FA9EEH 202656 B ¥k X Drug Evaluation Research  Vol. 49 No. 6 June 2026 + 1957 «

eGP+ =R ALEEIEHE IL-17/NF-kB/MAPK 5 SRR E ME M IR
RERIEEY ch g 422 S FEAN 20 R 1T

F ol @AHE2 F Wl #gel, AEEY, MY

1. WERHREREALESR 2%, WEE 3k 014040

2. A ERHE Rk e B  5vEE 2R, A% sk 014040

W E: BH WAZFHAILMH=sRA (ZC13) HilEMHIR (VaD) MIERMLE]. F3E Bt e kL HikE KRN
FARM., BAIH ., L4505 (Don, FHMEZY, 0.45mgkg™) 4R ZC13 &, KFIE (0.324. 0.162 g-kg™) 4H, XM
KB 2 FLAR R A PR R K R Y, AR B XSRS A 3L, TUlEsem 24 h ik ig 462, ®R 1L
B4 28 do SKH Morris KK B SIS0 U 22 SRR 126 77 HRSCEIE (EBD et pPal K BRI BE e (BBB) % E;
JE K (NissD Jeti B ARG A (HE) Jeufs il i 0 ZUm B RS0 as SR EAM (GO) Thg Ml #5555
FAERA (KEGG) &HEM n ZC13 AT BEIHTE 1 (5 58 ™% . H R Western blotting X J& H A% O 88 s 3EAT SEIR IR IE,
ELISA Frillid % T i 2 e F 77K P, S AR A0 ME ToK-F . 558 S5EFRALE, BORHKRIFKSESAEREL, ik
& REUR> (P<0.0D), “FIJEiGERE TR (P<<0.001), HArGFRAF RN R E4E (P<0.001), MEE:ERIYIH ] B
Ke; MY B 240, BBB @& BN, MR EFIEE D 1(Z0-D. & EA (Occludin), %% #EH: 4 H-1 (Claudin-
1 FEBETH (P<0.001), BRMAYEKIETH (P<0.01); 27K (DEGs) ThAtF BEE NI RRRMPLE, &
IR EGE ST, FEEENERERAR LA FEENE O (MAPK). ZEF (NF) «B. A4IA% (L) -
17 S5 TR MIRIRTEN 7 AR K 1 6 (TRAF6). HEALEE-2 (COX-2). ¥ «B WUiE# 1 (ACTL). c-Jun &%
AU (JINK). c-Jun. p38. IxBa K p65 2 HE AKIE/K T Fil (P<0.001); IL-1B. TNF-a. IL-6+ IL-8 X IL-17 £ %
FEFKFHREET S (P<0.001); Bax HEARIEKFEZES & (P<0.00D), Bel-2 HHAKXEKFEERM (P<0.00D. 5
BEBYAEARLL, AFEFE ZC13 T HlG, KBRS AL G RRE RIS MEuiifie:, BBB BiE!: TH; DEGs
DiRe R B AR T ARSI IERE .. SIR TR ESE LT, FEEEFEKEAETE MAPK, NF-«B %55 5@,
TRAF6. COX-2, ACT1. INK. c-Jun. p38. IkBa X p65 %58 ARKIA/KT- W3 T (P<0.001); IL-18. TNF-a. IL-6. IL-
8. IL-17 R L F TP R TR (P<0.001); Bax FHARIEKFEERFML (P<0.01. 0.001), Bcl-2 HEHAKIEKFEEET
m (P<0.001). £5i ZC13 Refie A &Ml VaD KA R R P SOE RN WM& el T, HAERLEH W] g8 £ m i
5 IL-17/NF-«xB/MAPK {5 F 1%, TIRMERN /K, i Bax/Bel-2 FixfH K.

KHEIR): ZEAILIP T RO A VERCR s AT SO RN AMET; NF-«B/IL-17/MAPK 15 518
FEDHES: R6S NHRFRERE: A NERS: 1674 - 6376(2026)06 - 1957 - 15

DOI: 10.7501/j.iss1.1674-6376.2026.06.009

Mongolian medicine Zhachong 13 Pills attenuate neuroinflammation and
neuronal apoptosis in vascular dementia rats via IL-17/NF-kB/MAPK pathway

LIANG Ru!, TIAN Caiyun?, LI Qing', FAN Lingxuan!, DUAN Chaohui!, GAO Bowen'
1. School of Pharmacy, Baotou Medical College, Baotou 014040, China
2. School of Basic and Forensic Medicine, Baotou Medical College, Baotou 014040, China

Abstract: Objective To investigate the therapeutic effects and underlying molecular mechanisms of Zhachong 13 Pills (ZC13)

against vascular dementia (VaD). Methods Rats were divided into a sham operation group, a model group, a donepezil (Don, positive
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control, 0.45 mg-kg™!) group, and ZC13 high and low dose (0.324, 0.162 g-kg™!) groups using a completely randomized grouping
method. A vascular dementia rat model was established by bilateral common carotid artery ligation. The sham operation group only
underwent separation of bilateral common carotid arteries without ligation. The first ig administration was performed 24 hours after
the completion of model establishment, once daily for 28 consecutive days. A rat model of vascular dementia was generated by bilateral
common carotid artery occlusion. Cognitive performance was assessed using the Morris water maze test. Blood-brain barrier integrity
was evaluated by Evans blue extravasation, and histopathological changes in brain tissues were analyzed by Nissl and HE staining.
Transcriptomic profiling of rat hippocampal tissue was conducted using RNA sequencing to screen differentially expressed genes,
followed by Gene Ontology annotation and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analyses to explore
signaling pathways potentially regulated by ZC13. Representative molecules within these pathways were subsequently examined by
Western blotting and enzyme-linked immunosorbent assay. Results Compared with the sham operation group, the model group
exhibited disordered swimming paths, reduced number of platform crossings (P < 0.01), decreased average swimming speed (P <
0.001), significantly shortened time spent in the target quadrant (P < 0.001), and markedly prolonged escape latency. Neuronal damage
was evident, with significantly increased blood-brain barrier (BBB) permeability and notably reduced expression of cytoplasmic tight
junction proteins including zonula occludens-1 (ZO-1), occludin, and claudin-1 (P < 0.001), as well as a substantial decrease in Nissl
body count (P < 0.01). The functions of differentially expressed genes (DEGs) were primarily associated with oligodendrocyte
development and redox enzyme activity, with enriched pathways including mitogen-activated protein kinase (MAPK), nuclear factor
(NF)-kB, and interleukin (IL)-17 signaling pathways. Protein levels of tumor necrosis factor receptor-associated factor 6 (TRAF6),
cyclooxygenase-2 (COX-2), NF-«xB activator 1 (ACT1), c-Jun N-terminal kinase (JNK), c-Jun, p38, IkBa, and p65 were significantly
upregulated (P < 0.001). Levels of pro-inflammatory cytokines IL-13, TNF-a, IL-6, IL-8, and IL-17 were also significantly elevated
(P <0.001). Bax protein expression was significantly increased (P < 0.001), while Bcl-2 protein expression was significantly decreased
(P < 0.001). Compared to the model group, rats treated with different doses of ZC13 showed varying degrees of improvement in
learning and memory abilities; neuronal injury was alleviated and BBB permeability decreased. DEG functions were mainly enriched in
positive regulation of T-cell activation and response to type II interferons, with key pathways including MAPK and NF-«B signaling.
Expression levels of TRAF6, COX-2, ACT1, JNK, c-Jun, p38, IxBa, and p65 were significantly downregulated (P < 0.001). Pro-
inflammatory cytokine levels of IL-18, TNF-a, IL-6, IL-8, and IL-17 were also significantly reduced (P < 0.001). Bax protein expression
was significantly decreased (P < 0.01, 0.001), whereas Bcl-2 protein expression was significantly increased (P < 0.001). Conclusion
ZC13 negatively regulates the IL-17/NF-kB/MAPK signaling pathways by modulating key signaling molecules, including TRAF6, COX-
2, ACT1, JNK, c-Jun, p38, IkBa, and p63, thereby alleviating neuroinflammation and intervening in the progression of vascular dementia.
Key words: Mongolian medicine; Zhachong 13 Pills; vascular dementia; transcriptomic sequencing; neuroinflammation; neuronal

apoptosis; NF-kB/IL-17 signaling pathway
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Fig. 1 ZC13 improve cognitive impairment in VaD rats ( X x5, n=7)

3.2 ZC13 B#z vaD KRB S 5K EHRIERG
WK R A 4T HE et )5, BT EMEBT
WMEL M- W 2-A Fiow, BFEARUA L E S CA3
DG X I Z UGB HESIEE S SiE 2
BT 2 pp 22 4 Mo HEF A B Bl b - AR,

Y M RZ AR BT, SRR 2 o 20 4T i B 5 A2 40

M-S E A, ZC13 A 2N J2 B s b
WEWMLZ, WRFEE, M5, M E %G5
W%, HzC13 milEAMREE NEZE, 5 Don &K
FAY . $E7R ZC13 REWIR T VaD KRR )= K



<1962 ¢ F49EF6H 20265F6 H ¥4k . Drug Evaluation Research Vol. 49 No. 6 June 2026

L XA gl B R B A, B — AR ERAET i 2 2 B it By X e IR B m B B R F R 4L B 3%
AR ER . D (P<<0.01); T ZC13 H KRR FiR X8 K
Nissl Jeta s B EIR (B 2-B. C), A KR ¥ EREZ TEAM, HZC13 BHEHERRE

A KB

#E CA3
mamne (R L
BTA g T o2 0.324 "~ Dbon
ZC13/(g-kg™)
B
W2
1§ CA3
bR N
BFEAR [t 0.162 0.324 Don
ZC13/(gkg D)
C 15
| FEEEPR
[ ]

1 zc130.162 gkg !
1 zC130.324 gkg?

=3 Don

Nissl AHX 22k &

1 CA3 AN e

A-KEKZHZA HE et (X200); B-Nissl 44t (X200); C-Nissl Jetft et SXIFHLE: #P<0.01; SHRANE: P<0.05 "P<001.
A-HE staining (x 200); B-Nissl staining (x 200); C-quantitative Nissl staining; P < 0.01 vs control group; "P<0.05 "P <0.01 vs model group.
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Fig. 2 ZC13 reduces neuronal degeneration in VaD rats ( X s, n=3)
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Fig. 10 Schematic diagram illustrating signaling pathways underlying anti-vascular dementia effects of ZC13
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