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Introduction: Phosphodiesterase type 5 inhibitors (PDE5i) are first-line therapy for most men with erectile
dysfunction (ED). If ineffective, vacuum erection devices, intracavernous injections, and penile prosthesis
implantation are suitable as second- or third-line therapies. However, very few patients select these therapies. It is
critically important to improve erectile function with oral administration of effective agents. Administration of
L-citrulline or transresveratrol in animal experiments has been reported to improve erectile function, but few such
experiments have been performed on humans with ED.

Aim: We aimed to investigate the efficacy of combination therapy of L-citrulline and transresveratrol in patients
with ED despite their use of PDE5i.

Methods: In this randomized, double-blind, placebo-controlled crossover pilot study, men with ED (Sexual
Health Inventory for Men [SHIM] score below 16) despite on-demand use of PDE5i received a placebo for 1
month or the active treatment (L-citrulline 800 mg/day and transresveratrol 300 mg/day) for another month.
Patients continued on-demand use of PDE5i.

Main Outcome Measure: The SHIM score, Erection Hardness Score (EHS), Aging Male Symptoms Scale-
sexual domain (AMS-SD), and adverse events were examined.

Results: 20 patients ages 29e78 years were enrolled, and after 6 men withdrew, 13 concluded the study without
adverse events. Mean SHIM score for the active treatment increased significantly (10.96 ± 1.21) compared with
baseline (8.32 ± 1.21) and placebo (8.31 ± 1.23) (both P < .05). Mean EHS score for the active treatment
(2.56 ± 0.26) also increased from baseline (2.31 ± 0.26), but not significantly (P ¼ .79). Mean AMS-SD score
was not significantly different in either group.

Conclusion: To our knowledge, this is the first study to show that combination therapy of L-citrulline and
transresveratrol is effective for ED treatment in men with added on-demand use of PDE5i. This combination
supplement may be added if PDE5i is insufficient. Shirai M, Hiramatsu I, Aoki Y, et al. Oral L-citrulline and
Transresveratrol Supplementation Improves Erectile Function in Men With Phosphodiesterase 5
Inhibitors: A Randomized, Double-Blind, Placebo-Controlled Crossover Pilot Study. Sex Med
2018;6:291e296.

Copyright � 2018, International Society for Sexual Medicine. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Key Words: L-Citrulline; Transresveratrol; PDE5i; Erectile Dysfunction
arch 22, 2018. Accepted July 12, 2018.

t of Urology, Juntendo University Urayasu Hospital, Chiba,

t of Urology, Osaka University, Graduate School of Medicine,
an;

c, Osaka, Japan;

Clinic, Shizuoka, Japan;

5Department of Urology, Juntendo University, Graduate School of Medicine,
Tokyo, Japan

Copyright ª 2018, International Society for Sexual Medicine. Published
by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.esxm.2018.07.001

018;6:291e296 291

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.esxm.2018.07.001&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.esxm.2018.07.001


Supplement

Placebo Supplement

Placebo

PDE5i on-demand use

Transresveratrol 300 mg/day
L-citrulline 800 mg/day 

Randomization

30 days 30 days

Transresveratrol 300 mg/day
L-citrulline 800 mg/day 

Group A

Group B

Figure 1. Study protocol. Men with erectile dysfunction received a
placebo for 30 days or the active treatment for another 30 days
without washout before crossover. Patients continued on-demand
use of PDE5i. PDE5i ¼ phosphodiesterase type 5 inhibitor.
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INTRODUCTION

Erectile dysfunction (ED) is defined as the “consistent or
recurrent inability to attain and maintain penile erection suffi-
cient for sexual satisfaction.”1 In a multinational survey of men
ages 50e80 years, the prevalence of ED was 48.7%.2 Sexual
activity is an important component of overall quality of life.2

Men with ED described lower rates of personal satisfaction on
all quality of life attributes compared with men without ED.3

Thus, treatment for ED should be very valuable not only for
the local regulation of penile status but also for improved quality
of life. Phosphodiesterase type 5 inhibitors (PDE5i) are first-line
therapy for most men with ED who do not have a specific
contraindication to their use. (In Japan, 3 PDE5i, sildenafil,
vardenafil, and tadalafil are approved and used clinically.4)
Generally, it is estimated that the efficacy of PDE5i is 56% to
84% in ED patients.5 However, specific patient populations,
such as those with severe diabetes mellitus, are hard to treat solely
with PDE5i. If PDE5i therapy is not effective, vacuum erection
devices, intracavernous injections, and surgical implantation of a
penile prosthesis are suitable as second- or third-line therapies for
ED treatment.5,6 Although these therapies have been shown to
be highly effective, the associated pain and inconvenience were
the most important causes of dissatisfaction.4,6,7 Therefore, very
few patients in Japan select these second- or third-line therapies.4

Under this situation, new oral medications or supplements with
or without PDE5i have been expected for a long time. It is
critically important to improve erectile function with the oral
administration of effective agents. L-citrulline is abundantly
contained in watermelon.8 Oral L-citrulline supplementation
increases both serum L-arginine levels more efficiently than
L-arginine supplementation alone and nitric oxide (NO)
production.9 Oral L-arginine supplementation does not increase
L-arginine blood levels significantly because of the hepatic first-
pass effect or metabolization by intestinal bacteria.10,11 Howev-
er, L-citrulline is neither affected by the hepatic first-pass effect
nor do intestinal bacteria metabolize it.11 L-citrulline is
converted to L-arginine in the kidney, thus setting the rationale
for oral L-citrulline supplementation as a donor for the L-argi-
nine/NO/cGMP (cyclic guanosine monophosphate) pathway of
penile erection.9 In animal experiments, administration of
L-citrulline improved intracavernous pressure/mean arterial
pressure (ICP/MAP), smooth muscle/collagen ratios, and serum
levels of nitrogen oxides in arteriogenic ED12 and
low-testosterone ED.13 However, few experiments have been
performed on humans. 1 clinical study suggested that oral
L-citrulline supplementation might improve the Erection Hardness
Score (EHS) without adverse events in men with mild ED.14

Resveratrol is a polyphenol found in grapes and wine.15 Several
studies have shown that resveratrol increases the expression of
endothelial nitric oxide synthase (eNOS)16 and improves endo-
thelial function17 by activation of sirtuin1 (SIRT1), which pro-
motes endothelium-dependent vascular relaxation.17,18 Resveratrol
consumption increased plasma resveratrol concentrations and flow-
mediated dilatation of the brachial artery, which is a biomarker of
endothelial function and cardiovascular health, in a dose-related
manner.19 In animal studies, resveratrol treatment leads to SIRT1
activation, and subsequently activated eNOS leads to enhancement
of cGMP synthesis via the NO/cGMP pathway for penile erec-
tion.20 Resveratrol elevates the intracellular cGMP level in human
corpus cavernosal smooth muscle cells.20 The combination treat-
ment of resveratrol and PDE5i has a synergistic effect.20 Treatment
with either resveratrol or PDE5i improved ICP/MAP ratios, and
combination therapy with both had a synergistic effect in
improving the ICP/MAP ratios in rats with diabetes mellitus.20We
speculated that the combination of L-citrulline and transresveratrol
with PDE5i would have an even greater synergistic effect.

We hypothesized that the combination therapy of L-citrulline
and transresveratrol would be effective for ED patients despite
their on-demand use of PDE5i. Therefore, we investigated the
efficacy of oral L-citrulline and transresveratrol supplementation
in improving erections in patients with ED.
MATERIALS AND METHODS

20 patients who visited our special clinics for sexual function
were included in this study. In the present randomized, double-
blind, placebo-controlled crossover pilot study, men with ED
(SexualHealth Inventory forMen [SHIM] score below 16) despite
the on-demand use of PDE5i received a placebo for 1month or the
active treatment (L-citrulline 800mg/day and transresveratrol 300
mg/day) for another month without washout before crossover
(Figure 1). The supplements or the placebo was taken once daily
after a meal as a complex agent in capsule form. The patients were
randomized into 2 groups (A, men who received the supplement
first, and B, men who received the placebo first). Randomization
was centralized at Juntendo University and done by the simple
randomization method with a computed random number table.
Patients continued their on-demand use of PDE5i. We asked
Molecular Physiological Chemistry Laboratory, Inc (Tokyo,
Japan) to prepare the supplement and placebo capsules. The
chemical stability of the 2 supplements when used in combination
Sex Med 2018;6:291e296



Table 1. Patient demographics at baseline*

Group A
(n ¼ 11)†

Group B
(n ¼ 9)‡ P value

Age (y) 62.69 ± 3.41 55.00 ± 5.75 .24
SHIM-T 7.22 ± 0.92 10.75 ± 2.02 .09
EHS 2.22 ± 1.09 2.50 ± 0.58 .65
AMS-SD 12.78 ± 4.41 14.00 ± 5.60 .68
Duration of ED (y) 4.00 ± 1.41 4.00 ± 2.16 1.00
On-demand PDE5i T: 7, S: 5, V: 3 T: 3, S: 4, V: 4 e

AMS-SD ¼ Aging Male Symptoms Scale-sexual domain; ED ¼ erectile
dysfunction; EHS ¼ Erection Hardness Score; PDE5i ¼ phosphodiesterase
type 5 inhibitor; SHIM-T ¼ Sexual Health Inventory for Men total score; S ¼
sildenafil; T ¼ tadalafil; V ¼ vardenafil.
*Values are mean ± standard error.
†Received supplementation first.
‡Received placebo first.
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was proven by the high-performance liquid chromatography
measurement, and the amino acid automatic analyze method was
proven at Japan Food Research Laboratories, Inc (Tokyo, Japan).
The supplement was encapsulated in a hydroxypropyl methylcel-
lulose capsule. The L-citrulline (800mg) and transresveratrol (300
mg) were mixed with a diluting agent of crystalline cellulose and
calcium stearate. The placebo was similarly encapsulated in a
hydroxypropyl methylcellulose capsule, and the caramel placebo
was also mixed with a diluting agent of crystalline cellulose and
calcium stearate. We used the SHIM and EHS to measure erectile
function. The SHIM and EHS have been shown to be simple,
reliable, and valid tools for the assessment of erectile function in
clinical trials research.21,22 Both questionnaires were validated in
Japanese.23 To measure the improvement in libido and sexual
performance, we used the Aging Male Symptoms Scale-sexual
domain (AMS-SD), which was also validated in Japan.24,25 All
patients were examined by a medical doctor for evaluation of their
medical condition and adverse events, and all self-reported ques-
tionnaires were collected in the clinic.
Main Outcome Measure
The SHIM total score (SHIM-T), the 5 SHIM domain scores

(SHIM-1eSHIM-5), the EHS, the AMS-SD, and adverse events
were examined.
Ethical Approval and Informed Consent
The study protocol was in compliance with Good Clinical

Practices and the Declaration of Helsinki (1996) and in accor-
dance with applicable institutional review board regulations. We
registered the protocol in the University Hospital Medical
Information-Clinical Trials Registration (approval no.
UMIN000028695). The protocol was also approved by the
institutional review board of Juntendo University Urayasu
Hospital, Chiba, Japan (approval no. 2014-061). The study
participants gave informed consent before the initiation of any
study-related procedures and medications.
Statistical Analysis
Data are presented as the mean ± standard error. Statistical

significance was determined by a paired t-test. Then we used the
linear mixed model for adjusted with age, which was the sig-
nificant unique variable. Based on a power of 80% to detect a
significant difference at a 2-sided level of 5%, 25 men were
required for each study group. Initially, we planned to recruit a
total of 50 men in this study. A P value less than .05 was
considered statistically significant. We used IBM SPSS Statistics
for Windows, Japanese version 20 (IBM Japan, Tokyo, Japan)
for the statistical analysis.
RESULTS

Initially, 20 men were enrolled and commenced treatment in
the study (Table 1), with 13 men ages 29e78 (61.2 ± 4.1) years
Sex Med 2018;6:291e296
completing the study without adverse events (9 men in group A
and 4 men in group B). Men with ED overlap used on-demand
PDE5i, including 10 men taking tadalafil, 9 men taking
sildenafil, and 7 men taking vardenafil. No men with ED took
tadalafil once daily for lower urinary tract symptoms (LUTS) in
this study. 6 men were withdrawn from this study (1 man in
group A and 5 men in group B), along with 1 man in group A
who could not complete the questionnaire.

The mean SHIM-T score of the active treatment was signif-
icantly increased compared with baseline and placebo as shown
in Table 2 (P ¼ .035 and P ¼ .040, respectively). The mean
score of SHIM-1 active treatment was significantly increased
compared with placebo (P ¼ .026). The mean score of SHIM-5
active treatment was also significantly increased compared with
SHIM-5 placebo (P ¼ .049). The mean score of SHIM-2 active
treatment was significantly increased compared with SHIM-2
baseline (P ¼ .021). The mean scores of SHIM-3 and SHIM-
4 active treatment were improved, but not significantly so,
compared with placebo (P ¼ .717 and P ¼ .716, respectively).

The mean EHS of active treatment was increased from base-
line, but not significantly so (P ¼ .794). There was also no
significant change between the baseline and placebo EHS
(P ¼ .330). The mean score of AMS-SD was not significantly
different in either group (P ¼ 1.000). 13 patients continued on-
demand PDE5i after completing the treatment period. We have
no follow-up data on these patients following their completion of
the study.
DISCUSSION

We investigated the efficacy of oral L-citrulline and trans-
resveratrol supplementation in improving erection in patients
with ED. This is the first study, to our knowledge, to show that
the combination therapy of L-citrulline and transresveratrol is
effective for ED patients with unsatisfied efficacy from
on-demand use of PDE5i. The data clearly showed that this



Table 2. SHIM, EHS, and AMS-SD scores*

Baseline Placebo Supplement

SHIM-T 8.32 ± 1.21 8.31 ± 1.23 10.96 ± 1.21†,‡

SHIM-1 1.69 ± 0.22 1.43 ± 0.22 2.08 ± 0.22†

SHIM-2 1.67 ± 0.26 1.80 ± 0.26 2.43 ± 0.27‡

SHIM-3 1.62 ± 0.35 1.77 ± 0.35 2.08 ± 0.35
SHIM-4 1.62 ± 0.40 1.87 ± 0.41 2.32 ± 0.40
SHIM-5 1.85 ± 0.33 1.60 ± 0.33 2.24 ± 0.33†

EHS 2.31 ± 0.26 2.18 ± 0.27 2.56 ± 0.26
AMS-SD 13.16 ± 1.29 12.56 ± 1.30 12.62 ± 1.29

AMS-SD ¼ Aging Male Symptoms Scale-sexual domain; EHS ¼ Erection
Hardness Score; SHIM-T ¼ Sexual Health Inventory for Men total score;
SHIM-1 ¼ Sexual Health Inventory for Men erection confidence; SHIM-
2 ¼ Sexual Health Inventory for Men erection firmness; SHIM-3 ¼ Sexual
Health Inventory for Men maintenance frequency; SHIM-4 ¼ Sexual Health
Inventory for Men maintenance ability; SHIM-5 ¼ Sexual Health Inventory
for Men intercourse satisfaction.
*Values are mean ± standard error, and all scores are adjusted for age.
†P < .05 compared with baseline.
‡P < .05 compared with placebo.
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supplementation can salvage the ED patient who fails treatment
solely with PDE5i.

The present study revealed that SHIM-T, erection confidence
(SHIM-1), erection firmness (SHIM-2), and intercourse satis-
faction (SHIM-5) were improved significantly. Maintenance
frequency (SHIM-3) and maintenance ability (SHIM-4) were
also improved after the supplementation, but not significantly so.
The present combination therapy might be more effective in
improving confidence and satisfaction. There was no significant
change in the AMS-SD after supplementation, indicating a
possible limited effect on libido and sexual performance. 5 of the
6 men withdrawn from this study were from group B. We
speculated that they may have been disappointed with the effect
of the placebo used in group B.

Oral L-citrulline supplementation acts as a donor for the
L-arginine/NO/cGMP pathway of penile erection.9 It was re-
ported that oral L-citrulline supplementation increased NO pro-
duction in rats with ED and that administrations of L-citrulline
improved the intracavernous pressure in rats with ED.12,13 1
clinical study suggested that oral L-citrulline supplementation
might improve the EHS in men with mild ED. In that study, a
significant improvement in the EHS from 3e4 was reported by
8.3% of the men when taking the placebo and 50% of the men
when taking L-citrulline. In addition, the mean number of in-
tercourses per month increased significantly compared with base-
line (2.3 ± 1.37 vs 1.37 ± 0.93). All patients reporting an
improvement in the EHS from 3e4 were very satisfied.14

In animal studies, resveratrol treatment leads to SIRT1
activation, and subsequently activated eNOS leads to enhance-
ment of cGMP synthesis via the NO/cGMP pathway for penile
erection.20 Resveratrol elicited a concentration-dependent relax-
ing effect on the corpus cavernosum and an increase in blood
testosterone concentration in a rabbit model.26 Resveratrol might
be an effective treatment in the prevention of atherosclerotic
changes in the corpus cavernosum of hypercholesterolemic
rabbits.27

The intracellular cGMP level was elevated by resveratrol
treatment in human corpus cavernosal smooth muscle cells.12

The combination treatment of resveratrol and PDE5i had a
synergistic effect.20 Treatment with either resveratrol or PDE5i
improved erectile function, and combination therapy with
resveratrol and PDE5i had a synergistic effect in the improve-
ment of erectile function in rats with ED.20

In our previous study, the mean score of the International
Index of Erectile Function 5 items scale in 7 patients with ED
was significantly improved (14.0 ± 5.8) compared with base-
line (8.9 ± 5.8; P < .05), despite on-demand use of PDE5i,
when they received 30 days of active treatment with 300 mg/
day of transresveratrol (A. Tsujimura, unpublished data, 2013).
The applied dosage of L-citrulline in the present study was
800 mg/day, which was the highest dosage available in Japan at
the time of the study (Kyowa Hakko Bio, Ibaragi, Japan). This
dosage was lower than that used in a previous study in which L-
citrulline 1.5 g/day was administered in ED patients14 and 2%
L-citrulline water (approximately 2 g/day) was used in a rat
model.12,13 Safety has been evaluated in humans and rats with
ED.12e14 No side effects have been reported from citrulline
administration as an oral supplement at doses up to 15 g.28

The applied dosage of transresveratrol was 300 mg/day in
the present study, which is the same as that used in our pre-
vious study, in which we calculated a dose of 5 mg/kg in both
the human study and rat study (A. Tsujimura, unpublished
data, 2013).20 Safety was also evaluated in patients and rats
with ED (A. Tsujimura, unpublished data, 2013).20 A previous
study reported gastrointestinal side effects in a high proportion
of participants taking 2,500 mg/day or more of trans-
resveratrol, suggesting that doses at or above this level are
unlikely to be tolerated chronically.29 That study also reported
that 450 mg/day can be considered safe for a 60-kg individ-
ual.29 We believe that the dosage applied in our study was safe
and effective.

Although prospective and placebo controlled, the present
study has some limitations. First, this study did not include ED
patients taking tadalafil once daily, which represents an effective
and well-tolerated medical treatment for patients with LUTS and
ED.30 It is possible that daily PDE5i is more effective for ED
treatment with L-citrulline and transresveratrol. Second, this
study did not include L-citrulline monotherapy. Because the
participants had moderate to severe ED, monotherapy with
L-citrulline was thought to be insufficient compared with the
findings in a previous study.14 Third, we did not include the
frequency of sexual intercourse in the study questionnaire. Men
taking L-citrulline revealed that the frequency of sexual inter-
course was significantly increased compared with baseline.14 It is
possible that the frequency of sexual intercourse was increased
Sex Med 2018;6:291e296
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with L-citrulline and transresveratrol owing to an improvement
in confidence. Fourth, the duration of this study was short, only
1 month, and the sample size was small. We will be planning an
additional study of longer duration that incorporates more
institutions.

To our knowledge, this is the first study to show that
combination therapy of L-citrulline and transresveratrol is
effective for ED patients with unsatisfied efficacy from
on-demand use of PDE5i. The present findings clearly showed
that our supplementation therapy may be 1 possible treatment
option for these patients.
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