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via mediating estrogen receptor β, modulating HPA 
function and glucocorticoid receptor expression
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Abstract: Background: Estrogen exerts neuroprotective and anti-inflammatory effects in EAE and multiple sclerosis 
(MS), but its clinical application is hindered due to side effects and risk of tumor. Phytoestrogen structurally or 
functionally mimics estrogen with fewer side effects than endogenous estrogen. Icariin (ICA), an active component 
of Epimedium extracts, demonstrates estrogen-like neuroprotective effects. However, it is unclear whether ICA is 
effective in EAE and what are the underlying mechanisms. Objective: To determine the therapeutic effects of ICA in 
EAE and explore the possible mechanisms. Methods: C57BL/6 EAE mice were treated with Diethylstilbestrol, differ-
ent dose of ICA and mid-dose ICA combined with ICI 182780. The clinical scores and serum Interleukin-17 (IL-17), 
Corticosterone (CORT) concentrations were then analyzed. Western blot were performed to investigate the expres-
sions of glucocorticoid receptor (GR), estrogen receptor alpha (ERα) and ERβ in the cerebral white matter of EAE 
mice. Results: High dose ICA is equally effective in ameliorating neurological signs of EAE as estrogen. Estrogen and 
ICA has no effects on serum concentrations of IL-17 in EAE. While the CORT levels were decreased by ICA at mid or 
high doses, the expressions of GR, ERα and ERβ were up-regulated by estrogen or different doses of ICA in a dose-
dependent manner. Estrogen induced the elevation of ERα more markedly than ICA. In contrast, ICA at mid and high 
doses promoted ERβ more significantly than estrogen. Conclusion: ICA exerts estrogen-like activity in ameliorating 
EAE via mediating ERβ, modulating HPA function and up-regulating the expression of GR in cerebral white matter. 
ICA may be a promising therapeutic option for MS.
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Introduction

Multiple Sclerosis (MS) is an inflammatory 
demyelinating disease of the central nervous 
system. Current therapies are effective in pro-
viding symptomatic relief, but do not stop the 
pathogenesis. Moreover, adverse effects of 
corticosteroid and immunosuppressant remain 
inevitable. It is therefore pivotal to develop 
novel therapy to suppress disease progression 
or relapse with fewer side effects.

Substantial evidence suggests that exogenous 
estrogen could be a potential therapeutic regi-
men. Mice treated with estrogen experienced 
significantly delayed onset and decreased 

severity of experimental autoimmune encepha-
lomyelitis (EAE) [1]. Imaging studies with MRI 
found that estrogen could reduce brain atrophy 
in patients with MS [2]. Estrogen was also 
shown to down-regulate the levels of cytokines 
TNF-α, IFN-γ, Interleukin-2 (IL-2) and up-regulate 
IL-4, IL-10 in EAE or MS patients [3, 4]. Thus, 
basic and clinical studies support the neuropro-
tective and anti-inflammatory roles of estrogen 
in EAE and MS.

However, high dose or long term estrogen treat-
ment may result in hypercoagulability, hyper-
tension or edema, and increase the risk of 
tumor such as breast and endometrial cancer. 
Such side effects limit its clinical application. 
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Researchers is therefore very interested in 
Phytoestrogen, a non-steroidal plant-derived 
xenoestrogen, which structurally or functionally 
mimics circulating estrogen. A number of stud-
ies have shown that phytoestrogens have ben-
eficial effects in diverse disorders, including 
cancers [5, 6], cardiovascular disease [7], 
Alzheimer’s disease [8] and osteoporosis [9], 
with fewer adverse complications than endog-
enous estrogen. The question now is whether 
phytoestrogen can substitute for estrogen in 
ameliorating EAE or MS?

Epimedii Herba, a genus of flowering plants in 
the family Berberidaceae, is a kind of phytoes-
trogen, which has been confirmed possessing 
strong estrogenic activity [10]. Icariin (ICA), a 
primary active component of Epimedium 
extracts, also has neuroprotective and estro-
gen-like effects and may have potential role in 
the treatment of age-related diseases, like neu-
rodegeneration [11], memory and depressive 
disorders [12], chronic inflammation [13], dia-
betes [14], and osteoporosis [15]. However, 
there has been very limited data on MS or EAE. 
It is unclear whether ICA has therapeutic effects 
on EAE. The aims of our study were to investi-
gate the effects of ICA on EAE and to explore 
the underlying mechanisms. Our results dem-
onstrated that ICA ameliorates neurological 
signs, decreases serum Corticosterone (CORT) 
concentrations, up-regulates the expression of 
glucocorticoid receptor (GR) in cerebral white 
matter, and exerts estrogen-like activity via 
mediating ERβ in EAE.

Materials and methods

Experimental animals

C57BL/6 mice (female, 6-9 weeks old, weight 
18 to 22 g) were purchased from Guangdong 
Medical Laboratory Animal Center (License No. 

SCXK Yue 2012-0125). They had free access to 
food and water. All animal studies were per-
formed in accordance with institutional animal 
ethics guidelines, and the protocols were 
approved by the Institutional Animal Care and 
Use Committee of Guangdong Pharmaceutical 
University.

EAE induction

EAE was induced according to the published 
protocol [16]. C57BL/6 female mice were 
immunized with an emulsion of MOG35-55 
(Tocris Bioscience) in complete Freund’s adju-
vant (CFA) (Sigma-Aldrich), followed by adminis-
tration of pertussis toxin (PTX) (Enzo Life 
Sciences) in Phosphate Buffered Saline (PBS), 
first on the day of immunization and then again 
the following day. Weight and neurological signs 
were evaluated daily. Neurological signs were 
scored per following criteria [17]: 0, no detect-
able signs of EAE; 0.5, limp distal tail; 1, com-
plete limp tail; 1.5, limp tail and hind limb weak-
ness; 2, unilateral partial hind limb paralysis; 
2.5, bilateral partial hind limb paralysis; 3, com-
plete bilateral hind limb paralysis; 3.5, com-
plete hind limb paralysis and unilateral forelimb 
paralysis; 4, total paralysis of both forelimbs 
and hind limbs; 5, death.

Histological identification of EAE 

The peak onset time of EAE was 12 days after 
immunization. Three mice were chosen ran-
domly to be identified by pathological staining. 
Anesthetized mice were fixed by cardiac perfu-
sion with 4% paraformaldehyde in PBS over 15 
min. Spinal cords were postfixed overnight  
at 4°C and embedded in paraffin. Paraffin  
sections were cut at 5 um and stained with 
hematoxylin and eosin (HE) to assess inflam-
mation, with solochrome cyanine staining for 
demyelination.

Table 1. Experimental groups and treatment protocols
Group n Treatment Protocol
A 7 estrogen 0.2 mg/kg/d, gavage
B 7 high-dose ICA 300 mg/kg/d, gavage
C 7 mid-dose ICA 150 mg/kg/d, gavage
D 7 low-dose ICA 50 mg/kg/d, gavage
E 7 mid-dose ICA and ICI 182780 ICA 150 mg/kg/d, gavage; ICI 182780 1 mg, subcutaneous injection daily
M 7 placebo (model control) CMC 0.3 ml, gavage
N 6 placebo (normal control) CMC 0.3 ml, gavage
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Experimental groups and treatment protocols

Forty-two EAE mice were divided randomly  
into six groups (A, B, C, D, E, and M). Six normal 
mice were fed under the same condition  
as group N. Study protocols are described  
in Table 1. ICA (Sigma-Aldrich), Diethylstilbestrol 
(Aladdin Industrial Corporation, Shanghai, 
China), and carboxymethylcellulose (CMC) 
(Sigma-Aldrich) were given by gavage, ICI 
182780 (Sigma-Aldrich), an antagonist of ER, 
was injected subcutaneously. Treatment start-
ed at 12 days after inoculation when EAE mice 
developed severe clinical symptoms. Animals 
were given treatment once daily for five days.

Serology test for IL-17, CORT

The mice were sacrificed 6 days after treat-
ment and the sera were abstracted at the  
same time point. Serum concentrations of IL-17 
was assayed by specific Enzyme-linked immu-
nosorbent assay (ELISA) Kit (R&D systems, 
USA); Serum CORT was measured using specif-
ic radioimmunoassay kits (Sino-UK Institute  
of Biological Technology, Beijing, China) and 

GC-911γ--ray radioactive immunity analysis 
instrument (USTC Holdings Co., Ltd, Hefei, 
China).

Western blot analysis of GR, ERα and ERβ in 
cerebral white matter

Cerebral white matter in lateral ventricle was 
dissected. The corpus callosum and internal 
capsule tissues were collected and lysed in a 
RIPA buffer (Beyotime Institute of Biotech- 
nology, Haimen, Jiangsu, China) containing  
protease inhibitors. Protein concentration was 
determined by BCA protein assay kit (Thermo 
Scientific, Pittsburgh, PA, USA). Protein sam-
ples were separated by 10% sodium dodecyl 
sulfate-polyamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene difluo-
ride (PVDF) membranes (Millipore). Membranes 
were blocked with 5% non-fat milk in Tris-
buffered saline-Tween 20 and then incubated 
with mouse monoclonal anti-GR antibody 
(1:1000, Millipore), mouse monoclonal anti-
ERα antibody (1:1000, Millipore), mouse mono-
clonal anti-ERβ antibody (1:1000, Millipore). 
Mouse monoclonal anti-β-actin antibody 

Figure 1. Pathological staining. A. HE×100 (arrows indicate perivascular and parenchymal mononuclear cell infil-
trates or cuffings). B. Solochrome cyanine×100 (arrows indicate demyelinations).
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(1:6000, Millipore) was used as an internal  
control. Protein bands were detected using 
enhanced chemiluminescence with horserad-
ish peroxidase-conjugated secondary antibod-
ies (1:10000, Abcam). Scanned images  
were analyzed by Quantity One 1-D analysis  
software (Bio-Rad Laboratories, Inc, USA).

Statistical analysis

Data are presented as means ± SD. The differ-
ences were analyzed by one-way ANOVA fol-
lowed by the least-significant difference-multi-
ple comparison test, Wilcoxon test, Wilcoxon 
test, Mann-Whitney u test or t test. P<0.05 was 
considered statistically significant. 

Results

Clinical and pathological manifestations of 
EAE

The onset of EAE in mice was nine days after 
immunization. The first sign of illness was 
decreased appetite and weight loss. Afterward, 
the mice presented with distal tail weakness, 
which gradually developed into complete tail 
paralysis and various degrees of limb paralysis. 
Neurological signs developed at 11-12 days. 
Four EAE mice in the group C, D, E and M dete-
riorated quickly and died of severe illness. In 
the HE-stained EAE spinal cord, perivascular 
and parenchymal mononuclear cell infiltrates 
were observed in the gray and white matter, 
and a number of perivascular cuffs were seen. 
Solochrome cyanine staining showed various 
degrees of demyelination in EAE mice (Figure 
1).

Comparison of clinical scores

The mean clinical scores were significantly 
reduced by estrogen and high-dose ICA (Table 

to much worse score similar to placebo group, 
suggesting that ICI completely abolished the 
neuroprotective effect of ICA. 

Comparison of IL-17, CORT

The concentrations of IL-17 in EAE mice were 
increased in comparison with that in the nor-
mal control group. Treatment with estrogen or 
different dose of ICA hardly decreased the lev-
els of IL-17 in EAE mice as compared with pla-
cebo. In contrast, the level of IL-17 was 
increased in the group of mid-dose ICA com-
bined with ICI 182780 compared to estrogen 
group (Figure 2A).

Similar to IL-17, concentrations of CORT were 
increased in the model control group as com-
pared with normal control group. The levels 
were significantly decreased after the treat-
ment of high-dose or mid-dose ICA, but not low-
dose ICA. Differing from ICA, administration of 
estrogen increased the level of CORT compared 
to the model control group. In contrast to mid-
dose ICA group, treatment with mid-dose ICA 
and ICI 182780 did not reverse the reduction of 
CORT level (Figure 2B). 

Expression of GR, ERα, ERβ

Densitometric analysis of Western blot revealed 
that the expression of GR decreased in model 
control group in contrast to normal control 
group. Treatment with ICA dose-dependently 
promoted the expressions of GR as compared 
with model control group. It was enhanced 
more remarkably by the administration of estro-
gen in comparison with that in different dose 
ICA groups. ICI 182780 pretreatment effective-
ly eliminated the elevation of GR level induced 
by mid-dose ICA (Figure 3A). 

Table 2. Comparison of clinical scores in EAE (X ± SD)
Group n Treatment Before treatment After treatment
A 7 estrogen 2.57±0.79 0.67±0.52*
B 7 high-dose ICA 2.42±0.67 1.25±0.29#

C 6 mid-dose ICA 2.75±1.33 1.88±0.75
D 6 low-dose ICA 1.83±0.75 1.70±1.20
E 6 mid-dose ICA and ICI 182780 1.92±0.80 2.25±0.87#

M 6 placebo 2.08±0.86 2.25±1.33#

Vs. before treatment, *P<0.01, #P<0.05 (Wilcoxon signed rank test); There was no 
significant difference in clinical score changes between estrogen and high-dose ICA 
groups (Mann-Whitney u test).

2). Both were neuroprotec-
tive. There was no signifi-
cant difference in clinical 
score changes between 
estrogen and high-dose 
ICA groups. While low-dose 
ICA treatment did not 
reduce clinical scores, mid-
dose ICA was associated 
with a small but nonsignifi-
cant reduction. Adminis- 
tration of ICI 182780 with 
mid-dose ICA, however, led 
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Likewise, the expressions of ERα and ERβ in 
model control group were also lower than that 
in normal control group. Both were up-regulat-
ed by the treatment of estrogen and different 
dose of ICA in a dose-dependent manner. 
Interestingly, estrogen induced the elevation of 
ERα more markedly than ICA (Figure 3B), while 
high-dose and mid-dose ICA treatment promot-
ed ERβ significantly compared to estrogen 
(Figure 3C). These effects were abrogated by 
ICI 182780.

Discussion

Estrogens have a wide range of immunomodu-
latory activities in preventing progression of MS 
or EAE, decreasing recurrence rate, and reduc-
ing active lesions [2]. ICA was reported to have 
estrogen-like neuroprotective effects [18], but 
little is known about its effects on MS or EAE. In 
this study, we demonstrated that high dose ICA 
significantly ameliorates neurological signs in 
EAE in similar mechanisms. Since ER antago-
nist ICI 182780 abolishes its protective effects, 
ER is implicated in the molecular mechanisms 
of neuroprotection as well as estrogen.

IL-17 is mainly produced by Th-17 cells which is 
involved in the development of many autoim-
mune diseases, including MS, rheumatoid 
arthritis, inflammatory bowel disease and pso-
riasis [19]. IL-17 mRNA was increased in the 
blood and CSF of MS patients [20], and the 
increased production of IL-17 was detected in 
the brain during early EAE [21]. The develop-
ment of EAE was markedly suppressed in IL-17 

gene knock-out mice [22]. These observations 
suggest that IL-17 is crucial for the pathogene-
sis of MS and EAE. Currently, estrogens were 
reported to have potential anti-inflammatory 
activities and have suppressive effects on the 
induction of EAE. E2 not only affects the expres-
sion and secretion of inflammatory and anti-
inflammatory cytokines including IL-4, IL-10 and 
TNF-α, but also regulates the immune respons-
es especially in the differentiation towards reg-
ulatory responses [4]. ICA was also shown to 
have potential anti-inflammatory and immuno-
modulating activities. ICA decreases Th17 cells 
and suppresses the production of IL-17 in mice 
with collagen-induced arthritis [23]. ICA also 
triggers a significant reduction in IL-6, IL-17 and 
TGF-β levels in bronchoalveolar lavage fluids 
cells [24]. We demonstrated increased serum 
IL-17 concentrations in EAE mice that were not 
regulated by estrogen or different dose of ICA. 
Nevertheless, IL-17 level was increased by ER 
antagonist, suggesting potential role of ER in 
the modulation of IL-17 production.

Decreased hypothalamic-pituitary-adrenal (HPA) 
axis function may play an important role in the 
increased susceptibility and severity of MS [25, 
26]. Hyper- and hypoactivity of the HPA axis 
have been described to be associated with 
more severe disease courses [27]. In animals, 
CORT is the primary GC whose level responses 
to the activity of HPA axis. There is clear evi-
dence that disruption of HPA axis results in 
increased CORT level, which may delay the pro-
gression of inflammatory state in EAE. In the 

Figure 2. Serum concentrations of IL-17 and CORT. A. IL-17 concentrations (pg/ml): A, 25.85±4.21; B, 27.44±2.40; 
C, 27.86±4.98; D, 30.28±6.87; E, 33.87±7.67; M, 27.53±6.16; N, 23.55±2.75. B. CORT concentrations (ng/ml): 
A, 19.99±1.91; B, 12.01±2.04; C, 11.84±1.61; D, 15.45±4.02; E, 11.63±0.66; M, 15.86±3.26; N, 11.73±3.12. 
*P<0.05, vs. normal control group; #P<0.05, vs. group E; ▼P<0.05, vs. model control group (one-way ANOVA fol-
lowed by the least-significant difference-multiple comparison test). 
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Figure 3. Densitometric analysis of GR (A), ERα (B), ERβ (C) expressions. *P<0.05, vs. normal control group; #P<0.05, ##P<0.01, vs. model control group; ▼P<0.05, 
▼▼P<0.01 vs. group A; ΔP<0.05, ΔΔP<0.01 vs group C (one-way ANOVA followed by the least-significant difference-multiple comparison test).
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present study, the serum CORT level was ele-
vated in EAE mice, which could be obviously 
decreased by the treatment of high-dose or 
mid-dose ICA. It indicated that ICA has effect 
on the modulation of HPA axis via inhibiting 
CORT. However, ICA combined with ER antago-
nist hardly changed the level of CORT, suggest-
ing that the HPA axis may not be modulated by 
ER pathway. It is unclear why estrogen increas-
es CORT level. Complicated as the mechanisms 
of HPA axis modulation are, the underlying 
hypotheses responsible for ICA mediating CORT 
remain elusive.

ICA was shown to significantly increase GR 
mRNA and protein expression in the lungs of 
mice exposed to smoke, stress and allergen 
[28, 29]. ICA also attenuates social defeat-
induced down-regulation of GR in the liver and 
hippocampus of mice model for depression 
[30, 31]. Similarly, we demonstrate a dose-
dependent enhanced GR expression in the 
cerebral white matter of EAE mice after ICA 
treatment. Furthermore, we observed that the 
up-regulation of GR by ICA could be inhibited by 
ER antagonist, implicating an role of ER in the 
regulation of GR and anti-inflammatory activi-
ties of ICA.

ER is widely expressed in different tissue types. 
ERα is mainly in reproductive tissues (uterus, 
ovary), breast, kidney, bone, white adipose tis-
sue and liver, while expression of ERβ is found 
in the ovary, central nervous system, cardiovas-
cular system, lung, male reproductive organs, 
prostate, colon, kidney and the immune system 
[32, 33]. Activated ER by estrogen could be 
translocate into the nucleus and bind to DNA to 
regulate the activity of different genes, result-
ing in activation or inhibition of the basal tran-
scription protein machinery. These genomic 
estrogen effects are involved in the modulation 
of immune and inflammatory processes in 
many diseases. 

Admittedly, estrogen is neuroprotective in EAE 
[34, 35]. Treatment with either ERα ligand or 
ERβ ligand ameliorated EAE [36-38]. However, 
the efficacy of estradiol could be eliminated in 
ERα knock-out EAE mice, but not in ERβ knock-
out mice [36]. ERα expression on astrocytes, 
but not ERβ expression on astrocytes or neu-
rons, is necessary for estrogen-mediated neu-
roprotection in EAE [39]. These findings indi-
cate that the biological effects of estrogens in 

EAE are mediated mainly by ERα. In the current 
study, we demonstrate that estrogen and ICA 
significantly increase the expressions of both 
ERα and ERβ in cerebral white matter. Notably, 
estrogen increases the expression of ERα more 
than ICA. ICA enhances ERβ more significantly 
than estrogen. These results reveal an impor-
tant difference in ER isoform regulation 
between ICA and estrogen. We reveal the estro-
gen-like activity of ICA in EAE via interactions 
with ERβ for the first time. It is unclear if ERβ 
pathway is associated with less side effects of 
phytoestrogen. Instead of targeting to the 
extensive tissue distribution of ERα, ICA inter-
acts with relatively limited distribution of ERβ 
will probably induce fewer adverse complica-
tions than estrogen.

In conclusion, ICA exerts estrogen-like activity 
in ameliorating EAE via mediating ERβ, modu-
lating HPA function, and up-regulating the 
expression of GR in cerebral white matter. As a 
major constituent of flavonoids from the 
Chinese medicinal herb Epimedium brevicor-
num, ICA has similar neuroregulatory and neu-
roprotective activities but less side effect than 
estrogen, ICA may be promising therapeutic 
option for MS.
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