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Abstract: Objective To explore the regulatory mechanism of Jinkui Shenqi Pills (JSP) on cellular homeostasis of human
neuroblastoma SH-SYSY cells injured by 1-methyl-4-phenylpyridinium iodide (MPP*) via the cyclic adenosine monophosphate-Ras-
related protein 1-mammalian target of rapamycin (cAMP-Rap1-mTOR) signaling pathway. Methods Network pharmacology was
used to predict the potential therapeutic targets and pathways of JSP against Parkinson’s disease (PD). An in vitro PD cell model was
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established by inducing SH-SY5Y cells with MPP*. The ethanol extract of JSP was prepared, and cells were intervened with JSP at
different concentrations (25, 50, 100, 200 pug-mL"). Cell counting kit-8 (CCK-8) assay was applied to detect cell viability and screen
the optimal administration concentration. The optimal concentration was further adopted to verify the mechanism of JSP. Enzyme-
linked immunosorbent assay (ELISA) was used to detect cAMP content; flow cytometry was performed to determine cell apoptosis
rate; Monodansylcadaverine (MDC) staining was used to observe autophagosome formation; Western blotting assay was adopted to
detect the expression levels of proteins related to the cAMP-Rap1-mTOR pathway, apoptosis-related proteins and autophagy-related
proteins. In addition, the cAMP pathway inhibitor ESI-09 was added for mechanistic verification. Results Network pharmacology
results indicated that the cAMP-Rapl-mTOR signaling pathway was a key candidate pathway for JSP in the treatment of PD. In vitro
assays showed that JSP significantly enhanced the viability of MPP*-injured SH-SYS5Y cells (P < 0.001), increased cAMP content
(P <0.001), upregulated the protein expression of exchange protein directly activated by cAMP 1 (Epacl) and Rapl (P < 0.05, and
0.001), and downregulated mTOR protein expression (P < 0.01). JSP reduced the cell apoptosis rate (P < 0.001), downregulated the
expression of Bel-2-associated X protein (Bax) and cleaved Caspase-3 (P < 0.01), and upregulated B-cell lymphoma-2 (Bcl-2) protein
expression (P < 0.01). Moreover, JSP elevated autophagy level, upregulated the protein expression of Beclinl and microtubule-
associated protein light chain 3B/3A (LC3B/LC3A) (P < 0.05 and 0.01), and downregulated sequestosome-1 (P62) protein expression
(P <0.001). Intervention with ESI-09 markedly reversed the above regulatory effects of JSP (P < 0.05, 0.01, and 0.001). Conclusion
JSP can restore the homeostasis of MPP*-injured SH-SY5Y cells and exert neuroprotective effects by activating the cAMP-Rap1-
mTOR signaling pathway, inhibiting cell apoptosis and promoting cell autophagy.

Key words: Jinkui Shenqi Pills; Parkinson’s disease; cyclic adenosine monophosphate-ras-related protein 1-mammalian target of

rapamycin (CAMP-Rap1-mTOR) signaling pathway; apoptosis; autophagy
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3.2 JSP X} MPP*iS SH-SYSY ZRAEsE TR0
SXIa tekse, HRIHANAE 1 EE T (P<

0.01); SR LLE:, ISP A2 T )5, MG

19 AN EFEEE$E 7, ISP 50 pg-mL ! ZH 3% 1 B v

(P<0.001), J54:LL 50 pg-mL ! 1E NL 251Kk IE 52 1%

PLFRFT. IR 2.

2 JSP X} MPPES SH-SYSY HAME RIS (X +

ss n=3)
Table 2 Effect of JSP on MPP*-induced SH-SY5Y cell
viability ( X s, n=3)

51 JREIRE/(ug-mL™") UM TE 2/ %
Xif — 100.36+0.06
iRt — 78.26+0.08%
JSP 25 82.394+0.24
50 105.334£0.11**"
100 99.7440.07*
200 81.4840.12

EEEZE FE (P<0.01), mTOR HEARIETH
(P<0.01); S5HMALLE, ISP 4545, Epac Al
Rapl FAFXWE I (P<0.05. 0.001), mTOR
EAFREERMK (P<0.01); 5|\ cAMP @]
I ESI-09 J&, ReWEA Z0%EE ISP XA (IR 1E
H, 5 ISP HLLH, Epac Al Rapl & HAMRIALE
] (P<<0.05. 0.01), mTOR FEHFKILME (P<
0.0, WK 3. % 4.

%3 JSP Xt MPP'iES SH-SYSY 4 cAMP & EHIF
Mg (X xs, n=3)
Table 3 Effect of JSP on cAMP content in SH-SYSY cells
induced by MPP* ( X 5, n=3)

ZH 5 JREWRE/(ug-mL™)

cAMP/(ng'mL")

Ho iR — 82.33+2.68
it — 40.1943.07##
JSP 50 75.494+1.56"""

S AL #P<0.01; SEABALE: "P<00l TP<
0.001,
#P <0.01 vs control group; “"P<0.01 P <0.001 vs model group.

3.3 JSP X} MPP*iES SH-SYSY ZAfih cAMP &
=M

cAMP 15 8 B TS 58 0 R
o HXTIRALLLEE, BT cAMP &8 53 N %
(P<<0.001), £ JSP ¢AZjAb3E f5 B Al 4H H LA 2
IEIE (P<<0.001), BiHH JSP REfE A R4k 41 i
cAMP /K. LEE 3.
3.4 JSP % Rapl/mTOR £ Si@RHEXELRIEN
Al

Epac /EN cAMP M BEEBUSE A, 3 mEeE
Rapl fEH . SXEZ AL, B84 Epac #1 Rapl &

xR ##P<0.001; HHRALLE: “P<0.001.

ko

##pP < 0.001 vs control group;

-
Epacl l- - ‘ -
pactin | W SN a— 01

XPEE AR

P <0.001 vs model group.

mTOR 2.89X10°

5.5x10*

1.08X10°

JSP  JSP+-ESI-09

3 JSP ¥} Rapl/mTOR {5 S BEHEXERRIANEE
ER
Fig.3 Regulatory effect of JSP on expression of
Rap1/mTOR signaling pathway related proteins

4 JSP X Rapl/mTOR {FSBEEEXERFIEHIFN (X 5, n=3)
Table 4 Effect of JSP on Rap1/mTOR signaling pathway related protein expression ( X s, n=3)

2H ) WwE mTOR/B-actin Rap1/B-actin Epac/B-actin
Xof R — 0.41£0.05 1.02+0.06 1.26+0.14
R — 0.924+0.03* 0.46+0.13% 0.4140.10%
JSP 50 ug-mL™! 0.43+0.06™ 1.184+0.16"* 0.97+0.11"
JSP+ESI-09 50 pg-mL~"'+20 pmol-L™! 0.90+0.11°* 0.48+0.12°° 0.43+0.05"

x4 #P<<0.01; SHRALLE: *P<0.05 *P<0.01 *P<0.001; 5 ISP 4LELH: 2P<<0.05 22P<0.01.
#P <0.01 vs control group; "P<0.05 “P<0.01 P <0.001 vs model group; 2P <0.05 24P <0.01 vs JSP group.

3.5 JSP xf MPPHESH) SH-SYSY ZHAATHY
A

Lt e, A A TR B LTt
(P<<0.001); & JSP FHizh )5, SHAAMLL,

TR R R BE (P<0.001); 5 ISP 41
b, ESI-09 ZH fe % A 250w % ISP % 40 A 1) PR 37 1F
F(P<<0.001) .t B JSP fEf%idiE cAMP-Rap1/mTOR
fE 5B ECEAMFET. WE 4. £S5,



F49EFE 108 2026 F£10 A ¥tk £ Drug Evaluation Research Vol 49 No. 10 October 2026 3597 +
: ;
10435 e 10°7% oz | 10°75u o

PI

404 Q3
0‘903 166
"'Ov' b | 'ios ™ ‘i|07'1 vv"'(;'-v~v . -vnzt)vg”yuv]‘:‘o}w
X B

104

— y ™y R e L
0 10° 107 0 105 107

JSP JSP+ESI-09

4 MPPHES SH-SYSY HAMUATFRMAALL (Annexin V-FITC/PI )
Fig. 4 Flow cytometry experiment of apoptosis rate in SH-SY5Y cells induced by MPP* (Annexin V-FITC/PI staining)

&5 JSP ¥ MPPES SH-SYSY AARUAT RN
(X £s, n=3)
Table 5 Effect of JSP on MPP*- induced apoptosis rate of
SH-SY5Y cells (X £s, n=3)

A5 R T2/ %
Xof HR — 6.77+1.25
] — 30.05+1.77#
JSP 50 ug'mL™! 15.861+1.04™"
JSP+ESI-09 50 ug'mL'+20 pmol- L™ 22.36+1.38"""

EXIHEA L #P<0.001; SHEALLE: ""P<<0.001; 5 ISP
A 264P<0.001.

##p < 0.001 vs control group; “*P < 0.001 vs model group; 244P <
0.001 vs JSP group.

3.6 JSP XT4HAET X EHFRIARF M

WE s, &6 fn, SXIRALLE, A
Bax fll cleaved Caspase-3 & [ KA 8 & E 1N (P<
0.05. 0.01), Bel-2 HHAKFHE T (P<0.05);

F6 JSPIMMMLATHXERRIL

Bax

-— -‘ 1.9X 10

|—
Bcl-2 |_. -— - e '2.6><104

cleaved Caspase-3 z g —e 1.9X10*

B-actin | — — — — | 4.2X10

g R ISP JSP4ESI-09

El5 JSPABUATIEXEBFRIAMNIEIZIER
Fig. 5 Regulatory effect of JSP on expression of apoptosis

related proteins

SRR LE, ISP 4425 THif5, Bax Ml cleaved
Caspase-3 & /KT REFK (P<0.01), Bel-2 &
HERIEW M (P<0.01); 5 JSP 4LLEL, ESI-09 T
TiiJ5, Bax il cleaved Caspase-3 £ [ 3k B i34
(P<<0.05. 0.001), Bcl-2 HANKFHEREK (P<
0.05).

40 (X s, n=3)

Table 6 Effect of JSP on expression of apoptosis related proteins ( X £s, n=3)

ZH 5 W Bax/B-actin Bcl-2/B-actin cleaved Caspase 3/B-actin
pagis — 0.5940.07 1.20+0.15 0.48+0.14
it — 1.32£0.21% 0.5240.08" 0.8240.09"
JSP 50 pg'mL! 0.62+0.28" 1.42+0.24" 0.37+0.10"*
JSP+ESI-09 50 ug-mL™'+20 pmol-L! 1.15+0.11° 0.61£0.13" 1.054£0.15%°"

xR #P<<0.05 #P<<0.01; SHEBALE: “P<0.01; 5 ISP 4t 4P<0.05 244P<0.001.

#P<0.05 *P<0.01 vs control group; *"P <0.01 vs model group; 2P < 0.05

3.7 JSP %t MPP*iES SH-SYSY 4R H ME A S20

LR LA, B A AR R 2 b (P<
0.001), UiH] MPP*i5 S 5] SH-SYSY 4l 5 Wi
K SRR LR, ISP TS, HWiASE
BRI (P<0.001); 5 JSP Lb#¢, ESI-09 AEfE4T 3L

AAAP < (.001 vs JSP group.

T ISP 4R AR B KT R (P<<0.001). DL
6. K 7.
3.8 JSP XJ4HAE B I X E B FRIAAE M

wE 7. £ 8 Fn, HXTHRAA L, AV
Beclinl. LC3B/A #EFHFRIARE (P<0.05. 0.01),
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6 JSP igix MPP'iES SH-SYSY 4B (X 100)
Fig. 6 JSP regulates MPP* induced autophagy in SH-SY5Y cells (x100)

JSP+ESI-09

%7 JSP Xt MPPHES SH-SYSY MR B MERYELNE (X =

Beclinl S | 6.0x10%
ss n=3)
s .
Table 7 Effect of JSP on MPP" induced autophagy in SH- P62 — 6.2X 104
SYSY cells (X *s5, n=3) Lcan Lex 10"
3 X
) N L, e :
451 W AER TR %

LC3B | M- — 1.4X10%
X — 1.05+0.13 _ \
A — 0.3440.10%# Pcin | o — - — | 20

ISP 50 pg'mL™! 0.87+0.14" A8 BB ISP JSPHESI09

JSP+ESI-09 50 pg'mL™'+20 pmol- L™ 0.46+0.11°""

EXTHRALLEES: #P<<0.001; SEMLA LA ""P<<0.001; & ISP
HEbE:: 444P<<0.001.
#4p < 0.001 vs control group; **P < 0.001 vs model group; 244P <

0.001 vs JSP group.

7 ISP xt4AfE B IR X E B RIARIBEER
Fig.7 Regulatory effect of JSP on expression of autophagy

related proteins in cells

*8 JSPMUAMEBMEMAXERRIANFM (X £s, n=3)
Table 8 Effect of JSP on expression of autophagy related proteins in cells ( X s, n=3)

2H 55 WRE Beclin1/-actin P62/B-actin LC3B/LC3A
Xof R — 1.1840.25 0.400.03 1.06+0.11
LAY — 0.461+0.07* 1.25+0.24%# 0.43 +0.09%
JSP 50 pg'mL! 1.04+0.05* 0.18+0.02"** 1.14+0.24*
JSP+ESI-09 50 pg'mL "' +20 pmol-L™! 0.46+0.11° 0.75+0.08"" 0.22+0.07°°*

xR #P<<0.05 #P<<0.01 #P<<0.001; SEMALLE: *P<0.05 P<0.01 *P<0.001; 5 ISP ALLE: 4P<0.05 244P<0.01

AAAP<(0.001.

P<0.05 "™P<0.01 *P<0.001vs control group; P <0.05 *"P<0.01

JSP group.

P62 FEAFIATHE (P<<0.001); SHAIAAHL, ISP
20+ Beclinl. LC3B/LC3A FAFIETE (P<0.05.
0.01), P62 FHAFRIAMFEK (P<<0.001); 5 JSP 4HAH
tt, JSP+ESI-09 4 Beclinl. LC3B/LC3A HHAEIA
FA#{I (P<<0.05. 0.001), P62 & [k T+ (P<<0.01).
4 e

HHERFEIRR PDIRALAT R Hilkk
727, ISP VENIRANE BHAIZ 42 7, i HARE 72 CAIE
SEHXT PD NREAMERIIER, (E FI%R
RUSE ) B 73 I 288 T AN B A o AT FL S5 G I 28 24
A SRANLLS, i — PR HAE M AR T TH Y
YEFIMLE .

P <0.001 vs model group; 2P < 0.05 24P <0.01 242P<0.001 vs

2GR A BRI IR R, JE T 4 2 3 2
S3HT ISP HIIZR RSy, 5 PD MR ML s ST
HAERR, TR ENE . %, KEGG
AT EIN, Rapl 5 5@ EE 4 2 & 4, [FIFE, 728
FARZEF, mTOR VE LR i i B s
ik tH &K . cAMP-Rapl 155 #H & mTOR [)_Liif
WERET, cAMPAEA—MMESEM, 456 N
1 Epac, 77 Rapl FIBUE, 520 mTOR K& S0,
X —EENLEES cCAMP-Rapl fEZH A A B AL
H R SRS R OCEAEH . I, cAMP-
Rap1-mTOR 15 5 W 4% BB 1 12 28 ki A Th g e i Al
SR RS, NS Bm R .

TR EE
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Hk, %07 IES 21 cAMP-Rapl-mTOR {5
5 P IO IE LG o SR PD A4 4 M4 A5 2 (MPP*
%5 SH-SYSY 4ilfd), RIAFIRE ISP HEHUK
RESA Ak MPP I R 40 M dss, 4 /o
FHiETE. ENLEIZT B, ISP R A RORE
cAMP fEAHIH ()& &, B3 Epacl. Rapl Al
mTOR [JRIE. BhAh, AHFFEIEIN cAMP @ B
# ESI-09, 453578, ESI-09 AEMSHE ISP St 4l
AR VEF, SEENE JSP ilid cAMP-Rapl-mTOR
{55 MM RIE LB ER . #—25/), mTOR w] LLif
M . E WA 0T, ok, AT
% 20 Pt 19 VU R 24 R T R R SR A S B IR R R
K. T4 R SR, JSP 4 Bax B AXIL, b
W Bel-2 EEUK, #EMcsE Caspase Jk N,
AR MPPIE AR T A3 T, A RURS 40
B IEFOIRAS s 400 [ W 4s SR 2R, MPPRENS |
S IE R H AT, M AYERF B B IE RS 3], ISP
B TWR, AEIEit LC3B B AKTHIE, BN
Beclinl HHFRIAE, MM AW/MEHIL, %S
TEH PRI B 35 B WK T [RIFERY, 76 ESI-09 T
T, ISP WK HIAN AR T AN MK AN [ AR
FEWE%, fABLH cAMP-Rapl-mTOR {5 5@ 4 7E
ISP Z530iE ) E AR

AT ATAE— 8 SR PR . USRI AR B
FREE, EFFHt— b1 8. 1EAHITTC 0 W25 253
W, A3 68 MNEPIEYERL Y, FIREATFE— € 1R
ZERUAHE M, PR IRAT VR0 B K FH 24 ks B
ORI R, Z54iE et ARG, RN R AE R
o 24375 T 1T 5 o ) B B AR, TE I 15 2 1Y) 68
B, BN TR Z, HRRT LR KN SRl 1
B, FTEEARNAKEHE— IR, X RIRNET
ISP AR HIh &2 . Ak, ISP fENTHZE
Ji, LA 8 BREGLH G, A 2GR A 4 DR K
BEEZANFE TS EA RS AEZEE A
A REE R IEARAER, X FEFER TR 25 A
AR FENLHIZKFH, mTOR £ A 40 AR R
H R A% O X AL, G AR SR 5 i %2
FHN 4y Fo ARFFEH ISP %S H mTOR Fi& K
W, RPTREHITS Unc-51 FF H WREHEEE 1 (ULK1D
PFRIER], BEOMBEE T, JH s B O =S
fRZH%% . mTOR R0 73— E A 15 2 R A
P TOARIE T R RIESER, HETZ 5 ISP
SRR T R AR, (B35 SR AR

o Bk, RERREPARIEE, Bk, A
¢ FI=E & ISP JRYT PD M3 4%

ARFFAESE JSP % MPP* %5 SH-SYSY 41/
B BF P R Y ER . "I LAY cAMP-Rapl-
mTOR @ EERE [, MmFET, A5 AmFET
BV, Jk/> DA BERHEITrIHifi. N ISP
T PD W EEIGIRIGITIREE2%, BEmiHEs) ISP
I FAS S FF D738 AIE O 2
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