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Male Sexual Dysfunction

ral L-Citrulline Supplementation Improves
rection Hardness in Men With Mild
rectile Dysfunction

uigi Cormio, Mario De Siati, Fabrizio Lorusso, Oscar Selvaggio, Lucia Mirabella,
rancesca Sanguedolce, and Giuseppe Carrieri

BJECTIVES To test the efficacy and safety of oral L-citrulline supplementation in improving erection
hardness in patients with mild erectile dysfunction (ED). L-arginine supplementation improves
nitric oxide-mediated vasodilation and endothelial function; however, oral administration has
been hampered by extensive presystemic metabolism. In contrast, L-citrulline escapes presys-
temic metabolism and is converted to L-arginine, thus setting the rationale for oral L-citrulline
supplementation as a donor for the L-arginine/nitric oxide pathway of penile erection.

ETHODS In the present single-blind study, men with mild ED (erection hardness score of 3) received
a placebo for 1 month and L-citrulline, 1.5 g/d, for another month. The erection hardness
score, number of intercourses per month, treatment satisfaction, and adverse events were
recorded.

ESULTS A total of 24 patients, mean age 56.5 � 9.8 years, were entered and concluded the study without
adverse events. The improvement in the erection hardness score from 3 (mild ED) to 4 (normal
erectile function) occurred in 2 (8.3%) of the 24 men when taking placebo and 12 (50%) of the
24 men when taking L-citrulline (P � .01). The mean number of intercourses per month
increased from 1.37 � 0.93 at baseline to 1.53 � 1.00 at the end of the placebo phase (P � .57)
and 2.3 � 1.37 at the end of the treatment phase (P � .01). All patients reporting an erection
hardness score improvement from 3 to 4 reported being very satisfied.

ONCLUSIONS Although less effective than phosphodiesterase type-5 enzyme inhibitors, at least in the short
term, L-citrulline supplementation has been proved to be safe and psychologically well accepted
by patients. Its role as an alternative treatment for mild to moderate ED, particularly in patients
with a psychologically fear of phosphodiesterase type-5 enzyme inhibitors, deserves further

research. UROLOGY 77: 119–122, 2011. © 2011 Elsevier Inc.
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itric oxide (NO) is a physiologic signal essential
to penile erection, because it acts both as a
neurotransmitter in the penile nonadrenergic

oncholinergic nerve fibers and as a vasodilator of
mooth muscle cells of the penile arteries, sinusoids, and
rabeculae.1,2 NO activates soluble guanylate cyclase to
onvert guanosine triphosphate to cyclic guanosine
onophosphate (cGMP), which in turn causes penile

mooth muscle relaxation. The erection occurs when the
inusoids engorged with blood compress the subtunical
eins to closure, thus trapping blood within the penis.
he erection eventually subsides when cGMP has been
ydrolyzed to inactive GMP by phosphodiesterase type 5
nzymes (PDE-5).
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PDE-5 inhibitors, which increase penile smooth mus-
le relaxation by preventing cGMP hydrolysis, represent
safe and effective oral treatment of erectile dysfunction

ED); however, their cost, contraindications, and fear,
ore than the occurrence, of side effects have limited

heir use. Nutrients acting as NO donors would therefore
epresent an attractive alternative to the use of PDE-5
nhibitors.

The NO donor L-arginine is a semiessential amino
cid present in dietary proteins and produced in the body
rom L-citrulline, another semiessential amino acid syn-
hesized in the intestinal tract from glutamine.3 NO
ynthase isoforms convert L-arginine to NO, which ac-
ivates the cGMP pathway, and L-citrulline, which can
e reconverted by the kidneys into L-arginine to restart a
O-producing cycle.4 Thus, L-arginine causes in vitro5

elaxation of isolated corpus cavernosum tissue. In a
ouble-blind placebo-controlled study testing L-arginine
ersus placebo in men with ED, however, subjective

mprovement was reported by 31% of men taking L-
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rginine and 12% of men taking placebo.6 Although no
atients in that study reported side effects, oral adminis-
ration of L-arginine in high doses could result in nausea,
omiting, diarrhea, headache, flushing and numbness,7

wing to intestinal and hepatic conversion of L-arginine
o ornithine and urea.

L-citrulline, conversely, escapes intestinal or liver me-
abolism, enters the kidneys and is rapidly converted into
-arginine. It has recently been shown that oral L-citrul-

ine supplementation increases the plasma L-arginine
oncentration and augments NO-dependent signaling in
dose-dependent manner,8 thus providing the rationale

or oral L-citrulline supplementation as a donor for the
-arginine/NO pathway in patients with ED.
The present placebo-controlled pilot trial aimed to

etermine whether oral L-citrulline supplementation im-
roved erection hardness in patients with mild ED.

ATERIAL AND METHODS

en �18 years old who had presented from January to May
009 at our andrology outpatient clinic with a history of ED of
3 months’ duration were considered eligible for the present

ingle-blind, placebo-controlled, prospective pilot study. We
ought to concentrate on patients reporting a mild to moderate
eduction of penile rigidity that still allowed some kind of
aginal penetration but not satisfactory penetration and/or
ompletion of successful intercourse. This situation has been
ell depicted by an erection hardness score (EHS) of 3.
The EHS is a simple, validated,9 single-item, patient-re-

orted outcome that measures erection hardness (Table 1), an
ssential component of erectile function (EF) and correlates
ell with the International Index of Erectile Function-Erectile
unction domain (the standard instrument to categorize ED
everity), the Sexual Experience Questionnaire (designed to
apture EF and individual and couple satisfaction), and the
elf-Esteem and Relationship questionnaire (designed to as-
ess self-esteem and the overall relationship).10,11 An EHS of

corresponds to the best outcome on the International
ndex of Erectile Function, Sexual Experience Question-
aire, and Self-Esteem and Relationship questionnaire. Im-
rovement in the EHS from 3, suggestive of mild ED, to 4,
uggestive of normal EF,9 has been associated with a 24-
reater odds of successful intercourse.11

Therefore, the inclusion criteria for the present study were an
HS of 3 at both the screening and the enrollment visit, a
table heterosexual relationship, and an interest in improving
exual function by entering the study protocol and adhering to

Table 1. Erection hardness score

How Would You Rate the Hardness
of Your Erection? Score

Penis does not enlarge 0
Penis is larger but not hard 1
Penis is hard but not enough for

intercourse
2

Penis is hard enough for penetration but
not completely hard

3

Penis is completely hard and fully rigid 4

s

20
he scheduled follow-up visits. The exclusion criteria were
evere cardiovascular disease, recent cerebrovascular accidents,
enal or hepatic insufficiency, psychiatric or severe neurologic
isorders, untreated endocrine disease, previous radical prosta-
ectomy, significant penile deformity, and previous or current
reatment of ED. The study was performed in accordance with
he standards of Helsinki Declaration, the local ethical com-
ittee approved the study, and all patients provided written

nformed consent.
The screening visit included a detailed medical and sexual

istory, EHS, and a complete physical examination. The en-
ollment visit included a second EHS and evaluation of routine
lood tests. The enrolled patients received a placebo for the first
onth and L-citrulline, 1.5 g/d in 2 doses, for the second
onth. The drug and placebo were both prepared by the hos-

ital pharmaceutical department and looked exactly the same.
he patients were asked to keep a sexual activity diary that

isted every attempt of intercourse and the date, sexual satis-
action, and possible adverse events (AEs). Follow-up visits
ere scheduled at the end of months 1 (the end of the placebo
hase) and 2 (the end of the treatment phase) to evaluate
hanges in the physical examination findings, EHS, number of
ntercourses per month, treatment satisfaction (very satisfied,
atisfied, not satisfied), and possible AEs. At the month 2 visit,
he patients were informed they had received a commercially
vailable nutrient and given the possibility to continue it, if
nterested, or to receive a prescription for a PDE-5 inhibitor.

tatistical Analysis
he data are presented as the mean � standard deviation and
ere analyzed using the Student t test to compare the mean
alues and the chi-square test to compare 2 proportions, using
tatSoft, version 8.0 (StatSoft, Tulsa, OK). Significance was set
t P � .05.

ESULTS
f the 24 eligible patients (mean age 56.5 � 9.8 years),

ll agreed to enter the study, and all concluded it without
Es. The most common concomitant medical conditions
ere consistent with those generally associated with ED,

ncluding hypertension (37.5%), hypercholesterolemia
21%), benign prostatic hyperplasia (12.5%), and diabe-
es mellitus (12.5%).

Significant improvement in the EHS from 3 to 4 was
eported by 2 (8.3%) of the 24 men when taking the
lacebo and 12 (50%) of the 24 men when taking L-
itrulline (P � .01). The mean number of intercourses
er month, a nonvalidated patient-reported outcome we
ave commonly used in patients treated for ED, was 1.37

0.93 at baseline, 1.53 � 1.00 at the end of the placebo
hase (P � .57), and 2.3 � 1.37 at the end of the
reatment phase (P � .01). For treatment satisfaction, all
2 patients reporting an EHS improvement from 3 to 4
cored very satisfied, and the remaining 12 scored not
atisfied and all asked for a PDE-5 inhibitor prescription
t the end of the study phase. Finally, no AEs occurred.

OMMENT
he results from the present placebo-controlled pilot trial
howed that 1 month of treatment with oral L-citrulline was

UROLOGY 77 (1), 2011
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ble to improve erection hardness enough to restoring nor-
al EF (EHS 4) in 12 of 24 patients with mild ED (EHS 3)

f varying origins. In particular, the EHS increased from 3 to
in 8.3% of men taking placebo and 50% of men taking

-citrulline; this difference reached statistical significance
P � .01), despite the small sample size.

Grounds exist to assume that such beneficial effects of
-citrulline supplementation on erectile function re-
ulted from an increase in corpus cavernosum L-arginine
vailability, leading to increased activity of the L-argi-
ine/NO/cGMP-mediated mechanisms of vasodilation
nd penile smooth muscle relaxation. It has recently
een shown that increased NO production induces cor-
us cavernosum smooth muscle cell synthesis and secre-
ion of vascular endothelial growth factor (VEGF),
hich can restore impaired endothelial function. Also,
-arginine, the precursor of NO, has been shown to
rovide the substrate for the NO/cGMP/VEGF path-
ay,12 thus providing the rationale for L-arginine supple-
entation, not only to treat ED, but also to attempt to

everse penile endothelial dysfunction.
Attempts at treating ED with oral L-arginine supple-
entation, however, have been limited by the unsatis-

actory results obtained and the availability of effective
ral therapy represented by PDE-5 inhibitors. We found
nly one randomized controlled trial testing L-arginine
upplementation for ED that was published in 1999,6 at
he beginning of the PDE-5 inhibitor era. In that study,
n which 50 patients with organic ED were randomized to
eceive placebo or 5 g L-arginine daily for 6 weeks,
ignificant subjective improvement was reported by 31%
f the men taking L-arginine and 12% of the men taking
he placebo. Subjective improvement was not associated
ith hemodynamic changes in corpus cavernosum circu-

ation, as assessed by penile duplex ultrasonography. The
ack of hemodynamic changes was attributed to insuffi-
ient intracavernosal concentration of L-arginine and/or
he lack of delivery of L-arginine to the corpus caverno-
um when administered orally.6 Oral L-arginine supple-
entation has been known to be hampered by extensive

resystemic elimination by intestinal bacteria and intes-
inal and hepatic arginase activity that converts L-argi-
ine to ornithine and urea.13 In contrast, oral L-citrulline
scapes intestinal and liver metabolism, inhibits arginase
ctivity,13 and is converted by the kidneys into L-argi-
ine, thus providing plenty of substrate for the L-argi-
ine/NO/cGMP/VEGF pathway.8

Although the present study is, to the best of our knowl-
dge, the first to test the efficacy and safety of oral L-
itrulline supplementation in the management of ED,
vidence has already shown that oral L-citrulline supple-
entation might reverse the endothelial dysfunction asso-

iated with sickle cell disease14 and pulmonary hyperten-
ion,15 thus confirming that such a nutrient can effectively
ctivate the L-arginine/NO/cGMP/VEGF pathway.

Another interesting finding of our study was that all

atients reporting improvement in their EHS elected to

ROLOGY 77 (1), 2011
ontinue with L-citrulline treatment, but the others,
eporting no improvement and thus scoring not satisfied,
sked for a PDE-5 inhibitor prescription. This was prob-
bly because L-citrulline supplementation had no side
ffects and was psychologically well accepted, because it
as perceived by patients as a nutrient and not a drug.
oreover, this finding has further confirmed the impor-

ance of the EHS as a measure of both treatment efficacy
nd patient satisfaction.

Although prospective and placebo controlled, the
resent study had some limitations. First, no attempt was
ade to distinguish whether the ED was either organic or

sychogenic; however, this was reflective of what com-
only occurs in real-life clinical practice. Second, we did
ot plan to compare the subjective with objective find-

ngs, such as changes in penile endothelial or hemody-
amic function, because of the complex and invasive
ature of these measurements. Third, we did not test

onger treatment periods nor compare the efficacy of
-citrulline with that of PDE-5 inhibitors, because we
elieved these objectives were beyond the scope of a pilot
tudy.

ONCLUSIONS
ral L-citrulline supplementation for 1 month was able

o improve erection hardness enough to restore normal
F in 12 of 24 patients with mild ED. Although less
ffective than PDE-5 inhibitors, at least in the short
erm, L-citrulline supplementation proved to be safe and
as psychologically well accepted by patients. Its role as
n alternative and less expensive (�€15/mo) treatment
or mild to moderate ED, particularly for patients psycho-
ogically fearing PDE-5 inhibitors, deserves additional
esearch.
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