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The inhibitive effect of Yigansan extract on neurotoxicity of environmental endocrine disruptors

MU Yi',ZHU Yu?

(1.Department of Pharmacy,The Second Hospital, Tianjin Medical University, Tianjin 300211, China;2.Department of Clinical
Laboratory , Tianjin Haihe Hospital , Tianjin 300350, China)

Abstract O bjective:To investigate the neurotoxicity of Yigansan extract in the treatment of environmental endocrine disruptors
bisphenol A(BPA ) and di—(2—ethylhcxyl) phthalate (DEHP) and analyze its mechanism. Methods: Mouse neuroblastoma cell line Neuro—2a
cells were co—cultured with BPA(0.1 mmol/L)+DEHP(0.1 mmol/L) and 3 mg/mL(low dose group) and 6 mg/mL(high dose group)
Yigansan ethanol/chloroform extract for 72 h,and apoptosis and oxidative damage (ROS) were measured. According to the exposure dose of
25 ng/(kg+d) BPA and 50 wg/(kg+d) DEHP,the first weaned male Sprange—Dawley(SD) rats were given BPA for continuous gastric
exposure for 90 days. At the same time, the ethanol/chloroform extract of Yigansan was administered at 300 mg/kg (low—dose group) and
600 mg/kg (high—dose group) were intragastrically administered to rats,and the changes in short—term memory ability (spontaneous
alternation accuracy) of rats were ohserved by Y maze experiment. After taking the rat hippocampus tissue,the changes of total

antioxidant capacity (T-AOC ), malondialdehyde (MDA ), glutathione ( Glutathione, GSH) , free fatty acid (FFAs) glucose content and
mitochondrial membrane potential (MMP) of hippocampus were measured. The astrocyte glial fibrillary acidic protein(GFAP) and nestin,

caspase—3 and mammalian rapamycin target protein mTOR signal pathway activity changes were analyzed. Results: After Neuro—2a cells
are exposed to BPA+DEHP, cell proliferation in 24,48 and 72 h was inhibited (1=3.951,8.823,7.060, all P<0.05),and the early
and late apoptosis rate was increased (¢1=14.072,6.590,all P<0.05). Yigansan extract could promote cell proliferation(compared with
exposure group,1=2.963,5.814,2.101,all P<0.05 in low—dose group,t=3.796,10.370,5.311,all P<0.05 in high—dose group) and inhibit
cell early and late apoptosis( compared with exposure group,t=0.770 and 1.475,all P>0.05 in low—dose group,¢=6.187 and 4.368 ,all P<
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group ). After the rats were exposed to BPA+DEHP, the short—term memory ability was significantly decreased (1=2.123,P<0.05) ,the

hippocampal oxidative stress, GFAP expression and caspase—3 activity were up-regulated (1=3.634,5.043,8.914, all P<0.05),nestin

expression , mitochondrial membrane potential, MDA , GSH, T-AOC and mTOR phosphorylation level were down-regulated (1=8.398,

9.979,3.754,9.621,7.193,25.982 ,all P<0.05). Yigansan could alleviate short—term memory injury (compared with exposure group,t=

1.339,P50.05 in low—dose group,=2.293,P<0.05 in high—dose group )and the above—mentioned phenotypes(compared with exposure group,
1=1.147,1.683,1.594,1.611,4.469,2.070,5.346,5.499,6.124, all P<0.05 except for MDA in low—dose group,t=2.642,3.385,3.728,4.899,
8.083,3.719,4.707,5.761,12.252,,all P<0.05 in high—dose group) of hippocampus in rats after BPA+DEHP exposure. Conclusion: Yigansan

extract can alleviate the neurotoxicity of environmental endocrine disruptors by regulating oxidative stress and glucose metabolism disorders.
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1.1 44X A  BPA Fl DEHP I H 3£ [H Sigma
] /NP2 RE I MR A0 Neuro—2a 41 LI H b
S PMFIAR B B b s SRk B L S RS
FIAR IS CYIH HR%3:4:2:4:1.5:3:3 LLHILLAL,
FirA 2 B A ERR 5 BB, 4 S B A4
BUR A H 5 caspase-3 T 1k . BPi AL HE H1 (total an—
tioxidant capacity, T-AOC), N [ (malondialde-
hyde, MDA ) . 7% Bt H K (glutathione , GSH ) 7 £ 12k
AR (mitochondrial membrane potential, MMP)
PR I BRI T T RIE IR B AN e B 2T 4
RN H (GFAP) SLHTH (nestin) AR LR L2
Y1 AR R H (p-mTOR) R FLsh ) & IR &
#1211 mTOR ., B-actin HLIKFIEHT AR 1gG-FITC 5%
JEZHUHM F Santa Cruz 23 1) ; CCK8 5 &1 F1 56
[E abcam 22 5] ; Annexin V-PE 2008 TR 57 &
AP & A = KAV TR
)4 AEEA 0% A 22 Beckman Coulter 22
A, BEFRY I [ 22 [E Thermo Fisher Scientific 23],
FACSAria i CAII U A5G BD 27
1.2 zmpesssdc /NEUEREYE MR 40 D Neuro—2a
MMIFEFR T 37°C 5%CO, SEFNRRE ARG FRA b,
FHH H-DMEM, 1 10% 8645 117 o 0.25% 82—
EDTA WAL, I S50 R I HAE A A

1.3 mi3g s 5% B Neuro—2a 4015 000 4~4L)
B3 T 96 LM T, 2 BPA (0.1 mmol/L)+DEHP
(0.1 mmol/L)5 3 mg/mL({IXFH] &4 )1 6 mg/mL( 5
FE L) B AP PRI LG 3% 72 h )5 B
Pt og B IR 3, INA 10 wl/AfL CKK-8 i ,
37°CHEE 4 h, W HEEFRUAE 460 nm WSO AR K
M OD fH. ARAFRAIE R XS HRL] , BPA+DEHP 4b#
HAE R 7R
1.4 AX@mR B Neuro—2a 4 (3x10° 4~/4L)
BT 6 fLtlh, 4 BPA(0.1 mmol/L)+DEHP(0.1
mmol/L) 5 3 mg/mLUIKF &2 ) Fl 6 mg/mL( 7] &
H) MR B AT A3 72 h J5,0.25%
JEEE-EDTA LG H 5 2 PE & H A S pl An-
nexin V-PE &, EIRECIF T 10 min, 18 o 7 54
2 LA SRS 00 1 AU T2 7K o A 10 L G HRE
DCFH-DA, & iR 20 min, 38 28 9 2240 A fY
R AL ROS Ko ARALFZ A ]y X FRZH , BPA+
DEHP Kb BN 254
1.5 sk WIWFLEYE Sprague—Dawley (SD)
KEL(180~220 g), Il [ db 46 B R A= R AT RS
A, VFATIES : SCXK (5 )2019-0008 ., TS 5y i v
PEGRIZR 1R, A FEIEE 25 °C I8 60%, A k& .
JIT A A7 02 S B A AL TR Y T4 S R Sh W 12 B Py
SR ENHAT

¥ 25 wg/(kg+d)BPA+50 pg/(kg+d)DEHP (%
F Ik ) S R EE 00 d, [RIA PR K HEE 44T
300 mg/kg((EEFIHEZH ) F1 600 mg/kg (#7754 ) I AT
BT AT (T T oK), FRTME R
X REZH, R4 M R0R T R BRUBHY , 43 S X HRAH 2%
EE ] AR A AR A, 12 H/4

TR RN PEE R 85 Y R B SE MK BPA+
DEHP X}k BUGICIZRE T sz md , B IR AT
BRI Y 25 = sgiAb i FHE A ARER 8 min,
05K RAE B R BN R R B TR A &
TREIERR, [ KSR =g A IERE Y
(R R E-2)x100% .,
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IR i A SRR, AR K ph YRR PR, AR A7
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1.6 SRR AEE HUKRESHLY R ,75C
HER 1 h, il A B R B MR 120°C .2.5 min HL )
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nestin( 1:1 500)—# 4°CHFE L7, PBS TR Ve Je
TEVI R B INEHTR 1eG-FITC 26 4, 37°CHRE
EE 1.5 h, 3 R4S 0 R EL(100x) .
1.7 Afesasn BOE S HLURAR I IR 3 I,
A°CEAFT 800 r/min Z0>(5 min)2 YK, I F ik 1%
HER T G 106 B A3 73 38 o it s (SRR 4 W ' B Al
VM TH 2 4PN R SRR B IR L R PTAR
FERETIHN caspase-3 TEPERYARME, i 4 H sl A4k 43
B ASCAG: I e 2 5 1 ) A2 A
1.8 LA R Asien  BURE A5G ,4C
ZEF 800 r/min B0 (5 min)2 YK, YL EYE ,4°C 5
47F 10 000 r/min B.0> 10 min, BUTRELEE O
HRALRLR, VRIS 4°CKET 12 000 t/min 5.0
10 min, 57 DI HCERRIAR . 42 B S i 5 ik,
A 2 A SR I VA 2 2 A AR B L 7 1) AR A
1.9 Western ¥PiZE 256 CRpifg SHZH 2180 E . A
fift AR, BSER B AT L 12% SDS-PAGE 4y
=, R Z PVDF B L, 5%/Bhg A= 153t  J5 LA
p—mTOR(1:2 000)F1 mTOR (1:2 000)HLAAM H A5
HH, UL HRP EEN —PURE , Ve, B 5o N
257 , B—actin(1:5 000 )VEHINZ: .
1.10 realtime PCR =% Vi T4 21 & 51 0% 23 T
JE Trizol S HRIUE RNA , 1 5o 19 5% 5355 &b At
B SR A5 3] cDNA 98O0 E 7t PCR HAR X AL K]
DL I N Z 3L GAPDH #4726 6 o & PCR R
(95 10 min Ji7,95%C 10 s.60°C 30 s, P17 40 4>
TERR ), o3 IS CTAE SR ] 27220 3 Hr 4%+
mn P E PR ik 22 7 (3R 1),

%1 PCR3I#MFF
Tab 1 PCR primer sequence

111 it 543 RS SPSS 11.0 %fF, Bzt
IESTER AT G RS0, DL ves T, Z2H A L
K0 722531 (One—way ANOVA ), 4[| 2 A%
SR LSD— K5, L PO05 2T HA G4 L
2 H#R

2.1 Neuro—2a Zmfe 3§, ATH B4 # BPA+
DEHP 4bF AT #15] Neuro—2a 4 AR AMNETE , 55
PR T AR, R Y Pl 3% BPA+DEHP
XF Neuro—2a 4H fE /R ZN 3458 . P8 T-F1 ROS B9 52 i
(F£2~4),

% 2 Neuro-2a AR SMEFERI K Z(OD &, x+5,n=10)
Tab 2 The changes in Neuro— 2A cell proliferation in vitro (OD
value, X5 ,n=10)

2151 0h 24 h 48 h 72 h

X BE2H 0.11x0.02  0.30£0.04  0.58+0.07  1.030.14
R 0.11£0.03  0.22+0.05°  0.34£0.05°  0.670.08"
RAFIEL] 0.11£0.03  0.28+0.04°  0.47+0.05°  0.75+0.09
BRI 0112002 0.29+0.03F  0.55+0.04™  0.86+0.08"
F 1.000 7.828 40.002 23.993
P 0.404 0.000 0.000 0.000

e X IR LY, "P<0.05; SR BRI LE , *P<0.05 ; S 4
L, 2P<0.05

% 3 Neuro-2a MALAT RMMZE( % ,x+5,n=3)
Tab 3 The changes in apoptosis rate of neuro—2A cells( % ,x+s,n=3)

2H 51 TE AR FUPET MR Tt
X AR 91.87+1.50 1.77+0.45 1.93+0.38  4.43+0.97
ErSnaZi] 64.80+3.85°  20.97+2.32°  7.67+1.46" 6.57+0.93
(A4 71.53+6.28 17474752 6.00£1.31  5.00£0.72
IR 82.63x2.64"  8.97+243%  3.77+0.51* 4.63+0.51*
F 27.072 13.161 17.843 4376
P 0.000 0.002 0.001 0.042

T GXTIRAAE LG, "P<0.05 5 5 2 EE A AH L, *P<0.05 5 SRR 4

A, *P<0.05
%X 4 Neuro—2a U S M K FHI B ZE (x5, n=3)

Tab 4 The changes in oxidative stress levels of neuro-2A cells

(x+s,n=3)
25 DI EANT Bik
X REZH 1.00+0.08
TR 2.52+0.72°
IR 4L 1.99+0.35"
AL 1.38+0.20™
F 7.839
P 0.009

SRR IS5 —3") SR/

GFAP |3 : ACCTCGGCACCCTGAGGCAG 151 bp
N : CCAGCGACTCAACCTTCCTC

nestin | : CAGGCTTCTCTTGGCTTTCTGG 159 bp
T ##: TGGTGAGGGTTGAGGGTTGT

GAPDH [-3%: TGCTGAGTATGTCGTGGAG 288 bp

R : GTCTTCTGAGTGGCAGTGAT

L - GFA P: B J S AR M B B A IR R YR £ 1 s nestin: S H 5
GAPDH : 3—TFR HIMRE i U

T X HRATAA LE . "P<0.05; 5 24 ER ZH AR L, *P<0.05 5 S IR B4
L ,4P<0.05
22 KRALPITILE A oM FHKRRY EREW
R BTS2 5 (P>0.05) ,BPA+DEHP 2
78 2H B 1 2R 28 T 2%l 25 AR, 10 P 2K B
F A SS B ity Horp s Rl s s R
FHEE (P<0.05) (3 5), %] BPA+DEHP A 1 i K



154 RHEBREER H 285

SUE I IC 2 RE J1 T B, it 0 R O T 0
BPA+DEHP X K U iC 268 1093 .

x5 KREHIZIZEENRIBE (v2s,0=12)

Tab 5 The changes in rat short—term memory ability (x+s,n=12)

4157 HEE R F A SR IEHF (%)
X HRZH 12.00+3.05 63.88+24.06
IEFEAH 11.42+2.94 46.51£14.97"

IR 20 11.17+3.13 54.87+15.60
[EilErel 11.50+2.75 60.26214.40"

F 0.165 2.182

P 0.920 0.104

SRR ZHAH L, "P<0.05 5 5 5 ER 40 A L, *P<0.05

2.3 KRAHEDLALAYZAFE WA B AR B 45 5
M gﬂﬁk)‘fﬁﬂﬂé%?\ﬂl realtime PCR 45 514 i
7N, BPA+DEHP 2 #5 4 K U S ZH 28U GFAP Kk
9, nestin 235 NI, g Eh 2 SUERL AR R H 7 d
FEARG , 0 2H K B Eh2H 2R GFAP 63K R, nestin
E Sl o IS 7 R N G R AT o =S = B i e R =
TR, 320 BPA+DEHP FI 45k flifg 220 41

2TV IS Y YR NI R ST TE | =1 €3 &/ R e
%ﬁﬂaﬁﬁ(@l #6).

BPA+DEHP 1 34

E1 jCLLuﬁEEvZHQD‘:F?ﬁF *F:':%E’HQL

Fig1 The expression of neural markers in rat hippocampus

F6 AREDALHAIREY mRNA LR EEB KT
(x+s,n=12)
Tab 6 The changes of neuronal marker mRNA and mitochondrial

membrane potential in rat hippocampus(x+s,n=12)

2051 GFAP nestin MMP

X REZH 1.00+0.07 1.00+0.07 1.00+0.10
TR 1.35+0.23" 0.760.07" 0.55+0.12"
A2 1.23+0.09° 0.8020.05" 0.76+0.11*
gk 1.12+0.05% 0.90+0.07* 0.90+0.09*
F 15.742 32.283 40.922
P 0.000 0.000 0.000

A X BB L, "P<0.05; 52 82 4 H 1L, *P<0.05 ; 55 i 41
L ,5P<0.05
24 RKRABLUAZAAFE HEHLS> BPA+
DEHP % 55 20 K B 54219 Glu . T-AOC VL A if
JEPEI MDA F1 GSH /K-8 35 FAK, ARl K
fl Glu . T-AOC . MDA F1 GSH /K- 5 4755 (P<0.05)

(% 7),3%W] BPA+DEHP W] 5 K FlUAF & 4H 2148 4k
FA ﬁ’ﬁﬁﬂﬂﬂﬁl%ﬁﬂl%T“ﬁﬁﬁ@%ﬂ SN
Afkie AE-5 R R BRI 2 23 A R FE A G
*®7 KRRBDELASUIEEIEKFENKET(xss,n=12)

Tab 7 The changes of oxidation and glucose in rat hippocampus

(x+s,n=12)
T-AOC Glu MDA GSH
2151

(mmol/mg prot) (mmol/L) (nmol/mg prot)  (mol)
o B2 4.28+0.67  3.16+0.38 3.54+0.83  5.15+0.73
TRERUL 2.44+0.58"  2.81+0.56 2.49+0.50°  2.49+0.62"
fRFIEL 3.92+0.73"  3.000.51 2.98+0.65  3.98+0.74
EFE 4.0720.79% 3.17+0.28 3.28+0.54*  4.02+0.94"
F 17.363 1.722 5.899 24331
P 0.000 0.176 0.002 0.000

HSXHRAAM L, P<0.05, SR M L, 'P<0.05

2. 5 IR R T A fE 5@ % & BPA+DEHP
T K S22 capase—3 TGP B 3 L) 7%
zﬁ( 1.3520.11 )ws X} HE 41 (1.00+0.08 )] (P<0. 05),|—11|'J
TR capase-3 {6 PE W& T (R0 a4
(1.2920.07 Jvs. 7% #5240 (1.35+0.11)](P>0.05 ) [ & 7l 42
ZH(1.19+0.10 )vs. B #Z2H (1.35+0.11)](P<0.05), H &
*’U%éﬁﬁ%ﬁ?ﬁ&*]ﬂfﬂ(lﬁm 05),3% ¥ BPA+
DEHP [ e 515 TR i S48 40
T, ﬂﬁ%ﬂ]ﬁ?%ﬁﬂ%‘ffﬁﬁwﬂ 2T,
BPA+DEHP % &% 41 K Uk 5 4 41 mTOR #51R
ALK, T B ZH mTOR BEmR Ak -8, B
BRI AL TSR 4, 28] BPA+DEHP [ #fi2:
Al 5155 mTOR BERR fbAT ¢, i i
YAl il mTOR #Emafk (& 2).

W R
\ @/4’/ )
& @ &
o E
p—mTOR — SO
mTOR -
B-actin _
1.0 7 F=0.657 S XA
= R==d
P=0.601 = %BE QE
2 0.84F=166.736 _ = ] 2
K E | P=0.000 - AL
® T 064
o
= @
z H% 0.4
;IEI % B *HA
m 0.2 e
0.0
p-mTOR mTOR
VE- S X HEZIAH LE,"P<0.05; 5 B B2 41 AH LU, "P<0.05 5 S IR 1

AHLL,*P<0.05

2 KRIBEDALH p-mTOR F1 mTOR HIFKiE
Fig 2 The expression of p-mTOR and mTOR in rat hippocampus
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I T- RSP SR 45 R, 37471 BPA+DEHP By
SLFEPETT B S0 mTOR (553 B IEHA X
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WIWFE, ZE4 N BEDs & S i il A K Anya T
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TR AR, 2B N EE T Rl oo 40 , e 2 s i
2K He
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B OYIE CH R L R A R L S
Set CH RS T R AT OUS R Y . Y
USRI 55 e JEF o, R 0 P O Y000 B, W38
G AT ARZE AN A AR B LU T IR, 22
SR Bk L ARBFISE I 2 B A SR BG TR #E
T S50 1 B 43, RS AT ] BPA+DEHP bl
P, HALH 0] RE 5 R0 oK U S 20 h bt At g
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