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[Abstract] Objective: To explore the mechanism of Dendrobium huoshanense polysaccharide (DHP)
against inflammatory damage of neurons in Parkinson's disease (PD) model. Method: SH-SYS5Y cells were
randomized into blank group, model group, and DHP group. The survival rate of cells was measured by thiazole
blue (MTT) assay, and the levels of lactate dehydrogenase (LDH) , reactive oxygen species (ROS) ,
malondialdehyde (MDA) , and superoxide dismutase (SOD) were measured by colorimetric analysis. BV-2
microglia were classified into blank group, model group, DHP group, and MCC950 group (positive control
group) , and enzyme-linked immunosorbent assay (ELISA) was applied to detect the levels of tumor necrosis
factor-a (TNF-a) , interleukin-18 (IL-18) , and interleukin-18 (IL-18). The expression of NOD-like receptor
protein 3 (NLRP3) , adaptor protein apoptosis-associated dot protein (ASC) , cysteine aspartic protease-1
(Caspase-1), and IL-18 was measured by Western blot. A total of 50 C57BL/6 mice were randomized into blank
group, model group, DHP low-dose (100 mg-kg') group, DHP equivalent-dose (350 mg-kg"') group, and
MCC950 group (positive control group), 10 mice in each group. The motor balance and coordination of C57BL/
6 mice were observed by beam walking test, tail suspension test and rotarod test. The levels of Iba-1 and tyrosine
hydroxylase (TH) were detected by immunofluorescence staining. The damage of dopaminergic neurons in the
substantia nigra was detected by FJB staining. The levels of inflammatory factors such as IL-18, IL-18, and
TNF-a in mouse midbrain tissues were detected by ELISA and the protein levels of NLRP3, ASC, Caspase-1,
and IL-18 protein were measured by Western blot. Result: Compared with the blank group, the SH-SYSY
model group showed decreased cell survival, increased levels of LDH, ROS, and MDA (P<0.05) , and
decreased levels of SOD (P<0.05). Compared with the model group, the DHP group demonstrated increased cell
survival, decreased levels of LDH, ROS, and MDA (P<0.01) , and increased level of SOD (P<0.01).
Compared with the blank group, BV-2 model group had high levels of IL-18, IL-18, and TNF-a (P<0.05) and
high protein expression of NLRP3, Caspase-1, IL-18, and ASC (P<0.05). Compared with the model group,
DHP and MCC950 groups demonstrated low levels of IL-18, IL-18, and TNF-a (P<0.01) and low protein
expression of NLRP3, Caspase-1, IL-18, and ASC (P<0.01). Compared with the blank group, the C57BL/6
model group displayed long time to pass the balance wood (P<0.05), short time spent on the rod in the rotarod
test (P<0.05) , high levels of IL-18, IL-18, and TNF-a (P<0.05) and expression of Iba-1 in the midbrain
substantia nigra (P<0.05), low TH expression (P<0.05), more positive neurons in the FJB staining (P<0.05),
and high expression of NLRP3, Caspase-1, ASC, and IL-18 proteins (P < 0.05). Compared with the model
group, the mice in the DHP and MCC950 groups had short time to pass the balance beam (P<0.01), long time
spent on the rod (P<0.01), low levels of IL-13, IL-18, and TNF-a (P<0.01), low Iba-1 expression in midbrain
substantia nigra (P<0.01), high TH expression (P<0.01), and small number of positive neurons in the midbrain
substantia nigra (P<0.01). The expression of NLRP3, ASC, and IL-18 proteins was lower in the MCC950 group
(P<0.01), and the expression of NLRP3, ASC, Caspase-1 and IL-18 proteins was lower in the DHP equivalent-
dose group (P<0.01) than in the model group. Conclusion; DHP has anti-oxidative stress effect. It regulates the
expression of NLRP3 inflammasome and inhibits the overactivation of microglia, thereby alleviating the
neuroinflammatory injury in PD and exerting the neuroprotective effect.
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AT, BT PR S ORI B AR B
%% W, DHP X 1-H 3£ -4-Z5 31,2, 3, 6- DY S ik BE
(MPTP) i 5 1 PD /)N B A 410 1 4601 10 8 A ol 5
P2 R OIVE A BT A I RE DHP 3052 #h 48 %
PEB G ALE . S HEST DHP X PD Al REAE I K AL
il , S LA SH-5Y SY 2 M A5 AL Sy FE it , WE %< DHP 47t
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Pt M (BE [H Abcam A #l L, it 5 4 5l ky ab138483
ab270449 .ab175449 .ab254360) ; 211 it F1 /)8 B IL-18 .
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A5 0.25 mg- L' i 2 8 (LPS) 5 % 3 h, #f L)
100 pwmol- L™ ¥ & MPP i F BV-2 41 g 8 h LA #4 2
PD il 25 48 i B AU ;1R N SE 56 R H 30 mg-kg' MPTP
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BEYE ), AR AY 450 nm A0 52 45 FLIOG T 4. 40
TET R =A s/ A 113X 100%
2.5 LDHIs B R 4% 88 2.3 50 F Jr ik 4 W
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%1 DHPX SH-SYSYAMIFEMNHM (xts,n=6)
Table 1 Effect of DHP on activity of SH-SY5Y cell (x+s5,n=6)

2 51 J e e /mg - L I L T P /%
R 100.00+0.00
[T 42.56+8.55"
DHP %] 2 79.90+11.44%

4 85.12+16.87%
6 88.93+6.22%

8 86.63+16.44%

12.5 72.96+15.05%

25 73.37£12.81%

50 75.81+£25.58%
100 77.20+9.07%

200 83.98+28.74”
400 69.02+15.27

T 52 A4 P<0.05; 51 4 H 852 P<0.01 (3£ 2-% 10
7))

&2 DHPXf SH-SYSY MR B i H A0 (X+s5,n=6)
Table 2 Effect of DHP on leakage rate of SH-SYSY cell (x+s5,n=6)

4151 J 5k v BE /mg - L LDH i 1 %/%
Sk 15.07+3.81
A5 70 20 69.05+4.96"
DHP 4 3 46.25+5.56%
6 32.50+5.69%
12 53.62+3.17%

3.3 X} MPP'i% 5 SH-SYSY 4} 4 1k N7 384 52 I 1Y
528 AL A, B 4] MDA K F- FiT ROS 2
65 2 R, SOD K F F B (P<0.05) 5 545 R 41 1
4 ,DHP 3.6.12 mg-L" it & i & 41 MDA /K F Al
ROS ¢ )l 5k Ji ¥ % ik , SOD /K F & & Ft+ & (P<
0.01), W3,
3.4 X MPP %5 T BV-2 41 il & £E A+ 7K °F- (19 5% i)
525 [ e, BRI 2 R E - IL-18. TNF-a.
IL-18 7K °F B &2 3 =5 (P<0.05) ; 5 #E % 4 %% , DHP
50,100 mg-L" it & ¥k & 4 & MCC950 41 1L-18.

%3 DHP X MPP'i% S SH-SY5Y 41 ff MDA .ROS #1 SOD 7k F &
20 (X+s,n=6)

Table 3 Effect of DHP on MDA, ROS and SOD levels of
SH-SY5Y cells induced by MPP* (x+s,n=6)

=Lk B
415 Ffmz “i”; /Ml::z:_l RosgRHE 00
RSk 0.03+0.01 1 104.03+84.42 12.37+0.91
R IR 241 0.14+0.02" 14 686.42+1 501.02" 6.45+1.17"
DHP £ 3 0.09+0.01% 6 897.25+483.81  8.18+0.52%
6 0.06+£0.01% 4 873.34+608.24>  10.23+0.87”
12 0.10£0.01% 7 897.12+483.83>  8.82+1.00”

TNF-a IL-18 /K- i Z R (K (P<0.01) . L& 4,

* 4 DHP X MPP'iE S BV-2 48 IL-18. TNF-a.IL-18 7K F # &
i (Xx+s,n=6)
Table 4 Effect of DHP on IL-18, TNF-a and IL-18 in BV-2 cells

induced by MPP" (x+s,n=6) ng-L"
28 5 i35 IL-18 TNF-a IL-18

= A 79.96+8.05  2.65+0.18  22.14+0.94

AR 2 172.51+12.70" 6.44+0.28" 40.24+5.26"

DHP 4 50 mg-L"' 107.03+8.58%  4.71+0.47% 25.58+0.75
100 mg-L"' 116.32+10.76" 4.47+0.42% 25.83+0.83%

MCC950 4 100 nmol-L" 112.11£10.35% 4.90+0.35% 26.82+0.67%

3.5 X} MPP'i%E T BV-2 41 il NLRP3 & 4 /MMAAH ¢
BRI FZW 525 04 L, BRI 4 NLRP3
ASC .Caspase-1.1L-18 % 1 ik B B ¥4 /i1 (P<0.05) 5
5RARI4 [ &, DHP 50 mg-L"' 4] Caspase-1,IL-13
R 3k B FE% (P<0.01) , DHP 100 mg- L 2 I
MCC950 44 NLRP3 ,ASC .Caspase-1 } IL-18 %K 13
K B E R (P<0.01), W5 K1,

3.6 X C57BL/6/NRAT M FRMA L 55 H
2 Pl A, B AL 2 /)N B3 o 1 Al AR B[R] B A K (P<
0.05) ; 5 IR 20 L%, DHP 24 K % IR 4 3l 1o - 47 A
A 1] J2 25 45 4 (P<0.01) o 4RS00 & A1) L o 4
T o 525 U #6082 ¢ o 1 i) B b 4
51 (P<0.05) , 5B A4 L %%, DHP 41 )t MCC950 41

#£5 DHPX BV-2HH NLRP3 RE/NMNEHXEARIEMENE (i+s,n=3)

Table 5 Effect of DHP on expression of NLRP3 inflammasome associated protein (x+s,n=3)

21 53] e B NLRP3/B-tubulin IL-1B/B-tubulin Caspase-1/B-tubulin ASC/B-tubulin
S HUA 0.18+0.01 0.54+0.07 0.30+0.02 0.61+0.23
B 1.11£0.10" 1.09:£0.08" 0.92+0.09" 0.88+0.40"
DHP 21 50 mg- L 0.97+0.10 0.49+0.03% 0.42+0.03% 0.60+0.31
100 mg-L"! 0.74+0.10” 0.35+0.02% 0.37+0.04> 0.36+0.17”
MCC950 41 100 nmol- L™ 0.82+0.10 0.68+0.07> 0.46+0.08% 0.25+0.09?
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NLRP3 o o - “ “ —IISkDa

Caspase-1 “ - - - - 48 kDa

asc [ L S ke
pubutin. (D D oD D GNP ;o

A B c D E
WA 2 H 4B A4 ; C.DHP 50 mg-L"' 41 ; D. DHP

100 mg- L' 40 ; E.MCC950 41

E1 &ZABV-241H NLRP3IRE/NMEEXEARIEEK

Fig. 1 Electrophoresis of NLRP3 inflaimmasome associated

protein of BV-2 cells

1] 25 58 3 S, 22 S HA GE i o7 8 X (P<0.01) ¢
hL#e6.

%6 DHPX C57BL/6/MNRITHZERIAKI (x£5,7=10)
Table 6 Effect of DHP on behavioral performance in C57BL/6

mice (X+s,n=10) S
415 R PRSI RS RS
- /mg-kg I [R] i R] I [R]
sk 11.23+£1.05 34.41+11.83 43.92+16.41
LI £ 13.92+1.59" 34.22+16.03 23.21+6.41"

DHPXFI44 100 12.53+0.91% 35.61£16.60 34.52+8.89%
DHP i &4l 350

MCC950 4H 10

11.64+0.82” 36.54+11.62 38.21+7.10%
12.20+1.42% 31.73+11.76 31.33£9.18%

3.7 X C57BL/6 /) B HP i 22 5t TH 2 Iba-1 58 34 7K

R 5 Al e IR A TH 36 3k K- B
i T (P<0.05) , Iba-1 55 ik B 1 14 5% (P<0.05) ; 5
PR 4] L %5, DHP 40 ) MCC950 4] TH % ik /K F
ZTH R (P<0.01) ,MCC950 £ X DHP 4 Iba-1 £ ik
F AR (P<0.01),

WL 2FE 3 3T,

A B

A2 A4 B R 4] ; C.DHP K 41 ; D.DHP & 5] & 41 ; EMCC950 28 (&1 3-1& 5[] )

B2 DHPXf C57BL/6/NR AN ERK THRIL

mMm (R IE, %x20)

Fig. 2 Effect of DHP on TH expression in midbrain substantia nigra of various groups of C57BL/6 mice (IF,x20)

B 3 DHP X} C57BL/6 /MR 1 i 2 X Iba-1 K%

GBI (G e, x60)
Fig. 3 Effect of DHP on expression of Iba-1 in midbrain substantia nigra of various groups of C57BL/6 mice (IF,x60)
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%*7 DHPXf C57BL/6 /MR g B R Iba-1 R THREH F I

(x+s,n=10)

*8 DHPX MPTPiE S/ C57BL/6/NR PN ERHE TiRG
5:;ﬂ|‘ﬂ (n:3)

Table 7 Effect of DHP on expression of Iba-1 and TH in Table 8 Effect of DHP on MPTP-induced substantia nigra injury
midbrain substantia nigra of C57BL/6 mice (x+s,n=10) 0 in C57BL/6 mice (n=3)
a0 Fuilkes . Ibaul TH a3 74k ) FIB [H rr%zm g% FIB/DAPI
/mg-kg /mg-kg I~ (xX£s) 1%

ek 10.80+2.14 75.72+2.08 EgEE 11.71£2.16 8.87
BEALZH 22.3242.85" 28.01+4.36" TR 4] 60.22+7.01" 45.76
DHP % 71| 5 20 100 16.74+3.017 44.7243.51% DHP {7 1 41 100 44.34+4.32% 33.71
DHP 5 7] 5 41 350 14.52+2.07% 58.73+3.50% DHP 5 7 5 21 350 38.71+4.76% 29.41
MCC950 41 10 14.67+£1.21% 43.03+4.60” MCC950 41 10 43.82+3.66% 33.33

3.8 % C57BL/6 /N B i BB R 42 19 i fE #h 22 JC 43 &9 DHP X C57BL/6 /v B H B % 7E B F /K F IL-18. TNF-a 0

iny g m 525 A AL, *%%'JQHEPEMF ZSIvEin L /1]
PR B & T (P<0.05) ; 5 R 2 L %%, DHP 4 )
MCC950 ZH H finq 2 o pft 26 50 460 0 2 38 Wb 3 B IR ( P<
0.01), W38 . Kl 4,

3.9 XF C57BL/6 /> B P ik 4% 4iE Kl F- IL-1B8. TNF-a
FIL-18 (K152 me 525 4l A, B A 2 /)
B rP iR 48 9 - IL-18 . TNF-a 1 IL-18 7K - B i 7
& (P<0.05) ; 5 8 AL 21 L1 4, MCC950 41 IL-18 #il
TNF-a 7K - 5 3 F 4% (P<0.01) ,DHP 41 IL-18 . TNF-a
FIL-18 /K- 45 1 25 BEAR (P<0.01) . WL 9.

3.10 X C57BL/6 /Iy Bt fiki NLRP3 48 i /)y 44 #H 5C
EHREWER 555 A4 i, B8 4 NLRP3,
ASC . Caspase-1 J IL-18 & 1 3% ik W] W ¥ Jjin (P<
0.05) ; 58RI 4 % , DHP 1% %) £ 41 NLRP3 . ASC
A #0k W B (P<0.01) , MCC950 41 NLRP3 .

LS4
2

DAPI

Merge

El4 DHPX MPTPiESH C57BL/6/NRFRERMZTHRIGH

208 (FIB YL, x40)

IL-18 HI7K F B &
Table 9
inflammatory factors IL-18, TNF-a and IL-18 in C57BL/6 mice

Y0 (x+s,n=6)
Effect of DHP on reducing levels of midbrain

(X£s,n=6) ng-L"
2| H
4151 A . IL-18 TNF-a IL-18
/mg-kg
A 80.51+15.18  73.61+16.98 29.33+8.78
F R0 25 190.10+14.68" 132.71+13.52" 61.62+0.92"
DHP X7 100  115.03+13.94% 91.65+13.95% 46.54+5.95
e
DHP &7 350 89.72+14.317  79.814£9.25” 39.22+2.94%
B
MCC950 21 10 92.91+12.24”  86.30+14.83% 52.71+12.51

ASC J IL-1B 5 1 1k W 3% M4 ik (P<0.01) , DHP /&
F4E 20 NLRP3 . ASC .Caspase-1 K IL-18 7K [ £ 51y
BERR(P<0.01). WE S %10,

Fig. 4 Effect of DHP on MPTP-induced substantia nigra injury in C57BL/6 mice (FJB staining, x40)

4 itig

PD Ji A [ B2 2 W40 7 2 S s A

AR

LW IF P 3, Bk 32 . h B2

LK S
JEASHERR S o AR Mg DUIF P 5 kO 3, BOME A3 bk Ok 57
- 103 -



29 55 111
202346 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 29,No. 11
Jun. ,2023

R 10 DHPX/NR A fif NLRP3 R AEMEE X B ARIZOFM (Xs5,n=3)
Table 10 Effect of DHP on expression of NLRP3 inflammasome associated protein in C57BL/6 mice midbrain (x+s,n=3)

21 5 FlHE/mg- k! NLRP3/3-tubulin IL-1B/B-tubulin Caspase-1/B-tubulin ASC/B-tubulin
ZEHA 0.11+0.07 0.54+0.04 0.16+0.08 0.79+0.16
IR 2] 1.11£0.06" 1.29+0.01" 1.10+0.04" 1.11+0.21"
DHP {i% 1) 5 41 100 0.37+0.08> 1.14+0.11 0.83+0.07 0.53+0.34%
DHP & 5 & 41 350 0.28+0.08 0.72+0.05 0.23+0.06 0.34+0.37%
MCC950 41 10 0.35+0.05> 0.83+0.04 0.99+0.05 0.47+0.20%

NLRP3 - PR s S 118KDa

IL-18 I G — 7,
e O e -~ W ;o

Caspase-1

ASC

A B C D E
E5 C57BL/6 /INER % NLRP3 K fE/MEME X E A RILHBE K
Fig. 5
protein of C57BL/6 mice midbrain

7 1 B0 37 15 B 5 L3z sl AR 9% L 1k M AR R AL
ST S E R o WO P BRI DR S B b 22 0 AR
FZi. BlAfAE Ba KFEZEEZ0,H
TR0 IR K 57 B, SR 1 25 K #M'EF 25 J1 . DHP 2
Bl A i R EAH AL Sy . #JC DHP B3R Y7 PD AR
H W AE AR L A BHE I R thoXE PD T FE IR T
fEMI P BES DHP A X%,

PD & HIL il 52 2% , v g P 5 X 22 1 i B b 22 0
FET R B IARAE . T L PR B AR i
R B E M AR, LK 2 B GE 280 12 2%
BV FE AL, A 5 Ak I 3 A 28 AR RE ORI T
REbEMG S 2P BUR N R LT T2 A
VBRI £2 9 2 Q7 To0 ) 5 = R A VA 952
N7 A ROS, A 3l BT A R 4+ (R 46 IR T L &R 11
FAZ R ) 5 2R AR5, i 2 ki 44 Ty Rg f 15 A
28 RAE 5 T bR 0 105 (R AR 2ROk A B g ) VB
i ar (A 55 32 B8 1 28 10T e A B A2 5 19 T B ) 4
D3 A 56 43 F A5 (DAMP ) e fish & 17 3802 I R AR G S
N, A2 5 A5 5 4% T S 48 S T 3%\ ROS 77 A
I 2 e AR 7R SH-SY SY 4 i S b, 48
MPP % S 5 , SH-SY5Y 4 il 77 3% % % % , LDH .
ROS & MDA 4§ /K %} & , SOD [ 1iK ; 42 DHP + il
Joi, SR L H, DHP 25> Hk BE 2 34 fE 32 v 40 i
FE75 % %Ik LDH .ROS & MDA /K ¥, #£# SOD /K
-, 5 7R DHP RE A 5008 5% 41 453 455 , 410 1 4204k B
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55 kDa

Electrophoresis of NLRP3 inflammasome associated

BRI FEARP AP R A, 545 A4l
B, R RE N T TNF-a IL-18  IL-18 7K - FF & ; 1l 48
DHP T Wi J& & 4iE A F TNF-a IL-18 | IL-18 7K F [%
i, A HF 52 % W], DHP % MPTP 5 5 1 PD /) L H A7
P10 ) B Ak 7 U RN Bk 28 5 M SN VE L AR AR O I
A i — 48 78 DHP AR BLHI

/NG JOT A L R AEAE T AR & RS e K S
P25 2 M, AR 82 0 R T R B 8 R G A8 A Y R
SRR NLRP3 A M /M AL T 58 5T 40 it J2 4R 4
N, 1 ASC . NLRP3 fll Caspase-1 ZH ¥, , 7€ #ll 28 & 4iF
2 ¥ R AR AE . PD M G B AR
-2 fih #% 25 A (a-Syn) #E A 40l J5 , % NLRP3 A%
LRR 25 #4380 35 50 S P I S 165 15 5, NLRP3 il ASC
SN &, 1 0 Caspase-1, Caspase-1 K T Jif 48
Jit Pl F TL-18 F1 TL-18 Hh 1if 14 5Y D) by sl A, I R ik
F 40 B A s TL-18 1 TL-18 43 Wb 48 £ 461 35 22 170 iz i #h
296 (DA) , T80 a-Syn B 0, AT B A% M 0
W, S B DA R 45 . MPTP BE % 38 2 1fi i
Jo B TR T D /0N G I AT L 6F /0N R v G R R 22 1
Jiie REAH 28 0 R PR VE I . SR AR BoR, 55
I 2H 8, B AR 28 /)N B b fii 8 BT /) 5 J5 44 A Tba- 1 9
PG, NLRP3 48 0E /IMA A G 2 1 3R 831 5, 2 0E A
T IL-18 \ IL-18 43 i 34 £ , TH Al FIB 4t o 4% St & /R
i 2B 5 DA 245 B 2 248 DHP Al MCC950 + HiJm ,
PD /)N B AP 2B Tha-1 3235 B IK, NLRP3 R AE /MA
AH 2 AR, TL-18 \IL-18 43 ik /> , TH Fl FIB %t
a5 7R i SE BT DA SZ 4 . MCC950 1y —Fh
A ALY R NLRP3 30 5, © 7 2 W0 R 5% ok
WE SR, Ak, DHP AT 8 /& 38 & 8 4% NLRP3 4 i
AN GE T 0N I 5 AN M A R O Ak U8R PD il 42
RVEB , HE N RIS R E .

zi I fir ik , DHP fE 3% PD /) (32 ) T AE R 9
VAl G 2R T DA BE B T AR 407, 3 AT BE S I
SR R R R R 5 NLRP3 S 5E /AR 3 31k, 710 461 /)N
2 5% 4 B 3k B O A, DR R 2 RAPES A G
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