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RO 2R A R (P < 0. 05) ; CUMS #5571 46 K B &5 2H 41 9 9 GPR30, PI3K, CREB, BDNF mRNA ik i F (P <0.05,P <
0.01) , BRI T 2. 60 g-kg ™' 214 hnig 2 41 21 4 i) GPR30,CREB mRNA # ik (P <0.05,P <0.01),7.81 g-kg ™' B & 147
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Mechanism of Liuwei Dihuangtang on Learning and Memory in Depressive Rats
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[ Abstract ] Objective: To investigate the effect and possible mechanism of Liuwei Dihuangtang on memory
impairment in rats with chronic depression. Method: Female Wistar rats were randomly divided into normal group
(normal saline) , chronic unpredictable mild stress ( CUMS) model group (normal saline) , and low, medium and
high-dose Liuwei Dihuangtang groups (2.60, 7. 81, 23.50 g-kg '-d~'). Except for the normal group, all of the
other groups were included in the chronic unpredictable mild stress model. Weight were measured every week,
changes in their behavioral indicators were observed. The mRNA expressions of G protein-coupled estrogen receptor

(GPR30), phosphatidylinositol 3-kinase ( PI3K), cyclic adenosine monophosphate response element binding
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protein (CREB) and brain-derived neurotrophic factor ( BDNF) in the rat hippocampus were determined by real-
time fluorescence quantification polymerase chain reaction ( Real-time PCR). The concentration of serum estrogen
was detected by enzyme-linked immunosorbent assay ( ELISA) method. Result; Compared with normal group,
model group showed decreases in weight, activity and interest. Liuwei Dihuangtang (2.60, 7.81, 23.50 g-kg ')
significantly increased the sucrose preference of CUMS rats (P <0.01) and standing times in the open field test
(P<0.01), doses of 7.81, 23.50 g kg '
(P<0.05,P<0.01), doses of 2.60, 7.81 g-kg"
and dose of 7. 81 g-kg 'increased serum estrogen concentration (P <0.05). The mRNA expressions of GPR30,
PI3K, CREB and BDNF in hippocampus of CUMS model group decreased significantly (P <0.05, P <0.01),
but the mRNA expression levels of GPR30, CREB in hippocampus of 2. 60 g-kg '
increased significantly (P <0.05, P <0.01), and the mRNA expression levels of GPR30, PI3K, CREB,

BDNF in hippocampus of 7.81 g -kg™' P <0.01).

significantly increased the total distance of the open field test

"shortened the latency of water maze experiment (P <0.01),

dose Liuwei Dihuangtang group

dose group increased significantly as well (P < 0.05,
Conclusion: Liuwei Dihuangtang has effect in resisting depression, and reversing depression-like behavior and
learning and memory impairment in CUMS rats, with the best effect in the medium-dose Liuwei Dihuangtang

group. Its mechanism may be related to increase of serum estrogen and mRNA expressions of GPR30, PI3K, CREB

and BDNF in rat hippocampus.
[ Key words ]
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f) e 3 1 0% CREB/BDNF 34 i1 5% fish ] ¥8 1 % 15
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AR, S B A AR A 112 32 B AL 58 3 R AR
FEAAR AE A s AL I S 5% i T 30 A 24 24 B B
1 #a

1.1 3% Mk Wistar KL, SPF 2%, K 5t & 180 ~
220 g, MR BERE R A 5L 00 s W v SR R T HIE
5 SYXK (#)2018-0094 . h ¥y {i F i/ il iF 5 SYXK
(18)2016-0041, zh¥) H H K, %N E23 ~
25 C AN REE (55 £10) % o 4E¥F 12 h Y6 HB/12 h
BRI, i N AR | ST, A
IEARAT ) AR A v B B S5 00 3 W A8 B 2 L s L
(%5 2018017 ) , fr A7 55 5 W 9 39 15 & b [0 48 P 22
DU A RS ot As 2 R

1.2 2y Rakin  NERHL T (AT 24 g, 1B
P12 g, 11245 12 ¢, 7159 ¢, K% 9 g, 41111 9 ¢),
DL B AR 25 W 8 TR 58 20 IR 0 A BR A\ 45 25 4
HH R A8 v B e 24 U 2 G 52 5 0 Dy T 5 R BRUME TR
2R IR G % W B A (ELISA) 3050 & (s IUAR 36 2R
YA BR N A, #t 5 C0110020111 ) ;5 trizol ( 3£ H
Ambion 2% &), #t 5 191012) ; Hifair® 1 1" Strand
c¢DNA Synthesis SuperMix( gDNA digester plus) , Hieff
UNICON™ PCR SYBR Green Master Mix ( ${{&#E, No
Rox) ( 1 o Z AW BB A R A AL 45 20 5 ok
H1816441 ,H7901060) ; B A i 5% X )2 7 ( PCR) 2| ¥
M -3 - R I ZUBE (GAPDH) [ AR T AR TR ( I
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13 ) Bty A7 FR 22 ), it %5 EBOSKAO132 | ; H Al PCR
SIS d M T A= W R AT BR A A A
M F . PIBK I3 5'-TCTGGACCTGTGCCTTCTGC-3',
TUi# 5'-CGTGTT ACCCACCGTGCTCT-3', 5|4 K FE ¥4
420 bp ; BDNF [} 5'-ATAAGGACGCGGACTTGTAC-
3", Fiif 5'-GTTTGCGGCATCCAGGTAAT-3', 5| ¥ K &
¥ 4 20 bp; CREB |- Jif 5'-AGCAGACAACCAGC
AGAGTGG-3", T i 5'-CCTGGGCTAATGTGGCAATC-
3 B KE 52 3% L3 21 bp, F i 20 bp; GPR30
¥ 5'-GTCTTTCCGTCATGCCTAC-3", T Ji# 5'-ATA
CAGCC TGAGCTTGTCC-3",5|¥K FEH#-H 19 bp,
1.3 X488  Mini6k #Y A B0 HL (BRTG B HBE 2
ILES A FR N ) 5 Vortex-Genie2 BRI iR 1R & #% (35 H
Scientific Industries 2\ 7] ) ; EonC Y 4> I & [iff F1 X
(2 [E Gene 24 #)) ; T1I00™ Thermal Cycler %I 4 i
PCR {¥, CFX96 #l 5 i} ¢ ) £ & PCR ( Real-time
PCR) f% (€ [ Bio-Rad A w]) ; ZH-ZFT £1 i 37 ) 45
oM R G (HEIL IR AR AR W A IR A W) 5 ZH-
Morris 517K A B WA 43 A7 28 48 (ML I 42 A W AL
WHRARSA) .
2 FiE
2.1 Ziyifils AW (CONLEIEE D)) L1
H 2 %o $eas 7 4% 45 58 7 vk K Fi 2 IR G2 IR
290, o Uk, W g ) s A AR 2 R Wk R
LgemL ™" (9 25 . 116K, &% (2.60,7.81,
23.50 g-kg~'-d ") 3 FhI R AR E TN W, UK
b4 T,
2.2 E@EBTTEE A8 PR R AT T I R I
SEAR AR B T B BT a2
WINNER 2" 5 97 i i L sl « 5 O B B 2 4
I ALY 28 d N8 H AR 24 b BRUE R 45
J 24 h,4 Cyk/KiiEYK 5 min,45 C#OKHEYK 5 min,
Aok 24 b, A5 Er 24 b, PHEFE IR S KO 8 #oRt
24 h&E Z R R R AL £ 2 B OET AT
K A S S 90 R 37 S 56, B 28 d S, HEAT RE K
i S-S5 58 (W 375 S5 6 R K 2R B SR
2.3 ZhsrdH T HIrE 60 H Wistar M PE K
MR BENLEC O 1B R (AR BEER K ) (RN (A B
KD N IR B K h L R i 4 (2060, 7. 81,
23.50 g-kg ' -d7") A4 10 B G2 R AR 60 kg
N A A T B B, v 3R B 2 AH 2 T 60 kg 44T
R 2 T BRI R SRR . %228 d B HHEH
2 Ko
2.4 WEOKWGFSCEE AL R BRI 3R G DY OB K
. 10 -

100 mLANZEK 4 10, R 5 PR IE 5 58 7K f 432 3 1 137
B R —E, IR 12 h R 2 HAROKO A B
HAR 1 R AR Ik Sh e e B S N . AT R A
BEK 4K G, i0 5% 24 h YA K A4tk 5 3 AR =, 3T
RO K A G B Rl 7K A 47 B = 15 K 1 #E B/ 8 K 4l
K ETHAER) o

2.5 Wi stee RS B MO (100 em x
100 em x50 cm) , & BE | JiC Ty B8 €0, S THT FR TEDBR A
R 25 Hedln, 45y K REE T &
O, W% 5 min WA RIG3) . SRR HASIYY
PR 53 A7 B R R AL, 10 SR B W) Y38 Bl AR SR S R
3l S UKL

2.6 JKEESCE SR H Morirs /K 2K B A7 A 25
[E]IC 4218 71, Morris 7K 2K B (9 7K it FL 42 130 cm, &
60 cm KR FEHIFE 22 ~24 C 7] 43h 4 DRB, F
BHEAA T em, & 30 cm, B ALHCE 7E— A S8R
Jeo KM HEK, mHCF R A1 em, SEERHEAT 4 d,
2.6.1 @ik 5508 BRI RAEEMN
4 ANGIR 22— T ) i BE LA K B 35 B R T AR
SRR, BRI B Tk 60 s Sk TR BRI Y 0l A
TSR ) Hh FRE 3 5, BURT DA B AR & B 10 ~
30 s RELBFIE] ; a2 60 s P K BE A ) B R B
BB KRE Fuia L, RS T 10 ~30 s IR E
IFIA] . Beufculh 4 9096 #7543 do AR 3 K R4 1
TE 4 DNZBRAKK T H BRI,

2.6.2 SRR RLE PR G E L HE 24 h
Je ARBR G o ARG AT 5k — A R A K ASORE BRURCA K
il S BRUAE 60 s DY T K B AR, 0 S S8R B )
s g AR L3 G IR S ROE B BT B T TR
5 PRSI

2.7 ELISA #00 i % h MEM R 9 & & A7 o sk
B 58 WU, 10% 7K A ST T IS 13 560 RR e R Bl s T 32
Bk R I, 8 3 S BB 2 mL, 19 #5 B 40 min J5,
3 500 remin "' B0 15 min, 435 I, BT - 80 C
URFE A o He a7 & 4 1 U0 B AT 454 0 45 ik
R A 5 2 P-4 2 /0 30 min, il FRAR 13— 25 (4L,
BEAARUE ST — R A5 2 FL, B AL A A B B HE S
50 pL; HoA AN AG I L B B2 N AF AR AR 50 pl, &
LIMAREZE 59 50 WL FEHR S AT IR E A,
BE37 CHAE 1 h, YetbLyetk 3 k48T &L
A AW S50 pL, B EF B 50 pL, B4
J& .37 Cakt St {5 15 min, &AL INAZ LW 50 plL,
FHBERRALAE 450 nm 35 KAR P I 42 45 FL A OB RE A
TER N2 ARG 10 min PYEEFT A
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2.8  Real-time PCR £2 | £ 41 K B 5 41 80 BCEHAFR B8 247 70 045 B A RE A 1O 0 26 12 (B

GPR30,PI3K,CREB,BDNF mRNA [ ik KF K
SRS IS 2 30 ik ot )5, I 3O I HL 43 2 v H 4l
4, 80 CIRAT . B4 Ui £ U 1Y 5 T 4 2V | trizol
P OK U B 21 21 RNA 4% I/ SuperMix 3 1) £ 150
B 5 52 i cDNA [ PCR J2 Jif #% 18 Master Mix ( Hip{k
:,No Rox) a7 & vl W1 5 Fros # gt . 2 i 2k 1R
FRAS P 95 °C 30 s, 48 PE 95 C 10 s, 3B & 55 ~60 C
20 s, FEAH 72 °C 20 s, 97315 40 DE IR ; 5 5 45 A th 2k
By B AR BN R B, LRI 25 R, il AN AR

R1 AEHEFZ CUMS KRERENFME (v +s)
Table 1

Effect of Liuwei Dihuangtang on weight in CUMS rats(x +s)

(C AH) , I3 1 AT 5E f75 , L GAPDH S N 2 % H
(Livak)2 ‘#3158 mRNA ) H 5% 3235 5

2.9 GiilsabEE SR A SPSS 20. 0 GEit k4 b
R 2 25 FoR, U] HLECR R R
D5 25387, LL P <0.05 N ESAHGHFE X,

3 £#R

3.1 XPRRAFEMEN EHRAZ528 45,5
IE W 2 R MR A S 3 AR 25 2 R RUIR i B 3
FER(P <0.01), WL 1,

oe

brilhess

21 51 n Jgkg"! ENIPN %14 R #21 K 528 K
EH 10 - 232.20 +4. 80 241.60 +3.79 245.40 +3. 11 248.40 +3.23
[l 10 - 234.20 +3.90 234.20 £3.21 235.90 £3.42 225.00 +4. 48%
75 R H 3% 9 2. 60 230. 11 +4.55 231.33 £4.71 237.89 +5.32 225.00 +5.91%

10 7.81 235.10 +6.37 231.70 +5. 10 237.20 +5.23 226.50 +4.41%
9 23.50 238.33 +4.79 231.78 +3. 11 234.78 +3.49 226. 44 +4.05%

H.5ERA K P<0.05,YP<0.01; 588 HEYP<0.05,YP<0.01(F2~7TF).

3.2 X CUMS K BT 2 (5

3.2.1  XF CUMS K BUBE K fi 8 Lo 1 B2 ) 36 82 25
2T A% 4R BB K I 4F LE 0 25 57, i M 45 25 28 d
Ja A5 I 2 PR A A () IR 8] A 5 R 2 K i 4
R T RE(P <0.01) s SREAZH LR, 75 Wk M 5 97
& e R 2B K D G EE B R T R (P <
0.01), W#E2,

F2 ABKMEFHI CUMS X REREFLEARM (2 £5)
Table 2  Effect of Liuwei Dihuangtang on sucrose preference in

CUMS rats(x +s)

415 " /X'Jk% BHUEH 0 K mBUR S 28 K
Nk 8 - 0.81+0.02  0.89 +0.02
HL Y 8 - 0.78 £0. 03 0.82 +0.03%
ISR 9 2. 60 0.81 +0.02 0.89 +0.01%

8 7.81 0.76 +0. 01 0.90 £0.01*
8 23.50 0.80 +0. 03 0.89 +0.01%

3.2.2 XF CUMS KRW L mm i 2y
BT 4% 2H R BT 37 52 56 0 Bl S B Rk 7 U RO 22
5o WRLZ 2 28 d JT, S IEH AL L, TE A IR I A

FELA 2 W 3 5 56 3 sl e B RN 3 37 vk B B R IR
(P<0.05,P <0.01); 58 AL LA, 75 0K b 557
(SN A= o 7 R ol AR S S R T A =
(P <0.01) 175 M b 8 37 & R L0 1 5 0w is
A A R E (P <0.05,P<0.01), UL
#3,
3.2.3 X CUMS K EUKEE LR AW 5IiEH
M, Z5 4 Rif, RAIH T R IIEK (P <
0.01) ., SR A, 7S bR b 8 MK b 7 & 4] 5
BRI BRI (P <0.01) , &5 4 K587
BB & B e B4 45 B8 B[] 35 T 1 3 22 R IR
. WFk4,5,
3.3 X CUMS KRG THEMESENEmN 5
EFHLR, B HAERE SRR TP <
0.05) ; SEIRIZ LA, 7S K M B 37 v 7] i o R
SR BRmM(P<0.05), %6,
3.4 X} CUMS kBl 5 7 GPR30, PI3K, CREB,
BDNF mRNA £iLkw M gm  5IEH 41 ki, B A
41 GPR30,PI3K,CREB, BDNF mRNA 73k & 10 i
FEAR (P <0.05,P <0.01) ; 5HIAIL LA, 7S BR ML BT
%41 PI3K , BDNF,, CPR30, CREB mRNA ik
<11 -
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£33 AKMEZGY CUMS KRV 35S EEMIELREERME(rs)

Table 3 Effect of Liuwei Dihuangtang on total distance and raring times of open field test in CUMS rats(x +s)

- F W37 B B/ em W™ 37 3 ST B/ IR
o gkg™! n RS 0 K TR 28 K n RS 0 K WA 28 K
iE# - 10 56.60 +2.06 50.59 +2.69 9 14.56 +0.94 16.67 +2.03
R - 9 54.98 +2.30 35.01 £4.18" 10 14.40 £1.02 6.60 +0.96%
7Bk 2.60 9 60.69 +4.47 45.41 +£5.40 10 15.20 0.80 14.50 +1.85%
7.81 10 54.16 £3.39 50.71 £3.92% 9 13.44 +1.50 15.89 =1.65%
23.50 8 59.15 +6.10 49.90 =4.70% 9 16.67 £2.17 17.33 £1.00%

x4 ANKHMEFHIT CUMS AR KEEFHFERBREARESR
PR A (B B9 B0 (& = 5)
Table 4 Effect of Liuwei Dihuangtang on times across platform and

time during platform quadrant of water maze experiment in CUMS

B IEAI (P <0.05,P <0.01), 7 M Hi i 17 % 57 &
40 GPR30,CREB mRNA ik & ] BHiin(P <0.05,
P<0.01), W# 7,

4 itig

rats(x + )
o o P F iy, CUMS 0 AR A5 21 A Bl 9 38 455 BIL 11 25 0L T
4L " kgt LRI /s /% R 2 AR 53 2 A1 ke B9 L ) BN SR AR B L,
- O i s mion FEHUACR M R E o CUMS )RR I K i 7T 2 30 )y
o o ossarsr  Lsoeoa KRS WE W R SRS AR R,
ANWHEG 9 2.60 21.03 £1.96 2.22+0.36 BEIRUEEEE SRR CEvA R INRYL 5 LR S U
0 sl alssarst  aaveoa | JEBUIZ CUMS MVHSHURL 45RO S IEHALE,
8 23.50 16.44 = 1.58 1.88 +0. 48 CUMS A B At 1.8 e, FLAIEOK B 5 B2 2 2 F

RS AKHMEFZI CUMS KRKEEFSEBRBNEIE (X £5)

Table 5 Effect of Liuwei Dihuangtang on latency of water maze experiment in CUMS rats(x +s)

W, W™ 7 0l S R Kz gl e i R 3 D K kR

257 n F/g kg ™! EIRIPS 2K #3 XK EEIPN
E% 8 - 35.17 +4.29 17.57 £4.09 13.93 £3.74 6.35+1.85
gl 10 - 32.74 +3.61 17.47 2. 44 16.91 2. 37 15.40 +2.21%
7N W b B 8 2. 60 30.03 +2. 88 18.68 +0. 84 9.89 +1.33 6.93 = 1.66%

8 7.81 27.88 +3.03 22.03 £4. 48 9.53+1.16 7.07 +1.40%
8 23.50 30.47 £3.77 15.24 +2.59 14.76 £3.75 16. 85 +3. 60

F6 AKMEFI CUMS KRMFHHBESEMNHM(xz5)
Table 6 Effect of Liuwei Dihuangtang on serum estrogen

concentration in CUMS rats(x +s)

241 51 n FlH/ g kg ™! Uk E /ng- L
IEH 7 - 79.38 +17.39
F Y 7 - 32.70 +4.41"
75 B L ¥ 7 2.60 64.03 £11.48

6 7.81 80.66 + 18.86%
7 23.50 48.35 +16.10

TR 35 S K, X 5 SR el — 2, 6 B 3 R A
Uyo ARBEFEEERERW], SR B 74 CUMS K RUA
<12 .

[t T B O o e AR T, (H B 2 g CUMS JBir o
HB K BRBYAT M2 dE AR . Morris 7K 3K B 52 56 PEA K R
ICACRE T A R B, SR LB X CUMS KR
FJ IR — S IR TT AR T, 7S UK b 8 17 51
Hp7.81 kg BOREAE,

YA SZ 452 100 A B B 36 97 19 — S ME AT, BIF ST R
W1, Z2 i B A= BRAIL 1 2 5 AR AE S A R0 2 RE 4
P, Hrh, CREB/BDNF i # )72 2 5 M AR AE 19 &
A AR R b A e R )T B R E SR IR T —
() BDNT, o #ft 22 50 5% fiih 4% 326 A1 o SR 3] 1 A
FL) I 5 A, BDNF J& CREB (1) £ LT Jii7 §IE 5
PR AR S T T I R BB R R A B
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*7 AKEFI CUMS {55 GPR30,PI3K,CREB,BDNF mRNA FIAM M (x+s,n=3)
Table 7 Effect of Liuwei Dihuangtang on expression levels of GPR30, PI3K, CREB, BDNF mRNA in CUMS rat hippocampus(x +s,n =3)

49 Flk /g kg ™! GPR30 PI3K CREB BDNF
E# - 1.19 £0.03 1.14 +0.02 1.02 +0.03 0.98 +0.01
L7 - 1.02 0. 04" 0.95 +0.02% 0.90 +0.01" 0.74 +0.01%
7N R b ¥ 2. 60 1.44 £0.11% 0.98 0. 05 1.10 =0. 03% 0.81 0. 02

7.81 1.26 +0.03% 1.27 0. 07> 1. 40 +0. 08* 1.01 £0.03%
23.50 1.14 £0.03 0.98 0. 04 0.94 +0.03 0. 90 £0. 06

15 Rg, XTHMABEETT M 1 24035 U -F- J& 5 i CREB §8715
(K BRUAY 1A% o BDNF 3k g sman '™ . I Hig
PR 3 B I EB RE AT S A 2E 2 iR A RS, T RE S
W I # 2 5C cAMP/PKA/CREB/BDNF {3 5 i %
S

AT GE 45 A I R 28 50, /S R b 35 37 I R %
JRIT AD M AE 2 G 1F, HA I RIAAN S 2y
EEAEH T D, T LU S 2 on it
[0 AT DN =B RTat v R s 2= P 1ok A LD G
TCAZ BT R A7 A% AR BUIE o e i 5 CAL X
Sl T YA PR AR 2E 2 iR AL A R T R R T A AE
IR BRI K B, 7 25 75 WK L B 1% 1 BE AR R Y
WL 2 P T ME 2R AT el 3% 9T 12 9F 4 B
BDNF %35, HEj KB B9 £ W], GPER /5K
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