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[Abstract] Objective: To observe the intervention effect of Chaihu and Longgu Mulitang (CLMT) on
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rat depression model prepared by chronic unpredictable mild stress (CUMS) based on cyclic adenosine
monophosphate (cAMP)/protein kinase A (PKA )/cAMP-response element-binding protein (CREB) -brain-
derived neurotrophic factor (BDNF) signaling pathway. Method: Sixty SD rats were divided into normal
group, model group, and CLMT low-, medium- and high-dose groups and fluoxetine group (positive control)
according to random number table. They, except the normal group, were treated with CUMS for 49 days to
prepare the rat depression model. The CLMT low-, medium- and high-dose groups were given 2.89, 5.78
11.56 g-kg"' of CHMD granules, respectively, and the fluoxetine group was given 2.06 mg-kg" of fluoxetine
hydrochloride on the 29" day. The normal group and the model group received equal volume of normal saline for
21 days. The behavioral performance of rats were observed by open field test and forced swim test. The levels of
5-hydroxytryptamine (5-HT) , norepinephrine (NE) and cAMP in rat hippocampus were measured by enzyme-
linked immunosorbent assay (ELISA). The mRNA expressions of PKA, CREB, and BDNF in rat hippocampus
were detected by real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) , and the
protein expressions of PKA and BDNF were detected by Western blot. Immunohistochemistry was used to
determine the expression of CREB, and hematoxylin and eosin (HE) staining and Nissl staining were used to
observe the morphological changes of hippocampus. Result: Compared with the conditions in the normal
group, the immobility time of the model group in the forced swim test was increased (P<0.01) and the total
movement distance, residence time in central area, number of entries in central area and movement distance in
central area were decreased (P<0.01). Additionally, the contents of 5-HT, NE and cAMP in hippocampus of the
model group as well as the protein expressions of PKA, BDNF and CRE, the mRNA expressions of BDNF and
CREB were lower than those in the normal group (P<0.01). Compared with the model group, the CLMT groups
had reduced immobility time (P<0.01) , elevated total movement distance, residence time in central area,
number of entries in central area and movement distance in central area (P<0.05, P<0.01) , up-regulated
contents of 5-HT, NE and cAMP in hippocampus (P<0.05, P<0.01), and up-regulated protein expressions of
PKA, BDNF and CREB and mRNA expressions of BDNF and CREB (P<0.01). HE staining and Nissl staining
showed that CLMT significantly improved the neuronal structure in rat hippocampus. Conclusion: CLMT
alleviates the anxiety and depression of rats. These effects may be mediated by regulating monoamine
neurotransmitters 5-HT and NE in hippocampus of depressed rats, activating cAMP/PKA/CREB/BDNF
signaling pathway, up-regulating the expression of BDNF and protecting hippocampal structure and function .

[Keywords] Chaihu and Longgu Mulitang; depression; cyclic adenosine monophosphate (cAMP)/
protein kinase A (PKA)/cAMP-response element-binding protein (CREB)/brain-derived neurotrophic factor
(BDNF) signaling pathway
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Gk J741(5-3") K % /bp
GAPDH  ['#f CTGGAGAAACCTGCCAAGTATG 138
T i GGTGGAAGAATGGGAGTTGCT
PKA - CCGAACTTGGACCTTGTGTGG 189
T i CGCACCTTCCCAGAGACGATT
BDNF -9 GTGTGACAGTATTAGCGAGTGGG 221
T i ACGATTGGGTAGTTCGGCATT
CREB |- CATTGCCCCTGGAGTTGTTAT 113

Fif CTCTTGCTGCTTCCCTGTTCTT
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2.06 mg-kg'", 1E 4 FNAE 10 2] 45 T SRR B A A B
KLHEE B R TR,
2.2 ArhER I
22,1 GHAHFUK IR ELERI IR R R RUE
FH A% 40 cm 5 62 cm [ BT B K KA H K TR
930 em, Kl 22~25 °C, fifi KR Sk FB 8 K A fE
Jile TG % ik K K AR IS o 3BT 6 min, MZE I 0 5K R
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At 8.5 cem, FIE), M EVE . 4% 3 B ELISA i 5
UL B TERAE . AT 30 min KXW &N T A
R E T =R
2.5 Real-time PCR il £ 41 K 5L 5 41 21 PKA |
CREB.BDNF mRNA % ik $2HUE 5 5 RNA,
5 1 cDNA, Z J5 #F 4T Real-time PCR 46l , PCR
P48 IR 2k F R 95 °C FiLAE 1k 10 min; 95 °C A% P
155,40 MEP 560 °CilR K /HEAif 60 s, 2T 55T 1%
HEAT HCHE Ak B3 AT
2.6 Western blot £ ] ¥ & 20 21 PKA . BDNF 4 I
FIRKF B Y R N 2 A (10 £5 2 2K
) PMSF UL RN ER #7510 . Z Tk b3
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o . YRR, N HRP AR 12 A —Hi (1:5 000) , % &
30 min, YEE . HEAT R RN R, U AT .
2.7 IHCI CREB i &ik A I B =K,
PilE A& &2, % I 3%BSA , & 4 il — HT CREB R £
BEHTA(1:100) , 8% & &8 5, I HRP AR 9 L4504
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et e K B R, 400 5645 F AR
2.9 JE IR Y UL ik 41 24U 5 CA1 XM & n A8 4k
D) R B as oK JE IR, B B A R, 400 %
JEBE TSR
210 Giits#or At R SPSS 25.0 482 K 4b
PRSI0 45 B R R xas TR LA IES AR
1 3t i %R SR B R 7 2 4> B (one-way
ANOVA) , 754 5 22 55 1 10 %5 4l 20 1) R 1 B 2 3ok %
B /N M 25 Rk (LSD) KL 58 , N A5 7 25 55 11
& PE Dunnett's T3 K56 . AT & IEA D BT 2%
KR FH Kruskal-Wallis B AR 56, A a=0.05 11 4 46 5
JKHE, LA P<0.05° 8 2 R A gt L.
3 #R
30 KRE RO S k2R
BB ZE KRBT 1 1 il A RESET 1 H
S 45 R I H AR RUR B VIROK IE RO R
[ QI S (ST S R 112 BN 2 W 2/ 7 A 1 S 1
HRBARE oKW RS R E, SHESH
KA, AR R4 55 o SEEA e B 4L Wi Ik b
F i H A IGITHAEL Y T W5, SRR g,
RE ROK RS HOIRAS R0 6 35 6 U % o Ja 24l
Frh S W 8 FARSE 20 0T
3.2 BRI e A WA X R BRAT R A 5
3.2.1 T HIAR IR B 6 Ui Uk S 5 RO 3l B Ta] Y S
M xEAE28 dJE , 5O H AL B, 45 v A (A
I AP (SN RN = N R E Dl N e W B R 2
TKAS B[] 49 6 35 8 (P<0.01) 54525 21 d e, 5 #E
RUZH B, R 2 e R A R ECPE TT ALK RS e
Ui Uk AN 2 ) ] 1 1 2 B AR (P<0.01) o WLk 2,
3.22 XFiERE28 dF MG 21 dIE ALK &
TH AR EA 28 d)E, SIEW 4, &
g BN B DN NG S P o T BN S P
HEA BB e X 52 Bl B Y 3 R AR (P<0.01) .
W3, HZi21d)E, SEAH LR, h2hd &R
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F2 AR B YRS AR K R 58 18 i ik SE U6 o A4S 3 B 18] 49 5
M (x+s,n=8)
Table 2 Effect of Chaihu and Longgu Mulitang on immobility

time in forced swimming experiment of depressed rats (x+s,7n=8) s

290 Fl /g kg T 28 d %e21d
IEH 4 42.70+4.70 39.46+2.81
R 2 77.00+9.81% 105.19+4.45%
LREE 1 i) 2.89 72.24+10.42% 69.8449.55
LRESL b i) 5.78 78.98+4.35% 45.95+4.08Y
e 24 7 R 11.56 81.50+6.59” 54.59+2.30
FPETT A 0.002 06 82.71+4.88” 49.68+4.14Y

T 5O % 4LV P<0.05, 2 P<0.01; 5 85 41 1 4 P<0.05,
YP<0.01(F£ 3-%£ 8 )
A ORGP T 41K BB B B E B S R (P<
0.01), Hfr 24 rp | 391 2 4 R 960 PG 7T 4l R R ok X4
BA I} 1] B @ 38 n (P<0.05, P<0.01) , R 25 rp 7 ) &
ZH RGP T 4L KRR R X a2 S R B e G (P<
0.05,P<0.01) , HP 25 Ik . | iy 50 2 28 AR PE 7T 4K
B o XOHE A W BB B 8E in (P<0.05, P<0.01)
W4,
3.3 XFAAB K BLME D) 5-HT \NE .cAMP & & [ 5%
5IEE A R R RO 5-HT & & W& B
flK(P<0.01); SR L, 254K b Lo ) 2 4 A

SRVETT 4R R S S-HT & &8 i 38 3 & (P<0.01) .
5 IEH A R, R K BB T NE % i 10 3% PR AR
(P<0.01); 5BEAVAL L 55, v 2 v i AR SCPE 7T 4
KRGS NE & &V B (P<0.05)., 5E®ALL
B R K UM DD cAMP 2 i B S FEAR (P<0.01)
5 RERVZL LR, v 2441 R R RN RV VT AR B
cAMP % i W FH 1 & (P<0.01) . WS,
3.4 XHHIAR K BL D PKA . CREB.BDNF mRNA
FIRM R 5 IEE 4 R, B 4 K B 5 PKA
mRNA RiE Z2FBEHR HEFLEIT¥E ;S
R 2 LA, v 2 v ) e R R P VT 4R BRI
b PKA mRNA 2@ % HER TG 75 XL
5IEH A i AV K R 5 CREB mRNA 1 3%
FEAR(P<0.01) s SACRIA Ho g, tP 25K rh L
FFR PG 7T 40 K BL#E D CERB mRNA i & 3 fin (P<
0.01) . 5 IF % 2 b, B A& 4 K 7 & BDNF
mRNA {3 [E MK (P<0.01); ST 4] i, b 251K .
Hh e 7 e 4R R VY 7T 41K B 5 BDNF mRNA i
FEWAN(P<0.01), W6,
3.5 XFMAR K B & PKA \BDNF 2K [ 3 ik 9 5% 11
5 IEF A A B4R B D) PKA R A Rk
FREAL(P<0.01) ; 5 HEARL g, b2l b | 31 i 4l
VG TT 41K R D PKA B 11336 B &8 (P<

R3 EHEMETHIEAER 28 dEMEBRRY HLBLEROEM (+s5,n=8)
Table 3 Effect of Chaihu and Longgu Mulitang on open field experiment results of depressed rats in 28 days after modeling (x+s,n=8)

HERi28 d
21 5 /g kg
18 B B B /m W KUE R ] s R KSR /m R X A B/
4 22.19+0.88 55.59+3.05 6.50+0.40 19.88+1.49
HL IR 2] 8.56+1.49” 8.44+2.73% 1.01+0.25% 4.38+1.19”
L REZ 10 B¢ 2.89 11.98+1.81% 6.21£1.04% 0.91+0.17% 2.75+0.49%
L REZL B0 R ¢ 5.78 13.07+1.62% 6.08+1.74% 1.06+0.33% 4.13+0.83”
rh 2 g ) A 11.56 13.38+3.42% 11.04+1.63% 1.69+0.39” 7.13+1.14%
FPGIT 4 0.002 06 10.42+1.54% 12.24+3.67% 1.15+0.32> 4.50+1.25%

R4 KLPMEBHIFAXNAZE 21 dEMBARY FHLHLERIFM (F+s,n=8)

Table 4 Effect of Chaihu and Longgu Mulitang on open field test results of depressed rats in 21 days after administration (x+s,n=8)

##521d
i FlH /g k! — - . -
iz B B ES /m thoe X5 R kRl s e X G2 Bh R /m e X E B
IF W 4 27.35£1.00 48.46£2.97 6.93+0.46 17.75£1.42
R 20 12.2241.79% 5.76+2.03% 0.55+0.22% 4.00+1.24%
p 2 IR 4 2.89 16.68+2.21 23.75+3.46 2.40+0.50 9.88+1.01%
2y e e L 5.78 23.30+1.67" 37.16+3.38% 4.84+0.37Y 13.38+0.63"
EREST b il 11.56 26.40+2.359 36.34+1.54% 5.08+0.99% 16.25+2.01%
FRIEIT 4 0.002 06 20.76+1.379 40.95+3.50" 4.36+0.62> 12.25+0.45%

« 21 -
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x5 KUMEBRHGFFZNMBAREDS-HT.NE.cAMP & 21
M (x+s,n=5)
Table 5 Effect of Chaihu and Longgu Mulitang on contents of

5-HT, NE and cAMP in hippocampus of depressed rats (x+s,n=5)

s 7 5-HT NE cAMP

- /g-kg /wg-L! /wg-L’! /nmol- L
I 4 14.99+1.45  5.25+0.35  11.27+0.57
[ 7.26+0.55% 2.87+0.37%  8.37+0.28%
P2 FIEL] 2.89 12.89+1.54"  2.59+0.27 9.88+0.19"
gl Egl 578 13.93£1.08% 4.08+0.19°  9.33+0.25
hZgE R4 11.56 12.37+£0.94%  3.91+0.56 8.48+0.42

FRIETT 4L 0.002 06 14.17+0.76" 4.14+0.37" 10.94+0.30"

Fo6 MM EBHEZNME XRED PKA. CERB, BDNF
mRNA REM T (its,n=3)

Table 6 Effect of Chaihu and Longgu Mulitang on mRNA
expression of PKA, CERB and BDNF in depressed rat

hippocampus (x+s,n=3)

Filkes

#5) Ik PKA CREB BDNF
g kg

IEH 4 1.08+0.11  0.96+0.02 1.04+0.02
F R 25 0.87+0.02  0.65+0.04>  0.70+0.02%
2GR FIE A 2.89 0.80+0.10  0.98+0.05"  0.81+0.03*
hZyrh R 578 0.96+0.07 1.00+£0.02%  0.93+0.04*
hEyE AR 11.56 1.11£0.05  0.96+0.15"  0.83+0.02"
FPEIT Al 0.00206 1.02+0.16 1.19+0.05" 0.89+0.01"

0.01), 5HIEH A A, BRI 4 K & BDNF &
Rk W EFEAR(P<0.01) ; 5B LLHL, P 254K
o 711 B 4 RN R P TT 41K BRUG ©) BDNF 25 [ 635 1 3%
Hhn(P<0.01), W7 K 1.K 2.

RT KHMETHE AN MK REDS PKABDNF ZARIZMN
2 (x+s,n=3)
Table 7 Effect of Chaihu and Longgu Mulitang on PKA and

BDNF protein expression in depressed rat hippocampus (x+s,n=3)

20 51 4t /g kg PKA/B-actin  BDNF/B-actin
EHE A 1.09+0.01 1.09+0.03
AR 241 0.27+0.06> 0.32+0.06
P2 % ) o 4 2.89 0.43+0.04 0.66+0.03"
rp 2 rp ) 4 5.78 0.86+0.13" 0.77+0.05
e 2l i ) R A 11.56 0.73+0.07" 0.52+0.02%
FPGTT 4L 0.002 06 1.05+0.14" 1.03+0.03"

3.6 XTINAR K B D CREB 2K [ & v 75 3K 1Y 5% i
BE T A UL CREB PH4: 35 247 & A olibi il o, &

BERIKEM D XML oMM . 515 % 4l i,

RIZH K R X CREB 25 [ - 35 BUAr W6 B 3 B¢
. 22 .

PKA 41 kDa

p-actin 42 kDa

A B C D E F
TE:AVIEH 2 BB AN ; Cr 251K 50] 4k 4 5 D. A 24 vp R ik 4
E.vh 2l i 70 4k 4 FL 0 7T 20 (181 2-181 5 1))
E1 ®BAKXRBEDPKAEZEBRIARK
Fig. 1 Electrophoresis of PKA protein expression in hippocampus

of rats in each group

BDNF 18 kDa
p-actin 42 kDa
A B C D E F
B2 &AKXREDIBDNFEARIEEK

Fig. 2 Electrophoresis of BDNF protein expression in

hippocampus of rats in each group

R (P<0.01) ; SEIAY A e, 25K v L g 77 e 4L A
PGV 4 KBS S CREB 4R (H F W U T G %
Hahn(P<0.01), WLF8 K3,

R8 KLEHMMEBHIEZXMEXRED CREBE S FHMS Wk
BEEMNFMm (x£5,n=3)

Table 8 [Effect of Chaihu and Longgu Mulitang on average
optical density of CREB protein in hippocampus of depressed rats

(X+s5,n=3)

4151 g ke CREB V- #4153 W i
IEHH 0.52+0.02
70 2 0.15+0.02%
o 24 IR 0] 4k 21 2.89 0.32+0.05"
w24 v ) ik 2 5.78 0.44+0.02%
rv 24 79 ik 2 11.56 0.44+0.01"
FPETTA 0.002 06 0.45+0.03"

3.7 XFHDAR K R D HE Je G (952 HE YL (4 2%
FB R IEW A KB D CAL X # 4ot 40 i HE 51 4
Fr BB SEA SEEE  A TE AS ) R) o A E AT
R A Y (035 0T 5 5 0F B 41 b g, B R 4] K R
CAl X P& ITIRAE Z |, HEF B b TR L , #4550 20 Jifd
gk SR Hh BN P 2 A S K G B4, A A
a4 R A SR AL, A
7RI 2k RGP VT AR O B B, AN A [ 4
VS it SR 24 0 B 2 ek /b, A e HE 3 A R 43 A
¥y, WK 4,

3.8 XA KRBDRREENZmN JeREa
g5 BN IEH AR BUE S CAT X # 28 oo 4i i i 571
RS UL RN B B S R A TR L X R
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El3 St BHENEXRESD X CREBE fif & ik B 00
(IHC, x400)

Fig. 3 Effect of Chaihu and Longgu Mulitang on localization and
expression of CREB in depressed rat hippocampus(IHC, x400)

E F
4 LHMESHFANMEBARED CAIRFETLHFNE
(HE, x400)

Fig. 4 Effect of Chaihu and Longgu Mulitang on pathological
changes of hippocampal CA1 area of depressed rats (HE, x400)

M Y S, M A AT Y e /M IR AL R
BRI ZH R BV B CAT XM 28 U R0 el D, 40 i HE 31
B A ZEAL 2R 0 A b L N e B AR DK
R ER AU NG N S S S AN
FPGTT R B T CAT XM 28 T $icit 34 B 384
CACEINGS N GESE BTN 8 I WERER

e WHE S,
4 itig

SEWIIN e A W50 2 T K S g R ) L 2
AR 2 BET ) 2 L S ) 590, A gt A L Ll B T

Es5 LeImEBHFINNBARESICAIREREABLERY
(e IL, x400)

Fig. 5 Effect of Chaihu and Longgu Mulitang on Nissl staining
results of hippocampal CA1 area of depressed rats(Nissner, x400)

ik AR T AR AP AR AT A R AR A
ZI) JE MORE IR IR AR AE B B J5 o S8 i I e
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S 221 A e SRR AR
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10 Uk S PE A B W fREE 2 ROk 4 4
T2 iz ShHae" ™" . W LR g R won B
KBz Bh B b e D45 B[R] L ke X A K
B b e X az gl R R o SR a0 i Uk S5 e 45 AR
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T e i A 5 37 R AR R B R B BRI g
FIAE #7255 b 035 2 18 B0, o5 40 AR R BRL i £ 0
ik B

2 358 T3 A1 10 2 AR & ML 1 6 AR 6
F 5 458 22 B A7 B i 283 5 S-HT NE %8 . 5-HT
ST AFHE T AL sh Wy A 4 i — Rl s AT A
R P A e 2 3 ORI A A O P 0 5, E KN B 2 R
P25 5 fl N g R 3K FE TR G RS 2 20 T
S A ARy R AR AR, S-HT s K
AR A A OCAE Sl B, R AE TR . PFAY
SR AR AE B PR R R G S-HT KRR K™
NE 5 | R 2 253 NOH L IR B, A 4 28 2R A 28 fik 1]
K AEAE R, 5 w2 m] Bk R AL A D 1B 2
PR G AR PRTIRE . IMARAE S8 35 ik N NE K BEAIT
FHENE RS YRR, 3 B8 E M0 12N H D) fg
ZAG L PRI R IR R R, 5 IER
21 BB, B AL 2 KRR 5 5-HT M NE K F 835 [%
fiX, 22 5B G0 2# 8 0, 5 SOk E — 80 R
15 25 3 B T B 25 4 223 T S-HT ONE 7K B
SRR AT H R, S e B s A A o R R A
S BT S-HT & 55 W46 2 | 2o 0 B 4 W5 0% th
7 2] K B T NE & i 5 0w . BEOR Se il n e
B 4 W 97 %o AR K B S S-HT ONE A7 98 55 76 H o

cAMP (G515 IR 5 5 T #4140 i 1) #if 28
KA GCAC A 2 BE ), i ik iE , cAMP/PKA/CREB/
BDNF {55 5 i [ 5 S AR i 5¢ 3 % U122 . cAMP 8
FR R FRBIE IR R, P R R R T I (A C) i Ak — B iR
i (ATP) B 2 — A~ FE B R TE 10, 1 Bk O 26 A 15 B
b M5 AR, 2 5 a2 o8 fil A L A L
1 5 AR A N R AR W) 2% R . 7E cAMP/PKA/
CREB/BDNF {5 5 i # 1 , 4 ffl i - G & F A K 32
A5 B e 2 b 20 38 T 45 6 Rl ok AC BT cAMP, JR
WG PKA, PKA i A6 35 i 5, 1F A 40 i % e
W2 1k CREB, Ji 2l #1156 [ 4% 5% . i iz i , CREB
EMEGAERK MAERT A& o fmr mi ol
e & EEZAER . CREB S 5 4115 5 5%
LM ATTAER R E MG, TE G T R b
Z AR P E I . BDNF & — A i 228 3216 Y
AN, R P T, MR A E SRR K
By L, BDNFAE KM R iz Rk,
s BDNF 7 iff 5 1 2 o o oK i %6357, BDNF 1] 4
Fril 45 AU I AE , 2 5 4 Fh 2y ] Fd A2 Dy ag
R ZITCAK A RE R PR 4 R G b
280 W A0, B4 2 fuh mT ¥ 44>, BDNF /& CREB

. 24 .

i i S 50, CREB 42 BDNF (1) 1 ¥ , CREB
1 BDNF 235 K V- A2 PERY . BF g2 2 AR K
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