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demyelination, modulating microglia activation,  
in a cuprizone neurotoxic demyelinating mouse model 
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Abstract: Clinical data reported a reduction of Multiple sclerosis (MS) symptoms during pregnancy when proges-
terone levels are high. Medroxyprogesterone acetate (MPA) is a synthetic progestin contraceptive with unknown 
neuroprotective effects. This study investigated the effect of a contraceptive dose of MPA on microglia polarization 
and neuroinflammation in the neurotoxic cuprizone (CPZ)-induced demyelinating mouse model of MS. Mice received 
1 mg of MPA weekly, achieving similar serum concentrations in human contraceptive users. Results revealed that 
MPA therapy significantly reduced the demyelination in the corpus callosum. In addition, MPA treatment induced 
a significant reduction in microglia M1-markers (iNOS, IL-1β and TNF-α) while M2-markers (Arg-1, IL-10 and TGF-β) 
were significantly increased. Moreover, MPA resulted in a significant decrease in the number of iNOS positive cells 
(M1), whereas TREM-2 positive cells (M2) significantly increased. Furthermore, MPA decreased the protein expres-
sion levels of NF-κB and NLRP3 inflammasome as well as mRNA expression levels of the downstream product IL-18. 
In summary, MPA reduces the level of demyelination and has an anti-inflammatory role in CNS demyelination by 
inducing M2 microglia polarization and suppressing the M1 phenotype through the inhibition of NF-κB and NLRP3 
inflammasome. Our results suggest that MPA should be a suitable contraceptive pharmacological agent in demy-
elinating diseases.
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Introduction

Multiple sclerosis (MS) is a neurodegenerative 
disorder characterized by myelin destruction, 
oligodendroglial loss, inflammation, axonal de- 
generation, astrogliosis and microgliosis [1, 2]. 
MS is more prevalent among female gender 
which suggests a possible role for hormonal 
and genetic factors [3, 4]. An early and com-
mon feature of the majority of MS pathologies 
is the activation of microglia in the damaged 
CNS [5].

Microglia, the resident macrophage cells of the 
central nervous system (CNS), are considered 
as immune guards capable of orchestrating a 
potent inflammatory response [6]. Traditionally, 

microglia were shown to be polarized into the 
pro-inflammatory phenotype (M1) or an anti-
inflammatory (M2) phenotype [7]. M1 microglia 
are capable of producing and releasing reactive 
oxygen species (ROS), nitrogen reactive species 
(NRS), interleukin 1β (IL-1β) and tumor necrosis 
factor-α (TNF-α) [8, 9]. On the other hand, M2 
microglia generates trophic factors such as 
brain derived neurotrophic factor (BDNF) and 
tumor growth factor-β (TGF-β) [6, 10].

Mechanisms of M1/M2 polarization associated 
with a broad spectrum of neurodegenerative 
diseases have been widely investigated [11]. 
Sex steroids were shown to have protective 
effects during the onset and progression of MS 
since clinical proves reported a dramatic reduc-
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tion of MS symptoms during pregnancy, partic-
ularly when estrogen and progesterone levels 
are relatively high [12]. It has been reported 
that progesterone treatment attenuates M1- 
microglia polarization and enhances remyelin-
ation in animal models of MS [13, 14]. Hormonal 
contraceptives are an exogenous source of sex 
steroid hormones and could have a role in the 
development of MS [15, 16]. An epidemiologic 
study of contraceptive use and MS risk report-
ed that contraceptive hormones could have dif-
ferent effects on the risk of autoimmunity, how-
ever this risk varied according to progestin con-
tent [17].

The identification of progesterone as a neuro-
protective agent opens new perspectives for 
the use of progestogen-based drugs in MS. For 
instance, the most widely used progestin in 
progestin-only contraceptives is Medroxypro- 
gesterone Acetate (MPA), a synthetic progestin 
derived from 17α-hydroxy-progesterone [18]. 
While the polarization of macrophages has 
been shown to be regulated by MPA [19]; never-
theless, the function of MPA in CNS microglia 
polarization is still unclear.

The MPA dose resulting into serum MPA con-
centrations in C57BL/6 mice comparable to 
those observed in women contraceptive users 
has been recently determined [20]. The pur-
pose of the present study was to apply this MPA 
dosage in order to study its effect on demyelin-
ation, inflammatory cytokines, and microglial 
activation in the cuprizone (CPZ) mouse model 
of MS.

Material and methods

Animals

This study was approved by the Institutional 
Animal Care and Use Committee (IACUC) and 
Ethics Committees of Tehran University of Me- 
dical Science (TUMS), Tehran, Iran, (IR.TUMS.
MEDICINE.REC.1398.838). Male C57BL/6 mi- 
ce (6-8 weeks old, 20-25 g) were purchased 
from Pasteur institute (Karaj, Iran). Mice were 
maintained and housed at the Animal Breeding 
Center under pathogen-free conditions with 
constant temperature and a 12/12 hours’ 
light/dark cycles. Surgical procedures were car-
ried out under deep anesthesia.

Pharmacologic agent

Kleynhans and colleagues demonstrated that 
C57BL/6 mice treated by MPA with 1 mg/

mouse/week could achieve serum concentra-
tions similar to those observed in human con-
traceptive users [20]. In this study, MPA (150 
mg, Iran hormone Co., Tehran, Iran) was diluted 
to 20 mg/ml in sterile phosphate-buffered 
saline (PBS; Sigma-Aldrich, USA). Mice were 
injected with 1 mg of MPA in 50 μl vehicle intra-
muscularly, into the right thigh muscle, once a 
week.

Induction of cuprizone and MPA treatment

A total of 30 male C57BL/6 mice were divided 
into three different groups with ten animals per 
group. Mice in the control (Ctrl) group were 
given standard normal diet for 6 weeks. The 
cuprizone (CPZ) group was given the same diet 
supplemented with 0.2% cuprizone (Sigma-
Aldrich, USA) for 6 weeks. The medroxyproges-
terone acetate group (CPZ+MPA) consisted of 
cuprizone-treated mice which also received an 
MPA injection every week, starting from the first 
week until the end of the experimental 
procedure.

Sacrifice and tissue collection

After 6 weeks of cuprizone administration, mice 
were deeply anesthetized with Ketamine 
(Sigma, St. Louis, USA)/Xylazine (Heidelberg, 
Germany), as follows. A stock solution was pre-
pared in a syringe including 160 μL Ketamine 
100 mg/mL (Sigma, St. Louis, USA), 160 μL 
Xylazine 2% (Heidelberg, Germany), and 1680 
μL physiologic saline solution. A dosage of 80 
mg/kg ketamine and 16 mg/kg xylazine (5/1 
ratio), warmed to body temperature, was admin-
istered intraperitoneally at a volume of 10 μL/g 
body weight using 27 ¾ Gauge needles. Mice 
were then perfused with a transcardiac injec-
tion of PBS (Sigma-Aldrich, USA) and then fixed 
with 4% paraformaldehyde (PFA; Sigma-Aldrich, 
USA) [21]. Briefly, following complete anesthe-
sia (animals were checked for toe-pinch reflex 
to check for pain reflex before any procedures 
were done), the animal was cut open below the 
diaphragm and the rib cage was cut rostrally on 
the lateral edges to expose the heart. A small 
hole was cut in the left ventricle and the needle 
was inserted into the aorta and clamped, then 
the right atrium was cut to allow flow. The ani-
mal was transcardially perfused with PBS wash 
for 4-5 minutes or until liver is cleared of blood. 
Next, the animal was transcardially perfused 
with 4% PFA for 4 minutes. The head was 
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removed (the animal was decapitated at a level 
even with forelimbs to ensure that the entire 
brainstem is included), skin trimmed off and 
the brain was post fixed in a small jar of 4% PFA 
for 24 hours. Brains were removed taking good 
attention to the corpus callosum above the for-
nix. Coronal brain sections were immersed in 
4% PFA for 24 h then the tissue was dehydrated 
and embedded into paraffin blocks (Merck, 
Germany). Sections (5 μm) of the fixed tissues 
were prepared from the corpus callosum, depa-
raffinized and hydrated through a routine xylol 
and alcohol protocol. In order to analyze gene 
expression, mice were transcardially perfused 
with ice-cold Dulbecco’s PBS (D-PBS, Sigma, 
USA). Thereafter, whole brains were rapidly 
snap frozen in liquid nitrogen and stored at 
-80°C until used.

Luxol fast blue staining

The presence of demyelination in the corpus 
callosum of cuprizone-treated mice was mea-
sured using Luxol Fast Blue (LFB, Gibco, USA) 
staining of formalin-fixed sections according to 
the protocol described by Acs et al. [22]. After 
deparaffinization and rehydration using de- 
creasing grades of ethanol, coronal brain sec-
tions were incubated overnight in LFB solution 
(0.01) at 56°C and washed in ethanol and  
distilled water to remove the excess blue stain. 
In order to distinguish white matter from gray 
matter, the staining color was differentiated in 
a lithium carbonate solution (Merck, Germany) 
for 15 s. Slides were further passed through 
fresh xylene (Merck, Germany) for two times 
and mounted with Entellan (Merck, Germany). 
The sections were scanned and captured using 
an Olympus light microscope (Olympus CX310, 
Japan) equipped with a digital camera (Oly- 
mpus, Japan). The quantification of LFB images 
was performed as previously described [23]. 
Briefly, the areas of demyelination (clear-white) 
to normal tissue (blue) were quantified using  
10 random sections from each mouse using 
ImageJ software (Image J software, USA). 
Demyelination in each section was confirmed 
by monitoring adjacent sections. The percent-
age of demyelinated area was calculated by 
dividing the lesion size to the total area for each 
section.

Immunohistochemistry

Following deparaffinization and hydration, sec-
tions were incubated in antigen retrieval buffer 
(10 mM sodium citrate, 0.05% Tween 20), 

quenched in H2O2, and blocked at room tem-
perature. Non-specific labeling was blocked 
using 0.1% bovine serum albumin (BSA, Sigma, 
USA) in 0.1% Triton X-100/PBS for 60 min. 
Sections were incubated overnight at 4°C with 
primary antibodies for -iNOS (1:500, Abcam, 
UK), TREM-2 (1:600, Antibodies-Online), Iba-1 
(1:4000, Abcam, UK), NF-κB (1:500, SantaCruz 
Biotechnology, USA) and NLRP3 (1:400, Bioss, 
USA). After washing, the sections were incubat-
ed with appropriate horseradish peroxidase 
(HRP) conjugated secondary antibodies (Ve- 
ctastain® ABC kit, Vector Laboratories) for 1 h 
at room temperature. Diaminobenzidine solu-
tion (DAB; DAKO, Germany) was added for 10 
min, then slides were observed under a light 
microscope (Olympus IX-71; 40× objective) 
equipped with a Canon EOS digital camera. A 
total of four slices were analyzed for each ani-
mal (n=3 per group), with a distance of 150 µm 
in between. Quantification of Iba-1 was per-
formed by measuring the immunostained areas 
with ImageJ (National Institutes of Health, 
Bethesda) and was demonstrated as the per-
centage of positive stained area [24]. For quan-
tification of iNOS, TREM-2, NF-κB and NLRP3, 
the number of positive cells was measured.

Real time-PCR

Total RNA was isolated from brain tissues using 
QIAGEN RNeasy Kit (Qiagen, Tokyo, Japan), and 
then cDNA was synthesized with the High 
Capacity cDNA Reverse Transcription kit 
(Applied Biosystems, USA). Quantitative real-
time PCR (qRT-PCR) was performed by the 
StepOne RealTime PCR system (Applied 
Biosystems, USA). Cycling conditions for all 
analyses consisted of initial denaturation at 
95°C during 10 min, followed by 40 cycles of 
denaturation at 95°C for 15 s and annealing at 
60°C for 60 s. Real-time PCR was carried out 
with RealQ Plus 2× Master Mix Green (Ampliqon, 
Denmark). Quantifcation was performed using 
2-ΔΔCt; n=3 per group. The primer sequences 
are listed in Table 1. The specificity of PCR 
products was confirmed by melting curve analy-
sis (data not shown). The expression levels of 
mRNAs were then reported relative to the 
β-actin reference gene.

Statistical analysis

Results are presented as mean values ± stan-
dard deviation of the mean (mean ± SD) and 
analyzed using Graph Pad Prism (Version 6.01, 
CA, and the USA). The Kolmogorov-Smirnov test 
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was used for normality evaluation. Comparison 
between the studied groups were performed by 
a parametric one-way analysis of variance 
(ANOVA) followed by Tukey post-hoc test. Re- 
sults of PCR analysis from five independent 
experiments were normalized against β-actin 
and are presented as the percentage of con-
trol. Significance is indicated by *P<0.05, 
**P<0.01 and ***P<0.001.

Results

MPA therapy reduced the severity of demyelin-
ation in CPZ-treated mice

The MPA dose of 1 mg/mouse/week was used 
in this study since it was previously demon-

Microglia polarization is induced over time  
and represents the switching of microglia  
from an activated M2- towards a classical M1- 
phenotype. In this study, we investigated 
whether MPA treatment, administered once a 
week for the six weeks’ period of CPZ demyelin-
ation, can induce switching between M1 and 
M2 phenotypes. The polarization of microglia 
was first analyzed at the transcriptional level by 
quantitative real-time PCR, in the corpus callo-
sum of mice at week 6. The expression profiling 
was performed using M1- (iNOS, TNF-α, IL-1β) 
(Figure 2A) and M2-assosiated (Arg-1, TGF-β, 
IL-10) markers (Figure 2B); respectively. Results 
revealed that the CPZ group of mice demon-
strated significantly higher mRNA expression 

Table 1. List of primers used for real time-PCR
Forward primer Reverse primer

IL-10 GCCCAGAAATCAAGGAGCATT GCTCCACTGCCTTGCTTTTA
IL-1β TGCCACCTTTTGACAGTGATG GGTCCACGGGAAAGACAC
TNF-α GAACTGGCAGAAGAGGCACT TTGAGAAGATGATCTGAGTGTGG
TGF-β CAAGGGCTACCATGCCAACT GTACTGTGTGTCCAGGCTCCAA
IL-18 GCCTGATATCGACCGAACA CCTTCCATCCTTCACAGATAGG
Arge1 TCACCTGAGCTTTGATGTCG CTGAAAGGAGCCCTGTCTTG
iNOS CAAGCACCTTGGAAGAGGAG AAGGCCAAACACAGCATACC
β-actin GGCACCACACCTTCTACAATG GGGGTGTTGAAGGTCTCAAAC

Figure 1. The effect of MPA treatment on cuprizone induced demyelination. 
A. Representative images of LFB-stained sections in the corpus callosum of 
control (Ctrl), cuprizone alone (CPZ) or combined with MPA (CPZ+MPA). Re-
sults showed that MPA accelerated demyelination in the corpus callosum of 
CPZ-induced mice. B. Quantitative analysis for LFB in the corpus callosum. 
Scale bar =100 μm. Data are presented as the mean ± SD. n=3 per group. 
Significance is indicated by **P<0.01.

strated to achieve MPA serum 
concentrations in mice similar 
to those observed in human 
contraceptive users [20]. The 
effect of this MPA dose was 
then used to investigate the 
myelin content and the extent 
of demyelination area in the 
corpus callosum by performing 
luxol fast blue (LFB) staining. 
Administration of cuprizone 
(CPZ) diet for 6 weeks caused a 
robust demyelination in the cor-
pus callosum, compared to 
control (Ctrl) mice (Figure 1A). 
However, treatment by MPA 
therapy (CPZ+MPA) dramatical-
ly decreased this CPZ-indu- 
ced demyelination (Figure 1A). 
Quantification of LFB ima- 
ges measuring the amount  
of myelin loss for each brain 
was also performed. Results 
confirmed that CPZ caused  
a significant demyelination in 
the corpus callosum, in com- 
parison to controls (Figure  
1B). Moreover, the percentage  
of demyelination was signifi-
cantly (**P<0.01) reduced in 
MPA treated mice (CPZ+MPA), 
compared to the CPZ group 
(48% vs 80%, respectively) 
(Figure 1B).

MPA modulates microglia po-
larization from M1 to M2 phe-
notype at the transcriptional 
level
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levels of M1-microglia markers (iNOS, TNF-α 
and IL-1β), in comparison to controls (Figure 
2A). However, MPA treatment (CPZ+MPA) re- 
sulted in a significant decrease in the expres-
sion of M1 markers (iNOS, TNF-α and IL-1β), in 
comparison to CPZ mice (Figure 2A). This result 
highlights the anti-inflammatory role of MPA in 
CNS demyelination by suppressing M1-microglia 
polarization. In contrast, the expression of 
M2-related markers (Arg-1, TGF-β and IL-10) 
was significantly (*P<0.05) decreased in CPZ 

Iba-1 (Figure 3B) and iNOS (Figure 3C)  
positive cells, in comparison to CPZ mice. On 
the other hand, the expression of TREM-2  
positive cells showed an opposite trend  
and decreased significantly (*P<0.05) in CPZ 
mice, in comparison to controls (Figure  
3D). Interestingly, MPA therapy also re- 
versed the trend and increased significantly 
(**P<0.01) the number of TREM-2 positive  
cells in comparison to the CPZ group (Figure 
3D).

Figure 2. The effect of MPA on the expression levels of microglia associ-
ated genes. A. Quantitative real time PCR for mRNA expression levels of 
M1-microglia associated markers iNOS, TNFα and IL-1β. The levels of these 
mRNAs were upregulated in CPZ mice; however, they were significantly de-
creased following MPA administration. B. Quantitative real time PCR for 
mRNA expression levels of M2-microglia associated markers Arg-1, TGF-β 
and IL-10. Results showed a significant decrease of these markers in CPZ 
mice, which was inhibited by MPA therapy. Data are presented as the mean 
± SD. n=3 per group. Significance is indicated by *P<0.05, **P<0.01, and 
***P<0.001.

mice, in comparison to con-
trols. However, the transcrip-
tional expression levels of M2 
markers (Arg-1, TGF-β and 
IL-10) were significantly in- 
creased following MPA therapy 
(CPZ+MPA), in comparison to 
the CPZ group (Figure 2B). 
These results clearly indicate 
the anti-inflammatory role of 
MPA therapy in CNS demyelin-
ation by inducing M2 microglia 
polarization and suppressing 
the M1 phenotype.

MPA modulates microglia acti-
vation and polarization at the 
translational level

Microglia was then investigat-
ed at the protein level in the 
corpus callosum using immu-
nohistochemistry (IHC) stain-
ing. Microglia activation was 
examined using Iba-1 while 
microglia conversion was ex- 
plored using iNOS and TREM-
2, representing the M1 and  
M2 phenotypes; respectively 
(Figure 3A). Consistent with 
the transcriptional data, quan-
tification of IHC images dem-
onstrated that induction of 
demyelination by CPZ caused 
a significant (**P<0.001) in- 
crease in the number of Iba-1 
and iNOS positive cells in CPZ 
mice, in comparison to con-
trols (Figure 3B and 3C, re- 
spectively). However, MPA 
treatment (CPZ+MPA) resulted 
in a significant (*p<0.05) de- 
crease in the number of  
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Taken together, these data clearly demonstrate 
a suppressing effect of MPA therapy on M1 
microglia phenotype accompanied by a shift in 
microglia polarization toward M2-phenotype, 
both at the transcriptional and translation lev-
els, promoting a hemostatic state.

NLRP3 inflammasome regulates MPA-
mediated polarization of microglia

In order to investigate the mechanism by which 
MPA would suppress the M2 inflammatory 

microglia phenotype, we then determined the 
protein levels of NF-κB and NLRP3 inflamma-
some in the corpus callosum of mice, using 
immunohistochemistry (Figure 4A). Quantifica- 
tion of data demonstrated a prominent and  
significant (**P<0.01) increase in the protein 
expression levels of NF-κB (Figure 4B) and NL- 
RP3 (Figure 4C) in the CPZ demyelinated group, 
in comparison to controls. However, MPA thera-
py significantly (*P<0.05) suppressed the pro-
tein levels of NF-κB and NLRP3, in comparison 
to CPZ mice (Figure 4B and 4C, respectively).

Figure 3. Immunohistochemistry (IHC) staining for markers of M1 and M2 microglia. A. Representative images of 
IHC staining for total microglia (Iba-1), M1-microglia phenotype (iNOS) and M2-microglia phenotype (TREM-2) in the 
corpus callosum. These are displayed for control (Ctrl), cuprizone alone (CPZ) or combined with MPA (CPZ+MPA) 
groups. B-D. Quantitative analysis of the number of Iba-1, iNOS and TREM-2 positive cells in the corpus callosum 
of different groups. Results showed a persistent upregulation of Iba-1 and iNOS positive cells and a significant 
downregulation of TREM-2 positive cells in microglia of CPZ mice, in comparison to the control group. However, 
administration of MPA caused an increase in TREM-2 positive cells while inhibiting Iba-1 and iNOS positive cells, in 
comparison to CPZ group. Scale bar =100 μm. Data are presented as the mean ± SD. n=3 per group. Significance 
is indicated by *P<0.05 and **P<0.01.
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Since NLRP3 inflammasome plays a significant 
role in MS, the effects of MPA treatment on 
IL-18, the downstream end-product of NLRP3 
was then analyzed by quantitative real time-
PCR (Figure 5). mRNA expression levels of 
cleaved-IL-18 were shown to be significantly 
(***P<0.001) higher in CPZ group, compared to 
control mice (Figure 5). Interestingly, MPA 
administration caused a significant (**P<0.01) 
decrease in transcript levels of IL-18, in com-
parison to the CPZ group (Figure 5).

Taken together, these finding indicate that the 
mechanism by which MPA would induce M1 to 
M2 phenotype is achieved through the inhibi-
tion of NF-κB and NLRP3. 

Discussion

Medroxyprogesterone acetate (MPA) is the 
most widely prescribed pill in progestin-only 
contraceptives [18]. In this study, we investi-
gated the effects of a contraceptive dose of 
MPA on microglia polarization in CPZ mice. 
Evaluation of myelin indicated that MPA attenu-
ated CPZ-induced demyelination in the corpus 
callosum. Subsequent histopathological analy-
sis revealed that MPA administration decreased 
protein expression levels for M1 microglia phe-
notype markers and inhibited mRNA expres-
sion levels of pro-inflammatory cytokines. 
Previous studies examining the neuroprotec-
tive effects of MPA have reported conflicting 

Figure 4. The effect of MPA on protein expression levels of NF-κB and NLRP3 inflammasome. A. Representative 
captures of IHC staining for NF-κB and NLRP3 proteins in the corpus callosum of control (Ctrl), cuprizone alone 
(CPZ) or combined with MPA (CPZ+MPA) groups. B, C. Quantitative analysis for NF-κB and NLRP3 protein expression 
levels. NF-κB and NLRP3 levels increased in CPZ mice, in comparison to controls. However, MPA administration 
significantly suppressed this increase, in comparison to CPZ mice. Scale bar =100 μm. Data are presented as the 
mean ± SD. n=3 per group. Significance is indicated by *P<0.05 and **P<0.01.
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results. Some studies reported that MPA has 
no neuroprotective properties and failed to 
stimulate the formation of new myelin after a 
demyelinating insult with lysolecithin [25, 26]. 
However, other reports established that MPA 
could ameliorate inflammation; hence, it could 
be used as a therapeutic agent for neuroinflam-
matory and autoimmune disorders [27, 28]. It 
was also reported that MPA has neuroprotec-
tive effects and reduced microglial and macro-
phage activity in neuroinflammation disease 
[29]. At physiological levels, MPA was suggest-
ed to suppress innate and adaptive immune 
mechanisms [30, 31]. However, the above stud-
ies were not derived from animal models and 
concentrations used in most studies could not 
be translated to serum MPA levels present in 
contraceptive users.

In the present study, we evaluated the adminis-
tration of serum concentration levels of MPA, 
similar to those observed among contraceptive 
users, on microglia conversion in a CPZ-induced 
demyelination mouse model of MS. It has been 
demonstrated that different states of M1/M2 
microglia polarization can participate in the 
onset and progression of neurodegenerative 
diseases such as MS [32]. The present demye-
lination model reveled that mRNA expression 
levels of M1-specific microglia pro-inflammato-
ry cytokines, such as IL-1β, TNF-α and iNOS [9, 
33], were remarkably upregulated in mice 

receiving CPZ. However, MPA treatment signifi-
cantly suppressed the expression of these 
cytokines. Our results were consistent with a 
previous report in which MPA treatment 
decreased the production of TNF-α pro-inflam-
matory cytokine, in the white matter after spi-
nal cord injury [29]. Furthermore, our data 
showed that mRNA expression levels of microg-
lia M2-specific anti-inflammatory cytokines, 
including IL-10, TGF-β and Arg1 [10, 34], were 
decreased in the corpus callosum of CPZ mice; 
however, they were significantly enhanced by 
MPA treatment. Moreover, analyses of iNOS 
and Arg1 levels allow the determination of the 
polarization state of microglia [14]. This study 
demonstrated, for the first time, that MPA-
treated mice expressed a lower level of iNOS 
and a higher level of Arg-1, both of which are 
involved in L-arginine metabolism [35].

We established in this study that MPA can shift 
microglia toward an anti-inflammatory pheno-
type (M2) in demyelinated corpus callosum. 
Indeed, MPA caused an increase in the expres-
sion of IL-10, TGF-β and Arg1 and a decrease in 
the expression of IL-1β, TNF-α and iNOS. To vali-
date these observations, we evaluated microg-
lia activation by IHC staining, which confirmed 
that MPA treatment reduced the number of 
Iba-1 positive cells in CPZ-treated mice. In fact, 
phenotypic distinction between polarized 
microglia involves differential expression of cell 
surface receptors, among which TREM-2 are 
typically associated with M2 activation [36] 
whereas iNOS is considered as a hallmark of 
M1 microglia [37]. We found that CPZ treat-
ment increased the protein expression levels of 
iNOS while reducing those of TREM2. In con-
trast, MPA administration significantly reduced 
the expression of iNOS while promoting those 
of TREM-2. Therefore, an increase in the expres-
sion of the M2 marker TREM2 and a reduction 
in the M1 marker iNOS, indicated a protective 
role of MPA treatment through modulating 
microglia status. In agreement, it has been 
reported that MPA is capable of switching the 
M1 macrophage phenotype into an M2 pheno-
type with downregulation of IL-1β and iNOS 
while upregulating IL-10 [19]. The latter study 
also suggested that these effects might be 
mediated through the glucocorticoid receptor 
that inhibit the function of NF-κB, a critical tran-
scription factor for the expression of proinflam-
matory cytokines [19].

Figure 5. The effect of MPA on IL-18 transcript levels. 
Quantitative real-time PCR for IL-18 mRNA expression 
levels in the various groups. IL-18 transcript levels 
increased significantly in the CPZ group, in compari-
son to controls. However, MPA treatment suppressed 
this increase, in comparison to CPZ mice. Data are 
presented as the mean ± SD. n=3 per group. Signifi-
cance is indicated by **P<0.01 and ***P<0.001.
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Inflammasome activation participate in neuro-
immune response including secretion of inflam-
matory cytokines [38]. Inflammasomes are 
intracellular multi-protein complexes serving as 
major components of the immune system [39]. 
The NLRP3 inflammasome is present in many 
cells. In the CNS, a great number of studies 
have shown that the NLRP3 inflammasome is 
mainly localized in microglia [40-43]. A possible 
mechanism underlying the effect of MPA is its 
inhibition to NLRP3 inflammasome activation. 
In this study, we explored the level of NLRP3 
inflammasome and IL-18 in the corpus callo-
sum to elucidate whether the anti-inflammatory 
effect of MPA was associated with it. Here, we 
found that the NLRP3 inflammasome was acti-
vated while the pro-inflammatory cytokine IL-18 
was released, following cuprizone treatment. In 
fact, we showed that MPA therapy decreased 
NLRP3 protein levels and IL-18 mRNA expres-
sion levels, in comparison to CPZ mice, which 
has not been reported previously. It is worth 
noting that several studies suggested that an 
increased expression of NLRP3 inflammasome, 
following CPZ treatment, could be considered 
as one of the mechanisms inducing microglia 
accumulation and promoting microglial M1 
activation [14, 44]. On the other hand, the sup-
pression in the expression of NLRP3 protein 
and IL-18 mRNA was paralleled with a reduc-
tion in M1 microglia activation and an enhance-
ment in M2 phenotype. These findings suggest 
that the NLRP3 inflammasome may promote 
M1 microglia and increase the secretion of pro-
inflammatory cytokines. Thus, the anti-inflam-
matory effect of MPA may be related to the inhi-
bition of activation of both NLRP3 inflamma-
some and M1 microglia.

Furthermore, as a transcription factor, nuclear 
factor kappa B (NF-κB) also plays a key role in 
the activation and initiation of NLRP3 inflam-
masome in macrophages, since NF-κB-
dependent signals positively regulate NLRP3 
expression [45, 46]. In fact, NF-κB is a critical 
regulator of immune and inflammatory respons-
es [47]. In mammalian cells, five NF-κB sub-
units have been identified, including P50, p52, 
p65 (Rel-A), c-Rel and Rel-B proteins [48]. In 
microglia, the NF-κB signaling is conducted 
through P65 (Re1A) subunit that translocates 
into the nucleus and initiates the transcription 
of proinflammatory cytokines [49]. In addition, 
activation of NF-κB was detected in the active 

lesions of microglia in MS patients, EAE model 
and in a CPZ model of MS [50]. Moreover, pro-
inflammatory cytokines related to M1 pheno-
type, including IL-1β, TNF-α, iNOS, and NLRP3 
inflammasome have been shown to be under 
tight regulation by NF-κB in microglia [51]. We 
evaluated whether NF-κB is involved in the 
inhibitory effect of MPA on NLRP3 inflamma-
some activation and microglia phenotype. In 
this study, we observed a prominent elevation 
in the protein levels of NF-κB P65, in accor-
dance with a previous report demonstrating 
that NF-κB P65 mRNA expression level are 
increased after 5 weeks of cuprizone treatment 
[50]. On the other hand, MPA treatment 
decreased pro-inflammatory cytokines in CPZ 
induced demyelination by inhibiting the protein 
levels of NF-κB. In other words, along with the 
inhibition of NF-κB, the expression of NLRP3 
inflammasome is decreased and microglia 
immunophenotype is regulated.

Concomitant with a downregulation in M1 phe-
notypic markers. The effect of CPZ on myelin 
distraction is related to the presence of TNF-α 
and iNOS cytokines secreted by microglia and 
inducing oligodendrocyte degeneration and 
subsequently demyelination [52, 53]. We evalu-
ated demyelination by LFB staining [22] and 
observed that CPZ-induced demyelination  
was alleviated in MPA treated mice. Our data 
demonstrated that MPA ameliorates CPZ-
induced demyelination through suppression of 
neuroinflammation.

The limitations of our study include the low 
number of samples that were available for his-
tological and biochemical assays, thus decreas-
ing the power of statistical tests to identify sig-
nificant differences between groups. In addi-
tion, the effect of MPA hormone on cells 
involved in myelin repair (oligodendrocytes and 
oligodendrocyte progenitor cells) was not ana-
lyzed, therefore, we could not assesse the 
amount of remyelination. Although the above 
described theories serve as an initial hypothe-
sis, it is clear that more research is needed to 
better understand the exact mechanism 
through which MPA may exert a protective 
effect on demyelination of the CNS. Moreover, 
future studies are needed to determine wheth-
er the effect of contemporary contraceptives in 
neurodegenerative disease could vary by pro-
gestin content.
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Conclusion

Overall, we demonstrated, for the first time, 
that MPA alleviates CPZ-induced demyelination 
in vivo by blocking the activation of NLRP3 
inflammasome and regulating the immunophe-
notype of microglia via inhibition of the NF-κB 
signaling pathway. Our results suggest that 
MPA should be a suitable contraceptive agent 
in demyelinating diseases.
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