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Total Flavones of Spatholobi Caulis Regulate Hippocampal Neuroplasticity in
Depressed Rats Through CREB/BDNF Pathway
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[Abstract] Objective: To investigate the effect and mechanism of total flavones of Spatholobi Caulis
(TFSC) against depression in rats. Method: The fifty KM mice were randomly divided into the normal group
and high-, medium-, and low-dose (1, 0.5, 0.25 g-kg') TFSC groups and gavaged with the corresponding
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drugs for 12 successive days. One hour after the last administration, the immobility time in forced swimming test
and tail suspension test was recorded. The SD rats were randomly divided into the normal group, model group,
fluoxetine (5 mg-kg') group, and high- and low-dose (1, 0.25 g-kg"') TFSC groups. Following the exposure of
rats to two different kinds of stimuli daily for inducing chronic unpredictable stress, they were administered with
the corresponding drugs for 21 d. After the experiment, the levels of serum neurotransmitters and inflammatory
factors in rats were detected by enzyme-linked immunosorbent assay (ELISA). The changes in hippocampal
neurons of rats were observed by hematoxylin-eosin (HE) and Nissl staining. The mRNA expression levels of
nuclear factor-kB (NF-«B) and tumor necrosis factor-a (TNF-«) in the hippocampus of rats were detected by
real-time fluorescence quantitative polymerase chain reaction (Real-time PCR) , and the protein expression
levels of cAMP-response element binding protein (CREB) , phosphorylated CREB (p-CREB) , and brain-
derived neurotrophic factor (BDNF) in hippocampal tissues by Western blot. Result: Compared with the
normal group, TFSC significantly shortened the immobility time of mice in tail suspension and swimming tests
(P<0.05). Compared with the normal group, the model group exhibited reduced sucrose intake and wilderness
activity (P<0.01), decreased 5-HT, DA, NE (P<0.05, P<0.01), MAO, IL-6, TNF-a (P<0.05, P<0.01),
damaged neurons, increased mRNA levels of TNF-«a and NF-«B (P<0.01), and down-regulated BDNF and
CREB protein expression (P<0.05). Compared with the model group, TFSC significantly enhanced sucrose
intake and wilderness activity of rats (P<0.05), increased the serum 5-HT, DA and NE (P<0.05, P<0.01), and
decreased the serum MAO, IL-6, and TNF-«a (P<0.05, P<0.01) as well as NF- kB and TNF-a mRNA
expression (P<0.01), up-regulated the protein expression levels of BDNF and CREB (P<0.01), and improved
the pathological symptoms of hippocampus. Conclusion: TFSC improved the hippocampal neurons of rats via
CREB/BDNF signaling pathway and reduced depressive pathological damage, thus relieving depression.

[Keywords] Spatholobi Caulis; depression; brain-derived neurotrophic factor (BDNF) ; cAMP-response
element binding protein (CREB) ; neuroplasticity
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9% B v W @I BE Y B M E O SR W W A
Spatholobus suberectus ) 11 e 25 o & Il fe & 1% 1)
B 3 4% - X9 I RE 25 61, FREC 1 000 g, 4393 70% £ B i
6 L[ $2 B 2 Wk, Bk T hy, 3 0, o0 9 1ml ie k 4, K
FL R BRE AR A 6 Mo, B A5, R R Y A 58%. P IT
(ALK 75 N il 25 45 BN |) L 4tk 5 21201A) 5 5-F2 0 ik
(5-HT) il 5 &, Bl A AL Bl (MAO) I & , 2 ik
(DAY &, 2 E F IR (NE) IR &, [ 4/
F-6(1L-6 )i 5 & , I Jed IR AL B - (TNF-a ) i1 1) &
( Lz M2l A BR S AL A5 1 8 sep2020) ;4% £
R RER W (B AR B A R A AL
L23S11G125611S); LK L BE B () AROB R
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MW (B s REWERAGRA A, S 5550 K
120720210806, 022021210615) ; i, 3K & ( 71 JH 5 5%
EAEYRHHE AR A LS N20210426) 5 77 A -
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ARSI 254 FR 2 5]) ; EVOS FL Auto & 4 [ 2 41 ifg
W% % 4t , Nanodrop One %l #8 13 & 4% 12 2 (A I 72 1%
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PCR Y (Hi+ % [l 2528 & ) ; Mini-PROTEAN Tetra
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6 /N BRUTE K R 4 1k 45 Ll R VRIS AU B
f9 AR 328 2y DA ORE S B PR AR K T ) o
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WECZH A1, 4 2 W A7 08 P T RS AT 0 L 1 o
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I e A T RN R R SR PG VT o ELRA 2 4 ) HEAT
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A H S o BERE KA E 43 H =W KT R R/ O
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2.5 WUEPSIE  WTEFSCROULEET Sk T AR
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I T =20 °C A& T o AR5 32500 G 10 B 5 4G 0 i 3
1 5-HT,DA,MAO,NE,IL-6, TNF-a i /K -,
2.7 HEZEME KR DAL HBOR R 22
ET 4% Z R R, ARAME, Y A (5 pm), = H
B0 B 4% 10 min, B B £ B K 45 5 min, 95 K R G
4,5 min, 75% h R L BES3 16, H R K ik %, frar
Yt 3 min, HRLL UL, BB CFERL K45 10 s, —H
B 1 min, BT, PAER IR B R
2.8 Nissl M KRS MAEIT AU R K
W2 W RS B O K, AR KR, R R
WO 8,20 2~5 min, BE A, F R AKIE UE L 8 T, A
WY 0 2~5 min, K ¥E, 0.1% MUK 2 B8R 434k, H 3k K
VEZ AR SO BEAS KUk L T, 2R iE W] 10 min,
PRI E R, B T R 2 556 41k 2
REM,
2.9 Real-time PCR £ K EL ¥ & IL-6, TNF-a,
NF-«kB mRNA f/KF  FRECK R 525 30 mg, il
A B 1 mL, # 10 W] 45 20 B4R R RNA i 1
ol A P P 0 A ST R RN, SR A 90 3
SR & U0 B 58 RNA 33056 5% cDNA, I J5 iR 1
WA G U B TP 8. TNF-o 519 751 1 iF 5'-
TTCCAATGGGCTTTCGGAAC-3', F ii# 5-AGACA
TCTTCAGCAGCCTTGTGAG-3', K J# 118 bp; NF-«B
519 75 b 5'-TCCGAACTCCCCCATACGCT-3',
T ¥ 5-GCGAT CGTCTGTGTCTGGCA-3', K J&
131 bp; GAPDH 5| ¥ )3 %1 -1 5'-GACAGCCGCAT
CTTCTTGTG-3', T iif 5-GAGAAGGCAGCCCTGG
TAAC-3', K £ 112 bp, SIWF S B M ETAY T
R ) B A RA R RIS B . RNAE R
20 wL, 95 °CHAE 1 30 s, I ¥4 ) ik 95 °C 10 s,60 °C
30 s, % 26 95 °C 155,60 °C 60 5,95 °C 15 s, 4t
40 MBI o A H] 2R T mRNA KA K-
2.10 2 H AP B (Western blot) 46 i K 5L AE 5
#' CREB, p-CREB, BDNF % [ i) & ik /K F  FREL
KERUIEE B 20 20, A SRS W, SR BUEEE 1, BCA LT
FEHE B A B it Loading buffer, I 24J
95 °Chn#A 15 min, Hl ¢, EAE, HLUK, #I5, 5% IR
W5 % £ ] 1 h, TBST 3 ¥k 3 %, B K 5 min, 1 A
CREB, p-CREB, BDNF (1: 1 000) , GAPDH (1:
5000)% —HiE T 4 CCUKA &, TBSTIHWE 3K,
A ZHT(1:5000), 8 F 1 h, TBST 3 ¥%E 3 %, in A
RS . Image JIT8B 4% &4 K E{E .
211 Sit2EJrik  {#F SPSS 20.0 #F 47 48 i1 2 4%
B, A BE B DA ks F7R , R 45 2 8508 E A7 1E S
. 58 .

K 8 R T 25 55 VA 6, 75 45 2L B0 29 1E 25 20 A BT
2255 4544 F H One-way ANOVA #F 17 J5 25 43 &
¢ K6 5 AT 4 E) L B, P<0.05 KR 2 A Gt
3 &R

3. X/NRERASIN E AR S5 A,
R AL e A R R P R AR R T 4 B
A T /N B R AN B[] (P<0.05) 0 WLEE 1.

F1 BHOEESEWRINREBEESHHENZNE (X+5,1=10)

Table 1  Effect of total flavonoids of Spatholobi Caulis on

immobility time of TST in mice (x+s,n=10)

211 53) /g kg RS E)/s
IE# 127.60+£38.91
FGTT 0.005 79.90+39.88"
X0 1 TR 5 2 T 1 77.00+£40.04"

0.5 88.50+41.00"
0.25 91.40+28.82"

S IE A BV P<0.05(FK 2[H]) .

3.2 XP/NEBRIAWETK G 5 IE 4 A, 3G I
JEE A v R e 2 B TR VS T A1 34 B BH S 4 )N
FUIIF Uk A sl f ] (P<0.05) . W3R 2.

F2 BmEDZEEX/NEREEFKRSHEEHZE Gxs,n=10)

Table 2  Effect of total flavonoids of Spatholobi Caulis on

immobility time of FST in mice (x+s,n=10)

2151 /g ke WK A Sl ] /s
EH 134.30+48.08
T 0.005 86.70+£27.78"
X8 1M1 JE S 25 1 85.50+42.42"

0.5 83.10+£57.54"
0.25 104.20+58.20

3.3 XPREUBEK W &F 52 e 5 IE 4 i, AR
20K FRBERE B A E 43 L 2 BRI (P<0.01) ; H A AY
2Ll A, X I e S B TR v R R ek 4R SR PG VT A K
BUM RERE R A A 2 3 B E & (P<0.01) .
W3,

3.4 XTREW B 5 IEE A, B
2H K BLTE BEL PN O BRI I (] B 35 0 22 (P<0.01) 5 5
AUZH LA, R I A . o I R IR R A RN R P T 4
KBCTE B N O B R BB > (P<0.05) .
L3k 4,

3.5 KRR BRI TE P20 BT RN R AE N F IS 5
IEH 4 R, B R 2 K BRI Y b S-HT, DA, NE [ 7K
SF- B &L B AR (P<0.05,P<0.01) ,MAO,IL-6, TNF-a fif)
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R 3 BmEERERIKRBEKBFAZN (f£5,2=10)
Table 3

water preference in rats (x£s,n=10)

Effect of total flavones of Spatholobi Caulis on sugar

F4 BOESERASXKRYFEIHNEIE (x£5,2=10)
Table 4 Effect of total flavones of Spatholobi Caulis on desert

campaign in rats (x+s5,n=10)

2 5 /g kg FEWEK A% 215 Fik/g kg P P B B I /s
i 86.72+9.46 i 15.00+11.92
e 2)
H 0 63.20+10.93 T 27.22+45.56”
b 0.005 76.86+10.02Y .
wor T FTEIT 0.005 19.89+9.28%
X6 1L i A 25 T 1 77.44+11.50%
X I A 2 1 20.2249.08"
0.5 75.73£9.26%
0.5 18.00+8.51%

T 5 0E W A B Y P<0.05, 2 P<0.01; 55 45 8 21 [ P P<0.05,
YPp<0.01(F4~71d) .

AKOF W 5 B (P<0.05, P<0.01) ; 580 50 20 [, 3
I A A R ) 2H K BRIV o DAL NE, 5-HT 1Y
JKF-H1 & T (P<0.05,P<0.01) ,MAO,IL-6, TNF-a
B 7S B 5 FAIR (P<0.05, P<0.01) 5 111 X 1fi 7 i #2 Fif

1% 70 42 2 K B 7 o 5-HT, DA, NE iy K 3 B 3%
FF 5 (P<0.01) ,MAO, IL-6, TNF-a 1 7K - ¥ B i [
ik (P<0.05, P<0.01) ; % V5 7T 2 K KL ¥+ 5-HT,
DA, NE (1) /K - ¥ B & 7+ 5 (P<0.05) , MAO, IL-6,
TNF-a 7K 24 B B FEAR(P<0.05) . WL 5,

RS5O AR S EED XK R M 08 B R S E E T AR (s, n=10)

Table 5 Effect of total flavones of Spatholobi Caulis on serum neurotransmitters and inflammatory factors in rats (x+s,n=10)

215 /g kg'  5-HT/pg-L' DA/ng-L"! MAO/pg-L" NE/pg-L"! IL-6/ng-L"! TNF-a/ng-L"
EH 14.13£0.60 985.18+51.00 205.39+17.68 4.24+0.27 110.00+4.03 180.59+5.68
LR 13.46+0.45" 889.64+66.21% 241.86%11.56” 3.81+0.38" 117.66+6.41" 190.79+6.75%
AT 0.005 14.11£0.61% 974.08+63.06 202.76+33.65" 4.19+0.22Y 109.79+4.80% 181.61+4.48%
X 11 7 T 1 14.48+0.52Y 966.43+59.64 196.51+27.92% 4.23+0.23Y 108.19+8.90% 180.83+6.62%

0.5 14.37+0.40" 1000.95+49.499 191.80+18.50" 4.39+0.17" 105.56+3.27 183.19+5.80%

3.6 X REUEESHLUA N S IR 4R UL,
A0 20 R BT T 21 2 v 22 e A AR 1 2L L AN
A2 151 20, 200 ) P P 398 O s S R O R B A, 3

L FEE A B g P AR R SRV T AL B AT W
P22 T A0 B HE A KL A0 M A I A A N ) B i A
N o L AN

A B C D E

A IEF A B, BRI S C.O PG TT A ;DL X I S B 5 0 2 B A I IR R R 2 (181 2,3 1))

E1 BOEIHERNAKREIHMETHFIE (HE,*20)

Fig. 1 Effect of total flavones of Spatholobi Caulis on hippocampal in rats (HE, x20)

37 X R DMEZITHEm 4558 8K CUMS
Ab B R BB Y Vg T o 22 5T A7 45, R SR R HESIAS
BRI, 43 J2 RV, Nissl/MAR I D (B0 A48 1% 2839 1l
T R K VG VT AL B S , UL B BB BT
L 2,
3.8 XK B D4 4L R E T mRNA [ 52
5IEH 4 A, A4 R R S 4 21 TNF-a,
NF-«B mRNA (1) 7K F B g 7+ 55 (P<0.01) ; 5 HL AL 4
Pl A8, X0 I e S BT vy AV 7k 4 R R PG VT 4 KRR

7 5 20 40P TNF-a, NF-kB mRNA (% 7K - B i [ I
(P<0.01)., WLFE6,
3.9 XF K& 541 41 h BDNF, CREB, p-CREB %
R 5 0EF 4 b B R 2 K R 41 4
BDNF, p-CREB/CREB % [ % ik 2 & [ (% (P<
0.01) ;5B 2] Fb 5, X iy B o 8 ) vy A1 79 o 4 1Y
BDNF & [ % ik % Tt = (P<0.01) ; X 1M ik &L 35 f
5 % hE 41 1 p-CREB/CREB # ik Wb 2 F+ & (P<
0.01) ; %76 T 41 BDNF, p-CREB/CREB %% ik il 2 [
. 59 .
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B2 3Gk S EERKREDHETH R (Nissl, x20)

A B C D

Fig. 2 Effect of total flavones of Spatholobi Caulis on hippocampal neurons in rats(Nissl, x20)

R6 WMmEEDHERNAREDHR D RKERF mRNA K301
(X+s,n=3)

Table 6 Effect of total flavones of Spatholobi Caulis on mRNA
expression of inflammatory factors in hippocampus of rats (x+s,

n=3)

2 53] /g kg TNF-a NF-«xB
EH 1.00£0.30 1.00+0.26
LAY 1.69+0.43%  1.42+0.31%
FGIT 0.005 0.55+0.13%  0.84+0.54"
X 1ff 7 3 T 1 0.62£0.21Y  0.28+0.14%

0.5 0.55+£0.22%  0.13+0.03*

K (P<0.01), WK3,FE7,
32kDa
40 kDa

40 kDa

37 kDa

A B C D E
3 BDNF,CREB,p-CREB#1 /£ GAPDH B B H ik
Fig.3 Electrophoresis of BDNF, CREB, p-CREB and GAPDH

F7 BMEESEMIKXREDSHEL $ BDNF, p-CREB/CREB &
B RIZBHIFI (X£5,n=3)

Table 7 Effect of total flavones of Spatholobi Caulis on relative
protein expression level of BDNF and p-CREB/CREB of rats (x+s,
n=3)

215 #H/g-kg' BDNF/GAPDH p-CREB/CREB
EH 1.00£0.12 1.00+0.06
LAY 0.70+0.03" 0.48+0.03"
SRPEIT 0.005 0.93+0.05% 1.03+0.13%
X 1L e L 5 TR 1 0.89+0.07> 0.85+0.13%
0.5 0.85+0.08" 0.50:£0.07
4 itig

TABAE 19 S )AL A 20 Z2 b, b 48 R AT
TR R SRS AL g o P e )iz e AT R R
B AT HE S AT SR W A S RIAE AR AR e e

- 60 -

ARURALL 1 B 5048 Ve 25 W06 97 ROCR I 5 1 I ) o
FUAT R AR AT Bl i, G 55 38 i sh 0 56k 36 i Uk R 3
R[] 1Ak 2 AN Bl I (] (A7 S 46 22 ) 5 6 7 BT 3% 2l b i
By f ek /0 A T X 26 IE SR 0 R 3h AR B SR EE A AR
REE 3l , KW S W IR R LR 22k

Pt 25 AT P R K T B B AR RN AE B A —
FEAR Iy, LA T R 5 fl o 4 0 T S M X 2B 3%
2 N W7 4 B Iok o B A T K A o R R ST A AR K R
JE LR TR ST iE s WA T R AR N )

I, B A RAE A T, LA R PN 7E R AR 2E A
B BIFSE 3 B A 2k mT 0 T B R A R AR E 1
LA ALEN T A R R 48 3% T BDNF
1 oA AR 2 i 2 T M A7 Y SR R A R R B
BDNF 76l 28 50 1 2l 1 5 fih ] %84 22 18] (19 B W] 46 B
A FH A g Sk AR B 0% 9 400 s R ) R Y
A, K AR A RN LA 5 24 AT S i SRR 5
— J7 1 , CREB X /& ¥ 15 BDNF Ml 42 1 i i) & %2
BRSE N FY E&E SEFE S T CREB 78 A 1 RS
Sic iz % A bl & AR AT . W, B
CREB #% 31 [A 1 35 BDNF f¥ 7K “F- % 2kt 3% i 25 7] 9
PE T 1 B A 51 R A I AR B O . AEAR
S8, 0 Il e A HE I & 2% =5 p-CREB F1 BDNF 1y
KT, A 28 T 2 40U L, 3 WD Il feE A B I )
fiE J2 38 48 3% CREB/BDNF 15 51 i, M 36 #p 25 ]
IA 1 Ty B B A5, AT RS 3] A P AR A FH A

Zi bR X il e G B T A B S 4R RN BUE R
N Sy st ] 58 30 9% Sk AN S st a] ThE 5-HT 25 4 220
JB B KT B AR TL-6 45 48 A B 1 1 7K SF, 80 K Uit
3 2 JC I 45 407 , FH & p-CREB, BDNF (1) ik 7K -,
A U] S AP AR 1E T, 2% B X i gk B B 0 4
P75 BT M0 2R R AR AR o A AR
VB AN A G/ F 4 o 3L ik L 38 Fp ifE— 20 5T
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