+0.40 35.37+0.43 37.54+0.40 32.03+0.46
FEALZH 23.74+0.19 28.04+0.32" 30.89+0.43" 32.55+0.60" 27.95+0.60"
FIEIT 4L 0.01 23.32+0.22 29.64+0.35"% 32.27+0.37" 34.17+0.36" 29.83+0.35
T O FAR 3 4 2.5 23.68+0.25 28.97+0.32" 31.84+0.48" 33.61+0.53" 28.09+0.50"
T 0w ) A 5.0 23.51+0.34 28.78+0.36" 31.13+0.32" 32.38+0.44" 28.41+0.37"
T 0 10 7 4 10.0 23.74+0.24 28.93+0.34" 31.04+0.90" 31.56+1.00" 27.35+0.85"

TE 525 A P<0.01; SR ZH Hods P P<0.05 .

x2 FOEXHER N RAEKRIF R R BEIT AMRIE (F+s,n=12)

Table 2 Effect of Kaixin San on sucrose preference, forced swimming, and tail suspension in depressed mice (x+s,n=12)

215 Fl /g k! 7K Al 8- % /% SRIA YUK R A S E] /s BRI ) /s
2 HA 93.33+0.63 47.49+8.40 64.38+6.46
H 70 2 84.56+2.88% 102.06+5.11% 105.02+12.62"
PG4 0.01 93.67+0.78" 34.69+5.17" 31.09+5.05"
T L B 2 4 2.5 89.54+1.76 84.36+13.30 39.16+8.08%
FFO b a2 5.0 91.74+0.97% 53.84+11.72" 37.05+4.32%
FF O e 7 B2 10.0 92.53+0.82% 44.35+9.71% 49.38+8.13"
52 A RV P<0.05,7P<0.01; 5HER A HoB Y P<0.05,% P<0.01(4 6-% 7[F])
F3 FOHEXTME/NRYIF LI R IEFRRM (X+s,n=12)
Table 3 Effect of Kaixin San on open field test in depressed mice (x+s,n=12)
24 51 il /g kg B TR /m SR BT A] /s rply A5 B B[] /s 1 98 X A5 B I [R] /s
S HA 42.41+1.81 324.38+26.39 47.64+4.02 304.55+6.48
[ 38.81+1.08 340.10£8.25 46.47+6.05 303.17+9.73
TG A 0.01 40.76+1.26 297.80+12.45 48.51+5.46 290.10+7.40
T O AR 7 o 40 2.5 40.04+1.16 305.97+10.34 47.75+2.52 310.46+10.48
PARION ;@ abrl b5 5.0 40.87+0.68 301.48+10.80 51.24+3.96 289.73+10.22
T H R 7)  4 10.0 41.77+1.28 339.17+30.83 54.98+5.39 278.48+10.33
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3.3 ARG 2= T

330 FEMEAWRE ST AIES PR
W16 216 MR P 5 78 1 B 7 A U A T F)
8 1724 o X IE fu B W i A s 2R 17 5 0F 8K
00— Ak b 3, MR FC>1.5 5{ FC<0.67, P<0.05
TR EXE SR YL, E£ES TR, 550
2 Bl A, BRI 4 I 0 % 235 22 AR, Hoep
130 AP L8, 105 AR T i SR L
B, T 0 B2 2L 0 k605 > 2= SR, Hod
5334 B, 72 R, FERE R, SR H4
Fbo A, B 2] SE O sk 3 777 A 2 B, Hod
3661 Y B, 116 SR T M 5 AR R 4]
Fo A, P 0 BIUCAH 0 16 M 1 550 4 22 AR, Ho
617/~ L, 933 /Tl o UL 5 3 R BRI AA L
332 EMEREWWIRE ST PCAZR IR, IE.
BB TN & ALRE ) B AI  iE fE 22
2 AR A 4 20 A 18 1 95% BAE IX 1) %, LA R 41
WA A Stk . S5 R En BRA S HAZ
[ A7 76 B 5 43 o fa 5 , 6 W CRS &b BEBA 8 ok A8 T /1
B AR RS o SRPE T 4L 5 RO B AR X T
AR A A7 AR Ak, 22 B PG VT RJT O BOW CRS i %
ZEM A Y S AL E A W S AR RN o D 4 5 R
F4 NRBEZBREDHH

Table 4 Analysis of differential metabolites in mouse feces

B A et

333 RN E S % E  OPLS-DA X =
FIE S 2] K TF 0 14 Bl s aE A7 A M 48 R
FEIE BB TR 4R 3 R B XAy, 2 B AR
YA AE I 22 5, R Y (RS R X6 Y 728 B 1 fie R %) i 07
(RS TR0 f T30 2R ) 34>0.6., 18 I ASS 784 ) fige 8% R 00 13
e ) R AF . 200 K B K5 BoR , 02 FF YL A9 K
B Ry A, S AR AL R B LA . A IR IE LR
B, 2k U 2 FC=1.5 5 FC<0.67 H
P<0.05, [A] i 7E OPLS-DA £ Al th VIP>1 i 1% i 4 Ht
HAZHE, X 1 170425 AR, o iE
B RR A 30440, U AT AT 866 4. i
17k 50 J5 1 22 AR 9, PR AR 4 FC (BB 21 /25 (1
H)>1 . FC(H L4l /R4 ) <1, FDR<0.05, §ifi ¥E ££ 15
RUZL 18 BAE A 25 41 T 0 22 AR L s FC (B
B/ H ) <L, FC (45 25 41/BE AL 41 ) >1,
FDR<0.05, i 1% 7 455 5 41~ ] 76 25 245 41 1 8 i) 2%
SEAR Y 5 SR 5 R X 26 AR e N AR A B8
(HMDB ) U #f F¢ o F 17 K 16 K 2%, 45 2t /s 401 () Ot
A TA 2 AU B Z R A I [
35 4 A0 Mg B R A . DL R ORR BN B RE &
W4,

(LN 250 HMDB ID FDR  FC(HEHIAL/Zs (4l) FCOHFL AL/ MA]) FCCRUVETT A/ RIL)
N-FP 3 -1 H-15 W -3 -7 T i N HMDB0032756  0.000 3.089 1 0.516 0.686 |
n5| Wk 212 k2 HMDB0000197  0.003 6.669 1 0.102 ] 0.640 |
JBt B PR WA HMDB0000626  0.003 6.694 1 0.615] 1.2811
Je J5 2 [ i HMDBO0001547  0.000 55251 0.065 | 0.121 ]
16-F2 47 BE e JIg 17 R HMDB0006294  0.007 3.488 1 0.604 | 1.089 1
9,10- " FRHe-12- 1 i M e MR TR HMDB0004704  0.000 2.660 1 0.515] 0.641 |
12, 13- 8 56-9- 1 NG IR IR iR HMDBO0004705  0.000 27911 0.533 ] 0.550 |

FECERNAN b - R
334 ZRMREYRERSESN KBS PASZE MR 1 4(NPAS4) L H %3k (1 4% \NPAS4

2 AR S A MetaboAnalyst 5.0 £ 541 2% 73 ¥r °F
3 HEAT A1 38 04 A A AT A R A 2 5 B G
Z BU¥E 2 (RaMP, https : //rampdb.nih.gov/) # 17 % 7
O 4 & 4, 3k 5 T 25 AR R AR, QT 9 R
SR AR L R A e T B PN TR S LR
fifs 2 R BA T 6 (PTK6) ik XL AHEZE 14 O(FoxO) 4
S0 SR I B AR B pp s T B R A B SR R R
5 RUHER (1) 41 it €5 2 P450(CYP) .CYP1IB2 B[ &
R o 3 A AL B 1 (CMOO-1) B = E L M 4ot
. 6 .

HE PR SR R 45 Runt AH G HE I 1 2(RUNX2) 4
TR M R R A P 2 A Nz AR B )
(SUMO) fb 16 1 | ic 460 Ak ) T A 38 58 ) 0TS 32 1K o
(PPARA) ¥ i K& H K 3k 4% . 7F MetaboAnalyst 5.0
5L 0 H KEGG Bfi 15 9E 47 22 AR o w46, %
JE 2 45 5 /N BRUIAR AR O A i A, 23 ) 2 0 R
PR 0 2 [ s B R LR 6 i 8 R R
U2 2% KEGG & 4 21 1) 15 230 %, 76 (0 2 R AR i
AR 5-HT iR A2 J2 5 A AE 268 5 JHe 28 i 28 2 06
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HEM K. S-HTE AR E S0 7, Nt g
Jiki % S-HT 2 G0 28 JE A7 56 3F o L 48 5 H R BRE
oK

3.4 JFOHECT AR/ BT (458 R )2 S-HT &
B SR ER, 525 I R R A i v 2

[ R Rz 2 5-HT /K28 R 98 (P<0.05) ; S 88 A
A1, SR PG VT AL AN TR b R R M S-HT A R
e A A 22 S CGE T3 S, PG TT A AN 0 B 711
B AL 5-HT K- 8T+ 5 (P<0.05) , 4545 2541
FIAI R )2 5-HT K34 0 2 55 (P<0.01) . W35,

x5 FOHXIMENRMLE LEBH AIAKRES-HT 2B (f+s,n=8)

Table 5 Effect of Kaixin San on 5-HT content in serum, colon, and prefrontal cortex of depressed mice (x+s,n=8)

5-HT/pug- L
215 Fl /g kg —

24 Hil A B2 2
7 4l 37.15+2.49 45.59+3.59 15.51+1.21
H IR 2] 28.09+1.11" 28.76+3.25" 10.47+1.01"
SPETT AL 0.01 29.49+2.57 49.10+2.26” 17.21+0.18%
T 0 B 4 2.5 26.60+1.52 38.66+3.36 18.60+0.97
FEC P ) = 5.0 33.03+3.02 36.19+4.64 16.30+£0.76%
T H30 G 77 s 10.0 31.06+1.86 47.05+2.73% 17.89+1.32%

528 AL VP<0.05; 5B 4 AL Y P<0.05,% P<0.01
3.5 JF o B /N BUSS 4 40 TPHIL, SERT,
5-HTR4 MAOA EEH R IEWM M HESHHK
i, BRI ZH TPHL . SERT .5-HTR, .MAOA ik B &
T (P<0.05, P<0.01) ; 5 B 2 bk A, S P 7T 7]

F6 FOErx/NREFAL TPHI . SERT.S-HTR, MAOA Ri%

B % [ ¥4 TPHI1. SERT. MAOA # ik (P<0.05,
P<0.01) , JF .0 8L 4% 7] & 41 B & I 8 TPH1 . SERT
Fik 2 5 B A %1% & L (P<0.05, P<0.01) . WL
N

G (x£s,n=8)

Table 6 Effect of Kaixin San on expression of TPH1, SERT, 5-HTR,, and MAOA in mouse colon tissue (X+s,n=8)

21 51 /g kg TPH1/GAPDH SERT/GAPDH 5-HTR,/GAPDH MAOA/GAPDH
25 H4 1.06+0.02 1.00£0.07 1.10+0.10 1.06+0.06
70 2] 0.86+0.03" 0.72+0.05> 0.72+0.06 0.78+0.04"
PG TT 4 0.01 1.18+0.05" 0.97+0.05> 0.84+0.06 1.17+0.09"
TE 0 B ) 4 25 1.08+0.03> 0.94+0.03 0.83+0.04 1.04+0.06
FEC 8 rp ) 5.0 1.08+0.02" 0.96+0.02> 0.79+0.02 1.01£0.10
TE 0 1L ) R A 10.0 1.12+£0.07" 0.96+0.04 0.81+0.03 0.93+0.02

e | e A . 70 0.
non I 0 2
o | R, 1 <>
sHIR, SRR w0
GAPDH 4NN SHSS sass S SSNS S8 37 kD2
A B C D E F
AL VAL BTN CLBPE 7T 415 D. PO WU R 2 41 B 5
AR 2 5 B O 1 ) A 2H (1 2 6]
B1 &ANRLERFHALSERT.MAOA . TPH1.5-HTR, & A k%
Fa ik
Fig. 1  Electrophoretic protein expression of SERT, MAOA,

TPH1, and 5-HTR, in mouse colon tissue of each group

3.6 JF 0 X /N BUAT AR B2 2 4l 41 TPH2 ., SERT,
5-HTR,, MAOA R A m S HAEK,

15 A 41 TPH2 . MAOA # ik B &2 F # (P<0.05) ,
SERT.5-HTR,, %k i % L (P<0.01); S5 A4 HE
B, 4% 45 25 40 TPH2, MAOA 1 % ik 1 W | 4
(P<0.05,P<0.01), SERT.5-HTR,, i 3¢ ik B .~
(P<0.05,P<0.01). WLz 7.Kl 2,
4 itig

A HIE 5T AE I S TF 0 BOK B B BB AR I A
il L, AT T HUIAR GBA HLHI ST . B 5E, SR H 3%
A 15 4 2 43 M & BT T O BT 0 1S 5% A 15 4
FUE S . TP OHBUKEYRE S S 2455 B2
WY RAEAE NS — B¢ 0 . BEARIF O MUK 42 HL
FFNG FA S B S e E T O R AR
EMASEARBEZHE G  AS T ETEHAK

ST



XX B XX W
XXXX 4 XX A

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. XX ,No. XX
XX, XXXX

x7 FOHXNRETFEZEHLR TPH2,SERT 5-HTR,, MAOA EAREMH I (x+s,n=8)
Table 7 Effect of Kaixin San on expression of TPH2, SERT, 5-HTR,,, and MAOA in mouse prefrontal cortex tissue (X£s,n=8)

2151 /g kg TPH2/GAPDH SERT/GAPDH 5-HTR,,/GAPDH MAOA/GAPDH
25 H 4l 1.14+0.03 0.95+0.06 0.94+0.04 1.04+0.06
70 2] 0.96+0.06" 1.25+0.07% 1.21£0.09” 0.82+0.04"
PG TT 4 0.01 1.22+0.05" 1.01£0.02” 0.90+0.04" 1.02+0.04>
TF 0 B ) R 4 2.5 1.22+0.03" 1.01+0.04> 0.97+0.05> 1.05+0.03"
TE 0 B 7 A 5.0 1.18+0.04" 0.96+0.05" 0.98+0.04> 1.05+0.04"
T 1 2 10.0 1.18+0.02" 0.93+0.04" 0.98+0.04> 1.07+0.04"

SERT | - 70 0

Tl
TPHI [ - 5 0.
SHTR,, S - 5 2
GAPDH | S S S . . 37 (D2
A B C D E F

B2 &A/NRHEHEZESERT.MAOA . TPH2.5-HTR,, EA KX
ik
Fig. 2 Electrophoretic protein expression of SERT, MAOA,
TPH2, and 5-HTR,, in mouse prefrontal cortex

RS L X B B A 43 5 A A R A RO,
N 22 % & T 6 i R0 R0 28 B0 W R K A 55, DT ek
75 i T AR A DR IR R 2 A 4 2 40 A DL 5 5%
FEAERW Y M AE L . /N UGS B 3% {8 4 UPLC-LTQ-
Orbitrap MS 5 I 18 15 4 2l 4 , AR 40 0 L 22 S+ AR
P FRE DG A T 38 B AR B A b St 2 A R EAR
U . HUAR 2 R K Y S BT AR L R % D0 A G
AH T ek B T 0 A R AR 1l i, B R D@
SRR 0 7 KEGG & 8 2 W b 07 & 55 — L 4R
M % 5 A AR @5-HT @48 2 0 & R0 &
2o 0 R S S-HT ME — [k, & X R %
I @M S-HT & 48 2 Gl AR IE & 4 FG Y7 i) £ 8
BLH ;@I S-HT RGO A K W58 i, mis S-HT
REEPUMAR T R A fr B 58 LB N .
ML RIA )2 R G %58 5-HT RSk Ar . W B4R
B, {0 B BRI R S-HT AR 41 , i A0 5 R IR & R
AR R AR AR, KPR R IR AR 5 4 RE AL
N7 KA AR Sz A5 %% D) A 00 mg| e ik A% 7 2 5
S5t I R Y G e T & 4 AR Y R S A
KT B T AW SRR R W AE T . fE2E R
AR P v, w5l Wk 2 R (TAA) FiT L 40 I8 iR (DCA) X
S-HT RGE R EHE B WIEH . TAA S 7 18 i #E AR
0 SR 7 2B 1) | WRATT A2 ), DCA 2 i 36 T R
AR A B YR G RR T R L R 2 34 e 3 P I s A
i (EC) B it 5-HT, 3 #& 5-HT & 9% il ¥4 iz # 22, it
. 8 .

717 38 35 2K 7E Bl 28 98 1 i T R AR I TAA BB S
b 1 I R i 3 rP Y S-HT G B S MR X sy
R EEARPHFE T EETNEYHELE A
Rtk — 2124 .

Hk AWFIE R B CRS B35 U2 T 45 (I i
HIA 2 S-HT R 40, BRI 528 AL iR 7E 25
BRAL, 5-HT A WL & 5 3 58 B L 32 74 5% At 1 2% 2R
T Z BN, F W CRS S 8B IE 5S-HT R 5 U fig
WE A, MYE S-HT RZORIE T I8 4 6, kY
W1 5-HT £ 424k TR K P i 103 5-HT Af W Rl 2
TR TERT AL E, BEARL A S-HT & & . TPH2,
MAOA 1 3k 1 FEAL, R W) 5-HT A 1A R i
i B2 37 F 6 5 R BF SERT \5-HTR,, {2 % 14 /= , SERT
FIRH S PR S-HT H A O 5, 42 & S-HT FOFIH
5-HTR,, 3% ik 1 = $ 7 28 fil 5 22 I 4 v 7 U
PIETE 5S-HT & i 3% T RSO0 A TR
Nk 47 2 il D RE . IS A S S-HT & 48K WL 4% 3|
AR 2 3 R AR R P B I, F R I o el A e ] iz ke
T CRS#EBLJF 45 (ML ATA 2 5-HT R Gk
AAARAS  BR S-HT RGlAE oh 78 22 Ao
CRS i E 15 T IAA \DCA | 16-F2 IR R | Fz Joit I
LK. A SCHR R E CRS W] 755 I 18 B RE 2SI
T BECRF B R 3G R LR B 2 T e R R
S F -« B(NF-«B) A F 1 4 48 RAE , I BEAK M 3K v
5-HT.DA NE % 5 2556 /K-, b B iiE B 48 1
o7 S B SR A B PR RN, BAISAE B4 9 B AL AN BR
TR 2 DY 50 I AR SR AR R R T A B R

UL A, A BIF 5% 2 B 96078 T R O AT R S 2 ek
LR S-HT R g 7 R EHUIMARIE R . S5 REHY
2 P, BRI SERT #1 50) SUP9 VTR 97 IS, 7E 45
B, TPH1,SERT .MAOA 3 ik If % 3 & , 5-HTR,
A ¥ R R TETT B GE M iE S-HT R 4K
Vo BAREE M S-HT & i 25 18 (B 2 M ¥ S-HT
SRR W EFEW S . ENH )R, 5-HT & & B
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J, TPH2. MAOA # 1 3% ik W # I ¥4 , SERT.
5-HTR,, ik B & M, 3R BT ITIRIT IS, B # K
JZ5-HT R4 8 F3% . ORGSR L
B, A6 S5 B S AL, TPHIL, SERT f 3 1 &5 , 5-HTR, .
MAOA R ik A ¥ & 45 5-HT # A 1 &
BOERENASFEAAE B EEES . MW S-HTk
T U B3O et 1 A B R B ARG A R 2 R
X 5-HT 40 i A8 5 3 P8 VT ¥R 97 — 30, B IR JF
UK B Y 5 VG VT AR S5 B L T R )2 S-HT
RGP AE FH— 2, [ i 58 B 3 % 16 T AR A
B AR N HOEI N 5-HT &40, 10 1 5-HT 245,
22 A A U T AT O BOE YT R B B R
i CRS % S 19 IAA FI DCA /K 16 Ah, SCik i
FVG T AT R R 3 G RE B FL R K I L], 28 ik
M2 b S S-HT,,  S-HT,o 2B i E 4 %K
(MC4) ik R FEGUIIARAE 2, 3E— 25 3CFE T 9P
VTR O 8 [R) s 4 i R 358 407

B Jo, W58 UE W 0 HIORT 608 7T T a i o [ 2B
P B S-HT R G L EHCIARYER o 5-HT 2 s
1o Fe A7 A5 5 4 1, AR el i A R R B B, A6 R AN
HAK S-HT J2& B A ik Sr 2R 45, (EL RS 3 o i Ji 3 TR,
BREMEZERR ., Wil ECH MHLIK L 95% 1)
S-HT, 80 B a5 et e 3, 138 S-HT 15 Jefe
Jay ¥ R AEAE L AL G Y B as A I RN I
TR [ i S-HT 800, 2 A il 28 A 27 4
55 AL B R Mk AR A% (NTS) , 8 1 p 48 35 4%
(DRN) 5-HT B #1 £ 7€ & #8 Br 90 AR 4 Y i B i
o 2R AT DL B G A NG S-HT R4, 7EE
221 GBA i & 42, I Fl ik S-HT R G2 v] Ge A1 38
ZMEAEM T XA R E R AR5, TR TF 01l
KA RG], AR S A2 5 E R g iE
5-HT R %t , 28 i 18 WIS 3 1 916 28 2R 4542 2% 31 ik 241
G153 143 37 2o 1 i 5 B S AR T S-HT &
Gt . ARSI RE R, VG AR A LG S-HT &
G, AEIF L BOR 2 04 T, A A 28 T T WU
AEAE AN, EL4EVE T AN S-HT R 50, 4% &
B-40 3 ik 55 5 A e B o) AR RE A W IS Il AR TE U %
o i 5 L R RE S A (R B AR R EAE T I AN S
R A R A 4 TR AR S o e
B % 40 R A0 L I T R HEAE R B A
fig AW, AR 2 ZHE RN S 205 W AE i N
K WERE A, 8 o g 38 R PR A O X R
e RV VE o AR 5T 45 B B, 7E FF O HOR P
TTHCAMABAE A, R 5-HT 258 % A4 7 R 4 ik

A, UE B RCTG 7T R T O HICEE 3 G T 9 A A 4 A
TARAYE R 40 i T AR AL AR
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