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0.01), £t EHARE N TS KB EAE H vl #8587 PINK1/ Parkin {5 53 B SORLIR B W kst LRk o
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ABSTRACT: AIM To investigate the effects of Changpu Yujin Decoction (CPYJD) on striatal mitophagy and
PINK1/Parkin signaling pathway in a rat model of Tourette syndrome (TS). METHODS  Thirty-six SPF male
SD rats were randomly assigned to the control group (n=9) and the TS modeling group (n=27). Rats in the
modeling group received daily intraperitoneal injections of 3, 3’ -iminodipropionitrile (IDPN) (300 mg/kg) for 7
consecutive days to establish the TS model. Post-modeling, successfully induced TS rats were re-randomized into

model group (no treatment) , tiapride group (47.91 mg/kg) and CPYJD group (77.28 g/kg). All groups received
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their respective interventions via intragastric administration daily for 28 days. Following drug administration,
behavioral scores were assessed in each group. Pathological alterations in the striatum were examined using HE
staining, while ultrastructural changes were evaluated by transmission electron microscopy ( TEM ). Neuronal
apoptosis was quantified via TUNEL staining, and ROS levels in striatum were measured by ELISA. Co-localization
of PINKI and LC3B was assessed using immunofluorescence (IF). Finally, mRNA and protein expressions of
PINK1, Parkin, Beclin-1, P62 and LC3B (LC3B-11/ I ratio) were analyzed by RT-qPCR and Western blot.
RESULTS Compared to the control group, the model group demonstrated significantly increased behavioral scores
(P<0.01), elevated neuronal apoptosis rate and higher ROS levels in the striatum ( P<0.01) ; severe neuronal
and mitochondrial damage in the striatum; significantly reduced mRNA and protein expressions of PINK1, Parkin,
Beclin-1 and LC3B (LC3B-1I/ I ratio) in the striatum (P<0.01) ; markedly upregulated P62 mRNA and protein
expressions (P<0.01). Compared to the model group, both the tiapride and CPYJD intervention groups exhibited
significantly reduced behavioral scores (P<0.01) ; decreased neuronal apoptosis rate and lower ROS levels ( P<
0.01) ; improved pathological alterations in the striatal neurons and mitochondria; increased mRNA and protein
expressions of PINK1, Parkin and Beclin-1 in the striatum ( P<0.05, P<0.01); and decreased P62 mRNA and
protein expressions (P <0.01). Furthermore, the rats in the CPYJD group specifically showed elevated LC3B
mRNA level and LC3B-1I/ I protein ratio in striatum ( P<0.05, P<0.01). CONCLUSION The effect of
CPYJD intervention in TS rats may involve activation of mitophagy through regulation of the PINK1/Parkin signaling
pathway, improving mitochondrial function, reducing ROS levels, and thereby protecting neurons.

KEY WORDS: Changpu Yujin Decoction; Tourette syndrome; PINK1/Parkin signaling pathway; neuron

apoptosis; striatum; mitophagy
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induced putative kinase 1, PINK1) /A 4 & H
(parkin RBR E3 ubiquitin protein ligase, Parkin) 15
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Al [ SERshYAE P ATIE S SCXK (FR) 2021-0013,
SRS HAE S 320730240100030686 ], 137 T
Hl R 25 K5 SPF R ah¥ s [ SEg sh il
JHFATHE S SYXK (H) 2021-0004 ], 3556
(22+2)°C, FIXHRE (55+5)%, 12 h/12 h J6/Ks
PERRRRIT B RERETOK, N TERSE 1 RS ET
S, AR Dy G H A b BE 2 R sh W (e B
& (EHH A S S GZRSQ2024-021) ,

1.2 %y EilitEmmi gl 10 g, fil<x 10 g,
KPP 8 g, ki 8 g, fiAx 8 g, Wil 8 g, 4215

3g. KR8 g, Wif1 20 g, AW 20 g, I
10 g, FRIIHE 8 g ZH L, M Hy Hf b B2 25 Kz FiE
S R 2 P 2R S 7 T R VRPN e 47k T AP
E B A5 g R B S N IE i, AR 2020 AER
(hEZ) HoE, fTIIFR R TR, B4
Ui iliE (77.28 g/kg) WBLHEIERIL T, K
Fli (38.64., 19.32 g/kg) ), BRI A 5256 %
B mEIET O, LRI AR 10, 8, 6 f%
KR 3 Y, SRR 230502 90, 60, 30 min,
g, BIFUEME, Wi AR 5,15 ¢/mL 2
W, ZF] (S DLY-23G01) W HITIR A AEZY
AR A R, Az BRER K AR B 3. 19 mg/mL %
W WA NI (3, 3'-iminodipropionitrile,
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IDPN, %% 317306) W4 H 3 Sigma /A ], A H
KRR BERL 30 mg/mL
1.3 XA BHARE, PPl (bR REERE
HIRAT, %5 G1080. G1100); TUNEL 4 fits 4
-4 I K ) £ . TRIeasy'™ Total RNA Extraction
Reagent M6 [ BEEWRHE (1) BMABR
AN, $25 40308ES50 . 10606ES60]; ROS ELISA
RlE (R EREY TR, 1785 E004-1-
1); Wt & . qPCR BURW [ HI1 ( Bi)
AR A R A A, ]9 R202-02, Q204-01];
PINK1 ., Parkin, Beclin-1, P62, &M XEEN 1
4% 3B ( microtubule-associated protein 1 light chain
3B, LC3B) . GAPDH #ifk (dtntii AR H AR
AR AL, 85 bsm-51265M, bs-23687R ., bs-
1353R. bs-55207R . bs-2912R., bs-10900R); Kl —
i, YT (RN AR A BRA R, 17
% GB25301, GB28301),
1.4 MNE BHHETEMHEE (transmission electron
microscopy, TEM ) ( H A& Hitachi 2> ®], # =5
HT7800/HT7700) ; %6 W i%EE ( H AR Olympus 24
A, BA5IX51) 5 B0l (72 Kendrion 24y F], Y
5 D-37520 ) ; [ t5 4L ( 35 B Thermo Fisher
Scientific 2% 7], 5 MK3); 5S¢0 & PCR Y
(3% Bio-Rad A ], A5 1q5)
2 Fik
2.1 g, #RLH KREGENPERSE 1 G,
BEML T M (9 H) FMTS 4 (27 H), TSH
KUK E ST IDPN (300 mg/kg) LAEEST TS
BRI s P 2 KRR D A R s i S A A AR A
oK, LT d, EERERE, YRR ZIAT AR
BT AT IS, =2 RS R bR
WEDLFE 1, BRIy TS K BBENL > AR R4 |
ROLFIAMETHAR & 7AL, HA 9 J, ROFAK
FUEH 47.91 mg/kg 253, EVHAREHA K RHEH
77.28 g/kg 4, FHM ., RAHKRES 15
ml/kg ZEIRK, BER 1K, Ffgk28 d,

F1 TS KRITAHFIESIRE

Tab.1 Behavioral scoring criteria for TS rats

War/ 5% ZIMRATH BT H
0 TZIMRAZ B TR E H T 3
1 EREAT R b A
2 LR EE S 2 PRGTAT R Hg
3 3k HRIE B gt Z AT R NGRS
4 L, Ak EEE ST E AE BBk

2.2 FAFES SURRTEEE (L2500

KRR G AT N0, W HA AR 58 N
(PR HFSEY EN S min J55 5 min PE4 1 1K, FF
221 h, s IFTFESE I PR AR A
2 Z NG A F AR XS 43 2H 18 0 A R0 I 1Y) 55 56 N B
17, DA 22
2.3 HARZE-4 (HE) ZERKRKXRLKRIKRE
AR A RBRIE ORI, FEE, B
HATFHAT I, ANEE, U, Bk, Kik,
IIARE | Pyt B, 7R BT N IEELL
RIETFREEE
2.4 HHETFRMAE (TEM) R KR LIKRIKAR
WMEM TR FHRBEECRIEAZ, YT 1 mm®
AN BRI GER . 1% SRR E, BRI CEEK,
RiEI, BAERE, VI 60~80 nm i i Jf 4
o, 7 TEM FWMEIREREG,
2.5 TUNEL # & 3% K R B8R R 2 T8 K
P AT BOKGE . AR WA
s kAL, ARG K 3 A AL BR S R AT A
TAT B, THUE, FHH, diiktrig, 7E9O6R M
i TSI RE IR,
2.6 ELISA ##4 M X R 80k 4k ROS A-F 8otk
AL B0 WA LIS, % 8 ELISA i
& VLB ROS K-,
2.7 RIEFEK (IF) F#m K K LKA PINKL 5
LC3B &k MNALUA S v 2 i . K1k, #t
e i, HEwEAE, mA—d (B
PINK1, %t LC3B, 1 :200) WHES8, W HM
AN 4B H 60 min, PBS W VE 3 ¥k, %0
DAPI &A%, PBS IHVEEE F, 70 BB
TMEFFRERE, T Image J 1. 5F A7
A5 TomE
2.8 RT-qPCR 4 X R 8K PINKL, Parkin
Beclin-1. P62, LC3B mRNA &ix HUZUIRIKZH 2,
Pz AR B Ul BH S FR HIUAL RNA JE 25 Bk gDNA, 39
B cDNA, HEAT PCR ¥ 88 i, S8k 95 C
WA 30 s, 1AMEH; 95 CAEME 10, 60 CiBk/
FEMH 30 s, 40 MEIR, L GAPDH N %, RH
27T H L mRNA AN Rk, 5I9H
BRVEYRHCARA AR, FHILE 2,
2.9  Western blot % # M K & &k 4K PINKI .
Parkin, Beclin-1, P62, LC3B-1I/ [ & k& H
SUIRIRZHEL, T RIPA S L BUE (A 5 17
T, Bk R, B3R PVDF R I, A B E
M1 h, IIA—40BPE PINKL, bt Parkin, fii
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Tab.2 Primer sequences
L FIYFHI(5'—3")
PINK1 1E M GAAAAGGCCCAGATGTCGTC
JZ 18] TTTGCTGAACCCAAGGCTTC
Parkin IE 1] TCCAGTGGCCCAAGATTCAT

J% [} CAGCAAACATTGTCCTGGCT

Beclin-1 1E[i ACATCTGGCACAGTGGACAGTTTG
JZ 17 AGCATGGAGCAGCAACACAGTC
P62 1E 1 TGATTGAGTCCCTCTCCCAGATGC
S CCGCTCCGATGTCATAGTTCTTGG
LC3B 1E [ TCTTGGACGCTTGTACGCAT
S TTGTGTGTCTCCTCAACCCG
GAPDH 1E 5] TGATGGGTGTGAACCACGAG

S AGTGATGGCATGGACTGTGG

Beclin-1, ¥t P62, fdt LC3B Mlfdi GAPDH i
B, WH TBST YR, In AFHR 40 F 90
min, RHAMFECEER S PEE . B, i
Image J 1. 5f J 1053 B 25 IR BEAA

2.10 %t ¥ o4 it SPSS 26.0 AT 4k
B,OBHRDL (vxs) FR, FAEIESSMHEAN L
BRI R 225081, O 2255 85 1 M LL R
LSD ¥, J7 ZZAF5 0 K Games-Howell %, LI P<
0.05 hEREAGIHFEX,

3 HR

3.1 BHARE A TS REAT A FIF0Hra 1
WRELEAN, TS 2R B ZI M AT o Fiz 3T v or
=24y, FUEHRI, W% 3 R, GL%R
5, SERAEE, BRI R BRZIRAT A s shTT
NI (P<0.01) 5 SETUAHEL, A
LN E AR 5 R IR A T N Fs sh AT i34
A% (P<0.01),

£33 BAKXBITHFEDLR (xzs, n=9)

Tab.3 Comparison of rat behavioral score in each group

(xxs, n=9)

20 51 ZIRRAT RIS/ 5 BINIT RIS S
= HA 0. 05+0. 06 0. 09+0. 10
HERIZY 3.05£0.19* 2.94%0. 14 *
FRWLFIL 1.50+0. 21* 1. 50+0. 08"
BT 1. 19+0. 10" 1.20+0. 16"

E. AR, 7 P<0.01; SHEA HE Y P<0.01,
3.2 HHAREAA TS K RSUKKRAE AT 6 H
W N TR, A FA K BREUCIR R B 400 2 [
B, BT, MG, H9E%aT, M
Y5y 5 B K BRECIRIAR P Z IO S AN, #8453
PRI 4, M AL . ALY SR AL,
RFIH | BAR S A K RSO 2o 85
B, EgREEE, HRPREAY, BB,

TE: WEFMEMIERPIZIC, LaRkiEmRw s,
1 HHEKXRLEUKE HE 8 (x100)
Fig.1 HE staining of rat striatum in each group (x100)

3.3 BHEAAEHATTS KA LKARABHMEMG Y
o MR 2 fis, 2 HA R RECIR AR 2o 52
B RLRIEE WO HES B E A )Y, S A4l
B, R KR BUCIRAR ph 22 SO A% B AN,
M BA, SR AR i i RREASOR U i A BT

M, CEERASWAESR A, SRAH R, *#
WRIAL | AR R BB R M 22 e A% i B
B, SORLIRIERVEAE i K A s TR U AR
s EHAR 4 1 24 R SRSUIR R AT UL A i AR R
B4

TR LDEERAR IR, BEEET SRS AR, O A A
B2 BAKBRICREBMEN (TEM, x6000)
Fig. 2 Ultrastructure of rat striatum of each group (TEM, x6 000)
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3.4 BAHEAEZAT TS K RBRAKA 208 T KF
e WK 3, K4 PR, SEAA R, A
R BREURAR TUNEL FHPE4R B s 8 m, M4oo

FT T (P<0.01); SHEAA LK, FOFM
gl BB A A AR B SCIR AR TUNEL FH 4 200 At %%
HI/D, MEITRTOREL (P<0.01),

B3 HFHARRIUREHRZTATEE (TUNEL, x200)
Fig.3 Staining of neuronal apoptosis in rat striatum of each group ( TUNEL, x200)

x4 BHAXRERGHETEATEEE (3ss, n=3)
Tab.4  Comparison of neuronal apoptosis rate in rat

striatum in each group (x+s, n=3)

20571 FT%/%
=k 1.95+0. 32
TERIZ 11. 62+0. 56 *

e IE 7.48=1. 43%
B A A 6.67+1. 20"

E. 52 A4IHE, * P<0.01; SR, *P<0.01,
3.5 BHARE R TS KR ALCKA ROS KT 09 #%
W RS R, 5 AR, BRIAKRICR
{ ROS KETH (P<0.01); SHIMALILE, %
WAZH | BT AR 1 2R BBUIRIR ROS 7K AP B A
(P<0.01),

x5 BHKXRLKE ROS KFLILE (x+5, n=6)
Tab.5 Comparison of ROS level in rat striatum in each

group (xxs, n=6)

255 ROS/(ng-g™")

2 H4H 130. 69+8. 61
2 357.08+18. 00 **
e IEE 277.92+13. 86"
Bt e 239. 03+10. 09*

. SIS AAE, * P<0.01; SEREIE R, P<0. 01,
3.6 BFHAAE AT TS K R4k Ik PINKL 5 LC3B
EEAFm WK 4, £6 iR, STEAALE,

BRI K B BOIR MR PINKIL, LC3B RikHREL (P<

0.01); SHAILEL, ZRAHA, ETFAREIAAR

FLZCIRIAR PINKL , LC3B Fik¥THE (P<0.01),

®6 FBAKXRLURE PINKL 5 LC3B £RIELLE (xzs,
n=3)

Tab. 6 Comparison of PINK1 and LC3B co-expressions in

rat striatum in each group (x+s, n=3)

2177 PINK1 LC3B
AHA 1. 00+0. 06 1. 00+0. 03
eI 0. 400. 02 0.41=0. 03 ™

BV IE 0. 61+0. 03* 0. 61=0. 02*
Btk e 0. 81+0. 03* 0. 86+0. 02**

T SEA4 L, * P<0.01; SHEIL L *P<0. 01,
3.7 EHEAE DI TS K ALK PINKL , Parkin
Beclin-1, P62, LC3B mRNA kX w3 % Wk 7
Fiw, S A, B4R RECIRIE PINK]
Parkin . Beclin-1, LC3B mRNA FiAHREM (P<
0.01), P62 mRNA FikTHE (P<0.01); SHiAY
M, ZELF, B AR 47 H K B BUIR K
PINK1 . Parkin . Beclin-1 mRNA £iEHTE (P<
0.05, P<0.01), P62 mRNA EiEEMK (P<
0.01), EHHRE A K RSUIRIK LC3B mRNA &
KT (P<0.01), MMiZE b FI4H KBRECRIE LC3B
mRNA AT B (P>0.05)
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B4 SHEKRLSURE PINK1 5 LC3B £RiEHE (IF, x200)
Fig.4 Co-staining of PINK1 and LC3B in rat striatum of each group (IF, x200)
R7 BAKXRBURME PINKL, Parkin, Beclin-1, P62, LC3B mRNA RiLtb#R (X+s, n=4)
Tab.7 Comparison of mRNA expressions of PINK1, Parkin, Beclin-1, P62 and LC3B in rat striatum in each group (x=s,

n=4)

215 PINK1 Parkin Beclin-1 P62 LC3B
EHA 1.0120.17 1.02+0. 19 1.01=0. 15 1.00=+0. 11 1.02+0. 19
HERIZH 0. 14£0.03 ™ 0. 16=0. 03 ™ 0.16+0. 02 4.36=0. 44 0. 10+0. 02

ZRALFIH 0. 41x0. 08* 0.37+0.07* 0. 41+0. 08" 1. 60+0. 16 0.23+0. 04
Bl A 0.77+0. 15% 0.52+0. 10% 0. 65+0. 12% 1.29=+0. 12* 0. 50+0. 10"

. Ha AL, P<0.01; SR g, *P<0. 05,7 P<0.01,

3.8 HAE A4 A TS K R & Kk 4k PINKI,
Parkin. Beclin-1, P62, LC3B-II/1 & & k& 9%
o RS, K8 R, HaAdlthir, BRIg K
RS8R 48 PINK1 ., Parkin, Beclin-1, LC3B-1I/1
BHERILHBEM (P<0.01), P62 HIHEKLTE
(P<0.01); SR A, 2800 F) 4 FE AR 4
B K BRSO PINKL, Parkin, Beclin-1 & [
BB TE (P<0.01), P62 HFRIAEFEM (P<
0.01), EHABEmAKRBICIRIA LC3B-11/ 1 A
JHE (P<0.05), T Z8 2 Fl 4 K R ECIR iR LC3B-
/1 WETHBAEf (P>0.05),
4 it

LR UAAE A 40 B 1Y) B8 2 0 T ROS 1Y R Bk
U8, XTHERF AR ASR EEAE A . LA SZ 2%
BF, btk A iR R M, ROS BLE, 5l RLK
KRR EAL R B, R ARThBERERS, FFuE—m
HAZ TR T IR IE SRR, 8
3230
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JCRT R FF i1 HR R Lok R S Ak 107 3 b 22
JCYR T AR NS T BB ARG 1) EE R LAY ASDF
RERER, BRI K RZMAT NGB 1T h o
Thm, [F B BE & SOR R 2k A bl 2ot i,
ROS 7K, T B Tb; Bl Al 4 17 Re A1 & 45 il
TS KERZIMAT I iz shi7th, HiE BRI & ROS,
MeELRL AR ), WE LTI, R EXT TS
KERBCRARL AR RERE AT | #h 2T SN S 4
HHGEEH . A, TEM &R B B4 17 i 8
T EHWER R RS, T RE S TS LRI IR [
AKX,

5 IR UNIER BT RN e iRl L ko R A LN
ROS k4edy Fim 45, H DL PINK1/Parkin 55
S SR R ENIE NP ) S ) I PR b5 o1k
PR B AR ZS R, PINKI1 R4 782 30 (R 2ok
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B 5 KHEKBLYKE PINKL, Parkin, Beclin-1, P62, LC3B-1I/ 1 EHE®
Fig. 5 Protein bands of PINK1, Parkin, Beclin-1, P62 and LC3B-1I/ I in rat striatum of each group

£ 8 HHAKXRLURMK PINK1, Parkin, Beclin-1, P62, LC3B-1/ I EAXRILLLLE (¥xs, n=3)
Tab.8 Comparison of protein expressions of PINK1, Parkin, Beclin-1, P62 and LC3B-1I/ I in rat striatum in each group

(xxs, n=3)

2 PINK1 Parkin Beclin-1 P62 LC3B-T/1
EHA 0. 85+0. 02 1. 22+0. 04 1. 04+0. 03 0. 46=0. 05 2.43+0.36
FERIZ 0.26+0. 02 * 0. 59+0. 06 ** 0. 46+0. 05 ** 1. 08+0. 09 ** 1.35+0. 12 *

FFIH 0. 55+0. 03* 0. 88+0. 03" 0. 64+0. 05* 0. 87+0. 04" 1. 56+0. 15
Bk 4 0. 68+0. 03* 1. 06+0. 04* 0.93+0. 01* 0.75+0. 01% 1. 96+0. 29*

T 5EA4E, * P<0.01; SO, *P<0.05,%P<0.01,

PRI I, #H5F Parkin, (LBERRLITIZ RACLRLIK
JRYIE A LI 2 Bz £4E, Witz R E A
P62 il H C i e R, WS [
R LC3 454G, iz BB IAREI R E A
FWEA, I B L5 s AR B M R . LC3B & LC3
W2 MW, 7 AWl i, Haiikssyt
B LC3B- 1, JFAEAHSCHE (YRR T SRR 9k £ i
I IE WL LC3B-11, Jf & 0 T A W i B, B
LCB- 11 & A W iR brEdr, LC3B-1/1 iS5 AW
JKPEIES ) HAh, Beclin-1 1E [ WA 842 1)
KHEY T, MIEHEE SR EZEEERH, Fitts
YER B Wb R HEAT AR ) 24 PINKL, Parkin
Beclin-1, LC3B-11/ I FIKF#IL, P62 FKikTFFEAT,
FB PINK1/Parkin 15 5 3 /3 4R 1A A WK
REAR, SOEMAE AR . PR 2 B 5 48 R G
95 () EE B FRARAE , I B IR RN X BE R

HEEMEHTCY ) RIS, R HE LC3 | Beclin-1 %
IKAT 8 G2 IDPN 755 (1) 3 e AR 18 R R SR A b
ZIon T, AR AR B ERE L, g — B R
PINK1/Parkin {5538 B 0E 2 b i A BEXT TS KRR
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