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Epigallocatechin-3-gallate ameliorates erectile
function in aged rats via regulation of PRMT1/
DDAH/ADMA/NOS metabolism pathway

Dong Chen’, Ke-Qin Zhang’, Bo Li, Ding-Qi Sun, Hui Zhang, Qiang Fu

Aging-related ED is predominantly attributed to neurovascular dysfunction mediated by NO suppression and increased oxidative
stress in penis. The alterations of protein arginine methyltransferases 1 (PRMT1)/dimethylarginine dimethylaminohydrolase (DDAH)/
asymmetrical dimethylarginine (ADMA)/NO synthase (NOS) pathway regulate NO production in the vascular endothelium.
Epigallocatechin-3-gallate (EGCQG) is one of the most abundant and antioxidative ingredients isolated from green tea. In the present
study, 40 Sprague-Dawley rats were randomly distributed into four groups: one young rat group and three aged rat groups treated
with daily gavage feedings of EGCG at doses of 0, 10 mg kg~ and 100 mg kg~! for 12 weeks, respectively. Erectile function was
assessed by electrical stimulation of the cavernous nerves with intracavernous pressure (ICP) measurement. After euthanasia, penile
tissue was investigated using Western blot and ELISA to assess the PRMT1/DDAH/ADMA/NOS metabolism pathway. Superoxide
dismutase (SOD) and malondialdehyde (MDA) levels were detected by colorimetry. We also evaluated smooth muscle contents. The
ratio of maximal ICP and mean systemic arterial pressure (MAP) was markedly higher in EGCG-treated aged rats than in untreated
aged rats. We found that DDAH1 and DDAH2 were expressed in cavernosal tissue, and they were downregulated in corpora of aged
rats. The administration of EGCG upregulated the expression and activity of DDAH. In contrast, EGCG treatment downregulated
the expression of PRMT1 and ADMA content. Moreover, EGCG-treated rats showed an improvement in smooth muscle expression,

the ratio of smooth muscle cell/collagen fibril, SOD activity, and MDA levels when compared with untreated aged rats.
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INTRODUCTION

Erectile dysfunction (ED), defined as the inability to attain and/or
maintain penile erection, is estimated to affect more than 150 million
men worldwide, and this number is expected to double by 2025.!
Considered as the major public health problem that seriously affects the
quality of life of patients and their partners, ED has become increasingly
prevalent with age.? The mechanism of aging-related ED has not yet
been fully elucidated.

NO, which is synthesized from L-arginine by NO synthase (NOS),
is well-known as the principal mediator of cavernous smooth relaxation
and penile erection.’ Recent studies show that NO production may
also be regulated by endogenous NOS inhibitors in vitro and in vivo,
in particular, asymmetric dimethylarginine (ADMA).** ADMA, a
naturally occurring L-arginine analog synthesized endogenously
during the methylation of protein arginine residues by protein arginine
methyltransferases (PRMTs), is an endogenous inhibitor of all three
types of NOS.* ADMA exerts its biological effects by competing with
L-arginine to bind to the active site of NOS, inhibiting NO synthesis
and leading to NOS uncoupling.” PRMT1 is the predominant member
of the PRMT family that is involved in protein arginine methylation

and it accounts for approximately 85% of arginine methylation
reactions.®® The majority of ADMA (~80%) is intracellularly
metabolized to citrulline and dimethylamine by dimethylarginine
dimethylaminohydrolase (DDAH) and the rest is excreted in urine."’

In previous studies, increased levels of markers of oxidative
stress were detected in both serum and cavernous tissues of patients
with aging-related ED whereas markers of antioxidative status were
decreased." Oxidative stress has been shown to increase PRMT1
activity and inactivate DDAH, which may be responsible for the
increased ADMA concentration and subsequently decreased NO
levels.*!>"* Moreover, increased ADMA may then compete with
arginine and “uncouple” NOS, contributing to oxidative stress that
further inhibits NO genesis.”'> Our previous study has demonstrated
that the expression levels of DDAH and NOS were decreased in the
cavernous tissues of aged rats whereas the ADMA concentration was
increased."

Green tea (Camellia sinensis), the second most consumed beverage
worldwide, is chemically characterized by the presence of high amounts
of polyphenolic compounds known as catechins, among which
epigallocatechin-3-gallate (EGCG) is notable as the most abundant
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and active compound.'”” EGCG has been reported to prevent oxidant
injury and cell death via several mechanisms, such as scavenging
oxygen radicals,'® protecting against oxidized LDL," and increasing
the levels of antioxidant and antioxidant enzyme.'®"

In the present study, we examined the ability of EGCG to ameliorate
erectile function in aged rats via the regulation of the PRMT1/DDAH/
ADMA/NOS pathway by inhibiting oxidative stress.

MATERIALS AND METHODS

Animals

In this study, all procedures were approved by the Institutional
Animal Care and Use Committee at Shandong University. Ten
12-week-old male Sprague-Dawley rats and 30 18-month-old male
Sprague-Dawley rats were obtained from the Animal Breeding Center
at Shandong University. Before the study, the rats were fed under
the same standard laboratory conditions (temperature 22 + 1°C,
12 h light: 12 h dark cycles) and had free access to food and water
for 1 week. Ten 12-week-old male Sprague-Dawley rats, weighing
280-300 g, were classified as young group (Sham group). Thirty
18-month-old Sprague-Dawley rats, weighing 620-680 g, were
randomly divided into three groups and fed with normal saline via
oral gavage containing 0 (negative control group, NC group, n = 10),
10 mg kg™ (EGCG-10 group, n = 10), or 100 mg kg™ (EGCG-100
group, n = 10) epigallocatechin-3-gallate (EGCG, Sigma-Aldrich,
St. Louis, MO, USA) daily for 12 weeks. The young rats received
equivalent solutions of normal saline daily. Body weights were
monitored regularly throughout the study and before euthanasia. All
rats were maintained for 12 weeks, except for two rats in negative
control group, one rat in EGCG-10 group and two rats in EGCG-100
group that died before the end of the study. No noticeable irritation was
observed following administration of EGCG. After a 1-week washout
period, we evaluated erectile function by cavernous nerve electrical
stimulation. After functional testing, the rats were euthanized, and
the penis was harvested for histochemical examination, Western blot,
and enzyme-linked immunosorbent assay (ELISA) analyses.

Measurement of erectile function

Erectile function was assessed by measuring the maximal intracavernous
pressure (Max ICP) and the ratio of Max ICP/mean systemic arterial
pressure (MAP). The rats were anesthetized with an intraperitoneal
injection of 5% sodium pentobarbital. The lateral-prostatic space
was dissected using a lower abdominal midline incision. The major
pelvic ganglion and cavernous nerve were identified and isolated. The
penile crus were exposed using a sagittal perineal incision. A 23-gauge
butterfly needle connected to a polyethylene tube filled with 250 U ml™
heparin-saline solutions was inserted in the cavernosum on the same
side as the stimulated cavernous nerve. The systemic arterial blood
pressure was monitored via a polyethylene tube placed into the left
carotid artery. Electrostimulation (12 Hz; pulse width 5 ms; 5 V;
duration of 60 s) was applied to the cavernous nerve with a stainless
steel bipolar hook electrode. Both pressure lines (ICP and MAP)
were measured continuously with a BL-420V pressure transducer
system (Chengdu Implement Company, Chengdu, China).

ELISA for ADMA and cGMP

The concentration of total protein in the penile tissue was detected using
the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, Waltham,
MA, USA). The levels of the ADMA and cGMP in penile tissue were
assessed using a commercial cGMP ELISA kit (R&D Systems, Inc.,
Minneapolis, MN, USA) and a commercial ADMA ELISA kit (Enzo
Life Sciences, Lorrach, Germany), following the protocol provided by
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the manufacturer. Data are expressed as pmol mg pro™' of wet weight
tissue for cavernous tissue levels.

Masson’s trichrome stain

Masson’s trichrome stain was used to evaluate the smooth muscle
cell/collagen fibril (SMC/CF) expression in cavernous tissue.
Three-micrometer sections of formalin-fixed, paraffin-embedded (FFPE)
tissues were deparaffinized in xylene (three washes for 3 min each) and
hydrated in graded ethanol to distilled water. The slides were then
stained with Masson’s trichrome stain kit (Dako Sciences, Glostrup,
Denmark), followed by dehydration in graded ethanol to xylene. The
corpus cavernosum smooth muscle stained red, and the collagen fibril
stained blue. The areas of smooth muscle and collagen were analyzed
using the Image-Pro Plus 5.0 software package (Media Cybernetics,
Inc., Bethesda, MD, USA).

Western blot assay for a-SMA, DDAHI1, DDAH2, PRMT1, eNOS,
p-eNOS, and nNOS

Rat penile tissues were homogenized in RIPA lysis buffer (Thermo
Fisher Scientific, Waltham, MA, USA) on ice for 10 min and the
supernatant was collected after centrifugation at 12 000 xg for 15 min
at 4°C. The protein concentration was assayed using the Pierce
BCA Protein Assay Kit (Thermo Fisher Scientific, Waltham, MA,
USA). The proteins were electrophoresed on 10% sodium dodecyl
sulfate-polyacrylamide gels, transferred to a polyvinylidene fluoride
membrane (Millipore Corp., Bedford, MA, USA) and blocked for
1 h of incubation at room temperature in TBS with 0.05% Tween
20 (TBST) containing 5% skim milk. The polyvinylidene fluoride
membrane was then incubated overnight at 4°C with primary antibody
against B-actin (1:1000; Santa Cruz Biotechnology, Santa Cruz, CA,
USA), a-SMA (1:1000; Abcam, Cambridge, UK), eNOS (1:500; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and phosphorylated
eNOS (Ser1177, p-eNOS; 1:500; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), nNOS (1:600, Santa Cruz Biotechnology, Santa Cruz, CA,
USA), DDAH1 (1:1000; Abcam, Cambridge, UK), DDAH2 (1:500;
Abcam, Cambridge, UK), or PRMT1 (1:500; Abcam, Cambridge,
UK). After three washes in tris-buffered saline containing 0.1% Tween
20 (TBST) for 10 min each, the membrane was incubated for 1 h with
the appropriate diluted horseradish peroxidase-conjugated secondary
antibody. Subsequently, the membrane was washed 3 times again using
TBST for 10 min each, and the protein bands were then detected
using the enhanced chemiluminescence (ECL) system (Pierce Biotech
Inc., Rockford, IL, USA). Signals were obtained in the linear range of
detection and quantified by densitometry (Quantity One Analysis
software; Bio-Rad, CA, USA) using a Fujifilm LAS-3000 imaging
system (Fujifilm, Tokyo, Japan). Specifically, the integrated optical
density (IOD) was measured after subtracting the background. IOD
was also determined for B-actin to correct for any variations in total
protein loading, and the amount of protein was represented as IOD/Std.

Measurement of DDAH activity

In the corpus cavernosum tissue homogenates, the DDAH activity
was estimated using the colorimetric method and is expressed per
gram of protein as previously described.” This method is based on
the L-citrulline production rate. To this end, corpus cavernosum tissue
homogenate was mixed with sodium-phosphate buffer (pH 6.5), and
1 mmoll™ ADMA (Sigma-Aldrich, St. Louis, MO, USA) was then added
to each sample, which was then incubated at 37°C for 30 min. After the
reaction had been stopped by the addition of 4% sulfosalicylic acid, the
samples were centrifuged. Oxime (diacetic monoxime [0.08% w/v] in
5% acetic acid) mixed with antipyrine (antipyrine [0.5% w/v] in 50%



sulfuric acid) was added to the samples during the next stage. Following
110 min of incubation at 60°C and 10 min of cooling on ice, the level
of L-citrulline was measured using a spectrophotometric analysis at
466 nm. The obtained values were subtracted from the corresponding
values in blind samples (without ADMA). Aliquots of L-citrulline
were prepared to serve as standard samples, and the DDAH activity
is presented as nmol L-citrulline mg pro™ at 37°C.

Measurement of NOS activity

The concentration of total protein in the penile tissue was measured
using the Pierce BCA Protein Assay Kit (Thermo Fisher Scientific,
Waltham, MA, USA). The NOS activity was assessed using a Total
Nitric Oxide Synthase assay kit (Nanjing Jiancheng Biotechnology
Institute, Nanjing, China) following the protocol provided by the
manufacturer. Data are expressed as U mg pro™' of wet weight tissue
for cavernous tissue levels.

Measurement of SOD activity and MDA levels

Approximately 20 mg of corpus cavernosum tissue was used for
the experiment; the tissue was homogenized in 0.2 ml of normal
saline. Subsequently, 0.05 ml of tissue homogenate was used for
SOD determination and 0.1 ml of tissue homogenate was used for
MDA determination. The total SOD activity was measured at 525 nm
using spectrophotometric kits (Nanjing Jiancheng Biotechnology
Institute, Nanjing, China). The MDA level was measured using
spectrophotometric kits (Nanjing Jiancheng Biotechnology Institute,
Nanjing, China) as described by Uchiyama and Mihara.” The result
is expressed as nanomoles per milligram protein.

Statistical analysis

Data were expressed as mean + standard deviation (mean + s.d.).
Statistical analysis was performed with one-way analysis of variance
test with Bonferroni multiple comparison posttest. All statistical
analyses were performed using the SPSS 16.0 statistical software (SPSS
Inc., Chicago, IL, USA). The level of statistical significance was taken
as P <0.05.

RESULTS

Assessment of erectile responses

The ratios of Max ICP/MAP are shown in Figure 1. Compared to
Sham group, the ratios of Max ICP/MAP were markedly lower in all
groups of the aged rats (P < 0.01) whereas the aged rats treated with
EGCG exhibited greater Max ICP/MAP ratios than untreated aged
rats (P < 0.05).

Effects of EGCG on ADMA and cGMP concentration

As demonstrated in Table 1, the concentrations of ADMA were higher
in negative control group than EGCG-treated groups (P < 0.05) and
Sham group (P < 0.01), and the ADMA concentrations remained
higher in EGCG-treated groups than in Sham group (P < 0.01).
The levels of cGMP were lower in negative control group than
EGCG-treated groups (P < 0.05) and Sham group (P < 0.01), but the
cGMP levels in EGCG-treated groups were still lower than those in
Sham group (P < 0.01).

Effects of EGCG on cavernous smooth muscle and collagen content

In Figure 2, the ratio between the cavernous smooth muscle and
collagen was reduced in negative control group compared with
Sham group (P < 0.01). When compared with untreated aged rats,
100 mg kg™' EGCG-treated aged rats had greater smooth muscle
content (P < 0.05). Western blot and immunohistochemical staining
of a-SMA content (Figure 3) also showed that the cavernous smooth
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Figure 1: Erectile function evaluation. The ratio of maximal intracavernous
pressure (Max ICP) and mean systemic arterial pressure (MAP) was shown to
evaluate erectile function in each group. (a) Representative ICP in response
to electrical stimulation of the cavernous nerve at 5 V in Sham group, NC
group, EGCG-10 group, and EGCG-100 group. (b) Statistical chart of Max ICP/
MAP ratio. Each bar depicted the mean values (+ standard deviation) from
n =10 animals per group. *P < 0.05 versus NC group, **P < 0.01 versus
NC group, P < 0.01 versus Sham group.

muscle content was decreased in negative control group compared
with Sham group (P < 0.01). In addition, the a-SMA content was
lower in NC group than in EGCG-100 group (P < 0.05). There was no
significant difference in o.-SMA concentration between NC group and
EGCG-10 group (P > 0.05).

Western blot analysis of PRMT1, DDAH1, DDAH2, eNOS, p-eNOS,
and nNOS expression

The protein expression levels of PRMT1, DDAH1, DDAH2, eNOS,
p-eNOS, and nNOS in rat penile tissue detected by Western blotting
are shown in Figure 4. Compared with young rats, the protein levels of
PRMT1 were increased in untreated aged rats (P < 0.01). Both 10 mg kg™
EGCG and 100 mg kg™ EGCG treatment reduced the protein levels of
PRMT1 in aged rats (P < 0.05). The protein levels of DDAH1, DDAH2,
eNOS, p-eNOS, and nNOS in the penile tissue were lower in NC group
than in Sham group (P < 0.01). However, both 10 mg kg™' EGCG and
100 mg kg™ EGCG treatment elevated the expression levels of DDAHI,
DDAH2, p-eNOS, eNOS, and nNOS proteins (P < 0.05).

Effects of EGCG on DDAH and NOS activities

The DDAH and NOS activities in the corpus cavernosum are shown
in Figure 5. The DDAH and NOS activities were lower in untreated
aged rats than in young rats (P < 0.01). Both 10 mg kg™ EGCG and
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Table 1: Comparisons of ADMA content, cGMP content, SOD activity, and MDA content in experimental animals after being treated for 12 weeks

Group Sham NC EGCG-10 EGCG-100
ADMA content (nmol mg pro?) 7.46+0.21 11.72+0.27# 10.25+0.18#* 9.13+0.15#*
c¢GMP content (pmol mg pro-!) 1.02+0.16 0.41+0.09** 0.52+0.11##* 0.59+0.06%**
SOD activity (U mg pro-!) 146.92+9.82 85.31+6.64" 102.72+7.47%** 117.12+4.57#**
MDA content (nmol mg pro) 2.65+0.68 6.41+0.36"* 5.26+0.42#** 4.61+0.32##**

Data are expressed as meanzs.d., n=10. *P<0.05 versus NC group; **P<0.01 versus NC group; #P<0.01 versus Sham group. ADMA: asymmetric dimethylarginine; cGMP: cyclic
guanosine monophosphate; EGCG: epigallocatechin-3-gallate; MDA: malondialdehyde; SOD: superoxide dismutase; s.d.: standard deviation

EGCG-10 EGCG-100

e

smooth muscle /collagen (%)

Sham

NC EGCG-10 EGCG-100

Figure 2: Masson’s trichrome stain. Masson’s trichrome stain was used
to evaluate the cavernous tissue via smooth muscle cell (blue)/collagen
fibril (red) (SMC/CF). (a) Masson’s trichrome staining in corporal tissue of Sham
group, NC group, EGCG-10 group, and EGCG-100 group. (h) Statistical chart
of SMC/CF ratio. Each bar depicted the mean values (+ standard deviation)
from n= 10 animals per group. *P < 0.05 versus NC group. #P < 0.05 versus
Sham group, *P < 0.01 versus Sham group. Scale bar = 400 um.

100 mg kg™ EGCG-treated aged rats exhibited higher DDAH and NOS
activities than were seen in untreated aged rats (P < 0.05).
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SOD activity and MDA levels in the corpus cavernosum

The SOD activity and MDA levels in the corpus cavernosum are
shown in Table 1. Decreased penile SOD activity and elevated levels
of penile MDA were found in the corpus cavernosum of untreated
aged rats compared with young rats (P < 0.01). Both 10 mgkg' EGCG
and 100 mg kg™ EGCG-treated aged rats exhibited increased penile
SOD activity, as well as reduced levels of MDA activity compared with
untreated aged rats (P < 0.01).

DISCUSSION

The present study found the following: (1) EGCG treatment can
effectively ameliorate erectile function in aged rats by inhibiting
oxidative stress to regulate the PRMT1/DDAH/ADMA/NOS
metabolic pathway (Figure 6). (2) EGCG treatment can markedly
improve the structural impairment in the corpus cavernosum of
aged rats.

Oxidative damage to the vasculature due to an increased
production of reactive oxygen species (ROS) plays an important role in
the natural aging process.”>?* As shown in previous studies,* oxidative
stress induces vascular endothelial cell and smooth muscle cell damage
in the corpus cavernosum, which are the main pathophysiological
mechanisms of aging-related ED. In this study, the administration
of EGCG increased the amount of smooth muscle and the smooth
muscle/collagen ratio.

The current study also identified the SOD activity and MDA levels
as markers of oxidative stress in the corpus cavernosum. In our study,
the SOD activity was decreased and the levels of MDA were increased
in aged rats compared with young rats. In addition, this abnormality
in aged rats was attenuated by EGCG treatment, which suggests that
EGCG treatment restored SOD activity and reduced MDA production
via inhibiting oxidative stress in the corpus cavernosum. Recent studies
show that tea catechins are powerful hydrogen-donating antioxidants
and free radical scavengers in a number of in vitro systems® and
in vivo models.”® Our data were also consistent with other studies.
Nanjo et al. have reported that EGCG not only induces the activity of
SOD but also augments SOD levels.”” Mostafa et al. demonstrated that
streptozotocin-induced diabetic rats on green tea show decrease in
cavernous MDA concentrations compared with untreated diabetic rats.*

Thus, we speculate that EGCG treatment ameliorates erectile
function in aged rats via NO release. To address this issue, the cGMP
levels and NOS protein expression in the corpus cavernosum were
measured. The results from our experiments showed that p-eNOS
expression, eNOS expression, nNOS expression, NOS activity, and
c¢GMP levels in the corpus cavernosum were decreased in aged rats,
which were corroborated our pervious observation.'* Moreover,
EGCG supplement significantly increased p-eNOS expression, eNOS
expression, nNOS expression, NOS activity, and cGMP levels in aged
rats in our study. Accordingly, these results support our hypothesis
that EGCG can improve impaired erectile function via the NO/cGMP
pathway in aged rats. Similar results were also found in other studies.
Persson et al. reported that tea flavanols increase NO production in the
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endothelial cells.”” Babu and Liu showed that catechins regulate vascular
tone by activating eNOS where a catechin-associated improvement
of vascular function and anti-atherosclerosis effect could delay or
prevent the onset of aging-related ED.** Mostafa et al. suggested that
EGCG markedly increased the cavernous eNOS and cGMP levels in
diabetic rats.?®

According to a literature review of NOS, there are two important
mechanisms for impaired NO synthesis in endothelial dysfunction.
One of them is the decrease of eNOS and nNOS expression, and the
other one is the accumulation of endogenous NOS inhibitors in the
corpus cavernosum such as ADMA. In addition, several studies have
indicated an association between ROS, ADMA concentration, and
endothelial dysfunction.”'*'>** ADMA may increase ROS production
in a concentration-dependent manner.'> Moreover, ROS can stimulate
ADMA production and/or inhibit ADMA degradation, which may
further increase ADMA production in a positive feedback manner.'**?
Thus, we speculate that EGCG treatment improves erectile dysfunction
in aged rats via the PRMT1/DDAH/ADMA/NOS metabolic pathway.
To confirm this hypothesis, we measured the protein concentration of
PRMT1, DDAHI, and DDAH2 by Western blotting and assessed the
DDAH activity and ADMA concentration in the corpus cavernosum.
The results from our experiments showed that the DDAHI1 expression,
DDAH2 expression, and the DDAH activity in the corpus cavernosum
were decreased in untreated aged rats compared with young rats. In
addition, the PRMT1 expression and ADMA concentration in the
corpus cavernosum were increased in untreated aged rats. We also
revealed that EGCG treatment increased the DDAHI1 expression,
DDAH2 expression, and DDAH activity in corpus cavernosum.
PRMT]1 expression and ADMA concentration in the corpus
cavernosum were significantly decreased in EGCG-treated aged rats. In
support of our observation, Park et al. found that decreased cavernosal
DDAH activity results in cavernosal ADMA accumulation, which
leads to reduced cavernosal NOS activity and impairment of erectile
function in a rat model of atherosclerosis. Moreover, they suggested
that the decreased DDAH activity was associated with the NOS activity
showing a functional correlate of erectile function.? Imamura et al.

previously described that impaired DDAH activity due to decreased
DDAHLI protein expression results in the accumulation of ADMA
in rabbit corpus cavernosum and at least partly lead to the impaired
NO production after the administration of cigarette smoke extract.**
Masuda et al. suggested that the impaired NO-mediated cavernosal
relaxations after cavernosal ischemia caused by partial vessel occlusion
in rabbits are closely related to the decreased NOS activity and the
increased accumulation of ADMA .

In current experiment, we first revealed that the protein expression
of PRMT1 was increased the cavernosal tissues of aged rats and was
decreased in the EGCG treatment group. As a similar study showed
that PRMT1 expression was higher in the hearts of aged rats than
in those of young rats,* oxidative stress had been shown to increase
the activity and protein levels of PRMT1 leading to increased ADMA
concentrations.***¢ In addition, Jiang et al. reported that the protective
effect of a potent lipophilic antioxidant, probucol, on endothelium is
related to reduction in the ADMA concentration via the inhibition of
PRMT1 expression and enhancement of DDAH activity.”” In addition,
we indicate that both DDAH activity and expression of DDAH in
the corpus cavernosum significantly decrease at the protein level in
aged rats and increase in the EGCG treatment group. Recent studies
have identified DDAH as an extremely oxidant-sensitive enzyme,
and its sulthydryl group predisposes DDAH to easy oxidation after
which it loses its activity.®* In support of our observation, Tang
et al. have described that EGCG protects endothelial dysfunction
induced by native LDL in vivo or by ox-LDL in endothelial cells,
and the protective effect of EGCG on the endothelium is related to a
decrease in the ADMA level due to an increase in DDAH activity.*
In summary, the increased PRMT1 concentration and diminished
activity and protein concentration of cavernosal DDAH might be
one of the potential causes of impaired erectile function in aged
rats. Although we have identified changes in the DDAH activity
and protein concentrations of PRMT1, DDAHI, and DDAH2 in
different groups, we have not elucidated the individual functions
in corpus cavernosum. Further studies are needed to determine the
potential contribution of cavernosal PRMT1, ADMA, and DDAH

@ Asian Journal of Andrology



EGCG ameliorates erectile function in aged rats

D Chen etal
296
Sham NC EGCG-10 EGCG-100 067
P-eNOS RS W — ——
Q 0.4
o
()
eNOS Q
— e — % 02]
o

pactin WD WD SN

0.0-
Sham
Sham NC EGCG-10 EGCG-100 é 1.0+
z a
o
DDAH1- ——— 5
) 8 B0
Bh
173
- [0
DDAH2 — 5+ 0.4
— — ge
£00.24
&
-acti °
Bactin M W S —_—
m Sham
8 0.8
=z
€
5208
8 *
Sham  NC  EGCG-10 EGCG-100 § & . ¥
? 0.4 # -
NNOS e o e . o2 ™M
s 502
£
£
B-actin W S S — ),
o

Sham

NC EGCG-10 EGCG-

8 08,
* 3
# P~
T 28 % b
oa® * #
P # -
22 044
a
e~ #
cX
i 0.2
o
o
0.0-
NC EGCG-10 EGCG-100 Sham NC EGCG-10 EGCG-100
o
Z o084
a
DA
BE 0.6
*%k c o *
o ® *
9Sg ##
LT Y =
So
X2 ##
e 021
£E
j
o o.0-
NC EGCG-10 EGCG-100 Sham NC EGCG-10 EGCG-100
g 08 #
o *
a Pl N
Sham NC  EGCG-10 EGCG-100"6%°'6 M
Sa =s
s,
PRVT] s SHEE S g
%%m
-actil
actn M. -

100 0.0

Prot

Sham NC EGCG-10 EGCG-100

Figure 4: Evaluation of PRMT1, DDAH1, DDAH2, eNOS, p-eNOS, and nNOS protein expression by Western blot in Sham group, NC group, EGCG-10 group and

EGCG-100 group. (a) Representative Western blot analysis of eNOS and p-eN
(b) Representative Western blot analysis of DDAH1 and DDAHZ2 in corpus cave
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in corpus cavernosum among groups. -actin was used as a loading control. Each bar depicted the mean values (+ standard deviation) from n= 10 animals

per group. *P < 0.05 versus NC group, **P < 0.01 versus NC group, P < 0.

=
40 2 25
]
. =
Tu 920
o o >
£ . # 0 S51s . .
5 o 20 # T E o A #
o E i <10 # T
[y 2
2810 23 0s
o 2 oo
E Sham NC EGCG-10 EGCG-100 < Sham NC EGCG-10 EGCG-100

Figure 5: Evaluation of NOS activity and DDAH activity in corpus cavernosum
from Sham group, NC group, EGCG-10 group and EGCG-100 group. (a) NOS
activity in corpus cavernosum among groups. (b) DDAH activity in corpus
cavernosum among groups. Each bar depicted the mean values (+ standard
deviation) from n = 10 animals per group. *P < 0.05 versus NC group,
**P < 0.01 versus NC group, #P < 0.01 versus Sham group.

to erectile function using isoform-specific inhibitor or transgenic
animals. Another limitation of the study is that a positive control
group, such as a phosphodiesterase type 5 inhibitors treatment group,
was not used in the study. Thus, EGCG will be combined with other
medicines in future studies.

In this study, we found that daily gavage feedings of a lower
(10 mg kg™') or higher dose (100 mg kg™') of EGCG improves
erectile function in aged rats by exerting antioxidative effects in the
corpus cavernosum. However, cavernous smooth muscle content
did not markedly differ between negative control and lower dose
EGCG groups. Moreover, a higher dose of EGCG treatment showed
more ameliorated levels of erectile function compared with a lower
dose treatment according to the study. This difference indicated
that EGCG improved ED in aged rats with in a dose-dependent
manner.
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Figure 6: Evaluation of EGCG on PRMT1/DDAH/ADMA/NOS pathway
in corpus cavernosum of the aged rats. PRMT1: protein arginine
methyltransferases 1; ADMA: asymmetric dimethylaminohydrolase;
DDAH: dimethylarginine dimethylaminohydrolase; NOS: nitric oxide synthase;
NO: nitric oxide; DMA: dimethylamine.

CONCLUSIONS

We found that EGCG ameliorates erectile function in aged rats by
inhibiting oxidative stress to regulate the PRMT1/DDAH/ADMA/NOS
metabolic pathway. However, the molecular mechanism underlying the
protective effects of EGCG requires further investigation.
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