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Mechanism of Saponins of Baihe Zhimu Tang in

Treating Major Depression by Regulating 5-HT Function
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[ Abstract | Objective: To study the mechanism of total saponins of Baihe Zhimu Tang ( SBZ) in
regulating 5-hydroxytryptamine ( 5-HT ) function for treatment of major depression, and to explore the
pharmacodynamic advantages of SBZ versus total saponins of Lilii Bulbus (SL) or total saponins of Anemarrhenae
Rhizoma ( SA). Method:; The depression model rats were induced by using unpredictable mild stimulation
combined with feeding alone, and were divided equally into five groups: the major depression model group
(MDD) , total saponins of SL group (100 mg-kg '), total saponins of SA group (220 mg-kg '), total saponins of
SBZ group (240 mg-kg™') and fluoxetine hydrochloride group (FLU, 10 mg-kg '). Another normal group was
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also set up, n =11 in each group. The normal group and MDD group received the equal amount of 0. 5% Arabic
gum solution, and corresponding doses of drugs were given in other groups. The immobility time in forced swimming
test and the levels of 5-HT in blood and cerebral tissues of experiment rats were measured. Immunofluorescence
staining was used to detect the positive expressions of 5-HT1la in the cerebral cortex and hippocampus. Reverse
transcription and polymerase chain reaction ( Real-time PCR) was used to test the mRNA transcription levels of
genes in hippocampus: 5-HT synthesis gene tryptophan hydroxylase ( 1TPH1 ), Synaptic vesicular monoamine
transporter]8A1 ( SLC18A1 ), synaptic protein-25 ( SNAP25 ); the expression of RGSI9 in blood and
hypothalamus were also detected. The expression of 5-HT transporter protein ( SERT) in hippocampus and
hypothalamus was detected by Western blot. Result; There was a significant difference between model group and
normal group (P < 0.01). As compared with model group, SBZ significantly reduced the immobility time of
depressed rats in forced swimming test (P <0.05), up-regulated 5-HT levels in blood and brain (P <0.05) and
the positive expression of 5-HT1a in cerebral cortex and hippocampus (P <0.05, P <0.01). According to the
results of SBZ significantly increased the mRNA expression of TPH1, SLC18A1 and SNAP2S5 in hippocampal, and
up-regulated the mRNA expressions of RGS19 in blood and hypothalamus (P <0.05, P <0.01); SBZ reduced
the expression of SERT protein in hippocampus and hypothalamus (P < 0.01), thereby increased the central
content of 5-HT. Conclusion; SBZ can activate 5-HT synthesis gene TPH1 expression, down-regulate SERT
expression, inhibit reuptake, increase the content of 5-HT in central tissues. SBZ could also up-regulate the
expression of 5-HTla receptor and its downstream gene RGS19 to regulate receptor function and signal
transduction ; improve the neurotransmitters transmission ability by up-regulating the expression of SLC18A1 and
SNAP25, and finally achieve the anti-depression function. Results showed that SBZ had significant
pharmacodynamic advantages in antidepressant efficacy as compared to SL and SA.

[ Key words | total saponins of Baihe Zhimutang; antidepressant efficacy; 5-hydroxytryptamine (5-HT) ;

mechanism; pharmacodynamic advantages
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i BRI ML W 5T WA, AR RE (MDD) 5
BRI 2238 T 5-4% 40 i (5-HT) Dy RE 2K 6 6 R %
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HOAG-HEE 1), 258 i 70% B I s 28 K AL
IG5 E TS, 4l 8 50% L b AR K
A A AT O BES B i, 43 =99.99% ) 5 Fi Bk
BAF (LAVAEE AT B, 11) M S I 2 551 R 0. 6%
M T% . FHBRFIEIT 0w (3 EALE A, 5
2014 A) ;trizol-A + & RNA 2 BUK ), fo 7 387 &
(R AR A R A AL S 2 50 DP424,
FP314) ; EvaGreen 2 x qPCR MasterMix ( Z€ i ABM
4y d], MasterMix ); 5-HTla, SERT 4% & & &
(Tubulsa) ,B8-HL3h & [ (B-actin) —HT (Z E Abcam
N LB 4 Bk ab227165, ab181034, ab6160,
ab8224) ;s B 2 AL Py B A iC =Pt ( L SR
BHEA R A F],33101ES60 ) , K L 5-HT 3 5 & (48
LAY FE L ALS CSB-E08364r) .

1.3 {Y$% EGI1150 %7 % 4130 4L, RM2235 #1174
WY R AL (8 Leica 23 7)) ; DHG9030A AU LA (X
WA ERHA L R & A BR A ) s BXSITRF AL i fif
B (H A JE B ) 510127105P-G #0235 A (V1 9%
7 A ) 5JA2003 BYHL 4347 RAF- (BT A T i
XA A BR 2 ) 5 VS-13001-U B i TAE & (J5 M
LA RN A]) ; Multiskan FC B fif§ #7 4% , Pico 17 B 5
B IR B0 4L, ABI9700 % PCR 4% ( 22 [E Thermo 2
A ); SI-A256 7 i JiE ¥R 3% #% ( 32 B Scientific
industries 2 &) ); CFX96 # 3¢ J¢ € &= PCR 1Y,
1658003 U3 F1 H, yk i , Criterion %I 7K H#E E & 4%,
1708195 I i 1% % 45 , 1645052 %I Powerpac Basic %
filt . 8 ( € ¥ Bio-Rad 24 H]) .

2 Ak

2.1 AN A AT R ISR LG 18 AN T
DL P R B R AR A A AR S
pAGIEN: EUDS S N WV X IR SN SN
B E A R ARoK, ROkl IE H S AT
] Kb TR0 RIS A AR 2 2 24 4P A7 R A8 kR T
9L T R AT R A ) A B IR Wiinner
AEUE 7 v LA B Bk, 9 BRI N T A 4 A% ok
(24 h) A5 (24 h) , BOKIFTK (45 °C,5 min) , 7KK
JiEvk (4 °C,5 min) , & % (10 min) , ] 1@ R}
(24 h) BN BEERRY) (24 h), K (20 min) , J 4§
(2 h) B HBEYLZEHE 1 F, 5] R0 O HOAS Al % 22 31,
fili 2 Wy A BE HURL B0 & A SRR T 6 R L i
R R BRI AR AR T

2.2 SIS HZY K RGE N P BE R R AR X
open-field 17 2= PF 3 #EAT 43 41, 1K 51 12t S OF 43 A I
MR B IE 8 4L, AR SE B R 20, /A S 2 i a4

(SB) ,HIBE B RBAFH(SZ) , M ERTA
(SBZ) , A DLt 4L (FLU) , d 4 11 Ho AR I IR
NS R RO S, G 2 B E Ol SB
100 mg-kg ™', SZ 220 mg-kg ', SBZ 240 mg-kg ',
FLU 2 BB SCHR 4 710 mg-kg ™" R SA 25 sh ) T
WAL 1 REIB ARG # S A2, 489 H
0. 5% BT R AF1AR J T B AH I 1) Y Ak VAL, I 5 AL AN D AS
i AR 0 20 45 T A B 0. 5% B B0 B RS T W, R
1K,

2.3 (RJREAI SRR B0 SR B R
I, DLW SR 45 20 S 00 R B 5T 5 1 28 Ak o

2.4 sRIAVEVKSCE R OR BUBOA B BT KORR (.
%25 cm, & 48 cm) F, K 40 mm, B iR SCIG )
Rkl H g RV 6 min, id 5% KRS 4 min
(AN SR B, 0 0 A Bl bR, K BRUE K s 1k 5 4L
SR EVRARA A R AR IE Bl K I S 55 i
1 d 75 #4738 NI .

2.5 MK CHEARARESKHN SLRERS S
6 JE UG , K BRUTR B2 BRI, I M e Ik BB I, B0 K kg 43 5
Mg KT Fe i A UK R Y A, i T
PETECR I 5 3B 43 4L 41 - 80 CLRAF, VL& I W50 06
i,

2.6 I35 KM KKM 5-HT & & IR
3000 remin "' B0 15 min J5 B, K B 20 21 W R
% wk (PBS) A3 J5 3 000 remin ' B0 15 min
BB T B, T A e TR IBK G 928 T I 7 ( ELISA)
Il Ud BH A5 R 1 AR I % K K W 4 40 R 5-HT

=%

b

H o

2.7 RPEVIEKI 5-HT1a fHMERE  HUKMA 2
I R AT S e 52 ek 5-HT1a PAPE 36 IF 1T 553 T,
R B s It s Ak B 3 R 0 ol AR v IR v TR R AT
P & &, H,0, 4 3 30 min, —$i 4 CIHH
(1:1000) %, Z4HiH @M E (1:1 J7)1 h,PBS %
X Th0, B AR B A 30 s,ddH,0 {51k B A5 5 A,
T WEIF G T  f H Image J #E47501T .
2.8 Srmu o6 E ' KA M E X N (Real-time
PCR) k] 5-HT #HCHE K 35 HUMK S T
i 2 2142 BUEL RNA 56 558 ¢ DNA G I T Hy 21 21
IR AL B 1 (TPHL ), 58 fill 9 30 PR i 5% iz 1K
(SLC18A1) , 2 fih #H 3¢ 25 11-25 (SNAP25) mRNA ff
ik, BMMIMEM T EKALH 6 EARGSH S
P 19 HTAK (RGS19) (3K, 2% FE K 51 ) ih
ETAWA ARG, 51 Y7 5 1L 3R 1, Real-time
PCR ¥ 1 & Jy¥ o0 #i 48 ¥ 98 °C JZ Jif 2 min; PCR
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SR S5k 98 °C T AE #E 20 5,60 C A8 P 30 s,
R 40 WK, Al AL FC £ BC0F 6 B 328 17 43 b 45 3
B FEAS B 08 24 2 ( cycle threshold, C, {8) , Jf i

*1 PCR3|#FE7

Table 1 Primer sequence of genes for PCR

TR S R, AH T B -3 -8 R B A W ( GAPDH)
N Z R AT (Livak )2 42983+ 5 mRNA B4 X %

N Eligs 4 53" TUFEIH 53 519K /bp
RGS19 TCTTCTGGCTGGCTTGTGAG AGTCCAGGCTGACCTCCTTG 123
TPH1 ACCATCTTCCGAGAGCTGAA GACGTTGTCTTCCCGATAGC 108
SNAP25 TCATCCGCAGGGTAACAAAC GCGATTCTGGGTGTCAATCT 131

GAPDH CACGGCAAGTTCAACGGCACAGT

AGCGGAAGGGGCGGAGATGAT 111

2.9 FEHASRIFEE T EE (Western blot) ¥ ] SERT &
HRE BES LT EAZRRER, EH
ERIC RS 5 DL &% F i SERT 8 [ k10, 1
HL VKR A HL UK 8 OB, N RE L 30 mA SRR HL K
90 min % i % B HAE UK B, 250 mA 5 F T B IR
90 min, HUHY PVDF f#, TBST Pk 3 ¥k, 4 ¥K5 min;
TBST BC il 5% AR Wik EHF41 1 h TBST PR3 W, B
K 5 min; SERT —$Hi % 1:500 ML 7 B, 4 CHEHE
12 h, [l —$i, TBST PR3 ¥k, B 5 min; —Hiik
L7 el fi e, 2 i 1 h, TBST PEfRE 3 Ik, BRIk
5 min; 45 & @0 IR M Image J 47 K JEAE
G, TR A X Rk

2.10 il SR SPSS 16. 0 48 it @i k47

F2 SBZIMMEBKRBREFTENFI (v £5,0=6)
Table 2 Effect of SBZ on body weight in MDD rats(x +s,n=6)

Geits b, S A L IWBIR I U x £5 Fox M 0 K
HEAT 4 F) A 56, R SR DR 38 0 22 40 BT R AT R 25 R
Kim , LA P <0.05 2R A G5 L.

3 #R

3.1 XFAMAR A B BT i A S I S50 A 4 KR
R R 25,1 M5, 5 1E % 4 A, 18 H
RUZH PR T i b R (P <0.01) . H5HAIA L,
Fi25 3 )5, SB,SBZ,FLU 2l K RUA 5 & 08 W 7 25
(P<0.05); 2 4 e & A AN 8IS
R A B T (P <0.05,P <0.01) , H i L SBZ
BCERCR Bt . 45253 ~4 Ji SBZ 5 FLU 41 K UK
JRE AT TEL 25 5 W1 (5 ~ 6 Ji] ), SBZ B(3E 1K it &
MR E TR M2 FLU, W3k 2,

ap O o i 2 3 4 5 6 i
/mg-kg
W - 200.36 £3.04 274.17 £2.32  323.92 £3.62  366.18 £4.23 388.07 £3.63 401.77 £2.67  405.50 £4.69

Y - 204.18 £3.25  263.72 +3.13" 293.87 £3.57" 299.12 +4.54"  316.25 +6.01" 328.31 +6.70" 330.95 +6.02"
SB 100 199.07 +3.63  255.27 £3.89  282.06 +4.31  321.41 +5.78%  326.56 +5.31% 348.36 +9.13%  356.16 +9.96%
SZ 220 201.26 £4.23  261.91 £2.86 295.02 +6.08 332.78 £10.49  346.96 +11.05>  366.96 +11. 18> 370.87 +11.66%
SBZ 240 202.07 £3.63 258.41 £3.31 288.82 +3.66 323.36+5.30>  339.88 +6.21% 364.15 +8.17°) 367.06 +8.16°
FLU 10 203.41 +£2.67 255.30 +4.31  286.55 +4.96% 321.11 £3.32%)  338.25 +5.83% 355.93 +4.92%  358.74 +4.09%

e HIEH A D P <0.01; GHEBAL D P <0.05,7 P <0.01(£3,4 ),

3.2 SR R B A0 Vi DK S I AN Bl B[] (9 52 e
55 TR 4 b, A AR Y K B 38 I VK A Bl I ]
T A GRS I ] R AR 2SR L I ) 2K, 41
BRFEAT M (P <0.01)  SBIRIZH ILEL, & 2 1
45 FLU ¥ fg 5 2 4% 5 AR K BROR s i ) (P <
0.05), W3,

3.3 XPHMAR K BN 5 K S-HT 7K SF- (1 52 e
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F3 SBZMEARBIENIKZEAIHE BN (2 £5,n=6)
Table 3 Effect of SBZ on immobility time in forced swimming test

in MDD rats(x +s,n=6)

24591 Fl 4t /mg-kg ™! SR 3 WE VK N Bl 1] /s
IEH - 77.50 +5.976
T - 115.30 £7.522"
SB 100 82.83 +4.578%
Sz 220 82.17 £12.43%
SBZ 240 83.17 £9.813%
FLU 10 82.17 +2.701%

F4 SBZXHMEARMiKS K S-HT KFHFM(xx5,n=6)

Table 4 Effect of SBZ on level of 5-HT in plasma and brain in
MDD rats(x £s,n=6) ng-L~!
28 51 4/ mg-kg ™! Mg 5-HT KIG 5-HT
E# - 39.21 1. 15 26.53 +2.79
FEAY - 34.55 0. 44" 15.85 £0.77"
SB 100 37.78 0. 35% 22.25 £2.78%
Sz 220 36.61 £0.27% 22.82 £2.01%
SBZ 240 37.19 +0.70% 22.21 £2.15%
FLU 10 36.57 £0.90% 23.10 £2.07%

J2 )2 AN D CA, DG X 5-HTla 32 14 P 1 26 1k 41 i
B TR B B R R LSO B S , &St
HSEWHNKBEEAH Y 2% (P <0.05,P<0.01),
F W 5-HT1a Z AT eZ 240l . SZ 5 SBZ fig b %
VAR 45 X 3% 5-HT1a 4 BH M 26 38 40 B B0 A B %
KSR E (P <0.05), 1 SB X} 5-HTla 3Z {& it 3 ik

Cortex

CA

DG

U:J...

A IE# 4B, BEAI4];C. SB 41 ;D. SZ 41;E. SBZ 41

SRR R (VR P T VO A R T T N E R B SRSV
R AAEREMABAEM . W 1,£5.

xS SBZMMHBARAMER.#ED CA X DG X 5-HTla &EH
PAMERIEMFEMmM (X £s,n=6)
Table 5 Effect of SBZ on active expression of 5-HT1a protein in

cortex, CA and DG region in hippocampus in MDD rats (x = s,

151 5 B2 B 5 CA X 5 DG X
/mg-kg ™! ik [H P 2 3K FH P & 34
% - 4.21 +0.51 2.50 0. 42 4.69 £0.33
(il - 1.84 +0.12%  1.33 £0.16"  1.19 £0.09"
SB 100 2.32+0.23 1.32 0. 17 1.19 £0.02
Sz 220 2.53£0.20%  2.33+0.09 2.27 £0.27%
SBZ 240 2.49 £0.21°  2.53+0.17  3.52 £0.23%

S IEHAHEY P<0.05,2 P<0.01; 5EB 4 KD P <
0.05,P<0.01(£6~8),
3.5 X HAR K BV D TPH1, SLC18A1, SNAP25
mRNA S it % A F Bl RGS19mRNA 5835 1 52 i)
HIEH A i, B4 K Rl 5 TPHL, SLC18AT,
SNAP25 mRNA ik KB B L (P <0.05,P <
0.01) ;5 5 7Y 21 b %%, SBZ &% 3 I ££, ¥y 68 LM
TPH1 Fi1 SLC18A1,SNAP25 )£ ik (P <0.05,P <
0.01), W36, 5IEHF A E, BRI K R i i Lk
LT e i RGS19 mRNA 3k i 2 FEAR (P <
0.01); SR ZH L #5, SZ, SBZ Y hE W & b I 4 AR
KB LA K F i RGS19 By Ik 2% 1400k i,
HOSBZ AE T ki P R ROCR EAE (P <0.01), I
*7,

U...

1 SBZ 5MAB AR AMEE D CA X7 DG K 5-HT1a & A FRHE R EMF M (6% 58, x400)
Fig.1 Effect of SBZ on active expression of 5-HT1a protein in cortex , CA and DG region in hippocampus in MDD rats(IF, x400)
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%6 SBZ3t#)E KR E D TPH1,SLC18A1,SNAP25 mRNA %%
BISM (2 £5,n=6)

Table 6 Effect of SBZ on relative mRNA expression of TPHI1,
SLC18A1,SNAP25 in hippocampus in MDD rats(x +s,n=6)

Biilbeis

2 5] . TPH1 SLCI8A1 SNAP25

/mg-kg
EH - 1.81 +0. 30 1.45 +0.01 1.17 0. 04
FE A - 0.91 £0. 14" 1.01 £0.01%  0.96 +0.01%
SB 100 0.67 0. 09 1.23+0.07"  1.03 +0.03%
Sz 220 0.87 +0.07 1.26 £0.04"  0.96 +0.05
SBZ 240 1.72 £0. 19 1.23 £0.07> 1.17 £0.07%

7 SBZIIMECK R M & T KM RGS19 mRNA R % B &
(x+s,n=6)

Table 7 Effect of SBZ on relative mRNA expressions of RGS19 in
blood and hypothalamus in MDD rats(x £s,n =6)

2 53 # 4t /mg-kg ™! I RGS19 T i RGS19
E# - 3.36 +0.47 2.76 =0.35
% - 1.05 +0. 18% 1.01 £0. 06%
SB 100 2.13 £0.34 1.90 0. 10%
Sz 220 2.31 0. 43" 2.01 20.27%
SBZ 240 2.88 £0.61% 2.60 0. 14%

3.6 XMMARK B S 5T i SERT H H R A /Y
S 5 OE R AL B, B2 R UM S MR e
SERT # H K K 3 T (P <0.01) 5 A A4 L
¥ ,SZ LI [ SBZ HJREfli SERT KB T, A 2
FVezES, BA S S-HT 540G 6l 5 FLU A R 89
YEFIMLE . SB X SERT 3 H R XL BAEH. K
Kl2,%8,

SERT o s s s stn s 70 kDa

o

TUDULID i e an— S— — — 50 kDa

SERT s ww W W - - 0 D,
T —

o S — ~
’B. actin —

A B C D E F

42 kDa

A TEH 4 ;B #AI4H ;C. SB 41 ;D. SZ 4 ;E. SBZ 41 ;F. FLU #{
B2 BFHAKXRESE5TEM SERT EAKIX

Fig. 2 Protein expression of SERT in hippocampus and

hypothalamus in rats of each group

3.7 HAEMED A BT UE 5-HT RE U edm

AR Z5RLHLE A A AR 8 o s 5-HT & s

TPH1 K % ik, I 6E F ¥ SERT #& 1 /K F 41 i

5-HTHH% WL, T3 hn b fiX 5-HT & &5 W] B F o
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Table 8 Effect of SBZ on protein expression of SERT in

hippocampus and hypothalamus in MDD rats(x +s,n =6)

g 7 g o SEBT/ ik SAERT/
/mg-kg ! Tubulin B-actin
E# - 0.59 +0.02 0.44 £0.02
F Y - 0.91 0. 04% 0.97 £0.01%
SB 100 0.79 0. 01 0.94 0. 06
Sz 220 0.53 +0. 04" 0.79 +0.02%
SBZ 240 0.58 £0. 02" 0.70 +0. 08*
FLU 10 0.35 0. 01" 0.56 +0.02%
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Fig.3 Possible mechanisms of antidepression effects of SBZ
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