Chapter 12

Nutraceuticals for Fertility and Erectile
Health: A Brief Overview of What Works
and What Is Worthless

Mark A. Moyad

Introduction: Lifestyle Changes Matter

Clinicians should not dismiss the importance of lifestyle changes on overall health
and male fertility and sexual function. Most heart unhealthy behaviors also nega-
tively impact almost all other areas of men’s health [1], including fertility and
erectile health [2, 3]. Thus, improving or encouraging heart healthy changes in
patients may improve overall mental and physical health [4], which could provide
the optimum scenario to enhance any specific conventional medical options.

Heart healthy recommendations are also arguably the most logical and practical
suggestions that simultaneously can also improve quality and perhaps quantity of
life for patients across a broad spectrum of specialties [5]. It should be remembered
and reiterated that cardiovascular disease (CVD) is the number 1 overall cause of
mortality in the USA and in other industrialized countries [6, 7]. CVD is currently
the number 1 cause of death worldwide, and is the number 1 cause of death in
virtually every region of the world. Cancer is the second leading cause of death in
the USA and in most developed countries, and is expected to potentially mirror the
number of deaths from CVD in the next several years in various regions of the
world.

If cancer becomes the primary cause of mortality, the majority of what is known
concerning lifestyle and dietary change for CVD prevention directly appears to
apply to cancer prevention [2, 5]. Heart healthy changes are tantamount to overall
urologic health improvements regardless of the part of the human anatomy that is
receiving focus, including the bladder, kidney, penis, testicles, or prostate. Heart
healthy changes need to be advocated in urology clinics because it places proba-
bility and the research into perspective.
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If multiple lifestyle changes, or if achieving numerous healthy parameters over
time appears to be strongly correlated with some of the largest improvements in
health then this theory should have arguably been well tested. And it has been tested
over the years and the results are profound and exemplary. For example, data from
the National Health and Nutrition Examination Survey (NHANES) was utilized
that included 44,959 US adults 20 years of age or older [8]. Mean age was 4647
years and approximately half of the participants were women. Median follow-up
was 14.5 years. A total of only 1-2 % of the participants met all seven of the health
parameters. There was a remarkable 51 % reduction in all-cause mortality, 76 %
reduction in cardiovascular mortality, and 70 % reduction in ischemic heart disease
(IHD) mortality for participants meeting six or more metrics compared to one or
fewer. Achieving a higher number of cardiovascular health parameters also
appeared to be correlated with a lower risk for all-cancer mortality. These seven
basic goals/parameters only achieved by 1-2 % of Americans are listed in
Table 12.1.

Reviewing the impact of obesity, high cholesterol, blood pressure and glucose,
lack of exercise, improper diet, tobacco use and other potential overall and specific
health contributors such as stress and depression, which individually or combined
can increase oxidative stress all have some minor or major impact on fertility and
erectile health. This is arguably the most holistic approach to changing patient lives
and improving overall outcomes [2, 3, 9, 10]. In other words, it is the ultimate two
for one beneficial impact on your patients.

Applying comprehensive heart healthy lifestyle data to determine its true objec-
tive efficacy in urologic health may not appear to be simple, but in reality it is not
difficult. When discussed with patients the observations from this research is quite
profound throughout urology. For example, a unique 2-year randomized trial from
Italy of vigorous aerobic exercise and diet to improve erectile dysfunction
(ED) should have received more clinical attention [11, 12]. It still should change
the way health care professionals treat men with ED. A total of 110 obese men
(body mass index or BMI of 36-37 = morbidly obese) with ED, waist-to-hip ratio
(WHR) of 1.01-1.02, age 43 years, erectile dysfunction score 13-14 out of
25 (IIEF), and without diabetes, high cholesterol, or hypertension were included.
A total of 55 men were randomized to an aggressive intervention group that
involved caloric restriction and increased physical activity via personalized dietary
counseling (Mediterranean-style diet), and regular appointments with a personal
trainer. Another group of 55 men were in the control group and were given general
educational information about exercise and healthy food choices. After 2 years, the
BMI significantly decreased on average from 36.9 to 31.2 in the intervention group,
and serum levels of interleukin-6 and C-reactive protein also decreased signifi-
cantly. The average physical activity level increased significantly from 48 to
195 min per week in the intervention group, and the mean erectile function score
increased significantly from 13.9 to 17. A total of 17 men in the intervention group
actually reported an erectile score of 22 or higher (normal function). Several
changes were independently and significantly correlated with a higher rate of
improved erections including a lower BMI or BMI reduction, increased physical
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Table 12.1 Seven steps for improved overall, reproductive,
and erectile health that only 1-2 % of the US population has

185

been able to achieve
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. Avoiding all tobacco products

. BMI 25 or less

. Being physically active almost every day of the week

. Overall diet that is heart healthy (fruits/veggies/fiber/fish. . .)
. Total cholesterol equal to or less than 200 mg/d1*

. Blood pressure equal to or less than 120/80

. Fasting blood glucose less than 100 mg/dl

#An exception is the fact that an unusually high HDL could lead
to high total cholesterol, regardless of the fact that an LDL less
than 100 mg/dl is another target in these individuals

activity, and a lower C-reactive protein levels. Again, approximately 33 % of the
men in this study with E.D. regained normal erectile function after 2 years of
following healthy behaviors primarily from exercise, weight reduction, caloric
control, and healthy dietary changes. Although a major limitation of this trial was
the lack of analysis on psychological factors and social intervention, these lifestyle
changes could have improved mood, self-esteem, and reduced depression, and this
could have also been a reason for improved erectile function. Still, the combined
healthy changes in the intervention group that occurred after 2 years were notable,
diverse, and included the following heart healthy and urologic healthy parameters:

Total caloric reduction of —390 cal per day (2,340-1,950)

Complex carbohydrate increase and simple sugar reduction

Fiber consumption increased by 10 g a day (15-25)

Protein consumption increased significantly (13—16 % of caloric intake)

No change in the overall percentage of fat in the diet (30 % of calories), but a
reduction in saturated fat (14-9 %) and an increased intake in monounsaturated
fat (9-14 %)

Ratios of omega-6 to omega-3 fatty acids was reduced by half (12-6)
Cholesterol was reduced from dietary sources by 84 mg per day (360-276)
Exercise time (mainly walking) increased from about 7 min per day to almost
30 min per day

Average weight loss was 33 1b (226.6-193.6)

Average BMI decreased by almost 6 points (36.9-31.2)

WHR decreased by 0.09 (1.02-0.93)

Erectile function scores increased by 3 points (13.9—17 points)

Systolic (127-124 mmHg) and diastolic (86-82 mmHg) blood pressure
decreased by 3—4 points

Total cholesterol decreased by 11 mg/dl (213-202), but HDL (good cholesterol)
increased by 9 points (39-48 mg/dl)

Triglycerides decreased by 19 mg/dl (169-150)

Glucose decreased by 8 mg/dl (103-95) and insulin level also decreased by
7 points (21-14 pU/ml)
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— C-reactive protein (CRP) was reduced byl.4 mg/L (3.3-1.9)

— Interleukin 6 was reduced by 1.4 pg/ml (4.5-3.1)

— Interleukin-8 (IL-8, another inflammatory marker) was reduced by 1.2 pg/ml
(5.34.1)

Additionally, how many more laboratory, cross-sectional, or prospective studies
are needed in the area of heart healthy interventions and the potential for improved
fertility [13—15], before these recommendations become a part of clinical urologic
guidelines? Heart health is tantamount to improved probability of male fertility and
erectile health, and this is the theme of this chapter, which includes primarily
nutraceutical recommendations.

In addition, clinicians need to keep in mind that lifestyle changes can immedi-
ately increase nutrient levels before supplementation with an antioxidant pill is
recommended because obesity, substance abuse, insulin resistance, and other heart
unhealthy changes accelerate the depletion or dilution of a variety of antioxidants in
the serum not only in adults but also in adolescents [2, 16, 17]. For example, there is
plenty of discourse of vitamin D supplementation for overall health but there
appears to be little discourse on weight loss as a “natural” way to significantly
increase serum vitamin D levels without additional supplementation. Lifestyle
changes and minimal supplement dosages are more logical, practical, safe, and
heart healthy compared to high doses of antioxidants from pills and no lifestyle
alterations. In other words, patients that adhere to heart healthy parameters have the
highest chance of success in my opinion in combination with conventional medi-
cine as needed. In other words, lifestyle matters!

Nutraceuticals/Dietary Supplements: Fertility

There is a consistent suggestion that up to 80 % of male factor subfertility cases are
believed to be the result of “oxidative stress” [18]. Perhaps some of the strongest
evidence to espouse the use of dietary supplements for male infertility has been
published. A Cochrane Systematic review was arguably one of the most extensive
ever published in male fertility and dietary supplements, as it reviewed 34 random-
ized clinical trials with 2,876 couples in total [19]. Studies used in this analysis were
for couples undergoing assisted reproduction technologies (ART), for example
in vitro fertilization (IVF), intrauterine insemination (IUI), or intracyclic sperm
injection (ICSI). The inclusion criteria were randomized controlled trials that
included men as part of a couple with unexplained subfertility or subfertility that
were using ART with their own gametes. Trials were excluded in there were
non-randomized, included men taking any other fertility-enhancing medications,
or men that had used chemotherapy treatment. The primary outcome was the live
birth rate per couple randomized. And there were multiple secondary outcomes:

— Pregnancy rate per couple
— Miscarriage rate per couple or spontaneous abortion
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Stillbirth rate per couple

— Level of sperm DNA damage after treatment

Sperm concentration and sperm motility

— Adverse effects associated with dietary supplements and withdrawals

The overall findings continue to surprise a number of health care professionals
and patients, in my opinion, by concluding that antioxidant supplementation in
males appears to have a positive role in improving the outcomes of live birth and
pregnancy rates in couples participating in ART [19]. In fact, for live births the p-
value was 0.0008 and for pregnancy rates it was p < 0.00001. Critics of this
analysis on “live births” will arguably point toward the small number of such
events, 20 live births that occurred from a total of 214 couples in only three studies
that was used in this part of the analysis, or the “pregnancy rates,” which actually
was derived from 96 pregnancies in 15 trials that included 964 couples. However, it
is still interesting that this is a viable minimal or moderate option for some men
given the low cost of most “antioxidants” utilized in these studies. Additionally,
acute side effects were similar to a placebo with no serious adverse events reported
in any trial.

The common question that will result from this or any other positive analysis for
male fertility and antioxidants is which specific nutraceuticals and at what dosage
and frequency? Interestingly, this Cochrane review could not identify one specific
antioxidant or combination product from these trials [5], so readers and patients are
left with multiple questions. Thus, a summary of antioxidant supplements used in
past well-designed placebo-controlled trials is needed with an overall cost, safety,
and health perspective to determine which products should be recommended and
perhaps avoided by patients. This was a primary weakness of the Cochrane review
and other reviews in male fertility [19], which is the overall lack of specific
recommendations based on overall safety and efficacy of these agents long-term
for overall health and fertility maintenance. This chapter will attempt to provide
clarity on this issue of which supplements to recommend or avoid based on heart
healthy and overall heath sensitivity and recommendations. And the specific end-
points of past studies matter so that clinicians need to constantly ask themselves in
which of the following areas does this supplement impact:

— Oxidative stress reduction/markers

— Total Sperm Number

— Sperm concentration

— Sperm morphology

— Sperm motility (% motility and/or forward progression)

— Pregnancy rate

— Live births

— Short and long-term safety

— Miscellaneous (ejaculate volume, pH, viscosity, sperm agglutination, other
parameters. . .)
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The impact on pregnancy and live birth rates along with overall safety are the
more important variables and are in need of more results in these areas for all of the
dietary supplements mentioned in this chapter. And it is also of interest that if some
supplements may improve male infertility when dealing with ART then it may
impact those with motility issues (asthenospermia) or idiopathic oligoasthenoter-
atozoospermia (OAT) because of the overlap in those that use ART and men with
this condition.

First Do No Harm Specific Supplementation for Infertility

Coenzyme Q10 (CoQ10, Also Known as “Ubiquinone”)

CoQ10 appears to be a safe dietary supplement that requires a low and realistic dose
for male fertility preservation. CoQ10 (also known as “ubiquinone”) supplements
have a consistent overall safety profile, and actually have some clinical data to
suggest that they may reduce blood pressure, but primarily in those with some form
of hypertension, and these supplements might have some role in reducing myalgia
from statin therapy [20, 21], but these results have been inconsistent yet still at least
proven to be safe at a variety of dosages [22]. The role of CoQ10 in the respiratory
pathway as a method to improve energy production and reduce oxidative stress has
been well known in basic human physiology. It is for this reason that there is
interest in utilizing this dietary supplement for oxidative stress reduction.

Seminal fluid also contains a measurable quantity of CoQ10 that appear to be
correlated with sperm count and motility. Patients with idiopathic
asthenozoospermia may benefit in terms of spermatozoa motility when consuming
200 mg per day of CoQ10 for 6 months [23]. Another study of 212 infertile men
taking 300 mg over 26-weeks found significant improvements in multiple param-
eters including sperm density, motility, and acrosome reaction [24]. Serum levels of
FSH and LH were significantly reduced. However, in a randomized trial of men
with oligoasthenoteratozoospermia at a dosage of 200 mg per day compared to
placebo, it appeared to reduce markers of oxidative stress but did not demonstrate
significant impacts on sperm concentration, motility, and morphology [25].

CoQ10 can be a costly nutraceutical so patients should compare prices from
multiple commercial resources to determine the most cost effective product. I have
not observed profound differences in clinical effects with low cost compared to
high cost CoQ10 products. CoQ10 appears to be a heart healthy or safe supplement
[20], except it does have the rare potential to reduce the impact of warfarin because
of vitamin K-like properties [26], but ironically its minimal anti-platelet effects
may increase bleeding when combined with aspirin or clopidogrel. Regardless, it is
a supplement that could be encouraged for fertility improvement in most men at a
dosage of 200-300 mg per day for a trial period of 3—6 months.
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The biggest reservation about CoQ10 is not adverse effects, or locating a low
cost product, but its true efficacy over time. This is due to the initial promise and
then slight to moderate disappointment in this product in other areas of medicine.
For example, the impact on statin induced myalgia reduction was interesting
initially [21], but is not an absolute solution today [22], and this is also true for
this product in terms of its antihypertensive [27] and Parkinson’s disease research
[28]. In other words, the excitement and hype on this supplement was initially
tremendous, but more rigorous trials in other areas of medicine have proven
adequate consistent safety but efficacy was disappointing. For example, the
National Institute of Neurological Disorders and Stroke (NINDS) stopped the
QES3 phase 3 study of CoQ10 for the treatment of early stage Parkinson’s disease,
acting on the recommendation of the study’s safety board [28]. An interim analysis
showed minimal likelihood of benefit at dosages of 1,200 and 2,400 mg per day for
up to 16 months. All subjects also received vitamin E at a dosage of 1,200 IU per
day. The study enrolled 600 patients at 67 clinical trial sites and the reason CoQ10
was utilized was due to the close association of oxidative stress and mitochondrial
dysfunction as contributors to Parkinson’s disease and some past positive data from
a Cochrane Database of Systematic Review of four randomized past trials [29], so
CoQ10 became a logical treatment choice. This is somewhat similar to the theory
and origins of utilizing CoQ10 to improve fertility parameters [30]. Still, the benefit
outweighs the risk, so it should be a part of the current dietary supplement
discussion for men with subfertility.

L-Carnitine

The story of L-carnitine for male fertility arguably mirrors that for CoQ10 in terms
of initial excitement, safety and then some controversy over the lack of impact in
other areas of medicine. L-Carnitine is a potential amino acid dietary supplement for
male fertility, but large dosages may be needed, and it is not a low cost product. L-
Carnitine transports fatty acids from the cytosol to the mitochondria for energy
production in each cell of the body [31], which is arguably why there has always
been interest in this compound. Humans can produce carnitine de novo in the liver
from lysine and methionine (25 %), but dietary intake is the primary source of
carnitine (75 %). Foods high in carnitine include dairy and meat and a plant-based
diet is in general a poor source of carnitine. Excretion of carnitine occurs from the
kidneys, but reabsorption is also efficient so that vegans are still able to maintain
close to normal blood levels of this amino acid despite only 10 % or less the
consumption of carnitine compared to omnivores.

L-Carnitine had preliminary research that it may slightly reduce fatigue in some
cancer patients in higher dosages, but a phase 3 trial demonstrated 2,000 mg per day
worked no better than placebo for this specific situation over a 4-week testing
period [32]. Even subset analysis revealed that those individuals that had lower
blood levels of carnitine at baseline experienced no benefit. The future of L-
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carnitine in terms of energy production for patients with fatigue is now question-
able, but there is still adequate data in other areas of medicine, for example, the
ability of this product to increase the body weight or nutritional status of high-risk
cachetic patients [33], improve peripheral artery disease [34], and the impact of this
supplement on male fertility—primarily motility [31].

It is of interest that vitamin C (ascorbic acid) is needed to synthesize carnitine in
the human body [31]. The highest concentration of carnitine apart from supple-
ments occurs in red meat and dairy products so vegetarians that are trying to
maintain fertility would potentially be better candidates for this supplement.
There are several minimally different forms of L-carnitine available for purchase
utilized in clinical trials including L-carnitine, acetyl-L-carnitine (ALC), and
propionyl-L-carnitine (PLC). These other types of L-carnitine have been tested
because L-carnitine itself tends to be unstable. Yet these other forms of L-carnitine
do not necessarily have better fertility data, especially when compared to each other
at 3,000 mg per day [35], and are more costly for the patient. Some clinical trials
have suggested that the combination of these supplements may improve motility
[36], but again this is not my interpretation from these same studies with similar
authors [36, 37]. Thus, multiple clinical trials have demonstrated the ability of L-
carnitine, or other forms of carnitine to improve primarily sperm motility and
potentially pregnancy rates [35—43]. Yet there has been inconsistent or minimal
evidence that it can impact sperm concentration and morphology. A small US
randomized, double-blind placebo-controlled study in men with idiopathic
asthenospermia has challenged the potentially positive results with carnitine
[44]. Male patients with sperm motility of 10-50 % were utilized and over
24 weeks 2,000 mg of L-carnitine and 1,000 mg of L-acetyl-carnitine per day
were ingested compared to placebo (n = 12 vs. n = 9). No significant differences
in motility or total motile sperm counts occurred at 12 or 24 weeks. These
researchers called into question the clinical significance of the effect of L-carnitine
for infertile men, but in terms of objectivity their trial was well executed but the
small number of participants was a methodological limitation. They also reviewed
past studies and suggested several methodology issues such as exclusion of some
patients from final analysis as an issue [37], and also found carnitine to cause
statistical significance in the past, but the clinical significance of the results are
questionable. Another concern is lack of improvement in seminal plasma or sperm
carnitine levels following supplementation [37, 44], which could be the result of
adequate baseline levels or simply no ability to improve these concentrations with
these supplements [44]. After this critical publication a systematic review of nine
clinical trials was published by independent researchers on the impact of L-carnitine
for male infertility [45], and thus far a significant improvement in pregnancy rates
(p < 0.0001), total and forward sperm motility (p = 0.04), and atypical sperms
cell (p < 0.00001), but no impact was found for sperm concentration or semen
volume. Therefore, again clinicians and patients are left to decide on this contro-
versial supplement. L-Carnitine causes an unpredictable change or minimal to
moderate increase in sperm motility without a consistent change in sperm mor-
phology and concentration or increase in seminal plasma carnitine levels, but there
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is a potential increase in pregnancy without any current consistent safety issues. Is
this adequate to endorse the utilization of high doses of carnitine for male infertil-
ity? It should not be endorsed for preventive measures to preserve fertility, but its
other features (especially safety) make it a controversial option at least.

Adverse events using L-carnitine or serious drug interactions have not been
identified. Yet a recent concern over L-carnitine utilization by potentially heart
disease producing flora received attention [46], but so did a meta-analysis demon-
strating a lower risk of cardiovascular events with L-carnitine from secondary
prevention studies [47]. Another recent phase 3 trial in cancer to reduce chemo-
therapy induced neuropathy actually found an increase in neuropathy with this
supplement at 3,000 mg per day [48]. Therefore, the controversy of whether or not
this supplement could be beneficial will continue. I am not that concerned about
toxicity in healthy patients but similar to CoQ10 the question of whether or not it
can improve fertility parameters is open.

Doses of 2—4 g (2,000—4,000 mg per day, divided doses two to three times a day)
on average have been used in clinical trials. L-Carnitine or acetyl-L-carnitine or a
combination of both was used in these past studies. There was no commentary as to
whether L-carnitine was ingested with or without a meal so it seems there is
flexibility in regard to this issue.

Omega-3 Fatty Acids

Omega-3 supplements appear to also mirror the previous description with CoQ10
and carnitine due to the initial hype and now the lack of efficacy in other prominent
areas of medicine. Additionally, omega-3 supplements simply lack sufficient clin-
ical data in infertility to be recommended at this time. Therefore, recommending
dietary sources of omega-3 compounds containing high quantities of EPA and DHA
(principal marine sources of omega-3) should be encouraged in most individuals
but not individual supplementation. There are numerous marine or fish sources that
contain high levels of omega-3 fatty acids, vitamin D, and protein including
salmon, tuna, sardines, and a variety of other baked, broiled, raw, but not fried
fish are potentially beneficial [49]. Variety should be encouraged to increase
compliance and exposure. The benefit of fish consumption to potentially reduce
CVD is encouraging from past studies [50] or utilizing fish oil consumption in
patients with a history of heart disease has good safety and some positive data [51,
52]. Still, the overall and most up to date clinical trial data with fish oil supplemen-
tation on primary endpoints in cardiovascular medicine has been minimal to
controversial and more recently discouraging [53], and in otherwise healthy indi-
viduals it is not currently espoused [54]. In fact, during the submission of this
chapter, arguably the most rigorous primary prevention trial in cardiovascular
medicine thus far found no safety issues, but no impact on primary or secondary
endpoints with 1,000 mg per day of omega-3 supplementation in a randomized trial
of over 12,500 patients and a median follow-up of 5 years [55]. And in arguably the
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longest and most methodologically rigorous clinical trials of omega-3 supplements
to reduce the progression of macular degeneration (AREDS?2 trial), no benefit was
observed with 1,000 mg per day of fish oil with a median follow-up of 5 years
[56]. Thus, fish oils supplements should probably be reserved for patients with high
triglycerides [49], where they are FDA approved for this purpose.

The data on fish oil for male subfertility is minimal and controversial because of
insufficient data. For example, a randomized trial of DHA at 400 or 800 mg per day
compared to placebo over 3 months for 28 asthenozoospermic (50 % or less
motility) men appeared to increase serum and potentially seminal plasma DHA
levels, but without impacting DHA into the spermatozoa phospholipid, which may
have explained why it did not impact sperm motility compared to placebo [57]. A
later trial of men with idiopathic oligoasthenoteratospermia (OAT) randomized to
1,840 mg of total omega-3 (EPA and DHA) product compared to placebo over
32 weeks found a significant increase in sperm count, concentration, morphology,
and motility, which may have been associated with the reductions in markers of
oxidative stress in men with low omega-3 fatty acid levels [58]. Several cases of
reflux, itching and diarrhea occurred in the omega-3 group, which are known rare
side effects of these supplements [49]. Again, until more research is conducted
taking one to two omega-3 supplements that equates to 1,000-1,840 mg of EPA and
DHA daily could be of some benefit, but this is speculative based on this one
clinical trial.

Regardless, dietary sources of healthy fish can be encouraged. Mercury concen-
trations in specific fish have been reported by the Food and Drug Administration
(FDA) and in the overall medical literature, but the preliminary data is controversial
and it is not known at this time what kind of clinical impact these mercury levels
may have on the individual [49]. Four types of larger predatory fish have been most
concerning because these fish (king mackerel, shark, swordfish, and tilefish) have
the ability to retain greater amounts of methyl-mercury. Moderate consumption
(two to three times per week) of most fish should have minimal impact on overall
human mercury serum levels, but more ongoing research in this area should soon
provide better clarity. The positive impact of consuming fish seems to outweigh the
negative impact in the majority of individuals with the exception of women
considering pregnancy or who are pregnant. Table 12.2 is a summary of a variety
of fish that have consistently demonstrated low levels of mercury, and this table
should also teach patients that a variety of fish and shellfish are healthy [49]. It
should be kept in mind that approximately two servings per week of fatty oily low
mercury fish is the equivalent to approximately ingesting one 250-500 mg fish oil
pill per day. Clinicians that still desire to recommend high-dosages of fish oil
supplements must keep in mind that these supplements could increase the risk of
internal bleeding at higher dosages and especially in combination with other blood
thinners. Although the risk of bleeding events is extremely rare, it has been
observed in some clinical trials of healthy individuals and in combination with
statins at a dosage of only 1,800 mg per day [52].

It is interesting that low cost small and short lived fish such as anchovies and
sardines are low in mercury, and have some of the highest levels of omega-3 oils,
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Table 12.2 Seafood V{lth Anchovies
some omega-3 fatty acids Catfish
demonstrating minimal levels
. Cod
of mercury
Crab

Flounder/sole

Haddock

Herring

Lobster

Mahi-mahi

Ocean perch

Oysters

Rainbow trout

Salmon (farmed and wild)
Sardines

Scallops

Shrimp

Spiny lobster

Tilapia

Trout (farmed)

White fish (Great Lakes)

and are used primarily more than any other fish in the manufacturing of fish oil pills
to be utilized by the public and in many clinical trials [49]. Patients that cannot eat
fish or do not want to utilize fish oil because of an allergy or a personal belief could
be recommended algae based omega-3 oils or regularly consume the largest plant
based source of omega-3 fatty acids which are found in plant oils (canola and soy),
flaxseed, and chia seed.

Tonkat Ali (Eurycoma longifolia)

This is an extract derived from a plant or a common shrub found along the slopes of
hilly areas in the Malaysian rainforest. It has preliminary human data that shows it
could improve various aspects of male health including sex drive, increase testos-
terone in men with age-related androgen deficiency, and especially improve sperm
quality and quantity at 200-300 mg a day [59-61].

Multiple laboratory studies have shown an ability of this herbal product to
potentially improve male fertility status [62—65], and there is a history of using
this product in Malaysia and other nearby locations to enhance fertility and male
sexual health. An open label study involved 75 men with idiopathic infertility that
utilized the supplement at 200 mg daily for at least the first 3 months [61]. Signif-
icant improvement in all semen parameters occurred and 11 (14.7 %) spontaneous
pregnancies occurred. However, multiple methodological issues still need to be
resolved in a placebo-controlled trial. For example, the authors claims that 350 men
started the trial and only 75 completed one full cycle of supplementation (3 months)
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and fulfilled the inclusion criteria, but only 17 men completed all 9 months of
supplementation, which is an concerning exclusion and/or non-compliance rate that
needs further investigation. The authors also point toward the possibility of a
“bioactive peptide” that can increase testosterone levels in animals and humans,
and may reduce oxidative stress.

The product that has the most research and only one with real clinical data is the
standardized water-soluble extract (Physta) of Eurycoma longifolia root from the
company Biotropics Malaysia Berhad, Kuala Lumpur, Malaysia. The company has
also financially supported most of these studies. Their proprietary standardized
water-soluble extract from the root of the plant and other Tongkat Ali studies show
that this root has multiple diverse ingredients such as [59—66]:

— Tannins

— High-molecular-weight polysaccharides
— Glycoproteins mucopolysaccharides

— Quassinoid alkaloids

— Amino acid isoleucine

— Calcium, magnesium, and potassium

It is theorized to also benefit in the area of male health via pro-hormone effect or
DHEA mimic (yet DHEA supplementation has not been adequately researched for
its impact on male fertility), or perhaps it is acting more like a diverse multivitamin
for men to increase energy levels and slightly enhancing testosterone production in
men and women via SHBG reduction or via some unrecognized pathway [67]. It
could be that this product is no better than a really low cost source or another
supplement of Tongkat Ali, but the problem is that other brands or just generic
Tongkat Ali does not have adequate clinical trials or quality control testing (for
lead, arsenic. . .). Therefore, Tongkat Ali does not have enough clinical evidence to
recommend its use in men with idiopathic infertility but few herbal supplements
have even received adequate laboratory and clinical testing in this area with quality
control and standardization measures. Thus, it could be utilized for a trial period if
other less costly products appear not to be efficacious.

Vitamin C

There is enough indirect information and long-term safety of vitamin C that this is a
supplement may have a small role in improving male subfertility [19]. Some
positive preliminary data exists for improving fertility in men consuming 200—
1,000 mg of vitamin C supplements per day in combination with other antioxidants
[19]. Whether or not vitamin C alone can perform as well as the combination
supplement treatments is not adequately known. Vitamin C utilization for poten-
tially improving male fertility has a history, but a lack of adequate placebo
controlled trials [68, 69]. One small placebo controlled trial of vitamin C
(1,000 mg) in combination with high-dose vitamin E (800 mg) for 31 patients
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with asthenospermia showed no difference compared to placebo for 56 days and no
pregnancies [70]. Interestingly, prolonged abstinence increased sperm count, con-
centration, total number of motile spermatozoa, and ejaculate volume. This high-
lights the difficulty in identifying what is working to improve fertility in some of
these antioxidant studies.

Vitamin C supplementation improves seminal plasma vitamin C in nonsmokers
and smokers and could be correlated with improved morphology [71-73]. Seminal
plasma has concentrations of vitamin C that are several orders of magnitude higher
than that found in the bloodstream. Smoking has the ability to profoundly reduce
vitamin C concentration [74]. A placebo controlled trial of smokers found improve-
ments in sperm quality at 200 and 1,000 mg per day [75]. Therefore, in smokers,
ex-smokers or those that have recently quit or are on smoking cessation regimens
and trying to improve subfertility, including vitamin C supplementation up to
1,000 mg per day seems logical. Whether or not it is needed outside of this
population is debatable. Perhaps, this is why there was also such early interest in
vitamin C years ago as opposed to recently because such a large percentage of the
population was smokers. It is also possible that the low cost of this supplement does
not lead to much industry support for this product and fertility. Regardless of the
reason it still seems appropriate for all patients to be encouraged to eat a healthy
diet high in vitamin C.

Some of the best dietary sources of vitamin C are listed in Table 12.3 [49, 76],
but keep in one should be careful about getting an excessive amount of calories
from them. Regardless, being able to achieve vitamin C concentrations from diet
that are similar to the dosage utilized in clinical trials of supplementation is simply
unrealistic. Still, a combination of regular vitamin C intake from food and daily
dietary supplementation may be one of the best methods of maintaining adequate
ascorbic acid and antioxidant blood levels that could improve fertility.

There is some relevant concern about oxalate increases with large dosages of
plain vitamin C supplements (1,000 mg and higher) over many years, especially in
those with a history of oxalate stones. Recently, this concern has been escalated in a
large prospective study of men (COSM or Cohort of Swedish Men) utilizing high
dosages (1,000 mg or more) of plain vitamin C over an 11-year follow-up period
[77]. There were 436 first incident stone cases, and ascorbic acid was associated
with a statistically significant twofold increased risk. This would equate to one new
kidney stone per 680 high-dose users per year [78].

If this concern is accurate, low cost buffered vitamin C or calcium ascorbate may
be a safer alternative for these specific patients [79], but this also needs more
research. The most practical criticism or real concern I hear from colleagues
today about vitamin C is also relevant, which is sperm spends minimal time in
seminal secretions before ejaculation. Thus, any true DNA injury would occur
before entry in the seminal vesicle and ejaculatory ducts. In other words, vitamin
C is more of a protective antioxidant after ejaculation and during transit time in the
female reproductive tract. Still, overall, the safety of vitamin C at dosages of 200—
1,000 mg maximum on general health is adequate [49], and arguably as adequate as
any supplement mentioned in this chapter. And the negative effects of tobacco and
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Table 12.3 Sources of vitamin C (foods and beverages)

M.A. Moyad

Fruit

Guava

Strawberries

Papaya

Kiwi

Orange

Cantaloupe

Mango

Cantaloupe melon
Grapefruit

Honeydew melon

Lemon

Tangerines or tangelos
Watermelon

Apple

Avocado

Apricot

Banana

Blueberry

Crabapple

Grape

Pawpaw

Pineapple

Plum

Juice

Grape juice

Apple juice

Orange (fortified) juice
Cranberry juice
Grapefruit juice

Tomato juice

Vegetables

Pepper (raw red or green)
Broccoli (cooked)

Kale (cooked)

Brussels sprouts (cooked)
Snow peas (fresh cooked)
Mustard greens (cooked)
Potato (sweet or regular baked)
Cauliflower (raw or cooked)
Cabbage (red, raw to cooked)
Plantains (sliced and cooked)
Tomato (raw)

Cabbage (raw to cooked)
Asparagus (cooked)

Portion size
1 (medium)
1 cup

1 cup

1 (medium)
1 (medium)
4 (medium)
1 cup

1 cup

Vs fruit

1/8 (medium)
1 (medium)
1 (medium)
1 cup

1 (medium)
1 (medium)
1 (medium)
1 (medium)
1 cup

1 (medium)
1 cup

1 (medium)
1 cup

1 (medium)
Portion size
Y2 cup

Y5 cup

Y2 cup

Y2 cup

Y2 cup

6 oz
Portion size
Y2 cup

Y2 cup

1 cup

Y2 cup

Y2 cup

1 cup

1 (medium)
Y2 cup

Y2 cup

1 cup

Y2 cup

Y2 cup

Y2 cup

Vitamin C amount (in mg)
100
95

85

75

70

60

45

40

40

40

40

25

15

10

10

10

10

10

10

10

10

10

10
Vitamin C amount (in mg)
120
50

50

45

35

35
Vitamin ¢ amount (in mg)
65

60

55

50

40

35
25-30
25
20-25
15

15
10-15
10
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its relationship to vitamin C levels again make this ideal group to at least consider
vitamin C supplementation.

Combination Products

Proxeed (Sigma-Tau) is a popular combination dietary supplement for male infer-
tility in some countries, and in my opinion, appears to have no unsafe amounts of
any ingredients. It is a combination of L-carnitine (145 mg), acetyl-L-carnitine
(64 mg), fructose (250 mg), citric acid (50 mg), selenium (50 pg), coenzyme Q10
(20 mg), zinc (10 mg), vitamin C (90 mg), B12 (1.5 pg), and folic acid (200 pg)
given once a day [80]. In an open trial of 114 men with idiopathic asthenoterato-
zoospermia (96 men completing the trial) for at least 18 months, the mean sperm
progressive motility significantly increased from 18.3 to 42.1 and 16 patients
“achieved pregnancy.” No significant improvement was noted for sperm density
and the rate of morphologically normal forms. Whether or not it works the same,
better, or worse compared to other less costly supplements mentioned in this
chapter is not known. It will be difficult to get clarity from this anytime soon
because these comparison trials are not only lacking, but I cannot visualize how the
manufacturers of these products will ever be motivated to conduct such head to
head studies. Of course they would be welcomed and provide a unique perspective
but personally I am not optimistic these will occur. Currently, it would make sense
to follow the plethora of the data and I could argue that the lower cost individual or
combined supplements for a trial period is completely logical and if not effective
then switching to a more commercial combination product would be the next step. I
believe the one advantage to these commercial combination products used by health
care professionals is quality control, but the downside is cost and lack of impressive
research beyond what has already been potentially observed with other
antioxidants.

I could further argue that the simplest compounds used in most studies do not
have concerning quality control issues overall. Part of the reason for this is that no
herbal products (more notorious for quality control because of the need for stan-
dardization) are utilized to any extent in past studies and only single ingredient
vitamins, minerals and other simplistic compounds. The only recent exception to
this list is Eurycoma longifolia (Tonkat Ali). Why not just encourage the use of a
daily multivitamin, which has good long-term safety data in men and is heart
healthy, safe, and may provide caner preventive impacts when only one pill is
used per day [81, 82], and also some minimal infertility data [83]. These unan-
swered, but logical approaches are for clinicians and their patients to decide.
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First Do No Harm: Potentially Harmful Supplementation
for Infertility

Folic Acid/Vitamin B9 (High Dose)

Folic acid is not an ideal antioxidant for male fertility in my opinion, and should not
be used at this time in certain patients, for example those with a personal history or
strong family history of cancer, especially prostate cancer. Folate is a water-soluble
B-vitamin, which is also known as vitamin “B9,” and it occurs naturally in many
healthy foods and multiple diverse beverages and foods [84]. Folic acid is the
synthetic, human-produced, or manufactured form of folate that is found in dietary
supplements and added to a variety of grain products, which are also known as
“fortified foods.” Folate from foods and folic acid both assist in the production of
DNA, RNA, and other items that are critical for the production and maintenance of
cells, especially ones involved in rapid cell division and growth such as in preg-
nancy and infancy [85]. Humans of all ages need folate to produce normal red blood
cells and to prevent macrocytic anemia. Folate is also critical for metabolizing an
amino acid known as “homocysteine,” which may cause cellular damage in abnor-
mally high amounts and is important for the synthesis of methionine. Folate has
diverse roles in the development of a human being, which is why this compound is
probably best known for preventing neural tube defects (NTDs) [84].

Green leafy vegetables, fruits, legumes and peas are just some of the natural
sources of folate. Still, due to the vital role of folate in the prevention of NTDs, the
Food and Drug Administration (FDA) required the addition of folic acid to grain
products such as breads, cereals, corn, flours, meals, pastas, and rice. In 1998, the
USA and Canada officially began fortifying grain products with folic acid [84]. The
recommended daily allowance (RDA) is only 400 pg a day [86]. Table 12.4 is a
partial listing of food and other sources of folate and folic acid in order of highest to
lowest concentrations [86]. It is important to keep in mind that folic acid is
generally added to foods that are labeled “enriched” and/or “fortified” in the USA
and other countries. It is for this reason it is easy to find recommended daily
allowances of folate for example on many breakfast cereals.

Synthetic folic acid was believed to be more bioavailable compared to folate
from food, which may have been one of the many reasons to fortify foods around
the world, along with the fact that a deficiency of folate in women of reproductive
age can have detrimental consequences. Research has now suggested that folate
from foods may be only slightly less absorbable (approximately 20 %) compared to
what was previously believed [87].

Critical issues with the overall safety and impact of folic acid on male health
now exist. A meta-analysis of the randomized trial data on folic acid and other
B-vitamin supplementation to reduce the risk of CVD, cancer, or impact all-cause
mortality concluded there was minimal to no impact of these supplements in
reducing the risk of these conditions [88]. It does not appear to impact the risk of
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Table 12.4 A selected list of beverage/food and other sources of folate and folic acid

Food/beverage or other Micrograms (pg)
100 % Fortified breakfast cereals 400
Multivitamin (on average-1 pill) 400
B-complex vitamin (on average-1 pill) 400-800
Brewer’s yeast (1 tablespoon) 250
Beef liver (cooked, 3-0z) 185
Spinach (cooked, 2 cup) 100
Asparagus (4 spears) 85
Rice (white, enriched, Y4 cup) 65
Beans (baked, 1 cup) 60
Green peas (boiled, 2 cup) 50
Avocado (/2 cup) 45
Broccoli (2 spears) 45
Lettuce (%2 cup) 40
Peanuts (dry roasted, 1 0z) 40
Orange or orange juice (6 0z) 30-35
Tomato juice (6 0z) 35
Bread (white, whole wheat, enriched, 1 slice. . .) 25
Egg (whole) 25
Banana (medium) 20
Wheat germ (1 tablespoon) 20
Rice (brown, % cup) 5-10

most chronic diseases, despite the fact that it can reduce blood homocysteine levels
by at least 25 %.

Folic acid supplements may increase or encourage the growth of a variety of
common tumors and precancerous lesions or polyps in high-risk individuals with
adequate or high baseline folate status [89], but it may reduce adenoma risk in those
with baseline deficiency of folic acid [90], especially in countries that do not require
mandatory fortification. The cancer receiving the most attention in terms of concern
is the potential increased risk in prostate cancer [91, 92]. Serum levels of folic acid
also appear to be increasing in the elderly such that unmetabolized folic acid
(UMFA) has become a concern in men [93].

The controversy over the clinical significance of a potential increased risk of
prostate cancer will and should continue without any resolution in the near future. A
meta-analysis of randomized trials found a significant increased risk of prostate
cancer [94]. Arguably, another larger meta-analysis of randomized trials in cancer
suggested that there was no risk and that past meta-analyses were influenced by a
higher rate of cancer from one clinical trial [91, 95], where prostate cancer
incidence in the folic acid arm was probably increased due to chance [95]. Although
these researchers make a compelling argument, the problem with this theory is that
most of the major trials looking at prostate cancer incidence still found at least
non-significant increases in risk that cannot be disregarded due to chance, and this is
confirmed by other recent meta-analysis [96], including recent population studies
[97]. The sum of the data is not demonstrating a neutral or reduced effect, but only
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an increased risk overall, and the argument is whether or not it is statistically or
clinically significant [98].

Clinicians should not encourage supplemental folic acid use especially in men
with a history of cancer concerned about fertility, despite some minimal positive or
just non-impressive data in the area of fertility itself [99, 100], because other
supplements are safer, just as effective and do not appear to require mega-dosage
(like folic acid) for a clinical impact. Some of the early and only clinical trials that
involved folic acid were utilizing dosages such as 5 mg per day (along with zinc),
which is 12.5 times the recommended daily intake [99]. Only sperm concentration,
but not motility or morphology, was improved. Food sources of folate can be
recommended, because these have not been concerning overall, but the concen-
trated nutraceuticals do not follow the mantra right now of benefit exceeding risk.

Selenium and Vitamin E

Selenium or vitamin E supplements should not be recommended to improve
fertility in subfertile men strictly based entirely on their overall safety issues and
not on efficacy. For example, the initiation and even the final results of the SELECT
trial of selenium and/or vitamin E to prevent prostate cancer were concerning for a
multitude of reasons [101, 102]. Both agents failed to prevent prostate cancer, and
there were multiple past and current safety issues with these nutritional supplement
agents. Selenium had a history of potentially increasing the risk of skin cancer
recurrence [103], and there were concerns over an increased risk of type-2 diabetes
[104]. Interestingly, SELECT observed a non-significant increased risk of type
2 diabetes when the trial was terminated [101]. And there was a non-significant
increase in the risk of aggressive (Gleason 7—10) prostate cancer with vitamin E
and/or selenium [102].

Vitamin E supplements were also replete with some similar but even more
concerning issues compared to selenium during the SELECT trial. Past meta-
analysis of other clinical trials found a potential increased risk of all-cause mortality
with higher doses of vitamin E supplements [105]. Other large clinical trials found a
significant increased risk of heart failure in those with vascular disease or diabetes
[106]. A significant increased risk of hemorrhagic stroke was found for vitamin E
supplements in another major chemoprevention trial of healthy male physicians
(Physicians’ Health Study II) that was concurrently being conducted during the
time of SELECT [107]. And again SELECT found a non-significant (p = 0.06)
increased risk of prostate cancer in the vitamin E arm when the study was termi-
nated, and a significantly higher risk with greater follow-up after termination [101,
102]. Thus, both of these supplements have no impressive overall or heart health
research unless there is a deficiency in these compounds [108—112], and multiple
past and ongoing concerns abound [113, 114], as also outlined earlier. There needs
to be more clinician and patient awareness over the multiple serious safety issues
with vitamin E and selenium, and these supplements should not be encouraged for
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any healthy individual attempting to improve fertility despite past trials in infertility
demonstrating some benefit [115—117]. It is also interesting that all of the past trial
of vitamin E and/or selenium that have suggested benefit in male subfertility have
also been at dosages equivalent or actually larger than past clinical trials in other
areas of health that found large concerns [101, 102, 105-107]. Since these supple-
ments have not been found to have profound benefits beyond what has been
observed with other supplements discussed in this chapter [19], then it would be
prudent again to not recommend this particular compounds with such as negative
and nebulous history.

Zinc

The excitement for the use of zinc with or without other supplements is supported
by some older clinical trials. For example, over 100 subfertile and fertile men
experienced a large improvement in sperm counts (74 % significant increase) over
24 weeks, which was not observed in the placebo group [99]. This older study was
published in 2002, and 66 mg of zinc sulfate (six times the recommend daily dietary
intake) was used alone or combined with 5 mg of folic acid (over 12 times the
recommend dietary intake). Additionally, there was no difference in the serum or
seminal plasma level of zinc between the subfertile and fertile men in this study,
and zinc supplements did not increase those levels, and the study did not include
pregnancy as a clinical endpoint.

Another older clinical trial of 100 men with asthenozoospermia was randomized
to 250 mg twice daily (over 45 times the recommended dietary intake) of zinc for
3 months compared to no treatment [118]. Significant improvement in sperm
quality, sperm count, motility, fertilizing capacity, and the incidence of anti-
sperm antibodies was observed in the zinc group. After 12 months of follow-up,
there were 11 pregnancies (22.5 %) in the zinc group and 2 (4.3 %) in the control
group (p < 0.03). There were no hormonal differences found between the groups.
Other studies have methodology issues including a lack of controls or short
treatment periods [119].

The issue with zinc currently is that the recommended dietary intake is only
11 mg [120], and mega-doses of zinc supplements are replete with issues especially
in urology [121]. One of the largest prospective studies to look at high-dose zinc
supplement intake found an increased risk of advanced prostate cancer [122]. And
arguably the largest dietary supplement study to use high-dose zinc (macular
degeneration) found an increased risk of hospital admissions from this exact same
trial (Age Related Eye Disease Study or AREDS) in regard to genitourinary
complications (BPH, stones, and UTI) in the 80 mg zinc arm [123, 124]. Thus,
whether or not this will be further confirmed is not the issue because at this time
zinc supplements in high doses like the ones needed in the fertility trials are too
concerning, short and long-term. In fact, some countries such as Canada now
discourages the sale of high-dose zinc supplements (40 mg or more) unless research
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suggests a specific benefit otherwise and proven safety simply because of these
issues [125, 126]. Some major clinical trials (AREDS 2) tested lower zinc dosages
compared to the older effective higher dosage based on this history of adverse
events [127].

First Do No Harm Specific Supplementation for Improved
Erectile Function

L-Arginine or L-Arginine Aspartate + Pycnogenol

Nitric oxide (NO) is produced from L-arginine by nitric oxide synthase (NOS) [22],
thus the idea of utilizing L-arginine supplements to enhance the treatment of ED
appears logical and is an option for some patients. In fact, L-arginine with its ability
to increase NO and lower blood pressure makes it a potential preventive or
treatment option in other areas of medicine such as hypertension and preeclampsia
[128-130].

However, three serious problems with L-arginine supplementation in terms of
metabolism include:

— The potential for extensive first pass liver metabolism (arginase enzyme) that
occurs when ingesting this compound [131-133].

— The additional intestinal enzymes (gut arginases) that also exist in the GI tract to
further potentially deactivate this agent [131-133].

— The presence of an endogenous inhibitor of NOS, which is known as ADMA
(asymmetrical dimethylarginine) [134, 135].

Thus, large dosages of L-arginine will usually needed to achieve some success in
general medicine and in the area of ED and FSD, and this can be daunting for the
patient. For example, 3-6 g of L-arginine would require 6—12 large pills or capsules
per day.

Perhaps, this is one reason large intakes of dietary arginine or supplemental
arginine have not been proven beneficial in other areas of medicine such as athletic
performance [136, 137]. And this is also the case with erectile function where
moderate dosages of L-arginine alone (1,500 mg per day) do not appear to work
better compared to placebo [138] for ED. Other studies of high-dosages of L-
arginine (5 g per day, n = 50) over 6 weeks appear to work mildly to moderately
better than placebo in terms of subjective (not objective) outcomes, especially for
those that with organic ED that may produce or secrete low amounts of nitrite and
nitrate (metabolites of nitric oxide that are fairly stable) from urinary measurements
[139]. Urinary nitric oxide metabolites appear to double when taking 5 g per day.
One area that needed better research was whether L-arginine efficacy could be
enhanced when combining it with other agents.



12 Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What. . . 203

An impressive amount of clinical data has been garnered for the use of L-arginine
aspartate at a lower dosage (2,800-3,000 mg) when used with pycnogenol (80 mg)
[140—142]. The most commonly tested supplement in this form is Prelox (Horphag
Research Ltd, London, UK). Perhaps, this solves part of the metabolism problem
when utilizing L-arginine alone.

A randomized, double-blind, placebo-controlled crossover study of 50 partici-
pants with moderate ED (IIEF score of 11-17) and a mean age of 37 years was
conducted [141]. The total daily dose of Prelox was 3,000 mg of L-arginine
aspartate and 80 mg of pycnogenol. This total dosage was divided into four tablets,
two taken between 7 and 9 a.m. and two between 7 and 9 p.m. with 200 ml of water.
IIEF scores from 11 to 17 at baseline approximately doubled to 26-30 (p > 0.001)
after 1 month. The earliest improvement was 1 day and the latest response was after
9 days (mean 4.9 days). IIEF domains including orgasmic function, sexual desire,
intercourse satisfaction, overall satisfaction and percent sexual response also
approximately doubled (p > 0.001). Systolic and diastolic blood pressure also
dropped significantly (p < 0.001), and side effects were similar to placebo. It
should be kept in mind that men with severe CVD or hypertension were excluded
from this study.

The clinical trial that has established Prelox as a definite nutraceutical option for
men with mild to moderate ED in my opinion and arguably one of the better
nutraceutical options for ED was based on a 6-month randomized, double blind
trial, placebo-controlled parallel-arm study (n = 124, mean age 44 years)
[142]. Men in this trial had IIEF scores at baseline of 11-17, and diabetics and
those with severe hypertension were excluded. Again, two tablets were utilized in
the morning and evening and each table contained 700 mg L-arginine aspartate and
20 mg of pycnogenol (total daily dose was 2,800 mg L-arginine aspartate and 80 mg
pycnogenol). The erectile domain of the IIEF (questions 1-5 and 15) improved
from a baseline of 15-25 after 3 months and 27 after 6 months compared to placebo
where an increase of 15-19 was observed (p < 0.05). These results are in the same
range of prescription PDE-5 inhibitors. There was an insignificant drop in blood
pressure in the Prelox group from a systolic of 139-131 and a diastolic from 86 to
82 (6 point drop in the placebo arm). Total testosterone also increased significantly
(p < 0.05) from 15.9 to 18.9 nmol/l in the Prelox group (16.9-17.3 nmol/l with
placebo). It is plausible that testosterone increased from increased sexual activity
and/or another mechanism, and this should be followed in patients to answer this
question because it would be an ancillary benefit for some men if this was the case.
Increases in the domain of orgasmic function, sexual desire, intercourse satisfac-
tion, and overall satisfaction were all significantly improved over placebo
(p < 0.05) with Prelox. A total of 13 men were lost to follow-up in this trial, so
111 men completed the trial. The question is whether or not the data was analyzed
based on intention to treat principle, which is important because all significant
values reached the minimum of p < 0.05? Regardless, there is adequate efficacy
with Prelox and it should be offered as an option for healthy men with mild to
moderate ED and no significant co-morbidity and no hepatic or renal abnormalities.
The number of pills needed per day (four) could be problematic long-term along



204 M.A. Moyad

with cost, and whether or not those with CVD should utilize it are questionable.
Two clinical trials demonstrated potential adverse events or worse outcomes in
those with a previous myocardial event or existing peripheral artery disease (PAD)
[143, 144], but other clinical studies have challenged the merit of these findings
[145, 146]. Still, the overall efficacy is still notable and again makes it one of the
best over the counter options available based on the scientific evidence for men with
mild to moderate ED.

L-Citrulline

The major source of L-arginine within the endothelial cell is from L-citrulline, and
both L-arginine and L-citrulline raise vascular NO levels [147]. In some individuals

L-citrulline may be at least twice as efficient at increasing nitric oxide levels
compared to L-arginine, which could solve some of the dosage and other issues
mentioned with L-arginine. In a double-blind, randomized, placebo-controlled
crossover study, 20 (mean age 57 years) healthy volunteers received six different
dosing regimens of placebo, citrulline, and arginine. L-Citrulline was significantly
more effective at increasing L-arginine plasma levels compared to L-arginine itself
(p < 0.01). At a dosage of only 1.5 g per day of oral L-citrulline, L-arginine blood
levels were raised to a similar degree as 3.2 g per day of oral L-arginine. L-Citrulline
raised the ratio of L-arginine to ADMA, and the arginine/ADMA ratio is again
thought to determine substrate availability of arginine to the endothelium. The
correlation observed in this study between increases in the arginine/ADMA ratio
and forearm flow-mediated vasodilatation indicated a dose—response relationship
with NO production. The highest dose of L-citrulline (3 g twice a day or 6 g total)
was the most effective at raising nitric oxide levels compared to L-arginine
(p < 0.01). Urinary nitrate (a marker of NO) and cGMP (another potential indica-
tor of systemic NO production and bioactivity) were significantly (p = 0.01,
p = 0.04) increased over arginine. Neither blood urea nitrogen (BUN) nor serum
creatinine was changed, and there were no safety issues over placebo.

It is of interest that the 1.5 g of L-citrulline used as one dosage in the previously
mentioned study was the same daily dosage found to be effective in 1-month
crossover trial of men with mild to moderate ED [148]. A total of 24 men (mean
age is 56.5 £ 9.8 years) took 1.5 g of L-citrulline a day or placebo for 1 month. An
improvement in erection hardness score (validated ED instrument) was found after
1 month in the L-citrulline group compared to placebo (p < 0.01). No adverse
events occurred over placebo, and 37.5 % of participants had hypertension, 21 %
high cholesterol, 12.5 % BPH, and 12.5 % had diabetes. This is preliminary but
potentially exciting research suggesting that L-citrulline could be one of the better
nutraceutical options for ED and should also be researched as ancillary supplemen-
tation to conventional ED options.
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The question of short and long-term safety with L-citrulline needs to be
addressed. High dosages of L-citrulline have been utilized in some short-term
clinical trials with good safety [149, 150]. Citrulline can be used to increase
arginine availability without affecting urea excretion and may enhance nitrogen
balance. It does appear that adequate renal function is needed for maximum
citrulline conversion into arginine and this should be considered.

Citrulline from synthetic or watermelon extract supplements have not been
known to cause acute side effects and is another source of citrulline and arginine,
but blood pressure reductions could occur, especially in prehypertensive and
hypertensive patients and this has to be noted to anyone before starting citrulline
supplementation [151]. Citrulline from dietary sources only are difficult if not
impossible to obtain, since watermelon is the only source and the rind contains
the majority of this compound, but excessive quantities would need to be consumed
to equate to several hundred milligrams of this amino acid. Thus, nutraceutical
sources of citrulline are the only realistic option for patients recommended more
citrulline for erectile health.

Since nitric oxide (NO) production inhibits platelet aggregation as demonstrated
from L-arginine infusion studies [152], it should be expected that L-citrulline can do
the same but needs more research. And more short and long-term studies are needed
in the area of ED to determine the best potential use of this interesting amino acid
from watermelon. Since citrulline has the potential to be heart healthy this also
makes it a potential ideal candidate in the area of ED in the future [153].

Panax ginseng and Ginsenosides (Korean Red Ginseng
and Others)

Ginseng actually refers to the root of several species in the genus Panax, of which
Panax ginseng is one of the most widely utilized species and is native to Asian
countries such as China and Korea [154—157]. Ginsenosides, which are also known
as ginseng saponins or glycosylated steroidal saponins, are unique to the Panax
species, and are the primary active ingredients in ginseng. More than 30 different
ginsenosides have been isolated from the root of Panax ginseng, and although
ginseng contains other diverse compounds, the individual and collective
ginsenosides appear to be the generally agreed upon active ingredients from basic
science and clinical trials.

Ginsenosides have multiple mechanisms of action, and each ginsenoside may
have tissue-specific impacts [158—161]. The backbone of each ginsenoside is
similar and consists of a common four-ring steroid-like structure that includes
multiple carbon atoms with attached sugar moieties. Each ginsenoside has a
different type, position, and number of sugar moieties attached by a glycosidic
bond at C-3 and C-6. Each type of ginsenoside also has at least three side chains at
the C-3, C-6, or C-20 position. These side chains are free or are attached to
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monomers, dimers, or trimers of sugars. It is these sugar compounds that may
provide the cellular-specific or receptor effects of each ginsenoside. The ginseng
species, age, part of the plant, harvest season, preservation, and extraction method
can all impact the compounds found in ginseng and even alter somewhat the
ginsenoside content.

Over several decades, the content of ginsenoside standardized extracts utilized in
clinical trials has varied, from approximately 4 % ginsenosides in the 1990s to 4—
7 % ginsenosides in the mid-2000s, and higher standardized extracts are offered
today (>8 % for example) [162, 163]. The ginsenoside content should be consid-
ered when comparing different efficacy doses from clinical trials. When the
ginsenoside concentration is isolated, it appears to elicit the same or better results
than the sum of the total ginseng components [163], which again supports the
accepted general philosophy that ginsenosides are the active medical components
of Panax ginseng.

One of the more influential evidence based endorsements for ginseng and male
sexual function was a clinical evidence guideline of conventional and alternative
medicines [164]. The authors used Panax ginseng data from six randomized trials
conducted over a period of approximately 15 years that included a total of 349 men.
The investigators found that ginseng significantly (p < 0.00001) improved erectile
function compared with placebo over 4-12 weeks. Approximately 58 % of men
experienced an improvement in some aspect of sexual function compared with
20 % of men who received the placebo. No other dietary or truly CAM supplement
was recommended. Ginseng was found to have “moderate-quality evidence” and
the investigators concluded that ginseng is “likely to be beneficial” in men with
erectile dysfunction of any etiology (organic and psychogenic causes). The final
clinical evidence-based guideline provided in this review stated “Ginseng is a
traditional Asian remedy with rare adverse effects in the recommended dose of
0.5-2.0 g daily.” What was not mentioned in this review and any other to date to my
knowledge is that these dosages recommended were for older less concentrated
form of ginseng (4—7 % ginsenosides). And, in this same systematic review [164],
the authors mentioned that they still needed to evaluate a more concentrated
ginsenoside randomized trial by Park and colleagues that was published in Korean
in the Korean Journal of Urology [165], but that the article was being translated.
Interestingly, the author of this chapter had this study by Park and colleagues
translated into English, and it arguably provides some of the best preliminary
clinical data to date for a dietary supplement compared with placebo over
8 weeks for men with ED. This was a multicenter, randomized, double-blind,
placebo-controlled study of 69 participants that used a highly concentrated
ginsenoside product (800 mg per day) [165]. The primary endpoint was the
response to the erectile function domain of the International Index of Erectile
Function (IIEF) questionnaire at baseline and 8 weeks. The other domains of the
IIEF were secondary endpoints, and safety was monitored. Every single sexual
health domain from the IIEF-15 was significantly improved by Korean ginseng
compared with placebo: erectile function (primary endpoint), sexual desire, orgas-
mic function, intercourse satisfaction, and overall satisfaction. Additionally, every
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question on the IIEF (15 out of 15) was improved significantly in this specific
clinical trial. The sexual desire domain, frequency, and degree of sexual desire were
all also significantly increased (p < 0.001). In other words, both the primary and
the secondary endpoints significantly favored ginseng over placebo. No significant
differences in adverse events have been reported for ginseng compared with
placebo. The results of this trial will strengthen the clinical evidence for Panax
ginseng and the evidence that highly concentrated ginsenosides are the active or
effective ingredients in ginseng [165]. The product used was from a Korean
Ginseng Company (BT Gin). Still, the current and future cost of this and other
products need to be discussed because again they can be quite high depending on
the source and time of year.

The onset of action or efficacy of ginseng could arguably occur within days to
months [164-166]. The time period is variable and requires further elucidation, but
at least 4-8 weeks should be attempted on a Panax ginseng supplement before
deciding upon efficacy. The onset of action will not be as rapid on average as PDE-5
inhibitors, but the impact on libido, lower cost in some cases, and safety affords
ginseng its own set of advantages for certain patients. In addition, the potential for
combining ginseng with conventional ED treatments should be explored since
PDE-5 inhibitors have no significant effect on libido.

In terms of Panax ginseng the laboratory data for ginsenosides suggest multiple
mechanisms of action. In cultured bovine endothelial cells, ginsenosides were
shown to stimulate the conversion of [14C]L-arginine to [14C]L-citrulline and to
promote vasorelaxation [167]. More specific studies in rabbit corpus cavernosum
tissue continue to support the potential of increasing endogenous nitric oxide
(NO) concentrations via the addition of ginsenosides [168]. Other basic laboratory
investigations and reviews support this thought and mechanism whereby the stim-
ulation of nitric oxide synthase may produce higher quantities of NO and peripheral
neurophysiologic enhancement may also occur [169-172].

Ginsenosides also compete with agonists for binding to GABA-A and GABA-B
receptors [173, 174], which could also explain a central mechanism of action
impacting desire or arousal. Anxiolytic effects have also been demonstrated in
mice and maze models. Ginseng and ginsenosides have been shown to positively
impact striatal dopaminergic activity and dopamine receptors [175], which could
translate to a minimal apomorphine like effect. Ginseng may exert a direct effect on
the hypothalamus or pituitary to also suppress prolactin secretion, but these hor-
monal changes I believe are minor at best because past clinical trials measuring
hormonal changes in men did not find significant or consistent increases in prolactin
or testosterone [176].

A rare but still surprising issue with some herbal preparations in my opinion is
the chance for them to be inappropriately and falsely tagged with an acute safety
issue on the basis of isolated case reports or uncontrolled investigation without an
examination of the totality of the objective laboratory and clinical evidence. One
perpetuated example is a 1979 observational series in a notable medical journal that
associated the self-reported utilization of ginseng products with hypertension in
14 individuals after 3 months of use [177]. Yet despite no control group, and other
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basic methodology quality-control issues, which included a lack of correction for
other confounders (such as high intake of caffeine and potentially other stimulants)
the investigation was used by some as proof of cause and effect [178—180]. These
hypertensive effects have not been replicated since 1979 in a controlled setting.
Randomized trials of hypertensive and non-hypertensive individuals have demon-
strated no impact or a partial reduction in blood pressure with Panax or American
ginseng and isolated ginsenosides, regardless of dose utilized and time period (up to
3 months) [181-186].

Regardless, long-term studies (several years) are needed to confirm this consis-
tent finding in the acute setting. In my experience, other compounds found with
ginseng commercial products such as caffeine or caffeine mimics I believe have the
ability to exacerbate the stimulant effects of ginseng itself, or be the sole cause of
blood pressure or heart rate increases in rare patients. It is for this reason that a
patient with controlled or uncontrolled hypertension should receive some objective
education on the past history of ginseng in combination with adulterants that could
theoretically change blood pressure values. Ginseng (Panax quinquefolius—
somewhat similar to Panax ginseng) alone has been shown to increase energy
levels in cancer patients with fatigue, but again the safety was similar to a placebo
in a large phase 3 like randomized trial (n = 290) [187]. This again speaks to the
safety and another potential mechanism of action of ginseng (reduced fatigue).

Potential interactions with warfarin or hemostatic issues have also been
suggested on the basis of case reports [188], but controlled studies have not been
able to substantiate any consistent impact of ginseng on warfarin anticoagulation or
hemostasis in general (prothrombin time, partial thromboplastin time, and interna-
tional normalized ratio [INR]) [189]. Still, this needs to be further elucidated based
on studies of other types of ginseng that could have some impact on platelet activity
and this could explain some cardiovascular benefits. And since ginseng may
improve nitric oxide levels (NO), and NO is known, as mentioned earlier in the
chapter, to inhibit platelet aggregation, it is plausible that there could be a blood
thinning type effect.

Past human studies of ginseng and sexual health have reported gastrointestinal
side effects [164, 166], for example, stomach upset, but these were not reported at a
rate significantly higher than the rate for placebo. Ingesting ginseng with a meal
seems more appropriate because of potential gastrointestinal issues with most
dietary supplement interventions or placebo, and there are no reports that ginseng
is less or more efficacious in this scenario. More rigorous monitoring of ginseng
safety in clinical trials should be conducted to provide some clarity on adverse
events. The dose of ginseng and ginsenoside concentration should always be noted
in clinical trials and again reviews on this topic have been lacking. Ginsenoside
concentrations should be required for publication in any clinical trial of ginseng.

Panax ginseng has arguably the longest and perhaps one of the most impressive
nutraceutical records to date for use in men with mild to moderate
ED. Approximately ten randomized trials have suggested that Panax ginseng and
its ginsenosides have potential efficacy in diverse areas of male sexual health [164,
165, 190, 191]. Still, this is not meant to suggest that it is the most effective ED
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nutraceutical option because others (arginine combinations and citrulline) have
their own advantages and disadvantages, and methodological quality of future
clinical trials needs to be improved. The isolation of the more active ginsenosides
also needs more research and in my experience quality control is a real problem
with many ginseng products. Also, price issues need to be resolved because at the
time of this writing Korean Red ginseng and Chinese ginseng with more concen-
trated ginsenosides were no longer of low cost.

SAM-e for SSRI-Induced Sexual Dysfunction

S-Adenosyl methionine (SAMe) is a naturally occurring compound that functions
as a methyl donor in human metabolism may have a individual treatment role for
major depressive disorder (MDD), or an ancillary role to enhance conventional
treatment [153, 192—-196]. A clinical study of 73 serotonin reuptake inhibitor
non-responders with MDD over 6 weeks found a benefit in those receiving
800 mg twice daily of SAM-e compared to placebo [193]. A significantly higher
response and remission rate occurred with SAM-e over placebo. Side effects were
similar to placebo. Gastrointestinal side effects and headaches have occurred in
other studies [194], and SAM-e is not a low cost CAM in general.

Preliminary research also suggests that in those with MDD this dietary supple-
ment may have a positive effect on male arousal and ED, such that scores improved
in these areas compared to placebo [197]. SSRIs and other antidepressant medica-
tions could have a profound impact on male and female sexual function [198]. I am
hopeful that research on SAM-e to support its minimal or even positive effect on
sexual function (ED or FSD) in those with MDD continues. It is also of interest that
SAM-e has been used as a prescription drug, given as an IV or an injectable in
numerous European countries since the 1970s and its ability to reduce osteoarthritic
pain is also notable, well published, and on par with NSAIDs but with less toxicity
at dosages of up to 600 mg per day [199, 200].

First Do No Harm: Potentially Harmful or Ineffective
Nutraceuticals for Erectile Function

Androstenedione and/or DHEA

On January 20, 2005 it became illegal to sell androstenedione dietary supplements
in the USA [201, 202]. Androstenedione was considered a “prohormone” supple-
ment that some men used in an attempt to build muscle. It was utilized by some
notable US professional athletes before being banned, and it created enormous
controversy. It was a potentially dangerous supplement because it had been
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associated with a reduction in “good cholesterol” or HDL and it had potentially
other health consequences such as significantly increasing estrogen (estrone and
estradiol) in healthy young men (ages 2632 years) taking 100 or 300 mg per day
for 7 days, and significantly increasing testosterone levels at 300 mg per day (from
526 to 872 ng/dl on average in one study) [203]. Other studies of young men
demonstrated just increases in estrogen with these dosages [204], which is why it
would not been surprising that some individual reports of ED from these supple-
ments can also occur because of arguable the suppression of the pituitary and
gonadal axis [205]. The individual variability in the response is also what is striking
about androstenedione (or DHEA) in men and women, except for the estrogen
increases in young and older primarily eugonadal men. Men ages 35-65 years
taking 200 mg of androstenedione had significant increases in estrogen but not
testosterone over 12 weeks [206]. In postmenopausal women a significant increase
in estrone occurred but the individual variability in the response was always
notable, which is again part of the problem [207]. Regardless of the population
studied the variability or unpredictability of the physiologic response should be
mentioned to patients. This has also been my experience that men (and women)
without overt hormone deficiencies have variable results and men experience
dramatic increases in estrogen and potentially a small increase in testosterone the
more testosterone deficient the male [153].

Therefore, there were so many concerns with these supplements that eventually
the FDA and the US government decided to remove almost all of them, including
androstenedione, from the market [201]. Other so-called prohormone supplements
like DHEA were not banned, but are still being allowed for sale. Now, if DHEA is
similar to androstenedione in that it has similar effects, then why is this supplement
still allowed for sale over the counter? This is part of the strange circumstances
surrounding some dietary supplements and the inconsistency in the policies that are
applied. DHEA supplements enjoy a unique exemption under federal law, because
of a bill approved by Congress in late 2004. How did DHEA survive when other
similar to identical supplements did not? Sports officials were in favor of an overall
ban on steroids and related products, including DHEA. DHEA has been banned by
the Olympics, the World Anti-Doping Agency, the National Collegiate Athletic
Association, the National Football League, the National Basketball Association,
and minor league baseball. The 2005 law that impacts prohormone supplements,
passed without objection, also gave the Drug Enforcement Administration more
authority to ban new or novel steroids, with one exemption, DHEA. The term
“anabolic steroid” is defined now as any drug or hormonal substance, chemically
and pharmacologically related to testosterone (other than estrogens, progestins,
corticosteroids, and DHEA). In my opinion, since such a large percentage of
Congressional officials use dietary supplements and some perceived DHEA as
unique, the proposal to ban all over the counter pro-hormone supplements in the
USA would have not passed Congress if DHEA were included in the proposal.
Now, with this pertinent history, what about any new data to support DHEA for
men’s health or sexual health?
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Population studies such as the Massachusetts Male Aging Study have suggested
a higher risk of ED with lower blood levels of DHEA-S [208]. Yet what gets missed
in referencing these studies is that there were also inverse associations of HDL with
ED and a higher risk of ED in those with heart disease, hypertension, smoking and
diabetes for example, which is a more tangible and productive conversation. It
should be kept in mind that DHEA levels decrease substantially with aging, and this
has been utilized in deceptive advertising in my opinion to encourage men and
women to purchase this supplement. Other studies suggest that a lower level of
DHEA and an increase risk of ED is only an anemic association [209]. DHEA is
produced primarily by the adrenal cortex and in smaller amounts by the testes and
the ovaries, and then it is quickly sulfated by sulfotransferases into DHEA-S, which
is more stable with a longer half-life and its concentrations stay stable most of the
day [210]. DHEA is arguably the most abundant steroid in the human body (more
than testosterone), thus for this and many other reasons there will always be
sufficient physiologic facts to give it some advertising attraction. It does not appear
to have a role for androgen deficient or insufficient men because it is not
predictable.

Small studies of men utilizing 50 mg for 6 months (DHEAS level <1.5 pmol/l)
showed some improvements in function in those with hypertension and ED or those
without organic etiology, but not in those with diabetes or neurologic issues [211,
212]. These men were all generally tested with prostaglandin E1 first to ensure that
they were capable of having a full erection with pharmacologic intervention. The
problem with DHEA is a lack of large studies with good methodology and no really
novel findings with DHEA and ED or in the area of male sexual health. DHEA-S
levels are also not easy to acutely or chronically predict with lifestyle interventions;
for example, in some studies there is minimal or large changes in this hormonal
marker for men and women after large reduction in weight [213-215]. Perhaps this
is due to the fact that DHEA levels need to be monitored over many years. Obesity
appears to attenuate the association or correlation between higher DHEA and lower
morbidity [216].

Fenugreek (Trigonella foenum-graecum)

Fenugreek has been promoted by numerous commercial entities as an option for
testosterone replacement, or a testosterone-enhancing supplement via an aromatase
inhibitor mechanism of action (blocks the conversion of testosterone to estrogen)
[153]. Human studies have failed to demonstrate that this herb/spice supplement
increases testosterone consistently, especially in hypogonadal men. In fact, fenu-
greek has been used as a spice and is utilized in Indian Ayurvedic and in Chinese
Medicine as a stimulus for lactation for breastfeeding women [153, 217]. This
supplement has a partial notorious history for being touted as a breast enhancement
supplement for women without human research to support this claim. Yet allergic
reactions to the powder and mild gastrointestinal upset are not uncommon side
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effects and increased bleeding can occur beyond what is expected in those on
aspirin or anti-inflammatory drugs [217].

In terms of fenugreek as a TRT supplement, in one clinical study, fenugreek
(standardized to 70 % trigimannose) actually significantly reduced levels of free
testosterone [218]. Men had a 40 ng/ml free testosterone at baseline, reduced to
33 ng/ml at 4 weeks, and then to 36 ng/ml at 8 weeks (p = 0.02) when taking
500 mg per day. DHT levels were reduced in the fenugreek group. Other studies
demonstrate that fenugreek either causes no change or slightly increases testoster-
one in men have been for those with an already normal testosterone at baseline
[219, 220]. In other words, it is an unpredictable supplement in the area of TRT.
One clinical trial of fenugreek of 500 mg per day (standardized for Grecunin) over
8 weeks showed an average increases of 6.6 and 12.3 % for total testosterone and
bioavailable testosterone [219]. Even if fenugreek operates as an aromatase inhib-
itor, as explained earlier in this chapter, I do not recognize this as a positive
mechanism of action because it could cause bone loss in healthy men based on
some past clinical trials of prescription drugs that have this same mechanism of
action.

One ancillary health advantage of fenugreek is that the natural seeds can be
purchased at health food stores and used in most diet plans (soups, yogurt,
oatmeal. . .) and they may slightly lower blood sugar and cholesterol because they
are a good source of fiber (1 tablespoon = 3 g of fiber) [153, 221].

Tribulus terrestris

This is an herbal product that has been suggested by some commercial entities to
have a DHEA or pro-hormone type effects (for ED and TRT), and it had been
around for decades but there is simply no positive or adequate evidence to support
its use for ED. Human studies have failed to demonstrate that this herb acts like
“DHEA” to increase testosterone, or just increases testosterone by an independent
mechanism, which is what it is advertised to do in many places [153]. For example,
a small clinical trial of elite male rugby players (n = 22) were placed on Tribulus or
placebo for 5 weeks and no alterations in testosterone or muscle mass occurred
[222]. Another small trial of healthy men ages 20-36 years of age with body
weights ranging from 60 to 125 kg (n = 14) was published [223]. Participants
consumed 10 or 20 mg/kg body weight of Tribulus (divided into three daily intakes)
for 4 weeks. No significant changes in any parameter occurred in the Tribulus group
and this included testosterone, androstenedione, or LH. The authors concluded that
this supplement does not contain any indirect or direct testosterone-enhancing
properties. In fact, the only adequate clinical trials where a dose of Tribulus
(750 mg or more) appears to increase testosterone is when it is combined with
150 mg of DHEA and 300 mg of androstenedione [224-227]. And drops of 5.0 mg/
dl in HDL or “good cholesterol” were observed which have to be somewhat
concerning [225], but again was probably due to the DHEA and androstenedione
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components. Preliminary clinical trials have failed to demonstrate an impact of
Tribulus on body composition or exercise performance and no impact on hormone
levels.

Yohimbine Hydrochloride (Not Really a Dietary Supplement
or CAM)

Yohimbine comes from the West African Yohimbe tree and can be found as a
supplement and a prescription drug (Yocon® etc.) [153, 228]. Whether or not it
even works is controversial, but what is not controversial is that it is a “alpha-2-
adrenoreceptor antagonist,” and some of the side effects include headache, sweat-
ing, nausea, dizziness, nervousness/agitation, tremors, sleeplessness, antidiuresis,
and elevated blood pressure and heart rate [229]. And it cannot be used by
individuals with kidney disease, those on anti-depressants, or other mood-altering
drugs, and in some individuals with specific cardiovascular, neurological, and
psychological issues.

Many media and other credible sources appear to suggest yohimbine is as an
alternative medicine or over the counter dietary supplement, but this is really not
the case based on its clinical trial efficacy. It is usually characterized as an
“alternative medicine” by some individuals and reviews [220], some may assume
this is a dietary supplement, and there are many companies that sell “yohimbe” or
tout that they sell “yohimbine HCL.” The positive data with the drug or compound
derived from this tree, yohimbine hydrochloride, came from European and other
studies at a total of 5—10 mg per day (divided doses) [230]. Yohimbine HCL is a
prescription drug, but many dietary supplements that mimic this drug have quality
serious control problems and are dangerous [228, 229]. Again, yohimbine HCL is
the active ingredient found in the bark of a West African tree, but many dietary
supplements really sell “yohimbe” which in many cases has little to no or variable
quantities of the active ingredient “yohimbine HCL” in it. Again, if there is an
interest in yohimbine HCL in the area of ED I believe the prescription drug should
be utilized because of quality control issues and because the successful clinical
trials utilized this version.

Conclusion

Other supplements in the area of fertility and erectile health simply have shown no
benefit, such as magnesium [231], or should not be recommended because of the
need for more efficacy and/or safety data (for example L-carnitine for ED)
[153]. Tongkat ali (Eurycoma longifolia) has some initial positive data for fertility
and sexual enhancement [60, 61], but the mechanism of action and tangible effects
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Table 12.5 Summary of some of the nutraceutical products discussed in this chapter for fertility
and erectile function that could be recommended or discouraged

Fertility nutraceuticals Commentarylrecommendations
CoQ10 200-300 mg per day has excellent safety but efficacy is mixed
Folic acid Not recommended beyond the dose found in a multivitamin

(200400 pg). Has controversial ability to potentially
increase the growth of colon polyps and prostate cancer in
individuals with already high baseline levels of folate

L-Carnitine 2,000—4,000 mg per day has mixed data but overall safety has
been adequate
Multivitamin Minimal clinical data to improve fertility and could be utilized

based on the safety of one pill a day

Omega-3 fatty acid (EPA and  Increasing dietary intake of marine sources of omega-3 fatty

DHA) acids is recommended over supplementation

Proxeed (commercial product) Combination nutraceutical product with minimal clinical data
but a long history of physician use and can be utilized. Cost
could be the only issue

Selenium and/or vitamin E Not recommended based on the overall safety concerns in men’s
health with increasing dosages of selenium (type 2 diabetes
or skin cancer recurrence) and vitamin E (prostate cancer)

Tongkat Ali (Eurycoma One company (Biotropics Malaysia Berhad, Kuala Lumpur,
longifolia) Malaysia) has a standardized extract at 200 mg per day and
could be of benefit
Vitamin C Up to 1,000 mg per day is recommended and generally safe

short-term but can increase oxalate levels significantly.
Non-buffered or pH neutral vitamin C (also known as “cal-
cium ascorbate”) could cause minimal changes in oxalate
and appears to be as effective. Smokers, ex-smokers or those
that have recently quit or are on smoking cessation regimens
and trying to improve subfertility are the best candidates

Zinc Not recommended based on the potential for urologic toxicity
when used in large dosages (80 mg+) over long periods of
time

Erectile function/health Commentary/recommendations

nutraceuticals
DHEA/androstenedione Not recommended, can reduce HDL cholesterol, unpredictable

testosterone changes and can increase estrogen levels in men
Fenugreek (Trigonella foenum- Touted to increase testosterone but has not consistently dem-

graecum) onstrated a benefit and could potentially reduce free
testosterone
L-Arginine Not generally recommended alone because of the large dosages

needed to overcome first pass metabolism and deactivating
enzymes (arginases). Blood pressure reductions with this
supplement can occur
L-Arginine One of the most clinically researched and efficacious

aspartate + pycnogenol nutraceuticals for men with mild to moderate ED. Dosages
of 2,800-3,000 mg of L-arginine aspartate + 80 mg daily of
pycnogenol (Prelox is the most commercialized researched
product) has demonstrated adequate efficacy. Cost and pill
count may be an issue for some individuals and blood pres-
sure reductions are not uncommon

(continued)
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Table 12.5 (continued)

L-Citrulline Dosages as low as 1,500 mg per day can be recommended for
ED based on moderate clinical data and an ability to be as
efficacious as L-arginine in producing nitric oxide (NO) at
lower dosages. Still requires more clinical research for ED,
especially whether or not blood pressure reduction occurs
rarely or commonly with higher dosages

MACA (Lepidium meyenii) Not enough research but preliminary data in fertility or ED is
promising and should continue

Panax ginseng (Korean Red Dosages of 800-3,000 mg (lower dosages with more concen-

ginseng and others) trated ginsenoside products) have been used in multiple
randomized trials to benefit men with mild to moderate
ED. A consistent impact on libido could make this an option
with conventional prescription agents. Cost may become an
issue with concentrated ginsenoside products

SAM-e (S-adenosyl May be used for the treatment of major depressive disorder

methionine) (MDD) with and without SSRIs medication and has not been
shown to reduce sexual function and may even provide a
benefit, which is unusual for an anti-depressant. Dosages as
high as 800 mg bid have been used but cost is an issue with
this supplement

Tribulus terrestris Not recommended. Suppose to act as a DHEA mimic but in
general has not demonstrated any impressive testosterone-
enhancing properties

Yohimbine hydrochloride Not a true nutraceutical because all of the positive and adequate
clinical trials used a prescription form of this compound.
Yohimbe supplements claim to contain adequate amounts of
the active compound (yohimbine HCL) but this has not been
proven and in fact quality control and safety has been shown
to be an issue with these over the counter products

on erectile health need more clinical research. The testosterone increases are
statistically significant but arguably not clinically significant as of yet. Horny
Goat Weed (Epimedium species) contains a compound(s) known as “icariin” that
may have a PDE-5 like effect [232-234], but clinical research is needed because the
majority of the impressive research was derived from basic science studies, but still
it is also one clinicians should monitor. MACA (Lepidium meyenii) has some
preliminary positive clinical data in fertility and ED, but needs more consistent
research on standardization of active ingredients and efficacy, but is commonly
used in other countries such as Peru [235, 236]. An overview of most nutraceutical
products that are discussed in this chapter is provided in Table 12.5.

It is time to view fertility and erectile function nutraceuticals with a wider
perspective because a plethora of research has been performed on numerous
compounds. Large and authoritative meta-analyses actually endorsed the utilization
of multiple products for men attempting to maintain or improve fertility and erectile
function [19, 164]. However, before endorsement of a specific supplement becomes
logical it would seem imperative to teach clinicians and patients about the overall
safety and efficacy of these interventions outside of fertility and ED.
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Current conventional options are not perfect and have a host of their own issues
from side effects, efficacy and especially price as exemplified by the current cost of
PDE-5 inhibitors for example or assisted reproductive technology. Thus, if a
nutraceutical that is safe and heart healthy and cost effective can be utilized with
or without a conventional agent then it should be embraced. This has arguably
already occurred in the area of fertility but in the area of ED nutraceuticals the
unctuous history of these products, including the highest rate of recall of any
supplement category in FDA history [237], makes it difficult for some clinicians
to appreciate the few truly efficacious products amongst a sea of ineffective and
tainted products. It is my hope this chapter provided more objectivity to this issue
and for clinicians and patients to appreciate a better sense of nutraceuticals that are
worthwhile and others that are worthless. This is critical in my opinion, because it
could be argued that clinicians are one of the last bastions of objectivity for those
that require real answers to the questions that currently abound over nutraceuticals.

References

—_

. Moyad MA, Lowe FC. Educating patients about lifestyle modifications for prostate health.

Am J Med. 2008;121(8 Suppl 2):S34-42.

2. Moyad MA. Heart health = urologic health and heart unhealthy = urologic unhealthy: rapid
review of lifestyle changes and dietary supplements. Urol Clin North Am. 2011;38:359-67.

3. Cabler S, Agarwal A, Flint M, du Plessis SS. Obesity: modern man’s fertility nemesis. Asian J
Androl. 2010;12:480-9.

4. Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors associated
with myocardial infarction in 52 countries (the INTERHEART study): case—control study.
Lancet. 2004;364:937-52.

5. Eyre H, Kahn R, Robertson RM, et al for the ACS/ADA/AHA Collaborative Writing
Committee. Preventing cancer, cardiovascular disease, and diabetes: a common agenda for
the American Cancer Society, the American Diabetes Association, and the American Heart
Association. CA Cancer J Clin. 2004;54:190-207.

6. Lloyd-Jones D, Adams RJ, Brown TM, Carnethon M, Dai S, de Simone G, et al for the
American Heart Association Statistics Committee and Stroke Statistics Subcommittee. Heart
disease and stroke statistics-2010 update: a report from the American Heart Association.
Circulation. 2010;121:e46-215.

7. World Heart Federation web site. Available at: http://www.world-heart-federation.org.
Accessed 20 Mar 2013.

8. Yang Q, Cogswell ME, Flanders WD, Hong Y, Zhang Z, Loustalot F, et al. Trends in
cardiovascular health metrics and associations with all-cause and CVD mortality among
US adults. JAMA. 2012;307:1273-83.

9. Kasturi SS, Tannir J, Brannigan RE. The metabolic syndrome and male infertility. J Androl.
2008;29:251-9.

10. Campagne DM. Should fertilization treatment start with reducing stress? Hum Reprod.
2006;21:1651-8.

11. Esposito K, Giugliano F, Di Palo C, Giugliano G, Marfella R, D’Andrea F, et al. Effect of
lifestyle changes on erectile dysfunction in obese men. JAMA. 2004;291(24):2978-84.

12. Giugliano D, Giugliano F, Esposito K. Sexual dysfunction and the Mediterranean diet. Public

Health Nutr. 2006;9:1118-20.


http://www.world-heart-federation.org/

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

33.

Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What. . . 217

Jensen TK, Heitmann BL, Jensen MB, Halldorsson TI, Andersson AM, Skakkebaek NE,
et al. High dietary intake of saturated fat is associated with reduced semen quality among
701 young Danish men from the general population. Am J Clin Nutr. 2013;97:411-8.
Gaskins AJ, Colaci DS, Mendiola J, Swan SH, Chavarro JE. Dietary patterns and semen
quality in young men. Hum Reprod. 2012;27:2899-907.

Saez Lancellotti TE, Boarelli PV, Romero AA, Funes AK, Cid-Barria M, et al. Semen quality
and sperm function loss by hypercholesterolemic diet was recovered by addition of olive oil
to diet in rabbit. PLoS One. 2013;8:¢52386.

. Oliveira RM, Novaes JF, Azeredo LM, Candido AP, Leite IC. Association of vitamin D

insufficiency with adiposity and metabolic disorders in Brazilian adolescents. Public Health
Nutr. 2013;9:1-8.

Di Martino G, Matera MG, De Martino B, Vacca C, Di Martino S, Rossi F. Relationship
between zinc and obesity. J Med. 1993;24:177-83.

Tremellen K. Oxidative stress and male infertility—a clinical perspective. Hum Reprod
Update. 2008;14:243-58.

Showell MG, Brown J, Yazdani A, Stankiewicz MT, Hart RJ. Antioxidants for male
subfertility. Cochrane Database Syst Rev. 2011;1, CD007411.

Littarru GP, Tiano L. Clinical aspects of coenzyme Q10: an update. Nutrition. 2010;26:250-
4.

Wyman M, Leonard M, Morledge T. Coenzyme Q10: a therapy for hypertension and statin-
induced myalgia? Cleve Clin J Med. 2010;77:435-42.

Bogsrud MP, Langslet G, Ose L, Arnesen KE, Sm Stuen MC, Malt UF, et al. No effect of
combined coenzyme Q10 and selenium supplementation on atorvastatin-induced myopathy.
Scand Cardiovasc J. 2013;47(2):80-7.

Balercia G, Buldreghini E, Vignini A, Tiano L, Paggi F, Amoroso S, et al. Coenzyme Q10
treatment in infertile men with idiopathic asthenozoospermia: a placebo-controlled random-
ized trial. Fertil Steril. 2009;91:1785-92.

Safarinejad ME. Efficacy of coenzyme Q10 on semen parameters, sperm function and
reproductive hormones in infertile men. J Urol. 2009;182:237-48.

Nadjarzadeh A, Sadeghi MR, Amirjannati N, Vafa MR, Motevalian SA, Gohari MR,
et al. Coenzyme Q10 improves seminal oxidative defense but does not affect on semen
parameters in idiopathic oligoasthenoteratozoospermia: a randomized double-blind, placebo-
controlled trial. J Endocrinol Invest. 2011;34:e224-8.

Mousa SA. Antithrombotic effects of naturally derived products on coagulation and platelet
function. Methods Mol Biol. 2010;663:229-40.

Young JM, Florkowski CM, Molyneux SL, McEwan RG, Frampton CM, Nicholis MG,
et al. A randomized, double-blind, placebo-controlled crossover study of coenzyme Q10
therapy in hypertensive patients with the metabolic syndrome. Am J Hypertens.
2012;25:261-70.

National Institute of Neurological Disorders and Stroke. Statement on the termination of QE3
Study. www.ninds.nih.gov/disorders/clinical_trials/CoQ10-Trial-Update.htm.  Accessed
15 Feb 2013.

LiuJ, Wang L, Zhan SY, Xia Y. Coenzyme Q10 for Parkinson’s disease. Cochrane Database
Syst Rev. 2011;12, CD008150.

Mancini A, De Marinis L, Littarru GP, Balercia G. An update of Coenzyme Q10 implications
in male infertility: biochemical and therapeutic aspects. Biofactors. 2005;25:165-74.

. Acetyl-L-carnitine. Monograph. Altern Med Rev. 2010;15:76-83.
32.

Cruciani RA, Zhang JJ, Manola J, Cella D, Ansari B, Fisch MJ. L-Carnitine supplementation
for the management of fatigue in patients with cancer: an eastern cooperative oncology group
phase III, randomized, double-blind, placebo-controlled trial. J Clin Oncol. 2012;30:3864-9.
Kraft M, Kraft K, Gartner S, Mayerle J, Simon P, Weber E, et al. L-Carnitine-supplementa-
tion in advanced pancreatic cancer (CARPAN)—a randomized multicenter trial. Nutr
J.2012;11:52.


http://www.ninds.nih.gov/disorders/clinical_trials/CoQ10-Trial-Update.htm

218

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

M.A. Moyad

. Goldenberg NA, Krantz MJ, Hiatt WR. L-Carnitine plus cilostazol versus cilostazol alone for
the treatment of claudication in patients with peripheral artery disease: a multicenter,
randomized, double-blind, placebo-controlled trial. Vasc Med. 2012;17:145-54.

Balercia G, Regoli F, Armeni T, Koverech A, Mantero F, Boscaro M. Placebo-controlled
double-blind randomized trial on the use of L-carnitine, L-acetylcarnitine, or combined
L-carnitine and L-acetylcarnitine in men with idiopathic asthenozoospermia. Fertil Steril.
2005;84:662-71.

Lenzi A, Sgro P, Salacone P, Paoli D, Gillio B, Lombardo F, et al. A placebo-controlled
double-blind randomized trial of the use of combination l-carnitine and l-acetyl-carnitine
treatment in men with asthenozoospermia. Fertil Steril. 2004;81:1578-84.

Lenzi A, Lombardo F, Sgro P, Salacone P, Caponecchia L, Dondero F, et al. Use of carnitine
therapy in selected cases of male factor infertility: a double-blind crossover trial. Fertil Steril.
2003;79:292-300.

LiZ, Chen GW, Shang XJ, Bal WJ, Han YF, et al. A controlled randomized trial of the use of
combined L-carnitine and acetyl-L-carnitine treatment in men with oligoasthenozoospermia.
Zhonghua Nan Ke Xue. 2005;11:761-4.

Cavallini G, Ferraretti AP, Gianaroli L, Biagiotti G, Vitali G. Cinnoxicam and L-carnitine/
acetyl-L-carnitine treatment for idiopathic and varicocele-associated oligoasthenospermia. J
Androl. 2004;25:761-70.

Moncada ML, Vivari E, Cimino C, Calogero AE, Monglol A, D’Agata R. Effect of
acetylcarnitine treatment in oligoasthenospermic patients. Acta Eur Fertil. 1992;23:221-4.
Costa M, Canale D, Filicori M, D’lddio S, Lenzi A. L-Carnitine in idiopathic
asthenozoospermia: a multicenter study. Italian Study Group on carnitine and male infertility.
Andrologia. 1994;26:155-9.

Vitali G, Parente R, Melotti C. Carnitine supplementation in human idiopathic
asthenospermia: clinical results. Drugs Exp Clin Res. 1995;21:157-9.

Vicari E, Calogero AE. Effects of treatment with carnitines in infertile patients with prostato-
vesciculo-epididymitis. Hum Reprod. 2001;16:2338-42.

Sigman M, Glass S, Campagnone J, Pryor JL. Carnitine for the treatment of idiopathic
asthenospermia: a randomized, double-blind, placebo-controlled trial. Fertil Steril.
2006;85:1409-14.

Zhou X, Liu F, Zhai S. Effect of L-carnitine and/or L-acetyl-carnitine in nutrition treatment
for male infertility: a systematic review. Asia Pac J Clin Nutr. 2007;16 Suppl 1:383-90.
Koeth RA, Wang Z, Levison BS, Buffa JA, Org E, Sheehy BT, et al. Intestinal microbiota
metabolism of L-carnitine, a nutrient in red meat, promotes atherosclerosis. Nat Med.
2013;19:576-85.

Dinicolantonio JJ, Lavie CJ, Fares H, Menezes AR, O’Keefe JH. L-Carnitine in the secondary
prevention of cardiovascular disease: systematic review and meta-analysis. Mayo Clin Proc.
2013;88:544-51.

Hershman DL, Unger JM, Crew KD, Minasian LM, Awad D, Moinpour CM,
et al. Randomized double-blind placebo-controlled trial of acetyl-l-carnitine for the preven-
tion of taxane-induced neuropathy in women undergoing adjuvant breast cancer therapy. J
Clin Oncol. 2013;31(20):2627-33.

Moyad MA. Dr. Moyad’s no bogus science health advice. Ann Arbor, MI: Ann Arbor
Editions Publishing; 2009.

Burr ML, Fehlly AM, Gilbert JF, Rogers S, Holliday RM, Sweetnam PM, et al. Effects of
changes in fat, fish, and fibre intakes on death and myocardial reinfarction: diet and
reinfarction trial (DART). Lancet. 1989;2:757-61.

Marchioli R, Barzi F, Bomba E, Chieffo C, Di Mascio R, Franzosi MG, et al. Early protection
against sudden cardiac death by n-3 polyunsaturated fatty acids after myocardial infarction:
time-course analysis of the results of the Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto Miocardico (GISSI)-Prevenzione. Circulation. 2002;105:1897-903.



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What. . . 219

Matsuzaki M, Yokoyama M, Saito Y, Origasa H, IshikawaY, Oikawa S, et al for the JELIS
investigators. Incremental effects of eicosapentaenoic acid on cardiovascular events in statin-
treated patients with coronary artery disease. Circ J. 2009;73:1283-90.

Mozaffarian D, Marchioli R, Macchia A, Silleta MG, Ferrazzi P, Gardner TJ, et al for the
OPERA Investigators. Fish oil and postoperative atrial fibrillation: the omega-3 fatty acids
for prevention of post-operative atrial fibrillation (OPERA) randomized trial. JAMA.
2012;308:2001-11.

Rizos EC, Ntzani EE, Bika E, Kostapanos MS, Elisaf MS. Association between omega-3
fatty acid supplementation and risk of major cardiovascular disease events: a systematic
review and meta-analysis. JAMA. 2012;308:1024-33.

Risk and Prevention Study Collaborative Group. N-3 fatty acids in patients with multiple
cardiovascular risk factors. N Engl J Med. 2013;368:1800-8.

Age-Related Eye Disease Study 2 Research Group. Lutein + zeaxanthin and omega-3 fatty
acids for age-related macular degeneration: the age-related eye disease study 2 (AREDS2)
randomized clinical trial. JAMA. 2013;309:2005-15.

Conquer JA, Martin JB, Tummon I, Watson L, Tekpetey F. Effect of DHA supplementation
on DHA status and sperm motility in asthenozoospermic males. Lipids. 2000;35:149-54.
Safarinejad MR. Effect of omega-3 polyunsaturated fatty acid supplementation on semen
profile and enzymatic anti-oxidant capacity of seminal plasma in infertile men with idiopathic
oligoasthenoteratospermia: a double-blind, placebo-controlled, randomized study.
Andrologia. 2011;43:38-47.

Tambi MI, Imran MK, Henkel RR. Standardized water-soluble extract of Eurycoma
longifolia, Tongkat ali, as testosterone booster for managing men with late-onset
hypogonadism. Andrologia. 2012;44 Suppl 1:226-30.

Ismall SB, Wan Mohammad WM, George A, Nik Hussain NH, Musthapa Kamal ZM, Liske
E. Randomized clinical trial on the use of PHYSTA freeze-dried water extract on Eurycoma
longifolia for the improvement of quality of life and sexual well-being in men. Evid Based
Complement Alternat Med. 2012;2012:429268.

Tambi MI, Imran MK. Eurycoma longifolia Jack in managing idiopathic male infertility.
Asian J Androl. 2010;12:376-80.

Low BS, Das PK, Chan KL. Standardized quassinoid-rich Eurycoma longifolia extract
improved spermatogenesis and fertility in male rats via the hypothalamic-pituitary-gonadal
axis. J Ethnopharmacol. 2013;13(145):706—14.

Erasmus N, Solomon MC, Fortuin KA, Henkel RR. Effect of Eurycoma longifolia Jack
(Tongkat ali) extract on human spermatozoa in vitro. Andrologia. 2012;44:308—14.

Wahab NA, Mokhtar NM, Halim WN, Das S. The effect of Eurycoma longifolia Jack on
spermatogenesis in estrogen-treated rats. Clinics (Sao Paulo). 2010;65:93-8.

Chan KL, Low BS, The CH, Das PK. The effect of Eurycoma longifolia on sperm quality of
male rats. Nat Prod Commun. 2009;4:1331-6.

Chua LS, Abdul-Rahman N, Rosidi B, Lee CT. Plant proteins, minerals and trace elements of
Eurycoma longifolia (Tongkat Ali). Nat Prod Res. 2013;27(4-5):314-8.

Henkel RR, Wang R, Bassett SH, Chen T, Liu N, Zhu Y, Tambi MI. Tongkat Ali as a
potential herbal supplement for physically active male and female seniors—a pilot study.
Phytother Res. 2013; epub ahead of print.

Abel BJ, Carswell G, Elton R, Hargreave TB, Kyle K, Orr S, et al. Randomised trial of
clomiphene citrate treatment and vitamin C for male infertility. Br J Urol. 1982;54:780—4.
Hargreave TB, Kyle KF, Baxby K, Rogers AC, Scott R, Tolley DA, et al. Randomised trial of
mesterolone versus vitamin C for male infertility. Scottish Infertility Group. Br J Urol.
1984;56:740-4.

Rolf C, Cooper TG, Yeung CH, Nieschlag E. Antioxidant treatment of patients with
asthenozoospermia or moderate oligoasthenozoospermia with high dose vitamin C and
vitamin E: a randomized, placebo-controlled, double-blind study. Hum Reprod.
1999;14:1028-33.



220

71

72.

73.

74.

75.

76.

77.

78
79

80.

81.

82.

84.

85.

86.

87.

88.

89.

90.

91.

M.A. Moyad

. Colagar AH, Marzony ET. Ascorbic acid in human seminal plasma: determination and its
relationship to sperm quality. J Clin Biochem Nutr. 2009;45:144-9.

Fraga CG, Motchnik PA, Shigenaga MK, Helbock HJ, Jacob RA, Ames BN. Ascorbic acid
protects against endogenous oxidative DNA damage in human sperm. Proc Natl Acad Sci U S
A. 1991;88:11003-6.

Dawson EB, Harris WA, Powell LC. Relationship between ascorbic acid and male fertility.
World Rev Nutr Diet. 1990;62:1-26.

Mostafa T, Tawadrous G, Roala MM, Amer MK, Kader RA, Aziz A. Effect of smoking on
seminal plasma ascorbic acid in infertile and fertile males. Andrologia. 2006;38:221-4.
Dawson EB, Harris WA, Teter MC, Powell LC. Effect of ascorbic acid supplementation on
the sperm quality of smokers. Fertil Steril. 1992;58:1034-9.

Vitamin C content in foods. http://www.vitamincfoundation.org/usda.html. Accessed 10 Feb
2013.

Thomas LD, Ellinder CG, Tiselius HG, Wolk A, Akesson A. Ascorbic acid supplements and
kidney stone incidence among men: a prospective study. JAMA Intern Med. 2013;173:386-8.
. Fletcher RH. The risk of taking ascorbic acid. JAMA Intern Med. 2013;173:388-9.

. Moyad MA, Combs MA, Baisley JE, Evans M. Vitamin C with metabolites: additional
analysis suggests favorable changes in oxalate. Urol Nurs. 2009;29:383-5.

Busetto GM, Koverech A, Messano M, Antonini G, De Berardinis E, Gentile V. Prospective
open-label study on the efficacy and tolerability of a combination of nutritional supplements
in primary infertile patients with idiopathic asthenoteratozoospermia. Arch Ital Urol Androl.
2012;84:137-40.

Gaziano JM, Sesso HD, Christen WG, Bubes V, Smith JP, MacFadyen J, et al. Multivitamins
in the prevention of cancer in men: the Physicians’ Health Study II randomized controlled
trial. JAMA. 2012;308:1871-80.

Sesso HD, Christen WG, Bubes V, Smith JP, MacFadyen J, Schvartz M, et al. Multivitamins
in the prevention of cardiovascular disease in men: the Physicians’ Health Study II random-
ized controlled trial. JAMA. 2012;308:1751-60.

. Singh AK, Tiwari AK, Singh PB, Dwivedi US, Trivedi S, Singh SK, et al. Multivitamin and
micronutrient treatment improves semen parameters of azoospermic patients with maturation
arrest. Indian J Physiol Pharmacol. 2010;54:157-63.

Obican SG, Finnell RH, Mills JL, Shaw GM, Scialli AR. Folic acid in early pregnancy: a
public health success story. FASEB J. 2010;24:4167-74.

Zeisel SH. Importance of methyl donors during reproduction. Am J Clin Nutr. 2009;89:673S—
7.

Institute of Medicine. Food and Nutrition Board. Folate, Dietary reference intakes for
thiamin, riboflavin, niacin, vitamin B6, folate, vitamin B12, pantothenic acid, biotin, and
choline. Washington, DC: National Academy Press; 2000. p. 196-305.

Winkels RM, Brouwer IA, Siebelink E, Katan MB, Verhoef P. Bioavailability of food folates
is 80% of that of folic acid. Am J Clin Nutr. 2007;85:465-73.

Clarke R, Halsey J, Lewington S, Lonn E, Armitage J, Manson JE, et al for the B-vitamin
Treatment Trialists’ Collaboration. Effects of lowering homocysteine levels with B vitamins
on cardiovascular disease, cancer, and cause-specific mortality. Meta-analysis of 8 random-
ized trials involving 37,485 individuals. Arch Intern Med. 2010;170:1622-31.

Cole BF, Baron JA, Sandler RS, Halle RW, Ahnen DJ, Bresaller RS, et al for Polyp
Prevention Study Group. Folic acid for the prevention of colorectal adenomas: a randomized
clinical trial. JAMA. 2007;297:2351-359.

Gao QY, Chen HM, Chen YX, Wang YC, Wang ZH, Tang JT, et al. Folic acid prevents the
initial occurrence of sporadic colorectal adenoma in Chinese older than 50 years of age: a
randomized clinical trial. Cancer Prev Res (Phila). 2013;6(7):744-52.

Figueriredo JC, Grau MV, Haile RW, Sandler RS, Summers RW, Bresalier RS, et al. Folic
acid and risk of prostate cancer: results from a randomized clinical trial. J Natl Cancer Inst.
2009;101:432-5.


http://www.vitamincfoundation.org/usda.html

92.

93.

94.

95.

96.

97.

98.
99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What. . . 221

Collin SM, Metcalfe C, Refsum H, Lewis SJ, Zuccolo L, Smith GD, et al. Circulating folate,
vitamin B12, homocysteine, vitamin B12 transport proteins, and risk of prostate cancer: a
case-control study, systematic review, and meta-analysis. Cancer Epidemiol Biomarkers
Prev. 2010;19:1632-42.

Balley RL, Millis JL, Yetley EA, Gahche JJ, Pfeiffer CM, Dwyer JT, et al. Unmetabolized
serum folic acid and its relation to folic acid intake from diet and supplements in a nationally
representative sample of adults aged > or =60 y in the United States. Am J Clin Nutr.
2010;92:383-9.

Wien TN, Pike E, Wisloff T, Staff A, Smeland S, Klemp M. Cancer risk with folic acid
supplements: a systematic review and meta-analysis. BMJ Open. 2012;2(1):e000653.
Vollset SE, Clarke R, Lewington S, Ebbing M, Halsey J, Lonn E, et al. Effects of folic acid
supplementation on overall and site-specific cancer incidence during the randomized trials:
meta-analyses of data on 50,000 individuals. Lancet. 2013;381:1029-36.

Qin X, Cui Y, Shen L, Sun N, Zhang Y, LiJ, et al. Folic acid supplementation and cancer risk:
a meta-analysis of randomized controlled trials. Int J Cancer. 2013;133(5):1033-41.

Bassett JK, Severi G, Hodge AM, Baglietto L, Hopper JL, English DR, et al. Dietary intake of
B vitamins and methionine and prostate cancer incidence and mortality. Cancer Causes
Control. 2012;23:855-63.

Miller JW, Ulrich CM. Folic acid and cancer—where are we today? Lancet. 2013;381:974—6.
Wong WY, Merkus HM, Thomas CM, Menkveld R, Zielhuis GA, Steegers-Theunissen
RP. Effects of folic acid and zinc sulfate on male factor subfertility: a double-blind, random-
ized, placebo-controlled trial. Fertil Steril. 2002;77:491-8.

Murphy LE, Mills JL, Molloy AM, Qian C, Carter TC, Strevens H, et al. Folate and vitamin
B12 in idiopathic male infertility. Asian J Androl. 2011;13:856-61.

Lippman SM, Klein EA, Goodman PJ, Lucia MS, Thompson IM, Ford LG, et al. Effect of
selenium and vitamin E on risk of prostate cancer and other cancers: the selenium and vitamin
E cancer prevention trial (SELECT). JAMA. 2009;301:39-51.

Klein EA, Thompson Jr IM, Tangen CM, Crowley JJ, Lucia MS, Goodman PJ, et al. Vitamin
E and the risk of prostate cancer: the selenium and vitamin E cancer prevention trial
(SELECT). JAMA. 2011;306:1549-56.

Duffield-Lillico AJ, Slate EH, Reid ME, Turnbull BW, Wilkins PA, Combs GF Jr, et al for
the Nutritional Prevention of Cancer Study Group. Selenium supplementation and secondary
prevention of nonmelanoma skin cancer in a randomized trial. J Natl Cancer Inst.
2003;95:1477-81.

Stranges S, Marshall JR, Natarajan R, Donahue RP, Trevisan M, Combs GF, et al. Effects of
long-term selenium supplementation on the incidence of type 2 diabetes: a randomized trial.
Ann Intern Med. 2007;147:217-23.

Miller IIT ER, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E. Meta-
analysis: high-dosage vitamin E supplementation may increase all-cause mortality. Ann
Intern Med. 2005;142:37—-46.

Lonn E, Bosch J, Yusuf S, Sheridan P, Pogue J, Arnold JM, et al for the HOPE and HOPE
TOO Trial Investigators. Effects of long-term vitamin E supplementation on cardiovascular
events and cancer: a randomized controlled trial. JAMA. 2005;293:1338-47.

Sesso HD, Buring JE, Christen WG, Kurth T, Belanger C, MacFadyen J, et al. Vitamins E and
C in the prevention of cardiovascular disease in men: the Physicians’ Health Study II
randomized controlled trial. JAMA. 2008;300:2123-33.

Stranges S, Marshall JR, Trevisan M, Natarajan R, Donahue RP, Combs GF, et al. Effects of
selenium supplementation on cardiovascular disease incidence and mortality: secondary
analyses in a randomized clinical trial. Am J Epidemiol. 2006;163:694-9.

Neve J. Selenium as a risk factor for cardiovascular diseases. J Cardiovasc Risk. 1996;3:42-7.
Moyad MA. Selenium and vitamin E supplements for prostate cancer: evidence or embel-
lishment? Urology. 2002;59(4 Suppl 1):9-19.



222

111.

112

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

M.A. Moyad

Pearson P, Lewis SA, Britton J, Young IS, Fogarty A. The pro-oxidant activity of high-dose
vitamin E supplements in vivo. BioDrugs. 2006;20:271-3.

. Rayman MP. Selenium and human health. Lancet. 2012;379:1256-68.
113.

MacFarquhar JK, Broussard DL, Melstrom P, Hutchinson R, Wolkin A, Martin C,
et al. Acute selenium toxicity associated with a dietary supplement. Arch Intern Med.
2010;170(3):256-61.

Diskin CJ, Tomasso CL, Alper JC, Glaser ML, Fliegel SE. Long-term selenium exposure.
Arch Intern Med. 1979;139:824-6.

Keskes-Ammar L, Feki-Chakroun N, Rebai T, Sahnoun Z, Ghozzi H, Hammami S,
et al. Sperm oxidative stress and the effect of an oral vitamin E and selenium supplement
on semen quality in infertile men. Arch Androl. 2003;49:83-94.

Kessopoulou E, Powers HJ, Sharma KK, Pearson MJ, Russell JM, Cooke ID, et al. A double-
blind randomized placebo cross-over controlled trial using the antioxidant vitamin E to treat
reactive oxygen species associated with male infertility. Fertil Steril. 1995;64:825-31.
Safarinejad MR, Safarinejad S. Efficacy of selenium and/or N-acetyl-cysteine for improving
semen parameters in infertile men: a double-blind, placebo controlled, randomized study. J
Urol. 2009;181:741-51.

Omu AE, Dashti H, Al-Othman S. Treatment of asthenozoospermia with zinc sulphate:
andrological, immunological and obstetric outcome. Eur J Obstet Gynecol Reprod Biol.
1998;79:179-84.

Netter A, Hartoma R, Nahoul K. Effect of zinc administration on plasma testosterone,
dihydrotestosterone, and sperm count. Arch Androl. 1981;7:69-73.

Food and Nutrition Board, National Academy of Sciences. Dietary reference intakes for
vitamin A, vitamin K, arsenic, boron, chromium, copper, iodine, iron, manganese, molybde-
num, nickel, silicon, vanadium, and zinc. Washington DC: National Academy Press; 2001.
p. 177-204. 351-98.

Moyad MA. Zinc for prostate disease and other conditions: a little evidence, a lot of hype, and
a significant potential problem. Urol Nurs. 2004;24:49-52.

Leitzmann MF, Stampfer MJ, Wu K, Colditz GA, Willett WC, Giovannucci EL. Zinc
supplement use and risk of prostate cancer. J Natl Cancer Inst. 2003;96:1004—7.
Age-Related Eye Disease Study Research Group. A randomized, placebo-controlled, clinical
trial of high-dose supplementation with vitamins C and E, beta-carotene, and zinc for
age-related macular degeneration and vision loss: AREDS Report Number 8. Arch
Ophthalmol. 2001;119:1417-36.

Johnson AR, Munoz A, Gottlieb JL, Jarrard DF. High dose zinc increases hospital admissions
due to genitourinary complications. J Urol. 2007;177:639—43.

Health Canada Website. Multi-vitamin/Mineral Supplements. http://www.hc-sc.gc.ca/dhp-
mps/prodnatur/applications/licen-prod/monograph/multi_vitmin_suppl-eng.php.  Accessed
10 Nov 2012.

Science M, Johnstone J, Roth DE, Guyatt G, Loeb M. Zinc for the treatment of the common
cold: a systematic review and meta-analysis of randomized controlled trials. CMAJ.
2012;184:551-61.

AREDS?2 Research Group, Chew EY, Clemons T, SanGiovanni JP, Danis R, Domalpally A,
McBee W, et al. The age-related eye disease study 2 (AREDS2): study design and baseline
characteristics (AREDS2 report number 1). Ophthalmology. 2012;119:2282-9.

Dong J-Y, Qin L-Q, Zhang Z, Zhao Y, Wang J, Arigoni F, et al. Effect of oral L-arginine
supplementation on blood pressure: a meta-analysis of randomized, double-blind, placebo-
controlled trials. Am Heart J. 2011;162:959-65.

Vadillo-Ortega F, Perichart-Perera O, Espino S, Avila-Vergara MA, Ibarra I, Ahued R,
et al. Effect of supplementation during pregnancy with L-arginine and antioxidant vitamins
in medical food on pre-eclampsia in high risk population: randomized controlled trial. BMJ.
2011;342:d2901.


http://www.hc-sc.gc.ca/dhp-mps/prodnatur/applications/licen-prod/monograph/multi_vitmin_suppl-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodnatur/applications/licen-prod/monograph/multi_vitmin_suppl-eng.php

130.

131

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What. . . 223

Gui S, Jia J, Niu X, Bai Y, Zou H, Deng J, et al. Arginine supplementation for improving
maternal and neonatal outcomes in hypertensive disorder of pregnancy: a systematic review.
J Renin Angiotensin Aldosterone Syst. 2013; epub ahead of print.

. Morris Jr SM. Enzymes of arginine metabolism. J Nutr. 2004;134(10 Suppl):2743S-7.
132.

Morris Jr SM. Arginases and arginine deficiency syndromes. Curr Opin Clin Nutr Metab
Care. 2012;15:64-70.

Castillo L, de Rojas TC, Chapman TE, Vogt J, Burke JF, Tannenbaum SR, et al. Splanchnic
metabolism of dietary arginine in relation to nitric oxide synthesis in normal adult man. Proc
Natl Acad Sci U S A. 1993;90:193-7.

Boger RH. Asymmetric dimethylarginine, an endogenous inhibitor of nitric oxide synthase,
explains the L-arginine paradox and acts as novel cardiovascular risk factor. J Nutr.
2004;134:2842S5-7.

Paroni R, Barassi A, Ciociola F, Dozio E, Finati E, Fermo I, et al. Asymmetric
dimethylarginine (ADMA), symmetric dimethylarginine (SDMA) and arginine in patients
with arteriogenic and non-arteriogenic erectile dysfunction. Int J Androl. 2012;35:660-7.
Bescos R, Gonzalez-Haro C, Pujol P, Drobnic F, Alonso E, Santolaria ML, et al. Effects of
dietary L-arginine intake on cardiorespiratory and metabolic adaptation in athletes. Int J Sport
Nutr Exerc Metab. 2009;19:355-65.

Bescos R, Sureda A, Tur JA, Pons A. The effect of nitric-oxide-related supplements on
human performance. Sports Med. 2012;42:99-117.

Klotz T, Mathers MJ, Braun M, Bloch W, Engelmann U. Effectiveness of oral L-arginine in
first-line treatment of erectile dysfunction in a controlled crossover study. Urol Int.
1999;63:220-3.

Chen J, Wollman Y, Chernichovsky T, laina A, Sofer M, Matzkin H. Effect of oral
administration of high-dose nitric oxide donor L-arginine in men with organic erectile
dysfunction: results of a double-blind, randomized, placebo-controlled study. BJU Int.
1999;83(3):269-73.

Stanislavov R, Nikolova V. Treatment of erectile dysfunction with Pycnogenol and
L-arginine. J Sex Marital Ther. 2003;29:207-13.

Stanislavov R, Nikolova V, Rohdewald P. Improvement of erectile function with Prelox: a
randomized, double-blind, placebo-controlled, crossover trial. Int J Impot Res. 2008;20:173—
80.

Ledda A, Belcaro G, Cesarone MR, Dugall M, Schonlau F. Investigation of a complex plant
extract for mild to moderate erectile dysfunction in a randomized, double-blind, placebo-
controlled parallel-arm study. BJU Int. 2010;106:1030-3.

Schulman SP, Becker LC, Kass DA, Champion HC, Terrin ML, Forman S, et al. L-Arginine
therapy in acute myocardial infarction: the vascular interaction with age in myocardial
infarction (VINTAGE MI) randomized clinical trial. JAMA. 2006;295:58-64.

Wilson AM, Harada R, Nair N, Balasubramanlan N, Cooke JP. L-Arginine supplementation
in peripheral arterial disease: no benefit and possible harm. Circulation. 2007;116:188-95.
Bednarz B, Jaxa-Chamiec T, Maciewjewski P, Szpajer M, Janik K, Gniot J, et al. Efficacy and
safety of oral L-arginine in acute myocardial infarction. Results of multicenter, randomized,
placebo-controlled ARAMI pilot trial. Kardiol Pol. 2005;62:421-6.

Oka RK, Szuba A, Giacomini JC, Cooke JP. A pilot study of L-arginine supplementation on
functional capacity in peripheral artery disease. Vasc Med. 2005;10:265-74.

Schwedhelm E, Maas R, Freese R, Jung D, Lukacs Z, Jambrecina A, et al. Pharmacokinetic
and pharmacodynamic properties of oral L-citrulline and L-arginine: impact on nitric oxide
metabolism. Br J Clin Pharmacol. 2008;65:51-9.

Cormio L, De Siati M, Lorusso F, Selvaggio O, Mirabella L, Sanguedolce F, et al. Oral
L-citrulline supplementation improves erection hardness in men with mild erectile dysfunc-
tion. Urology. 2011;77:119-22.



224

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.
159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

M.A. Moyad

Rouge C, Des Robert C, Robins A, Le Bacquer O, Volteau C, De La Cochetiere MF,
et al. Manipulation of citrulline availability in humans. Am J Physiol Gastrointest Liver
Physiol. 2007;293:G1061-7.

Moinard C, Nicolis I, Neveux N, Darquy S, Benazeth S, Cynober L. Dose-ranging effects of
citrulline administration on plasma amino acids and hormonal patterns in healthy subjects:
the Citrudose pharmacokinetic study. Br J Nutr. 2008;99:855-62.

Figueroa A, Sanchez-Gonzalez MA, Wong A, Arjmandi BH. Watermelon extract supple-
mentation reduces ankle blood pressure and carotid augmentation index in obese adults with
prehypertension or hypertension. Am J Hypertens. 2012;25:640-3.

Marietta M, Facchinetti F, Neri I, Piccinini F, Volpe A, Torelli G. L-Arginine infusion
decreases platelet aggregation through an intraplatelet nitric oxide release. Thromb Res.
1997,88:229-35.

Moyad MA. Dr Moyad’s guide to male sexual health: what works and what’s worthless? Ann
Arbor, MI: Spry publishing; 2012.

Choi KT. Botanical characteristics, pharmacological effects and medicinal components of
Korean Panax ginseng C A Meyer. Acta Pharmacol Sin. 2008;29:1109-18.

Yue PY, Mak NK, Cheng YK, Leung KW, Ng TB, Fan DT, et al. Pharmacogenomics and the
Yin/Yang actions of ginseng: anti-tumor, angiomodulating and steroid-like activities of
ginsenosides. Chin Med. 2007;2:6.

Lee DC, Lau AS. Effects of Panax ginseng on tumor necrosis factor-alpha-mediated inflam-
mation: a mini-review. Molecules. 2011;16:2802-16.

Chu SF, Zhang JT. New achievements in ginseng research and its future prospects. Chin J
Integr Med. 2009;15:403-8.

Kiefer D, Pantuso T. Panax ginseng. Am Fam Physician. 2003;68:1539-42.

Christensen LP. Ginsenosides chemistry, biosynthesis, analysis, and potential health effects.
Adv Food Nutr Res. 2009;55:1-99.

Attele AS, Wu JA, Yuan CS. Ginseng pharmacology: multiple constituents and multiple
actions. Biochem Pharmacol. 1999;58:1685-93.

Jia L, Zhao Y. Current evaluation of the millennium phytomedicine-ginseng (I): etymology,
pharmacognosy, phytochemistry, market and regulations. Curr Med Chem. 2009;16:2475—
84.

Bucci LR. Selected herbals and human exercise performance. Am J Clin Nutr. 2000;72
(Suppl):6245-34.

Jovanovski E, Jenkins A, Dias AG, Peeva V, Sievenpiper J, Arnason JT, et al. Effects of
Korean red ginseng (Panax ginseng C.A. Mayer) and its isolated ginsenosides and poly-
saccharides on arterial stiffness in healthy individuals. Am J Hypertens. 2010;23:469-72.
Khera M, Goldstein I. Erectile dysfunction. Clin Evid (online), released June 29, 2011.
Ham WS, Kim WT, Lee JS, Ju HJ, Kang SJ, Oh JH, et al. Efficacy and safety of red ginseng
extract powder in patients with erectile dysfunction: multicenter, randomized, double-blind,
placebo-controlled study. Korean J Urol. 2009;50(2):159-64.

Jang DJ, Soo Lee M, Shin B-C, Lee Y-C, Ernst E. Red ginseng for treating erectile
dysfunction: a systematic review. Br J Clin Pharmacol. 2008;66:444-50.

Kim H, Chen X, Gillis CN. Ginsenosides protect pulmonary vascular endothelium against
free radical-induced injury. Biochem Biophys Res Commun. 1992;189:670-6.

Chen X, Lee TJ. Ginsenosides-induced nitric oxide-mediated relaxation of the rabbit corpus
cavernosum. Br J Pharmacol. 1995;115:15-8.

Chen X. Cardiovascular protection by ginsenosides and their nitric oxide releasing action.
Clin Exp Pharmacol Physiol. 1996;23:728-32.

Choi YD, Xin ZC, Choi HK. Effect of Korean red ginseng on the rabbit corpus cavernosal
smooth muscle. Int J Impot Res. 1998;10:37-43.

Choi YD, Rha KH, Choi HK. In vitro and in vivo experimental effect of Korean red ginseng
on erection. J Urol. 1999;162:1508-11.



172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What. . . 225

Kim HJ, Woo DS, Lee G, Kim JJ. The relaxation effects of ginseng saponin in rabbit corporal
smooth muscle: is it a nitric oxide donor? Br J Urol. 1998;82:744-8.

Kimura T, Saunders PA, Kim HS, Rheu HM, Oh KW, Ho IK. Interactions of ginsenosides
with ligand-bindings of GABA(A) and GABA(B) receptors. Gen Pharmacol. 1994;25:193-9.
Park JH, Cha HY, Seo JJ, Hong JT, Han K, Oh KW. Anxiolytic-like effects of ginseng in the
elevated plus-maze model: comparison of red ginseng and sun ginseng. Prog Neuropsycho-
pharmacol Biol Psychiatry. 2005;29:895-900.

Watanabe H, Ohta H, Imamura L, Asakura W, Matoba Y, Matsumoto K. Effect of Panax
ginseng on age-related changes in the spontaneous motor activity and dopaminergic nervous
system in the rat. Jpn J Pharmacol. 1991;55:51-6.

de Andrade E, de Mesquita AA, Claro Jde A, de Andrade PM, Ortiz V, Paranhos M,
et al. Study of the efficacy of Korean red ginseng in the treatment of erectile dysfunction.
Asian J Androl. 2007;9:241-4.

Siegel RK. Ginseng abuse syndrome. Problems with the panacea. JAMA. 1979;241:1614-5.
Baldwin CA, Anderson LA, Phillipson JA. What pharmacists should know about ginseng.
Pharm J. 1986;237:583-6.

Miller LG. Herbal medicinals: selected clinical considerations focusing on known or poten-
tial drug-herb interactions. Arch Intern Med. 1998;158:2200-11.

Klepser TB, Klepser ME. Unsafe and potentially safe herbal therapies. Am J Health Syst
Pharm. 1999;56:125-41.

Stavro PM, Woo M, Heim TF, Leiter LA, Vuksan V. North American ginseng exerts a neutral
effect on blood pressure in individuals with hypertension. Hypertension. 2005;46:406—11.
Stavro PM, Woo M, Leiter LA, Heim TF, Sievenpiper JL, Vuksan V. Long-term intake of
North American ginseng has no effect on 24-hour blood pressure and renal function.
Hypertension. 2006;47:791-6.

Caron MF, Hotsko AL, Robertson S, Mandybur L, Kluger J, White CM. Electrocardiographic
and hemodynamic effects of Panax ginseng. Ann Pharmacother. 2002;36:758-63.

Han JH, Choe SC, Kim HS, Sohn DW, Nam KY, Oh BH, et al. Effect of red ginseng on blood
pressure in patients with essential hypertension and white coat hypertension. Am J Chin Med.
1998;26:199-209.

Rhee MY, Kim YS, Bae JH, Nah DY, Kim YK, Lee MM, et al. Effect of Korean ginseng on
arterial stiffness in subjects with hypertension. J Altern Complement Med. 2011;17:45-9.
Vuksan V, Sung MK, Sievenpiper JL, Stavro PM, Jenkins AL, Di Buono M, et al. Korean red
ginseng (Panax ginseng) improves glucose and insulin regulation in well-controlled, type
2 diabetes: results of a randomized, double-blind, placebo-controlled study of efficacy and
safety. Nutr Metab Cardiovasc Dis. 2008;18:46-56.

Barton DL, Soori GS, Bauer BA, Sloan JA, Johnson PA, Figueras C, et al. Pilot study of
Panax quinquefolius (American ginseng) to improve cancer-related fatigue: a randomized,
double-blind, dose-finding evaluation: NCCTG trial NO3CA. Support Care Cancer.
2010;18:179-87.

Ang-Lee MK, Moss J, Yuan CS. Herbal medicines and perioperative care. JAMA.
2001;286:208-16.

Jiang X, Williams KM, Liauw WS, Ammit AJ, Roufogalis BD, Duke CC, et al. Effect of St
John’s wort and ginseng on the pharmacokinetics and pharmacodynamics of warfarin in
healthy subjects. Br J Clin Pharmacol. 2004;57:592-9.

Kim TH, Jeon SH, Hahn E-J, Pack K-Y, Park JK, Youn NY, et al. Effects of tissue-cultured
mountain ginseng (Panax ginseng CA Meyer) extract on male patients with erectile dysfunc-
tion. Asian J Androl. 2009;11:356-61.

Kim HS, Woo SH, Jo S, Hahn E-J, Youn NY, Lee HL. Double-blind, placebo-controlled,
multi-center study for therapeutic effects of Mountain Panax Ginseng C.A. Meyer extract in
men with erectile dysfunction: a preliminary report. Korean J Androl. 2006;24(2):84-8.
Papakostas GI. Evidence for S-adenosyl-L-methionine (SAM-e) for the treatment of major
depressive disorder. J Clin Psychiatry. 2009;70 Suppl 5:18-22.



226

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

M.A. Moyad

Papakostas GI, Mischoulon D, Shyu I, Alpert JE, Fava M. S-Adenosyl methionine (SAMe)
augmentation of serotonin reuptake inhibitors for antidepressant nonresponders with major
depressive disorder: a double-blind, randomized clinical trial. Am J Psychiatry.
2010;167:942-8.

Alpert JE, Papakostas G, Mischoulon D, Worthington III JJ, Petersen T, Mahal Y,
et al. S-Adenosyl-L-methionine (SAMe) as an adjunct for resistant major depressive disorder:
an open trial following partial or nonresponse to selective serotonin reuptake inhibitors or
venlafaxine. J Clin Psychopharmacol. 2004;24:661-4.

Levkovitz Y, Alpert JE, Brintz CE, Mischoulon D, Papakostas GI. Effects of S-adenosyl
methionine augmentation of serotonin-reuptake inhibitor antidepressants on cognitive symp-
toms of major depressive disorder. Eur Psychiatry. 2012;27:518-21.

Shippy RA, Mendez D, Jones K, Cergnul I, Karpiak SE. S-Adenosyl methionine (SAM-e) for
the treatment of depression in people living with HIV/AIDS. BMC Psychiatry. 2004;4:38.
Dording CM, Mischoulon D, Shyu I, Alpert JE, Papakostas GI. SAMe and sexual function-
ing. Eur Psychiatry. 2011;27:451-4.

Kennedy SH, Rizvi S. Sexual dysfunction, depression, and the impact of antidepressants. J
Clin Psychopharmacol. 2009;29:157-64.

Ringdahl E, Pandit S. Treatment of knee osteoarthritis. Am Fam Physician. 2011;83:1287—
92.

Soeken KL, Lee WL, Bausell RB, Agelli M, Berman BM. Safety and efficacy of S-adenosyl
methionine (SAM-e) for osteoarthritis. J] Fam Pract. 2002;51:425-30.

Kornblut Anne E, Wilson D. How one pill escaped place on steroid list. The New York
Times, Sunday, April 17, 2005, page 1 and page 20.

Brown GA, Vukovich M, King DS. Testosterone prohormone supplements. Med Sci Sports
Exerc. 2006;38:1451-61.

Leder BZ, Longcope C, Catlin DH, Ahrens B, Schoenfeld DA, Finkelstein JS. Oral andro-
stenedione administration and serum testosterone concentrations in young men. JAMA.
2000;283:779-82.

King DS, Sharp RL, Vukovich MD, Brown GA, Reifenrath TA, Uhl NL, et al. Effect of oral
androstenedione on serum testosterone and adaptations to resistance training in young men: a
randomized controlled trial. JAMA. 1999;281:2020-8.

Ritter RH, Cryar AK, Hermans MR. Oral androstenedione-induced impotence and severe
oligospermia. Fertil Steril. 2005;84:217.

Broeder CE, Quindry J, Brittingham K, Panton L, Thomson J, Appakondu S, et al. The Andro
Project: physiological and hormonal influences of androstenedione in men 35 to 65 years old
participating in a high-intensity resistance training program. Arch Intern Med.
2000;160:3093-104.

Leder BZ, Leblanc KM, Longcope C, Lee H, Catlin DH, Finkelstein JS. Effects of oral
androstenedione administration on serum testosterone and estradiol levels in postmenopausal
women. J Clin Endocrinol Metab. 2002;87:5449-54.

Feldman HA, Goldstein I, Hatzichristou DG, Krane RJ, McKinlay JB. Impotence and its
medical and psychological correlates results of the Massachusetts Male Aging Study. J Urol.
1994;151:54-61.

Reiter WJ, Pycha A, Schatzi G, Klingler HC, Mark I, Auterith A, et al. Serum dehydroepi-
androsterone sulfate concentrations in men with erectile dysfunction. Urology. 2000;55:755—
8.

Traish AM, Kang P, Saad F, Guay AT. Dehydroepiandrosterone (DHEA)—a precursor
steroid or an active hormone in human physiology. J Sex Med. 2011;8:2960-82.

Reiter WJ, Schatzi G, Mark I, Zeiner A, Pycha A, Marberger M. Dehydroepiandrosterone in
the treatment of erectile dysfunction in patients with different organic etiologies. Urol Res.
2001;29:278-81.



212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

2217.

228.

229.

Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What. . . 227

Reiter WJ, Pycha A, Schatzi G, Pokorny A, Gruber DM, Huber JC, et al. DHEA in the
treatment of erectile dysfunction: a prospective, double-blind, randomized, placebo-
controlled study. Urology. 1999;53:590—4.

Hellbronn LK, de Jonge L, Frisard MI, DeLany JP, Larson-Meyer DE, Rood J, et al for the
Pennington CALERIE Team. Effect of 6-month calorie restriction on biomarkers of longev-
ity, metabolic adaptation, and oxidative stress in overweight individuals: a randomized
controlled trial. JAMA 2006;295:1539-438.

Niskanen L, Laaksonen DE, Punnonen K, Mustajoki P, Kaukua J, Rissanen A. Changes in sex
hormone-binding globulin and testosterone during weight loss and weight maintenance in
abdominally obese men with the metabolic syndrome. Diabetes Obes Metab. 2004;6:208-15.
Ernst B, Wilms B, Thurnheer M, Schultes B. Reduced circulating androgen levels after
gastric bypass surgery in severely obese women. Obes Surg. 2013;23:602-7.

Voznesensky M, Walsh S, Dauser D, Brindisi J, Kenny AM. The association between
dehydroepiandosterone and frailty in older men and women. Age Ageing. 2009;38:401-6.
Tiran D. The use of fenugreek for breast feeding women. Complement Ther Nurs Midwifery.
2003;9:155-6.

Poole C, Bushey B, Foster C, Campbell B, Willoughby D, Kreider R, et al. The effects of a
commercially available botanical supplement on strength, body composition, power output,
and hormonal profiles in resistance-trained males. J Int Soc Sports Nutr. 2010;7:34.

Steels E, Rao A, Vietta L. Physiological aspects of male libido enhanced by standardized
Trigonella foenum-graecum extract and mineral formulation. Phytother Res. 2011;25:1294—
300.

Wilborn C, Taylor L, Poole C, Foster C, Willoughby D, Kreider R. Effects of a purported
aromatase and 5alpha-reductase inhibitor on hormone profiles in college-age men. Int J Sport
Nutr Exerc Metab. 2010;20:457-65.

Hannan JM, All L, Rokeya B, Khaleque J, Akhter M, Flatt PR, Abdel-Wahab YH. Soluble
dietary fibre fraction of Trigonella foenum-graecum (fenugreek) seed improves glucose
homeostasis in animal models of type 1 and type 2 diabetes by delaying carbohydrate
digestion and absorption, and enhancing insulin action. Br J Nutr. 2007;97:514-21.
Rogerson S, Riches CJ, Jennings C, Weatherby RP, Meir RA, Marshall-Gradisnik SM. The
effect of five weeks of Tribulus terrestris supplementation on muscle strength and body
composition during preseason training in elite rugby league players. J Strength Cond Res.
2007;21:348-53.

Neychev VK, Mitev VI. The aphrodisiac herb Tribulus terrestris does not influence the
androgen production in young men. J Ethnopharmacol. 2005;101:319-23.

Kohut ML, Thompson JR, Campbell J, Brown GA, Vukovich MD, Jackson DA,
et al. Ingestion of a dietary supplement containing dehydroepiandrosterone (DHEA) and
androstenedione has minimal effect on immune function in middle-aged men. J Am Coll
Nutr. 2003;22:363-71.

Brown GA, Vukovich MD, Martini ER, Kohut ML, Franke WD, Jackson DA, et al. Effects of
androstenedione-herbal supplementation on serum sex hormone concentrations in 30- to
59-year-old men. Int J Vitam Nutr Res. 2001;71:293-301.

Brown GA, Vukovich MD, Reifenrath TA, Uhl NL, Parsons KA, Sharp RL, et al. Effects of
anabolic precursors on serum testosterone concentrations and adaptations to resistance
training in young men. Int J Sport Nutr Exerc Metab. 2000;10:340-59.

Antonio J, Uelmen J, Rodriguez R, Earnest C. The effects of Tribulus terrestris on body
composition and exercise performance in resistance-trained males. Int J Sport Nutr Exerc
Metab. 2000;10:208-15.

Moyad MA, Barada JH, Lue TF, Mulhall JP, Goldstein I, Fawzy A, for the Sexual Medicine
Society (SMS) Nutraceutical Committee. Prevention and treatment of erectile dysfunction
using lifestyle changes and dietary supplements: what works and what is worthless, part
1I. Urol Clin North Am. 2004;31:259-73.

Yohimbe. www.nlm.nih.gov/medlineplus/druginfo/natural/759.html. Accessed 23 Apr 2013


http://www.nlm.nih.gov/medlineplus/druginfo/natural/759.html

228

230.

231.

232.

233.

234,

235.

236.

237.

M.A. Moyad

Ernst E, Pittler MH. Yohimbine for erectile dysfunction: a systematic review and meta-
analysis of randomized clinical trials. J Urol. 1998;159:433-6.

Zavaczki Z, Szollosi J, Kiss S, et al. Magnesium-orotate supplementation for idiopathic
infertile male patients: a randomized, placebo-controlled clinical pilot study. Magnes Res.
2003;16:131-6.

Dell’Agli M, Galli GV, Dal Cero E, Belluti F, Matera R, Zironi E, et al. Potent inhibition of
human phosphodiesterase-5 by icariin derivatives. J Nat Prod. 2008;71:1513-7.

Shindel AW, Xin ZC, Lin G, Fandel TM, Huang YC, Banie L, et al. Erectogenic and
neurotrophic effects of icariin, a purified extract of horny goat weed (Epimedium spp.)
in vitro and in vivo. J Sex Med. 2010;7(4 Pt 1):1518-28.

Liu WJ, Xin ZC, Xin H, Yuan YM, Tian L, Guo YL. Effects of icariin on erectile function and
expression of nitric oxide synthase isoforms in castrated rats. Asian J Androl. 2005;7:381-38.
Shin BC, Lee MS, Yang EJ, Lim HS, Ernst E. Maca (L. meyenii) for improving sexual
function: a systematic review. BMC Complement Altern Med. 2010;10:44.

Gonzales GF, Cordova A, Gonzales C, Chung A, Vega K, Villena A. Lepidium meyenii
(Maca) improved semen parameters in adult men. Asian J Androl. 2001;3:301-3.

Harel Z, Harel S, Wald R, Mamdani M, Bell CM. The frequency and characteristics of dietary
supplement recalls in the United States. JAMA Intern Med. 2013;15:1-3.



	Chapter 12: Nutraceuticals for Fertility and Erectile Health: A Brief Overview of What Works and What Is Worthless
	Introduction: Lifestyle Changes Matter
	Nutraceuticals/Dietary Supplements: Fertility
	First Do No Harm Specific Supplementation for Infertility
	Coenzyme Q10 (CoQ10, Also Known as ``Ubiquinone´´)
	l-Carnitine
	Omega-3 Fatty Acids
	Tonkat Ali (Eurycoma longifolia)
	Vitamin C
	Combination Products

	First Do No Harm: Potentially Harmful Supplementation for Infertility
	Folic Acid/Vitamin B9 (High Dose)
	Selenium and Vitamin E
	Zinc

	First Do No Harm Specific Supplementation for Improved Erectile Function
	l-Arginine or l-Arginine Aspartate+Pycnogenol
	l-Citrulline
	Panax ginseng and Ginsenosides (Korean Red Ginseng and Others)
	SAM-e for SSRI-Induced Sexual Dysfunction

	First Do No Harm: Potentially Harmful or Ineffective Nutraceuticals for Erectile Function
	Androstenedione and/or DHEA
	Fenugreek (Trigonella foenum-graecum)

	Tribulus terrestris
	Yohimbine Hydrochloride (Not Really a Dietary Supplement or CAM)

	Conclusion
	References


