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ABSTRACT Objective: To investigate the effect of cadmium and gastrodin on cell viability and the effect on the expression level of
GDNF, Nrf2, HO-1 and SOD-1 of astrocytes from the hippocampus of mice. Methods: First, cultured hippocampal astrocytes from
new-born (one day old) mice were divided into control and cadmium groups: control group was treated with medium(5%FBS+DMEM)
and cadmium treatment groups were treated with 2.5, 5, 10 or 20 uM CdCl, for 24 or 48 hours respectively. Then cell viability was
measured by CCK-8 and the appropriate concentration and time point (5 wM, 24 h) of CdCl, to induce cell injury were determined. After
that, cultured astrocytes were divided into control, sham and GAS groups: control group was treated with medium (5%FBS+DMEM),
sham group was treated with 5 uM CdCl, for 24 h, GAS groups were treated with 5 wM CdCl, and 20 pg/mL, 30 wg/mL, 40 wg/mL, 50
pg/mL gastrodin for 24 h respectively at the same time. Then cell viability was measured by CCK-8 and total RNA was extracted from
cells and the mRNA levels of GDNF, Nrf2, HO-1 and SOD-1 were measured by Real-time PCR. Results: (1) Compared with the control,
Cd(l, significantly decreased the cell viability of astrocytes; (2) The effect of isoflurane revealed a dose effect---compared with 2.5 uM
group, cells treated with 5.0-20 wM of CdCl, suffered more influence;(3) 5 wM CdCl, treated 24 h significantly down-regulated the
mRNA levels of GDNF, Nrf2, HO-1 and SOD-1 mRNA level in the astrocytes; (4) Gastrodin administration restored the cell viability and
expression of caspase3, GDNF, Nrf2, HO-1 and SOD-1 in the astrocytes post-CdCl, exposures. Conclusion: Gastrodin administration
restored the decreased cell viability and reversed the disturbed expression of GDNF, Nrf2, HO-1 and SOD-1 in astrocytes exposed to
CdCl.
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W, BRI 2 MR TR 1Y F B0 R R,

ST 5 200 M2 R P B B A RO B, X R 1 22 ) e
BV VER , JU R AR 2T AN MR | T B 4
A B A R 0T, RO VR P 4 42 5 IR - (glial
cell-derived neurotrophic factor, GDNF ) il fixi 14 # 22 78 332 [H 1
(brain-derived neurotrophic factor, BDNF ) 25 #iji 25 & 3% K T4k 5
PRE IO IE 5 DI RESE T A B X EZEEAR, JEEC AU
TR, SRR TR SR 55 B F FiE £ 4 (reactive oxygen species,
ROS ) 7£ B TV B Jot 240 At N AR SR L& AR PR TR AE , X 24
rP R B P R S A S R 1o,

KIFRFAE TR E L GE th 2508 22 B R IR A 4 KRR A He =25
REY: NGO S W W {2 2 I EZ il P GEZSTw S K |
Mo EA RO R AR, BEAb, A BFGEIESE , RIRE HA T
AR, T LA JR/NR AT AR 8 R Nrf2 1 HO-1 HEHTBUA
IR AL AR A1 (R 20 515 5 1 BT I o 4 e
PR G HA R ERI M AER . AR LLE SR (CdCL)i%
/N T I T 20 M AR A A TR S X 2, AR T ANk 5 R R
R T IO ms B I S A MR TEPE, P T2 caspase3, 44
22577 - GDNF Rt A fb 3 Nrf2 ,HO-1 #1 SOD-1 [k ik
AKF-HIFEI S 3 R BT AR 28 RGeS B AL B R YT R
WAL S AR

1 AR5 07

1.1 SEEgMf#Y

(1) 40 Mg K% 753X 57 . DMEM  (Hyclone) + 10% FBS (Hy-
clone); 0.25%] i (Gibeo); (2) S Jibe - 7 VL2 A AT R 2>
] 5 (3) B [H KA 3 : Trizol (Takara, 108-95-2); S ¢k
7 & (Takara,RR036A);SYBR Premix Ex Taq (Takara,
RR820A); (4) CdCl, -2.5H,O0 (AR, Aladdin,7790-78-5); (5)
CCK-8( gL B A MBHEA TR 7)) (6) KRR (R WIH
A RAT); (7) EE LI A - TH IR 40 M5 7748 (Thermo

Scientific) ; PCR {¥ (Thermo Scientific); 5% B} 72 #& PCR {¥ (Ther-
mo Scientific PikoReal); (8) #/A : Anti-GFAP antibody (abcam,
ab7260); Donkey anti-Rabbit IgG (H+L) Secondary Antibody,
Alexa Fluor @ 568 conjugate (Invitrogen,A10042);DAPI
(Roche, 10236276001 )

12 EWFHE

(1) /1 BUSAC BT I 5T 40 i 73 5 B3 00 T A 25 4 T W
BrA /NI, TEMERISE T s i S, R RS A
FI2 B AR AR B0 A8, IS RO g 2 12 1, SR e
3-5 min, X _EZANMTERH 200 H G708 IR IEWR , HeFh T
Z R ARV TR, BT 5% CO, 37 CAE A i
Fr 48 h JE PO, AL T (7-10 X)) 5o B SR I A 4
IR -, 240 rpm #2724 R FIE AU

(2) TIEF Y ik I AR 0.25%BRAHE 1L , 2R )5
RN TIOr BT SR, RIS S, PBS BE 3 1K,
4%PFA [H5E 1 h,PBS ¥ 3 ¥k, fll—¥i (Anti-GFAP antibody I:
500),4°CH%H 24 h,PBS ¥t/ in —#i (Donkey anti-Rabbit IgG
(H+L) Alexa Fluor@?568 1:1000), = 2 H 2 h, #RJ5 /i DAPI %¢
% 30 min, Je5 £, 2O BB I

(3) CACI, kb3 . AERHFRIL 2.28 mg CACl,-2.5H,0, ¥ Hix T
10 mL % 5% FBS DMEM ¥555 5604 EP 45N , Fe 40 , T il ik
WP 1 mmol/L AfE& W, JF T8 TAER N 0.22 wm
FLUEBRAEATIL D32 , -20°C VKA PR AT, 75256 I H R HC A R
2T

(4) CCK-8 il i Mo stk A /N BRI B 40 AL 1 x
10* AR T 96 fLARH, JF T 37°C 5% CO, A %77 24 h
JEHE, SHIMA 0.2.5.5.10 DL K 20 wmol/L CACL L [R]fiF &
24 h 5 48 h 5 {1} CCK-8 VA 5E A A 3 . #4L 100 L $5
FMZATMA 10 WL CCK-8 W, 37C M TIEE 4h )5,
FHBGEFRASGN E A 450 nm A0 9 W GAE I 55 240 Hi A X 7706 3
(LIS 77 x % = [ACHNZ4)-A (25 DA Iz )-A(%S )]
100%).

(5) RFRZE AL HH . fERHFREL 100 mg KERE , B HIBE T 2 mL
5% FBS DMEM K FR L1y EP 45 N, F8 70V i, T il itk
9 50 mg/mL (fiEER, I TS TAEG A 0.22 wm fFLIE
AT L U, -20°C UK AGTRAF, 70 S50l P iRy A B 2 i i
Wz

(6) FE R F RGN : Trizol #2HL RNA J& , 4% SEpL cDNA,
SR )G 4TS E # PCR (Real Time-PCR) [ Jif, il GDNF,
Nrf2,HO-1 FiI SOD-1 S L K N2 4L K GAPDH [ mRNA %
ikfEBL. RT-PCR 5|#¥yih Takara 23 m]& AL, FEAI ISR 1 PR,

% 1 RT-PCR 3|#F 5|

Table 1 Primer sequences of Real-time PCR

Gene Forward Reveres
GDNF TCAGCTGCCCAGCACATTTC TGGGAGCATCAGCTACCACATC
Caspase3 AACCAGATCACAAACTTCTGCAAA TGGAGTCCAGTGAACTTTCTTCAG
Nrf2 TTGGCAGAGACATTCCCATTTG AAACTTGCTCCATGTCCTGCTCTA
HO-1 TGCAGGTGATGCTGACAGAGG GGGATGAGCTAGTGCTGATCTGG
SOD-1 AGCATTCCATCATTGGCCGTA TACTGCGCAATCCCAATCACTC

GAPDH

CCAATGTGTCCGTCGTGGATCT

GTTGAAGTCGCAGGAGACAACC
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ence, LSD )Ry ; 5 P<0.05 BS54 X,
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2.1 IMNREBKRAMERE

GFAP DAPI

JE ST 4 R TR 2 1 GFAP J2: AR5 Jot 200 M0 F) o A 35

F 2 R IE IR A i 2 5 bW s Rz — [ ARSI XS
Oy BRI IR AR /N R E R R M 44T T GFAP F1 DAPI
PEDOLY D, TEDOL W MEE P T MR SRS EA
GFAP y3Rik . 450 1 IR, A BT AR 2 ALY
BRI S, A A 2 GFAP kB . WA
SR A 2 AR PR S o 2 240 e LAl A e s, T A
TIEE.

Merge

B 1 FoMEFERRRAEMMFER GFAP FRiE(x 200,47 200 wm)
Fig.1 Photomicrographs of Astrocytes in culture ( X 200, Bar: 200 pm)

2.2 CdCL, ShIRXS A 5ME 77 2 FLAS B4R A iE J1 I #2M

e 2 fir7Rs , Rl EE CACL, A3 24 h (F, =11.79, P<0.01;
[l 2.A)#01 48h (F;, =31.75, P<0.01; ] 2.B) J5 #5554 1 2 IE L
BRANMLG S FE, A AN AT T B B 225 2.5 pM Y
CdCL, 4b 11 24 Ji5 , 201 71 400k BRZLAT B2 T F(P<0.05), e 2

A

1501
24h
S
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>01°o- = %* % *%
= -
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= 50-
]
(]
c ) L L) ) L
Con 25puM 5pM  10pM 20pM
CdCl,

2 5 WM A, GRS 1 3 T [ (P<0.01), Z 5 CdCL ¥k

e, AHMEYE 7 T BRI i . CACL, Zb3E 48 h J5 , 4HAEIE 7 2
MK 2.5 WM e BE FF 4 T e, CAC, F i J3 5 e 440 M 453 475 ™ =
LT A PR, ZE TS 2 S rh 3R AT HE R 5 wM (1) CdCl, ik
T 24 h AN AR Y

1501
48h
3
> 1004 == * .
% - _ s
8
= 50
[ *%
o
c L) L\ ] 1 L)
Con 25uyM 5upM 10puM 20pM
CdCl,

B 2 REMKE CACL 3 MES/NREFIR RAMEERI RN, (A)CICL {EF 24 h RHIZEREIEE; (B)CACL /£ M 48 h FRYMMIE 1,
i¥:5 Con AL *P<0.05;**P<0.01,
Fig.2 Cell viability of astrocytes at 24 h or 48 h post-CdCl, exposures. (A) Cell viability of astrocytes at 24 h post-CdCl, exposures;

(B) Cell viability of astrocytes at 48 h post-CdCl, exposures.
Note: *P<0.05 vs. Con, **P<0.01 vs. Con.

2.3 RFEMERGE MR R RPN
RIREBAWZYWER , AW 2E A MG T A W) e
FIRZENT CACL, 531455 04 ELIE A SRS 3 S A T3 [ caspase3
BISZIR (L5400 5 wWM R RIS AR TR e BE B9 R R R ), 45 5 4n
&l 3 s, AR BE R BR R AL FH 24 h 857 48 h J5 , £ 4HL A0 e 76 e

(F5 4=6.069, P<0.01; [&] 3.A;F; ,~4.574, P<0.01; [] 3.B) £71F i
225 caspase3 mRNA 7K ANATFAE B 35 25 57 (F;2=4428, P<0.05;
K 3.C;F; 374.989, P<0.01; [¥] 3.D), 5 pM A9 CdCl, (sham ZH )X}
ETU I B A M T ™ S, LA 7 2K T X I Con
ZH(P<0.01), JT-2E K caspase3 mRNA 7K 3 i 2 & T Con 2H
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I
3

PP v
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CdCl, 5uM

MG PE(S sham g EE P<0.01), [RIELFRAR T caspase3 1)
mRNA /K5 sham 44 1 P<0.05), KKEM 5 uM [ CdCL
[ EF/E A 48 h 5,50 we/mL {49 JBKEE FT LA BH 8 3 m4m #5145 2
T B A0 M 5% P HE B AIC caspase3 () mRNA 7KF-(5 sham 214
H P<0.05).
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Bl 3 AERERRKEITRRGEME RS pM CdCL Hi{5)iE MR caspase3 mRNA /K EHIRME, (AXRMKEM 5 pM CdCL 1EM 24 h IFHI4H
B ; (B)RARZEFN S uM CdCL 1EF 48 h [FRILRAIEE; (C)RMEF 5 uM CdCL 1Ef8 24 h J[FZAAEHI caspase3 mRNA K FIE4Y ; (B)RFREH 5
uM CdCL, £/ 48 h JFHAAEAY caspase3 mRNA /K4, iF:5 Con ALL **P<0.01; 5 sham ZAEL *P<0.05, #P<0.01,

Fig.3 Effect of gastrodin and CdCl, exposures on Cell viability and caspase3 mRNA of astrocytes. (A) Cell viability of astrocytes at 24 h post-CdCl, and

gastrodin exposures; (B) Cell viability of astrocytes at 48 h post-CdCl, and gastrodin exposures; (C, D) The mRNA levels of caspase3 of astrocytes

post-CdCl, and gastrodin exposures.

Note: **P<0.01 vs. Con; “P<0.05 vs. sham; #P<0.01 vs. sham.
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H1 50 pe/mL R R A S A #l T CdCL X Nrf2, HO-1 Al
SOD-1 mRNA iy FIEERI (45 sham 4 1L, P<0.05), $EH K H %
AR AT T T 20 L i 4575 37 T GDNF L4 AL
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i
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SRR TR I I A A A g, #E 3% IRF GDNF LU R4 4k
JE[H Nrf2 . HO-1 il SOD-1 mRNA F2ik[0E 0, BHiERES
FECRIE IS0 MIE 77 T B, GDNF At A L FE K] Nrf2 (HO-1
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(O& AR HO-1 mRNA K ZE4Y ; (D) ZHLAAEAT SOD-1 mRNA 7KF 4,
i£:5 Con HLL *P<0.05, **P<0.01; 5 sham ZH Lt #P<0.05, #P<0.01,
Fig.4 Effect of gastrodin and CdCl, exposures on gene expression of astrocytes

(A-D) The mRNA levels of GDNF, Nrf2, HO-1 and SOD-1 of astrocytes post-CdCl, and gastrodin exposures. Note: *P<0.05 vs. Con; **P<0.01 vs. Con;

#P<0.05 vs. sham; #P<0.01 vs. sham.
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