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[(HE] B8 WSS 457 (CLMT) X A 4 2706 F: & 304K (PDD) B2 81 K Bl 22 [0 )i BB #il 28 T 1 DR 3P 1, O 2
TRRAF BRI AL B 15 BB/ L 3h W B RS A 1 (AMPK/mTOR){E 538 BRAR T H A ML . 75 5% - 80 HUAlPE SD K B, B AL
TR 10 HAE R IE & 41, oA SR F A AR ) dat 2908 350 R T T S5 6 08 ) B0 52 M AN Rl 38 D0 4 3 R N 3% (C UML) 3t 57 PDD oK RS
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(e -synuclein) & ik ; 25 [ 40 % B3 75 (Western blot) £ Wl SCAR K #3840 5C &5 A1 1 % 8% 3 (LC3) . AMPK . # 2 k. AMPK
(p-AMPK) .mTOR B ft mTOR(p-mTOR) & [1381k . SR : 5 1E % 4 i, BRI KR 3 52 56 K -1 2h BB B J rp ke X
B3 Bl i TR] 1 W) 4 b (P<0.05, P<0.01) , & AT B[] W Wk 45 45 (P<0.01) , 3 43 J i (P<0.01) , i & ¥ 1 DA 5-HT &% 3t il 2>
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(P<0.05,P<0.01), TH 235 & 2 Hin (P<0.01) » 5 IE# 4l kg , A4 80K & LC3 11/ T . p-AMPK/AMPK 3 ik B 5 F% fi
(P<0.05, P<0.01) ,p-mTOR/mTOR & ik & & #4 Jin (P<0.01) ; S AL BI04, CLMT = Ml s A M P 25 21 LC3 11/ 1 . p-AMPK/
AMPK F ik #5083 (P<0.05,P<0.01) .p-mTOR/mTOR F ik B 3 [EAIL (P<0.01) . £518 : CLMT n 410 il £ B i # 22 B 1 , & 4%
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[Abstract] Objective: To observe the protective effect of Chaihu Jia Longgu Mulitang (CLMT) on
dopaminergic neurons in Parkinson's disease with depression (PDD) model rats, and to explore the mechanism
based on adenosine monophosphate-activated protein kinase/mammalian target of rapamycin (AMPK/mTOR)
signaling pathway. Method: Among the 80 male SD rats, 10 were randomly selected as normal group and the
rest were treated with long-term low-dose subcutaneous injection of rotenone in the neck and back combined with
chronic unpredictable mild stress (CUMS) to establish PDD rat model. The successfully modeled PDD rats were
randomly divided into model group, western medicine group (madopar 0.032 g-kg'+fluoxetine hydrochloride
0.002 g-kg"') , CLMT low-dose, medium-dose and high-dose groups (5, 10 and 20 g-kg"'), 10 rats in each
group. Normal group and model group were administrated with the same amount of normal saline by gavage for 4
consecutive weeks. Behavioral changes of rats in each group were evaluated by open field test and pole climbing
test. The content of dopamine (DA) and 5-hydroxytryptamine (5-HT) in cerebrospinal fluid was determined by
high performance liquid chromatography (HPCL). The pathological changes of dopaminergic neurons in
substantia nigra of rats were observed by hematoxylin-eosin (HE) staining. The positive expression of tyrosine
hydroxylase (TH) and expression of a-synuclein in substantia nigra were detected by immunohistochemistry
(IHC) and immunofluorescence (IF), repsectively. The protein expression of microtubule-associated protein 1
light chain 3 (LC3) , adenosine monophosphate-activated protein kinase (AMPK) , phosphorylated AMPK
(p-AMPK ) , mammalian target of rapamycin (mTOR) and phosphorylated mTOR (p-mTOR) was detected by
Western blot. Result: Compared with the conditions in normal group, the total horizontal distance and the
activity time in the central region in open field test and the content of DA and 5-HT in cerebrospinal fluid were
decreased (P<0.05, P<0.01), and the time of pole climbing was shortened (P<0.01) , with increased score
(P<0.01) in model group. Compared with model group, CLMT high-dose group and western medicine group
increased the total horizontal distance and activity time in the central region and the content of DA and 5-HT
(P<0.05, P<0.01), and extended the time of climbing pole (P<0.05), with decreased score (P<0.05, P<0.01).
Compared with those in normal group, the number of dopaminergic neurons in the substantia nigra was reduced,
with narrowed and loosely arranged cell body. The fluorescence expression of « -synuclein was enhanced
(P<0.01), and the positive expression of TH was decreased (P<0.01) in model group. Compared with model
group, CLMT high-dose group and western medicine group showed elevated number of dopaminergic neurons in
the substantia nigra, with enlarged cell body, and decreased fluorescence expression of « -synuclein, and
enhanced the positive expression of TH (P<0.05, P<0.01). Compared with normal group, model group had
lowered expression of LC3 I/ 1 , p~AMPK/AMPK in striatum (P<0.05, P<0.01) and increased expression of
p-mTOR/mTOR (P<0.01). Compared with those in model group, LC3 II/1 and p-AMPK/AMPK expression
were increased (P<0.05, P<0.01) and p-mTOR /mTOR expression was decreased (P<0.01) in CLMT high-dose
group and western medicine group. Conclusion: CLMT exerts a neuroprotective effect by inhibiting rotenone
neurotoxicity. It enhances the level of DA, and thus improves the depression condition in rats with Parkinson's
disease. The underlying mechanism may be related to the regulation of AMPK/mTOR signaling pathway,
activation of autophagy, and promotion of degrading a-synuclein.

[Keywords] Chaihu Jia Longgu Mulitang (CLMT) ; Parkinson's disease with depression (PDD) ;
adenosine monophosphate-activated protein kinase/mammalian target of rapamycin (AMPK/mTOR) signaling

pathway; autophagy; neuroprotective effect
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i At 25 BE S IR BEREAR 2 I R IA T AR 52 shiE
AR A1 AHTA AR 265 9 hy 3 0 2 50T I AR 25 4 17
FEHEAR AN R RIVE T, TR N 542 sh e R, K
Pt PD 245 ) A2 e £ L )t &5 I AT L 3R 97 BOR AN
B AR

W 4 7% 956 £ & 10 A5 (PDD) By & 5 HL 1 B BT 4
F B E AT AN 2 B (DA) BEAR 2 o0 1Y 2K
SEMW DA S SR A K. A KHE BoR,
PDD B H 4 Tl DARE#I & ey iz Bk, H AR
A DA SRS E A, B PD B BRI
T DX K R FH DA AZ A4 sl AL BB 6 2035 32 2 T
Al IR AT B AR RE IR, 42 7R AR B v ik 2 5 DA BE
P20 R BEAT B F 20 PD AEE I I ABREIR .

s 0 e B W5 1 (CLMT) Y [ 5k i 5 (15 2
W& - B BH KGR I 3R 20 BH 9 e AR IR RS )55 107 4%,
F VA M T NVE R B, — B R
57, 2 0020 BE A 28 34 7 o B ik 4 BRI e flp
B Tl N TE L B IS B R 5 AR E AR o) 32
B — BRE AN E R0 IR 0
AXATLAS FI]JIT B Ji8 Al R R B PD A 32 Sl iR o i IR
N FHIZ D7 36 97 PD & 0 AR AE R B T R 457
B SR T R I, CLMT AT 3 i 18 5 4 IR
BB R 2T E LR 2R
VI B3 I AR A8 HU H AT EF X CLMT iR
J7 PDD (1 5 i AF 58 A 6 45570, H 2B 5 BT
£l A T A R R CLMT /Y #f 2 AR 0 4E F
e DN I A R FLHEAT A A SC IO . O B O
i o & 57 PDD K B A, W88 CLMT %f PDD K i
AR AE IR (36 7 RO I DA W 1 B L] g
P FIALEL, M R CLMT 6 97 PD AR G MR 42 41t 5
SNPLINTg /T
1 ##
1.1 Zh%¥)  SPF Mtk SD KL 80 H M4 it & (150+
10) g, W T b st A B AR Wy BHE e A BRA | L 4
F&AIE 5 SCXK (51)2019-0008 . ] 77 i B (25+1) °C,
W (50£5) %, A AR EIROK , A SR GHR 318 R 1 R
FE 1o ARSEER 28 fh I B R 2R BE Sh W B 2
2t v S BT A 4 5 ERCCACMS21-2106-7,
1.2 255 550 el n e At s v (SE A 12 g,
HEIEE 4S5 g 4.5 g, 545 g, NS 45 g 1
kidas5g, K% 45g, %45, FH6g, KHi6g,

KAAS5 ), ¥Ry 25 G g ORL, W 3 G 50 = 25K
FRHETE B (5 209 25 21035241,21032301
21028121, 21044771, 21044171, 21033791,
22002371, 21039901, 21032831, 21042111,
21033761) , WFJE J5 LA A PR AR K 78 53 V5 ff , i 2% B 7%
A 0.75.1.5.3 gemL" ) 25 R B,
4 °CURAF %5 F 5 00 e i) ( B3 VG 935 HE A= ) B 2 A BR 2
A LS YTT20200513) , A5 46 il A1 HT 26 I B0
(DMSO) 747 i il , il 25 B 2 g- LR , 4 °CilEOL
TAF s 2B 2R (LY IRH 258 RA AL LS
SH4750) , 78 43 WF 5 Ry AR 5 LA A B R K U i | il %
A8 g LR E VA, 0 FH B I 5 6 2 7 VT (5 M
AL 75 M il 25 45 BR 2 /)L 445 9875A) , KU A= R K
FEAT WL WK 0.5 g LR B A KR
gr ety (b JUM AR A B R A R | L S
3591 °H 20210628 .20210308) ; £ L iz (DA) . 5- 5 {4,
Jfie (5-HT) ([ Aglient 28 ], 4it 45 43 5 BCBC761
4V .BCCB1831) ; i 2 & 2 L. i (TH) A4 L o~ 5 fith
¥ % M (a-synuclein) $L f& . B- L 8 2 H (B-actin) $T
& | Alexa Fluor 488 Fric Ll £ $i fe fo 2 BR & M (1g) G
(H+L)HLAR 5 5% RTPA 24 i W, 45 11 1 8% 1% 6 410 71
FIE A ) BCA B 11k B2 I 7 3500 LS+ —obe 5t
B R 414 - 3% 1A 0 T Wiz #5€ i (SDS-PAGE ) 8 1 I FE 2%
PR (= R HARA RS 23 0
AF2185, AF8019 . AF5003 . A0423 . PO013B ., P1046 .
P0010.POOISL) ; f & AH G & 11 1 82 %% 3(LC3)A/B
PR R R T AL R O (AMPKO) Bu A i 3L sh
WA A R & 1 (mTOR) #t 1 | # 2 £ mTOR
(p-mTOR) it ¥4 ( ¥ [E Abcam 23 #] , it 5 4 5l K
ab62721. ab110036 . ab32028. ab137133) ; i Mk 1k
AMPK (p-AMPK)Hi K (K [H CST 4 ], it 5 2537) 5
G e A S 20 A MR & (db s P 2 AR B
A B W 45 PV-9001) ; SDS-PAGE #§ Jist il £ i
& B I A& A (BSA) IXTBST(JL R 3K %
FHEA PR 7 L4t 73 51 25 P1200,A8020 . T1086) 5
I ECL Ak 2 & 6k il ol 390 & R i Ak W 1
(HRP) Fric 1 24t/ B IgG (H+L) \HRP #ric 11 3¢
Pt 1gG(HAL) (2RI =& Y H AR HBRA A L it
43 5 g PK10003 . SA00001-1,SA00001-2) 5 & ffsf —
B & M5 (PVDF) i (78 [& Millipore 24 ®] , #it 5
IPVH00010) .

1.3 fX# CS-Q By B m &4 (H A
Canon /2 #) ) ; ExionLC-20AC %Y & & AH 035 A (38
[E AB Sciex 2 7l ) ; S2100 AU 1% 57 #i 1% £ 48 . S5200
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R [ Bk FE LR A Clarity €635 T 4F vl (5 5 Sykam 2y
] ) ; Rotanta 460R %Y 125 1 ¥4 I 2 .0 ML (1 [&] Hettich
3 F)) s TGL-16G B i 38 2.0 0L (1 g 2 2 B 2E A 28
J7) 5 VS120-S6-W B R F U H A R 4 (H A
Olympus 28 7 ) ; SK-0180-E % 7K 3 4% IR (b 52 K g
DB I ESAG R A 7] ) ; Synergy H1 Y 4 [ sh i bR
X ( 3¢ [{ BioTek /A 7] ) ; Chemi Doc Imaging System
Z i e AR & 48 (£ 1E Bio-Rad A H) ) .
2 Ak
2.1 PDD AL 80 HUfE 1k SD K B, B Bl 26 B
10 HAEMIEH A, AR R B3 DS 3 f T v
i BER (2 mg-kg') ,ELE 6 A, R AT DL 21 d i8R
AT 2R S R S 8 VKK iR K (4 °C L 5 min) |, &
FE(EREM 1 em,3 min), 253 (24 h) , 257K (24 h) , &
TS0 8] (FF 22 R HE 12 h, BRI 12 h) A 28
(45°,20 min) , W @0k (24 h) . A H B HLEHE L
AR, BARSE 2 d RS B A AR B AT
L R L E S 21 do R4 RS S BE SRk
L1315 2% 2H R BRU#EAT 3P 20 2 1 20, th BB 4 2 B0
5 EAELHAN LM ERE .S EHRE XN
SR WD 2 4 A LA RE R SRR 1 R R A T
ST AT RGNS AR A LEK T 1 R B, 5P
5 308055 54 57 AR 257 YRR ARG - ) i —
Ak 55, L B AR TR, SR E e 5 A — 0 R
AR ;64> A 405 R FERE L, K BRAT 25 B Bl ] 5
], A 79 i 66 AR TG 7 3 ST, 4K, 32 B ke B
A AT AE SRR D 8 4 EAT 6 AR 3R I
BN PR R 5E 4= T8 1% 3 S Bib ] — 0, DU i ALk T 4
WL AT IR U I 100, 2R UL B AER, SE 4
WS, A JoT o R S JRE AT, WG SE T B8 T . 2 43 LA
R R AR T  I B 2~8 43 1 K AT IR S S
2.2 Sy R AL 50 KR ERKE ML A
HRBERNZ 22 R R PG IT A (VE ) .
CLMTAL b m i dl, fdl 10 5. Sk 14]
WFFET5 5, CLMT LU A (60 kg) Il R S5 2405 5 19 10
R, CLMT AR | 4145 25500 253 51 ok
5.10.20 g-kg', VG 25 41 4 B8 N 25 85070 i R AU R
Bt A AR i Z P22 0.032 g-kg'+Eh R H Y
77°0.002 g-kg', 735l T LAAH . 25 W1 5, IE & 41
PR ZH T LSRR U PR K VE S LS 48 .
2.3 AT REERI
23.1 WS AL TS S A R R
BT EWAT R BB E R AR N R T S5
S AT R G 5k S min K B K F- 52 Bl 8 R B8 K
. 24 .

e X BRI Bl ]

2.3.2 JCFFIEE: MRHESCERLLS ] o7 Bl A B AR
93 emm . 5 760 mm Y ARFF . 404245 2500 )5 5
e ST RAT B KRR Sk S 1) T i AR ORAT TR
WFF AR ET g 5 R BRUIC 2 AR AT i 3 19 B 8], Jf:
HATAT AR S o VRS ARE 043, DU OTT T, — IR
FIFF EIET 50.5 55, — 2 — P18 m) T €47, {H 3
Al ATAT 51 00, EAT RO 5 e T (H
AT 1.5 00 AT IR W i AR ISGE 8 ;2 4,
AR B, VOB B R BR IR, R 2.5 48,
KORUH B % SR B, DU BRI, R RE S S st T
B HOR B EAT 3 RS2 80, BOF- #1H .

2.4 RO 6 v (HPLC) & I K BRI 6 i
DA .5-HT & f&  KEUKBE G HEA7 EE , LB K AL
Ab 2 15 il B R, O OIS i A L R AT
JE  BE TR A6 RS R A M R T AR WO 4
il B FE R 28, AR B bR v 2 B A% R AR R ) 3 o vk
B T AR A B A AT A . R SR R U BN A
b K - B 90: 10 (75 0.74 mmol- L7 2% b B 12 4
80 mmol- L' /K& #§ 2 — 2 41 .0.027 mmol-L"' &
TR 2R AN 2 mmol- LA LA ) , B R IH pH
3.0, Waters X Select® HSS T3 4 % #F (2.1 mmx
50 mm, 2.5 pm) , 0.20 mL-min" Z& & ¥ W, #F IR
35 °C ; Antec Decade Il SDC Hi b 2% & il % , VT-03
BEEs i TAE A (42 3 mm), JEALE/A LR 2
MM, 25 wm HL B B R, AR T 3% A ADF R U A%
(0.05 Hz) A1 ik #ft BHLJE 2% , TAE HLE+0.56 vV, ] 45 Fif
] 15 min, 4 20 wL BEFE 5347

2.5 JRARFR - (HE) G (8 0 6 I 2 5T 350% 7 DA
AEf U B P A AL 24 4% 2 R W I EUE
i 7 S5 7K, o i MR 3% 22 0 B AR 467 H ik B 5T
OB G R ()& 6 wm) , #E4T HE Y4 €8, v VARSI 3f
AL G TSR IR A

2.6 RIE UG IE (TIF) K i 2B T 20 %5 3 a-synuclein
P FIRE O U i R BT BOR K R ()& 6 um)
Fr 6 IR B s T 40 )5 48 52, TBS+Triton ¥t ¥ , BH KT 14
Tt o SE AL W I, 1% BSA B0, PEU W B 5 1
BT a-synuclein 2 78 FEHTAR (1:100)4 °CIEF 1 %, ¥
U, B B JE ) Alexa Fluor 488 #ric LU - 3T %2 1gG %¢
Je ZHt(1:250) iR BEOC I F L VeV, DAPIE 4t 1
L9 WU N ST

2.7 S A AR (THC) bl 8 ot 0% 3 TH Y 3R 05
oL BORRESOE AL AU R ()56 wm), 4T
A 52, BT P 5 o A A W L B A RS Y R
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Pt TH B 3T REHTAR (1:200)4 °CHFEF 1%, BE ¥, il hn
S0 3 5 R (HRP AR ic B 2R 4 ), UE i, L E Pt R
EYEL P EIRBEE,TBSTEYR,DAB 4, /i A
REY K, P MRS . S5 65 T LIt
FA IR, 4500 BE AL 2E B3 A4S P (x200) , v FH Image
VAT B R 3 O B AA .

2.8 4 A EN i v (Western blot) £ il K R &0tk
& LC3.AMPK , p-AMPK . mTOR , p-mTOR & H %
ik BGE B K BB i SOR AR H ST A1 0K L4 °C
12 000 remin™ & .0> 5 min( 2 02482 9.49 cm) , #£
MIEEH L BCAEEHE &, LA IL4: 1 IMAER Lk
FELE W, 4 )@ s A 3 min 28 P 4 4 4 B 1
30 pg 47 SDS-PAGE #E i HL 7k , 1 5% & PVDF fiit
Z iR B4 60 min; —PiBFF ,LC3 . AMPK .p-AMPK |
mTOR .p-mTOR(1:1 000) .B-actin(1:4 000),4 °CH%
JR it % ; TBST PR 3 ¥k, HRP 5 i - Bt S bt 14 1gG
(1:2500) HRP#ric £ Hi/NERITIA IgG(1:5 000) %=

F1 CLMTXPDDKERITAFHZEM (x+s,n=10)
Table 1 Effect of CLMT on behavior of PDD rats (x+s,n=10)

T E 1 h, TBST VR 3 W, 17 3 5 Ak 2% & Ok B 52
(ECL) , W H Image J #1443 #r H W) & 11 %% 77 K
FEAA .

2.9 SiitsEsr AT W SPSS 20.0 B4 A 52 56 %L
PTG b AT R TR DL x & s RoR & LB
AT B 1A oA HL R Ty 22 5 P A 0 DU >R A A
RO ZE 0T, Al £ 8 HCRCR e/ B 2 Rk
(LSD) ; & AFFA R H 2 A2 57 R A 1 Al 2 40k
49, P<0.05 R/ ERAGITFE L,

3 &R

3.1 XJPDD KEAT K2Ry 5IEH A i,
0 2] K BRK S 32 Bl R R Kb e X BT sh 2 B
F I (P<0.01) , TEFF B[] ¥ b 25 46 4 (P<0.01) , €
FFIE 4 8 3 T 5 (P<0.01) ; SR 4] L %, CLDM
mh e ) 2H K PG 24 A K ROK Y- d8 Bl S R L e
DX 35 3% 2l B ] €T B R 3B 3 i (P<0.05, P<
0.01),PF4r Wl i T FE(P<0.05). W3R 1,

71 NEFF 52 5
4151 F /g kg

KB MR /mm AP K B E] /s JEAT i} ) /s NEKFIE53/53
w4l 29 073.41+1 204.35 37.02+32.49 13.6042.52 0
H IR 241 3 738.50+483.15% 5.26+2.07% 4.50+0.961 1.83+0.11%
CLMT fiii 41 5 8 966.24+2 882.13 6.65+2.23" 4.75+0.62 1.50+0.13
CLMT 3 2 41 10 11 834.83+2 204.50% 10.39+1.90 5.57+0.69 1.43+0.13Y
CLMT il 41 20 16 449.11+2 062.07% 22.86+13.64> 8.43+0.81% 1.36+0.14”
LR 0.032+0.002 19 649.01+3 649.52% 30.17+30.52Y 11.00+3.21% 1.00+0.29"

5 IE W4 VP<0.05,2P<0.01; 58RI 4] 4 > P<0.05,7P<0.01( 3 2-3 5 1d])

3.2 X PDD K RUNH W DA S-HT &R 5
TEH A A, BT A K BRI A W P DA JS-HT & i
B & i D (P<0.05, P<0.01) ; 5 #1814 L% , CLMT
7o R R 2 R P 25 41 DA LS-HT & 35 W 3 hn (P<

3.3 X} PDD K BB 57 B0 T BUE 25 BUE (19 52 1

5IEH A SRRV g oo dce I R, H
J A BT 8 4 0N 20 RO HE S g A | I R UL 5 )
LAY [ % By MR SRR A 4, CLMT 45 41 DA

P2 TR B 2 A BTG O, e R A A
_ ZeouRcE W W I, HHESE TR S, PE 254 DA fiE

%2 CLMTXPDD X R # % DAS-HT &EMFM (x+s,1=6) A -

Table 2 Effect of CLMT on content of DA and 5-HT in TR KPS U AT . LI 1

pgeL! 3.4 X PDD K B2 i 30U a-synuclein ik 1 52

0.05,P<0.01). W32,

cerebrospinal fluid of PDD rats (x+s,n=6)

2415 /g kg DA S-HT W 5 OOE R4 MR, BA 2 K BB BT B AR
F 3 4 109.90£61.85  175.97461.68 a-synuclein 7¢ )% 72 1k i 25 1 598 (P<0.01) ; 5 8 4
f 20.82+2.05  32.22+13.06" i, CLMTAL PRl E A2 5L sit%E L,
CLMT 5 7l ft 41 5 28.01+8.48" 60.42+19.34 CLMT & 7 & 40 75 25 4 2¢O o )3 35 B I U 55
CLMT il &4 10 45.98+22.66 173.78+27.98> (P<0.05,P<0.01), WzFE3 K2,
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Fig. 1 Effect of CLMT on pathological morphologic changes of
substantia nigra compact in PDD rats (HE, x200)

0.01); SHIRIZH %, CLMT 45 57 & 40 TH FH 1 2% ik
Y Fir B8, CLMUT f=; 79 o 25 R 7Y 24 20 34 18 o i 2%
(P<0.01). WLEI3.5k4.

3.6 X} PDD K Bl 80 4R 1A LC3, AMPK ., p-AMPK ,
mTOR .p-mTOR & I KA By M S5 IERF ALK,
BRI LC3 /1 . p-AMPK/AMPK % ik 2 B & [ A
(P<0.05, P<0.01) , p-mTOR/mTOR & & 1 fin (P<
0.01) ; 5457 21 [ 4%, CLMT /& 71 & 41 Al v 25 4]
LC3 I/ 1 ik W i 3% hn (P<0.05, P<0.01) , CLMT

% 3 CLMT xf PDD X R 2 JR B & &0 o -synuclein 3k i% §) % g
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Table 3  Effect of CLMT on expression of a -synuclein in

substantia nigra compact of PDD rats (x+s,n=6)

20 51 Fl /g kg a-synuclein
A 18.12+2.88
R IR 4] 151.69+6.03%
CLMT %) 4 4 5 134.62+14.08
CLMT "4l 10 95.45+8.65
CLMT & it 4 20 48.93+2.08"
(e 0.032+0.002 41.81+4.86"
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B CLMT {I% 7] & £ 41 , 4% 41 p-AMPK/AMPK % ik 1
i 2 B4 i (P<0.01) , CLMT & 1 & 2 F1 74 25 21
p-mTOR/mTOR & ik ¥ & 3 % ik (P<0.01) , CLMT
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1% PEAH T, 2 2030 438 [ PD B A S ] fE ik
500 5 N HARAE S PD E UL AR S S RE IR 2
— ,H 5 PD Y 3= BRE IR 525 W @A A B S I
K2 GRIZ K E . HEIA N PDD N “ElIE" 5
“HBIE” Z A 2D BHAX LA R R 2 R B

AR AN ER, 5 BOURB R BE L IMLAT . R
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Fig. 2 Effect of CLMT on expression of a-synuclein in substantia nigra compact of PDD rats (IF, *x200)
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Table 4 Effect of CLMT on TH expression in substantia nigra

compactus of PDD rats (x+s,n=6)
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AU DA LS-HT 45 50 JHe 26 b 22 36 5 IR 1) &
o 2 VIAR G, VR S P AR B 4 AR 22 AR

21 51 FlE/g-kg! LC3I/I p/ﬁ:gf p/;;nTTslf
EH A 1.46£0.04  1.12+0.09 0.50+0.06
TR 2] 0.87+0.02" 0.55+0.13* 1.60+0.30”
CLMT I3 i 41 5 0.90+0.13  0.63+0.11  1.12+0.08
CLMT 5 = 41 10 1.14+0.24  0.84+0.11" 1.08+0.10
CLMT = 41 20 1.53+0.17" 1.07+0.11* 0.58+0.02*
AUl 0.032+0.002 1.63+0.25" 1.30+0.18" 0.40+0.06"

& B, PDD 5 A4 K B 75 W H DA LS-HT & & 1 W]
S REAR, T CLMT & 77 5 41 v] 45 8042 5 DA JS-HT K
o CLMT & Al i PDD KB 1Y H &1 3 (K -1z 3l
SV ) AR R AT Ry (b e X sk 7 S e ) ) 36 m
J@FF Biof 1] ZE A<, PF 43 5 i, A &% el st LA AR 47 4 A
iz g A, Hoh CLMT & 57 & 4 el 3% AR A
F IO B L S A SR BT, CLMT i (1 B
B3 T A M 2 R AP AR T, a0 S8 8 B2 BT X MPP+
55 1 PD 40 i A R R HE B A T4 Y B T
% it S8 AR O 38 B ek 2 PD /N B TH 40 1Y 2 5k
PR SUIR IR DA & & R i NS R TA
BB MPTP %5 S 1 PD /N B2 5 DA #2850 1) 4
o5 ERED W UL CLMT fT #83 1 4 28 {4
FYER /> DA RBP4 0T 1Y £ 2K L $2 5 DA JK P
e PD A FIARAE AR

iR B R a-synuclein f 5 % B4R S B M R
%A DA BEM & oo PE PR T, 15 & PD 1Y H B R

. 27 .



5528 1240 8 il
20224F 4 f

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 28,No. 8
Apr. ,2022

ML o a-synuclein 5 % R4 ol ek i) ol 5 iR 3T &
AT AR SE R AR, A R dp RS fa R R T
PD AR (1) T 259, >R H A SR 2 35095 7 fe 1 1
B8 HEER 1Y 5 15T 15 S a-synuclein ) R H R4, 5
JE 35 1 b A1 45 v B R BT, 1 R DA RE i 28 oo iy A8
PR E RPN T R R AR T
SH-SYSY 40 il , W % %] a-synuclein & H 1Y 7 # B
8 A SL T PDIRSME R TH 2 DA & AL
P 3 it , G 2 B 1% (5 2R B 36 3K R R E S e DA 1)
A5 Sy Wb, H VR b i N DA BE B 2 T W A R
2 A 5T & B, PDD KRR H ik 2 5 E0% 5 TH
FH 1 22 15 BH B 020, H. a-synuclein ¢ G 3% 35 IH 1 15
5, 31X 55 28 WA AR R FH % i ST PD AR AL A F
M S5 25 A — 3. TP i RE BT DA BE P 28 50 B i
A RS AR | i SRR A R A5 Y 2l L i —
AR S, % 5 AT B 75 S PD s BLRR AR 20 o AH
BT RLRIZ , CLMT 4% 41 % i 80% 38 TH FH 1 5% ik
YA Friin, a-synuclein ¢ 56 R I8V 55 , DA RE M &
JUEL I, HES TR, Hh CLMT 77 4 40
YERRCR T R U] .

i i I 4% AMPK/mTOR {5 5 il 301 A Wk g
12, f2 #F a-synuclein 2 5 14 19 B ff , 7T B8 & CLMT
A0 ) £ 7 P Ao 28 3 M L DR B DA fE pl 28 0T 1y BARAE
FHPLH o g2 Eh I AR A 3 0 o0 i A AR AT
5 20 B 37 5 00 20 B R S K A F 2R AT R A T 1 26
FIF , a-synuclein 2 1 ) 57 BEL A S5HLK Q1%
KE T RA G, LC3 &AM By et &,
LC3 1 LC3 Il PifFp I A7 T 40 Md b, LC3 T 4%
Atg7 Bih e AT A AR L LC3 11, 45 & 2 1 AR i
e B A R A BRI & F L B ] Western blot
s LC3 T/ T R VEH 4l i e 3 v 1 s A0, A
W5 % B, PDD K RBCIR M LC3 I/ T 33k ) %
I, 22 U B8 i v a-synuclein i) 5% BREAE T fE S A W
KT A, T CLMT @ Al Le3 /1 %3k
AT A O, H 2R 5T B0 B a-synuclein 4 2¢
6 F 3k B W B AR $2 % CLMT mf BB IS 1 W, 42 3k
a-synuclein RAEMRMFEM ., AMSHREZE - RIE
Z {5 7 o3 5 F G B 9 4%, Hoh AMPK/mTOR {5 %
IE R PR E B O B — R S
53 BT W K P 1Y R 45 7R PDD Y A s E R R A
HEAEN Y. AMPK & — MR B #5540 T,
LWL AL J5 AT IE 1m) 98 £ [ Mg 2 . mTOR J& AMPK
THELEFES S FZ— . 5 WG H W%
o B . AMPK B J5 ) 0 i mTOR AH 3¢ 7 k4

. 28 .

(S2481) Ay B R Ak , mTOR I M B AR, 310t 2R i (5
538 %, DT TR SR R WA ED Y AR R
M, PDD K Bl p-AMPK/AMPK % ik & 3 [& % ,
p-mTOR/mTOR Kk, HLC3 11/ T R&EAR, W] A
WEG g . CLMT @ Al &4 Le3 /1 K&
p-AMPK/AMPK 3 ik # #5 A 41 % A fr 8 o,
p-mTOR/mTOR % ik B & F# A%, % B CLMT nf 3 1%
AMPK (Serd85) , i i 2 & ¥ mTOR % B2 17 &
(S2481) 1 i £k, MW ¥ W A oW, 2 dF R
a-synuclein [ [ i , AR XF DA GE M £ oo i 45 , 1
CLMT & 7 5 2 00 11 Wi OR3P i 22 0 i 4 T
G SN R 2

2 b ik , CLMT w] A3l i 98 5 AMPK/mTOR
{5 5 38 B OIS F W AR 9F a-synuclein 3B 8 R B i
AT 68 ALK 6 TR T 17%) b 22 3 0, £ 4 v I 2B 5 DA R
P2 TT, $ = DA K, & PD AR SEIR . H PD 1
iz B AE DR R AR AR AT A W] B 1 30, 3 2 ) A A
s S AR LA A R ESE . kS PDD I R
W K X 22 45 A5 5 15 5 30 1% AN 22 Bl 48388 5, b
T AR 5 A4 At i X AR B Ty B Y AR X PD A
I AE AR 1) 52 e 415 A 15 2 — 20 05T

[(FIEmR] AXLRAEETH BN E,

[&E k]

[ 1] HUIP,YANG J, WANG J, et al. Association between
5-hydroxytryptamine gene polymorphism rs140700
and primary insomnia in Chinese population[J]. Intern
Med J,2021,51(5) :732-738.

[2] GALTS C, BETTIO L, JEWETT D C, et al
Depression in neurodegenerative diseases: Common
mechanisms and current treatment options [J].
Neurosci Biobehav Rev,2019,102:56-84.

[ 3] BRAZE . A S 200 T 2 AR AE IR /Y12 W By LT,
A B AR 2 4k, 2018,37(4) :372-376.

[4] MARSH L. Depression and Parkinson's disease:
Current knowledge [J]. Curr Neurol Neurosci Rep,
2013,13(12):409.

(51 fH/NE BRI . A5 AR AITARAT ST ke[ 1], vh A 4F
O G 1L 44 A, 2012, 14(8) : 889-891.

[6] MR, &, BRAME, Wh 20t a8 Ry gL L]
o [ A 2R R 2, 2011,37(3) 1 189-191.

[ 7] R, 230 . LB S SN e & 485 7 e 8k
7R B AR 5 IF AR A I AT R L], v B S AR 2
5,2016,36(22):5683-5685.

[ 8] ZBhR, LRM, B, 5 . S e & 4 05 7 X1 i
A ARAAT S8 1 A AL s [ ], pE R



5528 1240 8 il
20224F 4 f

HESRRBA S

Chinese Journal of Experimental Tradltlonal Medical Formulae

Vol. 28,No. 8
Apr. ,2022

[10]

[12]

[13]

[14]

[15]

[18]

[19]

[20]

[21]

[23]

BH4,2021,28(2) :180-183.

SRR A . SE W e B A G TR T 0 4 AR i
By AE AR B T R B R [D]. P BE 20 AR, 2018, 59
(24):2148-2150,2154.

TRMESY BR N SR aE SR e H 5 TR T I 4
AR BE R AR 34 Wﬂ [JJ. 6 R BE L 2017, 32(4)
520-523.

RO 3 i S I S i D) 1) A S g R R D O KX A
e AT K B T BDNF/TrkB/CREB il # 9 % i [ 7],

o SR T A Ak Ak, 2021,27(21) :37-46.

5L, U R AL SN e R 0 3 n s ik
p38 MAPK il #% M 3% CKD /)N il PEC 28 fiih 7 98 % &% 41
AT A FE (], s b R 25 kA 2A 4, 2021,37(6)
878-885.

WRT , B Amg L XA, 45 0 R TR 8000 4 AR5 K BRLAT 2%
5 R TR0 my e R L] b [ Bl 2R R i Ak
,2008(4):232-234.

LA A B oy AR L A RN I IO W <5 AR
PE L A AR AL R BRUAT O W A 5-HT \NE & NPY
2R (7], op [ hopy R A4S 2R, 2017, 37(11)
1345-1350.

OB EL, 3 48, R8T . S0 I, %8 4 AR K R 2
B R RE M 22 UM LT ). ) 27 2 75, 2018,41(3) -
303-306.

NICHOLS E, GIUSSANI G, Global, regional, and
national burden of neurological disorders, 1990-2016:
A systematic analysis for the Global Burden of Disease
Study 2016 [J]. Lancet Neurol,2019,18(5) :459-480.

LI G,MA J,CUI S, et al. Parkinson's disease in China:
A forty-year growing track of bedside work[J]. Transl
Neurodegener 2019,8:22.

BT MHE AR . AR T A AR Y 7T PR S A A
HERELT]. HEZGIG R 245 ,2012,24(11): 1117-1119.
MARINUS J,ZHU K, MARRAS C, et al. Risk factors
for non-motor symptoms in Parkinson's disease [J].

Lancet Neurol,2018,17(6) : 559-568.
VRIEND C,RAIJMAKERS P, VELTMAN D J, et al.
Depressive symptoms in Parkinson's disease are related
to reduced [1231] FP-CIT binding in the caudate
nucleus [ J]. J Neurol Neurosurg Psychiatry, 2014, 85
(2):159-164.
SRR )R, R A 3 TR IO R R AN T
LS AR R B X 22 2 e e H A Ry s (D], vk
] o s S PR 2 e R, 2021,27(11) :1725-1730.
TR AR, /NI A I PR A AT MORE X AR A5
R BAT o 2 LY R e 2 A 2 0 B K SF B B TR
[J]. EZ55,2019,30(23):3226-3231.
W% 5k SO, BRAR . 283 58 W-D dl 5 34 Y SIRT3
Xt MPP+i7 5 1) SH-SYSY 40 it A5 R4 () #h 28 (R 37 1 H

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[35]

[J]. WIS 255 Be 241, 2018,37(1) : 29-34.
BTN, EWMEW] TR, A L B MPTP 2000 4 2%
W T /N AT R RE D R [T]. 3 B R BE A R
#2,2016,52(1) :46-48.

EWT WA REE LA NS R Rel WA 8 2%
9 /)N B R BT 22 [ i e Pl 22 JC M T M2 EphB1 . TH \P-c-
Jun 85 1 R K AR [1] M R4 B R,
2015,50(2):176-180.

PENG C, TROJANOWSKI J Q, LEE V M. Protein
transmission in neurodegenerative disease[J]. Nat Rev
Neurol,2020,16(4):199-212.

BETARBET R,SHERER T B, MACKENZIE G, et al.
Chronic systemic pesticide exposure reproduces
features of Parkinson's disease[ J]. Nat Neurosci, 2000,
3(12):1301-1306.

WEW BB AR MR GK R B BTN
N R Z O R T [T]. A R A
2011,17(1):60-62.

SR . B 2 ikoxt £ i ER 2 SH-S Y S'Y 4l L 45 475 Y
Ve RHEHLBRATF 52 (D], bt db st R 2 K2,
2020.

/PR, B, SRR A L S
A T X I BRI 8 0 i A5 AL 8 T LRI 5[],
PE2%,2018,21(8):933-939.
NG, IR AU B, A DR TR I 4 0 A5 2R At
SE S PE A L] AR B 2 2 T, 2020, 38 (3) -
175-179.

ISSA A R, SUN J,PETITGAS C, et al. The lysosomal

i R R
SN

]

membrane protein LAMP2A promotes autophagic flux
and prevents SNCA-induced Parkinson disease-like
symptoms in the Drosophila brain [J]. Autophagy,
2018,14(11):1898-1910.

REN Z L, WANG C D, WANG T, et al. Ganoderma
lucidum extract ameliorates MPTP-induced
parkinsonism and protects dopaminergic neurons from
oxidative stress via regulating mitochondrial function,
autophagy, and apoptosis [J]. Acta Pharmacol Sin,
2019,40(4):441-450.

WU A G,ZENG W, WONG V K, et al. Hederagenin
and « -hederin promote degradation of prot-eins in
neurodegenerative diseases and improve motor deficits
in MPTP-mice[ J]. Pharmacol Res, 2017, 115:25-44.
CHEN P, WANG Y,CHEN L, et al. Apelin-13 protects
dopaminergic  neurons against rotenone-induced
AMPK/mTOR/ULK-1
mediated autophagy activation[ J]. Int J Mol Sci, 2020,

21(21):8376.

neurotoxicity  through the

[RERE FMAM]

.29.



