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Introduction: Alpha-mangostin (α-MG), the most abundant xanthone found in Garcinia 
mangostana Linn, has been reported to possess potent antioxidant and anti-inflammatory 
properties. This study aimed to investigate the neuroprotective effects of α-MG against 
cuprizone (CZ)-induced demyelination in the corpus callosum (CC) of mice, an established 
animal model for multiple sclerosis (MS).

Methods: Adult female C57BL/6 mice were fed a chow containing 0.4% (w/w) CZ for 5 
weeks. The animals were randomly assigned to six groups: (1) control group receiving a 
standard diet; (2) CZ group receiving the CZ-containing diet; (3–5) CZ diet plus α-MG at 
doses of 20, 40, and 80 mg/kg/day administered via gavage; (6) standard diet plus α-MG at 
80 mg/kg/day. At the end of the treatment period, levels of malondialdehyde (MDA), pro-
apoptotic and anti-apoptotic markers (Bax, Bcl-2, cleaved caspase-3), and the inflammatory 
cytokine tumor necrosis factor-alpha (TNF-α) were measured in the CC.

Results: Compared with the control group, CZ-treated mice exhibited significant weight loss 
(P<0.0001), elevated MDA levels (P<0.01), an increased Bax/Bcl-2 ratio, enhanced cleaved 
caspase-3 expression (P<0.0001), and increased TNF-α levels (P<0.001). Treatment with 
α-MG at 80 mg/kg significantly mitigated weight loss (P<0.01). Furthermore, α-MG at all 
tested doses (20, 40, and 80 mg/kg) significantly reduced MDA levels (P<0.01, P<0.001, 
and P<0.0001, respectively). Administration of α-MG at 80 mg/kg also significantly reduced 
the Bax/Bcl-2 ratio, cleaved caspase-3 expression (P<0.0001), and TNF-α levels (P<0.0001) 
compared with the CZ group.

Conclusion: These findings demonstrate that α-MG attenuates the detrimental effects of CZ-
induced demyelination in the CC by reducing oxidative stress, inflammation, and apoptosis.
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1. Introduction

ultiple sclerosis (MS) is a chronic neu-
rological disorder in which the immune 
system mistakenly attacks the protective 
covering of nerve fibers in the central 
nervous system (CNS), leading to wide-

spread inflammatory lesions (Mauriz et al., 2013). The 
two principal pathological features of MS are inflam-
mation and demyelination. Repeated inflammatory epi-
sodes result in the apoptosis of oligodendrocytes, axonal 
degeneration, and the activation of astrocytes and mi-
croglia (Bjartmar et al., 2003).

The loss of myelin sheaths surrounding axons in the 
brain and spinal cord leads to impaired signal transmis-
sion, contributing to the neurological dysfunction seen in 
MS (Basoglu et al., 2013; Hurwitz, 2009). This damage 
is mediated by the infiltration of inflammatory cells—
predominantly lymphocytes and macrophages—into the 
CNS through the blood-brain barrier (BBB). Although 
the precise etiology of MS remains unclear, it is widely 
accepted that autoimmune mechanisms play a central 
role, involving T cells, B cells, macrophages, and den-
dritic cells (Frohman et al., 2006).

Oxidative stress and mitochondrial dysfunction are 
also known contributors to the progression and worsen-
ing of MS (Smirnova et al., 2011). Remyelination—the 
regenerative process that restores the damaged myelin 
sheath—is considered essential in mitigating neurode-
generation. However, this process is often incomplete, 
insufficient, or fails entirely, especially in progressive 
stages of the disease (Fiorio et al., 2006).

To investigate the mechanisms of demyelination and 
remyelination, a variety of experimental models have 
been developed. These include models based on genetic 
mutations, immune responses, viral infections, and toxic 
insults. While none of these fully replicate all stages of 
MS, they each offer valuable insight into specific path-
ological features. Among these, toxic demyelination 
models—particularly the cuprizone (CZ) model—have 
gained considerable attention and acceptance for their 
reliability and relevance in MS research.

These models include genetic myelin mutations, im-
mune-mediated demyelination, viral-induced demyelin-
ation, and toxic demyelination models. It is important to 
note that no single model can fully replicate all stages of 
MS; each mimics only certain aspects of the disease’s 
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● The effects of α-MG on the CC were investigated using a MS mouse model.

● CZ administration led to weight loss and elevated MDA levels; α-MG effectively counteracted these effects.

● α-MG exhibited anti-inflammatory properties by reducing TNF-α levels elevated by CZ.

● α-MG inhibited CZ-induced apoptosis in the CC by lowering the Bax/Bcl-2 ratio and cleaved caspase-3 expression.

Plain Language Summary 

Multiple sclerosis (MS) is a disabling disease of the central nervous system, affecting both the brain and spinal 
cord. In MS, the immune system mistakenly attacks the myelin sheath—a protective covering around nerve fibers—
leading to impaired communication between the brain and the rest of the body. Over the past decades, researchers have 
developed several animal models to study MS. One widely used model is the cuprizone (CZ)-induced demyelination 
model, where CZ, a copper-chelating agent, is administered to mice to mimic myelin damage. This model helps 
scientists investigate the complex biological processes involved in myelin degradation and spontaneous repair in a 
non-autoimmune context. Although there is currently no cure for MS, available treatments can alleviate symptos, 
shorten relapse durations, and potentially slow disease progression. In recent years, plant-based compounds have 
drawn growing scientific interest for their therapeutic potential. Alpha-mangostin (α-MG), a xanthone derivative from 
the mangosteen tree, has shown promising biological effects. In this study, feeding mice a diet containing 0.4% CZ for 
five weeks induced demyelination and increased levels of oxidative stress, inflammation, and apoptosis in the brain. 
Treatment with α-MG significantly reversed these harmful changes. Based on these findings, α-mangostin may serve 
as a supportive therapy alongside standard MS treatments.
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complex pathology. Among these, the CZ-induced de-
myelination model has gained widespread acceptance 
in recent years due to its specificity and reproducibility 
(Kipp et al., 2009; Skripuletz et al., 2011).

CZ, chemically known as oxalic acid bis(cyclohexylidene 
hydrazide) is a well-characterized neurotoxic compound 
that acts as a selective copper chelator. Its toxicity is 
particularly directed at oligodendrocytes, leading to cell 
death and subsequent demyelination in various brain re-
gions, notably the corpus callosum (CC) and superior 
cerebellar peduncles. As the largest myelinated tract in 
the brain, the CC is especially vulnerable to CZ-induced 
damage and is also considered a potential reservoir for 
neural stem cells. This makes the CC an ideal target for 
monitoring neuroprotective and remyelination processes 
(Kipp et al., 2017; Matsushima & Morell, 2001).

Administration of CZ for approximately 5–6 weeks re-
sults in acute demyelination of the CC. After withdrawal 
of CZ and return to a normal diet, partial spontaneous 
remyelination can occur over the following weeks (Kipp 
et al., 2009). However, prolonged exposure to CZ (12 
weeks or more) significantly impairs remyelination and 
leads to a state referred to as chronic demyelination 
(Harsan et al., 2008; Tansey et al., 1996; Torkildsen et 
al., 2008). The CZ model is thus considered highly effec-
tive for studying both the degenerative and regenerative 
phases of demyelination due to its reliability, simplicity, 
and consistency (Matsushima & Morell, 2001).

Alpha-mangostin (α-MG) is a polyphenolic compound 
and the major xanthone extracted from the pericarp of the 
mangosteen fruit (Garcinia mangostana Linn) (Pedraza-
Chaverri et al., 2008). Various components derived from 
mangosteen—including polyphenols, phenols, and xan-
thone derivatives—have been shown to exert beneficial 
effects in numerous disease conditions (Tousian Shandiz 
et al., 2017).

α-MG, a naturally occurring xanthone derived from 
plants, has demonstrated a highly selective inhibitory ef-
fect on acid sphingomyelinase (ASMase), in addition to a 
wide range of biological activities (Okudaira et al., 2000; 
Chairungsrilerd et al., 1996). These include pronounced 
anti-inflammatory and antioxidant properties (Chen et 
al., 2008; Devi Sampath & Vijayaraghavan, 2007). In 
several animal disease models, α-MG has been shown to 
sustain the activity of key antioxidant enzymes, such as 
glutathione-S-transferase (GST), glutathione peroxidase 
(GPx), superoxide dismutase (SOD), catalase (CAT), 
and the critical intracellular antioxidant glutathione 
(GSH) (Devi Sampath & Vijayaraghavan, 2007).

Research on Wistar rats has shown that α-MG acts as a 
neuroprotective agent in models of oxidative brain dam-
age (Márquez-Valadez et al., 2012). Moreover, treatment 
with α-MG and curcumin in primary cultures of cerebellar 
granule neurons (CGNs) has been found to confer neuro-
protection against iodoacetate-induced oxidative stress, pri-
marily by reducing the production of reactive oxygen spe-
cies (ROS) (Reyes-Fermín et al., 2012). In another study 
using rotenone as a cellular model of Parkinson’s disease, 
α-MG treatment preserved dopaminergic neurons and re-
duced α-synuclein accumulation, indicating its potential to 
prevent mitochondrial dysfunction and protein aggregation 
associated with neurodegeneration (Hao et al., 2017).

In light of these findings, the present study aimed to 
evaluate the efficacy of α-MG in mitigating clinical 
symptoms, inflammation, and oxidative stress in a CZ-
induced demyelination model of MS using C57BL/6 
mice over a 5-week experimental period. To our knowl-
edge, this is the first investigation into the neuroprotec-
tive potential of α-MG within this context, including an 
exploration of the underlying molecular mechanisms.

2. Materials and Methods

Animals

Adult female C57BL/6 mice (8–10 weeks old), weigh-
ing 18–22 g, were obtained from the School of Pharma-
cy at Mashhad University of Medical Sciences, Mash-
had, Iran. The animals were housed in groups of six per 
cage under controlled conditions: A 12-hour light/dark 
cycle, temperature of 22±2 °C, and relative humidity of 
60±5%. All experiments were conducted in accordance 
with internationally accepted principles for the care and 
use of laboratory animals (Zimmermann, 1983).

Materials

The following reagents and materials were used in this 
study:

CZ (CAS No: 370810) was purchased from Sigma-Al-
drich (USA), and α-MG (purity >90%) was obtained from 
Trademax Pharmaceuticals & Chemicals Co. (China).

Bovine serum albumin (BSA; Solarbio, China), dry 
skim milk (Quetlab, UK), ethylene glycol tetraacetic 
acid (EGTA; Sigma, USA), ethylenediaminetetraacetic 
acid (EDTA; Pars Tous Biotechnology, Iran), sodium de-
oxycholate (Sigma, New Zealand), sodium orthovana-
date (Na3VO4; Sigma, India), and other general chemi-
cals were procured from Merck (Germany).
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Protease and phosphatase inhibitor cocktail and Pierce 
ECL Western blotting substrate were sourced from Ther-
mo Fisher Scientific (USA).

The protein assay kit (Bradford reagent) and polyvi-
nylidene difluoride (PVDF) membranes were obtained 
from Bio-Rad (USA).

Fetal bovine serum was purchased from Gibco (USA).

Malondialdehyde (MDA) and dizinon (DZN) were 
sourced from Fluka (Switzerland) and Shanghai Tosco 
Chemical Co. (China), respectively.

Primary antibodies included rabbit polyclonal anti-Bax 
(#2772, 1:1000), anti-Bcl2 (#2870, 1:1000), anti-cleaved 
caspase-3 (#9664, 1:1000), and anti-TNF-α (#3707, 
1:1000), all obtained from Cell Signaling Technology 
(USA). Secondary antibodies (HRP-conjugated anti-
rabbit and anti-mouse IgG) were also acquired from Cell 
Signaling.

Imaging was performed using the Alliance 4.7 Gel Doc 
system (UVtec, UK) and analyzed using UV Tec Soft-
ware.

Experimental design

The CZ-induced demyelination model was established 
in adult female C57BL/6 mice (8–10 weeks old) follow-
ing the protocol described by Kipp et al. (2009). Mice 
were fed a chow diet containing 0.4% (w/w) CZ for five 
weeks. α-MG was dissolved in 0.9% normal saline (NS) 
with two drops of Tween 80 and administered orally by 
gavage at doses of 20, 40, or 80 mg/kg, starting from day 
one and continuing daily for five weeks.

The animals were randomly assigned to six experimen-
tal groups (n=6 per group):

Control group: Received a normal diet and NS (0.9%) 
with 2 drops of Tween 80 via gavage for five weeks.

CPZ group: Received 0.4% (w/w) CZ mixed into 
milled chow for five weeks.

CPZ + α-MG 20 mg/kg group: Received CZ diet + 20 
mg/kg α-MG by gavage.

CPZ + α-MG 40 mg/kg group: Received CZ diet + 40 
mg/kg α-MG by gavage.

CPZ + α-MG 80 mg/kg group: Received CZ diet + 80 
mg/kg α-MG by gavage.

α-MG 80 mg/kg only group: Received a normal diet + 
80 mg/kg α-MG by gavage.

Measurement of body weight

Body weight was monitored daily throughout the ex-
periment. However, only the measurements from the 
first and final days were recorded and reported.

Tissue preparation

At the end of the five-week experimental period, the 
mice were sacrificed, and the CC was carefully dissected 
from the brain and immediately stored at −80 °C until 
further processing.

Determination of MDA level in CC tissue

MDA levels were measured as an indicator of lipid 
peroxidation, reflecting oxidative damage. The follow-
ing procedure was employed, adapted from Uchiyama 
and Mihara (1978):

1. A 10% tissue homogenate was prepared in 1.15% 
potassium chloride (KCl). 

2. 0.5 mL of the homogenate was mixed with: 3 mL of 
1% phosphoric acid and 1 mL of 6% thiobarbituric acid 
(TBA) 

3. The mixture was boiled in water for 45 minutes. 

4. After boiling, the tubes were cooled to room tem-
perature. 

5. 4 mL of n-butanol was added to each tube, and the 
mixture was vortexed for 1 minute. 

6. Tubes were centrifuged at 3,500 rpm for 10 minutes. 

7. The supernatant was collected and its absorbance 
was read at 532 nm. 

8. A standard curve was created using MDA concentra-
tions ranging from 0–100 nmol/mL. 

9. MDA levels were expressed as nmol/g tissue.

Western blot assay

Western blot analysis was performed to assess protein 
expression related to apoptosis. The frozen CC tissue 
was lysed in a buffer containing 50 mM Tris-HCl (pH 
7.4), 2 mM EDTA, 2 mM EGTA, 10 mM NaF, 1 mM so-
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dium orthovanadate, 10 mM β-glycerophosphate, 0.2% 
sodium deoxycholate, 1 mM PMSF, and a protease in-
hibitor cocktail. Samples were homogenized, sonicated 
on ice (3×10 seconds, with 10-second intervals), and 
centrifuged at 10,000 g for 10 minutes at 4 °C. Protein 
concentration was determined using the Bradford assay.

Samples were mixed with 2× SDS sample buffer (1:1 
ratio), heated, aliquoted, and stored at −80 °C. For elec-
trophoresis, 100 µg of protein per sample was loaded 
onto a 12% SDS-PAGE gel, separated, and transferred 
onto a PVDF membrane.

Membranes were blocked with skim milk for 2 hours, 
then incubated overnight at 4 °C with primary antibod-
ies: Anti-Bax, anti-Bcl2, anti-cleaved caspase-3, anti-
TNF-α, and anti-β-actin (all 1:1,000). After washing, 
membranes were incubated for 2 hours with horserad-
ish peroxidase (HRP)-conjugated secondary antibodies 
(1:2,000). Protein bands were visualized using enhanced 
chemiluminescence, and densitometric analysis was 
performed using the Alliance 4.7 Gel Doc system and 
UV Tec Software. Protein expression was normalized to 
β-actin as a loading control.

Statistical analysis

Statistical analyses were conducted using GraphPad 
Prism software, version 8.0 (GraphPad Inc., San Diego, 
CA, USA). Data are presented as Mean±SEM. One-way 
analysis of variance (ANOVA) followed by Tukey’s post 
hoc test was used to assess differences among groups for 
body weight, Western blot, and lipid peroxidation re-
sults. A P<0.05 was considered statistically significant.

3. Results

Effect of α-MG on body weight in CZ-treated mice

At the beginning of the experiment, there were no sig-
nificant differences in body weight among the experi-
mental groups. However, by the end of the 5-week pe-
riod, mice in the CZ-treated group exhibited a significant 
reduction in body weight compared to the control group. 
Treatment with α-MG at a dose of 80 mg/kg effectively 
reversed this weight loss, resulting in a significant im-
provement in body weight compared to the CZ group 
(Table 1).

Effect of α-MG on oxidative stress marker in CZ-
treated mice

Lipid peroxidation was assessed by measuring MDA 
levels in CC homogenates. Mice in the CZ group dem-
onstrated a significant increase in MDA levels com-
pared to the control group (P<0.01), indicating elevated 
oxidative stress. Treatment with α-MG for five weeks 
at doses of 20, 40, and 80 mg/kg significantly reduced 
MDA levels (P<0.01, P<0.001, and P<0.001, respec-
tively), suggesting a dose-dependent antioxidative ef-
fect of α-MG (Figure 1).

Effect of α-MG on apoptotic markers in CZ-treat-
ed mice

Based on its strong antioxidant effect, the 80 mg/kg 
dose of α-MG was selected for further investigation of 
apoptotic markers. Western blot analysis was conducted 
to assess the expression of cleaved caspase-3, Bax, and 
Bcl-2 in CC tissue. The CZ group showed a significant 
increase in cleaved caspase-3 expression (P<0.0001) and 
in the Bax/Bcl-2 ratio (P<0.0001) compared to controls. 
Treatment with α-MG (80 mg/kg) for five weeks signifi-
cantly decreased cleaved caspase-3 levels (P<0.0001) 
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Table 1. Effect of α-MG on body weight in CZ-treated mice

Days

Mean±SEM

Weight (g)

Control Group Cuprizone 
Group Cup + α-MG 20 Cup + α-MG 

40 Cup + α-MG 80 α-MG 80 (mg/kg)

1st day 20.33±0.5 20.66±0.42 20.5±0.61 20.5±0.42 19.5±0.56 19.66±0.42 

Last day 23.5±0.56 14.33±1.17**** 15.66±0.42 15.66±0.42 19.60±1.47## 23.0±1.0

CZ: Cuprizone; α-MG: Alpha-mangostin. 

****P<0.0001 vs control, ##P<0.01 vs cuprizone. 

Note: N=6 mice per group. Statistical analysis was performed using one-way ANOVA followed by Tukey’s post hoc test.
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(Figures 2A and 2B), as well as the Bax/Bcl-2 ratio 
(P<0.0001) (Figures 3A and 3B), indicating its anti-
apoptotic potential.

Effect of α-MG on the inflammatory marker in 
CZ-treated mice

Demyelination induced by CZ was associated with a 
significant increase in the expression of the pro-inflam-
matory cytokine tumor necrosis factor-alpha (TNF-α) 
(P<0.001). Treatment with α-MG (80 mg/kg) for five 
weeks significantly reduced TNF-α levels compared to 
the CZ group (P<0.0001), indicating a pronounced anti-
inflammatory effect (Figures 4A and 4B).

4. Discussion

To our knowledge, this is the first study to investigate 
the effects of α-MG in a mouse model of CZ-induced 
MS. Our findings demonstrate that feeding mice a diet 
containing 0.4% (w/w) CZ led to pronounced neurotox-
icity, characterized by reduced body weight and elevated 
oxidative stress, apoptosis, and inflammation in the CC. 
Oral administration of α-MG at doses of 20, 40, and 

80 mg/kg over five weeks effectively prevented body 
weight loss and mitigated oxidative stress, apoptotic ac-
tivity, and inflammatory responses in CZ-exposed mice.

Experimental models are critical for elucidating the 
mechanisms of MS and evaluating therapeutic inter-
ventions. Although no model fully recapitulates the 
complexity of human MS pathology, the CZ model has 
emerged as a widely accepted tool. CZ induces demy-
elination in key white matter regions, including the CC, 
enabling a clear distinction between demyelination and 
remyelination phases (Matsushima & Morell, 2001). 
This separation makes the model suitable for visualizing 
affected areas and evaluating potential therapeutic com-
pounds that support remyelination and neuronal survival 
(Abakumova et al., 2015).

Previous studies have consistently shown that dietary 
CZ causes a dose-dependent and reversible reduction in 
body weight (Hiremath et al., 1998; Skripuletz et al., 2011; 
Steelman et al., 2012; Stidworthy et al., 2003). Severe 
weight loss at CZ concentrations above 0.3% is associated 
with increased mortality (Hiremath et al., 1998; Stidwor-
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Figure 1. Effect of α-MG on lipid peroxidation in the CC of CZ-treated mice

CZ: Cuprizone; α-MG: Alpha-mangostin.

##P<0.01 vs control, **P<0.01 and ***P<0.001 vs CZ. 

Note: Animals received co-administration of α-MG with CZ for five consecutive weeks. Lipid peroxidation was evaluated by 
measuring MDA levels in CC tissue. The control group received a standard diet with 0.9% saline and a minimal amount of 
Tween 80% via gavage. Data are presented as Mean±SD (n=4). Statistical analysis was performed using one-way ANOVA fol-
lowed by Tukey–Kramer post hoc test. 
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thy et al., 2003). As a copper-chelating agent, CZ induces 
systemic copper deficiency, contributing to weight loss in 
both rats (Taylor et al., 1988) and mice (Prohaska, 1983). 
Consistent with these findings, our study observed signifi-
cant weight loss in CZ-treated animals.

Notably, α-MG administration has previously been 
shown to reverse weight loss in animal models. For in-
stance, in a rat model of autism, α-MG improved weight 
outcomes in a dose-dependent manner compared to meth-
ylmercury-exposed animals (Sahu et al., 2022; Tiwari et 
al., 2021). Similarly, our findings indicate that chronic 
administration of α-MG, particularly at 80 mg/kg, was ef-
fective in restoring body weight in CZ-treated mice. This 
suggests a protective role of α-MG against CZ-induced 
metabolic and systemic toxicity in the MS model.

According to multiple studies, CZ induces oxidative 
stress in the CC primarily by disrupting mitochondrial 
function in oligodendrocytes, a mechanism that closely 
resembles pattern III lesions observed in MS patients 
(Kang et al., 2012; Lucchinetti et al., 2000). CZ also im-

pairs the mitochondrial electron transport chain (ETC) 
and antioxidant systems, leading to diminished produc-
tion of key antioxidant enzymes such as SOD and GSH 
(Ghaiad et al., 2017). Furthermore, it increases MDA 
levels, a marker of lipid peroxidation and oxidative cell 
injury in the CC, ultimately contributing to cell death 
(Kashani et al., 2014). In line with previous research, our 
results show that CZ administration significantly elevat-
ed MDA concentrations in brain tissue.

α-MG has been extensively studied for its antioxidant 
properties. It acts by directly scavenging ROS, such as 
superoxide and hydrogen peroxide, and indirectly by 
enhancing endogenous antioxidant defenses (Márquez-
Valadez et al., 2012; Martínez et al., 2011). Studies 
have shown that α-MG effectively reduces lipid peroxi-
dation and boosts the activity of antioxidant enzymes. 
For instance, a mammary organ culture assay in mice 
demonstrated that α-MG could scavenge peroxynitrite, 
highlighting its potential as a botanical dietary antioxi-
dant (Jung et al., 2006). Moreover, α-MG administration 
has been found to elevate GSH levels and reduce MDA 

Figure 2. Effect of α-MG on cleaved caspase-3 levels in the CC of CZ-treated mice

CZ: Cuprizone; α-MG: Alpha-mangostin.

***P<0.0001 vs Control, #####P<0.0001 vs CZ.

Note: Western blot analysis showed cleaved caspase-3 protein bands (A), with quantitative analysis from four independent 
experiments (B). The control group received a standard diet with 0.9% saline and a minimal amount of Tween 80% via gavage. 
Data are presented as Mean±SD (n=4). Statistical significance was determined using one-way ANOVA and Tukey–Kramer 
post hoc test. β-actin served as the internal loading control. 
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concentrations in various experimental models (Ghase-
mzadeh Rahbardar et al., 2020; Liu et al., 2018). In vitro 
studies have confirmed its ability to mitigate oxidative 
damage in PC12 cells exposed to cadmium and arsenic 
(Ahmadian et al., 2022). Additionally, α-MG significant-
ly lowered MDA levels and increased GSH in cardiac 
tissue following doxorubicin-induced cardiotoxicity in 
rats (Eisvand et al., 2022). Consistent with these find-
ings, our results demonstrate that α-MG treatment at 
20, 40, and 80 mg/kg significantly reduced MDA levels 
during the demyelination phase, confirming its role as a 
potent antioxidant.

In MS patients, demyelinated regions of the CNS are 
typically characterized by infiltrates of myelin-specific T 
cells and B cells from peripheral blood, which generate 
antibodies targeting myelin components. These findings 
support the widely accepted view that MS is a chronic 
autoimmune inflammatory demyelinating disorder of the 
CNS (Martino & Hartung, 1999). CZ-induced demyelin-
ation offers a reliable model for studying neuroinflam-

mation in detail. In this model, inflammatory responses 
in the CC are marked by the activation and proliferation 
of astrocytes and microglia. Notably, peripheral immune 
cell infiltration is minimal, and the inflammatory response 
is largely mediated by resident microglial cells, which 
release inflammatory cytokines and pro-oxidative agents 
(Arnett et al., 2002; Hillis et al., 2016).

Experimental studies have confirmed that dietary CZ 
elevates levels of inflammatory cytokines—such as IL-
1β, IL-6, and TNF-α—in the CC and other brain regions 
(Berghoff et al., 2017; Elbaz et al., 2018; Ghaiad et al., 
2017; Rüther et al., 2017; Sanadgol et al., 2017; Vakilza-
deh et al., 2015). In agreement with these findings, our 
study observed a significant increase in TNF-α levels fol-
lowing CZ treatment. The anti-inflammatory potential of 
α-MG has been well-documented, with evidence showing 
its ability to suppress the production of inflammatory me-
diators such as NO, PGE2, IL-1β, IL-6, and TNF-α (Liu et 
al., 2012; Mohan et al., 2018; Tiwari et al., 2021; Tousian 
et al., 2019; Tousian et al., 2020). Our results support these 

Figure 3. Effect of α-MG (80 mg/kg) on Bax and Bcl-2 protein levels in the CC of CZ-treated mice

CZ: Cuprizone; α-MG: Alpha-mangostin.

****P<0.0001 vs Control, ####P<0.0001 vs CZ. 

Note: Western blot analysis revealed bands for Bax and Bcl-2 proteins (A), with quantification based on four independent 
experiments (B). The control group received a standard diet with 0.9% saline and a minimal amount of Tween 80% via gavage. 
Data are shown as Mean±SD (n=4). One-way ANOVA followed by Tukey–Kramer test was used for analysis. β-actin was used 
as the loading control. 
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findings, showing that α-MG at 80 mg/kg significantly re-
duced TNF-α levels during demyelination. This suggests 
that α-MG has a protective effect against CZ-induced 
neuroinflammation and may be a viable adjunct therapy 
alongside conventional treatments (Chen et al., 2008).

Apoptosis is recognized as a primary mechanism of oligo-
dendrocyte damage following acute injury in MS (Barnett & 
Prineas, 2004). CZ, a copper-chelating agent, induces apop-
tosis in oligodendrocytes and facilitates myelin degrada-
tion through oxidative stress pathways (Denic et al., 2011). 
Studies using C57BL/6 mice have shown that the earliest 
pathological event following CZ exposure is the apoptotic 
death of mature oligodendrocytes in the CC (Acs & Ko-
moly, 2012; Blakemore, 1972). To assess apoptotic activity, 
the present study evaluated the expression of key regulatory 
proteins: Bax (pro-apoptotic), Bcl-2 (anti-apoptotic), and 

cleaved caspase-3 (a marker of apoptosis execution). Our 
findings are consistent with previous research, showing that 
CZ administration increases cleaved caspase-3 levels, el-
evates the Bax/Bcl-2 ratio, and decreases Bcl-2 expression 
in CC tissue (Sanadgol et al., 2020; Vakilzadeh et al., 2015, 
Vakilzadeh et al., 2016; Zahednasab et al., 2019).

In contrast, α-MG demonstrated a protective effect 
against CZ-induced apoptosis. Prior in vitro studies re-
vealed that α-MG (10 µM) mitigates MPP+-induced 
apoptosis in SH-SY5Y cells by reducing ROS genera-
tion, balancing pro- and anti-apoptotic gene expression, 
and suppressing caspase-3 activation (Janhom & Dhar-
masaroja, 2015). Similarly, in rat chondrocytes, α-MG 
at concentrations of 3–12 µM inhibited apoptosis by 
downregulating Bax and caspase-3 expression (Pan et 
al., 2017). In a model of doxorubicin-induced cardiotox-

Figure 4. Effect of α-MG (80 mg/kg) on TNF-α expression in the CC of CZ-treated mice

CZ: Cuprizone; α-MG: Alpha-mangostin.

***P<0.001 vs control, #####P<0.0001 vs CZ. 

Note: Western blot analysis was conducted after five weeks of α-MG and CZ co-administration. TNF-α bands (A) and cor-
responding quantitative analysis (B) were derived from four independent experiments. The control group received a standard 
diet with 0.9% saline and a minimal amount of Tween 80% via gavage. Values represent Mean±SD (n=4). One-way ANOVA 
with Tukey–Kramer post hoc test was used. β-actin served as the internal control. 
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icity, α-MG (100 mg/kg) reduced apoptosis through de-
creased levels of cleaved caspase-3 and a lower Bax/Bcl-
2 ratio (Eisvand et al., 2022). These effects are attributed 
not only to direct modulation of apoptotic markers but 
also to α-MG’s influence on mitochondrial function—
reducing electron leakage and ROS production (Reiter 
et al., 2001). Furthermore, α-MG has been shown to 
reduce cadmium-induced apoptosis by downregulating 
caspase-3 (Ahmadian et al., 2022).

Consistent with these reports, our study demonstrated 
that administration of α-MG at 80 mg/kg significantly 
reduced both cleaved caspase-3 levels and the Bax/Bcl-2 
ratio in the CC of CZ-treated mice, indicating a marked 
anti-apoptotic effect.

5. Conclusion

In conclusion, this study provides the first evidence that 
α-mangostin effectively counteracts CZ-induced demy-
elination in mice by reducing oxidative stress, inflam-
mation, and apoptosis in the CC. These findings suggest 
that α-MG may serve as a promising adjuvant therapy to 
support existing treatments for MS, potentially improv-
ing neuroprotection and disease management.
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