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Abstract
Cerebrovascular smooth muscle cells (SMCs) hyperplasia is an important contributor to cerebrovascular remodeling during 
hypertension. The aim of present study was to investigate the effects of Icariin on cerebrovascular SMCs proliferation and 
remodeling and the underlying mechanisms. The results revealed that Icariin administration attenuated the enhanced basilar 
artery constriction in angiotensin II (AngII)-induced hypertension rat model, as well as the inhibition of basilar artery diam-
eter reduction in response to AngII and phenylephrine. In addition, histological analyses showed that Icariin also significantly 
ameliorated basilar artery remodeling in AngII hypertensive rats. In human brain vascular SMCs (HBVSMCs), AngII-
induced cell proliferation, migration and invasion were markedly inhibited by Icariin treatment. Moreover, Icariin treatment 
largely limited AngII-induced the increase of reactive oxygen species (ROS) production in HBVSMCs, which was closely 
associated with cell proliferation. Analysis of the mechanisms showed that Icariin decreased ROS production via inhibiting 
NADPH oxidase activity but not mitochondria-derived ROS production. Further, Icariin promoted Nox2 degradation and 
consequently reduced its protein expression. In conclusion, these findings demonstrate that Icariin attenuates cerebrovascular 
SMCs hyperplasia and subsequent remodeling through inhibiting Nox2-containing NADPH oxidase activation, suggesting 
Icariin may be a potential therapeutic agent to prevent the onset and progression of stroke.
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Introduction

Cardiovascular diseases threaten health with increasing 
morbidity and mortality worldwide [1]. Stroke is a severe 
cardiovascular disease that constitutes the major cause of 
death [2]. Multiple lines of evidences have indicated that 

cerebrovascular remodeling due to cerebrovascular smooth 
muscle cells (SMCs) hyperplasia is responsible for stroke 
[2–4]. Excessive proliferation and migration of SMCs 
increases the ratio of wall to lumen diameter in basilar 
artery, resulting in blood pressure elevation and end-organ 
damage [4, 5]. Angiotensin II (AngII) plays an important 
role in the development of vascular remodeling, stroke and 
hypertension [6, 7]. It activates diverse signaling responses, 
such as AngII type 1 receptor activation, mitochondrial dys-
function and reactive oxygen species (ROS) production [6, 
8, 9]. Among them, ROS is known to be a critical factor 
for vascular SMCs proliferation and has been implicated in 
remodeling [10, 11]. Inhibition of excessive ROS produc-
tion is emerging as a promising strategy for the treatment of 
cerebrovascular remodeling and stroke [12].

Icariin is a prenylated flavonol glycoside derived from 
Epimedium spp., a traditional Chinese medicine widely 
used for osteoporosis treatment [13]. Recent studies have 
exhibited the cardiovascular protective activity of Icariin 
[14–16]. It has been previously demonstrated that Icariin 
effectively alleviated myocardial ischemia–reperfusion 
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injury in diabetic rats [17]. Furthermore, several studies 
have evidenced that Icariin could attenuate cardiomyocyte 
apoptosis and cardiac remodeling [15, 16, 18]. More impor-
tantly, Icariin significantly inhibited ox-LDL-induced the 
proliferation of vascular SMCs [19]. However, the effects of 
Icariin on cerebrovascular SMCs proliferation and remod-
eling are still unknown. In the present study, we demon-
strate that Icariin prevents AngII-induced human brain SMC 
(HBVSMCs) proliferation and cerebrovascular remodeling 
in hypertensive rats, suggesting that Icariin may be a novel 
application on stroke treatment.

Methods and materials

Materials and reagent

Icariin was obtained from Yunnan Plant Pharmaceutical 
Factory (purity ≥ 98%; Yunan, China) and dissolved in 
saline with ultra-sonication. Smooth muscle cell medium, 
penicillin, streptomycin and fetal bovine serum (FBS) 
were purchased from ScienceCell Research Laboratories 
(CA, USA). Angiotensin II (AngII), phenylephrine (Phe), 
N-acetyl-l-cysteine (NAC), 2′,7′-dichlorofluorescin diacetate 
 (H2DCF-DA), dihydroethidium (DHE), MitoSOX red rea-
gent, lucigenin, NADPH, cycloheximide (CHX), and bromo-
deoxyuridine (BrdU) were purchased from Sigma Chemi-
cal Co. (MO, USA). Antibodies against Rac1, p22phox, 
p47phox, α-SMA and GAPDH were from Santa Cruz Bio-
technology (CA, USA). P40phox, p67phox and Nox2 were 
obtained from Abcam (MA, USA). Rabbit anti-mouse-cy3 
secondary antibody, horseradish peroxide-conjugated sec-
ondary antibodies, and radioimmuno precipitation assay 
(RIPA) buffer were from Beyotime (Jiangsu, China).

AngII‑induced hypertension model

6-week-old (180–200 g) Sprague–Dawley rats were pur-
chased from the Animal Center of Guangdong Province 
(China). All animals were housed with free access to food 
and tap water under a constant temperature (22–25 °C) and 
humidity (55 ± 5%) at a 12-h light/12-h dark cycle. The 
experimental protocol was approved by the Animal Ethi-
cal Committee of Hubei University. 40 rats were randomly 
divided into four groups: sham-operated rats, sham rats 
treated with Icariin, AngII-administrated rats, and AngII 
rats treated with Icariin. The hypertension model was gen-
erated by subcutaneous infusion with AngII (120 ng/min) 
using an implanted osmotic minipump (ALZET model 
2004; Durect Corp, CA, USA) for 4 weeks. Sham-operated 
rats underwent the same procedure with the placement 
of osmotic minipumps containing 0.9% saline. After the 

placement of osmotic minipumps, rats were treated with 
Icariin (10 mg/kg/day, per day) by gavage for 4 weeks.

Reactivity experiments

Rats were anesthetized, and basilar arteries were dis-
sected and mounted as a ring in warm Krebs buffer 
(137 mmol/L NaCl, 5.4 mmol/L KCl, 2.0 mmol/L  CaCl2, 
1.1 mmol/L  MgCl2, 0.4 mmol/L  NaH2PO4, 5.6 mmol/L 
glucose, 11.9  mmol/L  NaHCO3) gassed with 95%  O2 
and 5%  CO2 at 37 °C continuously. All artery rings were 
allowed a 1-h equilibration period to reach a stable rest-
ing diameter. After preparation, contractile responses 
were induced by increasing concentrations of AngII or 
Phe  (10−9–10−5 mol/L). Concentration–response curves 
for AngII or Phe were conducted and expressed as a 
percentage of the maximal contraction induced by KCl 
(5 × 10−4 mol/L).

Measurement of basilar artery diameter

After the isolation of basilar arteries, the tissues were 
mounted onto glass micropipettes filled with Krebs buffer 
in an organ chamber at 37 °C and allowed to equilibrate to 
reach a stable diameter at a distending pressure of 60 mmHg. 
The simultaneous changes in basilar arteries were recorded 
by Pressure Myograph Systems (110P, DMT, MI, USA) 
followed by stimulation with increasing concentrations of 
AngII or Phe  (10−9–10−5 mol/L).

Histological analyses

At the end of experimental period, rat basilar arteries were 
carefully isolated, embedded in optimal cutting temperature 
compound (Tissue-Tek, Sakura, Japan) and cut into 4-µm 
sections. The sections were incubated with 3% hydrogen 
peroxide aqueous solution and 10% goat serum to block 
endogenous peroxidase activity and non-specific staining, 
respectively. Afterwards, the sections were stained with 
hematoxylin and eosin for histopathological examination. 
Images were captured using a light microscope (BX51WI, 
Olympus, Tokyo, Japan). The medial cross-sectional area 
(CSA) was measured and calculated by ImageJ software 
(NIH, Maryland, USA). For α-SMA immunofluorescence 
staining, the sections were incubated with α-SMA antibody 
diluted in goat serum overnight at 4 °C. After washing with 
PBS 3 times, the sections were incubated with rabbit anti-
mouse-cy3 secondary antibody for 1 h at room tempera-
ture. Fluorescent images were acquired using a fluorescence 
microscope (Zeiss Axioplan2, Zeiss, Munich, Germany).
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Cell culture

Primary human brain SMCs (HBVSMCs) were obtained 
from Creative Bioarray (NY, USA) and cultured in smooth 
muscle cell medium containing 100 U/mL penicillin, 100 µg/
mL streptomycin and 10% FBS in a humidified incubator 
with 5%  CO2 and 95%  O2 at 37 °C.

ROS detection

ROS level in HBVSMCs was visualized by  H2DCF-DA, 
DHE and MitoSOX Red staining. The cells were incu-
bated with  H2DCF-DA (10 µmol/L), DHE (10 µmol/L) or 
MitoSOX Red (5 µmol/L) for 30 min at 37 °C. The images 
were acquired with Zeiss Axioplan2 fluorescence micro-
scope. The fluorescence intensity was measured by ImageJ 
software.

NADPH oxidase activity measurement

HBVSMCs were lysed in NADPH lysis buffer (1.0 mol/L 
 K2HPO4, 0.1  mol/L EGTA, 0.15  mol/L phosphate and 
protease inhibitor cocktail, pH 7.0). After centrifugation 
at 12,000×g for 5 min, the supernatant was collected and 
incubated with lucigenin (5 mmol/L) for 10 min at 37 °C in 
the dark. The basal relative light units (RLU) of chemilu-
minescence were recorded using a luminometer (Promega, 
WI, USA). Afterwards, NADPH (100 µmol/L) was imme-
diately added to the suspension and the chemiluminescence 
was recorded every 15 s for 20 min as experimental RLU. 
The NADPH oxidase activity was calculated as mean RLU, 
which were normalized to total protein concentration.

Western blotting analysis

Human brain vascular SMCs were lysed using with RIPA 
buffer containing 1% protease and phosphatase inhibitors 
(Merck, Darmstadt, Germany). The protein concentrations 
of each sample were quantified using a bicinchoninic acid kit 
(BioRad, CA, USA). Equal amounts of protein were sepa-
rated by 8–10% SDS–PAGE gels and then transferred onto 
polyvinylidene fluoride (PVDF) membranes (Millipore, MA, 
USA). After blocking by 5% non-fat milk powder in TBST 
(10 mmol/L Tris–HCl, 150 mmol/L NaCl, 0.05% Tween-
20, pH 7.6) for 1 h, the membranes were incubated with 
appropriate primary antibodies at 4 °C overnight followed 
by incubation with HRP-conjugated secondary antibodies. 
The signals were visualized by enhanced chemilumines-
cence (Amersham Pharmacia, NJ, USA). Image quantifica-
tion was performed using ImageJ software.

Proliferation assay

Human brain vascular SMCs proliferation was determined 
by cell counting and BrdU assay. The cells were seeded at 
a density of 2 × 103 cells per well in 96-well plates. After 
treatments, the cells were incubated with CCK-8 reagent 
(Dojindo Molecular Technologies, MD, Japan) for 2 h at 
37 °C. BrdU assay was performed by adding BrdU reagent 
to each well for 24 h of incubation to label the cells. The 
absorbance was determined at a wavelength of 450 nm 
with a microplate reader (Multiskan Spectrum, Thermo 
Fisher Scientific Inc., PA, USA).

Wound healing assay

The cells were cultured to 95% confluence in 6-well plates 
and treated with AngII and Icariin. Afterwards, cell mon-
olayers were scraped with a sterile 100 µL pipette tip to 
form wound gaps. 48 h later, the images of wound area 
were obtained by a light microscope.

Invasion assay

The ability of cell invasion was examined using Transwell 
chambers (Costar, MA, USA) with 8-µm-pore-size poly-
carbonate membrane. HBVSMCs (1 × 105 cells) were cul-
tured in 100 µL medium with 0.5% FBS in the upper cham-
ber and then treated with AngII and Icariin. To induce cell 
invasion, 10% FBS was added to the medium in the lower 
chamber. 48 h later, the cells in the lower chamber were 
fixed by 4% paraformaldehyde and stained with crystal 
violet. The images were captured by a light microscope.

Quantitative PCR analysis

Total RNA from HBVSMCs was isolated using an easy-
BLUE total RNA extraction kit (iNtRON Biotechnology, 
Seoul, Korea) according to the manufacturer’s instruc-
tions. The quantity of total RNA was obtained by UV 
spectrometry. 2 µg of RNA was reverse-transcribed to 
cDNA (cDNA synthesis kit, Thermo Fisher Scientific Inc.) 
and then subjected to real-time PCR. The reaction was per-
formed by using LightCycler FastStart DNA SYBR Green 
I mix (Roche, Berlin, Germany) with an ABI 7500 RT-
PCR System (Applied Biosystems, CA, USA). The prim-
ers used for PCR were as follows: Nox2 (100 bp) sense, 
5′-TGT CAA GTG CCC AAA GGT GT-3′ and antisense, 
5′-CCC AAC GAT GCG GAT ATG GA-3′; and GAPDH 
(117 bp) sense, 5′-GAA GAC GGG CGG AGA GAA AC-3′ 
and antisense, 5′-CCA TGG TGT CTG AGC GAT GT-3′. The 
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mRNA level of each sample was normalized to the mRNA 
level of GAPDH.

Statistical analysis

Data were presented as mean value ± standard error of 
mean (SEM). The number of samples in each experiment 
was indicated in figure legends. The differences between 
groups were analyzed by two-tailed Student t test or one-way 
ANOVA, followed by the Bonferroni multiple comparison 
test. Statistical analysis was performed by SPSS 18.0 soft-
ware (SPSS Inc., IL, USA). P < 0.05 was considered statisti-
cally significant.

Results

Icariin inhibited contractile responses in basilar 
arteries of AngII hypertensive rats

In basilar arteries from sham-operated rats, AngII or Phe 
induced contraction by a dose-dependent manner. The 
concentration–response curves were similar before and 
after Icariin treatment. However, the contractile responses 

to AngII or Phe were significantly potentiated in AngII 
hypertensive rats, but not in Icariin-treated AngII hyper-
tensive rats (Fig. 1a, b). Expectedly, AngII or Phe induced 
reduction in diameter of basilar arteries, which was much 
pronounced in AngII hypertensive rats. Icariin treatment 
abolished the enhanced effects of AngII or Phe in hyper-
tensive rats (Fig. 1c, d).

Icariin limited cerebrovascular remodeling 
in hypertensive rats

We next investigated whether the inhibition of contractile 
responses was associated with an attenuation of cerebro-
vascular remodeling. Hematoxylin and eosin staining of 
basilar arteries revealed that the medial CSA, a typical 
feature of hypertrophic remodeling, was indistinguishable 
in sham rats before and after Icariin treatment. AngII infu-
sion significantly increased media thickness and reduced 
internal lumen diameter, resulting to enhanced CSA. How-
ever, the increase of CSA was almost completely elimi-
nated by Icariin treatment (Fig. 2a, b). Moreover, α-SMA 
immunofluorescence staining also showed that Icariin 
markedly restrained the increase of thickness of smooth 
muscle layer (Fig. 2c, d).

Fig. 1  Icariin attenuates basilar 
artery constriction in AngII 
hypertensive rats. Constriction 
of basilar artery in response 
to Angiotensin II (AngII) (a) 
or phenylephrine (Phe) (b) 
in sham-operated and AngII-
infused rats with or without 
Icariin treatment. The curves 
indicated that Icariin amelio-
rated the reduction of basilar 
artery diameter in response to 
AngII (c) and Phe (d) in AngII 
hypertensive rats. **P < 0.01 
vs. sham; ##P < 0.01 vs. AngII, 
n = 6
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Icariin prevented AngII‑induced HBVSMCs 
proliferation, migration and invasion

Cerebrovascular SMCs hyperplasia is a major contributor 
for cerebrovascular remodeling [2, 5]. Thus, we initially 
investigated the effects of Icariin on HBVSMCs prolifera-
tion. CCK-8 result showed that AngII-induced increase 
of cell viability was significantly inhibited after Icariin 
treatment (Fig. 3a). Similarly, BrdU incorporation also 
supported that Icariin attenuated AngII-induced prolif-
eration of HBVSMCs (Fig. 3b). Moreover, the Transwell 
invasion assay showed that Icariin inhibited the invasion 
of HBVSMCs induced by AngII (Fig. 3c). In addition, 
AngII induced the migration of HBVSMCs to close the 
wound, while Icariin remarkably decreased the migrating 
distance (Fig. 3d).

Icariin decreased AngII‑induced ROS production 
in HBVSMCs

It has been well documented that oxidative stress is one of 
the major underlying mechanisms of VSMC hyperplasia [10, 
12]. Intriguingly, AngII-induced proliferation of HBVSMCs 
was markedly attenuated by antioxidant NAC (Figure S1), 
indicating the involvement of oxidative stress in AngII-
mediated cerebrovascular SMCs hyperplasia. To explore the 
possibility whether Icariin inhibits HBVSMCs proliferation 
via regulating the level of oxidative stress, ROS production 
was determined by  H2DCF-DA and DHE dye. Icariin treat-
ment had no effects on ROS production under basal condi-
tion. After 48 h of AngII stimulation, the fluorescence was 
markedly increased, and the increase of ROS production 
was inhibited after Icariin treatment (Fig. 4a–d). Similarly, 

Fig. 2  Icariin blocks cerebro-
vascular remodeling in AngII 
hypertensive rats. a Representa-
tive images of hematoxylin and 
eosin staining of basilar arteries. 
b Vascular remodeling was 
evaluated by cross-sectional 
area (CSA). c Representative 
images of immunofluorescence 
staining for α-SMA expres-
sion. d Bar graph indicates the 
relative fluorescence density 
values for α-SMA expression. 
**P < 0.01 vs. sham; ##P < 0.01 
vs. AngII, n = 6
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AngII-induced increase of ROS in basilar arteries was also 
attenuated in Icariin-treated rats (Figure S2A and B). We 
next determined how Icariin decreases AngII-induced ROS 
production. The results of mitochondrial ROS (mROS) pro-
duction using a highly selective indicator dye MitoSOX Red 
showed that Icariin produced no effects on mROS produc-
tion in the presence or absence of AngII stimulation (Fig. 4e, 
f). However, AngII significantly increased the activity of 
NADPH oxidase in HBVSMCs. Importantly, the increased 
NADPH oxidase activity was attenuated by Icariin treatment 
(Fig. 4g). These results suggest that Icariin abrogates the 
excessive ROS generation induced by AngII via inhibiting 
NADPH oxidase activity.

Icariin attenuated AngII‑induced NADPH oxidase 
activity through promoting Nox2 degradation

NADPH is an enzyme complex that composed of two mem-
brane subunits (Nox2/gp91phox and p22phox) and four cyto-
solic subunits (p47phox, p67phox, p40phox and Rac1) [20]. 
To understand the mechanism by which Icariin decreases 
NADPH oxidase activity, the effect of Icariin on the above 
subunits expressions was determined. Although AngII 

increased the expression of Rac1, p47phox and p67phox 
in HBVSMCs, no significant changes was observed after 
Icariin treatment. Moreover, the expression of p22phox and 
p40phox remained unchanged among the groups. Interest-
ingly, AngII-induced increase of Nox2 expression was mark-
edly inhibited by Icariin treatment, indicating that Nox2 may 
be a key molecular target for Icariin in regulating NADPH 
oxidase activity (Fig. 5a, b). Similar results were observed 
in basilar arteries that Icariin also significantly decreased 
Nox2 expression in AngII-induced hypertensive rats (Figure 
S2C and D). To further investigate how Icariin decreases 
Nox2 expression, we next tested the mRNA level of Nox2. 
Although the mRNA level of Nox2 was increased after 
AngII stimulation, we did not detect any differences before 
and after Icariin treatment, suggesting a post-transcriptional 
regulation seems to be taking place (Fig. 5c). Moreover, the 
stability of Nox2 protein was examined by using a protein 
synthesis inhibitor CHX. Western blotting results showed 
that CHX treatment resulted in a time-dependent decrease 
of Nox2 protein expression in HBVSMCs in the presence 
of AngII. Icariin obviously antagonized against the deg-
radation of Nox2, decreasing the half-life of Nox2 protein 
more than 5 h (Fig. 5d, e). Together, the results suggest that 

Fig. 3  Icariin decreases AngII-
induced motility of HBVSMCs. 
a, b The cells were treated 
with AngII  (10−7 mol/L) in the 
presence or absence of Icariin 
(20 µmol/L) for 48 h. Cell 
proliferation was determined 
by CCK-8 assay (a) and BrdU 
incorporation (b). **P < 0.01 
vs. control; ##P < 0.01 vs. AngII, 
n = 6. c HBVSMCs migration 
was examined by Transwell 
analysis. The representative 
images were shown. d Wound 
healing assay was performed. 
The representative images were 
shown
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Fig. 4  Icariin inhibits NAPDH oxidase-mediated ROS generation. a 
HBVSMCs were co-incubated with AngII  (10−7  mol/L) and Icariin 
(20 µmol/L) for 48 h. ROS generation was determined by  H2DCF-DA 
(10  µmol/L) staining. b Quantitative analysis of DCF fluorescence 
intensity. c Superoxide anion in HBVSMCs was examined by dihy-
droethidium (DHE) fluorescence using a fluorescence microscope. 

d Quantitative evaluation of DHE fluorescence intensity was per-
formed. e Fluorescence microscope was used to localize mitochon-
drial ROS generation using MitoSOX Red staining. f Quantitative 
evaluation of MitoSOX fluorescence intensity. g Quantitation analy-
sis of NADPH oxidase activity in HBVSMCs. **P < 0.01 vs. control; 
##P < 0.01 vs. AngII, n = 6

Fig. 5  Icariin promotes Nox2 protein degradation. a HBVSMCs were 
treated with AngII  (10−7 mol/L) in the presence or absence of Icariin 
(20  µmol/L) for 48  h. The protein expression of Rac1, p40phox, 
p67phox, p47phox, p22phox and Nox2 was determined by western 
blotting. b Densitometric analysis of the above protein expression. 
**P < 0.01 vs. control; ##P < 0.01 vs. AngII, n = 6. c mRNA level 

of Nox2 was examined by quantitative PCR. **P < 0.01 vs. control, 
n = 6. d Western blotting analysis of Nox2 expression. After the treat-
ment mentioned in a, cycloheximide (CHX) was added to the cells at 
10  µg/mL for the indicated times. e Densitometric quantification of 
Nox2 level normalized to GAPDH. **P < 0.01 vs. AngII, n = 8
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Icariin reduces Nox2 expression by facilitating its protein 
degradation.

Discussion

The aim of this study was to explore the protective effects of 
Icariin on cerebrovascular remodeling in vivo and in vitro. 
The results showed that Icariin significantly inhibited basi-
lar artery contractile responses and remodeling in AngII-
induced hypertensive rats. The protective effects of Icariin 
were related to the inhibition of Nox2-mediated NADPH 
activity.

Hypertension is a major risk for cerebrovascular remod-
eling and stroke [12]. Small arteries resistance (such as mes-
enteric and basilar arteries) is critical for regulating blood 
pressure [4]. AngII acts as a potent vasoconstrictor in SMCs 
for acute stimulation, and in long term, induces SMCs pro-
liferation and vascular remodeling, which mediates physi-
ological control of blood pressure and electrolyte balance [6, 
7]. The increase of AngII level in plasma from hypertensive 
mice is associated with vascular remodeling [21]. Therefore, 
AngII-induced hypertension is suggested to be a good model 
for the study for vascular remodeling. Indeed, the model 
was also validated in this study. Our results, together with 
the previous studies demonstrate that AngII induces basilar 
artery constriction and remodeling, as well as cerebrovascu-
lar SMC proliferation, migration and invasion. These patho-
logic alterations were all attenuated by Icariin treatment. 
The data indicate that Icariin prevents cerebrovascular SMCs 
hyperplasia and remodeling.

Despite increasing evidence suggesting that multiple fac-
tors contribute to vascular SMCs hyperplasia, it is likely 
that oxidative stress functions as the major mechanism [10, 
12, 22]. Excessive ROS production can activate diverse 
signaling, such MAPKs, HIF and NFκB, leading to SMCs 
proliferation [23–25]. In this study, we found that inhibi-
tion of oxidative stress with antioxidant NAC effectively 
reversed AngII-induced cerebrovascular SMCs prolifera-
tion. It is worth noting that Icariin could increase super-
oxide dismutase activity and decrease lipid peroxidation in 
endothelial cells, leading to blood supply and myocardial 
protection [26]. This finding reveals the inhibitory effects of 
Icariin on oxidative stress. Thus, we next examined whether 
Icariin influences oxidative stress level in cerebrovascular 
SMCs and the underlying mechanisms. Following AngII 
stimulation, ROS production in HBVSMCs was significantly 
increased, which was almost abolished by Icariin treatment. 
In vascular SMCs, NADPH oxidase and mitochondrial elec-
tron transport chain compose the main sources of intracel-
lular ROS [27, 28]. Our results showed that Icariin treat-
ment had no effects on mROS production, but dramatically 
inhibited AngII-induced NADPH oxidase activity. These 

findings suggest Icariin decreases ROS production via inhib-
iting NADPH oxidase activity but not mitochondria-derived 
ROS production.

NADPH oxidase is a complex that contains 6 subunits, 
Nox2, p22phox, p40phox, p47phox, p67phox and RAC1 
[20]. To distinguish which subunit(s) was affected by 
Icariin, we determined the expression of theses subunits 
and showed that only Nox2 expression induced by AngII 
was significantly inhibited by Icariin treatment. This indi-
cates that downregulation of Nox2 expression may underlie 
the inhibitory effect of Icariin on NADPH oxidase activity. 
Surprisingly, Icariin produced no effects on the increased 
Nox2 mRNA expression, suggesting transcriptional regula-
tion is not involved. Previous studies have shown that Nox 
isoforms could be degraded by proteasome-dependent deg-
radation pathway [20, 29]. Here, we evidenced that Icariin 
treatment decreased the half-life of Nox2 protein as com-
pared with AngII stimulation alone, indicating Icariin pro-
motes Nox2 degradation and subsequently decreases Nox2 
protein expression.

In conclusion, this study demonstrates that Icariin treat-
ment ameliorates cerebrovascular SMCs hyperplasia and 
remodeling via inhibiting Nox2-containing NADPH-derived 
ROS generation. Our findings may present a novel applica-
tion of Icariin in the treatment of stroke.
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