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[Abstract] Objective To investigate the effect of astragaloside IV on the injury of SK-N-SH cell in
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Parkinson’s disease (PD) induced by 1-methy -4 -phenylpyridine (MPP") and its mechanism. Methods
Human neuroblastoma cell line SK-N-SH was cultured to logarithmic growth stage, which were randomized
to routine culture (control group), MPP" induction (MPP" group), astragaloside IV 10 mg/ml+ MPP" induction
(astragaloside IV 10 mg/ml group), astragaloside IV 30 mg/ml + MPP" induction (astragaloside IV 30 mg/ml
group), astragaloside IV 30 mg/ml + MPP" induction + Janus kinase 2 (JAK2) inhibitor AG490 (JAK2
inhibitor group). Cell survival was detected by methyl thiazolyl tetrazolium (MTT) assay, cell apoptosis was
detected by flow cytometry, reactive oxygen species (ROS) level was detected by DCFH-DA fluorescence
probe, lactate dehydrogenase (LDH) and superoxide dismutase (SOD) activities were detected by enzyme
method. And the relative expression levels of phosphorylated Janus kinase 2 (pJAK2) and phosphorylated
signal transducer and activator of transcription 3 (pSTAT3) proteins in JAK2-STAT3 signal transducer
pathway were detected by Western blotting. Results There were significant differences in cell survival
rate (P =0.000), apoptosis rate (P =0.000), ROS content (P =0.000), LDH activity (P = 0.000), SOD activity
(P =0.003), pJAK2 (P =0.000) and pSTAT3 (P =0.000) proteins relative expression levels among different
SK-N-SH groups. Further pairwise comparison showed that compared with the control group, the cell
survival rate (P = 0.000, 0.001, 0.049, 0.000), SOD activity (P = 0.000, 0.002, 0.012, 0.000), relative
expression levels of pJAK2 (P =0.003, 0.006, 0.036, 0.002) and pSTAT3 (P =0.001, 0.002, 0.024, 0.001)
proteins were decreased in MPP" group, astragaloside IV 10 mg/ml and 30 mg/ml groups, JAK2 inhibitor
group, but the cell apoptosis rate (P =0.001, 0.001, 0.001, 0.000), ROS content (P =0.000, 0.001, 0.002,
0.000) and LDH activity (P =0.000, 0.002, 0.038, 0.000) were increased. Compared with MPP" group, the
survival rate (P =0.016, 0.000), SOD activity (P = 0.003, 0.001), relative expression of pJAK2 (P =0.013,
0.002) and pSTAT3 (P = 0.018, 0.002) proteins increased in astragaloside IV 10 mg/ml and 30 mg/ml
groups, which the apoptosis rate (P =0.021, 0.008), ROS content (P =0.031, 0.003) and LDH activity (P =
0.001, 0.000) decreased. Compared with astragaloside IV 10 mg/ml group, the cell survival rate (P =0.002),
SOD activity (P = 0.027), relative expression of pJAK2 (P =0.007) and pSTAT3 (P = 0.006) proteins were
increased in astragaloside IV 30 mg/ml group, but ROS content (P = 0.019) and LDH activity (P = 0.011)
decreased, while apoptosis rate (P =0.016), ROS content (P =0.030) and LDH activity (P =0.004) increased
in JAK2 inhibitor group, and SOD activity (P = 0.004), the relative expression of pJAK2 (P = 0.001) and
pSTAT3 (P =0.005) proteins were decreased. Compared with astragaloside IV 30 mg/ml group, cell survival
rate (P =0.001), SOD activity (P = 0.001), the relative expression of pJAK2 (P = 0.000) and pSTAT3 (P =
0.001) proteins in JAK2 inhibitor group were decreased, but the apoptosis rate (P =0.004), ROS content (P =
0.002) and LDH activity (P = 0.001) were increased. Conclusions Astragaloside IV can reduce MPP"
induced SK-N-SH cell injury in PD, which may be related to the activation of JAK2-STAT3 signal
transducer pathway.

[Key words] Parkinson disease;  Astragalus membranaceus;  Janus kinase 2;  Activating
transcription factor 3;  Tumor cells, cultured
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Figure 1 Flow cytometry showed that the apoptosis rate of SK-N-SH cells treated with MPP* was increased, which was risen
by astragaloside IV 10 and 30 mg/ml, while the apoptosis rate of SK-N-SH cells was significantly increased by astragaloside
IV 30 mg/ml + JAK?2 inhibitor.
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Py 4 85 975 40 6 A% TR o 28 SC A 405 1) S Ak ), T o g g
PR [ v DL ) T T I 4 T S, AT T B
P 4 R0 /D BURE R 22 B i B b e o AR 1 . HL AT,
56 T B S Y X I 4 AR A 2 AR B 4 L 4 T AL
FIBFSE 8, 2019 4F , Kong 25 "/ % M, JAK2-STAT3

G S R E ORI R R R A
2 Bl B AR B A G B A OG TR AR S 5 40 i 4 A
YA T R o A ST LA A 2 B 40 R 4 i
% SK-N-SH 5250 % 42, s Bl AL 73 o 5 R3S 5%
MPP'if5 S 5 5% 36 (€ 1 # 10 mg/ml + MPP' i & | ¥
A 30 mg/ml + MPP 5 5 L 3% ) H 30 mg/ml +
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F3 AFIA A SK-N-SH 41 s ROS 7 & LDH 1 SOD i ¥
E’\Jl:lj’fi(%lﬂis) i : R4 A[EALFLLH SK-N-SH 4 it ROS % & . LDH 1 SOD

PR PP LE L
Table 4. Pairwise comparison of SK-N-SH cells" ROS,
LDH and SOD activity among different treatment groups

Table 3. Comparison of SK-N-SH cells’" ROS, LDH and
SOD activity among different treatment groups (x +s)
13 — ROS &4 HE B (UML)

(%) LDH S0D 0180 75 75 L

ROS & & LDH i P4 SOD ¥
6 PfH o PIH qfi P
(1):(2)  11.704 0.000 15.243 0.000  12.044 0.000
(1):(3)  10.162 0.001  6.852 0.002  7.090 0.002
(1):(4)  7.129 0.002  3.039 0.038 4352 0.012
(1):(5)  14.669 0.000 10.589 0.000  12.075 0.000

XARAL(1) 3 14.05+2.57 23557+ 833 2043+1.52

MPP*#H(2) 3 5698+5.81 387.88+15.17 6.79+1.24

W 10mgml41(3) 3 4334:428 28853+1048 12.75+1.10

HHEHFH30mgml41(4) 3 3146£336 25526+ 7.52 15.76+1.07
3

JAK2 I 4 (5) 54.53+4.03 359.84+18.54 7.10+1.16

(2):(3) 3.274 0.031 9.333  0.001 6.228 0.003
FiE 54.673 24.094 67.224

(2):(4) 6.586 0.003  13.567 0.000 9.486 0.001
PfE 0.000 0.000 0.003

(2):(5) 0.600 0.581 2.027 0.113 0.316 0.768
*Each group had 3 wells, the number of cells was 10 X 10° per well,
SR 3T, AR 10 X 10%FL . MPP*, 1-methyl-4-phenylpyridine , 1-Ff (3):(4) 3.782 0.019 4.468 0.011 3.397 0.027
J -4 - OK FE L uE B F 5 JAK2, Janus kinase 2, Janus # i 2; ROS, (3):(5) 3.297 0.030 5.800 0.004 6.122  0.004
reactive oxygen species, W4 s LDH, lactate dehydrogenase, 3L (4):(5) 7616 0.002 9.054 0.001 9.505 0.001
A i ; SOD, superoxide dismutase, A ALY AL B . The same for
Table 4

%S AFIAEIRALSK-N-SHANM pIAK2 M pSTATI &M o ¢ b ai1 SK-N-SH 40 pJAK2 1 pSTAT3 2 1 H
X RIBEI L (xs) o 5 3 B 1 195 P L

Table 5. Comparison of SK - N - SH cells’ relative
expression levels of pJAK2 and pSTAT3 proteins among
different treatment groups (x +s)

Table 6. Pairwise comparison of SK-N-SH cells’ relative
expression levels of pJAK2 and pSTAT3 proteins among
different treatments groups

715 FEAKC: pIAK2ZEE 1 pSTAT3 PIAK2 B B pSTAT3 2 4
A1) 3 0.64+011  085:0.10 AL PP L S Pl o Pl
MPP41(2) 3 0.19£0.04 031005 (1):(2) 6.659  0.003 8.366 0.001
HHE 10 mg/ml 41(3) 3 0.30+0.02  0.44+0.03 (1):(3) 5.267 0.006 6.802 0.002
B HE I 30 mg/ml 41 (4) 3 0.43+0.04  0.62+0.05 (1):(4) 3.108 0.036 3.563 0.024
JAK2 i 71 28.(5) 3 0.14+0.02  0.28+0.04 (1):(5) 7.746 0.002 9.167 0.001
FiH 37.780 48.214 (2):(3) 4.260 0.013 3.862 0.018
P 0.000 0.000 (2):(4) 7349 0.002 7.593 0.002

*Each group had 3 wells, the number of cells was 10 X 10* per (2):(5) 1.937 0.125 0.812 0.463

well, & 41 3 AL, 41 i %k 10 x 10741 . MPP*, I - methyl - 4 - :

phenylpyridine, 1-H! % -4 - 28 FL ik 1€ 85+ ; pJAK2, phosphorylated (34 2033 0:007 - oo

Janus kinase 2. % A2 & Janus # 23 pSTAT3, phosphoryated (3):(s) 9798 0.001 3430003

signal transducer and activator of transcription 3, B ig L 15 5 5% & (4):(5) 11.232 0.000 9.197 0.001

5558305 I F 3. The same for Table 6

AEXF 3T
A4l B4 (oi D4 E4l B (x10%)

pIAK2 128 AL, BELL B AL, MPP* 41 5 C 41, # (£ 5 1F 10 mg/m1 41 5
pSTAT3 — 01 D 4], ¥ & H A 30 mg/ml 415 E 4L, JAK2 #5741 .

pIAK2, T B2 Ak Janus 34 B 2; pSTAT3, B B 1L 15 5 5 T
CAPDH ..-.. 4 5 5 SO T T 35 GAPDH, B R H- b 1 - 3- s 1R i =0 6t

B 2 Western blotting % 7 , 8 MPP*4b 3 J5 SK-N-SH 4 it pJ AK2 Fl pSTAT3 25 [ A1 % 235 B FEAC, 77 LA F 1 10
30 mg/ml 7 pJAK2 Fl pSTAT3 7 1140 XF 3% 35 5 b , 1715 48 ¢ 5 T4 30 mg/ml + JAK2 #0457 4 b LS pJAK2 Rl pSTAT3 R
FURF R 2 35 5t S I AT

Figure 2 Western blotting showed that the relative expression levels of pJAK2 and pSTAT3 proteins in SK-N-SH cells
treated with MPP* decreased, which were risen by astragaloside IV 10 and 30 mg/ml. The relative expression levels of
pJAK2 and pSTAT3 proteins were significantly decreased after the treatment with astragaloside IV 30 mg/ml + JAK2 inhibitor.
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MPP'i% S + JAK2 il 75 AG490 3L 541, 8% Ji5 43 Jill i
i MTT ¥ i 40 M R  DCFH-DA %¢ G 51 B v
J Western blotting 2 6 1l 4 i 47 1% 2 L 722 \ROS
it \LDH 1 SOD i 1 , LA J2 pJAK2 Fll pSTAT3 5 [
X R A R AR B, A LB 5 SK-N-SH 41
JitL 27 0 A8 52 AH 5G9 45 T bR TR AR Ak 22 R R 5
TR X, 4 MPP' 5 3 1Y SK-N-SH 4 fif £7 1% % il
SOD ¥ M . pJAK2 Fl pSTAT 7K 11 A1 X 25 3k it A, 28
Jifg 0 T % ROS & 2 I LDH 3% 1 T 5 5 40 8 6 P
10 1 30 mg/m1IG Y7 5 iX — I 52 B W) 4 3 % |, 240 i A7
T R SOD 3 M . pJAK2 Fl pSTAT 2K [ A1 X 3 3% &
B XTHE A TS % ROS % i 1 LDH 15 & X
REAR , 45 501 2 B S W3 30 mg/ml 41 40 MO 77 35 R AN
SOD %P .pJAK2 Fll pSTAT3 & [ AHXS R b ¥ & T
R T H 10 mg/ml 41, ROS & & F LDH 7% A% T 3%
B’ HFF 10 mg/mléﬂ;ﬁﬁ%u,ﬁfﬁﬁaﬁ;ﬂ) mg/ml +
JAK2 1 ) 75 3t &b 385, 200 JfL A7 335 5% A1 SOD 3 4 |
pJAK2 Fl pSTAT3 F [ AH X 2 35 f - K B AIK , 200 e )
T2 ROS % 2 F1 LDH 1% £ F K 7t &, 278 MPP* ]
DL B W7 SK-N-SH 41 i JAK2-STAT3 {5 5 % 5 18 %,
17 8 P DT DA 2o A 3 JAK2 R STAT3 5 1R 1k
AT ek 5% Ht MPP*i75 3 (1% SK-N-SH 41 g 451 03 , It LA 5
4 (30 mg/ml) # P& H AT 1 0 28 07 40 4 B ik,
SRR 45 A — 2

20 S 36 25 SRl L E S, 4R AR IO 3R A 48 48
SN A2 1 4 AR e HE R ) R R U A A AR R
R Ao B AR L U R I A B R R ARl T D
AL 2 R A T Rl B A, 5 35S I T L A A 405 R
PR A N B, 20 T R o 2 200 P 25 R AT e
0 M S5 5 B A M DR TR S A S 2 R T DL fil
JAK?2 & A= 85 R Ak 4k 1T B 38005, JAK2 48 3£ STAT3 fiff
R Ak, NI B B2 A 1 — R ik 2 5 i i B A
(e L I AR A A AR 0 40 i S 56 45 R
N PG JAK2-STAT3 {5 5 % 53 % 3 o Hopi E Ak
LR I R AR P /E . Fletcher 55 A
, STAT3 HAAHUAN 240 ML 98 T-/E 1T ; B STAT3 B2
Ak AT AR 3 i 5T A 1 BRI B T 4 L R p 42 T A
T, I A ol A T K P R AR Y
TEASHE ST, MPP 20 55 JAK2 410 i 37 26 40 Jfo 77 3% %
P T2 ROS & & .SOD i 7 . LDH 75 7 . pJAK2 FlI
pSTAT3 & (M Fib it 2 R LG T # B L R4
JAK2 96 550 90 il pJAK2 F1 pSTAT3 2K 4 &3k )5 , 40
JL A3 £ R A 3 MPP* 5 S 1) 4 BEOIR 285, 4 DU 2 s Y

AT AW i 30F JTAK2-STAT3 {5 5 % S B 1 & 3%
Bt A A LR R 2 R AP T S TR MPPFS S 1Y
4> 7% 995 SK-N-SH 2 451473 .

g5 b ik R W AT O TS JAK2-STAT3
155 1 S B A 5 MPP I S (1 If1 4 7% 9% SK-N-SH
20 e 483 495 0 AR I 3 R R, AT i R A N A O R
e S R e Ny 0 e ST RN I O = TR B
i B IR T A A AR AR LR R 2 AE
SRy WG DR 36 97 A 4 % 95 10 TS 6 245 40 R M 4 AR
(4 & 98 AL B9 Al . | AR A FAR SRR SR B B
A T HE— 20 S W) S g AT IR A B B IE
E e
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H 3% 32 % BR 4 1A 3R 5C (Y )

e S AR H -2

contactin-associated protein 2( CASPR2)
55 K4 i Je IR AR

structural magnetic resonance imaging(sMRI)
B ER: tight junctions(TJs)
209 2 W
BRIk S 2B intraveous methylprednisolone(IVMP)
Dk 5 S P BR 2 1
JRy I —E P regional homogeneity(ReHo)
SRk P A JR Sy UM 548 - 2 A

focal to bilateral tonic-clonic seizure( FBTCS)
B ADPHVERAHE  poly-ADP-ribose polymerase(PARP)
FW LM polyvinylidene fluoride(PVDF)
LT LR GAE A BB ik

A type Sjogren’s syndrome antibody(SSA)
PePLIR  anti-nuclear antibody(ANA)

B AUEE DNA Hifk&
anti-double stranded DNA antibody(dsDNA)

PR WA antibody secreting cells(ASC)

EAE 1 transmembrane protein 1(TMEM1)
P 3 MR 2 e A A
P 3 MR 2y B AR 203 OC A
‘PR IR 5y e G 400 JUL 1 2 b 2%

rapid eye movement sleep without atonia(RSWA )

transcranial Doppler ultrasonography(TCD )

intravenous immunoglobulin(1VIg)

rapid eye movement(REM)
rapid eye movement-off( REM-off)

I i -

RIS B IENR I JS 3 rapid eye movement-on( REM-on)
PR R ) R S A Ay B

rapid eye movement sleep behavior disorder(RBD)

PR TR 5 IR A AT A B 7 O ek 3
Rapid Eye Movement Sleep Behavior Disorder Screening
Questionnaire(RBDSQ)

Yok im 1% diffusion tensor imaging(DTI)
ML E ALY EE  horseradish peroxidase( HRP)
K RIBTEXTT % rheumatoid arthritis(RA)
IR AL Janus 4/ 2 phosphoryated Janus kinase 2(pJAK2)
WRRR AL LS 5 58 3 S 5 R BRI 13
phosphoryated signal transducer and activator of
transcription 3(pSTAT3)

WEIR EH 22 W phosphate-buffered saline(PBS)
W HE WEWLEE 3-3% ¥  phosphatidylinositol 3-kinase(PI3K)
F A5 traumatic brain injury(TBI)
PSR dementia with Lewy bodies(DLB)
% /MAE  Lewy body(LB)
12 PERE A TE LA chronic myelogenous leukemia(CML)
inE TN Treponema pallidum(TP)
AT e 3 W% B 1
enzyme-linked immunsorbent assay( ELISA)
3 [ 5 47 125 @ MR 2 W U3 0 56
University of Pennsylvania Smell Identification Test(UPSIT)



