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Abstract

Aspartic acid naturally occurs as an L- or D-form. Like many other chemical, aspartic acid demonstrates a varied bio-
logical activity dependent on which enantiomer it is in a pair. L-Aspartic acid (L-Asp) belongs to endogenous human amino
acids involved in peptides and proteins formation which also partakes in purine and pyrimidine synthesis. D-Aspartic acid
(D-Asp) occurs in organisms in a free form and does not create proteins. D-Asp plays an important role in the endocrine
and the nervous system (functioning as a neurotransmitter and a neuromodulator). Involvement of D-Asp in the endocrine
activity has also been widely analysed. Research into D-Asp role in the synthesis and release of sex hormones in humans
have revealed that seminal plasma and spermatozoa contain D-Asp and that there is a direct correlation between D-Asp
concentration and the quantity and motility of spermatozoa in semen. It was therefore hypothesized that D-Asp may play
an exceptional role in spermatogenesis. These results have prompted the sports market to launch dietary supplements
containing D-Asp that is recommended as a compound that enhances testosterone synthesis. The aim of this overview
was to present current knowledge about the role of D-Asp in the nervous and endocrine system of animals, especially of

humans, and find the answer to the question, could the D-Asp intake be beneficial for professional athletes.
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Introduction

Out of 140 nonproteinogenic amino acids (or non-
coded amino acids, because they are not encoded in
the genetic code), D-Aspartic acid, also called testos-
terone ,booster”, has recently been one of the most
popular compounds offered as dietary supplements,
which accelerate and enhance testosterone synthesis
and as a result increase its natural level. D-Aspartic
acid is a D-form enantiomer of aspartic acid which
naturally occurs also as an L-form aspartic acid. Like
many other chemical, aspartic acid demonstrates
a varied biological activity dependent on which en-
antiomer it is in a pair [1]. L-Aspartic acid (L-Asp)
belongs to endogenous human amino acids involved
in peptides and proteins formation which also par-
takes in purine and pyrimidine synthesis. It has been
hypothesized that L-Aspartic acid, especially the
potassium magnesium aspartate salt, enables us to
save the supply of muscle glycogen and/or promote
faster glycogen resynthesis during physical exercise.
Another hypothesis suggests that L- Asp may improve
the capacity for short intensive exercise by generating
energy as a substrate for energy production in Krebs
cycle and prevent skeletal muscles fatigue, which is,
however, yet to be confirmed [2]. In particular the
hypothesis about the effectiveness of D-Asp as a com-
pound that increases the synthesis of testosterone in
humans requires confirmation. Therefore, the aim
of this overview was to collect and organize current
scientific knowledge regarding a biological action of

D-Asp, the role of D-Aspartic acid in the nervous and
endocrine system, in particular in humans and find
the answer to the question, could the D-Asp intake
be beneficial for professional athletes as a legal form
of performance enhancement and androgenic status
maintenance.

D-Aspartic acid in animal tissues

D-Aspartic acid was first discovered in 1977 by
D’Aniello and Giuditta [3] in the brain of the Oc-
topus vulgaris and in the following year it was also
found in the peripheral nervous system [4]. Next, the
amino acid was identified in neuroendocrine tissues
of various groups of animals: opistobranchia sea [5,6],
tunicates [7,8], amphibians [9,10], reptiles [11,12]
and birds [13,14]. In mammals, D-Aspartic acid was
found in mouse’s brain [15] and in rats: in testis [16],
pineal gland [17], in pituitary and adrenal glands
[18,19], in prefrontal cortex and hippocampus [20,21]
and a variety of neurons in central nervous system
and elongated spermatids [22], in blood plasma of
testicular vein, testicular interstitial cells, seminifer-
ous tubules and sperm cells [23] but also in a retina
[24], hypothalamus and testis [25] and in the cells of
hypothalamus-neurohypophysel system [26].

The presence of D-Aspartic acid was also deter-
mined in humans in their tooth enamel [27], in the
brain of healthy people as well as of those suffering
from Alzheimer’s disease [28- 31], in fetal blood ob-
tained from umbilical cord as well as in adults’ blood
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[32], in lenses of human cataracts [33], in prefrontal
cortex [34], in erythrocytes membrane of healthy
people and those suffering from a chronic kidney
disease [35]. Seminal plasma and spermatozoa [36]
as well as in pre-ovulatory follicular fluid [37] were
also found to contain D-Aspartic acid.

Biosynthesis of D-Aspartic acid in mammals

Initially, D- Asp was claimed to originate exclusively
from ingestion and intestinal bacteria. Long et al.
were the first to have reported the presence of D-Asp
in the cells of pheochromocytoma and rat pituitary
tumor cells [38,39]. The conversion of ['*C] L-Asp to
[*C] D-Asp was then acknowledged by Wolosker et
al. [25] in the culture of nervous cells derived from rat
embryos, implying two possibilities of D-Asp synthe-
sis: via aspartate racemase or aspartate transaminase.
Subsequent years yielded no detailed research on
D-Asp synthesis, which, according to Furuchi and
Hommy [40], should be blamed on extremely low
aspartate racemase activity or insufficient knowledge
of optimal culturing lab conditions in which molecular
mechanisms of D-Asp are investigated. It was only in
2009 that Topo et al. [41] discovered that aspartate
racemase, occurring in many tissues, is involved in the
conversion of L-Asp to D-Asp in rats and that pituitary
gland was the tissue of its highest enzymatic activity of
all the tissues analysed (pituitary gland, testes, brain,
liver, kidneys and plasma).

The role of D-Aspartic acid in the nervous system

Previous studies have provided evidence that D-
Aspartic acid plays an important role in the endocrine
and the nervous systems functioning. D-Asp induces
synthesis of the proteins which participate in the de-
velopment of the nervous system, specifically in the
prenatal period or directly after birth and it acts as
a neurotransmitter or neuromodulator at synapses.
D-Asp participation in the development of the central
nervous system is demonstrated by its high transient
concentrations in the brain and the retina of 13- to
14-day-old chicken embryos which subsequently
decrease to very low level and remain the same for
the rest of the chicken’s life [13]. Such a high transient
accumulation of D-Asp in rat embryos takes place
solely in their brain, whereas in the retina it appears
but several days after birth only to decline to low levels,
similarly to the case of the chickens. Therefore, the
highest D-Asp concentrations in the retina of both
chickens (which possess a full vision since birth) and
rats (which open their eyes on the 12% -13" day of life)
occur 4-7 days prior to the animals enveloping their
sight [13,32]. Very low concentrations of D-Asp in
adult rat brain and high concentrations in rat embryo
and newborn brains have also been noted by Wolosker
et al. [25].

Numerous findings have supported the hypothesis
that D-Asp plays a role as a neurotransmitter and neu-
romodulator at synapses. In the goldfish retina, D-Asp
has been demonstrated to be capable of potentiating
the effect of L-glutamate in the light response by about
15-fold [42] and, acting as a selective NMDA receptor
antagonist (NMDA receptor in synapses regulates cal-
cium flux in cells), it elicits the release of y Aminobutyric
acid (GABA) which functions as the main inhibitory
neurotransmitter in the CNS [43]. In vitro studies have
demonstrated that D-Asp is released from the rat cer-
ebellum by depolarizing stimuli induced by potassium
ions, just as it occurs for other neurotransmitters. The
neurotransmitive role of D-Asp has also been proven
by its presence in synaptic vesicle in Aplysia limacina
[4]. According to Ota et al.[45], D-Asp fulfils to a large
extent, if not fully, the function of the classic neurotrans-
mitter i.e. D-Asp particles are synthesized, decomposed
and released from presynaptic neurons and then induce
reactions in postsynaptic ones.

Involvement of D-Aspartic acid in the hormone
regulation

D-Asp involvement in the endocrine activity has
also been widely analysed. D-Asp has been reported
to negatively regulate melatonin synthesis in the rat
pineal gland [46] but to stimulate the pituitary gland to
release a-melanocyte-stimulating hormone (a-MSH),
which activates skin cells to melanin (brown natural
pigment) synthesis [47].

The role which D-Asp plays in the synthesis and
release of sex hormones participating in reproduction
processes appears to have attracted the richest array of
studies. The majority of research confirming D-Asp
involvement in the hormone synthesis and release was
conducted on rats. It was demonstrated that D-Asp
injected in an adult rat led to an increase in lutein-
izing hormone (LH), testosterone, progesterone and
prolactin [16,48]. A significant increase in testosterone
and LH synthesis has also been reported in in vitro
experiments involving incubation of Leydig cells and
pituitary glands with 0,1nM D-Aspartic acid [41]. The
incubation of isolated rat hypothalamus with D-Asp,
in turn, has indicated that it can elicit the release of
GnRH-LHRH (gonadotropin-releasing hormone)
that is, the hormone responsible for releasing LH and
FSH from the anterior lobe of pituitary gland [47,48].

D-Asp has also been reported to regulate testoster-
one and 17B-estradiol production in male and female
amphibian gonads respectively [9,10,49], to stimulate
the activity of ovaries and testes in reptiles [50,51]
and to affect steoridogenesis activity in the mallard’s
testes [14].

Further studies have been carried out with an aim
to explain the cellular and molecular mechanism
which enables D-Asp to influence the synthesis and
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release of sex hormones. The observation of rats have
revealed that the application of D-Asp increases the
level of StAR mRNA regulating sex hormones synthe-
sis in Leydig cells, which stimulates testosterone syn-
thesis [40, 52]. D-Asp function has also been observed
in frogs, where it appears to modulate the level of sex
hormones in testes by regulation of P450 aromatase
activity (P450 aro), the key enzyme responsible for the
conversion of testosterone into 17f3-estradiol, as well
as modulating 5a-reductase type 2 ( 5a-Red2) which
is the catalyst of the conversion of testosterone into
5a-dihydrotestosterone [53].

The role of D-Aspartic acid in the human repro-
ductive system

Research into D-Asp role in the synthesis and re-
lease of sex hormones in humans [36] have revealed
that seminal plasma and spermatozoa contain D-Asp
and that there is a direct correlation between D-Asp
concentration and the quantity and motility of sper-
matozoa in semen, i.e. sperm quality. It was therefore
hypothesized that D-Asp may play an exceptional role
in spermatogenesis, particularly because it was identi-
fied in the spermatozoa nucleus, which, according to
the researchers, may indicate D-Asp stimulatory activ-
ity in transcription of genes associated with sperm cells
maturity. D-Asp concentrations in seminal plasma
in men with oligoasthenoteratozoospermia and azo-
ospermia have been demonstrated to be significantly
lower (3.07 and 6.7-fold, respectively) in comparison
with men with normal semen. However, whether the
lower level of D-Asp in these men’s semen was the
result or the cause of the decreased semen quality has
not been determined.

The occurrence of significant amount of free D-Asp
in pre-ovulatory follicular fluid was identified in women
aged 22-44 who were involved in in vitro fertilization
programme (IVF). Significantly high D-Asp concen-
trations have been identified in younger females (aged
22-34) than in the older ones (aged 35-40) (P<0.01).
A significant direct correlation has also been found
between D-Asp concentrations and the volume of good
quality oocytes MII (oocytes in Metaphase II) and the
fertility rate (FR). In the older females (aged 35-40)
reduced D-Asp concentrations in follicular fluid have
been accompanied by a lower oocyte quality and smaller
chance of fertilization. According to the researchers, the
findings implicate that D- Asp may play a role in female
reproduction and that follicular D-Asp concentrations
may be used as alternative or additional markers of
oocyte quality in IVF patients.

The acute and chronic effects of D- and L-amino
acids intake in humans

The presence of endogenous and biologically active
simple chemical compounds like amino acids (both

as D-form and L-form enantiomers) has prompted
pharmaceutical companies to launch dietary supple-
ments containing combinations of such components.
The substances containing three branched-chain L-
amino acids: leucine, isoleucine, and valine are among
the most widely known and recommended ones for
athletes and physically active people. Research carried
out on athletes has proven that application of amino
acids induces the kinds of hormonal reactions which
stimulate anabolic and anti-catabolic processes i.e.
increased rate of protein synthesis. Athletes engaged
in strength training with amino acid supplementation
demonstrated higher testosterone levels during inten-
sive training compared to the group with no supple-
mentation [54,55]. Athletes involved in endurance
training with ,,branched-chain amino acid” (BCAA)
supplementation were associated with higher post ex-
ercise GH level but lower blood lactate concentrations.

Literature provides reports of D-Asp applied as
a dietary supplement to men experiencing reproduc-
tive problems due to poor semen quality. Clinical tests
conducted by Topo et al. [41] within in vitro fertiliza-
tion program including men aged 27-37, to whom D-
aspartic acid was administered for 12 consecutive days
(every morning at breakfast a 10 ml 2,0M solution of
sodium D-Asp i.e. 3.12g/10ml) revealed a significant
increase in both luteinizing hormone and testoster-
one after supplementation. In 20 out of 23 subjects
(87%) the sodium D-aspartic acid intake caused LH
concentration in blood to rise by 33.3% in comparison
with baseline values, from 4.2 + 0.5 to 5.6 + 0.9 mIU/
ml. The effects produced by D-Asp were dependent
on the administration time - a significant increase in
LH concentrations was recorded after 12 days. Once
the supplementation finished, LH concentration was
decreasing and although it remained at a higher level
than the baseline values, the difference was not statisti-
cally significant. Similarly, testosterone concentrations
in blood serum increased significantly after a 12-day
treatment with D-Asp from 4.5 + 0.6 to 6.4 + 0,8 ng/
ml, i.e. by 42% (P<0.0082) and decreased on the third
day after supplementation, but in contrast to LH con-
centration, it was significantly higher (P<0.01) then
baseline values. This was ascribed to the stimulation
of D-Asp accumulated in testes because a parallel in
vitro experiment demonstrated the accumulation of
significant amounts of D-Asp in rat’s testes still for the
next 3 days after the supplementation [41].

The findings reported by Topo et al. [41] led to D-
Asp being recommended to athletes as a component of
supplements, which accelerate and enhance testosterone
synthesis and as a result increase its natural level via
physical training. This might be of interest to profes-
sional athletes as intensive training sometimes disrupts
the anabolic-catabolic balance measured by cortisol
to testosterone concentration ratio in blood [57]. The

| 213



tadyga M., Obminski Z. / Medicina Sportiva 17 (4): 211-216, 2013

parameter was introduced 25 years ago and it is used
to monitor adaptation during physical training but
also to assess start stress tolerance. A sharp decrease
in testosterone concentration during competition has
been proven to reduce physical capacity and mood [58],
which may affect the sports competition results.

The available literature is lacking in compelling
data which could confirm that D-Asp indeed restrains
the decrease in endogenous testosterone induced by
physical training load. Similarly, the effect of legal
supplements recommended to sustain androgen syn-
theses in athletes also remains to be proven in clinical
research and the application of exogenous testosterone,
its analogues and precursors, is forbidden in profes-
sional sport. Therefore, D-Asp supplementation may
appear to be an attractive and legal way of androgenic
status maintenance and pharmacological enhance-
ment of training effects.

Does the D-Asp intake is healthy for humans?

A question arises, whether it is safe for healthy
people to use D-Asp supplementation which after 12
days caused testosterone concentration to rise by 42%
in the analysed men’s blood serum [41]. The reported
effect of increased testosterone synthesis as a result of
sodium D-aspartic acid supplementation in men with
low sperm quality (oligoasthenoteratozoospermia and
azoospermia) may be considered as beneficial. We may
assume that D-Asp supplementation would improve
the health or quality of life of men who experience its
deterioration in the second half of life, which is partly
genetically determined [59] but may also be linked to
age-related androgen deficiency, commonly referred
to as andropause [60,61]. Testosterone level, which is
decreasing with age [62,63], modifies the effects of
genetic factors on hippocampal volume [64], increases
the risk of ischemic heart disease [65], intermittent
claudication [66] and diabetes [67]. Generally, age-
related andropause increases male mortality rate [68].

The process of aging often involves diminishing
androgenes production in men, which is what gave rise
to the investigation whether pharmacological supple-
mentation of these hormones will mitigate andropause
effects and influence the resistance training effects in
middle-aged men in “The Andro Project” programme
[69]. Testosterone precursors, called pro-hormones on
the dietary supplements market, were administered
to a study group aged 35-65 within 12 weeks, 200mg/
day. The researchers used androstendione and andro-
stendiol, physiologically weak androgens which are
converted to active androgen-testosterone in human
body. In the study group on androstendione a slight
increase (16%) of total testosterone concentration was
observed after a month but it then decreased to base-
line values owing to endogenous hormone synthesis
inhibition. No improvement in adaptation to training

load was noted and the observed increase in HDL may

indicate an increased risk of ischemic heart disease.

In another study involving men at the age of 30
to 56, 300 mg of androstendione was administered
daily for 4 weeks. At the end of the experiment, no
alterations to the total testosterone concentrations
were reported. However, after a week’s supplementa-
tion, the researchers noted a significant increase in free
testosterone, dihydrotestosterone (DHT) and estradiol,
whereas, in the fourth week HDL appeared to have
decreased [70]. Another experiment involving young
men aged 19-29 who were taking androstendione,
revealed similarly adverse changes in lipid profile and
no expected influence on their strength development
[71]. Therefore, on the basis of the above research it
may be concluded that the testosterone precursors,
androstendione and androstendiol, can adversely af-
fect men’s lipid profile, which, in turn, increases the
risk of ischemic heart disease. The available literature
provides no answer to the question of how D-Asp
supplementation affects the lipid profile.

Neither has there been research done to explain
whether the form of D-Asp application has any impact
on biological effect. The dietary supplements available
in Poland which are mainly composed of D-aspartic
acid (in most cases), sodium-D-aspartate salt or che-
lated calcium D-aspartic acid are offered in capsules
or powder whereas the experiment revealing 42%
increase in testosterone concentration in blood serum
involved the application of sodium D-aspartic acid.
Furthermore, there is an issue of the bioavailability of
D-form enantiomers, including D-Asp, in humans,
which is being investigated in studies concerning
e.g. food processing since these processes may entail
a conversion of all the natural L-amino acids (LAAs)
into their mirrored isomers, D-amino acids (DAAs).
Some DAAs have been demonstrated to be toxic in
vivo, e.g. D-serine damages proximal renal tubules in
rats [72,73]. The danger, however, does not apply to
D-Asp as it has been confirmed to be an endogenous
compound in humans. Nevertheless, it is important
to bear in mind that the following questions posed at
The 1+ International Conference on D-Aspartic Acids
on The Awaji Island [74] remain largely unresolved:
o What are the interactions of DAAs as compared to

LAAs in the binding to the active sites of proteases,

such as trypsin, chymotrypsin and pepsin in the

digestive tract?

» Do metabolic interactions, antagonisms or syner-
gisms, among free and protein-bound DAAs occur
in vivo?

o Do DAAs and D-peptides alter the normal micro-
flora of the intestine?

« How do biological effects of DA As vary, depending
on whether they are consumed in the free state or
as part of a food protein?
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Summary

The above research findings indicate that D-Asp
supplementation could be alegal form of performance
enhancement and androgenic status maintenance for
professional athletes, or a treatment mitigating the
effects of andropause. However, there is currently
insufficient empirical evidence to determine how ef-
fective D-Asp stimulatory activity is in testosterone
synthesis or what health benefits can be expected with
long-term use.
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