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Objective(s): Taurine, a brain-abundant sulfonic acid, shows potential neuroprotective effects 
and may counter neurodegenerative processes. This study investigated the effects of taurine on 
neuroinflammation, focusing on Aβ-degrading proteins and gene expression related to neurogenesis 
in an LPS-stimulated SH-SY5Y cell model.
Materials and Methods: The effects of taurine (0.5 and 1 mg/ml) and LPS (0.5 and 10 μg/ml) on SH-
SY5Y cell viability were assessed using the MTT assay. IL-1β and IL-6 expression was measured by 
real-time PCR, while matrix metalloproteinases (MMPs) and angiotensin-converting enzyme (ACE) 
levels were quantified via ELISA. Neurogenesis-related gene expression was evaluated using the 
Neurogenesis Plus RT² Profiler PCR array.
Results: The MTT assay results demonstrated that taurine treatment at concentrations of 0.5 and 1 
mg/ml significantly attenuated the cytotoxicity induced by LPS stimulation in SH-SY5Y cells. Also, 
treatment with taurine significantly reduced the expression levels of the inflammatory genes IL-1β and 
IL-6 in LPS-stimulated SH-SY5Y cells (P<0.05). ELISA results further revealed that taurine treatment 
significantly increased the secretion levels of ACE and MMP-9 enzymes in LPS-stimulated SH-SY5Y 
cells (P<0.05). LPS exposure in SH-SY5Y cells significantly up-regulated genes related to apoptosis, 
cell migration, and synaptic function (P<0.005). Conversely, taurine treatment significantly increased 
the expression of genes involved in cell adhesion, synaptic function, growth factors, cytokines, 
differentiation, cell cycle, signaling, transcription, and cofactor activity (P<0.005).
Conclusion: These results suggest that taurine may act as a potential neuroprotective agent by 
increasing the secretion of MMP-9 and ACE, regulating neurogenesis-related genes, and reducing 
LPS-induced neuroinflammation.
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Alzheimer’s disease (AD) is one of the most common 
neurodegenerative disorders, the prevalence of which is 
increasing dramatically in the elderly population. A set 
of pathological changes in the brain, including chronic 
neuroinflammation and progressive neuronal destruction, 
characterizes it. The consequence of these processes is the 
impairment of cognitive functions, especially memory and 
learning (1). Despite extensive efforts, a definitive cure for 
AD has not yet been introduced, and current therapeutic 
approaches mainly focus on reducing symptoms and 
improving the quality of life of patients (2). A defining 
pathological characteristic of AD is the buildup of amyloid-
beta (Aβ) plaques in the brain, which impair neuronal 
communication and lead to neuronal death (3). Beyond 
the production of amyloid precursor protein (APP) in the 
amyloidogenic pathway, the extent of Aβ accumulation 
also hinges on its degradation (4). The formation and 

removal of these plaques are carefully controlled by various 
enzymes, such as matrix metalloproteinases (MMPs) and 
angiotensin-converting enzyme (ACE), both of which are 
crucial in the degradation of Aβ (5, 6).  The ACE enzyme, 
a metalloprotease with two homologous regions called the 
N and C domains, exhibits proteolytic activity in both. It is 
primarily expressed by endothelial, epithelial, and neuronal 
cells, and is well-established in its role of regulating blood 
pressure by converting angiotensin-1 to angiotensin-2 
and inactivating bradykinin (7). Research shows that ACE 
can break down amyloid beta peptide and prevent its 
accumulation and deposition in laboratory settings (8, 9). 
MMP-9 is another enzyme that depends on calcium and 
zinc and belongs to the gelatinase subfamily. These enzymes 
are activated extracellularly and participate in a range 
of physiological processes, such as extracellular matrix 
regeneration and nerve growth. Activated outside the cell, 
it is involved in various physiological processes, including 
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extracellular matrix regeneration and nerve growth. 
MMP-9 is also implicated in pathological conditions 
such as neuroinflammation and tumor invasion. Animal 
studies have shown that MMP-9 is expressed in astrocytes 
surrounding amyloid plaques and plays a role in the 
degradation of amyloid proteins (10, 11). Understanding the 
regulation of these enzymes is vital for developing strategies 
to mitigate Aβ accumulation and slow the progression of AD.

Neuroinflammation, involving microglia and astrocyte 
activation, critically influences neurogenesis regulation 
and disruption in the adult brain. Elevated inflammatory 
cytokines like IL-1β, IL-6, and TNF-α—common in 
neurodegenerative diseases—can hinder neural progenitor 
cell survival, proliferation, and differentiation, thereby 
decreasing new neuron formation (12). Key genes also 
govern neurogenesis; for instance, NOTCH1, part of the 
Notch pathway, is essential for maintaining neural progenitor 
cells and controlling their division in adult neurogenesis, 
with pathway disruption shifting the balance between 
proliferation and differentiation (13). Similarly, NEUROD1, 
a bHLH transcription factor, is involved in neuronal 
differentiation, and lower activity levels correlate with 
impaired neuronal development (14). BDNF, a neurotrophic 
factor, supports survival, plasticity, and growth of neurons; 
its reduction during neuroinflammation can impair 
neurogenesis and synaptic connectivity (15). Additionally, 
molecules like DCX, a marker of young neurons, and 
CXCL1, a chemokine, are involved in migration, survival, 
and maturation processes, with their expression balance 
affected by inflammation (12). Therefore, investigating how 
the expression of these genes changes in neuroinflammation 
models can contribute to a better understanding of the 
molecular mechanisms of neurogenesis impairment in 
neurodegenerative diseases and provide a suitable basis for 
evaluating the effects of therapeutic agents such as taurine.

Taurine, a sulfur-containing β-amino acid, plays a vital role 
in the central nervous system by regulating osmosis, serving 
as an antioxidant, modulating neural activity, and managing 
intracellular calcium levels. During spinal cord injuries, 
taurine levels rise, potentially aiding in tissue protection 
and regeneration (16). Recent research has highlighted 
taurine’s potential neuroprotective effects, suggesting it may 
influence processes involved in neurodegeneration, such as 
inflammation, and apoptosis (17, 18). Given its abundance 
in the central nervous system, taurine is thought to play a 
role in maintaining neuronal health, possibly through the 
modulation of enzymes involved in Aβ degradation (19). 
In addition to its effects on Aβ-related enzymes, taurine 
has been implicated in the regulation of neurogenesis—the 
process by which new neurons are formed in the brain (20). 
Neurogenesis is crucial for maintaining cognitive function, 
particularly in the hippocampus, a region severely affected 
in AD. Genes involved in neurogenesis are essential for 
neuronal differentiation, survival, and synaptic plasticity (21). 
Therefore, understanding how taurine affects the expression 
of these genes could provide valuable insights into its potential 
as a therapeutic agent for neurodegenerative diseases.

The SH-SY5Y cell line, derived from human 
neuroblastoma, is used as a common laboratory model to 
investigate neuronal function and mechanisms involved 
in neurological diseases. It is particularly useful for 
investigating the molecular and cellular responses to various 
treatments, including those targeting neuroprotection 
and neurogenesis (18). In this study, SH-SY5Y cells were 

exposed to LPS to induce inflammation, and the effects 
of taurine on Aβ-degrading enzymes, specifically MMP-
9 and ACE, as well as on the expression of genes involved 
in neurogenesis, were investigated. This study aimed to 
clarify the role of taurine in modulating key Aβ-degrading 
proteins, regulating gene pathways related to neurogenesis, 
and reducing LPS-induced neuroinflammation.

Materials and Methods
Culture conditions 

The SH-SY5Y cells used in this research were sourced 
from the Pasteur Institute, Iran, and cultured according to 
standard protocols to ensure optimal growth conditions. 
SH-SY5Y cells were cultured in DMEM/HG (Biological 
Industries) supplemented with 10% fetal bovine serum 
(FBS), 2 mM L-glutamine (Biological Industries), and 1% 
penicillin-streptomycin (Biological Industries). Cells were 
incubated for 24 hr under standard conditions of 37 °C, 95% 
relative humidity, and 5% CO2 to achieve optimal conditions 
for cell growth and stability. To evaluate the dose-dependent 
effects of taurine on LPS-induced neuroinflammation, SH-
SY5Y cells were randomly assigned to seven experimental 
groups. The groups included: control (untreated cells), LPS 
(0.5 µg/ml), LPS (10 µg/ml), LPS (0.5 µg/ml) + taurine (0.5 
mg/ml), LPS (0.5 µg/ml) + taurine (1 mg/ml), LPS (10 µg/
ml) + taurine (0.5 mg/ml), and LPS (10 µg/ml) + taurine (1 
mg/ml). LPS was used to establish the inflammatory cellular 
model, and taurine treatments were applied to investigate its 
potential dose-dependent neuroprotective effects.

Cell viability assay
Initially, SH-SY5Y cells were seeded at a density of 

1×105 cells per well in 96-well plates. Then, the groups were 
determined, and except for the control group, the remaining 
groups were exposed to LPS (0.5 and 10 µg/ml) (22, 23) for 
24 hr. Then, taurine (Cat. No: 107-35-7; Sigma-Aldrich, St. 
Louis, MO, USA) concentrations (0.5 and 1 mg/ml) (24, 
25) were added, and the cells were exposed to taurine for 
another 24 hr. The effect of taurine, LPS, and LPS+Tau on 
the toxicity of SH-SY5Y cells was evaluated using the MTT 
assay (Gibco, USA). Following 24 hr of treatment, 20 μl of 
MTT solution (5 mg/ml in PBS) was added to each well and 
incubated at 37 °C for 4 hr to facilitate formazan crystal 
formation. Subsequently, 50 μl of DMSO was introduced to 
each well, and the reaction was halted by incubating for an 
additional 30 min. The resulting formazan dye, reflecting 
cell viability, was quantitatively measured using a Microplate 
reader (Multiskan FC; Thermo Fisher Scientific) at 450 nm 
absorbance with a 620 nm reference wavelength. 

Alzheimer’s cell model
In this study, SH-SY5Y cells, which are known as 

a suitable model for studying neuronal phenotype 
degradation, especially in AD, due to their expression of 
proteins such as Aβ, tau, inflammatory factors, and other 
neuronal-specific proteins, were used (18). These cells 
were cultured in a 6-well plate at a density of 5×10⁴ cells 
per well and incubated for 24 hr under standard conditions 
(37 °C, 5% CO₂, and 95% humidity) to achieve proper cell 
adhesion and stability of the growth medium. After the 
initial incubation period, the culture medium was replaced 
with fresh medium containing LPS. In order to simulate 
inflammatory conditions similar to AD, the cells were 
treated with two different concentrations of LPS (0.5 and 
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10 μg/ml). LPS treatment was continued for 12 and 24 hr, 
a period sufficient to induce molecular changes associated 
with neuroinflammation, including increased levels of 
inflammatory cytokines such as IL-6, and IL-1β. At the end 
of treatment, cells were used for further experiments.

Evaluation of IL-1β and IL-6 in the SH–SY5Y cells
Following the previous treatment, SH-SY5Y cells 

were further incubated with taurine at concentrations of 
0.5 and 1 mg/ml for additional periods of 12 and 24 hr. 
Following this treatment, total RNA was isolated using 
the RNeasy Kit (Cat. No: FABRK001, Favorgen, Taiwan). 
RNA integrity and concentration were evaluated through 
1% agarose gel electrophoresis and quantified using a 
NanoDrop spectrophotometer (Thermo Scientific, USA). 
Complementary DNA (cDNA) synthesis was subsequently 
conducted utilizing the RT2 First Strand Kit (YTA, Cat. No: 
YT4500, Austria). 

Quantitative PCR (qPCR) was carried out with the 
Chromo4 Real-Time PCR Detection System (Bio-Rad, 
USA), employing the SYBR® Premix Ex Taq™ II reagent 
(Takara, Japan). Each 10 μl PCR reaction mixture contained 
5 μl of SYBR pre-mix, 1 μl of synthesized cDNA, and 0.5 
μl of both forward and reverse primers (5 μM). The PCR 
amplification program included an initial denaturation step 
at 94 °C for 60 sec, followed by 40 cycles of denaturation at 
94 °C for 15 sec, annealing for 25 sec, and extension at 72 °C 
for 15 sec. The specific primer sequences for IL-1β and IL-6 
are listed in Table 1.

Measurement of MMP-9 and ACE levels
To measure MMP-9 and ACE levels, we used the Human 

MMP9 ELISA Kit (Cat. No: ARG80129: Arigo, Taiwan) 
and the Human ACE/Cd143 PicoKine™ ELISA Kit (Cat. 
No: EK0557: Boster Biological Technology, Pleasanton 
CA, USA). SH-SY5Y cells were seeded at 1×105 cells per 
well in 96-well plates and treated as specified. Standards 
and samples were prepared according to kit instructions. 
Optical density was measured at 450 nm using a Thermo 
Multiskan FC microplate reader.

Studying the expression patterns of genes involved in 
neurogenesis

SH-SY5Y cells were seeded in a 6-well plate at 1×10⁵ 
cells/well and incubated for 24 hr. They were then treated 
with taurine (0.5 and 1 mg/ml) and LPS (10 µg/ml) for 
another 24 hr. Total RNA was extracted using an RNeasy 
Kit (Favorgen, Taiwan), and cDNA was synthesized with 
the RT2 First Strand Kit (YTA, Austria; Cat. No: YT4500). 
Gene expression changes in 84 neurogenesis-related genes 
were assessed using the RT² Profiler™ PCR Array (Qiagen, 
Cat. No: PAHS-404Z) and Light Cycler 480 II (Roche). 
Data were analyzed with the comparative 2−ΔΔCT method 
and considered significant if changes exceeded ±2-fold with 
P-values <0.05.

Statistical analysis
All experiments in this study were performed in 

triplicate, and results from three separate trials are presented 
as mean ± standard deviation. Statistical comparisons were 
made using one-way ANOVA followed by Tukey’s post 
hoc test. Data analysis was carried out using GraphPad 
Prism software (version 8.0.2). Gene expression levels were 
normalized using the 2^-ΔΔCq method, and a P-value below 
0.05 was considered statistically significant.

Results
Evaluation of the toxicity effects of taurine and LPS on SH-
SY5Y cells

To assess the survival rate of SH-SY5Y cells treated with 
taurine and LPS after 24 hr, cell viability was measured using 
the MTT assay. The results indicated that LPS (0.5 and 10 
µg/ml) significantly decreased cell survival. However, when 
taurine was added at concentrations of 0.5 and 1 mg/ml to 
LPS-stimulated SH-SY5Y cells, it reduced LPS toxicity and 
improved cell viability (Figure 1).

Expression level of IL-1β and IL-6
The effects of taurine (0.5 and 1 mg/ml) on LPS-induced 

inflammatory responses were evaluated by measuring IL-
1β and IL-6 expression levels in SH-SY5Y cells. Stimulation 
with LPS (0.5 and 10 µg/ml) significantly increased the 
expression of both IL-1β and IL-6 compared to the control 
group. Treatment with taurine markedly attenuated the LPS-
induced up-regulation of these pro-inflammatory cytokines 
(Figure 2). The suppressive effect of taurine was significantly 
greater after 24 hr compared to 12 hr of treatment (P<0.001).

Gene name Forward primer (5′ 3′) Universal reverse primer (5′ 3′) 

IL-  CCTTGTCGAGAATGGGCAGT TTCTGTCGACAATGCTGCCT 

IL-6 AGAGACTTCCAGCCAGTTGC AGTCTCCTCTCCGGACTTGT 

-actin AGAGCTACGAGCTGCCTGAC AGCACTGTGTTGGCGTACAG 

 

  

Table 1. Primer sequences used for gene expression analysis

Figure 1. Comparison of SH-SY5Y cell viability after treatment with 
different concentrations of taurine and LPS relative to the control group
Statistical significance is denoted by *P<0.05, **P<0.01, and ***P<0.001. 
Tau: Taurine; LPS: Lipopolysaccharide
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Measurement of matrix metalloproteinases-9, and 
angiotensin converting enzyme in the SH-SY5Y cell line

The ELISA data revealed that at an LPS concentration 
of 0.5 µg/ml, the level of ACE enzyme was statistically 
significant in SH-SY5Y cells compared to the control group 
(P<0.05), whereas the MMP-9 level did not show statistical 
significance (P>0.05). At a concentration of 10 µg/ml LPS, 
there was a statistically significant decrease in the levels of 

both ACE and MMP-9 enzymes in SH-SY5Y cells compared 
to the control group (P<0.01).  The addition of taurine (1 mg/
ml) resulted in a significant increase in the levels of ACE and 
MMP-9 enzymes in LPS-stimulated SH-SY5Y cells, which 
was statistically significant (P<0.01).  The combination of 
taurine (0.5 mg/ml) showed a lower increase in the level 
of ACE and MMP-9 enzymes in LPS-stimulated SH-SY5Y 
cells, which was statistically significant (P<0.05) (Figure 3).

Figure 2. Effect of taurine on IL-1β and IL-6 expression levels in LPS-stimulated SH-SY5Y cells
IL-1β expression levels were measured after taurine and LPS treatment at (A) 12 and (B) 24 hr. IL-6 expression levels were assessed after (C) 12 and (D) 24 hr of treatment. Taurine 
significantly reduced IL-1β and IL-6 expression in LPS-stimulated SH-SY5Y cells in a time-dependent manner (*P<0.05, **P<0.01, ***P<0.001).
Tau: Taurine; LPS: Lipopolysaccharide

Figure 3. Levels of MMP-9 (A) and ACE (B) in SH-SY5Y cells were quantified using ELISA following treatment with LPS (0.5 and 10 µg/ml) and taurine 
(0.5 and 1 mg/ml)
Taurine treatment significantly increased the concentrations of MMP-9 and ACE in LPS-stimulated SH-SY5Y cells (*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001).
MMP: Matrix metalloproteinases; ACE: Angiotensin-converting enzyme; Tau, Taurine; LPS: Lipopolysaccharide
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Changes in the expression of genes involved in human 
neurogenesis

A PCR array was conducted on SH-SY5Y cells to 
evaluate the impact of LPS (10 µg/ml), LPS (10 µg/ml) + 
Taurine (0.5 mg/ml), and LPS (10 µg/ml) + Taurine (1 mg/

ml) on the expression of Human Neurogenesis-associated 
genes (Figure 4). PCR array analysis showed that exposure 
to LPS and Taurine induces the expression of genes involved 
in neurogenesis in SH-SY5Y cells (Table 2). The results 
showed that when SH-SY5Y cells are exposed to taurine, 

Figure 4. Heat map of human neurogenesis-associated genes in SH-SY5Y cells treated with (A) LPS (10 µg/ml), (B) LPS (10 µg/ml) + Taurine (0.5 mg/ml), 
and (C) LPS (10 µg/ml) + Taurine (1 mg/ml). (C) Lists the genes related to human neurogenesis examined in our study
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Table 2. PCR array analysis of human neurogenesis-associated genes exposed to lipopolysaccharide (LPS) and taurine
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genes involved in cell adhesion (NRP2 and SLIT2), genes 
involved in synaptic function (DCX, ERBB2, PAFAH1B1, 
S100A6, and DRD2), genes related to growth factors and 
cytokines (BMP2, BMP4, EGF, S100A6, and TGFB1), genes 
involved in cell differentiation including (PAFAH1B1, 
PAX3, and PAX5), genes related to cell cycle (MDK and 
PARD3), genes involved in signal transmission (BMP2, 
BMP4, CXCL1, DVL3, NOTCH1, and SHH) and genes 
involved in transcription and cofactors (NR2E3, PAX3, 
PAX5, and POU3F3) had a significant increase (Table 2). 
The results showed that when SH-SY5Y cells are exposed 
to LPS, gene apoptosis (BCL2 and NTN1), cell migration 
(NTN1, NTF3, RTN4, and SLIT2), and synaptic function 
(DCX and DRD2) had a significant increase (Table 2). Our 
findings suggest that taurine can modulate or inhibit the 
effects of LPS on the target genes.

Discussion
The present study aimed to explore the neuroprotective 

effects of taurine on SH-SY5Y cells, particularly focusing 
on its influence on MMP-9 and ACE, as well as its impact 
on neurogenesis-related genes. The significance of taurine, 
a sulfonic acid abundantly present in the brain, has been 
increasingly recognized in the context of neuroprotection, 
particularly in mitigating neurodegenerative processes. Given 
the growing body of evidence suggesting taurine’s involvement 
in neuroprotective mechanisms, this study sought to delve 
deeper into its effects on SH-SY5Y cells, a widely used human-
derived cell line for neurobiological studies.

Taurine, being a naturally occurring amino acid, is 
generally considered to have minimal adverse effects on 
the body. Toxicity assessments indicate that taurine lacks 
genotoxicity and has not been classified as carcinogenic or 
teratogenic (26, 27). Furthermore, treatment with specific 
concentrations of taurine did not result in significant 
toxicity to SH-SY5Y cells (18). Also, previous studies have 
demonstrated that taurine provides protective effects against 
rotenone-induced toxicity in the SH-SY5Y cell line (28, 29). 
The results from the MTT assay provided initial insights 
into taurine’s protective role, demonstrating that taurine 
at concentrations of 0.5 and 1 mg/ml effectively reduced 
LPS-induced toxicity in SH-SY5Y cells. This reduction in 
toxicity suggests that taurine enhances cell viability under 
inflammatory conditions, which is crucial for understanding 
its potential therapeutic effects in neurodegenerative 
diseases. The ability of taurine to mitigate LPS-induced 
toxicity highlights its role as a protective agent against 
inflammatory damage, which is a significant contributor to 
neurodegenerative conditions such as AD.

Earlier studies have emphasized the pharmacological 
benefits of taurine and its derivatives in the treatment of 

chronic inflammatory diseases and diverse infections (30, 
31). Moreover, taurine has demonstrated the ability to 
modulate the production of pro-inflammatory cytokines 
and to act as an antioxidant in both human and animal 
models (32). Almohaimeed et al. (18) reported a reduction 
in cytokine expression levels in SH-SY5Y cells exposed 
to LPS after taurine treatment. Further investigation 
into the inflammatory response revealed that taurine 
treatment significantly lowered the expression levels of pro-
inflammatory cytokines IL-1β and IL-6 in LPS-exposed 
SH-SY5Y cells. These finding underscores taurine’s anti-
inflammatory properties, which are vital in the context 
of neuroprotection, as chronic inflammation is a well-
documented factor in the progression of neurodegenerative 
diseases. The suppression of these cytokines suggests that 
taurine can modulate the inflammatory milieu within 
the brain, potentially slowing down or preventing the 
neurodegenerative process.

In both early- and late-onset AD, the clearance of 
Aβ peptides from the brain is impaired. The removal of 
Aβ involves enzymatic degradation as well as transport 
mechanisms (33). Studies using animal models of AD have 
demonstrated that up-regulating ACE expression can reduce 
brain Aβ levels. For example, bone marrow-derived myeloid 
cells engineered to overexpress the ACE gene effectively 
cleared both soluble and insoluble forms of Aβ42 when 
administered to APP/PS1 mice (34). Furthermore, a meta-
analysis revealed that individuals using ACE inhibitors have 
a lower likelihood of developing AD compared to those who 
do not receive these drugs (35). In transgenic AD mouse 
models, increased expression of matrix metalloproteinases 
MMP-2 and MMP-9 has been observed in cerebral 
capillaries and astrocytes surrounding amyloid plaques. 
Similarly, elevated levels of MMP-2, MMP-3, MMP-9, and 
MT1-MMP have been detected in the brains of AD patients 
(33). In APP/PS1 mice, knocking out MMP-2 or MMP-9, as 
well as pharmacologically inhibiting these MMPs in Tg2576 
(APPSw) mice, led to an increase in brain Aβ levels (36). 
The ELISA results provided additional evidence supporting 
taurine’s neuroprotective role by showing an increase in 
the secretion of MMP-9 and ACE, enzymes known for 
their involvement in the degradation of Aβ proteins. This 
increase is particularly noteworthy as the accumulation of 
Aβ plaques is a hallmark of AD pathology. By enhancing 
the activity of enzymes that break down Aβ, taurine may 
contribute to reducing the toxic burden of Aβ in the brain, 
thereby offering a therapeutic avenue for AD management.

Moreover, the study’s analysis of gene expression related 
to neurogenesis revealed that taurine exposure led to a 
significant up-regulation of genes involved in various critical 
processes, including cell adhesion, synaptic function, growth 

Continued Table 2. 
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factors, and signal transmission. These findings suggest that 
taurine not only protects against inflammatory and toxic 
insults but also promotes the regenerative and functional 
capacity of neurons. The up-regulation of neurogenesis-
related genes indicates that taurine could enhance neural 
repair and plasticity, which are essential for recovering from 
neurodegenerative damage. 

Interestingly, some genes, like S100A6, exhibited higher 
expression at the lower taurine level (0.5 mg/ml) than at the 
higher level (1 mg/ml). This indicates a non-linear, hormetic 
dose–response rather than random experimental variation. 
Taurine seems to function as a physiological homeostatic 
regulator: at moderate concentrations, it partially reduces 
LPS-induced cellular stress while still allowing activation of 
adaptive pathways, especially Ca²⁺-dependent transcription 
and stress responses. In these conditions, protective genes 
such as S100A6 are up-regulated. Conversely, at higher 
concentrations, taurine’s antioxidant and anti-inflammatory 
effects are stronger, leading to more complete suppression 
of upstream stress signals. This better restores cellular 
balance, reducing the need for adaptive gene activation 
and thus lowering their expression levels. Overall, this 
biphasic response suggests taurine acts as a homeostatic 
neuromodulator rather than a straightforward dose-
dependent transcriptional activator, with similar patterns 
observed for other stress-response genes in this study. These 
findings pave the way for future research to explore taurine’s 
efficacy in clinical settings and its possible applications in 
treating conditions like AD.

Limitation of the study
Despite the promising findings, this study has several 

limitations. First, the use of SH-SY5Y neuroblastoma 
cells provides a simplified in vitro model that may 
not fully replicate the complex cellular and molecular 
interactions of the human brain in vivo. It is important to 
note that the LPS-induced inflammatory model used in 
this study represents a simplified approximation of AD 
pathology. While LPS stimulation mimics certain aspects 
of neuroinflammation, which is strongly implicated in 
AD progression, it does not reproduce the full spectrum 
of AD-related mechanisms, such as amyloid-β oligomer 
accumulation or tau hyperphosphorylation. Therefore, our 
findings should be interpreted primarily within the context 
of neuroinflammatory stress rather than as a comprehensive 
AD model. Future studies are warranted to validate these 
results using more disease-specific models. Second, while 
the observed changes in Aβ-degrading enzymes suggest a 
potential modulatory effect of taurine, future studies including 
direct quantification of Aβ40/42 are warranted to confirm 
its impact on Aβ metabolism. Third, while taurine showed 
regulatory effects on gene expression and inflammatory 
markers, the exact underlying molecular mechanisms remain 
unclear and warrant further investigation. Fourth, the 
study did not assess functional outcomes such as neuronal 
differentiation, neurite outgrowth, or synaptic activity, which 
are important to confirm neurogenesis. Lastly, the absence 
of animal model data limits the translational value of the 
findings to clinical contexts. Future studies involving in vivo 
models and additional functional assays are necessary to 
confirm and expand upon these results.

Conclusion
The outcomes of this study highlight taurine’s possible 

neuroprotective influence on SH-SY5Y cells. Treatment 
with various concentrations of taurine effectively reduced 
the toxicity induced by LPS, as evidenced by the MTT 
assay results. Moreover, taurine exhibited significant 
enhancing effects on MMP-9 and ACE, enzymes involved 
in Aβ degradation, indicating a potential role in mitigating 
neurodegenerative processes. The observed down-regulation 
of IL-1β and IL-6 expression further suggests taurine’s anti-
inflammatory properties, which could contribute to its 
neuroprotective effects. Additionally, our findings revealed a 
significant up-regulation of genes associated with neurogenesis 
upon taurine treatment, underscoring its potential to promote 
neuronal regeneration and repair. Further studies are warranted 
to elucidate the underlying mechanisms and validate its efficacy 
in vivo and in clinical settings.
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