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Effect of Gualou Guizhi Granule on Calcium Signaling Pathway after Excitotoxicity Injury of Neurons

ZHANG Yuqin, FAN Liming, WANG Hongyun, LI Huang, NAN Lihong, XU Wei, CHU Kedan*(Pharmacy
College of Fujian University of Traditional Chinese Medicine, Fuzhou 350122, China)

ABSTRACT: OBJECTIVE To study the effect of Gualou Guizhi granule on the calcium signal pathway in N-methyl-D-
aspartic acid(NMDA)-induced neuronal excitability toxicity, intend to illustrate its possible mechanism. METHODS The
excitotoxicity damage model of neurons induced by NMDA was established. The activity of neuron was detected by MTT and
LDH, and the expression of MAP-2 protein was detected by immunofluorescence staining after administering with the Gualou
Guizhi granule. Real-time PCR was used to detect the expression of CaMKII and CREB in neurons. And the expression of
p-CREB, p-CaMKII, CaMKII, CREB and CaM protein were detected by Western blot. RESULTS Compared with NMDA
group, Gualou Guizhi granule (200, 300 pug-mL™") group significantly increased cell viability and decreased LDH concentration
(P<0.05 or P<0.01), significantly increased the mRNA levels of CREB and CaMKII(P<0.05 or P<0.01), significantly increased
the levels of MAP-2, p-CREB, p-CaMKII and CREB(P<0.01), and significantly decreased CaM level(P<0.01). CONCLUSION
Gualou Guizhi granule have protective effect on the excitotoxicity damage induced by NMDA, which may be related to the
phosphorylation of CREB and CaMKII and the inhibition of the expression of CaM.

KEYWORDS: Gualou Guizhi granule; N-methyl-D-aspartic acid(NMDA); CREB; CaMKII; CaM
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R A J SCHRD SRl , AR RA T IR R -
SR KRS E s Thae . F2RE L H G
RE SIS E R MSGEER, TR . AR RS
ART IR ORI, R R B 7 B 4 N G 1
FRREERL K R B W BE AR R ) XL H-IRG S
IHEPE R ERG AR .. RINEAER. HER)
RETSG, S A L P A 7 K BRI 2R . TR
i e R B, R A i 4 ) e 2 G A
TS, HIHIA SR . NMDA 755 (1 24 65 M 35 M 5245
HAH ST — S BB (5 : 2013S0001)
AR AR A 5 = N R BBt AR, (HIAE
FAALHI AN B . Rt ARSEEG#E 7. NMDA 754
Zou AT PE R IR TR, AR RO I T gk S0,
PEHL 3 MREE(100, 200, 300 pg mL ™ )AE R AL i
K, BTN NMDA 5 S o e s e
JE R S IE B R, RT EER AU, OARE A
BRTRLIG PR YA I7 e 0L 1 i 4 S A S B0 A4
1 UFE5HF
1.1 {3

EVOS FL {8 B % 6405 BB G [ AMG &
#]); Infinite M200 Pro £ I REBEAR (X (3 - TECAN
A#]); ChemiDoc XRS+EE A% 7 #T & 5t C1000
PCR ¥ #8135k H 35 [H Bio Rad 2A#]; 7900HT 5L
i 78t % f PCR X (3 H ABI A #]).

1.2 5

AT A A A OR8PS 24 K P B 28 — N IR
BERE 2524, b5 20160809); 0.2%A K 2K (i
(Sigma, %5 : LS003119); Neurobasal® medium(#%
5 211030490). B-27% serum-free supplement(5%
: 17504-044) . 100xGlutaMAXTM-1( 1% 5 :
35050-061) ¥4 'y H Life technologies ; MAP-2
antibody(Santa Cruz, %5 : sc-74421); mouse
anti-goat IgG-FITCL M A2 &M AR A F], 175!
ZF-0311); NMDA(Sigma, 55 : M3262); FLEJ
AR AN ECE s REVMBEARARAR, 175
C0017) ; CaMKII(Abcam , % 5 : Ab22609) ;
p-CREB(#%5: #9198). p-CaMKII($25: #3361).
CREB(#%%5: #9197). B-actin Pk S : #4960)
®W H 3 B CST 7 #; RNeasy® Mini Kit
(QIAGEN, Tt'5: 74104); RevertAid First strand
¢DNA Synthsis Kit(%%5: K1622). Power SYBR™
Green PCR Master Mix(%% 5 : 4367659)) 1 H

Thermo Fisher Scientific.
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1.3 ¥

24 h T AETE T 20 Sprague-Dawley(SD) K B,
QINPR, WHRKRSE®INY), VATIET:
SCXK([#)2012-0001
2 ik
21 BHMATNSE. BREEE

AR A T D A T B B
FE5%E. BoBRANMETEMNEZ RBHR
FR g TR, BT 37 C. 5% CO 3537
FEPEE TR, B3 d PEME 1 K. AKEHE 7T RN
AR T 5 855
2.2 PR IOIE AL

P e T 2 A R B A 1 96 FLIR
W, 37 C. 5% CO, 85597, KiFR A5 7 Kk, N
. NMDA 2. F&HEEER BRI (100, 200,
300 pg-mL ). BEALL TIPSR E RS H
YIRIRE IR 2L E 24 h J5, F MTT A1 LDH 24l
HHAME ). WIRER 3 R, BRIAR A
s 6 M AL,

MTT 3%: B LI 10 uL MTT, 37 ‘CH59% 4 h
Ja 7 BiEWL BALHIN 100 uL S HIIEEAA, H
B bR ACRT I 570 nm AL & FLIWOEEE(4 {B) . [FIN
WEAINAMI 2 IR E . 417 S =000 4
AME/7 A A HX100%, FHod 2= AHAEE R 100%.

% 18 7L i S B (1actate dehydrogenase, LDH)
e BRALLE T A RLE) B TR BB S A A 1 7R Sk
% E 24 hJ5, LDH A& 35247 LDH &k
ME
2.3 REROERI MAP-2 B HFRIE

B3 20 25 7 AR ) 35 97 BR Bl B A 29I 1 R
B, WE 24 h JER AR IR, 4% % 5% I L]
SEANAE, 15 min J5 N PBS BEATEEYR, BEJEIIA
MAP-2 —#i(1 : 500), 4 CH¢HiL®; PBS &k )5
TN B —Hi(1 : 500), =EiEFFE 1 h; PBS
PeJE N DAPI J(10 pg-mL ") I & Y,
10 min JEMABEAT PBS ¥k, #HH, RGEME
AT IEE . k.
2.4 Real-time PCR £iill CaMKII. CREB mRNA
rRIA

UM% 3% )5, T PBS Pk, ] RNeasy”™ Mini
Kit W7 S F2 M8 RNA, T RNA WKkE, %
F RevertAid First strand cDNA Synthsis Kit i 71 £
AT IR S, 2 B BRI 8 3 51 41 L
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1. RNARRETOGER PCR A AT, ¥
MR . 50 CHIHA 2 min, 95 CHi#k 10 min,
95 CAFME 155, 60 ‘CiBK 30s, 60 CHEfH 30 s,
FL 40 MEFR; K H ABI 7900 %% € & PCR X _E
(0 3 A AT B08E 1 o B b 3, H S H 2
mRNA XL K.

x1 514575
Tab. 1 Primer sequence
E" Bkl
CREB Forward 5°-GAG GCA GCT TGA ACA ACA AC-3’
Reverse 5°-TAC CCA GGG AGG AGC AAT AC-3°
CaMKIlI Forward 5’-GGT TTT CAA AAT AGA ATC GAT G-3°
Reverse 5°-GAA GCC ATA AGC AAT GGA GA-3’
GADPH Forward 5’-AGC CCA GAA CAT CAT CCC TG-3’
Reverse 5’-CAC CAC CTT CTT GAT GTC ATC-3’

2.5 Western blot £l p-CREB. p-CaMKII .
CaMKII. CREB #1 CaM & H &4

MR FR G, BRFLINN A 2R B il 5 o 1
RIPA RN, WERRABI, /£4 CHFEL 15
min, W& EEHR, BCA 2 & AWK .
SDS-PAGE #tf sy & H, & PVDF L, 1
B 2E 3547 2 h B . 4 30m N BBt
p-CREB. p-CaMKII. CaMKII. CREB ¥ 73 [ ik
(1 :1000)LLJ CaM Hoa FEHUAAR(L © 500), 9% & it
W, W FEN 4 °C, ] TBST ¥E# 3 ¥k, &K 10 min,
PEBIE NN HRP bric £t Pl © 7 000),
8 2h, FFH TBST Pk 3 %, #% 10 min. 58k
JG 2k 4 Bio-Rad Bt 73 i ACEEAT BUE A 017
p-CREB. p-CaMKII. CaMKII. CREB. CaM 5
B-actin ] K £ fH % H 1) L fH % 7R p-CREB .
p-CaMKII. CaMKII. CREB £l CaM & [ #H %} &
B
2.6 FiitESHT

SEIHR S R UL X £ 5 R, A SPSS 20.0 K
PEREAT 23 AT, SRR SRR 3 5 2 4 T itk AT 4R 1) 2 S
M, P<0.05 Fon £ R EGFIFE L
3 Z#R
3.0 AR URLX 28 0 T () 5

NMDA 73 FAE S #1470 6 h f5, 4
JIWI RS, LDH BBUK-F- &3 T 5 (P<0.01). A
[F A BE AS BE FE MUY B 24 h W] 42 = 40 i vs
77, 1200, 300 pg'mL™' 5 NMDA 40 L&A &
F 2 H(P<0.05 BY P<0.01). A[EWE(100, 200,
300 pg-mL )AIREREEER BURIE & 24 h W) R R
ik LDH ¥ B (P<0.05 8% P<0.01). 2R WK 1.
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75 2)

50

ANMLAFIE2/%

25

ZH4L NMDA4L 100 200 300
RS FER ORI 2 /ug- mL!

LDHFE K /%

ZH4 NMDAZL 100 200 300

K BRI JEE /ug - mL!
1 AR X 4 076
A-MTT #: B-LDH ¥:; 5% A4l#, "P<0.01; 5 NMDA 4l H %,
?P<0.05, YP<0.01.
Fig.1 Effect of Gualou Guizhi granule on neuron activity

A-MTT method; B-LDH method; compared with blank group, "P<0.01;
compared with NMDA group, ?P<0.05, ¥P<0.01.

3.2 AEREEERUEURINT MAP-2 8 3R 1A 1 5

DGR T MEE, MAP-2 EEH EEELAE
PRE R L. 52 4L, NMDA 41 MAP-2
FH 1 2 1 4 B A0 ek 2D (P<0.01), HLAT4ESS ) 3%
B, RiEdW, 5 NMDA AR, R H R Bk
4 MAP-2 BHESR K 40 M 0 B 235 In(P<0.01). 25
KWK 2.

DAPI MAP-2 Merg

o ---
= S o

NMDA

TR

300 Hg-mL"---

BORORL
120 1
2)
. I

100 A
80 A
60 1
40 A
20 A
0
IEE:] NMDAZ AR AR UL
300 pg'mL™!

2 REHCERUFR X MAP-2 & BRI BB (RN
R, 400%)
&ML, YP<0.01; 5 NMDA #HEH, ?P<0.01.
Fig. 2
MAP-2 protein(immunofluorescence staining, 400x)

Compared with blank group, Yp<0.01; compared with NMDA group,
2P<0.01.

MAP-2[H P F %t
Tk %

Effect of Gualou Guizhi granule on expression of
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3.3 FEASEER R X CaMKII. CREB mRNA #ik
(1) 5%

Real-time PCR 73 #r45 R wor, 52 A4,
NMDA %41 CREB mRNA £ iA [£{%, CaMKII mRNA
Tk, EESIHE L. BT RABER SR
Ji, 5 NMDA #1Aitt, CREB mRNA Fi&H#n,
PR B R R 200, 300 pg-mL T 41T St
B L (P<0.01), & HEE R Bk 100, 200,300 pg-mL™'
H B FE MR CaMKII mRNA /K7 (P<0.05 5§
P<0.01). 255 W& 3.

C 24l S A EEBBIRI100 pg mL!
ZZINMDAZL E R HEBRIRI200 pg-mL!

(D A A AR AR 300 pg-mL-!

2)

N 2-{»

[ 8]
1

2)

mRNAA X ik 7K

CaMKII
B3 FBEEMERXWETH CREB. CaMKII 83 7
5 NMDA A e, "P<0.05, ?P<0.01.
Fig. 3  Effects of Gualou Guizhi granule on CREB and
CaMKII in neurons
Compared with NMDA group, "P<0.05, 2P<0.01.
3.4 %M B UKL X p-CREB . p-CaMKII .
CaMKII. CREB £l CaM % 4 1A [ 52

Western blot 7 #r&5 R iEIx, SFAHAAMLE,
NMDA #H+ CaM FKik & & % I & (P<0.01),
p-CREB. CREB Fik/K-V &2 FG(P<0.01). 5
NMDA 4LAHEE , A5 REEERCBURL % 20 7] i CaM 2
[ #i&/K*F, L CREB. p-CREB. p-CaMKII
HERIEAKE, PSRN 100, 200,
300 pg-mL ™" 434 % % Fif p-CREB. p-CaMKII &
F % 18 K P (P<0.01), K& A% K Bk 200,
300 pg'mL™" &3 M CREB & [ &L KF
(P<0.01), %} CaMKII & H A K. 45 F WL 4,
4 g

dife LA 0 2 B 2 A 2 A T 5 A T B
BB SRR, R A K B A f R
RS DA = i 155 K17 [ R = R G R AR D =R U2
TEHIBET AL AR e A I B, it 2 b R,
HrpZz — MR R RA R RN, BIE
MR AR I B BRL(E 5 5 R IO = % wy M
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— e e c. . |- REB

(—— S - ctin

2ZH4 NMDA 100 200 300
FEREFE R ORI FE /ug -mL!

=g SSSSAE R BRI 100 pg-mL!
NMDAQE Eﬂﬂ%ﬁ?ﬁ%ﬁﬁZOO pg-mL-!
o BR300 pg-mL )

2.5 | eza

HEAMENRERE

p-CaMKII CaMKIl p-CREB CREB  CaM

4 HHBERFRX®ZTF p-CREB. p-CaMKII.
CREB. CaMKII M % CaM %& & ty &

5% (4R, VP<0.01; 5 NMDA 41HE, 2P<0.01.
Fig. 4 Effects of Gualou Guizhi granule on p-CREB,
p-CaMKII, CREB, CaMKII and CaM protein in neurons

Compared with blank group, "P<0.01; compared with NMDA group,
2P<0.01.

2838 T (BLHE S 2R A AL X B ), BWOE
NMDA ZZ RS TGP =AM SR BB, E K
(bR & B, NMDA 3244k T3 BF Ui, f#
Fik NMDA ZARMHZ Juh NMDA 244 175
i ERUR, 1R ISOE NMDA 5244 AT A K A 4
T UMY A T N i E, S
P TCAN MR T: . HhAh, HERE . I 3 R A
FRATAT T LA S| R 2 Ay M e 20 08 T IR O BERR TR, AN
A R il J AL T — P RF S B ARAIRES, ik
KE CW, SIRMIAN— R Ca™ IE X
R, SHAMZMPFT . NMDA 1FAMAEHIER
RS 5ZMMEERPRE. RIESRE, FHl
G B FREE R . ST, Catt B G
ZILRET R .

Ca™ 5 5 B AE A0 M A3« 190 AR ke 3]
TEREEMEM, HAERPLE Y Ca® BEA 41
W, O AR Ca® K ME R (I CaMK T — %4k
REHE. MAMAHKRE), 5 CaM 46 Fk
Ca’"-CaM, Witk CaMKII. CaMKII 1k N 5 A 2
Ekm—MERD, BERLETUEEEN
CREB, #—ZHATTHBEETREAMRMES S
Ji&, CREB i SR A0S FUbM T E, s

PR E BACR 224 2019 4E 6 H 4 36 555 11 1)




PR T TS, (RBERh 2 T B

REMEAEA 7 R IE T (EBEERS) &, “FiR
e IEVR 58 /7, BRAER . BT, Bk, 4
L. HE, RERAMNK, FALEHME, KM,
REMS MRLATE , AR LA R B 7 R L A
AP PSS % dy MU R 15 PR A0 S5
Z ARG T SR E R 0 A 2 LR AR
file AL SR TR, WSR-S, 4
W& it E, MAP-2 RIKRE N, AR
R AT 0] NMDA 5 5401 2 70 24 7 14 55 1 40
5. RIS R %I, NMDA 4 p-CaMKII &
HEETHE, {Hi& p-CREB & [ARIAMAK. XAl
RE A R 9 i 48 70 A8 U A7 I8 10 B R DR AP AL 1) s
4 NMDA # p-CaMKII KA KiETHE, HE2HT
NMDA 5 S e e PE R 5 ™ 8, X4 i
gERE R T B E ARG, RGN Cat i ™
H, BshB AN TS, AR T A T
s T N, f#19 p-CREB & RIS R
K. seAh, B ELE R ER CaMKII Fifi 4 245 4 55 &
TFE T A%, {H CaMKII mRNA %35 2 i 7 &
T s, H p-CREB. p-CaMKII BfiZ5 254
AT AT, IR AT R AR RS B
2, XL ] B R — P 5.

g5 b, FEREEER BRI GT NMDA 7 544 1 2%
B PR EE PR B A CRIPAE R, AR AT e S e gk
CREB. CaMKII (BRI, #f] CaM FIRIEF XK.

Bift: REREREERBTRELETHF
FTEERE, BEAFTHTRALE FAARE
EEE TR
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