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Do aspartate and asparagine acute supplementation influence
the onset of fatigue in intense exercise?

A. PARIST |, F. QUARANTA !, D MASALA *. F. FAGNANI !, V. DI SALVO !, M. CASASCO %, F. PIGOZZI !

Aim. Oxaloucetic acid represents a fandamental intermediacy
in the metabolism of energy substrate. Asparagine and aspar-
tate constitute precursor compounds of this substance.
‘Therefore, they could affect tricarbossilic acids cyele. Besides,
it was suggested that supplementation with aspartaic und uspa-
rugine delermines a muscular glycogen sparing during stre-
nuous physical exercise, even if the real effectiveness remain con-
troversiul. The aim of the present pilot study was to evaluate the
hypothesis that a supplementation with oxaloacetate precursors,
precisely aspartate and asparagine, could improve sport perfor-
mance during high intensity endurance exercise.

Methody, We reeruited 15 male trained athletes, aged from 20
to 30 years (mean age: 24.13+3.K7 years), practicing triathlon.
We administered them placchbo or aspartate (7 g) and aspara-
gine (7 ) mixture, using a double blind technique, belore
performing un exhaustion stress test un cycloergometer carried
oul o Y0% of each athlete’s maximum oxygen consumption,
previonsly determined.

Results, We evaluated lactalemis throngh eariobe punctures
at the end of warming up, 4t the maximum ¢ffort and at reco-
very time (3 min, 5 min, 10 min, 15 min, 30 min). Furthermore,
subjecty were submitted to three blood samples from brachial
artery in order to assess the glycemia (before the exercise, af the
end of the exercise, and 30 min after the end of the exercise).
Conclusion. The anulysis of these parameters and the results of
the ergometric lests after mnino acids assumption indicate that
acute supplementation with aspariate and asparagine do not
sigmificantly affect physical performance in athletes practicing
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high intensity exercises, and that aente administration of aspar-
tate does not canse a sparing of muscle glycogen concentration.
Kxy worps: Aspartatic acid - Asparagine - Physical fitness -
Glycogen synthase.

Asparaginc and aspartate represent the precursors
of oxaloacetic acid,! fundamental intermediary in
the energy substrate metabolism. It was postulated by sev-
cral authors? that an increased availability of these amino
acids could be able o implement the oxaloacetic acid con-
centration and then to affect the cycle of the tricarbossilic
acids (Figure 1), leading to a betler utilization of fatty
acids with consequent glycogen sparing effect.

Aspartic acid is transformed into fumarate in the
urea cycle, which in tumn, enters Krebs cycle and is
converted into malate and Jater oxidized in oxaloac-
etate, whereas asparagine is synthesized through a
reaction involving the transfer of the amidic nitrogen
belonging o glutarmine towards aspartate. This roule
of synthesis, catalyzed by asparagine-synthetase, is
present in many mammals and is adenosine triphos-
phate (ATP)-dependent.

Oxaloacelic acid synthesis represents a funda-
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Figure 1.—Cycle of the mearbossilic acids.

mental step for the regulation of fatty acids oxidation.?
To confirm the importance of its role, it is worth to
remark that in the skeletal muscle high pyruvalc car-
boxylase? concentrations have been observed. Such
enzyme, stimuluted by acetyl coenzyme A (CoA)
and ATP, regulates the oxaloacetate synthesis from
piruvate *

In addition, pyruvate carboxylase reaches very high
concentrations in the muscle during physical activily,*
6 playing a key role in the control of Krebs cycle. The
condensation of oxaloacetate and ucetyl CoA, cat-
alyzed by synthetase citrate, leads 1o the formation of
citne seid, the start point of the Krebs cycle. Therefore,
this reaction is essential for oxidation of acetyl CoA,
either (rom pyruvate through pyruvile dehydrogenase
or oxidation of latty acids.

These mechanisms have been observed since the
yeurs 60)s, when the first studies were carried out,
showing an anti-fatigue effect of magnesium (Mg)
and potassium (K) aspartate, considered as an oxidiz-
able substratum in the citric acid cycle able to give
rise to the oxaloacetate formnation.”#

Other authors proposed that anti-fatigue effoc
depended on ATP and creatine phosphate sparing role
in skeletal muscles, treated with aspartate, through
sodium pump regulation ¥
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In the first half of years 90s, some studies contirmed
that supplementation with asparagine and aspartate is
able to determine a muscular glycogen sparing, sup-
porting the utilization of the free farty acids during
strenuous physical exercise, even if the real results
remain controversial.'!

In a recent study carried out on experimental animals,
supplementation with asparagine and aspartate
appeared to be able to induce an increase of perfor-
mance capacily during high intensity exercise led
above the anaerobic threshold, with a final less impor
tant blood lactate accumulation. !

However, some other scientists did not find any sig-
nificant change in the lipidic and glucidic metabolism
and endurance performance in athletes chronically
administcred with aspartate and asparagine. ' 13

Al present, there is no deflinitive evidence that a sup-
plementation with precursors of oxaloacetate, specif-
ically asparagine and aspartate, could affect the per-
formance of aihleles practicing endurance high inten-
sity sport disciplines.

The aim of our study was (o observe the possible pos-
itive effcet of acute aspartate and asparagine admin-
istration in a selected group of triathlctes, comparing
performance (test duration) and some physiological
(heart ratc) and blood (lattatemia, glycemia) paraiie-
ters before and after the supplementation.

Materials and methods

Subjects

We recruited 15 male frained athletes (uge:
24.13+3.87 years), practicing triathlop (training rou-
tine: 4 times per week, 2 h session), thal previously
obtained eligibility to competilive sports. The sub-
jects did not show any noteworthy discrepancy of the
anthropometric characteristics (mean height
171.342.58 em; mean weight: 63.13£2.92 kg) and did
not present statistically signilicant differences of uge
and maximum oxygen uptake (mean: 63.65
mL/kg/min; standard deviation [SD]: 2.75).

Al athletes were previously informed about the pur-
pose of the research and the possible risks before giv-
ing their informed cousent. They were suggested not
lo drink coffee or alcoholics and pol to cut at least 3 h
before the test. They were also recommended not to
practice strenuous physical activity and not to smoke
in the 12 h preceding the test.
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Frotocols
MAXIMUM OXYGEN UPTAKE EVALUATION

The selected athletes undersigned the informed con-
sent for maximal ergometric test. Before the begin-
ning of experimentation, all the subjects underwent a
maximal stress test (o evaluale maximum oXygen
uptake, carricd out by a triangular incremental proto-
col utilizing an integratcd system with an inferfuced
electrocardiography and a commercial cycloergoma-
ter (CardiO, Med Graphics).

Maximum oxygen uptake during test was performed
with Cosmed K4b! metabolimeter thal was accurate-
ly calibrated before starting the tests.

SUPPLEMENTATION

The athletes were divided into two groups, accord-
ing to a double blind crossover design. In the first
aroup, 7 g of aspartalc and 7 g of asparagine melted in
100 ml. of water were administered, while the scc-
ond group assumcd 15 g of placebo in 100 mL of water
1 h hefore (he performance test. After a week, all the
15 subjects repeates! the test according to the protocol.
The ones that in the first test assumed placebo were
administered with 7 g of asparagine and 7 g of aspar-
tate mixtore, and those who werc administered with
amino acids assumad placebo. Thus, cach athlele
upiderwent two performance 1ests.

PLERFORMANCE TEST

The performunce test consisted in a short phase (5
min) of warming up and a aximal siress test until
exhaustion on cycloergometer carried out to 90% of the
maximum oxygen consuwinption of each athlete, pre-
viously determined,

BLOON MEASURAMENTS

Blood sampling was carried oul from earlobe punc:-
ture in order to delcrmine lactatemia using the laclate
anilyzer Miniphotometer 8 Dr. Lange during the fol-
lowing phases: |) belore starting: 2) at the end of
warming up: 3) at the maximum cffort; 4) in the recov-
cry (3 min, 5 min. 10 min. } 5 min, 30 roin).

jurthermore. three blood samples were taken Irom
the subjects’ brachial vein to cvaluale the glycemia: |)
before the exercise: 2) at the end of the cxercise; 3) 30
min after the end of the excreise.
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Statistical analysis

Al clata were evaluated as mean and SD. SPSS v14
software was utiJized for statistical analysis. The differ-
ences of the experimental condition values were lested
by ANOVA for repeated measure. Differences with a P
value <0.05 were considered statistically significant.

Results
Test duration

In test duration, all athleies did not show statist
cally significant changes. In particular, the mean val-
e in the subjects that assurued placebo was 11.9£3.4
miu and it remained almost the same after supple-
mentation (12.8+3.2) (Figure 2).
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Hearrt rate

Al rest and after excreise, heart rate did not evi-
dence a statisucally significant change. In particular,
mean basal cardiac frequency was 64.2+8.4 bpm in
absence of asparagine und aspartate, and 63.4+9 8
bpin after the administration of amino acid. Even exer-
cise peak heart rate did not vary significantly
(178.916.6 bpm hefore supplementation and 179.446.5
bpm after supplemantation) (1igure 3).

Lactate

Triatbietes did not have a statistically significant
varation of lactate concentration. [n particular, after
supplementation. it was detected a blood lactate con-
centration of 7.52.1.2 inM, while atter placebo ussump-
tion it was 7.4+£1 mM (Figures 4 and 5).

Glveemia

No statistically sigmlicant change was observed in
athletes” glycemia both pustexercise and during recov-
ery time. Glucose concentration had a physiological
trend during the test with a progressive drop of values and
a gradual return to hasal values after its end. In particu-
lar, average basal glycemia was 74 .46 +5.2 mp/dL after
placeho admimistration and 75153 mg/dL after
asparagine and aspartaie. The uverage elyceniiy at the end
of erpomicliic test was respectively 68.344.2 mg/dL and
70.06+4.8 m/dL. Finally, in the recovery lime, we mi-
sured 71.06£4.2 mg/dL in the placebo group and
T2.8+4.5 mg/dl. in the supplementation group (Figure 6).
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Discussion and conclusions

Recently, the possible effects of two amino acids,
aspartale and agpuragine, on athletic perforrnance attract-
ed the interest of researchers. In particular, early siud-
ies suggested that aspartate and aspuragine may delay,
in some way, glycogen depletion in muscles, prolong
ing the athlete’s ability to exercise ! 1t was also pro
posed that aspartute and usparagine may help to main-
tain blood levels of tryptophan under control during
prolonged exercise, also reducing mental fatgne.?

I -aspurtate, cspecially the potassiurm magnesiam
aspartate salt, leads to a sparing of muscle glycogen
stores increasing fatty acids vxidation and/or promot-
ing a fuster rate of glycogen resynihicsis during excr-
cise, In fact, aspartate and asparagine are rapidly
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Itansaminated into muscle fibers, leading o the for-
mation of oxaloacetic acid, which is a key component
of the Krebs cycle, and represent a limiting factor ip 1he
contiol of fatty uerds oxidation. With regard to this,
D¢ Haan er al obscrved that L-aspartate can enhance
short intemsive cxercise serving as a substrate for encr-
gy production in the Krebs cycle and stimulating the
purine nucleotide cycle 15

Morcover, it was suggesied that an increased cou-
centration of aspartaic and usparagine would enhance
the: activity of the mulate-aspartate shuttle, whose pur-
posc is to transport hydrogen ions (rom the cytoplasm
of muscle cells into their mitochondria, where the
hydrogens become involved in the aerobic production
of ATP. I'his could explain the supposed performance
improvement associated with aspartalc-asparagine
supplementation.

Converscly, the data we analyzed demonstratce the
absence of statistically significant differences between
the arhletes who received supplementation of aspartate
and asparagine and those of the control group.
Therefore, we confirmed the hypothesis that acuic
supplementation with aspartate and asparagine do nol
significantly affect physical performance in athleics
practicing high intensity exercises, and thar acute
administration of aspartate does not lead Lo a sparing
of muscle or liver glycogen,

In early studies, Trudeau er al. did not observe uny
variation, after supplementation, in the content of mus-
¢le and liver glycogen of control rats afier u 60-min
swim to exhaustion. i In addition, sotue recent studies!2
14 that evaluatcd chronic intuke of aspartate and
asparagine on endurance performance, did not show
nejther any increasc on performance nor any influ-
enee on metabolic or endocrine parameicrs. Thus, we
can state that the data at our disposul do not allow to
draw definitive conclusions about the role of asparagine
and aspartate on the athleics” performance.,

A limit of our study could be represented by the
small number of subjects evaluated. So, in order to
obtain definile results about the possible effectivencss
of amino acids supplemeniafion, it could be advisable
1o enlarge the numbcer of subjects, and to also further
investigate on chronic administration of aspartate and
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asparagine 10 completely focus on their metabolic
impuct during strenuous exercise.
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