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ABSTRACT  
This study investigates the effect of Licochalcone A (Lico-A), a flavonoid from licorice roots known 
for its anti-inflammatory, anti-cancer, and antioxidant properties, on NMDA-induced neurotoxicity 
in primary cultured rat hippocampal neurons. The study measured cell survival following NMDA 
and Lico-A exposure, revealing that Lico-A at a 2.5 μg/ml significantly improved cell viability, 
countering the detrimental effects of NMDA. The study also analyzed synaptic changes by 
examining both postsynaptic density 95 (PSD95) and synaptophysin-targeted imaging, showing 
that Lico-A treatment resulted in a significant increase in synaptic puncta, contrasting with the 
reduction observed under NMDA exposure. Furthermore, levels of phosphorylated mixed 
lineage kinase domain-like pseudokinase (P-MLKL) and phosphorylated receptor-interacting 
serine/threonine-protein kinase 3 (P-RIP3), key necroptosis regulators, were measured using 
Western blotting. The results showed an increase in P-MLKL and P-RIP3 in neurons exposed to 
NMDA, which was reduced following Lico-A treatment. The response of astrocyte and microglia 
was also evaluated by immunostaining for glial fibrillary acidic protein (GFAP), ionized calcium- 
binding adaptor molecule 1 (IBA-1) and tumor necrosis factor alpha (TNF-α). These markers 
exhibited heightened expression in the NMDA group, which was substantially reduced by Lico- 
A treatment. These findings suggest that Lico-A has neuroprotective effects against NMDA- 
induced neurotoxicity, potentially contributing to synaptic preservation, inhibition of neuronal 
necroptosis, and modulation of glial activation. Therefore, Lico-A shows promise as a 
neuroprotective agent for conditions associated with NMDA-related neurotoxicity.
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Introduction

Neurotoxicity is a consequence of various substances or 
environmental factors that detrimentally affect the 
nervous system, leading to alterations in the structure 
and function of neurons. It encompasses mechanisms 
such as excitotoxicity, oxidative stress, inflammation, 
and dysfunction of glial cell, crucial in the development 
of neurodegenerative diseases (Bilge 2022). This study 
focuses on neuronal damage due to overstimulation of 
glutamate receptors (Dong et al. 2009). Excess gluta-
mate initiates enzymatic activities causing neuronal 
damage (Porter et al. 1997). These processes are promi-
nent in disorders like Alzheimer’s, epilepsy, multiple 
sclerosis, and amyotrophic lateral sclerosis (Van Den 
Bosch et al. 2006), highlighting the potential therapeutic 
value in addressing excitotoxicity. Neurodegeneration in 
the hippocampus, vital for memory and cognitive func-
tion, leads to substantial deficits in these functions in 

various neurodegenerative disorders(Anand and 
Dhikav 2012; Terreros-Roncal et al. 2021). However, the 
exact mechanisms of hippocampal neurodegeneration 
remain elusive.

Licochalcone A (Lico-A), a flavonoid compound 
extracted from licorice root and used in traditional 
Chinese medicine. Licorice root has applications in treating 
various health issues, including infections, inflammation, 
and cancer. Lico-A is particularly known for its anti-inflam-
matory, antibacterial, antiviral, and anticancer properties 
(Chen et al. 2017). This study investigates the effects of 
Lico-A on hippocampal neurons, particularly focusing on 
its protective role against NMDA-induced cell death.

We also examine the structural integrity of excitatory 
synapses and neuronal recovery by focusing on Postsyn-
aptic density protein-95 (PSD-95) and Microtubule- 
associated protein 2 (MAP2) (Kornau et al. 1995; Coley 
and Gao 2018). PSD is critical in maintaining synaptic 
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structure and pivotal for synaptic plasticity and neuro-
transmitter receptor regulation. Understanding the role 
of PDS95 is key to studying synaptic plasticity, neuronal 
development and neuronal disorders.

Another focus is neuroinflammation, involving astro-
cytes and microglia activation in response to central 
nervous system damage or disease. Overactivation of 
these cells can lead to chronic inflammation and cell 
death via the release of proinflammatory cytokines and 
inflammatory mediators. This process is linked to various 
neurological disorders, including Alzheimer’s, Parkinson’s, 
and epilepsy (Pekny and Pekna 2016; Patel et al. 2019).

Necroptosis, a programed form of cell death distinct 
from apoptosis, is initiated through specific molecular 
pathways and can trigger inflammatory responses, 
exacerbating cell death (Galluzzi et al. 2017). Under-
standing the mechanisms of necroptosis, including the 
roles of receptor-interacting protein kinases and MLKL, 
is crucial in exploring new therapeutic approaches.

Natural substances have been increasingly recognized 
for their therapeutic potential in various conditions, 
including necrosis. Compounds such as Resveratrol from 
grapes (Hu et al. 2021), Curcumin from turmeric (Lee 
et al. 2021), Quercetin from fruits and vegetables (Fan 
et al. 2019), EGCG from green tea (Machin et al. 2020), 
and Apigenin from parsley (Lee et al. 2020) have shown 
promise in inhibiting necrotic processes. However, the 
therapeutic potential of Lico-A in mitigating necroptosis, 
especially in relation to central nervous system damage, 
remains insufficiently explored. Therefore, this study 
aims to investigate the effects of Lico-A on the hippocam-
pal neurons exposed to NMDA-induced necroptosis, 
exploring its potential as a neuroprotective agent in neu-
rodegenerative diseases.

Materials and methods

Cell culture

Primary hippocampal neurons from embryonic 
Sprague–Dawley rats (gestational day 19) were cultured 
in HEPES-buffered Hanks salt solution, excluding Ca2+ 

and Mg2+ (HHSS), maintaining a pH of 7.45 (Hong et al. 
2022). Neurons were dissociated using a flame-polished 
Pasteur pipette and incubated either in Neurobasal 
medium supplemented with 2% B27, 0.25% Glutamax 
I, and antibiotics (penicillin, streptomycin, amphotericin 
B), or DMEM containing phenol red, 10% FBS, and the 
same antibiotic mixture. The neurons were plated on 
60 mm ECM Gel-coated (Sigma-Aldrich, USA) cover 
glasses at 75×104 cells/ml and incubated at 37°C in an 
atmosphere of 10% CO2 and 95% humidity, with three- 
quarters of the medium refreshed every three days.

MTT assay

Cultured hippocampal neurons were seeded at 66×104 

cells/ml in 96-well plates and cultured for 11 days. 
Before 100 μM NMDA exposure, cells were pre-treated 
with Lico-A at 1.25 and 2.5 μg/ml for one hour. Following 
this, cells were incubated for an additional 24 hours with 
Lico-A at the same concentrations. Cell viability was 
assessed using an MTT assay, measuring absorbance at 
570 nm after a four-hour incubation with MTT solution, 
using a microplate reader (Kim et al. 2023).

Immunocytochemistry

After 11 days of culture and Lico-A treatment, hippo-
campal neurons were prepared for immunocytochemi-
cal analysis. Cells were fixed in methanol at −20°C for 
8 minutes and washed. Permeabilization was achieved 
using 0.3% Triton X-100 for 5 minutes, followed by 
blocking with 5% Bovine Serum Albumin (BSA, Sigma 
Aldrich, USA) for 90 minutes at room temperature 
(Yun et al. 2023). Overnight incubation at 4°C was 
done with primary antibodies including mouse anti- 
MAP2 (1:200, Sigma-Aldrich, USA), rabbit anti-PSD95 
(1:200, Invitrogen, USA), mouse anti-GFAP (1:200, 
Sigma-Aldrich, USA), rabbit anti-IBA-1 (1:500, Wako, 
Japan) and mouse anti-TNF-α (1:200, Santa Cruz, 
USA). This is followed by incubation with Alexa Fluor 
488 anti-rabbit IgG (1:500, Invitrogen, USA), and 
Alexa Fluor 555 anti-mouse IgG (1:1000, Invitrogen, 
USA) secondary antibodies. Cells were then mounted 
on slides using VECTASHIELD Mounting Medium 
(Vector Laboratories, Inc., Burlingame, USA) for confo-
cal microscopy.

Confocal imaging and morphological analysis

The immunostained cells were examined using a LSM 
700 confocal microscope (Carl Zeiss, Germany) equipped 
with a 40x objective lens. Z-stack imaging was utilized, 
capturing 8 sectional images at 1 μm intervals. GFP 
and RFP fluorescence were visualized with an argon 
ion laser (for GFP) and a HeNe laser (for RFP), respect-
ively, for exciation and emission wavelengths specific 
to each flurophore. Quantification of puncta labeled by 
PSD95 and synaptophysin followed the methods out-
lined in prior studies (Kim and Thayer 2009; Hong et al. 
2022). Measurements were based on randomly selected 
image fields per coverslip (n), where n represents the 
number of image fields per coverslip. The intensity of 
GFAP, IBA1, and TNF-α was expressed as the mean ± 
SEM, with n indicating the number of image fields 
analyzed.
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Western blot

After 11 days in primary culture and 24 hours following 
Lico-A treatment, hippocampal neurons in 6-well plates 
were harvested. Cells were dissociated using Accutase 
(Sigma-Aldrich, USA) and lysed using ProPrep™ lysis 
buffer (iNtRON Biotechnology, Seongnam, Korea) (Roh 
et al. 2023). Protein concentrations were determined 
using a BCA protein assay. 30 µg protein was loaded 
onto 12% SDS-polyacrylamide gels. Western blotting 
involved incubation with anti-P-MLKL and anti-P-RIP3 
primary antibody, followed by an anti-rabbit IgG second-
ary antibody. Bands were visualized using Pierce™ ECL 
Western Blotting Substrate (Thermo Scientific, USA) and 
subsequently re-probed for β-actin for normalization.

Statistical analysis

Data were presented as mean ± SEM. Statistical compari-
sons for multiple samples were conducted using 
ANOVA, followed by Bonferroni’s post-hoc test (Graph-
Pad Prism8, GraphPad, California, USA). Significance 
levels were set at P<0.05 for 95% confidence and 
P<0.01 for 99% confidence, as appropriate for each 
experimental condition.

Results

Neuroprotective effects of Lico-A against NMDA- 
induced neurotoxicity

Our study investigated the protective effects of Lico-A 
on hippocampal neurons under NMDA-induced 

neurotoxicity. Cell viability, assessed using the MTT 
assays, indicated a decline in neuron survival (79.1 
±1.4%, n = 7, p<0.001) following NMDA exposure, con-
trasted with untreated controls (100±0%, n = 7). Lico-A 
treatment alone did not alter cell viability significantly. 
However, neurons treated with Lico-A post-NMDA 
exposure at 1.25 and 2.5 μg/ml concentrations exhibited 
increased survival rates of 85.9±3.8% (n = 7) and 92.7 
±4.2% (n = 7, p<0.01), respectively. A dose-dependent 
increase in cell survival with the 2.5 μg/ml dose nearly 
restoring cell viability control levels (Figure 1C).

Effect of Lico-A on NMDA-induced synaptic loss

We analyzed the expression of PSD-95, integral for 
synaptic stability, in neurons treated with NMDA. 
Immunocytochemistry targeting PSD-95 and MAP2 
revealed a significant reduction in synaptic puncta in 
the NMDA-treated group (43.0±4.0%, n = 7, p<0.001) 
compared to the control (100±7.5%, n = 7). Treatment 
with Lico-A at both tested concentrations resulted in 
maintained synaptic numbers (86.5±5.1%, n = 5 for 
1.25 μg/ml and 88.9±5.4%, n = 3 for 2.5 μg/ml), with sig-
nificant synaptic preservation at both concentration 
(68.0±5.4%, n = 5, p<0.05 for 1.25 μg/ml and 74.6 
±5.4%, n = 5, p<0.01 for 2.5 μg/ml) (Figure 2B). We also 
examined synaptic puncta using the presynaptic 
marker synaptophysin (Figure 2C). The NMDA-treated 
group showed a significant reduction in puncta (67.3 
±6.1%, n = 15, p<0.01) compared to the control group 
(100±5.7%, n = 17, p<0.01). This reduction in puncta 
was significantly reversed by treatment with both 

Figure 1. Neuroprotective effects of Lico-A in NMDA-induced neurotoxicity. Cell viability was assessed using the MTT assay, involving 
a 4-hour incubation with 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide. A, Chemical structures of the Lico-A com-
pound. The MTT assay results indicate that Lico-A does not adversely affect neuronal survival. B, Experimental design of NMDA- 
induced neurotoxicity model is shown as a timeline. The pretreatment group was treated with Lico-A (1.25 and 2.5 μg/ml) for one 
hour before exposure to NMDA (100 μM) and continued with Lico-A for an additional 24 hours. C, Quantification of neuronal survival 
over 24 hours following NMDA-induced damage in cultured rat hippocampal neurons. Notably, Lico-A at concentrations of 1.25 μg /ml 
and 2.5 μg /ml demonstrated a dose-dependent improvement in cell viability, effectively reducing the neuronal damage caused by 
NMDA. One-way ANOVA analysis with Bonferroni post-hoc test, p < 0.0001, F(5, 36) = 9.509. Data are expressed as means ± SEM. ***p <  
0.001 compared to the control; ##p < 0.01 compared to the NMDA group.
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concentrations of Lico-A, with puncta levels increasing 
to 101.0±8.9% (n = 12, p<0.01) for 1.25 μg/ml and 
107.5±8.9% (n = 13, p<0.001) for 2.5 μg/ml (Figure 2D). 
These findings indicate that Lico-A can facilitate synaptic 
recovery in hippocampal neurons affected by NMDA- 
induced neurodegeneration.

Influence of Lico-A on glial cell responses in 
NMDA-induced neurotoxicity

This study evaluated the effects of Lico-A on glial cells 
under NMDA-induced neurotoxicity using immuno-
cytochemistry (Figure 3). In the NMDA-treated group, 
astrocytes exhibited increased intensity (86.38±5.2, n  
= 24, p<0.001) in contrast to the control group 
(26.00±4.6, n = 22) (Figure 3B). Treatment with Lico-A 
at concentrations of 1.25 and 2.5 μg/ml demonstrated 

a dose-dependent reduction of GFAP intensity in 
astrocyte (63.66±7.0, n = 18, p<0.01 for 1.25 μg/ml 
and 23.63±2.3, n = 19, p<0.001 for 2.5 μg/ml) and 
returned expression levels to near normal (21.3±2.2, 
n = 25 for 1.25 μg/ml and 23.4±5.0m = , n = 33 for 
2.5 μg/ml). Similarly, microglial cells exhibited a 
notable decrease in intensity following Lico-A treat-
ment (76.52±2.69, n = 22, p<0.01 for 1.25 μg/ml and 
30.96±1.25, n = 26, p<0.001 for 2.5 μg/ml) compared 
to the NMDA-treated group (93.56±6.53, n = 24, 
p<0.001), indicating a dose-responsive reduction 
(Figure 3D).

To further investigate the effects of Lico-A on glial cell 
responses related to neurotoxicity, we performed 
double labeling immunocytochemistry for the pro- 
inflammatory cytokine TNF-α and GFAP (Figure 3E). 
TNF-α expression levels significantly increased in the 

Figure 2. Effect of Lico-A on synaptic punctate pattern in NMDA-induced synaptic loss. Confocal imaging was used to analyze the 
punctate patterns of PSD95 (A) and synaptophysin (C), demonstrating that Lico-A significantly reduced the neurodegeneration 
induced by NMDA. The graph displays a quantitative analysis of PSD95 (B) and synaptophysin (D) puncta, highlighting the neuropro-
tective effect of Licochalcone A in mitigating synapse loss caused by NMDA. One-way ANOVA was performed with Bonferroni post-hoc 
test, (B) p < 0.0001, F(5,26) =  13.80; (D) p = 0.0023, F(5,88) =  4.071. Scale bar represents 10 μm for low magnified images, 2 μm for high 
magnified images. Data are presented as means ± SEM; **p < 0.01, ***p < 0.001 compared to the control group; #p < 0.05, ##p < 0.01, 
###p < 0.001 compared to the NMDA-treated group.
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NMDA-treated group (2.69 ± 0.3%, n = 8, p<0.001) com-
pared to the control (0.47 ± 0.1%, n = 8). This increase 
was significantly reduced upon treatment with Lico-A 
at both concentrations (1.00 ± 0.2%, n = 8, p<0.001 
for 1.25 μg/ml and 0.93 ± 0.14%, n = 8, p<0.001 for 2.5 
μg/ml).

Efficacy of Lico-A in reducing hippocampal 
necroptosis

To determine Lico-A’s role in regulating necroptosis in 
hippocampal neurons, we analyzed the expression of 
P-MLKL and P-RIP3, critical markers of necroptosis, 

Figure 3. The impact of Lico-A on gliosis in NMDA-induced neurotoxicity of hippocampal neurons. A, C and E, Confocal images depict 
changes in astrocytes in response to NMDA-induced neurotoxicity and subsequent treatment with Lico-A. The graph illustrated the 
quantitative analysis of GFAP (B), IBA-1 (D) and TNF-α (F) intensity. One-way ANOVA was performed with Bonferroni post-hoc test, (B) 
p < 0.0001, F(5,127) = 89.28; (D) p < 0.0001, F(5,143) =  61.33; (F) p < 0.0001, F(5, 42) =  21.16. Scale bar, 20 μm. The data were presented as 
means ± SEM; ***p < 0.001 compared to the control; ##p < 0.01; ###p < 0.001 compared to NMDA.
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following NMDA exposure (Figure 4). Western blot analy-
sis displayed a significant elevation in P-MLKL levels in 
the NMDA-treated neurons (2.06±0.25, n = 4, p<0.01) 
compared to the control group (1±0, n = 4). Lico-A treat-
ments at both 1.25 and 2.5 μg/ml concentrations led to 
marked reductions in P-MLKL expression, with the 
higher dose effectively normalizing levels to control 
group values (1.66±0.03%, n = 3 for 1.25 μg/ml and 
1.00±0.20%, n = 4, p<0.01 for 2.5 μg/ml) (Figure 4B). Fur-
thermore, P-RIP3 expression also showed an increasing 
trend in the NMDA-treated group (1.33±0.05%, n = 3) 
compared to the control group (1±0, n = 4) (Figure 4D). 
This increase was dose-dependently reduced by Lico-A 
treatment (1.11±0.02%, n = 2 for 1.25 μg/ml and 0.90 
±0.21%, n = 4 for 2.5 μg/ml). This indicates that Lico-A 
is effective in reducing NMDA-induced necroptosis in 
hippocampal neurons by inhibiting the phosphorylation 
of MLKL and RIP3.

Discussion

This study delved into the neuroprotective role of Lico-A 
against NMDA-induced neurotoxicity in hippocampal 
neurons. Our findings highlighted a significant decrease 
in neuronal viability upon NMDA treatment, which was 
notably improved with Lico-A treatment (Figure 1). A 

key finding was the reduction in synaptic puncta, specifi-
cally targeting the postsynaptic protein PSD-95 and the 
presynaptic protein synaptophysin, following NMDA 
exposure. This reduction was effectively reversed by 
Lico-A treatment (Figure 2). Additionally, NMDA- 
induced neurodegenerative changes in astrocytes and 
microglia, such as glial activation and increased pro-
duction of proinflammatory cytokine, were alleviated 
by Lico-A (Figure 3). Moreover, Lico-A inhibited the 
phosphorylation of MLKL and RIP3, which are key 
markers of NMDA-induced necroptosis in hippocampal 
neurons (Figure 4). These results highlight Lico-A’s 
efficacy in alleviating NMDA-induced neurodegenerative 
damage and morphological changes in hippocampal 
neurons, reducing glial cell activation, and ultimately 
promoting cell survival (Figure 5).

Lico-A, a flavonoid from licorice roots and utilized in 
traditional Chinese medicine, has demonstrated neuro-
protective effects against Aβ toxicity, linked to Alzhei-
mer’s disease, by modulating NRF2-related 
antioxidative pathways and activating CREB-dependent 
survival pathways (Lee et al. 2018). Lico-A has also 
been shown to lower reactive oxygen species (ROS) 
and malondialdehyde (MDA) levels and inhibit pro- 
inflammatory cytokines like TNF-α and IL-6, exhibiting 
antioxidant and anti-inflammatory properties (Liu et al. 
2018). Lico-A’s neuroprotective potential in disorders 
such as Alzheimer’s and Parkinson’s has been increas-
ingly validated (Busquets et al. 2018; Olloquequi et al. 
2023) suggesting its beneficial role in hippocampal 
neurons.

Our study induced neurotoxicity through the acti-
vation of NMDA receptors (Simões et al. 2018), associ-
ated with an increase in intracellular calcium ion 
concentrations (Ndountse and Chan 2009). The acti-
vation of calcium-dependent enzymes, like proteases 
and phospholipases, leads to morphological alterations 
in the cytoskeleton and breaches in cellular integrity, 
ultimately resulting in apoptosis and necroptosis (Fan 
and Raymond 2007; Cheng et al. 2018). This phenom-
enon, known as excitotoxicity, is implicated in the devel-
opment of various central nervous system 
neurodegenerative disorders (Sims and Zaidan 1995)

Furthermore, this study examined the synapto-pro-
tective effects of Lico-A against NMDA-induced synaptic 
impairment. Building on previous studies focusing on 
neurodegenerative diseases, particularly epilepsy (Bus-
quets et al. 2018; Olloquequi et al. 2023), we employed 
NMDA as an excitotoxic agent (Thom et al. 2010) and 
observed Lico-A’s protective impact on neuronal cells. 
Moreover, the study quantitatively examined changes 
in synaptic puncta targeting PSD-95, crucial for the stab-
ility of excitatory synapses. PSD-95 is vital for synaptic 

Figure 4. Effects of Lico-A on reducing hippocampal necropto-
sis. A and C, Western blot analysis depicts the expression levels 
of phospho-MLKL(P-MLKL) and phospho-RIP3 (P-RIP3) in the 
hippocampal neurons, using β-actin as a loading control. B 
and D, the graph displays the quantification of P-MLKL and P- 
RIP3 normalized to β-actin. Notably, the NMDA NMDA + Lico-A 
(2.5 µg/ml) treated groups exhibited significantly lower levels 
of P-MLKL compared to the NMDA group. One-way ANOVA 
was performed with Bonferroni post-hoc test, (B) p = 0.0025, 
F(3,11) =  9.195; (D) p = 0.1069, F(3,8) =  2.823. Data were pre-
sented as means ± SEM; **p < 0.01 compared to the control; 
##p < 0.01 compared to the NMDA group.

ANIMAL CELLS AND SYSTEMS 397



plasticity (Béïque and Andrade 2003) and its diminished 
expression is associated with neurodegenerative con-
ditions(Catts et al. 2015). The observed reduction in 
PSD-95 positive synaptic puncta due to NMDA and 
their subsequent restoration by Lico-A treatment 
suggest that Lico-A can mitigate synaptic damage and 
modulate functional impairment in hippocampal 
neurons (Figure 2). Given the limited regenerative 
capacity of the central nervous system compared to 
the peripheral nervous system (Huebner and Strittmatter 
2009), the influence of Lico-A on PSD-95 in hippocampal 
neurons implies its potential to suppress the processes 
leading to synaptic damage caused by NMDA-induced 
neurotoxicity, thereby controlling functional impairment 
of neurons at an early stage.

NMDA-induced necroptosis (Liu et al. 2014) rep-
resents a critical mechanism often utilized in models of 
epilepsy and seizures, where excitotoxicity plays a pre-
dominant role (Choi et al. 2021). Excitotoxicity and 
necroptosis, though distinct processes, may converge 
under certain conditions, particularly in neuronal dis-
orders and brain damage. Overactivation of glutamate 
receptors and resulting cellular stress can activate 
necroptosis-related intracellular signaling pathways. 
The core receptors of necroptosis, RIPK1 and RIPK3, 
can be triggered by cell stress due to excitotoxicity, 
leading to membrane rupture and release of cellular 
contents. This may result in the discharge of damage- 
associated molecular patterns (DAMPs) and pro- 

inflammatory cytokines, creating an inflammatory 
milieu that amplifies cellular damage. Thus, both pro-
cesses are related to cell death, and their interplay can 
contribute to the progression of various pathological 
conditions.

Furthermore, our study explored the processes of 
necroptosis and glial activation in hippocampal 
neurons. Glial activation, marked by increased activity 
of glial cell in response to central nervous system 
damage, often triggers the release of inflammatory cyto-
kines, such as TNF-α. This can initiate necroptotic path-
ways involving RIPK1 and RIPK3. This increased glial 
activation and subsequent necroptosis contribute to 
chronic neuroinflammation, which further damages 
neural tissues due to continuous inflammatory signaling 
and cell death.

Our findings underscore Lico-A’s efficacy in mitigat-
ing these processes in hippocampal neurons exposed 
to NMDA-induced neurotoxicity. By reducing glial acti-
vation and the release of TNF-α, Lico-A disrupts the 
necroptotic signaling pathway, thereby preserving neur-
onal viability. Utilizing GFAP and IBA-1 as markers, we 
noted that Lico-A mitigated the cellular activation and 
increased intensity caused by NMDA (Figure 3). Further-
more, the ability of Lico-A to decrease phosphorylated 
MLKL and RIP3 levels (Figure 4) highlights its potential 
to inhibit necroptosis. These results underscore Lico- 
A’s potential as a natural substance in aiding the viability 
of hippocampal neurons in various neurodegenerative 

Figure 5. Schematic diagram of the effects of Lico-A in cultured rat hippocampal neurons.
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`diseases. This suggests that Lico-A might serve as a 
promising therapeutic agent in neurodegenerative dis-
eases, highlighting the need for further research in this 
area.
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