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Abstract
The review summarizes results of clinical studies investigating the influence of a combination of plant extracts with aminoacids, functioning as NO-donors.
Prelox®, a combination of French maritime pine bark extract with L-arginine aspartate, enhanced activity of endothelial nitric oxide synthase (e-NOS) and reduced
plasma concentrations of the e-NOS inhibitor ADMA (asymmetric dimethylarginine), thus enhancing bioavailability of nitric oxide.
Men with confirmed erectile dysfunction (ED) restored erectile function in clinical studies to normal scores following supplementation with Prelox® according to the
questionnaire for erectile dysfunction. L-arginine aspartate alone was barely effective, placebo produced minor effects. The improvement of ED with Prelox® was not
persistent, ED deteriorated again at the end of the supplementation period.
Prelox® was also effective in improving quantity and quality of spermatozoa in men with ED. Concentration, morphology and viability of spermatozoa were highly
significantly improved (p<0.001) versus placebo.
Results from 7 clinical studies indicate a substantial impact of Prelox® on improvement of men’s virility and fertility. No unwanted effects were observed.

Introduction

Reduction of ADMA plasma levels with Prelox

Sexual health is closely connected to endothelial health. The
endothelium produces a large array of factors to maintain vascular
homeostasis. Amongst these substances, the endothelium-derived
nitric oxide (NO), acting as vasodilator, has a pivotal role for erection
as well as for function and quality of spermatozoa.

ADMA accumulates in endothelial cells and impairs vascular
relaxation [7]. High ADMA levels are found in patients with
hypercholesterolemia, hypertension, chronic renal failure, diabetes
and heart failure [8-12]. Elevated ADMA plasma concentrations were
found also in patients with early atherosclerosis and accompanying
erectile dysfunction as well as in patients with arteriogenic ED [13,14].

NO, produced from the substrate L-arginine by the endothelial
nitric oxide synthase (e-NOS), acts both as a neurotransmitter in the
nonadrenergic, noncholinergic nerve terminals in the penis and as a
vasodilator, produced by endothelial cells and sinusoids of penile arteries [1,2].
NO interacts with guanylate cyclase in vascular smooth muscle cells
to produce cGMP. cGMP triggers vascular relaxation and vasodilation,
thus enhancing blood flow into penile arteries and sinusoids and
entrapment of pressurized blood in corpora cavernosa.

Age and e-NOS activity
The general age-related decline of endothelial function reduces
the bioavailability of NO [3,4]. The impaired generation of sufficient
quantities of NO represents a pathophysiological reason for men’s
declining erectile quality. The diminished production of NO with
increasing age is caused by a fading activity of e-NOS. There is a clear
decrease of e-NOS activity with age in spermatozoa of subjects with
erectile dysfunction (ED) [5]. Supplementation with Prelox®, (Horphag
Research Ltd), consisting of French maritime pine bark extract,
(Pycnogenol®, Horphag Research Ltd) and L-arginine aspartate,
restored e-NOS activity to high values and, subsequently, also erectile
function to normal values [5].
e-NOS activity is inhibited by the asymmetric dimethylarginine
(ADMA) which acts as a strong competitive inhibitor for the formation
of NO from L-arginine [6].
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ADMA plasma concentrations increase with age as observed in
the study of Stanislavov et al., [5] Figure 1., in accordance with the
observations of Sydow [15]. Supplementation of patients with ED with
Prelox reduced the ADMA levels significantly (Figure 1).
The reduction of ADMA concentrations is mirrored in the same
study by the corresponding increase of e-NOS activity, leading to
improvement of erectile dysfunction [5].
Reason for the observed decrease of ADMA levels is most
probably the reinstated metabolisation of ADMA by the enzyme
dimethylarginine dimethylaminohydrolase II (DDAH II) which
reduces and regulates ADMA concentrations in tissues expressing
e-NOS [16]. This could be demonstrated by transfer of the DDAH II
gene to endothelial cells which reduced the ADMA concentrations and
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double-blind study with 21 patients [26]. Men with ED according to the
International Index of Erectile Dysfunction (IIEF-S) and moderately
high cholesterol (average 5.41 mmol/L) were treated with 120mg
Pycnogenol per day for 3 months. ED improved from month to month.
At 3 months, erectile function was increased from 12.6 (moderate) to
16.8 (mild) ED (p=0.019). Under placebo, ED deteriorated over the
period of 3 months to severe ED (score 8.9). Total cholesterol decreased
to 4.98 mmol/L (p=0.07), placebo has no effect.
The synergistic effects of Pycnogenol and L-arginine aspartate were
shown by testing L-arginine aspartate separately and than acting in
concert with Pycnogenol in a pilot study [27]. 40 men with confirmed
ED received for a period of 1 month 1.7g L-arginine aspartate a day,
resulting in a normalization of ED in just 2 men. The subsequent
addition of 80 mg Pycnogenol to 1.7g L-arginine asparate in the
next month increased the success rate unexpectedly to 80% (32 men
with normal erection). A further increase of the erectile function was
achieved by the combination of 120 mg/day Pycnogenol plus the 1.7g
arginine aspartate on the third month, providing 92% of the patients a
restored normal ED.
Figure 1. ADMA plasma concentrations of patients with ED at start of the study and
following 1 month supplementation with Prelox.

increased e-NOS activity and NO production [17]. DDAH activity is
disturbed by TNF-alpha, oxidized LDL and homocysteine [18,19].
As DDAH activity is reduced by these substances producing or
indicating oxidative stress, DDAH activity was partially restored
by antioxidative vitamin E which decreased ADMA concentration
[20]. Pycnogenol, main constituent of Prelox, exerts a wide range of
free radical scavenging and anti-oxidative actions in men [21,22].
Therefore, the reduction of oxidative stress during treatment with
Pycnogenol containing Prelox may lead, via regeneration of DDAH II
activity, to lower ADMA concentrations and, in turn, to enhancement
of e-NOS activity.
In addition to this DDAH II based mechanism, the L-arginine
aspartate component of Prelox may contribute to restore e-NOS
activity by a competitive displacement of ADMA from the L-arginine
receptor, by providing a surplus of L-arginine.

The role of bioavailability of NO for quality of spermatozoa
The bioavailability of NO is not only important for erectile function,
but also for spermatogenesis and sperm maturation [23]. Normal
spermatozoa contain e-NOS. Increased e-NOS activity and sperm
motility are positively correlated [24,25]. Aberrant distribution of
e-NOS in spermatozoa, deviating from the normal postacrosomal and
equatorial localization, was linked to low mobility [24]. Spermatozoa
lysates from patients with ED, supplemented with Prelox, oxidized
L-arginine to citrulline with a significantly higher rate, indicating
an enhanced activity of e-NOS [24]. Consequently, quantity and
quality of semen improved highly significantly because of the higher
bioavailability of NO [24].

Based on these exploratory studies the formulation of Prelox
was established to contain 20mg Pycnogenol and 700mg L-arginine
aspartate per tablet. Formulations with higher dosages are not feasible
because of size limitations.
An exploratory study with 37 men with mild ED, taking 4 Prelox
tablets a day for 6 weeks, produced an increase of 10% of the IIEF
scores [28]. 70% of the participants reported that erections are easier to
sustain and to initiate, 65% reported an increase of morning erections.
To objectivate the findings from open studies, a double-blind,
placebo-controlled, cross-over study was performed [5]. 50 patients
with mild to moderate ED were treated for 1 month with 4 placebo
tablets or 4 tablets Prelox a day. Patients answered to the questionnaire
of IIEF and reported sexual wellness in diaries. Intake of Prelox for 1
month increased e-NOS activity, doubled intercourse frequency and
restored ED to normal. In treatment periods with Prelox, IIEF scores
were nearly doubled, placebo showed no significant effect. Testosterone
levels were significantly (p<0.05) elevated by Prelox, to a smaller extent
also by placebo.
In further study with 124 men the effect of Prelox was assessed over
a period of 6 months [29]. Men with mild to moderate ED participated
on a randomized, double-blind, placebo-controlled, parallel arm trial.
Medication consisted of 4 tablets Prelox or 4 tablets placebo a day.
Men completed IIEF questionnaires in monthly intervals. The erectile
domain of IIEF scores increased from 15 to 25 after 3 months and to
27 after 6 months, whereas placebo enhanced scores from 15 to 19.1
and 19 after 3 and 6 months. The effects of Prelox were stat. sign. better
compared to placebo (p<0.05). Testosterone levels were sign. (p< 0.05)
elevated vs placebo from 15.9 to 18.9 mmol/L.

Prelox and improvement of erectile function

A further double-blind, placebo-controlled, parallel group
comparison investigated the effect of a combination of 60 mg
Pycnogenol and 690 mg arginine (as arginine aspartate) a day on 23
Japanese men [30]. Following 8 weeks of supplementation, the total
IIEF score increased, but did not reach stat. significance (p<0.1).
However, scores related to hardness and intercourse satisfaction
increased significantly (p<0.05). Testosterone levels increased by 28
pg/ml (p<0.05), but not by placebo.

The first hint that Pycnogenol, one component of Prelox, could
improve erectile function was reported in a placebo-controlled,

Another combination of 80 mg Pycnogenol, 1.92g L-arginine, 1.2g
citrulline and 40mg French oak wood extract (Prelox®R) a day was

The enhancement of e-NOS activity could be related both to the
decrease of the inhibiting ADMA inside spermatozoa (Figure 1) and
to the displacement of ADMA from the L-arginine binding region of
e-NOS by high concentrations of L-arginine.
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tested on 50 men with confirmed erectile dysfunction (ED scores 1117) [31]. L-citrulline was added because it increases plasma L-arginine
concentrations more effectively than L-arginine itself [32]. French oak
wood extract has been shown to decrease tiredness and to increase
mental energy [33].
The study was performed as a randomized, placebo-controlled,
double-blind, cross-over study. Sexual wellness was evaluated by the
IIEF questionnaire. Treatment over a period of 1 month enhanced all
scores for sexual response significantly (p<0.05), in accordance with
the studies with Prelox.
No adverse effects were reported in all of the referred studies.
Clinical chemistry was not changed to negative outcomes, but
cholesterol levels were decreased significantly (p<0.05) in some of
the studies [5,28,31]. Slightly elevated blood pressure was lowered to
normal values [28-30].

Improvement of seminal parameters with Prelox
A prospective, non-randomized, clinical study with 19 subfertile
men revealed an improvement of sperm morphology by 38% and
improvement of mannose receptor binding by 19% following treatment
with 200 mg/day Pycnogenol for 90 days [34]. These results indicated
that Pycnogenol could play a part in improvement of quality of sperms.
Another prospective, non-randomized clinical study with 50
infertile men with subnormal testosterone levels was initiated to test
the effect of Prelox in combination with testosterone on fertility of men.
Patients received 120 mg Pycnogenol a day plus 3g arginine aspartate
together with 40mg testosterone undecanoate [35]. Following the 11
months treatment period, ejaculate volume, sperm concentration,
mobility and morphology were sign. improved (p<0.0001 – 0.01). Most
importantly, 22 spouses achieved pregnancy. The treatment improved
significantly erectile function to normal in 76% of men. Activity of
e-NOS in sperm lysate increased continuously during treatment.
To verify these findings, the improvement of seminal parameters
by Prelox was controlled in a randomized, double-blind, placebocontrolled, cross-over trial [24]. Results showed a highly significant
(p<0.001) improvement of all seminal parameters.

Table 1. Improvement (p<0.001) of seminal quality following supplementation with
Prelox®
Parameter
Ejaculate volume (mL)

Before treatment After treatment
2.6

3.3

Concentration of spermatozoa (x106/mL)

39.05

65.3

Total number of spermatozoa (x106)

103.6

217.5

Percentage of vital spermatozoa (eosin test)

63.45

77.15

Intact membrane (%) (hypoosmotic test)

51.53

68.3

Rapid progressing spermatozoa (%)

58.5

55.9

Immotile spermatozoa (%)

46.25

33.7

Normal morphology (%)

36.8

63.45

Head defects (%)

22.95

12.2

Neck defects (%)

12.65

8.4

Cytoplasmatic droplets (%)

14.4

6.25

Ref: Stanislavov R, Nikolova V, Rohdewald P. Improvement of seminal parameters with
Prelox(R): A randomized, double-blind, placebo-controlled, cross-over trial. Phytother Res
2009; 23: 297-302.

Besides the beneficial effects of Prelox on sexual functions, the
improvement of endothelial health could provide preventive effects in
case of impaired vascular functions, associated to ADMA-connected
diseases as hypertension, atherosclerosis, hypercholesterinemia or
chronic renal failure.
Notice: Prelox®R is now marketed as New Prelox®
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