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Introduction: Multiple sclerosis (MS) is a chronic inflammatory and neurodegenerative disorder in which oxidative 
stress and immune dysregulation play important roles in disease progression. Lycopene, a potent antioxidant 
carotenoid, may help modulate these pathways, but its therapeutic potential in MS remains insufficiently explored. 
Objectives: This experimental study aimed to evaluate the effects of lycopene on oxidative stress markers and 
inflammatory cytokines in a rat model of MS.
Materials and Methods: This experimental study was conducted at Jahrom University of Medical Sciences from 
July to September 2018. In a duration of 8 weeks, 40 male Sprague-Dawley rats were allocated to a healthy 
control group, an MS-induced group, a lycopene-treated group (200 mg/kg), and two lycopene noisome-treated 
groups (100 and 200 mg/kg). Serum samples were collected after the intervention to assess total antioxidant 
capacity (TAOC), total oxidant capacity (TOC), malondialdehyde (MDA), interleukin‑10 (IL‑10), and IL-17. The 
outcomes include the comparison of TAOC, TOC, MDA, IL-10, and IL-17 among experimental groups.
Results: The results demonstrated that compared with the healthy rats, the inducted-MS rats indicated a significant 
deterioration in oxidative stress and inflammatory profiles, with a reduction in TAOC and IL-10 and an increase 
in TOC, MDA, and IL-17. Lycopene treatment ameliorated these abnormalities across all intervention groups, 
as evidenced by increased TAOC and IL-10 levels alongside reductions in TOC, MDA, and IL-17 relative to the 
MS group. Among the treated groups, the lycopene + noisome at 200 mg/kg produced the most pronounced 
improvement.
Conclusion: Lycopene supplementation effectively mitigates oxidative stress and inflammation in MS, with high-
dose, lycopene-loaded noisome providing a superior therapeutic strategy. These findings underscore the potential 
of nano-formulated delivery to enhance the efficacy of lycopene-based interventions.
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Introduction
Multiple sclerosis (MS) is a chronic autoimmune 
disease of the central nervous system 
characterized by inflammation, demyelination, 
and progressive neurodegeneration, leading to 
motor, sensory, and cognitive disability over 
time (1,2). Recent epidemiological data from 
the Atlas of MS indicate that approximately 
2.8 million people worldwide are living with 
MS, with a global prevalence of about 35.9 per 
100,000 and a higher burden in women (3). 
Beyond immune-mediated demyelination, 
accumulating evidence implicates oxidative 
stress and redox imbalance as major 
contributors to axonal injury and disease 
progression in both relapsing–remitting and 
progressive forms of MS (4). Experimental 
autoimmune encephalomyelitis (EAE) remains 
the most widely used animal model to explore 
MS pathomechanisms and to test antioxidant 

and immunomodulatory strategies (5,6). 
Clinical and experimental studies consistently 
show increased oxidative damage and 
altered antioxidant defenses in MS and 
EAE, including elevated lipid peroxidation 
products such as malondialdehyde (MDA) 
and disturbed activities of superoxide 
dismutase (SOD), catalase, and glutathione 
systems (4,7). In EAE, enhanced MDA levels, 
decreased sulfhydryl groups, and glutathione 
depletion correlate with neurological deficits 
and tissue damage, supporting a causal link 
between oxidative stress and demyelination 
(6). Pro‑inflammatory cytokines, particularly 
interleukin‑17 (IL‑17), tumor necrosis 
factor‑α (TNF‑α), and interleukin‑6, are 
upregulated in MS lesions and EAE, whereas 
the anti‑inflammatory cytokine interleukin‑10 
(IL‑10) is often reduced, shifting the immune 
milieu toward a pathogenic Th1/Th17 response 
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(4,8). Therefore, interventions capable of restoring redox 
homeostasis while modulating cytokine networks may 
offer neuroprotective benefits in MS.

Lycopene, a non‑provitamin A carotenoid abundant in 
tomatoes and other red fruits, is one of the most potent 
dietary antioxidants and exhibits broad anti‑inflammatory 
activity in vitro and in vivo (9,10). Mechanistic and 
experimental studies show that lycopene scavenges 
reactive oxygen species, enhances endogenous antioxidant 
enzymes, and attenuates lipid peroxidation in diverse 
tissues (9-11). In hypercholesterolemia and other rodent 
models, lycopene supplementation downregulates NF-
κB (nuclear factor-κB) signalling and reduces levels of 
pro‑inflammatory cytokines such as TNF‑α and IL‑6, 
while restoring glutathione, SOD, catalase, and related 
antioxidant defenses (11). These properties position 
lycopene as a promising candidate for targeting the 
intertwined pathways of oxidative stress and inflammation 
that underlie neuroinflammatory diseases.

Natural products with antioxidant properties have shown 
efficacy in ameliorating clinical scores, reducing oxidative 
damage, and limiting demyelination in MS animal 
models, including EAE, and are increasingly explored 
as adjunctive strategies (12). A recent study reported 
that a Mediterranean diet supplemented with lycopene 
delayed EAE onset, lowered clinical scores, reduced IL‑17 
production, and improved spinal cord myelination in mice, 
suggesting a disease‑modifying potential for lycopene in 
central nervous system autoimmunity (5). However, data 
directly addressing how lycopene affects specific oxidative 
stress markers and cytokine profiles, such as IL‑10 and 
IL‑17, in MS‑like conditions remain limited. 

Objectives
The present experimental study, entitled the effects of 
lycopene supplementation on oxidative stress markers 
and inflammatory cytokines in a rat model of MS, 
was therefore designed to evaluate whether lycopene 
supplementation can modulate oxidative stress indices 
and key inflammatory cytokines in an EAE‑like rat model, 
thereby providing mechanistic insight into its potential 
neuroprotective role.

Materials Methods
Study design and samples
This experimental animal study was conducted at Jahrom 
University of Medical Sciences from July to September 

2018. Forty Sprague-Dawley male rats with an average 
weight of 200 to 220 g were randomly assigned to five 
groups of 8 animals each; a healthy control group, an 
MS-induced group, a lycopene-treated group receiving 
200 mg/kg, and two lycopene noisome-treated groups 
receiving 100 mg/kg and 200 mg/kg body weight.

Animal preparation
Forty male Sprague-Dawley rats were used in the study 
and were acclimatized in the animal facility of Jahrom 
University of Medical Sciences for one week before the 
experiment. The animals were maintained under a 12-
hour light/12-hour dark cycle at a temperature of 23±2 °C 
and a relative humidity of 50–55%.

Preparation of lycopene 
Five kilograms of ripe tomatoes were stored at 4°C and used 
within 48 hours for lycopene isolation. After blanching by 
immersing the tomatoes in boiling water for 1–2 minutes, 
followed by rapid cooling, the tomato skins were manually 
removed. The peels were dried at room temperature 
(24–25 °C) for 2–3 hours and then packed in sealed 
polyethylene zip-lock bags and stored at 4°C. The dried 
peels were mixed with a small volume of solvent system 
(n-hexane:acetone:ethanol, 2:1:1, v/v) in the presence of 
CO2, and then processed for 4 hours under an inert CO2 
atmosphere in the dark using an ultrasonic crusher and 
magnetic shaker. The resulting extract was collected in 
a colored glass container and stored under CO2 at 4 °C. 
Finally, the extract was dried in the dark at 60 °C and 50 
rpm using a rotary flash evaporator. The yield of purified 
lycopene extracted from tomato peel was 571 micrograms 
per milliliter of the solvent system (13,14).

Lycopene niosomes were prepared according to the 
method described by Sharma et al. In this procedure, 
the purified extract was dispersed in a small volume of 
solvent system (n-hexane:acetone:ethanol, 2:1:1, v/v). 
Approximately 22 mL of Span 60 and cholesterol at a 
1:1 molar ratio was added to 10 mL of the solvent as the 
organic phase containing the wall material. This phase 
was adsorbed onto an inert support mixed at constant 
temperature at 60 °C, as previously described by Sharma 
et al. The aqueous phase (10 mL mannitol solution, pH 
7.4) was then slowly added to the lycopene-loaded support 
and stirred at 60°C, followed by sonication using a probe 
sonicator for 60 seconds per cycle in three cycles to prevent 
overheating. The suspension was then allowed to stand for 
2–3 hours to stabilize the niosomes. The lycopene-loaded 
noisome suspension was filtered through Whatman No. 1 
filter paper to remove inert materials, and the filtrate was 
then passed through a Sephadex G-50 column to separate 
unentrapped lycopene. Finally, the niosomal vesicles were 
collected and lyophilized, and the freeze-dried formulation 
was stored in a sealed plastic container under compressed 
air (15).

Key point 

The findings indicated that lycopene supplementation effectively 
mitigates oxidative stress and inflammation in a rat model of multiple 
sclerosis (MS), with lycopene-loaded noisome supplementation 
at the highest dosage providing a superior therapeutic strategy for 
restoring antioxidant status and curbing inflammatory pathways in 
experimental MS, highlighting the potential for nano-formulated 
delivery to enhance the efficacy of lycopene-based interventions.
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MS induction method
To induce MS, mice were fed a diet containing cuprizone, 
which causes oligodendrocyte damage and subsequent 
demyelination. The disease course was monitored daily 
using a clinical scoring system, and animals with a score of 
1 were considered to have developed MS (16).

Experimental groups
The control group was maintained under standard 
conditions without any treatment, while the experimental 
groups were subjected to MS induction and then received 
either olive oil as the lycopene solvent by gavage, lycopene 
at 200 mg/kg body weight, lycopene noisome at 100 mg/
kg body weight by gavage, or lycopene noisome at 200 mg/
kg body weight by gavage for eight consecutive weeks after 
induction.

Blood sample collection
One day after the final lycopene injection on day 57, motor 
performance was assessed, and all mice were anesthetized 
with diethyl ether before blood collection using a 5 mL 
syringe. The blood samples were centrifuged at 3000 rpm 
for 15 minutes, and the separated serum was stored at 
-20 °C for subsequent measurement of total antioxidant 
capacity (TAOC), total oxidant capacity (TOC), MDA, 
IL-10, and IL-17 using rat-specific enzyme-linked 
immunosorbent assay (ELISA) kits.

Measurement outcomes
The primary outcomes include comparison of TAOC, 
TOC, MDA, IL-10, and IL-17 between the healthy control 
group, the MS-induced group, the lycopene-treated group 
receiving 200 mg/kg, and two lycopene noisome-treated 
groups receiving 100 mg/kg and 200 mg/kg body weight. 

Statistical analysis
Data were analyzed using IBM SPSS version 27 (IBM 
Corp., USA) and GraphPad Prism 8 (California, USA). 
Group comparisons were carried out by one-way analysis 
of variance (ANOVA), followed by Duncan’s post hoc test 
for pairwise comparisons. Statistical significance was set 
at P<0.05.

Results
In this experimental study, 40 male rats (8 per group), 
each weighing 220 ± 10 g, were included in the analysis. 
The comparative analysis indicated that the distribution 
of oxidative stress markers and inflammatory cytokines 
across experimental groups differed significantly. 
Compared with the control group, the MS group showed a 
marked deterioration in oxidative stress and inflammatory 
profiles, with reduced TAOC and IL-10 and increased TOC, 
MDA, and IL-17, while all between-group differences were 
statistically significant. Treatment with lycopene improved 
these abnormalities in all intervention groups, with TAOC 
rising and TOC, MDA, and IL-17 declining relative to MS, 

alongside an increase in IL-10; overall, the MS + lycopene 
noisome (LN) 200 mg/kg group demonstrated the most 
favorable pattern, showing the strongest restoration of 
antioxidant status and the greatest reduction in oxidative 
and inflammatory markers (Table 1).

The comparison of TAOC between groups indicated 
that the TAOC was reduced in the MS rats compared 
with the healthy control group, while all treatment 
groups showed significant improvement, with the highest 
recovery observed in the higher-dose LN group. In 
contrast, TOC increased in the MS rats versus the healthy 
control group and then declined after treatment, with the 
greatest reduction again seen in the higher-dose LN group 
(Figure 1).

Following the induction of MS in rats, the IL-10 was 

Table 1. Comparison of oxidative stress markers and inflammatory cytokines 
across experimental groups

Group Mean P value*

Oxidative stress 
markers 

TAOC (U/mL)

Control 9.8

<0.001

MS 5.7

MS + L 200 mg/kg 8.7

MS + LN 100 mg/k 8.2

MS + LN 200 mg/k 9.3

TOC (U/mL)

Control 12.8

<0.001

MS 36.5

MS + L 200 mg/kg 15.9

MS + LN 100 mg/k 15.1

MS + LN 200 mg/k 13.4

Inflammatory 
cytokines 

MDA (nmol/mL)

Control 1.5

<0.001

MS 7.3

MS + L 200 mg/kg 2.6

MS + LN 100 mg/k 2.7

MS + LN 200 mg/k 2.1

IL-10 (pg/mL)

Control 248

<0.001

MS 106

MS + L 200 mg/kg 164

MS + LN 100 mg/k 171

MS + LN 200 mg/k 197

IL-17 (pg/mL)

Control 234

<0.001

MS 417

MS + L 200 mg/kg 327

MS + LN 100 mg/k 312

MS + LN 200 mg/k 276

MDA: Malondialdehyde, TOC: Total oxidant capacity, TAOC: Total antioxidant 
capacity, MS: Multiple Sclerosis, L: Lycopene, N: Noisome , IL: Interleukin, 
SD: Standard deviation. *ANOVA.
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decreased compared to the healthy control group, whereas 
treatment with lycopene or lycopene-loaded noisome 
improved TAOC, with the higher-dose noisome group 
showing the greatest restoration toward control levels. In 
contrast, both MDA and IL-17 were elevated in the MS 
group compared with the control and were reduced by 
both treatments, with the strongest reduction observed in 
the higher-dose noisome group (Figure 2).

Discussion
Our experimental MS model confirmed that disease 
induction was associated with a marked shift toward 
oxidative and inflammatory imbalance, and that 
lycopene, particularly when delivered as a high‑dose 
noisome formulation, partially normalized this profile 
by increasing TAOC and IL‑10 and decreasing TOC, 
MDA, and IL‑17 compared with untreated MS rats. 
These data support a protective role for lycopene against 
MS‑related oxidative stress and inflammation in vivo. 
Our findings are consistent with previous experimental 
studies showing that lycopene can reduce oxidative injury 
and inflammatory responses. In an EAE mouse model, a 
Mediterranean diet supplemented with lycopene delayed 
disease onset, reduced clinical scores, lowered T‑cell 
counts, decreased IL‑17A production, and improved 
spinal cord myelination, providing MS‑model–specific 

support for the IL‑17‑modulating and neuroprotective 
potential of lycopene (5). In an experimental rat model, 
lycopene attenuated liver injury, suggesting a partial 
hepatoprotective effect against endotoxemia-induced 
damage. The observed benefits were associated with 
reduced oxidative stress, dampened nuclear factor kappa 
B–mediated inflammatory signaling, and inhibition of 
apoptosis, indicating that lycopene may exert its protective 
effects through multiple interconnected pathways (17). 
Fioretto et al reported that lycopene supplementation 
reduced inflammatory responses and histopathological 
lung injury, improved oxygenation, and decreased DNA 
damage (18). In an experimental rat study by Erten et al, 
lycopene was found to alleviate propionic acid–induced 
autism-like symptoms by suppressing inflammation and 
oxidative stress (19). Gao et al reported that lycopene 
may exert renoprotective effects in calcium oxalate 
nephrolithiasis by reducing oxidative stress, apoptosis, 
pyroptosis, fibrosis, and inflammatory injury (20). In 
a human study by Petyaev et al involving patients with 
coronary vascular disease, lycopene supplementation 
improved cardiovascular outcomes by lowering 
inflammatory and oxidative stress markers (21). In a study 
by Zhao et al, the results found that lycopene exerts strong 
protective effects against chronic prostatitis/chronic pelvic 
pain syndrome by reducing inflammation and oxidative 

Figure 1. Comparison of oxidative stress markers among treatment groups. TOC: Total oxidant capacity, TAOC: Total antioxidant capacity, MS: Multiple Sclerosis, 
L: Lycopene, N: Noisome. The means within each column that share at least one common letter do not differ significantly according to Duncan’s test, whereas 
comparisons with no letters in common are statistically significant.
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stress (22). Furthermore, Kirişçi et al confirmed the 
protective effects of lycopene against ischemia/reperfusion 
injury in a rat hind limb muscle model by improving 
inflammatory and oxidative stress markers (23). 

Although our study did not directly evaluate 
intracellular signaling, the observed reduction in 
oxidative and inflammatory markers is compatible with 
mechanisms proposed in previous lycopene research. 
Experimental work has shown that lycopene can activate 
Nrf2‑dependent antioxidant responses and inhibit NF‑κB 
signaling, thereby decreasing oxidative damage and the 
production of pro‑inflammatory cytokines in neuronal 
and systemic tissues (22). Other studies suggest that 
lycopene modulates pathways such as TLR4/NF‑κB, 
PPAR‑γ, PGC‑1α, and PON‑1, contributing to improved 
cellular redox homeostasis and dampened inflammatory 

signaling in heart, kidney, liver, and brain (9,11,17,21).
Overall, lycopene supplementation in a rat model of MS 

attenuated systemic oxidative stress and partially corrected 
an adverse cytokine profile characterized by reduced IL‑10 
and elevated IL‑17, with the most robust effects observed 
for high‑dose noisome‑encapsulated lycopene. These 
results are in line with a growing body of experimental 
and translational evidence indicating that lycopene exerts 
antioxidant and anti‑inflammatory effects in the nervous 
system and in systemic inflammatory states, including 
models that more directly mimic MS pathogenesis. While 
our data support lycopene, particularly in nano‑formulated 
form, as a promising adjunctive candidate for modulating 
oxidative and immune pathways relevant to MS, more 
comprehensive mechanistic, histopathological, and 
behavioral studies, followed by carefully designed 

Figure 2. Comparison of inflammatory cytokines among treatment groups. MDA: Malondialdehyde, MS: Multiple Sclerosis, L: Lycopene, N: Noisome, IL: 
Interleukin. The means within each column that share at least one common letter do not differ significantly according to Duncan’s test, whereas comparisons with 
no letters in common are statistically significant.
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clinical investigations, are needed before any therapeutic 
recommendations can be made.

Conclusion
In conclusion, lycopene supplementation effectively 
mitigates oxidative stress and inflammation in a rat model 
of MS, with lycopene-loaded noisome at the highest dosage 
demonstrating superior therapeutic efficacy in restoring 
biochemical profiles toward normal levels. These findings 
also suggest that nano-formulated lycopene may offer 
enhanced protective effects against disease-associated 
metabolic imbalances compared with conventional 
lycopene treatment.

Limitations of the study
Several limitations should be considered when interpreting 
these findings. First, the study was performed in a rat model, 
so the results may not fully translate to human MS. Second, 
the sample size was relatively small, and the intervention 
period was limited, which may restrict the generalizability 
of the outcomes. Third, the analysis focused mainly on 
serum oxidative and inflammatory biomarkers, without 
detailed histopathological or mechanistic assessment of 
demyelination and remyelination. Finally, because only two 
doses of lycopene noisome and one dose of conventional 
lycopene were tested, the optimal therapeutic dose and 
long-term safety remain uncertain.
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