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Protonic bis-pyridazine mitigates neurodegeneration in
MPP*/MPTP-induced Parkinson's disease mice
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Abstract: Parkinson's disease (PD) is a neurodegenerative disorder characterized by the progressive
degeneration of dopaminergic neurons in the substantia nigra. Current clinical treatments for PD remain limited,
highlighting the urgent need for innovative drug development. In this study, we synthesized a protonic
bis-pyridazine (H-Py) compound using an intermolecular proton transfer technique. In MPP*-induced PD model
cells, H-Py significantly improved cell viability and reduced ROS levels. In I1-methyl-4-phenyl-1, 2, 3,
6-tetrahydropyridine (MPTP) -induced PD model mice, H-Py demonstrated good safety and ameliorated motor
dysfunction, with efficacy showing no significant difference from that of levodopa, a first-line PD therapeutic
agent. Furthermore, immunofluorescence analysis of tyrosine hydroxylase (TH) levels in the substantia nigra and
striatum revealed that H-Py administration significantly increased TH expression in these brain regions. Western
blot analysis suggested that H-Py may protect against neuronal damage by activating the Nrf2/HO-1 pathway and
alleviating oxidative stress. The experimental protocol was approved by the Animal Experiment Ethics Committee
of Southwest University (approval No.: IACUC-20250714-05). In summary, this study may provide new strategies
and insights for PD treatment.
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Figure 1  Structural characterization of protonic bis-pyridazine (H-Py). A: Chemical structure of H-Py; B: Fourier transform infrared
(FTIR) spectrum; C: High-resolution mass spectrometry (HRMS) spectrum; D: 'H nuclear magnetic resonance (NMR) spectrum; E: *C
NMR spectrum
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Figure 2 H-Py attenuates 1-methyl-4-phenylpyridinium ion (MPP*)-induced neurotoxicity and oxid
of PC12 cells treated with increasing concentrations of MPP*; B: Viability of PC12 cells treated with

ative stress in PC12 cells. A: Viability

increasing concentrations of H-Py; C:

Viability of PC12 cells treated with MPP* and different concentrations of H-Py for 12 h; D: Viability of PC12 cells treated with MPP* and

different concentrations of H-Py for 24 h; E: Intracellular reactive oxygen species (ROS) levels in PC12 cells after co-treatment with MPP*

ok Ak

and H-Py (10 pg-mL™). Scale bar = 100 pm. n=3,x£s. 'P<0.05, "P<0.01, " P<0.001,

P <0.0001
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Figure 3 H-Py ameliorates motor dysfunction in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced Parkinson's disease (PD)

mice. A: Schematic diagram of the experimental timeline; B: Time to turn in the pole test; C: Total time in the pole test; D: Traversal time on

the balance beam; E: Latency to fall on the rotarod; F: Representative movement tracks of mice; G: Total distance travelled and the ratio of

central to total distance in the open field test. n = 8 or 10, X 5. "P < 0.05, "P < 0.01, ""P < 0.001
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Figure 4 H-Py ameliorates dopaminergic neurodegeneration in
PD model mice. A: H-Py increased the expression of tyrosine
hydroxylase (TH) in the corpus striatum; B: H-Py increased the
expression of TH in the substantia nigra. Scale bar = 50 pm. n = 3,
x+s "P<0.01,""P<0.001
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Figure 5 H-Py ameliorates the expression of nuclear factor

erythroid 2-related factor 2 (Nrf2, A) and heme oxygenase-1 (HO-1, B)
in the striatum of PD model mice. n=3,x+s. "P<0.05, P < 0.001
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Figure 6 Safety evaluation of H-Py in MPTP-induced PD mice. A: Representative hematoxylin and eosin (H&E)-stained sections of liver
and kidney tissues; B—F: Organ indices of the heart (B), liver (C), spleen (D), lung (E), and kidney (F); G: Body weight of mice. Scale bar =

100 pm. n = 3, X + 5. ns: Not significant
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