
Introduction
Multiple sclerosis (MS) is a prevalent neuroinflammatory 
condition that leads to significant clinical disability (1). 
Demyelination occurs when pathological events lead to 
the destruction of myelin or the cells that produce and 
maintain it, while axons remain relatively intact. This loss 
of myelin leads to abnormalities in nerve conduction and 
overall dysfunction (2).

Cuprizone (CPZ), scientifically known as bis-
cyclohexanone-oxal-dihydrazone, is a copper derivative 
that induces apoptosis in oligodendrocytes within a few 
days (3). Studies have shown that the cuprizone model 
of toxic demyelination in the CNS has been widely used 
for many years to study demyelinating and remyelinating 

processes in the white matter, namely the corpus callosum 
(4). Research has also shown that demyelination and 
neuronal damage extend to the cerebral cortex (5).

The oligodendrocyte transcription factor (Olig2) 
plays a vital role in the development and function of 
oligodendrocytes. Olig2 promotes the differentiation of 
oligodendrocyte progenitor cells (OPCs) and supports 
remyelination (6). 

Glial fibrillary acidic protein (GFAP) is an important 
marker for identifying astrocytes and plays a crucial role 
in maintaining the structural integrity of these cells. It is 
also a key indicator of astrogliosis and astroglial damage. 
A decrease in GFAP expression impairs differentiation 
of OPC and production of oligodendrocytes. Astrocytes 
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Abstract
Introduction: Multiple sclerosis (MS) is a condition characterized by the loss of myelin. This 
study investigated the impact of saffron on the expression of glial fibrillary acidic protein (GFAP) 
and oligodendrocyte transcription factor (Olig2) genes, as well as its effect on the pathological 
changes in rats with demyelination induced by cuprizone (CPZ). 
Methods: A total of 60 male Sprague-Dawley rats (weighing 250 ± 20 g) were randomly assigned 
to 4 groups: sham, MS control, saffron treatment, and saffron prevention. Demyelination was 
induced via oral gavage with a suspension of carboxymethyl cellulose (1%) combined with CPZ 
(0.6%). Blood-brain barrier (BBB) disruption was assessed by measuring Evans blue extravasation 
using UV-Vis spectrophotometry. The gene expression levels of GFAP and Olig2 were analyzed 
using real-time polymerase chain reaction (RT-PCR). Statistical analysis was carried out using 
one-way analysis of variance (ANOVA), with a significance level of P < 0.05. 
Results: Saffron extract significantly (P < 0.001) reduced demyelination and pathological changes 
in CPZ-treated rats and alleviated BBB disruption (P < 0.01). Furthermore, saffron extract notably 
(P < 0.05) regulated the expression of Olig2 and GFAP in the hippocampus of CPZ-demyelinated 
rats. The Olig2 and GFAP gene expression levels in the MS control group was significantly lower 
than in other groups. 
Conclusion: The findings of this study suggest that saffron has the potential to improve pathological 
changes and modulate the expression of Olig2 and GFAP genes in the hippocampus of CPZ-
induced demyelinated rats. 
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are involved in various functions in the CNS, such as 
neuroprotection and repair. During development, they 
express GFAP, and an increase in GFAP levels signifies 
reactive astrocytosis or astrogliosis, reflecting the extent of 
injury (7). Additionally, astrocytes elevate the expression 
of oxidative stress markers and genes related to immune 
responses (8). They are also crucial for maintaining the 
extracellular environment and supporting neurons (9).

Saffron (Crocus sativus) is a medicinal plant that has 
been used as a spice for many years. Phytochemical 
studies have identified 4 secondary metabolites in saffron: 
crocin, safranal, crocetin, and a small percentage of 
picrocrocin. The main active component is crocin, which 
possesses medicinal and neuroprotective properties 
(10). Additionally, other studies have reported that the 
glycosidic esters of crocetin can prevent demyelination 
and neurodegeneration. These results suggest that 
saffron may serve as a complementary treatment for MS 
by inhibiting oxidative stress and preventing leukocyte 
infiltration into the CNS (11).

A limited number of studies have examined the effects 
of saffron on GFAP and Olig2 in the context of MS. This 
study aimed to explore the expression of these genes in the 
hippocampus of rats with CPZ-induced demyelination. 
The study will also evaluate the impact of saffron on the 
pathological processes of demyelination.

Materials and Methods
Animals and Experimental Design 
A total of 60 adult female Sprague-Dawley rats (weighing 
250 ± 20 g) were obtained from the Laboratory Animal 
Center of Shiraz University of Medical Sciences. The rats 
were housed in standard conditions in a temperature-
controlled room (22-24°C) with a 12-hour light/dark cycle 
(lights on at 06:00, off at 18:00). They had unrestricted 
access to food and water. All procedures involving 
animals were approved by the Institutional Research 
Ethics Committee of the School of Veterinary Medicine at 
Shiraz University of Shiraz University of Medical science 
(IR.US.REC.1401.042).

The rats were randomly divided into 4 groups, with 
15 animals per group: (1) sham: received distilled water 
with carboxymethyl cellulose (CMC) (1%) by gavage for 
35 days; (2) MS control: treated with CPZ (0.6%) and 
CMC (1%) by gavage for 35 days without any additional 
treatment; (3) saffron treatment: received CPZ (0.6%) 
and CMC (1%) for 35 days, followed by saffron (60 mg/
kg/day) for the next seven days; (4) saffron prevention: 
administered CPZ (0.6%) and CMC (1%) plus saffron (60 
mg/kg/day) by gavage for 35 days. 

Preparation of Saffron Extract 
In the current study, high-quality saffron stigmas 
were collected from Qaenat (voucher number 55130). 
The samples were identified and authenticated by Dr. 
Khosravi, a professor in the Department of Biology at 
Shiraz University of Medical Sciences. The aqueous 
extract of saffron was prepared according to a previous 

study by Farjeh et al (12). The 100% pure crocin prepared 
by Sigma was diluted to different concentrations and 
injected into the liquid chromatography machine, and 
the corresponding peak was obtained. The saffron 
extract sample in the present study was also injected 
into the device at different concentrations, and the peak 
corresponding to each concentration was obtained. 
The amounts of crocin in the samples were determined 
by comparing the peaks of pure crocin with those from 
hydroalcoholic extracts. The dose of saffron extract was 
determined according to our previous study.

Histopathological Evaluation 
At the end of the experiment, rats were euthanized 
by CO2 inhalation in accordance with bioethical 
guidelines. The brains were perfused with 20 mL of 4% 
formaldehyde, followed by removal of the brain for tissue 
processing. Tissue blocks were prepared, and 3-5 µm 
sections were cut using a microtome. Hematoxylin-eosin 
and Luxol Fast Blue staining were performed. The extent 
of demyelination and histopathological changes were 
analyzed using ImageJ software and a light microscope, 
respectively. A histopathology score was assigned based 
on the severity of tissue damage as follows: (1) low, (2) 
moderate, and (3) high severity.

Assessment of Evans Blue Extravasation 
A 2% Evans blue solution in saline (4 mL/kg body 
weight) was injected into the jugular vein. After 1 hour, 
the rats were perfused with 50 mL of ice-cold PBS, and 
the brain was harvested. The hippocampus was isolated, 
homogenized in 1.1 mL PBS, sonicated, and centrifuged 
for 30 minutes at 15000 rpm at 4°C. The supernatant was 
collected, and 50% trichloroacetic acid was then added 
to each 0.5 mL aliquot and incubated overnight at 4°C, 
followed by centrifugation. The level of Evans blue was 
measured at 610 nm using a spectrophotometer (Thermo 
Spectronic Genesys 10 UV), and concentrations were 
quantified by comparison with a standard curve. Results 
were expressed as μg Evans blue/g tissue.

PCR Procedure: Gene Expression of Olig2 and GFAP
RNA Extraction 
Total RNA was extracted using a Column RNA Isolation 
Kit (DENA Zist Asia, Iran). Hippocampal samples (400 
μg) were homogenized in lysis buffer and centrifuged at 
1500 × g for 1 minute. Then, the supernatant (600 µL) was 
used for RNA extraction. Finally, RNA quality and quantity 
were assessed using a NanoDrop spectrophotometer, and 
0.5 μg of RNA from each sample was used for RT-PCR 
analysis.

Quantitative RT-PCR 
The expression of Olig2 and GFAP was measured 
by real-time polymerase chain reaction (RT-PCR). 
GAPDH served as the normalization gene. Three primer 
sets were designed using Beacon Designer software 
(PREMIER Biosoft, USA) (Table 1). The cDNA of each 
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sample was synthesized using a reverse transcription kit 
(M-MLV and random hexamers, DENA Zist Asia). RT-
PCR was conducted with Real Q Plus 2x Master Mix 
Green (Ampliqon, Denmark) using a Light Cycler 96 
(Roche, Germany) with the following conditions: initial 
denaturation at 95°C for 5 minutes, followed by 40 cycles 
of 95°C for 20 seconds, annealing at 60°C for 15 seconds, 
and extension at 72°C for 12 seconds. A melting curve 
analysis was also included in the program.

To ensure optimal efficiency, the assay was calibrated 
using a fivefold serial dilution of pooled RNA samples. 
The ΔΔCt method was used to analyze the gene expression 
levels, with the sham group serving as the calibrator.

Statistical Analysis 
Based on a pilot study, the sample size was calculated using 
the formula: 

2 2
1 /2

2

. zn α σ
δ

− ×
= . Data analysis was performed 

using SPSS version 22. One-way ANOVA was used to 
analyze the percentage of demyelination, Evans blue 
extravasation, and gene expression of Olig2 and GFAP. 
The Mann–Whitney U test was used for histopathological 
analysis, and Tukey’s post-hoc test was employed to 
identify significant differences. Statistical significance 
was defined as P < 0.05. All results are expressed as 
mean ± SEM.

Results
The saffron extract administered at a dose of 60 mg/kg 
contained 4.3 mg/kg of crocin, as determined by HPLC 
analysis (Figure 1). Following 35 days of CPZ treatment, 
demyelination occurred in all groups except the sham 
group, which showed minimal demyelination. Both 
the saffron treatment and saffron prevention groups 
exhibited significantly less demyelination compared to 
the MS control group (P < 0.001 in the corpus callosum 
(CC) and P < 0.01 in the cerebellum) (Figure 2).

Hematoxylin-eosin staining revealed two types of 
pathological changes. First, in the MS control group, 
80% of the slides displayed lymphocytic infiltration in 
the meninges along with marked edema and hyperemia. 
In contrast, these changes were observed in 61% of the 
slides in the saffron treatment group and 20% in the 
saffron prevention group (Figure 3). Second, 20% of 
slides from the MS control group showed gliosis and 
neuronal necrosis, while they were seen in 16% of the 
saffron treatment group and were absent in the saffron 
prevention group (Figure 3).

CPZ treatment led to blood-brain barrier (BBB) 
disruption in the hippocampus, with Evans blue 
leakage into the brain. The MS control group showed 
the highest degree of BBB damage, with significant 

differences (P < 0.0001 compared to the sham group, 
P < 0.05 compared to the saffron treatment, and P < 0.01 
compared to the saffron prevention group). In the saffron 
prevention group, the degree of BBB damage was similar 
to that of the sham group (Figure 4).

Gene expression analysis revealed that the expression 
of Olig2 was significantly reduced in the MS control 
compared to the sham group (P < 0.0001), the saffron 
treatment group (P < 0.05), and the saffron prevention 
group (P < 0.001) (Figure 5).

Regarding GFAP gene expression, a significant decrease 
was observed in the MS control group (P < 0.001) as well 
as in the saffron treatment and saffron prevention groups 
(P < 0.05) when compared to the sham group (Figure 6).

Discussion
MS was induced by the administration of CPZ for 35 days. 
Toxin-induced demyelination models are particularly 
useful for exploring the mechanisms underlying 
primary myelin loss and subsequent remyelination. Oral 
administration of CPZ represents a well-established 
toxin-based model that selectively induces demyelination 
in specific white matter regions, particularly the corpus 
callosum. As a copper-chelating agent, CPZ triggers 
oligodendrocyte degeneration and widespread myelin 
depletion in several regions of the brain. It also causes 
mild disruption of the BBB, facilitating limited infiltration 
of peripheral immune cells (13). Cuprizone titration 
(cuprizone at different doses) results in significant 
demyelination. Increased activation of microglia and 
astrocytes was observed in regions that have undergone 
demyelination (14). A recent study provided new insights 
into the role of microglia in the processes of demyelination 
and remyelination in gray matter using an acute 
cuprizone toxicity model. The regional characteristics of 
demyelination and glial responses were found to be similar 
to those described in white matter in human MS (15).

In the present study, saffron was administered in two 
experimental paradigms: (1) after MS induction as a 
therapeutic intervention and (2) concurrently with CPZ 
as a preventive strategy. Histopathological assessments 
were performed in the corpus callosum and cerebellum, 
which are the primary regions affected by CPZ-induced 
demyelination and are commonly used to confirm the 
extent of myelin loss in demyelinating diseases (16). 
Conversely, gene expression analysis was conducted in 
the hippocampus, a region highly susceptible to oxidative 
stress and neuroinflammation during demyelinating 
conditions. Previous studies have shown that 
hippocampal astrocytes and oligodendrocyte progenitors 
respond dynamically to CPZ intoxication, making this 

Table 1. Sequences of Primers and Probes Designed in the Study 

Gene name Forward (5`-3`) Reverse (5`-3`) Length Type Accession number Tm

Olig2 CAGAGACCCGAGCCAA CTTTTTCAACCTTCCGAATGTG 92 Exon-exon junction NM_001100557.1 62.36-62.47

GFAP AAACCGCATCACCATTCC GCACACCTCACATCACATC 185 Intron-spanning NM_017009.2 62.47-62.86

GAPDH GACAGCCGCATCTTCTTG TAACCAGGCGTCCGATAC 96 Intron-spanning NM_017008.4 62.88- 62.93



Avicenna J Med Biochem 2025;13(2)84

Khaledi et al 

area particularly suitable for evaluating GFAP and 
Olig2 expression (17). This combined approach enabled 
evaluation of structural alterations in myelin-rich areas 
alongside molecular pathways related to neuroprotection 
and remyelination in saffron-treated animals.

The administration of CPZ in this study produced several 

pathological alterations, including meningeal lymphocyte 
infiltration, edema, hyperemia, gliosis, and neuronal 
necrosis. Treatment with saffron extract attenuated 
these abnormalities. CPZ-induced neuronal damage 
in both young and aged rats was also associated with 
changes in macrophage, T-cell, and astrocyte populations 

Figure 1. Comparison of HPLC Peaks of Pure Crocin and Saffron Extract at 60 mg/kg Body Weight

Pure Crocin 

Saffron Extract 
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Figure 2. A, percentage of demyelination in the corpus callosum (CC) and cerebellum. Representative photomicrographs showing the effect of saffron extract on 
cuprizone-induced demyelination in the corpus callosum (B) and cerebellum (C). In both brain regions, intact myelin fibers appeared as intensely blue-stained 
areas, whereas demyelinated regions appeared pale or unstained (indicated by yellow arrows). (a) Sham group: normal architecture with dense myelin staining 
and well-preserved laminar organization. (b) MS control group: Extensive demyelination and loss of compact myelin structure, evident as large pale regions. 
(c) Saffron treatment group: partial restoration of myelin density and moderate remyelination in the affected areas. (d) Saffron prevention group: near-complete 
preservation of myelin integrity with minimal demyelinated zones. Luxol Fast Blue staining confirmed that saffron administration markedly reduced myelin 
loss in both the cerebellar and callosal white matter compared to the MS control group. Scale bars = 200 μm. The significant difference between groups was as 
follows: ** P < 0.01, *** P < 0.001, **** P < 0.0001

Figure 3. Microphotograph of the Brain Sections of all Groups. The section represents two pathological disorders in demyelinated rats: (1) the presence of 
lymphocytes and (2) gliosis

A 

B C 

Sham MS control 

(presence of lymphocyte) 

MS control 

(gliosis) 

Saffron Treatment 

(presence of lymphocyte) 

Saffron Treatment 

(gliosis) 

Saffron prevention 

(presence of lymphocyte) 
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(18). Activated microglia produce various neurotoxic 
molecules, which are reduced by the neuroprotective 
effects of crocin and crocetin (19). Reports indicate that in 
the progressive stages of MS, neuronal pathology in both 
primary and secondary progressive MS is accompanied by 
inflammation in the perivascular and meningeal spaces. A 
positive correlation has been found between the degree of 
demyelination in the cortical gray matter and the density 
of lymphocytes in the meninges. In contrast, the density 
of lymphocyte infiltration in white matter did not show a 
correlation with demyelination (20). 

In the current study, saffron extract was found to modify 
CPZ-induced BBB disruption. The research on cerebral 
ischemia shows that crocin or similar antioxidants can 
protect rats from cerebral ischemia by preserving the 

integrity of the BBB (21). Dietary supplementation with 
saffron extract (50 mg/kg/day) strengthened the BBB and 
reduced its disruption in rats, and crocin at 10 mg/kg/day 
produced comparable protective effects (22).

Treatment with saffron also influenced Olig2 gene 
expression in the hippocampus. Although Olig2 expression 
increased following the administration of saffron, the 
magnitude of increase was lower than that observed in 
untreated animals. Concurrent administration of saffron 
with CPZ appeared to enhance therapeutic responses, 
potentially supporting remyelination and gene regulation. 
Crocetin, a metabolite of crocin, has been shown to 
stimulate OPC differentiation by upregulating Ki67 and 
the transcription factor Olig2. Similarly, crocin promotes 
oligodendrocyte proliferation, maturation, and myelin 
restoration (23). Loss of Olig2-positive progenitor cells 
is known to impair remyelination in MS (24). Notably, 
saffron extract at 60 mg/kg/day significantly increased 
the number of Olig2-immunopositive cells (25). Olig2 
is essential for oligodendrocyte lineage specification and 
development and has been demonstrated, both in vitro 
and in vivo, to enhance OPC migration, differentiation 
into mature oligodendrocytes, and efficient remyelination 
within the CNS (26). 

In addition, the administration of saffron altered 
GFAP expression. Elevated serum GFAP levels have 
been proposed as a biomarker for disease progression in 
MS and are associated with astrocytopathy and diffuse 
white matter injury (27). Astrocytes constitute about 
one-third of CNS cells and are involved in metabolism, 
repair, and axon regeneration. Activated astrocytes 
upregulate GFAP expression (28). Astrocytes have been 
classified into astrocyte A1 (destructive) and astrocyte A2 
(neuroprotective). Inflammation significantly increases 
the ratio of astrocytes A1 to A2 (29). According to an earlier 
report, GFAP mRNA increases 24 hours after a concussion. 
The use of saffron reduces the degree of concussion and 
decreases the extent of neuronal destruction, astrocyte 
and microglial activity, and the amount of GFAP (30). 

Figure 4. The Effect of Saffron on the Destruction of the BloodBrain Barrier 
Induced by Cuprizone in the Hippocampus. The rate of extravasation of 
Evans blue in the hippocampus blood vessels represents the rate of Blood 
Brain Barrier disruption. The significant difference between groups was as 
follows: * P < 0.05, ** P < 0.01, *** P < 0.001

Figure 5. The Effect of Saffron on the Olig2 Gene Expression in the 
Hippocampus of Male Rats. The significant difference between groups was 
as follows: * P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001

Figure 6. The Effect of Saffron on the GFAP Gene Expression Level in the 
Hippocampus of Male Rats. The significant difference between groups was 
as follows: * P < 0.05, *** P < 0.001
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However, in an immunohistochemical model, saffron 
at 60 mg/kg/day significantly increased GFAP gene 
expression, as evidenced by a greater number of GFAP-
positive cells and enhanced density of GFAP protein (25).

Conclusion
The novelty of the present study lies in its examination of 
the effect of CPZ on gray matter. In contrast, most studies 
have investigated the effect of CPZ on demyelination and 
remyelination of white matter. On the other hand, the 
results of the present study highlight the importance of 
saffron in treating MS. Saffron improved CPZ-induced 
demyelination and modulated the disruption of GFAP 
and Olig2 gene expression in the rat hippocampus. 
Additionally, it reduced pathological disturbances 
following CPZ-induced MS.

Additionally, the present study is novel due to its 
comprehensive approach, which investigates the effects of 
saffron on hippocampal pathology in demyelinated rats. 
It may provide valuable mechanistic insights into diseases 
such as MS and other demyelinating disorders. Finally, 
our results showed that using saffron in a preventive 
model is more beneficial.
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