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T, mAOIE T A R, @A RRIRE T CdP R e i HMC3 7%7‘.7%'-' f; WBiT—A4L
A (NO) #&m %5, A5 &4t (malondialdehyde, MDA) #: i) ?—WI B A IR FE AT
Cd¥ g 2 FMIU BT NRL L3 CFF Ui LTS FYH SRR LRk,
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B F )G, MDA 9B ERE RV ; C&7 2% p-PBK Ha 48 M, mmATENELE (107,
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Celastrol inhibits neurotoxicity induced by Cd**
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Abstract: Cadmium (Cd) is a common heavy metal in the environment. Cd*" may penetrate the
blood-brain barrier and produce neurotoxicity, thus inducing various neurodegenerative diseases.
Celastrol is an effective component of Tripterygium wilfordii Hook. F., which has many pharmacological
effects such as anti-cancer and anti-inflammatory. Here we explored the effect of celastrol on the
corresponding neurotoxicity induced by Cd**. Cell proliferation test, cell membrane integrity test, and
cell morphology were observed to analyze the effect of Cd*" on the viability of HMC3. The
neurotoxicity of Cd*" and the effect of celastrol on the corresponding neurotoxicity induced by Cd**
were analyzed by nitric oxide (NO) test, lipid peroxidation (MDA) test, and Western blotting. When the
concentration of Cd*" reached 40 pmol/L, the inhibition rate of HMC3 cell proliferation was
(57.17+£8.23)% (P<0.01, n=5), compared with the control group. The cell activity continued to reduce
when the Cd** concentration further increased. When the concentration of Cd*" was higher than
40 pmol/L, the cell membrane of HMC3 was significantly damaged, and the damage was
dose-dependent. Upon increasing the Cd*" concentration, the cell morphology began to change and the
adhesion also became worse. Cd*" significantly increased the amount of NO released by HMC3 cells,
while celastrol effectively inhibited the NO release of HMC3 cells induced by Cd*". Cd*" greatly
increased the release of MDA in HMC3 cells, and the level of MDA decreased rapidly upon the addition
of 10”7 mol/L celastrol. Cd*" increased the expression of p-PI3K protein, and the levels of p-PI3K
protein and p-AKT protein were inhibited by the addition of celastrol (10”7 mol/L, 10°° mol/L), thus
preventing cell apoptosis. In conclusion, celastrol inhibits Cd*" induced microglial cytotoxicity and

plays a neuroprotective role.

Keywords: celastrol; cd*; microglia; neuroprotection; neurotoxicity
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ZEMMITE L, 2010 AR AR T AE TR B P A
FEEUN U T CA3 XL U5 5T 2 0 /N e o 24
M Z, T 5 I BT A B ek b,k s AR Ak RT R
SERR R AR Z—

ANIE T 2B B A3 AT TE R N, R A 2 R
G Hp TR R U G R A R A A e, 45 A
P BTSN, BG4 AR (Parkinson’s
disease, PD) . [ /R 7% i B 9% (Alzheimer’s
disease, AD) FIHLZE45 M| &1k, (amyotrophic
lateral sclerosis, ALS), #F-5 /NI 40 a4 S0
P2 RAEA U 2 JE BRAE A R S —3E
WG, X iz oA F A . MR Z 1Y)
UEPEFE A 28 22 48 104 /0N e T A e 7 b
AR, FTLLAr P AR S 2R B . R R Y
M1 F RGN M2 R, M1 S i/
Ji2 Jo 20 Jf R R e R AR IR, 3K Sh A iR i
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W B AR AR T, Ak 5 A MRS M AR 2 A
KM Ry gk

Mk 2 AR, TR BRI R RS A
P B TP B RS b SR B T W A e A
PEVET o B A 21 2% AT LU o 41 1) 45 Fh S i
BB R . THBR H 2 S Ak . R shk
BN, FIAPYRTEE T (heat shock protein,
Hsp) £, B REEARNEG, $5%E
15T ) B 1R 4T 28 A5 A AU BT TG A b 2 1R AT MR
AU RN BE LT R A RE S L T A o0
p-JNK, p-c-Jun 1l NF-xB [k . %5 AMPKa
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X PR A RLLZENS CA™ 755 (19 /I e o 440 it 24
JE A PRI 1 SR R o T AS PR i R
LRGMIE T AU A RZL X /NI 5 4
LA S L F AR, BT, AR SO
PRIE T CA> X /N EE B 40 it HMC3 240 Jfa 38 5 il 24
MR TR, I HRGEIRER TR ALLR N
CA*" 15 T 1 2 TR VLI PR3P 1 o

WEERE

11 ST BRSNS
111 SKEER

AL R . BREE % 0P (phosphate
buffer solution, PBS). Tris buffered saline Tween
(TBST) ZZhi . MTT 20 it 5 K 20 i d P A
MR & B I R IR E AR RA A . FLR
i & (lactate dehydrogenase, LDH) 4 fifd 531
R iaGR & . — A A EARINEGH & . BCA
W REI E R & IR B 4EAE (MDA) Azl 35
% . —¥Pi: Phospho-PI3K P85a/B/P55y (Y467/
Y464/Y199) . Rabbit Polyclonal Antibody #I
Phospho-Akt (Serd473) Hifk (feZ¥i) WH L
B A RAEWHEARAIRA A, p-actin FLikE A
Proteintech 23 A, i 2F ML FER A H Gibeo by
Life Technologies 7~ F]. DMEM X% 3% 31 A
Hyclon 2], TLKEACSRIG F e ek AR A
FHEABR AR N4 (HMC3) 9 3 dtst
BN A W H AR TEBE
1.1.2  SEIR{Y=§

#HiE TA/ES (SW-CI-1D, Suzhou purification
NHE]), ML (Heraeus Pico 17, Thermo Fisher
Fl), BRI (K3 Plus, BIO-DL 2
F)), TEIEEFEM (311, Thermo Fisher 23 #]),
1.2 FiE
1.2.1 #ApEEESE

MEA 10%)6 4 ML /) DMEM 1375, T
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5% CO,fHIlE 37 CHIE TR R T 9%, %
A KA e, BOS B K A it 17 5
SN
1.2.2 ‘MpEIETESCIE

T RO ECE KR 4 iE, R A0 i ik B
H(5-10)x10* A~ /mL YA, 43T 96 FLR,
FEASFLAR N 100 pL AR , 29 8 000 44 ifL/AL,
fLi il 2 G PBS 378, BRI AYFLIIL T
Brapaep s gR, RN gy RENT ) R [ e
CA™ b PRANMI i g 4], R B3R a Lk
Jas g, HEIEE A FLs X REAL . K
96 FLHA 5% CO,.37 CHIFEFAH HIE 24 h,
SRIG W E EIH W, A 100 uL B fhs 3R 3L
10 uL MTT %7, 4kZe8555 4 h, RiFrgin,
¥ B W R, LA 150 uL DMSO %,
EPEIR LIRS 10 min, {45550 R
J o TE BEIE S0 ZEAS A 490 nm Ak i 4% L 4 K
JGEE (OD) fH. &80 (1) A1 (2) 5 dnfifr
R (A FHMEE (B).

A=(ODy—OD3)/(OD—0Dg)*100% (1)

B=(1-A)x100% )

Kb, A CHHINNEJI, B di el
ODg M SLIG4HWE R, ODg M4 [
{H, ODc A BEZH W Y B2 .
1.2.3 FRTEM I

ARSI SR LDH G357 Sk A 7 200 i
SEHEVEMTEAE Y, SERR AR 4 AL, AR R
BEFR AL S (AL, 8 1R 4B A X BE 2 A
RIF) CA> e BE AR PR LB, & IR 4l
B f die RO M ot R L A0 RS A B
FRFAR R SR, FRANNGRE S, ) PBS B UE—IK,
FFLIMA 200 pL A& MG RREFREE, ZEHINFL
HOINAC R B ) B A TR 2, ARG 740 h 85
Fro FERGFRES 23 h BPHGH FLAR, &RFLANA 20 uL
() LDH B, REWWIRAT, AR FR=H
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kL% 1 ho FALABA B AL 400xg B0
5 min, 045 WS I U RS BT 0 FLAR
. FALINA 60 pL LDH &0 TR, #Eb4
T IERE R EEE 30 min, ZEREFRY 490 nm Ak
i 4-fLI) OD A, MHEEEIN OD A, IHHE
‘4L LDH BEcfh .

C=(ODg/—ODjg)/(ODy—0Dg)x100% (3)

KH, C 4 LDH Bt (BHMEXTREAYH 43
EL), ODp A it die il T X HEFL A IR L
1.24 —SHEENLE

FE 96 FLAR TP EA T AR A A , AR LI g A
FIZH . XF BEZH AR [R) Cd™ ok 8 AN [] B 2 T
LRI . K7 — B A) )5 R 4 i
WiBE , Jerext LRI AR AL R, K% 1h
Je SEIR UM AR R MR BE Y Cd™, AR R4
K597 24 ho e NO I & 20 CURFEBCH Pk
EEEN, MR R NO frfEdh, br
WSV EE A 5I28 0, 1, 2. 5. 10, 20, 40,
60, 100 umol/L, 43X 50 puL fin A E87 i FLAR
W, K 2R RS IR A AR LA B 0 B
400xg .0 5 min, .05 RFLE S0 uL _FiER
IAE LR, BFLROIMA 50 pL =i
Griess Reagent [ . Griess Reagent 11, 7Efitn
% 540 nm A A4 L1 OD fH..
1.2.5 FERE SN SEI

ARSI 6 fLAR AR, srAL 2 41, HEIE
H AN A X BT RI AR R Cd™ i s Be 4
FUAS R B BELL R WAL BRS IN AR Rk B Cd™
S 2H o A0 A0 M I B S5 i AAH N 2 i, e
HEZE I A KT B 55 97 3, X6 1o S50 4 fin A TR N g
LIETALFE 1 h, Bl FAAS R HERE 9 Cd™ Ab B4
L, 24 hJEHETIE LS. FEATHIVK, HiFe
FRLEVK F4RAE, J6H PBS W vEAnM, 4fLInA
200 pL AR I AR, OO AT s T B T
WA BB, 12 000 t/min 2.0 10 min, B
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THW . PEATEE (& I R EC ] TBA 7730 F0
Rl TAEW . % MDA bR dh 258 F KRB
BOAE I Ve BE JT 45 iR e 4 o i XA A
W 2S AN BERLL . bR S AR RE SR 4, &N
100 uL, SRJ5EFLASIIA 200 uL f) MDA A
TAER IRA A 100 ‘C4 8% 15 min,
PR IR TE 1000xg BT 250 10 min,
RAEE 200 pL EIFE TR 96 Ltk ,
PRALTF 532 nm A0 4L AY OD fH.
1.2.6 EHRZENFZLE

VEPEXTEE KA, i 6 FLARESMR,
ASEFRRA R RESR , R A0 B0 BE J W 25 1 IE
FEXT L FL A I AAH R VR 1 T N T AT R T A B
Lh, HAFLIMABER L, RIEFIAAE
W) CA™ AL FE 24 h, HEHCANM N 02 11 9F
BCA b7 it . Bl Ak B MBER , LFf
PEATHLDK, HLUK 58 58 5K B 11 45 45 8] PVDF
Ji b, BRI ARTE 4 CHIMEE T, HEIRSE
e JE 5% B AE 0k 2 T 3 1 h, A
L RE Wk FR B A () — P E 1 h, I TBST %K
UL 3K, BRUIEDE 15 min, SR IARG B4
B HiWEE 1 h, H TBST IRIHUE 3 ¥k, &K
IBYE 15 min, SERE A B2V 2 min, F
25 AR AN A U AR o
1.2.7 SiEHH

ARSI B YR Origin 4834470 #r
LIGLE R VI EAbREZE (X+s) o, HEA
PIB AR 52 A BEAL I 1T B 2 22
Mr, P<0.05 Uil 2R HA G275 L

2 EREAW
2.1 ARELEREH Cd* 5t HMC3 4 A3E 1Y

A\
Tk MTT S48 I A [/ 7k B2 Cd* % HMC3
A0 ML ST, CA*TEEL 0. 1. 5. 10, 20,
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40, 50, 100 pmol/L iX 8 Nk WA T5L5 .

K1 AR Cd** % HMC3 47 1 /4
R, MRPESCIRAE IR, SR RAME, M cd”
WRESE 0, 1. 5. 10 pmol/L B X HMC3 2 ffd 3%
SEEAT BRI HIER (P>0.01, n=5), 24 Cd*
e Bk 40-100 pmol/L B XT HMC3 40 i35t A
B B3 RIVE ] (P<0.01, n=5), H &3k Bk
Wik, 24 Cd* B 1R F] 40 umol/L B, XF HMC3
20 L A B8 B AR RN (57.1748.23)% (P<0.01,
n=5), YZ5Y) R BESE R, AR YIS ) WaE
WA
2.2 AELERERY Cd*'%t HMC3 RS RIS

LDH f#7E FIEHE A dn e fiirh, — B.40
MIRESZ 45, LDH sit2s B 40 i sh s o A
U, AT DL R 5 SR 5L LDH A9 3 R 0EA
20 B Ry e A T

TEZ B S2 5 (R Atk E— RS AS IRk
Cd>" %t HMC3 4 2 m, 4 Cd> W

0. 1. 5. 10, 20. 40. 50. 100 umOl/Li{E’/ﬁ‘ﬁl‘ﬁ
B JIEN O
120
1oo—+ ‘}
~— [ *
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o 80 =e _I_ +
Z 60f .
>
§ 40 -
| ook
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0 1 5 10 20 40 50 100

Cd* concentration (umol/L)

B 1 Ccd*xt HMC3 ZHRE S

Figure 1 Effect of Cd*" on HMC3 viability. *:
P<0.05 compared with Cd*" concentration of 0 pmol/L;
**: P<0.01 compared with Cd*" concentration of
0 pumol/L.
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K2 AW E Cd BT HMC3 41
LDH BB . R SEIR 45 0L, Sx A A 1,
M Cd* e EE Ry 020 pmol/L I, 40l LDH F)#%
R A B AL (P>0.01, n=4), 4 Cd* ki
A 40-100 pmol/L B, LDH B i 2 34 .
M CA*VREE S 40 pmol/L B3 i i >y B X
ZHIY (22.97+5.12)% (P<0.01, n=4), LDH Bk
RIFIRRE CA™ RN, XTSRS
iR MTT SEE0HA—50, U 24 Cd” Wk B ik 51
40 pmol/L LA BT, 2%} HMC3 41 o i it il
WAER, H 2B RO
2.3 AREREH CA* %t HMC3 7S Y
A

h T — R Cd* X HMC3
YUfE s, HEAT T ARIE A SFAESY, AL
FEOE BB T T AW Ccd™ kb B )5
HMC3 4 B 2522484k o [ 3 2 0 pmol/L (A) .
1 umol/L (B) . 5 pmol/L (C)., 10 umol/L (D). 20 umol/L
(E). 40 pmol/L (F), 50 pumol/L (G), 100 pmol/L
(H) 8 PUEERY Cd™ 4B HMC3 41 i i) 40 it
A&, MRIEMELEIE, BaEka 25 cd™ ¥

50
45

40 + Wk 3
35+ ~]~
30
25 L *k
20 +
15+

10 -
57 ’_l—‘
0
0 1 5 10 20 40 50 100

Cd* concentration (umol/L)

Relative LDH activity (%)

B2 cCd*'3 HMC3 4058 LDH FEH = f52 0
Figure 2 Effect of Cd*" on LDH release of HMC3.
*%: P<(0.01 compared with Cd*" concentration of
0 pumol/L.
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B3 Cd™REX HMC3 MR ASHE NN
Figure 3 Effect of Cd*" concentration on the
morphology of HMC3 cells. The Cd*" concentrations
were 0 pumol/L (A), 1 umol/L (B), 5 umol/L (C),
10 pmol/L (D), 20 pmol/L (E), 40 pmol/L (F),
50 pmol/L (G), and 100 pumol/L (H), respectively.

M FF, 200 A R U 00 R A, A o 4 L 2 X s
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PLWARY Cd™ W T HMC3 414 % 35
Wi, 2R AT RE 2 S P, O HAR G R
5 MTT #1 LDH 525 19 45 R AR 37— 2
RSB UL T Cd¥ 2 I N B 5 40 A
B, o) 4 MRS LA IR, o A R A R AR AR L
AT A LG Ty, 7 A E R
24 TABRLEXN CAIFESHHMCS
NO B =ERIF M
AN S A B 2 T AL S 237 AR NOL T L A
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e, TR AR R . ORI R A REIR,
ARSLIGHEGE T A BELL RN Cd T A NO B
iR S

HT NO ARG ARE, TE4MEARP
A R B, D] A S 55 v 3 o G I i
B, DT S — STk R AR X R TS A
HHPEAHER AT NO BB /R EEAATR] . [ 4 R/
JEE B AL NO Rt AR £k, &3 15345 Bh%
HEMZRAY R R 0.998, FHIZFRIE I L AISL 0 £5 5)
PR T LA NO st . 1 5 AT
21N CA A NO BECR AsE ], AREEHTT
SERIZSLIR e T X HMC3 i A & 1k
WA TR AN ELT Z W (10°°. 107 mol/L)!™,
DL HMC3 i @ 5 d k) cd> vk i
(20, 40 pmol/L). MRHHILHLEH AT LI H , Cd™
X HMC3 41l ifd NO et e VE T, B Cd™
WRERYIE I NO R g, B A
LT 0] LUA s i ] Cd™ 5 59 HMC3 41l
NO BB . 24 20 pmol/L CA** 2L ¥ )5 , HMC3
4 NO BEHCE R 1.52 pmol/L, 45 H
107 mol/L I ER A ELL R IEA T WAL HL)S , NO Rk
4 0.86 pmol/L (P<0.01, n=3); 4/ 10° mol/L
WA AT, NO BEHa N

0.8 p2=0.998

0.6

0.4

0Dy,

0.2

0 20 40 60 80 100
NaNO, (umol/L)

4 NO ta R 2
Figure 4 Standard curve of NO test.
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B HMC3
[ HMC3+Celastrol (107 mol/L)

[ ] HMC3+Celastrol (1076 mol/L)
3.5¢

3.0f

.
ok
Kk
251 !ﬁ
200
L.5r
1.0}
0.5F
by 20 40

Treatment concentration of Cd** (umol/L)

4.0

NO concentration (umol/L)

5 FABRLERN Cd*'iESH HMC3 482 NO
e =g A

Figure 5 Effect of celastrol on NO release in Cd*"
induced HMC3 cells. **: P<0.01.

0.53 pmol/L (P<0.01, n=3). 4 40 pumol/L Cd**
AEHRSS, NO B 2.53 umol/L, 1244
107 mol/L MR A BELL E WAL H /S , NO Bl &
k158 pmol/L (P<0.01, n=3); 44¢/ 10 mol/L
B SRR Z WAL FLS ,NO B4 0.91 umol/L
(P<0.01, n=3), MIFILILERAT LG H, Cd*
AT DA /N BT A, DT e /)8 J52 J5i 448 B e i
NO, 74 T RKEMEEER T, MHE AL R L
IR CA* BT HMC3 i NO BeicE 1.,
2.5 FTAFLEX CAIFESHHMC3 A
MDA 7K SRy £

4t R AE BT 3k A A K- 38 A Ry S PR 4
ML ) — D SR bR, LR A AN [
W CA WF5E X HMC3 4 g i Sk Sk F
BRI LRI 107 mol/L T8 /A ELT & &7 fE
B Cd® 3 B A 473

K 6 MR BE Cd™ R /A THELT ZE 4 HMC3
Al MDA BECRRISZM , ARRSCIR AR, Xt
HRAIMIEL, 24 CA™ BN 10 pmol/L B, B
MDA K& 15.37 umol/(L-mg), 24 Cd* HJ&F Ky
20 pumol/L A, Bt MDA A &4 53.85 pmol (L-mg),
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6 FAFLEX Cd™"iHSH HMC3 41 MDA
BRENS

Figure 6 Effect of celastrol on MDA release in
Cd*" induced HMC3 cells. Cd** concentrations were

0, 10, and 20 umol/L. Celastrol concentration was
107 mol/L.

MDA iR Cd™ W R Mg R, 2mA
107 mol/L HARELIE G, MRIAIR Cd” M4k
HRLH 53 MDA Bl B s/, BB A LT
ZA LA Cd* X HMC3 403 i S8 AR5 455 -
2.6 FABELEN CAESHHMC3 AR
PI3K-ATK i 2§ B9 52 M

PI3K-AKT {55l %2 5 2B 17 M
IBITA M — R B, RLRIRT T Cd™
X2 A5 5 30 A 5 DL BN TR LT R R R RE
T 3 A )

B 7 AARFEHE CI XM p-PI3K Al
p-AKT I RIKEAE, MAELILEE, 4
AR W E Cd™ /M T, p-PI3K il
p-AKT H F1#R AT LIRSS , p-PIBK 1R iA &
bl Cd™ W E T+ s A0 o S A R A
FELLZRAL RS 46 T AHN p-PI3K 25 1 p-AKT
BEOREAE, HANGIE RS AL Z W T &
MR, Uil Cd* a5 m PI3K-ATK il k5
M HMC3 40 J3& 71, 1 76 20 41 2 AR % ) il
PI3K-ATK i BE i A Cd™ % S Bl 2 ifi
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A Sk Tt I

pPRK Gu @ N O N > oo

p-AKT |

B-actin - -

Cd* (umol/L) — 10 20 10 20 10 20
Celastrol (mol/L) — — = 107 107 10°% 10°
B Lar B p-PI3K

12k [ p-AKT

0.8

0.6

0.4

Relative expression levels
(p-PI3K/p-AKT. of control)

0.2

0.0 -
Cd* (umol/L) 0 10 20 10 20 10 20

Celastrol (mol/L) 0 0 0 107 107 10° 10°

7 BABLEN Cd™ESH HMC3 AR
PI3K-AKT & % 89 52 1

Figure 7 Effect of celastrol on Cd*" induced
PI3K-AKT pathway in HMC3 cell. (A) Expression
levels of p-PI3K and p-AKT treated with different
concentrations of Cd*" and celastrol. (B) Histogram
of expression levels of p-PI3K and p-AKT after
treatment with different concentrations of Cd*" and
celastrol.

3 i

Mg T kR, E4 RS
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