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B E AW ATREMRLEE-3-5 BB R AR AE A R D R AP 278 7 B T (BDNF ) /85 2B 4 B4 2 1k B
(TrkB) i@ 3449 % vh1, 7 ik ¥ 120 R CHTBL/6 ) RAMA A E5 40 AEA 20 225 (AT F 5 -3-3] 4835 ) A3t 3 7 B A 40 ( Ze it
ToH £ -3-F] A +TrkB # ) #) LM22B-10) , 44030 R, 325 20 o8 20 F) B2 A 2000 R4 X B 600 pg/kg AL H £-3-7 F 48
F 1ok GELH6 R, BB A IA M RAL 6 A oA XM im £ A LM22B-10(5 mg/kg) 1 K5 B A A=K A 200 RE § 5
RAAER K, KRB HE  ThEFAN, A AR R RN EMAL-IE F £ S mRBEA . BRI G, K45 10 X
ROCFABIR B ZOE B A AR B R K AR R A S 1] A R LA 6 h, R LA A R O T A5 14.28 36 Rtk LI s A
it L h ARk s A A RH, THEUSH 6K, S5 IR 10 R Al 2 i 45 & F KPP A H 4 10 R Kb 1
Hr 422 BDNF mRNA & &G kik, 4R 5EF i AW R Fm B LA ZAE BRI AR 8 R
% 14.28.36 X i & ok 5w A A KA B E 3 A (P<<0.05) , ik 45 B F K F B 5L BDNF mRNA &G4 25 B3 B 5715
(P<0.05), HHEA gk, 2520 KB B A B ZARAT A 6 BRI K ARIR 5 B e ad 1) B A % 28,36 R Wk S+ A A
REIH R FHR Y (P<0.05), foiF45 & FK-F &% T BDNF mRNA & & A8sF &k B39 B 5 BAK(P<<0.05); 5 32 25 40 Yo 22, 8 3h 71
R RBRIR B M R AR R R AR AR at A Ak AL 28 36 KNG ok K A K39 B E 3 m (P<<0.05), S
45 % F KT &% % BDNF mRNA & G 4850 £ A ¥ R EIH 5 (P<0.05), %k FREFE-3-H HeFrmmpEn R LH —
ERBRAP AR A L) 7T AR 5 49 ) M I BDNF/TrkB i@ 54 69 40 A % .
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Study on Protection Effect of Mulberry Anthocyanin-3-glucoside on Epilepsy Model Mice and the Effect of
Hippocampal BDNF/TrkB Pathway

WANG Fang', HOU Zili*, HAN Bing', XIE Guosheng', ZHANG Yanling' (1.Dept. Three of Pediatrics, Xingtai
People’ s Hospital, Hebei Xingtai 054000, China; 2.Dept. of Pharmacy, Xingtai People’ s Hospital, Hebei
Xingtai 054000, China)

ABSTRACT OBIJECTIVE: To study the protection effects of mulberry anthocyanin-3-glucoside on epilepsy model mice and the
effect of hippocampal brain derived neurotrophic factor (BDNF )/tyrosine kinase B (TrkB) pathway. METHODS: Totally 120
C57BL/6 mice were randomly divided into normal group, model group, single medication group (mulberry anthocyanin-3-
glucoside) , agonist combination group (mulberry anthocyanin-3-glucoside+TrkB agonist LM22B-10), with 30 mice in each group.
single medication group and agonist combination group were given mulberry anthocyanin-3-glucoside 600 pg/kg intragastrically
once a day, for consecutive 6 weeks. The agonist combination group was given LM22B-10 (5 mg/kg) via the lateral ventricle once
a day at 6th week. Normal group and model group were given constant volume of normal saline intragastrically. After last
medication, except for normal group, other groups were given lithium chloride-pilocarpine to establish epilepsy model. After
modeling, 10 mice in each group were taken to record the latency, frequency and duration of spontaneous recurrent epilepsy,
observed for 6 hours a day for 4 weeks; EEG was recorded on the 14th, 28th and 36th day after modeling, and the abnormal
frequency of EEG in 1 h was counted. On the 6th day of modeling, other 10 mice in each group were taken to detect the serum
calcium level, and the remaining 10 mice in each group were taken to detect the expressions of BDNF mRNA and protein in the
hippocampus. RESULTS: Compared with normal group, latency, frequency and duration of spontaneous recurrent epilepsy and the

times of abnormal brain wave on the 14th, 28th and 36th day after modeling were increased significantly in model group (P<<

A HEATIH : 2019 45 B0 B 2Bl 2R 51 (No.20191712) 0.05). The serum calcium level, mRNA and protein

* FIRBENE W1 BFFE 7 « 28 2 G0 i 7 40 W 2 S B expression of BDNF in hippocampus were increased

E-mail: wangfang7699@126.com significantly (P<C0.05). Compared with model group, the
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EZEG 2020 4E55 31 4555 3 44 China Pharmacy 2020 Vol. 31 No.3  + 335 «



day after modeling were decreased significantly in single medication group (P<<0.05), while serum calcium level, mRNA and

protein expression of BDNF in hippocampus were decreased significantly (P<<0.05). Compared with single medication group, the

latency, frequency and duration of spontaneous recurrent epilepsy and the times of abnormal brain wave on the 28th and 36th day

after modeling were increased significantly in agonist combination group (P<<0.05), while serum calcium level, mRNA and

protein expressions of BDNF in hippocampus were increased significantly (P<<0.05). CONCLUSIONS: Mulberry anthocyanin-3-

glucoside has a good protection effect on epilepsy model mice, the mechanism of which may be associated with inhibiting the

activation of hippocampal BDNF/TrkB pathway.

KEYWORDS Mulberry anthocyanin-3-glucoside; Epilepsy; Brain derived neurotrophic factor; Tyrosine kinase B; Mechanism;

Mice

P R JLRFE LI , 2 i Tl 4600 i 2 S5 il
TS, IR b 2R B PR | ME2E sl = BURAE % B LIY
AR A A TR, ] e ARt B
I W A L 25 AT W R 2 A N IR
B LBRRPEAER, AR E TG PR AT (5 B BB 2454
B2 HHERITT R AR M, H25YAT7 512 1)
RIVERIZ LR E R TAD R, W i &0
LB 2%, iR 8 2 P BH o P4 aE , M b i 22
A -F (Brain derived neurotrophic factor, BDNF )/ 24 li2
W42 1A B (Tyrosine kinase B, TrkB )il -5 0 (1 & 9k
AT — 8 B SR

T 2= R I D — 2 A T B K s
PERREOER, HATH THREGESH Z 00 T2 R 155
ML FAREEY, ZNCHFFRHEYI N (Morus alba Linn.)
) ARAR , B HUAAAL RIS B 25 2 R AE T
P, 25 W2 B R AEY Z — , NS SR B 48
R LA T EE M RRRE 326 IR R AN
LS B AL T R -3- AT, MR R,
A6T 2RSS 8L /) B At B0 1 A IR S e
R-3-HARTT W AR JERR A B PR AT
JSEERY, MBS R b RE S, K TFHER A
U AE F LA AL i iE 50 . STk, A
R LRBEALT R rh R LN E R -3- A0 1T A b
FEXT G, 7 5 HOHEUR B RN R R4 R, IR T
BDNF/TrkB it #%75 4 HAF AL , iz fb & Wiy ot & A
L 57

1 ##l
1.1 88

LC1200 7Y = 24 A8 015 4% (35 [E Agilent 23 F] )
J2-21M B 5 AR 25 0L . Me pro 384 Y S B 2 6 i
- R A R (PCR) X (78 % Eppendorf /3 A] ) 5
GE AI600 U8 R i1 2 D Re 4= 115 F WL A% A (36 [E Amer-
sham Imager /A A ) ; B-H-300A 1 B #)11 Jy 2400 75 ik 56
AL KU AT PR A FD .

1.2 #AR5RF

AL A WAL IR g A B A BRA F (5
180213) , Fi PO 1] A Ml A2 Pl 25 2 Bt it 2 8 RIVAE 5 63 46
SN FE B (M. alba Linn.) (1) B2 B34 ; TrkB i
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B 7 LM22B-10 ( 3£ [ Selleck 23 ) , £ 5 : 6037, 4 JiF .
98.81% ) s AALEE (i fbbt A TREA R AR, 185
T447-41-8) ; RIRPR AR RS 1 S (AR il 25 A B
oAl S i H31021519, BUA% : 0.3 g/mL) ; R FR VT X' K b
P25 . CAT 54-7T1-7, MLH& : 200 g) . B 56 7 L 4 ) s

(MTB) H 83385 & (525 . CAT 1945-77-3) ¥l [ 5
[ Sigma 2 A ; % I BDNF $L{AK (975 :ab108389) | FLIA
I -3- W R i & 1 (GAPDH) 44 (55 5 : ab22555) |
B AL (HRP) AR IC AT LA/ RS BRE 1 G
(1gG) —HT (585 :ab97051) \HRP FRic i 111 £ P % 1eG
ZHi (9845 :ab6789) I H HiE Abcam 24 H] ; RNA $2HL
7 & (3 [ Invitrogen 28 A, #L 5 - 15589218) 5 51 4
A AR R WA BR S F) A A HA R R bt
TKNFEIIK
1.3 ¥

C57BL/6 /N 120 H, A, 4405 25~30 g, f ¥l
BB R 2 g oo S 43, S2 56 sh il R VF T R -
SYXK (3#) 2014-0198. /N BLUiA 32 5055 3 X EL 4, V6 A
JE A 12 h, FREE IR B R 25 °C, B8 R 50 % , f) 75 401 i)
H R oK.
2 FHik
2.1 BELFE-I-FHEHETHIRK

FiSCHR T TR IR K -3- M. 30 g
ZMA G TS B (30~80 H) , LL0.1% £h i - 7 i
(40:60, V/V) PRI FW 120 (g/mL) 2 HE
J& 50 °C JZHEEFR] 1.5 hiZ 42 2 ¢, A1 2 IR UK, B2
08 I e 6 15 BURLIR B (19588 11% ) o i FH Agilent
LC 1200 % /55 2800 AH (015 SO il 26 Ak 48 5 2% -3- ) A b
T, i 4% 435 4% 2 YMC Hydrosphere Cis (150 mmx 4.6
mm, 5 um) , 4ifb 5548 0.04% =R (A)-Z 5 (B)
(95:5,V/V) , Afifb st E] 47 0.5 h, Wi 4 1 mL/min, #6303
K8 254 nm. Fe il 1S B A >99.5% AL H K -3-
AT RR Sy . A BRER AR AE T 25 -3- 3 W I Ak
— MR B AT, K R T — 20 CUKAR hORAE
FH
22 HA EESHRH

/N B PR TR 2R 1 R BERL A A I 4 R
20 (AL TE 2R -3- T ) FU Sl FH 4 (S
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23T LM22B-10) , 441 30 H. M2 Fi
SN2/ R T & SR HE 8 600 pe/kg RALAL
RS- BT, B H A VIR, ELRE 2 6 R AE L 3k
fitlh SR 2/ BT A 1R I iR 457 LM22B-
10, ARG ZEVE A, B IR 5 mg/kg, 55 H 24525 1 IR, 404525 1
JAS . Ta]EE, IE R 2 A2 /N BRE B SRR A PR K
RS BRIE T AN A& 2/ U S i i 5
AU /INERUSEIE R SRR C i ) S AR RIS R (180 mg/kg)
24 h )5 ME S A R % (1 mg/kg) , 15 min 5 F-IE s 1
STERPRVCEE R i (30 mg/kg)™. MM Racine 43901 1
W RAETEEY, 30 min 5 A i BUBR & 1F 19/ R 2 1E
Js T SR BRVE - 5 (10 mg/kg) , BT 28 15 S0 R AE
2.3 /INERIERFRTT A 434 R iy ER B MU

TR S A A1 50 A 10 HUNER, Sl sh Wt Tk
2 R e SO B I Tl SR U B & R AT N .
H BRI )E , AR MWEE 6 h( 4 9:00—12:00, B4
2:00—5:00) , ELNEE 4 J , LSRR B L PE R VER
TR (h) 389 A AR 2% (R /d) A R AR R[] (s) o
[ I [ S A R ) S5 55 14,28 .36 KX 4% 2/ Bk A 7 i e,
PR #r , BRUCRIN 1 b, 0 3 AL FsF ) PR S5 i L e i 2
UCBC i EEL TR W 2 B 1y 3 1 Ol RS i Pl ) 27 )
S B 5 e PR G L LTI, DA Fi R SR T8 1 S
R AR S B M IR B SR T R TR e W R
A R I A
2.4 NRILESS B FKFR

TR LI 5 6 K, A BEALIC 10 H/NBUR#HIK
BBUIL , 43 #5037 , % MTB 32400 65 08 B A DU/ )N Bt 37 v
5 2 K
2.5 /INRiED LA H BDNF mRNA K&

KSR 2 6 RE R -PCR LA T RGN o B AR SCHR A
FELE R W] BDNF 8 1R RSB 5 6~7 KikH|
IS PR, AR AR SR L) JR 5 6 K, & ARl L
B 10 H/NRARFE I B 1 Eh 21 21, 44 RNA $2BGA ) £
VB ASX /N BRI T 41 2P ) mRNA SEA THE I, 36 iE 4l
JE I I 55 S 45 7 cDNA, LU A ) cDNA W 45 i 1F 47
PCR 4" 1% . BDNF | #7519 % %}y 5' -AGTGTGT-
CATAGAGCTTCCTGTTTCATCTCCCAGT-3' , T % 5l
Y ¥ % A 5 -TGGAACCAGGCCCCAGGGAATCTT-
TCAGCTGCATT-3' , #" 14 F Bt K JiF 4 533 bp; GAPDH
SIS K 5 -GGGAGCCAAAAGGGTCAT-3' , F
W51 ¥4k 5" -GAGTCCTTCCACGATACCAA-3 , §”
W R B K R R 452 bpo S R R BRF R 25 L.
BDNF fi2 W 45 14 : 94 °C 0128 7% 3 min; 94 CAZ M 30 s,
56 CiE k305,72 CHEfH 30 5,30 PGER; 72 °C 4L fif
5 min, GAPDH JZ )i 251 v 1B K 4512 58 °C 2 i 1
min, H A 544 5 BDNF #[i] . LA GAPDH A N2, %
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FH 27 oA H I BE R AR R SR A 1
2.6 /NRIBSHELH BDNF E B RKIZK N

K Western blotting i #EF 7RI o HC“2.57 1 F /)
B Eh ZH 21, I AR 2L ik 80 mL, vkl H R A A) 3K
(40 kHz 10 s/¥, 2L 5~6 W, B EIEE 30 s) , AR5 L)
13 000 r/min #5.0> 15 min, H F 3, 347 = Mok R
(BCA)EEFIE T . BUE AT Zhe SR B - SR N M
15t e (SDS-PAGE ) HE Ji¢ H, Uk , FF-5% 7% 22 fiFf R 21 4k 3R 1ot
(PVDF i) , LA 4= Wi A 2 h )5, Jil A BDNF , GAP-
DH—#1(1:1000),4 ‘CHFH L4 ; A TBST 22 i e
AW, IR 20 min, FEILAARR. —HT(1:2 000) , % M &
2 h; LA TBST Z& tfif I35 3 U, Bk 10 min,  SEUEAS RS
A2 G, R F R D Re R 1 USSR
4J: BDNF Hl GAPDH 7547 3411 , I8 >R 1 Gel-Pro Ana-
lyzer 4.5 BAFHAT IR EEAE 530, LA H R EE 11 4500 K AE
55 NZ GAPDH 45417 JK BE(RLAY FUAB 2/ H A28 1 AR
Fikit,
2.7 FHitFEFE

KT SPSS 19.0 Geit# 8 A7 58 it o0 #r . IR
BEL X £ KoK, 41 IA] FO AR FH BR300 28 43 B Fl ¢ A
5. P<0.05FREFAGITFEXL.
3 &R
3.1 FHNBREWBAMBRENEZLERRL

LRSS BB /N U A N . SRR AL,
AL/ B A PR AR RO TE IR I 35 S, A
R 2 AR (P<<0.05) , KA RREEI ] {2 25 4 4 (P<
0.05) , iX 42/ SARAE T 25 -3- 74 280 W 1 oA 78 /) B0
(RN RA —E BIHIE . 5522 Lo sk
P /N BRI B P P R AR R v AR 25 4 0 (P<
0.05) , RAESIR 3 THm (P<0.05) , K AEHFLEt h) B 3
FER (P<<0.05) . & 2H/NBUIE B & 1 A AR i AR
W R AT N R AR RS TR 25 SR LA 1
F1 JBEANREREREBLZIERBRE ZEMZE

REFERENESER (x£s,n=10)
Tab 1 Determination results of latency, frequency
and duration of epilepsy seizure of mice in

each group(x£s,n=10)

i IR KA KAEFRETR 5
R4 0 0 0

R 16224621 33+110° 57.03£15.12°
24 2873£5.69° 15£056° 3413£1691°
I mAL 18.63+491* 294103 49,60 £ 15.64*

T HIEF A LA, " P<<0.05; GHITIAH LA, "P<<0.05; S HZYEH
Hedg,*P<<0.05

Note: vs. normal group, * P<<0.05; vs. model group, “P<<0.05; vs.
single medication group, “P<<0.05

32 BANMNRKEEREBEAMNEER
TEYE B RS I 55 14 .28 .36 &, BT 20 /N BLS in He,
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P K RO B3 T (P<<0.05) . ST HAS R
241N R AR ) J 265 28 . 36 At S i R Y8 & A Yk
R FRAR (P<<0.05) o 5 B2 2 He A, sl i FH 4
ANFRTE RS B RL ) J5 565 28 L 36 Rt S fii HhL I8 2 A U B
FH IR (P<<0.05) . 25 4H/INBUTE RSB LA [A] I 8] /5 1
I P, S O P, 90 K A I TE 5 R AR 2.

®2 BENREEENINAERBEEHREMNEREL

ERYNESER (x+s5,n=10)
Tab 2 The times of abnormal brain waves of mice in

each group after different time of modeling

(x+s,n=10)
a3 ; B
EAIER B8 K 36K
E#4 0 0 0
fAI 18218 185422 190412°
B4 159426 81419 71408
izl ijiE 179431 161415 189+11°

TSI AL, P<<0.05; SHERILL UL, "P<<0.05; 5 H24 4]
45 ,°P<<0.05

Note: vs. normal group, * P<<0.05; vs. model group, "P<<0.05; vs.
single medication group, “P<<0.05

33 FBAMNRMBEPBHFKEUNESER

G IEH A PO AR/ N B S B K
BEAL(P<<0.05) ., SHERYZL A, B2l 4 /N BUINL T PP 4%
BT K B TR (P<0.05) o 525 4] Hu#s , B sh 7
WK FHEH /) BT 5 7K P I 2 IR (P<<0.05) o 4%
ZH/IN BRI RS 25 AP E 45 R L 3
F3 HHENMRMBFBEFRKENESER(x£ts,n=10)
Tab 3 Determination results of serum calcium level of

mice in each group(x+s,n=10)

A5 MFESE T, mmol/L
R4 1.3340.02
fRR 067£0.11°
Lkl 1294009
AL 0.77£0.10°

TE - IR LA, *P<0.05; SEIRAL AL, 'P<<0.05; 5 #2541
H#:,*P<<0.05

Note: vs. normal group, * P<<0.05; vs. model group, ‘P<<0.05; vs.
single medication group, “P<<0.05

3.4 HHNREDHEL D BDNF mRNA K& ERAFRIAK
FEMELR

S IER A A AR /)N R H 2 212 41 BDNF
mRNA S8 AR A 34 i &+ (P<0.05) ., 5
R Hh A, B2 4 /)N B 2 20 21 +h BDNF mRNA M 2R
1B A X 3R 0k i 4 I 3 RRAIR (P<<0.05) . HHZG4L
B, R B F 41/ U T 41 21 H BDNF mRNA K 25
AT ki 2 T (P<<0.05) . %41/ Bl 4 4]
H BDNF mRNA f4 A X 2 35 15 0 45 SR UL 14l 1, BDNF
118K FEL K PR B A e 2 i 0 2 465 2R LI 2.
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BDNF mRNA A% ik it

IEWA HRIZH 24 e
R

T SIER AL, " P<<0.05; S AL, "P<<0.05; 5 2541
A2, "P<<0.05

Note: vs. normal group, * P<<0.05; vs. model group, "P<<0.05; vs.
single medication group, “P<<0.05

1 &H/INRBD AL BDNF mRNA RiXKENE
Z£ R (n=10)
Fig 1 mRNA expression of BDNF in hippocampus of
mice in each group(7=10)

BDNF—-_-

4 T B N
AEEE
A. BDNF 1 35 HLK
5 — *
I
4 - i _
as] b
= T
<>
227 e
M b
1 - e
0

powa g e
B. BDNF & [ A X} ik k¥
T SRR A LR, “P<0.05; SHEAIA] HL 4L, "P<<0.05; 5 524 4]
He#s,°P<<0.05
Note: vs. normal group, * P<<0.05; vs. model group, "P<<0.05; vs.
single medication group, “P<<0.05

B2 fANMREDALHBDNFEARILHKERE
MRIEEBNELER (n=10)
Fig 2 Electrophoretogram of BDNF protein and its
relative expression level in hippocampus of
mice in each group(n=10)

4 itig

BDNF/TrkB i % /& o HiX il 28 R 48 1 i 205 50l
B %GR B O 2 1A (Trk ) 2 BDNF (1 555 55 F 11 %
A, £03% TrkA . TrkB . TrkC % 7. %!, H: 7 TrkB 5 BDNF
2558 Y BDNF/TrkB i f% 7 X B A0 20470 iR
A N RAT RS | AT R AT T 0 A ) S A
A", >4 BDNF 5 TrkB 4545 i, TrkB 52 (R N 7E (1 ik 24 2
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BEmR AL , VT fil ke — RANBIRAT T 7, T8 22 37 0%
b 2R PG (MAPKO) {55538 [ 2 JULRE 3-3 it (PI3K)
{55 5 38 #% P8 N5 i C-y (PLC-y) {5 = i %", BDNF/
TrkB {75 538 [ A0 48 1] 5 | R v B DA PRI R T LK
TG N-HBE-D- R A RS2, 5 S0 5 5 N, 38
SRSAT MRS A AL, BRI AV E R I, iR A AR
Jii BDNF ik /Kt pfi = b, {24 2 ol J v 3 -
URHE TN, 2E— 20 45 2 iR 2k, 5 R A 20t T R
WS RN, RS 448K , BDNF/TrkB {5538 %
FEVRYT I T AR ¥ bR 2 — , AT DL ad 1 BH It BDNF/TrkB
T S PSR, DTS B A A H Y

SR 2 B LAY HRRR A28 R GUBA , 2920 % ~25% [
BB IR AR IR TR . 2 EO I R A RIS AR
(BB, Mo H AR AR 7 S o AR A SR o,
ZH/IN BRI R A S T L DR, I EL LR A
B PR i 2 R i T 4] 41 BDNF 25 11 2 mRNA 7K
SERHR TR . 4T REUET R-3-EART TS, /N
U B & P ARV E TR I RE G R A R AL L R A
TR () 46 0, S i P T8 i A R/ v G 25
FAF- [T, [l st i T 41 21 H BDNF mRNA K 25 (A Xt
FA A w EREAL, LR AT AR R RAEAE T R -3- 14
BETF 2 02 BHLWT TrkB =2 14 1% 20 1R Wl 1R AL , 4170 1) 48 A P 45
BT, BRI 1 2 ol fe fL A7, DT T o8 0 & 1
R AL, 36 S N & VB B 9. LM22B-10 & JL 7Y
(1) TrkB 3 al571 , REAEHS B 1175 K I 4 Trk B Trk C FIAH
M AME 5 8 15 B (ERKO) 55 (9% 46, 7651 X0 (5 55 38 %
TrkB At 5% b fift AR a1 AR R AE 2GR T
JEAl F A TrkB #3h #) LM22B-10, #F— 451 BDNF/
TrkB iX 4515 5l B AEAS BRI 2 R R VR . 4558
A, A S 77 LM22B-10 J5 , A] {78 BRI T H 85 5 77K
R AR, TR B PR AR BV AR IR A e AR
BTt R AR ST B) E K, I T 5 4 41 BDNF
mRNA N R IR

ZE BT AR UESE T A6 TS 3R -3- 1 W T X
R AN B — o W DR AP AR T, AL AT Be 5 4 o
BDNF/TrkB i # (1 305 £ ¢, (B Z 19 /E FPLENA
i — 2 IESE
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