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[Abstract] Objective To investigate the protective effects of Baihe Zhimu Decoction (BHZMD) on dopaminergic neurons
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(DNs) in Caenorhabditis elegans (C. elegans). Methods Synchronized C. elegans worms were randomly divided into blank control group,
model group [exposed to 400 pwmol-L* rotenone (ROT)], BHZMD group (reated with 67 mg'ml* BHZMD solution+400 pmol-L* ROT),
and fluoxetine group (treated with 100 pmol-L™ fluoxetine solution+400 pmol-L™ ROT). The optimal concentration of ROT was
determined based on the fluorescence intensity of green fluorescent protein (GFP) and the degree of DN deformity of the worms. The
optimal concentration of BHZMD was selected by assessing worm head thrash frequency. Dopaminergic neuronal damage was
evaluated in the worms with GFP-labeled DNs (BZ555). Mitochondrial function was analyzed using worms expressing fluorescent
markers for electron transport chain (ETC) complexes (CB7272) to monitor ETC recovery. Mitochondrial membrane potential was
measured using a fluorescence probe. Survival analysis was performed in a juglone—induced oxidative stress model. Intracellular
reactive oxygen species (ROS) levels were measured using the DCFH-DA probe. The expression of pink—1 was examined in autophagy—
related gene-labeled worms (RB2547) via immunofluorescence. Results The optimal modeling concentrations of ROT and BHZMD
were determined to be 400 pmol <L and 6.7 mg-mL~, respectively. Compared with the blank control group, the model group
exhibited significantly decreased GFP fluorescence signals of DNs (P<001) and significantly increased degree of DN deformity (P<0.01).
Furthermore, the GFP intensity of the mitochondrial ETC complexes was significantly reduced (P<0.01), along with decreased ATP
levels (P<0.01), declined mitochondrial membrane potential (P<0.01), lower worm survival rate (P<0.01), elevated ROS levels (P<0.01),
and weakened pink-1 fluorescence signals (P<0.05). Compared with the model group, the BHZMD group exhibited higher DN GFP
fluorescence signals (P<0.05); both the BHZMD and fluoxetine groups demonstrated reduced degree of DN deformity (P<001),
enhanced ETC complex GFP intensity (P<001), elevated ATP levels (P<0.01), improved mitochondrial membrane potential (P<0.01),
higher survival rates (P<001), decreased ROS levels (P<001), and intensified pink-1 fluorescence signals (P<001). Conclusion BHZMD
may protect DNs in C. elegans by ameliorating mitochondrial dysfunction, enhancing antioxidant capacity, reducing ROS levels, and
upregulating pink-1 expression.

(Keywords]) Baihe Zhimu Decoction; Caenorhabditis elegans; oxidative stress; mitochondrial function; dopaminergic neuron
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1.1 ZHFEk

HPA=RIZE N2 26 AR BZ555(dat-1:GFP) |
CB7272[ccls42511; mIs1211 ; dpy—17(e164)II1; frls71V;
uls69V] . RB2547[pink—1(0k3538)], N2 FfIRB2547 Hi
8l T S K 2 4 [ AR 4 EE Y |, BZ555 i CB7272
H [R] 5 R 2 LTSS 24 G | il T2k 2 DL PR g g
BRBETRIIARAT Escherichia coli OPS0/ERETY),
12 FEAYRIRF

A A (5 :250302) B (HE45 . 240701) 24
MR H0 [ AT R A, 2090 R P 25 K2R A —
e 12 B H 24 B o R U S E S TE

FRFRFIGTT I AL M 25 PR 7], [ 2Y
T HJ20160501 , HLA% .20 mgx28 ki/&  #H5 .
23379A) ; e (rotenone, ROT) (L5 :G2409122,
IR T AR A D) s W (145 . BD 12556~
lg, 5o B2 24 ) ; O Wk ne R iR £R (#L 5 . A506410 -
0100, 2E TAEW) TR A IR A R ) 5 BRI A =
W14 (adenosine triphosphate, ATP)# Il 7 & 4%
A L A7 A7) & (Fik 5. S0026,€2006 , 58 25K
HEPIEAR R AT PR A ) s BCA 3 PRI G & (4t
5 : E-BC-K318-M, iU 3k T b A WU RHE A FR A
) ; DCFH-DA (1t 5 . F004—1-1, Fg st @ i 4 T
WA BRA D) o
1.3 FEUEE

PR SR (5. T2-HD206, | A BB E A ] )
13 B 566 WML (115 Axio Observer 3, [ Carl
Zeiss 2] AL WG FR 46 (B 5 LRH-400A , |~ ZR 28
BB FALS AR A BR A W] ) 5 -80 CHREAKIR UKAH
(%1%5-.905GP, £ [H Thermo Scientifi 23] ); .2 H 3l
i FEZEEOK TR (543 . HRLM-60A , " EITREJREEAT) .
2 7Tk
2.1 o4

W1 A L A3 Ry 28 4 BRI A Rk
A (6.7 mg-mL)FIFPGTTLL(100 pmol - L), Biras
FIZHAN, HARS 4R F ROT E4T3EHE, LA DN GFP
YNGR IE T R H AR AR B T B A A ) A AR o,

22 BREEEHHE

FREUE A 400 g J0EE 200 g, B H3=H1 0.5 h, il
10 ff K, IIREREL 2 I, BRIR 2 ho BT 2 RUEE,
R PTG 28 R AR W46 25 600 mL,f3%5] 1 g-mL™
B, 28 0.22 wm IEMEL RS 4 CORAFA
2.3 LHMZHHALE
231 HABMERAE SRR BOH GBS
B (1 g-mL™), 73 50# B¢ 200,150,120, 100 54 &
BCA G ARz SRR 5.6.7 83,10 mg-mL™
A2k A KR35 (nematode growth medium, NGM)
WA A BN RS KR AT OPS0 IRA345)
Jo W10 pl B R AT T NGM 4,37 ClE
TR TR IR T | 4 S 30 i T 04 () 25 Al 2k st e
B 2 AR AT
232 FUTT &SRR R AR RRIRIE T T
JBE 5% (20 mg) il £ BLH B2 28.9 mmol - L™ A fiff £
W W 104 pLiZA#& IR S NGM IRA 145 [HiEh
PR S PG VT 2% 100 ol - L™, FgJ7 HU10 L
OP50 K 5 TR R R IR AT T4, 37 Cl i iE 37 ,
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PAFHY L1 AL R T I OPS0 KR4 Y
NGM #5508 b IFFERIRIG IR h 5% 1 d Ry
SCH , 7E ROT i AL DN #5528 I EROT
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52, K H SR DN 98Gm EE JF 5% DN BRI
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R R PR 3R, 2~3 d J5 BRIl 75 240 F [/l — 2
SRR GEEE
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cent protein, RFP)FRICHK LRI Bz h i 52 A4 IV Al
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17 3 YCPAT L, S A — 042 28 55— 3% [l 1
H— BB
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M8 Image] TEHE,
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3.1 ZHIEEFATEMHRFIE
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F 1 ROT RERETHIE

Table 1 Screening of optimal concentration of ROT (xts, n=3)

(xxs,n=3)

A% ROT ¥JE/(umol-L™) DN GFP 7658 DN WS/ %

{EE — 1.00£0.03 8.66+0.88

FEAIZH 100 0.89+0.03 20.66x1.76%+
200 0.81£0.01* 29.00£2.08%*
300 0.70+0.01%% 60.66+1.76%*
400 0.57+0.01%%* 78.00+1.52%
500 0.51+0.01%%* 88.001.52%%

T B LA T 23 A ROECROR s 528 HALELER, #P<0.05,
**P<0.01,

F MR AR BRI N 6.7 mg-mL™! B H & HEE
AT, LR 2,

P

®2 BANEZRERERZL

Table 2 Screening of optimal concentration of

(xxs,n=3)

Baihe Zhimu Decoction (x#+s, n=3)

4151 W/ (mg-mL™") SRR BIZE /min
{EE — 82.73+0.92
HEMEGA 10 83.93+0.64
8.3 86.93+0.87%+
6.7 121.8620.84
5 86.96+0.897%+

. 52 AL, #5P<0.01,

3.2 BREMEANEE DN HRPER

523 40 oA R DN GFP 29600 )3 F [
(P<0.01) , B AEFEE TH i (P<0.01) , ik 80% ., SHAY
I, A AEEZZH DN GFP 38638 B THa (P<
0.05) , WAE R R % (P<0.01), TEILFE 3 A 1,
3.3 BAMEBAINE RN AT RN
33.1 HAEFERARXL BRI ETC 255
W) 528 4 H A BRI GFP 266 5 T B (P<

#R3 KELH DN GFP WHBE LI (s ,n=3)
Table 3 Comparison of DN GFP fluorescence intensity

among different groups of C. elegans (x+s, n=3)

2H 5 DN GFP 9&tHi i DN [ A8 /%
2 1.99+0.07 8.66+0.89
REAIZH 1.00+0.06% 80.00+2.30%*
[ERESSEE] 1.32+0.09* 31.66=2.02%
SRPEITA 1.23+0.01 32.66+1.73%

5 A, #+P<0.01 ; SERIA i, *P<0.05,#P<0.01,

0.01), SR LA, & B4 M E 6T 4
GFP %GR E T (P<0.01), 1EWFE 4 Kl 2,

x4 BEALBEZHE ETC EAMWRIBELLE
(x5 ,n=3)
Table 4 Comparison of fluorescence intensity of
mitochondrial ETC complexes among different groups of C.

elegans (x+s, n=3)

2H 51 GFP 9o RFP 55 toH B
{EE 3.16+0.02 1.00+0.04
B 1.00£0.04%% 1.00£0.03

HEMEGA 2.51£0.07% 0.98+0.04
FPEITAH 2.44+0.25% 1.05+0.04

52 AL, ##P<0.01 ; SRR F g, *P<0.01

332 HAEFERANLHRATP Fsgm 525 A4l
B L] ATP KPR F(P<0.01) , SEORIZE H#S,
A AR MFTEITA ATP /KF-THR (P<0.01),
HW&KS,

333 HAMEHAXL HERARB AR
25 P B AE , A5 TR A 2 b A B ri 57 7K O TR B (P<
0.01), SRTRIL L, B G M ERA A RIRIE T 412k
KA 5 7 KT (P<0.01), PEILIE 3 3% 6,

B

Sl B

HERERAE

JPGITER

E1 KHZHE DN GFP %EHE (x10)
Fig.1 Fluorescence images of DN GFP in each group of C. elegans (x10)
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B

[EREpSIEE 7L JPGTTER

B2 &EZMB%EHEETC E5WIEEE(x10)

Fig.2 Fluorescence images of mitochondrial ETC complexes in each group of C. elegans (x10)

HE A4

RIGTTH

3 BALREHRERMAREE(x10)

Fig.3 Fluorescence images of mitochondrial membrane potential in each group of C. elegans (x10)

F5 HHZH ATP KFLLE: (v+s,n=3)
Table 5 Comparison of ATP levels among different

groups of C. elegans (x+s, n=3)

215 ATP/(nmol -mg™)
{EE 12.45+0.67
FEAIZH 2.91+0.327%%

HEMEHA 10.25+0.40*
FPEITAH 11.19£0.41%

T 52 HALHEL, ##P<0.01; SR LA, #P<0.01,

3.4 BEMEEZX & RSN N AL B
3.4.1 ABHERAIELRAEE RN 55 EH
FOR BRI 28 A7 TG R T [ (P<0.01) , SR Y

R6 BHLRERFRBAMARIILEILE (ves,n=3)
Table 6 Comparison of mitochondrial membrane potential

fluorescence ratios among different groups of C. elegans

(xxs, n=3)

251 LLIIGIE
{EE 3.3740.03
FEAYLH 1.0020.037%+

[ERESSavEE] 1.48+0.05%
FIYTTHAH 1.56+0.09%

528 AL, #+P<0.01; SRR AR, #P<0.01,

LA A G ARG T AR AT R T (P<
0.01), UK 4,
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*nid
B4 HHLERFERLR(3+s,n=3)
Fig4 Comparison of survival rates among different
groups of C. elegans (%xs, n=3)

0. B2 4 AR, *#P<0.01; SR i, #P<0.01,

3.42 HABHEEANL B ROS KRN H25H
4 B, BRI 28 dUiAR Y ROS KT (P<0.01),
SRRV LA, A BRI AR P T T 2 2 AR Y
ROS KR (P<0.01),, PRI 7 K 5,

R7 HBHALZHE ROS KELLE (5+s,n=3)
Table 7 Comparison of ROS levels among different

groups of C. elegans (xts, n=3)

215 ROS/(mol - L)
{EE 0.27+0.03
HEAIZH 1.00+£0.05%

HEAZA 0.26+0.01%
SRPEITA 0.29+0.01*

. 52 B4R, #+P<0.01 ; SR LA, #P<0.01

3.5 BARMENANL REKR B pink-1 BISZNE
523 UL RS, B pink-1 216 5 T R

(P<0.05) , SHAUZI AL, B & AL NPT T4

pink—1 ZEN(5 5 T8 (P<0.01) ., TEILFE 8 A 6,

F 8 KALMH pink-1 FiXKFLLE (35,n=3)
Table 8 Comparison of pink—1 expression levels among

different groups of C. elegans (x+s, n=3)

215 pink—1 f GFP 26(5 5
EE 1.15+0.02
A 1.00£0.02%
HEMEHA 1.4220.02%
SRPEITA 1.39+0.02%

. 525 A AR, #P<0.05 ; SHERIZH L, #P<0.01,
4 it

DN 5 JRUH 228328 I 2 L A 2 4% Rl AN 2 1 o
A TERYIE B AR B RESR AL IRE R, 22k
PRIIBE B REAT I | AR W e e A 2 DAGE S IE W
AR BRATOR 3 AR RE KPR, AR AR 22 2
G BE RN ZRA S 58 1 2 i, SEUR
PRRAG EARIUR A I, ROS 2 B 2E i 246t 1
DN ZORiRI, R AT BERATIE 23175 S ERLA 1 19
AR LR AR T BE R R A A AL A B (2 0t , 2

CBTEEER , IR 203240, e R B R GTHR
TR AP, ARG SRR, T 5 R R m] i 3

HY
iy
=

R

HEERAN FRPETTLH

5 HBELHEE ROS WHE (x10)
Fig.5 Fluorescence images of ROS in each group of C. elegans (x10)

B
or
\HJ?

AL

HAA R4
BEl6 HHLEM pink-1 FHE (x10)
Fig.6 Fluorescence images of pink—1 in each group of C. elegans (x10)
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SEER LR BERE AT R B Sk N B RE ) A K 1 i
LRRIAR [ WA S FE A pink—1 FOFEIK , TR DN 7
AR ERT . DRSO B, PE VT A 38 i e LR AR
THRENG N ATP ZKF s/ A, R AR -4 DN
A R OASTIF X 3 LA S B X HR 24597

DN e B AR 2 b A< fig 12t AR89, T ROT J2: 2%
Ji P A 2R A I IR 5% 4 1) 55 458 ETC B 64 1
I FIBE L ATP IE 5 & 8, 51 & R AT BE R A,
LRI AW RIE T R, AL RR IS, 53 DN JE
T2, FALI S DN B3 IA G, AL T 2
fifi ROS 2 /™A ,ROS 1 RAE 22X SRR I I 4% |
R (o7 HEA T, B3 A 2 AR S i ROS R
JHC, 2 0 B R A R B R R A R R A
BERATIRLS (AN BRI AT B-11) B9S2 2 A
W SR ARG VE |, BB 35 HURSE i 7 50 $2 T
ATP 7KF I AR ROS, AT EE R W] A A kI EE
VG I ATP 7= a | B T2k 1A R R 67 B 3 i
ETC 2496 M DL Rl S L bR D Ag , I 28K R
PRI AT 1 EAE 8] BE T HE o 18 5 2k
PRI BE Sk AL DL AR DN B AEL T

LA [ I 2 I A A R A A4 i fke B 1
OREHI AR T pink—1 ZEEFELRLIA [ WA O A
AL IERTEN T, pink-1 LLRIRE ARV E G,
AT N A U S A e, R0 i L 7RO AR
PEAILA T B 1 g R A Hh LS R 2 Ak [ g
SR, SR AR R LA 2 2K 3 38 38 85 1 47 28 1) B 2 1
W T pink—1 BB ELRLIRIIE -, AT fok 2 2457
PR IR AR SE W S pink—1 ]33 B 9 2R A
T [ W L4 DNF2 ASHF 98 B 30, SR L, i &
HIEEZ FMETEIT A PR S  pink -1 2¢ Y6 A5 5 B & T+
o VLSRR, B & MER7 ] Bt - pink—
AR SELRLIR [, I & #5540 DN OR3P PERT . SA
1M, pink—1 1Y _FIRDEA A B G FBR7 L EE R E
FRIE TR 2P BE SRS RT3 i R DR R
afHE E pink—1 4% FE DN SRR HEA T IO E DT Ay )
W A ERZE0E pink—1 HLEIRAE ST B4 001E 4

L5 ERRR  AHFSE L DN 5453 1 28 i 8 o B
FEONG, REHT T 0 A HEEAX DN MR YER .,
W KB, 1% 7 Re k4 SRR D e et [R] s
W HBU R RE 1, FOAEAE AL W] 58 5 0

pink—1 4 2¢ | YEmBgE R ki A B EVEH |, SE B DN
ESESTni

S 3k

[1] DEMARTINI B, NISTICd V, BENAYOUN C, et al. Glutamater-
gic dysfunction, neuroplasticity, and redox status in the periph-
eral blood of patients with motor conversion disorders (functional
movement disorders): A first step towards potential biomarkers
discovery[J]. Translational Psychiatry, 2023, 13(1): 212.

[2] ZHU J G, XU F X, LAI H, et al. ACO2 deficiency increases
vulnerability to Parkinson’s disease via dysregulating mitochon-
drial function and histone acetylation —mediated transcription of
autophagy genes[J]. Communications Biology, 2023, 6(1): 1201.

(3] TFBRES, ¥k, A1 2, S5 FRIAJOWIESE MPTP B S 2R
NRIBBUIRER TR RALEI]. T ERAEAALGE, 2024, 44
(15): 3760-3764.

[4] WANG M M, WAN C L, HE T, et al. Sigma-1 receptor regu-
lates mitophagy in dopaminergic neurons and contributes to
dopaminergic protection[J]. Neuropharmacology, 2021, 196: 108360.

[5] HU Z L, SUN T, LU M, et al. Kir6.1/K-ATP channel on astro-
cytes protects against dopaminergic neurodegeneration in the
MPTP mouse model of Parkinson’s disease via promoting mi-
tophagy[J]. Brain, Behavior, and Immunity, 2019, 81: 509-522.

[6] ARy, M AR, EBESE. HEHBTIRIT R IR IERZY
BB S50 R TR T BERRL)). WIRE R 25 K2 43R, 2024, 44
(6): 1133-1139.

(7] & 1%, BFAR, BEOAS. VHL S0H 0 e 2omh 4 5% 75
ARFEFTER BB RSENAL]. Hh 2GR A2, 2021, 52(3): 346-
351.

(8] Z=FagR, JA/NTF, XNEHR, 55, JRYT PR SR B 14 52 1 2l oy
FAE PRI e L)), o S2me Ty )24 2%k, 2022, 28(14):
216-225.

[9] B &, s, FEIEE, 5. FORER XS M LB RN LA
SIICIZRE T RIGE Sl PT EAPERSE R[], PR 424 2%, 2020, 40
(14): 3084-3087.

[10] E B, FEEAR, JESCH, . MEHRH IO ARS8 K
R ZTTI O BRI EFIBETE ). R 2B AR, 2013, 29
(2): 281-285.

[11] F¥2%. B G X AR R A Bl 7 IL-4 F1if 5h DA A8
LRYSEIAD]. Kb WIRG P25 K%, 2020.

[12] FERNAS, B, TWRME, . E-aAEA MBI R e

rREEZG24), 2023, 42(3): 132-137.

[13] 5K—F, ZEBkah, ok 22, 4. BT HmLmBERRT Lt g
TR SE VDT BT AR S s ) DRAP VR D). st R =
2FRR), 2025, 57(4): 764-771.



2025 455 45 %

IR H S 25 K222 3] hitp:/fhnzyydxxb.hnucm.edu.cn 2279

[14] NAB J, ABDELFATAH S, EFFERTH T. Induction of stress
resistance and extension of lifespan in Chaenorhabditis elegans
serotonin—receptor knockout strains by withanolide A[J]. Phy-
tomedicine, 2021, 84: 153482.

[15] CHEN H, LI J S, HUANG Z X, et al. Dopaminergic system
and neurons: Role in multiple neurological diseases [J]. Neu-
ropharmacology, 2024, 260: 110133.

[16] MANCZAK M, HEMACHANDRA REDDY P. Abnormal inter-
action between the mitochondrial fission protein Drpl and hy-
perphosphorylated tau in Alzheimer’s disease neurons: Implica-
tions for mitochondrial dysfunction and neuronal damage [J].
Human Molecular Genetics, 2012, 21(11): 2538-2547.

[17] KLEIN M O, BATTAGELLO D S, CARDOSO A R, et al.
Dopamine: Functions, signaling, and association with neurologi-
cal diseases[]J]. Cellular and Molecular Neurobiology, 2019, 39
(1): 31-59.

[18] CABRAL-COSTA J V, KOWALTOWSKI A J. Neurological dis-
orders and mitochondria[J]. Molecular Aspects of Medicine, 2020,
71: 100826.

[19] RAMIREZ -CARRETO R J, ZALDIVAR -MACHORRO V J,
PEREZ-RAMIREZ D J, et al. Oral administration of silybin
protects against MPTP—induced neurotoxicity by reducing pro—
inflammatory cytokines and preserving BDNF levels in micel[]].
Molecular Neurobiology, 2023, 60(12): 6774-6788.

[20] MALPARTIDA A B, WILLIAMSON M, NARENDRA D P, et
al. Mitochondrial dysfunction and mitophagy in Parkinson’s dis-
ease: From mechanism to therapy[J]. Trends in Biochemical
Sciences, 2021, 46(4): 329-343.

[21] G, & SR, BHES, & wEEAEY TS A0
IPPZIRAT AR PRI BT ST D). h 25 B AiE A, 2024,
40(12): 2224-2231.

[22] LU S F, LI C Y, JIN X H, et al. Baicalin improves the ener-

gy levels in the prefrontal cortex of mice exposed to chronic
unpredictable mild stress[J]. Heliyon, 2022, 8(12): €12083.

[23] CHUNG Y C, KIM S R, PARK J Y, et al. Fluoxetine prevents
MPTP-induced loss of dopaminergic neurons by inhibiting mi-
croglial activation[]]. Neuropharmacology, 2011, 60(6): 963-974.

[24] ELLIOFF K J, OSTING S M K, LENTINE A, et al. Ablation
of mitochondrial RCC1-L induces nigral dopaminergic neurode-
generation and parkinsonian —like motor symptoms[J]. bioRxiv:
the preprint server for biology, 2024, 29: 2023.

[25] VLTS, 35 6. LRk e b 5 F RO ] HrilkaE
(BRI, 2024, 45(6): 941-952.

[26] PRASERTSUKSRI P, KRAOKAEW P, PRANWEERAPAIBOON K,
et al. Neuroprotection of andrographolide against neurotoxin
MPP*—induced apoptosis in SH-SYSY cells via activating mi-
tophagy, autophagy, and antioxidant activities[]J]. International
Journal of Molecular Sciences, 2023, 24(10): 8528.

7] x| B, A & b2, S FIRATL R AR
FER IR IR TP B2 R AE R, 2022, 42(9): 1586-1592.

(28] siéfih, JABSBL, i, A5 AEERA B- X MPPf S
SH-SY5Y 4 i i & AR R A ) RAP AR D] b stp
iR, 2020, 43(12): 1027-1033.

[29] KHEDR N F, SELIM H M, ABOURAYYA G A. Therapeutic
potential of natural compounds in the management of chronic
diseases: Targeting PINKI —Parkin pathway[J]. Pathology —Re-
search and Practice, 2025, 277: 156284.

[30] ZHANG L J, DAI L, LI D Y. Mitophagy in neurological disor-
ders[J]. Journal of Neuroinflammation, 2021, 18(1): 297.

[31] YAMANO K, YOULE R J. PINKI is degraded through the N-
end rule pathway[J]. Autophagy, 2013, 9(11): 1758-1769.

[32] RAMIREZ-MORENO M J, DUARTE-JURADO A P, GOPAR-
CUEVAS Y, et al. Autophagy stimulation decreases dopaminer-
gic neuronal death mediated by oxidative stress[J]. Molecular

Neurobiology, 2019, 56(12): 8136-8156.

(ALsi A =)



