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Abstract: Object: Oxidative stress involved in the regulation of arterial erectile dysfunction (A-ED). Previously report 
have indicated that quercetin have an antioxidant effect. In the current study, we have established the rats’ model 
for study the therapeutic effect of quercetin on A-ED and further investigated the molecular mechanism of action. 
Methods: Wistar rats were divided into sham group, A-ED group, A-ED group with low dose of quercetin, and A-ED 
group with high dose of quercetin. Intracavernous pressure (ICP) and mean arterial pressure (MBp) are two impor-
tant indicators used for evaluation the A-ED. The changes of ICP and MBp were determined by cavernous nerve 
electrostimulation after treatment of quercetin at indicated doses. The expression of nitric oxide synthase (NOS) 
subtypes was detected by RT-PCR and Western blotting. Results: Our results indicated that ICP was significantly 
reduced in A-ED rats model compared with sham group, and was significantly increased after quercetin treatment 
(P < 0.01), while no significant effect on the MBp. The data also showed that sGC inhibitor ODQ and NOS inhibitor 
LNNA can significantly inhibited the ICP which induced by quercetin. These results suggest that NO-cGMP signaling 
pathway plays a crucial role in A-ED. Then, we found that the mRNA and protein levels of eNOS were significantly re-
duced in A-ED group compared with sham group. After treated with quercetin may cause the eNOS RNA and protein 
were significantly up-regulated (P < 0.01), showing a dose-dependent effect. iNOS expression have a certain degree 
of increased after quercetin treatment. nNOS expression was not significantly increased before and after treated 
with quercetin. In a word, quercetin can improved the A-ED by up-regulated ICP, which related to up-regulation of NO-
cGMP signaling pathway. Conclusion: Preliminary results of this study suggested that quercetin protected expres-
sion and function of eNOS in cavernous endothelial cells, and restored part of normal function of NO-cGMP pathway 
in the process of penis erection.
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Introduction

Arterial erectile dysfunction (A-ED) refers to the 
penis cannot achieve and maintain sufficient 
erection to complete sexual intercourse of sat-
isfaction, and the course lasts for at least six 
months [1, 2]. Currently, It is estimated that 

about one hundred and fifty million men deeply 
troubled by A-ED in the world [3]. Penile erec-
tion is a process of artery supply of blood and 
cavernous storage of blood which initiated by 
nerve, and neuro-transmitters play an impor-
tant role in the regulation of erectile function [4, 
5]. Nitric oxide (NO), which was synthesized by 
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nitric oxide synthase (NOS) and used L-arginine 
as substrate, is main messenger that induce 
vasodilation and relaxation of cavernous, 
involving in the induction and maintain of erec-
tion [6, 7]. NO is a small molecule of fat-soluble 
gaseous, with short half-life usually lasts only 
1-2 s, containing unpaired electrons leading to 
chemically unstable [7]. Moreover, NO can 
directly enter into cell membrane of smooth 
muscle cells and bind to ornithine cyclase, 
which catalytic generate a lot of cGMP and 
change the level of Ca2+ inducing smooth mus-
cle relaxation [8].

The nitric oxide-cyclic guanosine monophos-
phate (NO-cGMP) signaling pathway plays a 
crucial role in regulating the process of penile 
erection. Nitric oxide synthase (NOS) is an 
important target for erectile initiate [9, 10]. 
Up-regulation of NOS is closely related to patho-
genesis of A-ED, such as diabetes and senile 
erectile dysfunction and so on. Inadequate 
blood supply of penile is one of the most com-
mon causes of A-ED [11]. Reduction of penile 
arterial vascular perfusion can cause chronic 
ischemia and hypoxia, inducing microstructure 
and functional impairment of cavernous endo-
thelial cells and smooth muscle cells, eventu-
ally leading to arterial erectile dysfunction 
(A-ED) [12]. 

Quercetin is a multi-hydroxy flavonoids with a 
variety of significantly biological activity and 
obviously medicinal value, which was widely 
distributed in flowers, leaves and fruit of plants 
[13]. It has been known that more than 100 
kinds of medicinal plants could synthase quer-
cetin, such as Sophora japonica Linn. Quercetin 
is not only widely distributed in plants, but also 
have a wide variety of pharmacological effects, 
containing antioxidant, removing of radical sca- 
venging, anti-cancer, anti-inflammatory, anti- 
bacterial, anti-viral, hypoglycemic, hypotensive, 
immune regulation and heart vascular protec-
tive effects [14, 15]. However, the effect of 
quercetin on erectile dysfunction is still poorly 
understood. 

In the current study, we investigated the thera-
peutic effect of quercetin on A-ED rat’s model 
and further explore its molecular mechanism. 
We detected the effect of quercetin on intra-
cavernous pressure (ICP) and peripheral blood 
pressure (MBp) by cavernous nerve electro-
stimulation after treatment of quercetin. And 

ODQ and LNNA were used for determining the 
mechanism of quercetin effects on A-ED in 
vivo, which were an inhibitor of NO-cGMP and 
NOS, respectively. In addition, we detected 
mRNA and protein expression of three NOS iso-
forms, to further explore the effect of quercetin 
on penile erection and its mechanism.

Materials and methods

Ethics statements

All experimental procedures and protocols 
were approved by the local Institutional Animal 
Care Committee and performed according to 
the Policies on the Use of Animal and Humans 
in Neruoscience Research. 

Materials

Quercetin (analytical grade with 98% purity) 
was purchased from Millipore and dissolved in 
ethanol and stored at -20°C. sGC inhibitor and 
NOS inhibitor were purchased from Sigma-
Aldrich and dissolved in ethanol and stored at 
-20°C. 

Established of A-ED rats model

40 healthy Wistar rats, weighing 300-350 g, 
provided by Shanghai animal center. Randomly 
divided into four groups, sham group, A-ED 
model blank treated group, A-ED model with 
low-dose of quercetin treatment group and 
A-ED model with high-dose of quercetin treat-
ment group. Adaptive feeding one week for sur-
gery. According to previous reports to estab-
lished A-ED rats’ model. Each model of A-ED 
group with 7-0 nylon suture ligation within the 
iliac artery and its branches under the operat-
ing microscope to establish A-ED model; A 
group as a sham, is not only revealed in the iliac 
artery ligation. After the model is established 
and surgical therapy.

Determination of ICP and MBp

Rats using pentobarbital sodium (50 mg/kg) to 
anesthesia by intraperitoneal injection then 
isolated, exposure to rat cavernous bank, using 
26 G needle penetrates the right side of the 
penis after connecting with Biopack electro-
physiological monitoring ICP instrument. In 
addition to the use of a 26 G needle penetrates 
the left root penis, as intracavernous medica-
tion liquid channel. Total free right carotid 
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artery puncture 26 G indwelling trocar and con-
nected with the Biopac more conductive physi-
ological instrument, continuous monitoring the 
changes of MBp. Intraductal connection with 
the right amount of heparin to prevent clotting 
of saline, abdominal incision, the side lobe in 
rats exposed to the prostate by surgical micro-
scope shown that looking at the pelvic ganglia, 
and looking for CN along the outside between 
the prostate and rectum Electrical stimulation 
of the parameter is set to 3 V, 12 Hz, stimula-
tion time for 60 s, continuous observation the 
changes of ICP and MBp before treatment and 
recorded. After quercetin, ODQ, or LNNA treat-
ment, continuously observed the changes of 
ICP and MBp in different experiment group and 
recorded. The interval between two electrical 
stimulation was 30 min. 

Western blotting

Total proteins were extracted from the penis 
tissue by RIPA buffer (Thermo). Proteins were 
separated by SDS-PAGE on an 10% gel. Primary 
antibodies are rabbit nNOS, eNOS, iNOS and 

GAPDH (all primary antibodies were purchased 
from Abcam). Secondary antibody is HRP-
conjugated anti-rabbit (Jackson Labs). The 
bound antibody was detected with a chemo-
fluorescence detection kit (Amersham, Pisca- 
taway, NJ). The representative images were 
shown.

Reverse transcriptase PCR and quantitative 
reverse transcriptase PCR

Total RNA were extracted using RNAiso (Ta- 
KaRa) according to operating instructions. 
Reverse transcriptase (RT)-PCR and Real-time 
PCR (RT-PCR) were used to detect the nNOS, 
eNOS and iNOS expression. GAPDH was regard-
ed as normalization. 

Statistical analyses

ANOVA tests (ex vivo and in vivo) and Pearson 
correlation analysis were performed the statis-
tical analyses. All experiments were perform in 
triplicate and data are presented as means ± 
SEM. If P < 0.05 was remarked as *, and P < 
0.01 was considered as **. 

Figure 1. Effect of quercetin on expression levels 
of ICP values, MBp and the ratio of ICP/MBp in 
each group within the penis tissue. A. Different 
concentration of Quercetin can improve the ICP 
values in A-ED group. B. Different concentrations 
of quercetin does not affect the value of MBp in 
A-ED group. C. Different concentration of Quer-
cetin can improve the ratio of ICP/MBp in A-ED 
group. **P < 0.01 compared between two group.
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Results

Different concentration of quercetin can im-
prove the ICP values in A-ED group

For study the therapeutic effect of quercetin in 
A-ED model and to explore its molecular mech-
anism, we firstly observed the effect of querce-
tin on ICP in a rat A-ED model. Our results 
shown that the ICP value was significantly lower 
in A-ED group compared with the sham group. 
Quercetin is a multi-hydroxy flavonoids, with a 
variety of biological activity and high medicinal 
value. In the current study, we investigated 
whether the quercetin has a therapeutic effect 
in A-ED model. Our data indicated that ICP val-
ues was evidently restored with quercetin treat-
ment by intracavernous injection in the penis of 
rats (P < 0.01). And furthermore, we found that 
the ICP value was gradually increased with 
increase the doses of quercetin (P < 0.01) 
(Figure 1A).

Different concentrations of quercetin does not 
affect the value of MBp in A-ED group

MBp is an important indicator for measure the 
impact of quercetin on erectile dysfunction in 
A-ED rat model. In our study, we further exam-
ined the effect of quercetin on erectile function 
and mean arterial pressure (MBp) changes by 
evoked the cavernous nerve stimulation in vivo. 
The data was found that treatment of quercetin 
have no significant impact on MBp at different 
time-points or at different doses (Figure 1B). 
This result suggests that quercetin can selec-
tively enhance erectile function, and had no 
effect on mean arterial pressure, which can be 
used as an oral medication for erectile dysfunc-

tion, to avoid side effects caused due to sys-
temic blood pressure. 

Different concentration of quercetin can im-
prove the ratio of ICP/MBp in A-ED group

We observed the changes of the ICP/MBp in 
A-ED rat model after intracavernous injection 
with different concentrations of quercetin. In 
our studies, the data showed that the ratio of 
ICP/MBp was significantly increased after treat-
ment of quercetin (Figure 1C). The ratio of ICP/
MBp was increased begin to 24 h after treat-
ment of quercetin with 20 μM. Furthermore, 
Pearson correlation analysis found that differ-
ent concentrations of quercetin was enhanced 
the ratio of ICP/MBp to have a significant dose-
dependent manner, and the difference was sta-
tistically significant (P < 0.01) (Figure 1C). 

Effect of different concentrations of ODQ and 
LNNA on ICP changes with quercetin induced 

In our study, we further observe the effect of 
NOS inhibitor ODQ and sGC inhibitor LNNA 
treated separately on ICP changes which 
induced by quercetin. The data found that ODQ 
and LNNA could significantly inhibited the ICP 
changes with quercetin-induced. And the inhibi-
tion of ICP was shown a concentration-depen-
dent manner (P < 0.01) (Figure 2). These results 
indicated that the effect of quercetin enhanced 
ICP was significantly inhibited by NOS inhibitor 
ODQ and sGC inhibitor LNNA, suggesting that 
the effect quercetin on erectile function may be 
related to the release of NO and cGMP 
synthesis. 

Effect of quercetin on expression levels of NOS 
isoforms in each group within the penis tissue 
in A-ED rat model

Nitric oxide-cyclic guanosine monophosphate 
(NO-cGMP) signaling pathway plays a critical 
role in regulating the process of penile erectile 
dysfunction, nitric oxide synthase (NOS) is an 
important target for erectile start [16]. So, we 
detected the three different phenotypes 
expression of NOS in A-ED rat model. RT-PCR 
results confirmed that expression of NOS three 
different phenotypes was significantly decre- 
ased in the penis tissue of A-ED group. eNOS 
expression was significantly increased after 
quercetin treatment, and the expression level 
of eNOS was higher in the high dose group than 

Figure 2. Effect of different concentrations of ODQ 
and LNNA on ICP changes with quercetin induced. 
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the low dose group. iNOS mRNA expression 
was increased after quercetin treatment, but 
no significant difference in the high-dose group 
and low dose group. Additionally, nNOS was no 
significant increased expression in each group 
after treatment of quercetin (Figure 3A). WB 
results found that the protein level of NOS iso-
forms eNOS and iNOS were significantly 
reduced in the A-ED model group compared 
with the sham group. After quercetin treatment, 
the protein expression of eNOS was significant-
ly recovery, and high-dose group was evidently 
higher than that of quercetin low-dose group. 
The protein levels of nNOS in the high-dose 
group had mild recovery, but quercetin low-
dose treatment group had no further improve-
ment. nNOS was no differences among groups 
before and after treatment (Figure 3B). All 
together, these results suggested that incre- 
ased eNOS after quercetin may play a critical 
role in improving the erectile function. 

Discussion

Penile erection is a hemodynamic process 
which penile arteries, penis and penile venous 
return induced by neuro-endocrine regulation 
[17]. NOS plays an important role in the patho-
genesis of a variety of ED, and expression of 
NOS is significantly reduced in ED diabetic ani-
mals model, ED elder model and ED castrated 
model [18]. There was significant recovery of 
erectile function in ED diabetic animal model 
and ED elder model using eNOS as target for 
gene therapy. Change of ICP induced by penis 
cavernous nerve is usually used as an objective 
and effective assessment index with the func-
tion of drugs in erectile function in vivo [19, 20].

In this study, we established the A-ED rats 
model by ligation of bilateral internal iliac artery, 
to investigate the changes of ICP and MBp 
induced by quercetin stimulate cavernous 
nerve of rat penis, and further to observe the 
effects of quercetin on penis erection and arte-
rial blood pressure. The results showed that 
quercetin could significantly increased ICP by 
penis cavernous with a concentration-depen-
dent manner, but had no significant impact on 
MBp. The results suggested quercetin could 
selectively enhance erectile function, but had 
no effect on systemic blood pressure, which 
could be used as for oral medication for ED and 
simultaneously avoid side effects caused by 
systemic blood pressure. Moreover, using quer-
cetin treat A-ED model in our experiments, data 
implied that ICP had been significantly recovery 
in low-dose group and high-dose group, and ICP 
was significantly more effective in high-dose 
group than low-dose group. Significantly 
improved of ICP illustrated that it had been 
established rich blood supply been pelvic ves-
sels and pelvis cavernous, may achieve enough 
arterial perfusion pressure to penile erection.

Stimulation of penis cavernous nerve could 
activate NOS activity of non-adrenergic and 
non-cholinergic nerve endings, promoting pro-
duction and release of NO, then leading to 
increase cGMP concentration, which induced 
relaxation of smooth muscle and finally result-
ed in erection [21-23]. In the current study, 
expression of eNOS was significantly up-regu-
lated in the low-dose quercetin group and high-
dose quercetin group, which was consistent 
with change of ICP. Moreover, expression of 
iNOS also had slightly elevated in low-dose 

Figure 3. Effect of quercetin on expression levels of NOS isoforms in each group within the penis tissue. A. RT-PCR 
detected the effect of quercetin on mRNA expression of NOS isoforms; B. Western blot detected the effect of quer-
cetin on protein expression of NOS isoforms. **P < 0.01 compared between high dose and low dose group.
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quercetin group, but with no obvious level com-
pared to eNOS. Expression of iNOS did not 
apparently increased in high-dose quercetin 
group, and expression of nNOS was not signifi-
cantly different between the two groups. All the 
data suggested that up-regulation of eNOS may 
play a pivotal role in improving A-ED. In addi-
tion, our results showed that the effect of quer-
cetin on enhancement of cavernous ICP could 
be remarkably inhibited by LNNA that was NOS 
inhibitor and sGC that was ODQ inhibitor [24, 
25], suggesting that quercetin effect on erec-
tile may be related to synthesis and release of 
both NO and cGMP, therefore affected 
NO-cGMP signaling pathway and ultimately 
resulting in A-ED.

This preliminary results suggested that querce-
tin protected expression and function of eNOS 
in cavernous endothelial cells, and restored 
part of normal function of NO-cGMP pathway in 
the process of penis erection. However, it was 
still to further studied that quercetin how to 
restore expression of eNOS in A-ED model, as 
well as mechanism of erectile in the improved 
A-ED model.
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