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[Abstract] Objetive: To investigate the mechanism of antidepressant effect of verbascoside based on
high-throughput sequencing technology (RNA-Seq) , and to explore the possible targets and signaling pathways.
Methods: Forty C57BL/6 mice were randomly divided into control group, model group, fluoxetine group and

verbascoside group, 10 mice in each group. Except for the control group, all the other three groups were
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constructed with chronic unpredictable mild stimulation (CUMS) combined with solitary feeding for four weeks.
Control group, fluoxetine group and verbascoside group were administered by gavage once daily for three weeks
during the second week of modeling. The mice were assessed by sugar-water preference test, forced swimming
test, open field test, elevated cross maze test, and water maze test. Enzyme linked immunosorbent assay (ELISA )
was performed to detect the levels of major neurotransmitters and inflammatory factors in mice serum, and
mRNA high-throughput sequencing was performed in the nucleus accumben and colon to screen differentially
expressed genes and perform pathway enrichment analysis. Real-time polymerase chain reaction (Real-time
PCR) was used to detect the mRNA expression of Gad, Slc32al (VGAT) and brain-derived neurotrophic factor
(BDNF) in nucleus accumbens. Result: Compared with the control group, the anxiety and depression-like
behaviors in the model group increased, while the learning and memory ability decreased significantly. The
content of neurotransmitter in serum decreased significantly. The content of pro-inflammatory factors increased
significantly. The mRNA expression of Gad and Slc32al(VGAT) in nucleus accumbens decreased significantly,
while that of BDNF increased significantly. Compared with the model group, the anxiety and depression-like
behavior of mice in verbascoside group was significantly relieved. The neurotransmitter content increased
significantly, and the pro-inflammatory factors decreased significantly. The mRNA expression of Gad and
Slc32al (VGAT) in nucleus accumbens increased significantly, while that of BDNF decreased significantly. A
total of 48 differentially expressed genes in nucleus accumbens and 43 differentially expressed genes in colon
were screened by high-throughput sequencing. Differential genes in nucleus accumbens mainly focus on
neuroactive ligand-receptor interaction, 7y -aminobutyric acid (GABA ) ergic synapse, synaptic vesicle cycle and
other pathways. Colonic differential genes are mainly concentrated in GABAergic synapses, synaptic vesicle
circulation, cyclic adenosine monophosphate(cAMP) signal pathway and other signal pathways. Compared with
the control group, the mRNA expression of Gad and Slc32al (VGAT) in nucleus accumbens of model group
decreased significantly, while the mRNA expression of BDNF increased significantly. Conclusion:
Verbascoside has significant antidepressant effects. Its antidepressant effect may be related to the increase of
monoamine neurotransmitters, the decrease of pro-inflammatory factors and the restoration of neurotransmitter
homeostasis by increasing GABA , and it mainly acts through the signaling pathways such as neuroactive ligand-
receptor interaction, GABAergic synapses, synaptic vesicle cycle and cAMP signaling pathway.

[Keywords] depression; verbascoside; high-throughput sequencing technology (RNA-Seq) ; brain-gut

axis; nucleus accumben
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Table 1 Primer sequence
519 751 £ B /bp
Gadl |7 5'-GGGCTATGTTCCCCTTTATGT-3' 184
T 5'-CCTTTCTATGCCGCTGAGT-3'
VGAT L 5-TGGTCATCGCTTACTGTCTC-3' 157
T % 5-TGCTGCATGTTGCCTTCG-3'
BDNF [ 5-TTATTTCATACTTCGGTTGC-3' 166

T % 5'-ATGGGATTACACTTGGTCTC-3'

2.7 Gt HF SR FH SPSS 22.0 AT 4R HT L, LI
B SR x5 R, 45 2] LY A SR R BB AL PR IR 3
23 B (One-way ANOVA ), P<0.05 4 4iit2¢ 5 X .
3 &R

3.1 BEEBE X CUMS S/ BT ek 2
3.0 BE BT M E CUMSE S/ BRI AR RE 47
o S Al A, R A /N BROBE K B i B
G, B8 38 Wi K S 56 R RS Sl (] R 3 8 £ (P<0.01) , /)
B PR R Bt B I R AT Oy 4 EE G 0, A A 4H A BH B 1Y
TVARRERRAE s B AL T UG , SBIRIA LA, B
KA B W R A S iR UK S 58 AN Bl ] G
435 (P<0.01) , FRWIH PR K AT R 48 BRI, 3R B
EIEREAF AT B 2 CUMS 5 S/ RUIMARRE AT h .
W2,

Table 2 Effect of verbascoside on behavior of depression-like mice (x+s,7=10)

il F 4t /mg- kg WK /% 0 WK /s ™ 3/% 238 /% KA E /s
=g 76.68+1.20 27.62+6.79 11.04+0.75 10.08+0.87 3.30+1.17
R 25 56.12+2.23" 63.84+5.67" 3.86+0.74" 2.75+0.37" 0.70+0.16"
FPETT AL 20 67.35+2.93 32.72+5.93% 7.05+0.66 5.35+0.69% 2.02+0.47”
E¥ V2 ! 60 67.26+1.74 30.19+5.12% 8.32+0.60% 4.24+0.48% 1.97+0.77%

528 AL VP<0.01, 5EEIZH T4 Y P<0.01

3.2 BB E CUMS S/ BUE B R 4T
o AR A, AR Tk
i /N BREE T DX R TR i 4 R I (] 2 U
A (P<0.01) , & BI/INBURE JEREAT S B Bk B A AR R 1T
T RS L /N BUAE e DX R I AR i 4 8 2 B ) i
EHE R (P<0.01) , B B8 AL W51 nT B 2l /D B
IEMAT R, K2,

3.1.3 T M % CUMSIE S/ l2E 2301z
fE TR KB S 2 SR W HT 4 K ARG R I R4
WE ek S RNAI e L F 65, 2 F 4/
R E P2 SR /NR 525 A

B, HMWIZB SR L2, 887 6 00 B OB B>
(P<0.01), 1M EFEACHH THG , SE R L, 2F
HOE B OB 3 N (P<0.01) , B & 4B MEFE AT 0]
ME/NRE T ICCRE T . LR 2,

3.2 LA LB X CUMS 7 SMARRE /N B 1+
Z 3o T e A ME R R Y 5 A gl HA 1A
ZH /N UL T 5-HT .GABA DA & 1 W] i FE A (P<
0.05) ;IL-18.1L-6 . TNF-a % & ] i |-+ (P<0.05) .
5RO A L, B AR B A BRI S-HT .
GABA .DA # & B & $2 & (P<0.05) ; IL-18.IL-6,
TNF-a 7 W B R (P<0.05) . W3R 3.
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F3 EBEBEENMBHENROLBFHZERRXEERFHZIE (3+s,7=10)

Table 3 Effects of verbascoside on serum neurotransmitters and inflammatory factors in depressed mice (x+s,n=10)

205 il /mg kg 5-HT/pg-L" GABA/pg-L'  DA/pg-L’ IL-18/mg-L" IL-6/ng-L" TNF-a/ng-L"
24 461.81435.43 10.12+0.64 48.6345.14 99.62+4.70 18.99+1.53 893.69+27.24
IR 241 403.96+24.78" 9.33+0.56"  38.72+0.80" 109.63+5.02" 22.41+2.39" 937.87+33.44"
SEV Wi i 60 455.78+39.55Y 9.98+0.33%  46.74+4.29% 102.66+2.45% 18.11+2.93% 878.48+42.76%

T 58 AL Y P<0.05 5 SR 4 L4 2 P<0.05
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T DL YGRS R A kL. 25 LR B 43 2 R
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GABA REZE fih .cAMP 5 53 [ 45 38 4 3 45 i 22 57 3
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fiE 28 falt 2 fil /NG IR SRS SR . WK 4,
34 REEZ 54 mIEE 22 7 RN o0 KRR
43NS I N 45 43 41 22 5 3 B 4 L 45
Gadl.SlIc32al (VGAT) .BDNF ., Gabre ,Htrlb %5 5 4~
e [F] 25 S 3 K, Horp Gadl . Slc32al (VGAT) 7E 4R [
¥ K &5 h BB b R R R, B AR AR R T T
J& L% ; BDNF (Htr1b 76 fR I 4% S 45 i v, 5 A0 441 o
Foon L, BEALBHT T 05 T 98 ; Gabre 76K /%
LR A, B AE R T HUS T A L B AE
) RN R A I L O W S 74 2 € e 1 = 8
3.5 MRWEEAL P EEZEFHFN mRNA KL 5
25 P4 bh A, B A N BROAR PR A% 2 40P Gadl .
Slc32al (VGAT) % ik & Bl i T [% , BDNF £ ik i B
B E T SRR LA, B A AR R A/ BRUAR PR A
41 41 h Gadl . Sle32al (VGAT) % i5 & B 8 T+ &5,
BDNF FRik it b 3 T FE, WLk 5,
4 g

AR AE 2 H Ay 32 20 A S TAE (a2 it
B = RBR P JEA t BLZ A R R 20% 7. Hoi
P 2%, % 9 WL i AS B fG 8 5 00 R K i o g B
5 ol -a R -1 AR CHPA) il 558 22 45 71 G -
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2838 RGN A R 00 DA KGE i i GABA ik
RSN S S

i i i K B 5 i A AR A PR A LT T
Bl ROk B 2 05X 2R B VD AE S5O il oG R %
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Table 4 Main KEGG pathway of differential genes
i P . FE A -
s i 24 R oA CE =0 Pe A
04080 MG PEECMA/SZIAR 14 BEBRAESZ NN B Z Ik 3(Chrnb3) T B AESZ AT B £ Ik S(Chrnas) T VB E 7.93x107 A kA%
HAEH] R Z K ald(Adrald) T .Caleb T M LK BUBCR BERUHR (Crh) | oy &HET

2 A 321K e WA (Gabre) | A KRB E (Ghrh) | (5-HT 2Z K 1B(Htrlb) | |
Npy2r | MR K Z IR (Prlr) | 2 FUR MR R BB EE (Trh) |l 28 06 1 Ik 32 1k 2
(Vipr2) | hE P24k 2(Hertr2) | \y-Z 3 TR A 21K 07 3£ (Gabrq) |

04727 GABA fig % fitk 4 Gabre| .Gadl 1 .Slc32al 1 .Gabrq |

04024 cAMP {5 5 il % 3

04630 JAK/STAT 1% 53 3 Cntf] Prir] (1400327 Z 4K a(1127ra) T
05032 N HE A I 3 Gabre | \Slc32al T Gabrq |

04721 Zfi/INEL A 2

04917 fEFL (5538 2 M E 2R 2(Esr2) | \Prir |

04924 & FE 4 2

04976 fHTT 41 2 Agqpl| .Sleolb2 1

00430 2= filf [ 1L 4 sk R A 1 1 Gadl?

04080  Neuroactive ligand- 6

receptor interaction

04727 GABAergic synapse 5
Slc6all 1

04721 Synaptic vesicle cycle 4

6 & 5t 11(Slc6all) T

04024  cAMP signaling 4 BDNF | .Grin2b | Htrlb | Htr4 |
pathway

05033 Je il T i 3 Gabre | .Grin2b | .Slc32al(VGAT) 1

05014 JJL= 4 ) 4% Bt AL E 3 Grin2b | .Slcla2 T \Tnf?!

04930 11 BUME SR I% 2 ATP454 £ W % 1% C LA 8(Abee8) T . Tnf 1

05030 T+ [X 2 BDNF ,Grin2b |

05144 JE% 2 /MR EE 1 4(Thbs4) L Tnf 1

04940 T BUHEIRIH 2 Gadl T .Tnf?

G P b 22 % 5% 47 (BDNF) | \Htrlb |\ Vipr2 |

TR F I 17 L5 6(Slc17a6) | . Sle32al(VGAT) 1

KB A 1(Aqpl) | Sk Yy i ffE 7 3a1(Clea3al) |

Gabre | AR Z A E F % NMDA2B(Grin2b) | \Htrlb | .5-HT 3 {4 4(Hir4)
L JBEZ K (Ppy) | BRI AZ 4 57 B B m R VOB 1(Trpvl) |

Gabre | B 2K % 6 5 12(Sle6al2) | .Gadl T .Sle32al(VGAT) 1 .

3.14x10" Rk
4.67x107 K%
2.39x107 fRFwt%
4.76x10° K%
3.32x107 fRFwt%
3.00x107 R Fw#%
3.32x107 Rk
3.00x107 fR k%A%
4.08x107 fRIA#

4.35x10™" 451

4.89x10° %5

Sle6al2 | W FTEAK % 15 2(Slela2) 1 .S1e32al(VGAT) 1 AR R % 6.58x10° 45l%

3.37x10° 4%

2.09x10™* 45fp
4.32x10™" 451
8.69x10° %k
8.69x10° %if
1.17x107% 455

1.69x107 45l

T T ROR 2R E N BE AT AP 2R L | 30822 L A BE LR T 41 2R T

®5 EREEFIMHBNRMKEZEALR Gadl.Sle32al (VGAT) .
BDNF mRNA B0 (X+s,n=4)

Table 5 Effect of verbascoside on relative expression of Gadl,
S1c32a1(VGAT) ,BDNF mRNA in nucleus accumbens of depressed

mice (x+s5,n=4)

20 5 /mzj-i" Gadl (S\IICGB?FI) BDNF
EEE 1.00+0.08 1.00+0.21 1.00+0.22
0 2 0.70£0.29"  0.78+0.09"  2.84+1.04"
B A 60 1.80+0.82%)  1.22+0.44>  0.57+0.30"

T 528 4L 8 P<0.05; 58 4 e A 2 P<0.05,% P<0.01

H R A R R S B Y R
R AT B R MR R A% S 5 K L T

T 0 R S B A A5 T A A E AR PR R O
LR R K e Z Bl e R 5 IR B AZ A G, B
B R B A R A 2 Y AR 5 R i 2 B BR B 2 TR Y
B R U LA B A R PR AZ XY L R B
¥ 98% J: GABA i Z i 450, GABA RE il &
JC 0405 5 PR RE A G o b AR B A2 2 A 0
T X 22 B i 6 00 T 48 S T A TR I A 4 27
Sk AR AR I U A AR A R BE A o0 1 R
SRF AR I AR I A A Ry Bz S5 300 5 ] i AN BT i i 1 e
MAEFEY . SRR B, 2 5 R 5L 1R R S 4
o A % 1 SR B, 45 i 7= 2B 19 J 5% R U7 2 (SCFAs) TR
iz £ 38 2 b AKX RR 2 R S8 0E 1 UE & 47 4, BYRNE
Afpleol sty ok SR 2 i TN R 3k 1T RE 8 4 K S0k
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A (PR B A ) 38 I 7 £ B0ORN 35k 2 il 19 1k 2 47 R v
% % B FLVE ] NETTLETON 28405 g6 45 LA oy |
Fit 25 42 TE MR A S AT AT A A SIREL Y
TE R A ) A R I A 2 2 B D R B R AR AR B
% ) 1 2 R ¥ Ak i R 2 [0 % 32 1R mRNA K
AGUSTI 152 56 25 LR B 78 K B ) U A Y
wh it FH 4t — PR TR 23 52 ) K R B A A 5 1 22 Jil
SR, 2R 2 B 9 AR AT o

FEF I, A S50 o B AR B A B 45 W 54T mRNA
o O O 22 S R AR SRR, O X 22 S AR TR
1730 B% & R A0 . IR R A 25 S R IR 3 B AR AE
2805 Pk AR /32 AR A0 HAE ] GABA #E % fill . cAMP
O I S 2 22 RO R A
P BE A -2 AR HH B AR L GABA fiE 28 firh 28 fish /N YL 916
GG T . MRS R R -2 KM B A S
i 5 R 28 T BE AR OGO A0 2 AR A
R 52 B 28 ST T RE 40 L A2 1R B 25 G i S L
AT EE R R IR BT, RS 50 & 06 Rk -2
A EAE N & FEGCIC I BE TR . GABA
AE 5% fil W PK % W 4 Gabre. Gadl. Slc32al
(VGAT) .Gabrq 4 2 73K . GABA 2L 3h ¥
TR Bl 28 R G b e 2 B ) M Rl 20 5T, R
GABA g T A M 2 JURE I . GABA BEH ] #f 22 S0 il
A% TR e HE 1R P 28 0K BT B R A
A R Gt . GABA T 58 fil i 5 N H 4% 4 R AE 4
1% JBE 52 Bl (GAD) B9 1 H F AR % fk i >k , GABA &
P G G5 R (VGAT) ¥ 32 F A JEAE6f T 387, 7 pf
28 2% Ay W B ORE B HE N S8 Ml ] B, O 2 B I a8 iR
(GAT) 5 #5 mlig 28 i (5] B GABA™ . B U, S0
iE & A & S5 GABA fig £ 4052 1 i 2 fig & A5 h
WYL, HATH A LLS-HT fE R 5 8 #4819 3T
TR 25 W) i 438 L 5 i GABA BE R 4806 o & 1597
B cAMP A 538 I 76 15 25 08 5 N2 2R i B
B & A SRR L R AT R R R M TR AL
TABAE 5 30 fH ), FL G I SN 1) K B0 o R TR
WAL (AC) I 1L , 14k ATP /K f#t 4= i cAMP, 3475
PKA (% H # i A) , fif PKA % 2 1k 3 1% CREB
(cAMP [ i JC A 45 6 1) 17 5 5% S 6, R 240 i
HME 5 T 3 B 20 P, kAR T R AR TS R R
A, T R 1 2 filh , DT 2 TR VR R
2 fih /N 2 T A7 R TR0 o 1 3 i o 2 ik /N v 2R
P2 2 fil T R4 3 - A — b AR 1, 2 5% A 3 v
SRR EFNEAZ — A E L8N
B AEAE T BB o Bl 4R T 22 ) 1 32 Ui 2
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2 filh /N YRS A B3 T A T . BIFSE R 8 i
N P2 TR B 0 A 6% 1 A O BRAY A3 1] B ) 2
2 RE 1 TE B TR I R A Y R BB AL
& filh /N AR A AR B A AL kA A 45 s ol
PO iR P B S-HT 36 T R 46, b 4 oo i 45 B & 2 0
T IR AL, 5 fl iy BEE 5 fioh /)N 360 2 19 1) B B0 B R
WAL, 2% fih T 9 M Y T REURGR R 2  BOR B A
]2 12 BE T3 IR

BDNF.Gadl.Slc32al (VGAT) . Gabre . Htrlb |f]
It TR AR B A% B 45 W vh 3k 1 25 5 5L . BDNF 760
FLh RN h |-z Rk 0 5k E M4 i 5 il
&3k 5 fh mT YA A Bh 248 & A4 OG ,BDNF & i 76 1)
I 28 R N 1M TP BRSO BDNF 1] DL 240
OB 245 (4 36 97 M8 > o i 3 40 B A% 38 7= 4 SCFAs
FUR G B I 1R AT A S g v i B R AERK- 1 (GLP-1)
7=, GLP-1 fit #f BDNF iy 7= 4= o AR B A% I 45
Mg R R, 525 A4l g AL 2 BDNF ik
HETE R S AERE T T UG OB 20 A L 3R Gk
I 5T R R A 4141 b BDNF [ mRNA % ik &
545 A — B R K i S5 R B, CUMS i
S0 AR AL 25 5 BOIR B AZ o BDNF 3k 3 it
I 45 B 55 PR RE £ I T B I D sl i B A v g
A (HT A Y BDNF 3R 3 #H I . /R 45 BDNF 7E
Ih A K iy A5 v & AR TR AE R AR RS [ X AT
fie M R AF . Gadl.Sle32al (VGAT) , Gabre 3 />
F N FEEEE GABARER il {5 5 . GABA
Al Hh ) A 22 00 8 2L BRI GABA PS4 o0 Y
GABAA Z &, (i G5 F oE A 280, D & 31 30 6l
PERISST K S50 UE B, g 3 ok A= 9 RS A B AT
7= GABAP™ . Gadl Fl Sle32al (VGAT) 43 %Il 7
GABA MU iz b R EEAE M . Gabre &
GABAA ZARW 3, ERBEZ Y, Gabre 76 B & 1L B
T UG RoR R EAESS T BEARRE THUS
Feon LA AR B A% 4 20 P Gadl ., Sle32al (VGAT)
mRNA ik & 507 25 50 A1 — 3. H#iX T Gabre
TE AR H (9 VE T HIL I B AN [ 41 22 Hh 9 78 AL i F
D, Gabre fEAR B2 5 45 o v 2 &5 A HS PiAE
{E A% 5 22 B MR AWE5E , 3F 4 LS Gabre T A B 5%
PEAL R . S-HT J& UL HL =5 2 0% B o AR, i i BB A
Sy Bk 1 g 3 v XUER 43 A 4 IR 2 il i Yl 1 R B
R, HoA 2 R R ACEAEHY . S-HTAE N
B P 2 B X Y I A 2 AT R
T RE S5 A7 AR F Y IR RE 2R AR S-HT & &
Yol /6 gk P S-HTT SR 5 AT o) 5 2 I PR BT



9528 B 14 1
202247 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 28,No. 14
Jul. ,2022

AR5 W) . [RIEE, S-HT 7675 E il 2 3, 4 3
P2 AR R e RO AF O T B AR
FH' S, Ji T8 ot A W AR 7= A 19 SCFAs R 35 & Py 5-
HT B7KF7, 5-HT B A BRI 53 U5 52 45 i 5 35 5%
M, fi 5 HPA %l e 58 8 G0 b I %) 5% ), 9 HL 5-
HT & & o A48 & 1) 5% ) 3xX 26 28 7o s-
HTRIB %i i 5-HT1B Z & , 5-HT1B 32 1 & — Ff #f
ZRN A B2, 2 55 KB )20 5-HT /Y
G BURBE L, S-HT1B 32 1A 5 AR i) o5 38 A= B 2
SO MR A R, B R T HUS Herelb %
KT, 5 NAUTIYAL 557V S0 45 R G s =
Htrlb [ & 32 1K 2 5 SO S A AR AH S AT S 1y 9 /b
R —E.

25 B TR, B S AW T 38 ok A 2R 0 P AR -2 AR
FHEAEH .GABA BEZE filh 28 fil /N L 76 5 . cAMP 4%
{5 5 30 B, 1 B e S b 28 0 L9/ A AR 2 AT i
DRI~ R 52 2% e P /A0 ) A Ao 222 38 B T, 5 Wi i -
22 HF i HE T R FEBTAAR DAL
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