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PD  Parkinson’s disease
ROS  Reactive oxygen species
SFC  Sofalcone
SN  Substantia nigra
STR  Striatum
T-AOC  Total antioxidant capacity
TH  Tyrosine hydroxylase

Introduction

Parkinson’s disease (PD), the second most prevalent neu-
rodegenerative disorder after Alzheimer’s disease (AD), 
affects approximately 1% of individuals over the age of 60 
[1, 2]. The pathological hallmark of PD is the selective and 
progressive degeneration of dopaminergic neurons in the 
substantia nigra pars compacta (SNpc) [3]. While various 
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Abstract
Background Parkinson’s disease (PD) is a progressive neurodegenerative disorder characterized by oxidative stress and 
neuroinflammation. Sofalcone (SFC), a chalcone derivative known for its antioxidative and anti-inflammatory properties, 
is widely used clinically as a gastric mucosa protective agent. However, its therapeutic potential in PD remains to be fully 
explored. In this study, we investigated the neuroprotective effects of SFC in a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-induced PD mouse model.
Methods and results We found that SFC ameliorated MPTP-induced motor impairments in mice, as assessed by the rotarod 
and wire tests. Moreover, SFC administration prevented the loss of dopaminergic neurons and striatal degeneration induced 
by MPTP. Subsequent investigations revealed that SFC reversed MPTP-induced downregulation of NRF2, reduced elevated 
levels of reactive oxygen species (ROS) and malondialdehyde (MDA), and increased total antioxidant capacity (TAOC). 
Furthermore, SFC suppressed MPTP-induced activation of microglia and astrocytes, downregulated the pro-inflammatory 
cytokine TNF-α, and upregulated the anti-inflammatory cytokine IL-4. Additionally, SFC ameliorated the MPTP-induced 
downregulation of phosphorylation of Akt at Ser473.
Conclusions This study provides evidence for the neuroprotective effects of SFC, highlighting its antioxidative and anti-
inflammatory properties and its role in Akt activation in the PD model. These findings underscore SFC’s potential as a prom-
ising therapeutic candidate for PD, warranting further clinical investigation.
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therapies target the resulting motor symptoms, they fail to 
halt the underlying neurodegenerative process of PD. There-
fore, identifying effective neuroprotective drugs for PD is of 
paramount importance.

The exact pathogenesis of PD remains elusive; however, 
accumulating evidence suggests that oxidative stress and 
neuroinflammation play pivotal roles in the progression of 
PD [4]. Elevated levels of free radicals and proinflammatory 
mediators observed in the SN of both PD patients and ani-
mal models contribute to the degeneration of dopaminergic 
neurons [5]. Studies using PD animal models have shown 
that inhibiting oxidative stress and neuroinflammation can 
mitigate dopaminergic neuron degeneration [6]. Conse-
quently, targeting oxidative stress and neuroinflammation is 
crucial for protecting dopaminergic neurons and developing 
therapeutic interventions for PD.

Sofalcone (SFC), chemically known as 20-carboxyme-
thoxy-4,40-bis(3-methyl-2-butenyloxy) chalcone, has been 
demonstrated to possess anti-inflammatory and antioxidant 
properties [7] and is primarily employed as an anti-ulcer 
agent for gastric mucosa protection [8]. Structurally clas-
sified as a chalcone derivative, SFC is synthesized from 
soforadine, extracted from the roots of the Chinese plant 
Sophora subprostrata [9]. Recent research has identified 
chalcone derivatives as potential new therapeutics for PD, 
acting as promising enzyme inhibitors (MAO B, COMT, 
AChE), α-synuclein imaging probes and showing anti-
neuroinflammatory activity (inhibition of iNOS or activa-
tion of Nrf2 signaling), as well as antagonists of adenosine 
A1 and/or A2A receptors [10]. In contrast to other chalcone 
derivatives, SFC has been clinically approved for treating 
gastric ulcers and gastritis in Japan for over two decades, 
confirming its safety and efficacy profile [11]. However, its 
potential role in PD remains unexplored. This study aims 
to investigate neuroprotective effects of SFC and elucidate 
the underlying mechanisms in a 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP)-induced PD animal model.

Materials and methods

Animals

Male C57BL/6 mice, weighing 22–26 g and aged 8 weeks, 
were sourced from Vital River Laboratory Animal Technol-
ogy (Beijing, China). Prior to experimentation, the mice 
were acclimatized under controlled conditions with a con-
stant temperature (24 ± 1 °C), humidity (50–70%), low 
noise (< 40 dB), and a 12-hour light/dark cycle. They were 
provided sterilized and disinfected food and water ad libi-
tum. After a one-week habituation period, the mice were 

randomly assigned to one of three groups: Control (CTR), 
MPTP, and MPTP + SFC.

Drugs and treatments

MPTP was purchased from Sigma-Aldrich (purity: > 99%, 
Cat#: M0896) and dissolved in sterile saline. SFC was 
obtained from MCE (purity: > 98%, Cat#: HY-B2184) and 
suspended in 4% sodium carboxymethyl cellulose (CMC-
Na). Mice in the MPTP and MPTP + SFC groups received 
intraperitoneal injections of MPTP (30 mg/kg) once daily 
for 5 consecutive days. In addition to MPTP injections, 
mice in the MPTP + SFC group were orally gavaged with 
SFC daily throughout the experimental period. Mice in 
the CTR group were administered with the same volume 
of 4% CMC-Na and sterile saline. Western blot, immuno-
fluorescence and qPCR analyses were performed on the 
day following the last MPTP injection. Behavioral tests, 
immunohistochemistry and Nissl staining were conducted 
on the 21st day after the final MPTP injection. Please 
refer to Fig. 1A for a timeline schematic. This study was 
approved by the Ethics Committee of the Children’s Hos-
pital of Chongqing Medical University (Approval number: 
CHCMU-IACUC20220323014).

Antibodies

The following primary antibodies were used in this study: 
Anti-TH (Cell Signaling Technology, #58844, 1:1000), 
Anti-DAT (Abcam, ab184451, 1:1000), Anti-Akt (Cell 
Signaling Technology, 9272 S, 1:1000), Anti-p-Akt (Cell 
Signaling Technology, 4060 S, 1:1000), Anti-Nrf2 (Pro-
teintech, 16396-1-AP, 1:1000), and Anti-β-actin (Transgen, 
HC201-02, 1:3000) for western blot analysis; Anti-TH (Mil-
lipore, AB9702, 1:1000), Anti-GFAP (Invitrogen, 13–0300, 
1:500), and Anti-CD11b (Invitrogen, 14-0112-85, 1:500) for 
immunofluorescence; and Anti-TH (Cell Signaling Technol-
ogy, #58844, 1:1000) for immunohistochemistry. The fol-
lowing secondary antibodies were also used: Anti-Mouse 
IgG (Goat), HRP-Labeled (Perkin-Elmer, NEF822001EA, 
1:3000); Anti-Rabbit IgG (Goat), HRP-Labeled (Perkin-
Elmer, NEF812001EA, 1:3000); Donkey Alexa Fluor™488 
(Thermofisher, A21206, 1:1000); Rat Alexa Fluor™555 
(Thermofisher, A78945, 1:500); and Chicken Alexa 
Fluor™647 (Thermofisher, A78952, 1:1000).

Rotarod test

Before the final assessment on the 21st day after the last 
MPTP injection, mice underwent a two-day training period 
on the rotarod. During training, mice were acclimated to a 
constant speed of 20 rpm for 3 min each day. For the formal 
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test, mice were placed on the rotarod, which accelerated 
from 4 to 40 rpm. The test had a cut-off time of 300 s, and 
the latency to fall was recorded as the measure of motor 
coordination and balance.

Wired test

The device comprises two brackets and a U-shaped wire 
positioned 30 cm above the ground, cushioned to prevent 
injury from falls. Mice were suspended by their paws in 
the center of the wire, and the latency to fall was recorded. 
A two-day training period was implemented to acclimate 
mice and minimize stress, with each training session lasting 
5 min. During the formal test, the maximum hanging time 
allowed was 600 s.

Preparation of brain samples

For biochemical experiments, mice were euthanized by cer-
vical dislocation, SN tissues were collected and immediately 
placed on ice. All samples were subsequently transferred to 
a -80 °C freezer for long-term storage. For the morphologi-
cal experiment, mice were anesthetized with 20% urethane 
and rapidly perfused with PBS and 4% PFA. After fixed in 
4% PFA for 16 h at 4℃, brain tissues were dehydrated in 
20% and 30% sucrose solutions, respectively, in sequence 
for 24 h at 4℃. Finally, brain tissues were embedded in tis-
sue OCT-freeze medium to be cut into sections, with thick-
nesses of 20 μm for immunofluorescence and 40 μm for 
immunohistochemistry and Nissl’s staining. The different 
thicknesses were chosen to optimize visualization for the 

Fig. 1 SFC treatment rescues 
motor dysfunctions in MPTP-
induced PD mice. (A) A sche-
matic of the experiment timeline. 
(B) The latency to fall off the 
rod in the rotarod test. (C) The 
latency to hanging on the iron 
rope in the wired test. n = 6–8/
group. Data were expressed 
as mean ± SEM. **p < 0.01, 
***p < 0.001
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Measurement of dopamine content and oxidative 
stress-related indexes

We utilized the Mouse Dopamine ELISA Kit (DA, Jiang-
lai Bio, JL11187) to quantify dopamine levels in striatum 
(STR) tissues. Oxidative stress analysis was conducted 
in SN tissues, including reactive oxygen species (ROS), 
malondialdehyde (MDA) and total antioxidant capac-
ity (T-AOC), using commercial kits (E004-1-1 for ROS, 
A003-1 for MDA, and A015-2-1 for T-AOC) from Nanjing 
Jiancheng Bioengineering Institute (Nanjing, China), fol-
lowing the manufacturer’s instructions.

For dopamine measurement, samples were sequentially 
reacted with biotinylated detection antibody working solu-
tion, HRP conjugate working solution, substrate reagent, 
and stop solution. Absorbance at 532 nm was measured for 
quantification.

For ROS detection, single-cell suspensions of SN tissue 
were incubated with 10 µM DCFH-DA in PBS for 30 min at 
37 °C. After washing with PBS, ROS levels were measured 
using a fluorescence microplate reader (excitation wave-
length: 485 nm; emission wavelength: 550 nm).

For MDA detection, supernatants were combined with 
reagents 1, 2, and 3, followed by incubation at 95 °C for 
60 min. After centrifugation, absorbance at 532 nm was 
measured.

T-AOC was assessed by mixing supernatants with solu-
tion ABTS and reagents 4, incubating for 6 min at room 
temperature, and recording absorbance at 405 nm.

Immunofluorescence

After washing, brain sections were permeabilized with a 
blocking solution for 1 h at room temperature. Subsequently, 
the sections were incubated with primary antibodies over-
night at 4 °C, followed by incubation with secondary anti-
bodies for 1 h at room temperature. Finally, images acquired 
using a confocal laser scanning microscope (Nikon A1R).

Reverse transcription-qPCR

Total RNAs were extracted from the SN tissues using the 
RNA extraction Kit (Spark jade, AC0202). The extracted 
RNA was reverse transcribed into cDNA using the reverse 
transcription kit (Takara, RR047A). The synthesized cDNA 
was subsequently amplified using SYBR Green (Roche, 
KK4601) for real-time PCR analysis. The following primer 
sequences were utilized: Il-4, forward: 5′- C A G C A A C G A A 
G A A C ACCA-3′, reverse: 5′- C G A A A A G C C C G A A A G A 
G-3′; Tnf-α, forward: 5′- A T C G G T C C C C A A A G G G A TGA-
3′, reverse: 5′- G C T A C A G G C T T G T C A C T C G A A-3′; Actb, 

respective techniques. Brain sections were stored in cryo-
protective fluid for preservation.

Immunohistochemistry

Brain sections were initially rinsed in PBS and subsequently 
incubated in 0.01 M PBST (PBS containing 0.3% Triton 
X-100) for 30 min. To eliminate endogenous peroxidase 
activity, the sections were then treated with 3% H2O2 for 
45 min at room temperature. After washing twice with PBS, 
brain sections were blocked with diluted normal goat serum 
(150 µl in 10 ml PBS) at room temperature for 60 min, fol-
lowed by overnight incubation with the anti-TH antibody at 
4 °C. After washing three times in PBS, the sections were 
incubated with a secondary antibody at room temperature 
for 60 min. Subsequently, the sections were incubated 
with ABC dilution (Vector Laboratories, PK-6101) and 
stained with DAB (Vector Laboratories, SK-4105). Finally, 
brain sections were mounted onto slides, dehydrated, and 
permeabilized.

Nissl staining

The brain sections were rinsed twice in 1× PBS for 10 min, 
then mounted onto glass slides and air-dried. Subsequently, 
the slides were immersed in Nissl staining solution (Beyo-
time, C0117, China) at 45 °C for 45 min. After staining, 
they were dehydrated twice in 95% ethanol for 2 min each, 
followed by two rounds of clearing in xylene for 2 min each. 
Finally, the sections were mounted with neutral resin, air-
dried and photographed.

Western blot

Brain tissues were lysed using Laemmli buffer at a ratio of 50 
µL/mg of tissue. The Laemmli buffer composition included 
Tris-Cl (62.5 mM, pH 6.8), dithiothreitol (DTT, 8 mg/ml), 
sodium dodecyl sulfate (SDS, 2% w/v), glycerol (10% v/v), 
and bromophenol blue (BPB; 0.005% w/v). Lysates were 
boiled at 98 °C for 6 min, then separated by 7.5–12.5% 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred onto polyvinylidene fluoride 
(PVDF) membranes (Bio-Rad, USA). The membranes were 
blocked with 5% non-fat dry milk in PBST (0.1% Tween-
20) for 2 h at room temperature, followed by overnight 
incubation with primary antibodies at 4 °C. After wash-
ing, membranes were incubated with secondary antibodies 
for 2 h at room temperature. Subsequently, the membranes 
were visualized using the Bio-Rad Imager with enhanced 
chemiluminescence (ECL) developing solution (Bio-Rad, 
1705061). Band intensities were quantified using ImageJ 
software and normalized to β-actin protein levels.
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SFC restores the function of dopaminergic neurons 
in the MPTP model

Since TH is the rate-limiting enzyme for dopamine pro-
duction and dopamine transporter (DAT) is responsible 
for dopamine neurotransmission [12, 13], we assessed the 
functional integrity in the nigrostriatal dopamine system by 
detecting the expression of TH and DAT in SN and STR 
respectively. Western blot analysis indicated downregula-
tion of TH and DAT expression in both SN and STR fol-
lowing MPTP administration, but mice treated with SFC 
exhibited significant restoration of TH and DAT expression 
(Fig. 3A-F). Furthermore, we quantified striatal dopamine 
content using an Enzyme-Linked Immunosorbent Assay 
(ELISA) kit. Our results revealed that SFC administration 
restored dopamine levels of the STR in the MPTP-induced 
model (Fig. 3G). Together, SFC reverses the dysfunction of 
dopaminergic neurons in the MPTP Model.

SFC attenuates MPTP-induced oxidative stress

MPTP disrupts complex I of oxidative phosphorylation, 
leading to reduced ATP production and increased ROS gen-
eration, resulting in oxidative stress and ultimately causing 
the death of dopaminergic neurons [14]. NRF2 is a crucial 
antioxidant protein [15], and studies have shown that SFC 
can activate NRF2 by covalently binding to Keap1 [7]. 
Therefore, we first observed the effect of SFC on NRF2 
expression. Our findings revealed that NRF2 expression 
was downregulated in the MPTP model; however, treatment 
with SFC significantly restored NRF2 expression (Fig. 4A, 
B). Subsequently, we investigated the impact of SFC on 
oxidative stress. Our results demonstrated that MPTP-
induced ROS and MDA levels were significantly elevated, 
accompanied by a marked reduction in TAOC, compared to 
the CTR group, indicating an imbalance in oxidative reac-
tions following MPTP exposure (Fig. 4C-E). As expected, 
treatment with SFC led to a significant reduction in ROS 
and MDA levels and partially restored TAOC (Fig. 4C-E). 
These results suggest that SFC restores NRF2 expression in 
the MPTP model, thereby mitigating oxidative stress.

SFC inhibits MPTP-induced neuroinflammation

Neuroinflammation is a prominent pathological feature in 
PD patients [16]. The aberrant activation of microglia and 
astrocytes plays a pivotal role in neuroinflammation. When 
activated, they release inflammatory mediators and cyto-
kines such as TNF-α and IL-1β, which can induce neuronal 
damage and death [17]. Research has reported that in the 
MPTP-induced PD animal model, activation of microglia 
and astrocytes leads to the death of dopaminergic neurons 

forward: 5′-GGCTG  T A T T C C C C T C C ATCG-3′, reverse: 
5′- C C A G T T G G T A A C A A T G C C A T G T-3′.

Statistical analysis

All data were assessed for normal distribution and variance 
homogeneity using the Shapiro-Wilk and Brown-Forsythe 
tests, respectively. Statistical analyses were performed 
using One-way ANOVA with Tukey’s multiple comparison 
test and Fisher’s LSD test for comparisons between mul-
tiple groups, using GraphPad Prism 9.5 software. Results 
are presented as mean ± standard error of the mean (SEM), 
and statistical significance was set at P < 0.05.

Results

SFC alleviates motor deficits in MPTP-induced PD 
mice

We administered SFC to MPTP-induced PD mice to investi-
gate its potential therapeutic efficacy. Initially, we employed 
two classical behavioral tests, the rotarod test and wire test, 
to assess the motor capabilities of the mice. In the rotarod 
test, mice in the MPTP-treated group exhibited a signifi-
cantly reduced time spent on the rotating rod compared to 
the CTR group. However, administration of SFC resulted in 
a notable increase in the duration spent on the rod (Fig. 1B). 
Similarly, in the wire test, the MPTP group showed a short-
ened latency to fall compared to the CTR group, whereas 
SFC treatment extended the latency on the wire (Fig. 1C). 
These results collectively indicate that MPTP-induced mice 
experience impairments in coordinated movement and 
endurance, whereas SFC treatment ameliorates the motor 
deficits induced by MPTP.

SFC prevents MPTP-induced degeneration of 
dopaminergic neurons

Next, we conducted immunohistochemistry assays to evalu-
ate tyrosine hydroxylase (TH)-positive neurons in the SN 
and TH-positive terminals in the STR. Our results revealed 
a significant reduction in the number of TH-positive neu-
rons in the SN of MPTP-treated mice, while SFC treatment 
effectively mitigated this loss (Fig. 2A, B). Nissl staining 
further supported these findings, confirming genuine nigral 
neuronal loss rather than a mere reduction in TH expression 
(Fig. 2A, C). Similarly, in the STR, SFC treatment reduced 
the loss of TH-positive terminals compared to the MPTP-
treated group (Fig. 2A, D). These findings demonstrate that 
SFC exerts neuroprotective effects on dopaminergic neu-
rons in the MPTP-induced model.
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SFC treatment significantly suppressed the upregulation of 
the mRNA level of Tnf-α and upregulated the mRNA level 
of Il-4 (Fig. 5D-E). These results suggest that SFC inhib-
its the activation of microglia and astrocytes in the MPTP 
model, thereby suppressing neuroinflammation.

SFC restores the activity of Akt in the MPTP Model

Postmortem examination of PD patients reveal downregu-
lation of p-Akt (Ser473) in dopaminergic neurons [20], 
whereas the phosphorylation of Ser473 is crucial for Akt 
activity [21]. Studies have demonstrated that activating 
Akt confers neuroprotective effects in PD models [22]. 
Therefore, we assessed whether SFC influences Akt activ-
ity by modulating phosphorylation at the Ser473 position 

[18]. Previous studies have demonstrated that SFC inhib-
its the production of NO and TNF-α in a lipopolysac-
charide (LPS)-treated co-culture system of RAW264.7 
macrophages and 3T3-F442A adipocytes, thereby attenuat-
ing inflammation [19]. Therefore, we investigated whether 
SFC could inhibit inflammation in the MPTP model. Our 
results revealed that administration of MPTP significantly 
activated microglia and astrocytes in the SN. (Fig. 5A). 
However, treatment with SFC significantly inhibited the 
activation of microglia and astrocytes (Fig. 5A). Fluores-
cence quantitative analysis further confirmed these find-
ings (Fig. 5B, C). Moreover, MPTP induced a significant 
upregulation of the level for the pro-inflammatory cytokine 
Tnf-α mRNA and downregulation of the level for the anti-
inflammatory cytokine Il-4 mRNA (Fig. 5D-E). However, 

Fig. 2 SFC treatment reduces 
the MPTP-induced DA neurode-
generation. (A) Representative 
images of immunohistochemical 
staining of TH (left) in SN, Nissl 
body (middle) in SN and TH 
(right) in STR. Scale bar: 100 μm 
(SN), 500 μm (STR), n = 6–8/
group. (B-D) Quantitative analy-
sis of TH-positive neurons in SN 
(B), Nissl-stained neurons in SN 
(C) and TH-positive terminals in 
STR (D). Data were expressed 
as mean ± SEM. *p < 0.05, 
***p < 0.001
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present novel findings demonstrating that SFC inhibits oxi-
dative stress and neuroinflammation, while activating Akt 
in the MPTP-induced PD mouse model, thereby improving 
motor dysfunction and exerting neuroprotective effects.

SFC belongs to the chalcone derivatives, known for their 
ability to cross the blood-brain barrier due to their lipophilic 
nature and low polar surface area [24]. Several studies have 
demonstrated the neuroprotective effects of chalcone ana-
logs in animal models of PD [25, 26]. Nevertheless, despite 
being one of the three chalcone drugs currently approved 
for clinical use [27], the therapeutic potential of SFC for 
PD remains unclear. Our results show that SFC ameliorated 
motor impairments and mitigated dopaminergic neuron 
loss and striatal degeneration induced by MPTP. Moreover, 
SFC reversed the downregulation of TH and DAT, restor-
ing dopamine metabolism and transport in the MPTP model, 
ultimately normalizing dopamine levels in the STR. These 

in MPTP-induced PD mice. Our results demonstrate that 
MPTP administration decreased the level of Ser473 phos-
phorylation of Akt in the SN, while having no effect on 
total Akt (Fig. 6A-D). This indicates reduced Akt activity in 
the MPTP model, consistent with prior studies [23]. How-
ever, SFC treatment alleviated the downregulation of p-Akt 
(Ser473) induced by MPTP (Fig. 6A-D). These findings 
suggest that SFC can restore the activity of Akt in the MPTP 
model by modulating the phosphorylation of Akt at Ser473.

Discussion

PD is a progressive neurodegenerative disorder character-
ized by motor dysfunction, for which current therapies only 
provide symptomatic relief without halting disease progres-
sion or degeneration of dopaminergic neurons. Thus, devel-
oping neuroprotective drugs is critical. In this study, we 

Fig. 3 SFC treatment alleviates the expression of TH and DAT and 
restores the dopamine content in MPTP-induced PD mice. (A) Rep-
resentative western blot images for TH and DAT expression in SN, 
n = 3–4/group. (B-C) Quantitative analysis of western blot bands for 
TH (B) and DAT (C) in SN, normalized to β-actin. (D) Representative 

western blot images for TH and DAT expression in STR, n = 4/group. 
(E-F) Quantitative analysis of western blot bands for TH (E) and DAT 
(F) in STR, normalized to β-actin. (G) Quantitative analysis of dopa-
mine content detected by ELISA assay in STR, n = 5–6/group. Data 
were expressed as mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001
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thereby inhibiting NRF2 degradation [7]. Our findings also 
show that SFC reversed the MPTP-induced downregulation 
of NRF2. Upon dissociation from Keap1, NRF2 translo-
cates to the nucleus where it binds to antioxidant response 
elements (AREs), thereby promoting the transcription of 
multiple antioxidant proteins [29]. Further results also 

findings provide initial evidence of the neuroprotective 
effects of SFC in an animal model of PD.

Oxidative stress is implicated in PD pathogenesis, and 
antioxidants have shown neuroprotective effects in PD 
models [28]. It has been reported that SFC can facilitate 
the dissociation of NRF2 from Keap1 by binding to Keap1, 

Fig. 5 SFC treatment mitigates 
neuroinflammation of MPTP-
induced PD mice. (A) Repre-
sentative immunofluorescence 
staining of TH (Red), CD11b 
(Green) and GFAP (Green) in 
SN. Scale bar: 100 μm, n = 5–9/
group. (B-C) Quantification 
of CD11b (B) and GFAP (C) 
fluorescence intensity in the 
SN. (D-E) Quantitative analysis 
of RT-qPCR for the mRNA of 
Tnf-α(D) and Il-4(E), n = 4–6/
group. Data were expressed 
as mean ± SEM. *p < 0.05, 
**p < 0.01, ***p < 0.001

 

Fig. 4 SFC treatment attenuates 
oxidative stress in MPTP-induced 
PD mice. (A) Representative 
western blot images for Nrf2 
expression in SN, n = 5/group. 
(B) Quantitative analysis of 
western blot bands for Nrf2 
normalized to β-actin. (C-E) 
Quantitative analysis of ROS 
(C), MDA (D) and T-AOC (E) 
in SN, n = 5–7/group. Data 
were expressed as mean ± SEM. 
*p < 0.05, **p < 0.01, 
***p < 0.001
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expression, thereby inhibiting neuroinflammation [36]. 
Therefore, SFC may inhibit oxidative stress and neuroin-
flammation in the MPTP model by restoring Akt activity.

Conclusions

In conclusion, our findings provide the first evidence that 
SFC can attenuate neurodegeneration and improve motor 
deficits by inhibiting oxidative stress and neuroinflamma-
tion and activating Akt in the MPTP-induced PD model. 
This study broadens the therapeutic potential of SFC and 
underscores its promise as a neuroprotective agent for the 
treatment of PD.
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indicate that SFC significantly inhibits the production of 
ROS and MDA, and enhances the activity of T-AOC. These 
findings suggest that SFC may attenuate oxidative stress in 
the MPTP model by restoring NRF2 expression and subse-
quently enhancing the expression of antioxidant proteins.

Neuroinflammation is a key pathological feature of PD, 
and targeting neuroinflammation is considered a potential 
target for PD treatment [30]. Previous research has demon-
strated that SFC significantly attenuates the production of 
inflammatory mediators such as NO, TNF-α, and MCP-1 
in co-cultures of RAW264.7 macrophages and 3T3-F442A 
adipocytes stimulated with LPS [19]. Additionally, SFC has 
been shown to inhibit inflammation by targeting HMGB1 
in Caco-2 cells [31]. In our study using PD animal mod-
els, we observed that SFC administration effectively sup-
pressed the activation of microglia and astrocytes, reduced 
the expression of the pro-inflammatory cytokine TNF-α, 
and increased the expression of the anti-inflammatory cyto-
kine IL-4. Other studies have reported that derivatives of 
chalcones, such as 2-hydroxy-3’,5,5’-trimethoxychalcone 
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