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ABSTRACT. Dorofeyeva, E.E., and A.E. Dorofeyev. Biocehmical
and heart adaptations to physical training and supplementation
with amino acids. J. Strength Cond. Res. 18(4)000-000. 2004.—
This study evaluated the role of amino acids supplementation
on the heart’s adaptation under extensive training conditions.
Sixty active athletes (bicyclists and swimmers) were separated
into 2 groups: 30 were given amino acid mixture (1 g per 10 kg
of body weight) for a period of 1 month, and the other 30 were
given placebo for the same duration (control group). In the same
time period, 20 subjects of similar age not engaged in physical
training or sports activities were used as the additional control
group. Blood concentrations of alanine transaminase (ALT), as-
paragine transaminase, lactate dehydrogenase (LDH), gamma-
glutamil transpeptidase, alkaline phosphatase (ALP), amylase,
triglycerides, albumin, interleukin-6 (IL-6), and interleukin-10
(IL-10) were determined for all subjects before and after the in-
tervention period. Concentrations of LDH and ALP were in-
creased, but concentrations of ALT, albumin, and triglycerides
were decreased in the blood of trained athletes compared with
healthy subjects not engaged in sports activities. In the athletes,
some increases in IL-6 levels were noted; however, they were
significantly (p < 0.05) lower than in patients with myocardio-
dystrophy. The values of IL-10 in athletes were higher than con-
centrations of IL-10 in patients with myocardiodystrophy but
still lower than the normal values. The inhibition of IL-10 in
blood may play an important role in the induction of apoptosis
in cells of the heart muscle. After amino acid supplementation,
the athletes’ values for albumin, triglycerides, IL-10, LDH, and
ALP were significantly increased compared with the post-pla-
cebo control groups. Enzyme activities of other enzymes re-
mained unchanged in all groups. Histological data from a sec-
ondary study of actual heart tissue showed that the amino acids
supplementation may have inhibiting effects on myocardial ap-
optosis. The criteria of efficiency of the amino acids supplemen-
tation were defined by the albumin, IL-6, and IL-10 concentra-
tions.
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INTRODUCTION
~ ntense physical training results in many im-
portant metabolic adaptations. During exercise,
4 concentrations of glucose, free fatty acids, and
amino acids in the blood of athletes are re-
duced, whereas lactate increases (5). Free ami-
no acids are also an energy source (about 10%) for muscle
function and are involved in many important regulatory
functions. Amino acids are not only the substrates for cat-
echolamines synthesis and other biologically active sub-
stances, but they are also inhibitors of liver dystrophy,
myocardiac dystrophy, and possible inhibitors of apopto-
sis. The most efficient energy source for cardiomyocytes
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metabolism, in the condition of reduced level of carbohy-
drates, is fatty acids. Lipolysis of fat stores is stimulated
by catecholamines. Catabolism of fatty acids in the heart
muscle during physical exercise is most efficient when
blood concentrations of oxygen and glucose are optimal.
During extensive short-term exercise conditions, anaero-
bic type of oxidation is typical for all muscle and leads to
accumulation of lactic acid and peroxide. The increase of
these catabolites, together with extensive stress condi-
tions, can activate the immune system by increasing se-
cretion of cytokines, particularly interleukin-6 (IL-6) and
interleukin-10 (IL-10) (4). Cytokines may stimulate ap-
optosis after myocardial hypertrophy, which can result in
failure of adaptation and the formation of myocardiodys-
trophy. The increased concentrations of amino acids in
the blood may also inhibit proteolysis of muscles and
stimulate lipolysis (2). The purpose of this investigation
was to examine the role of amino acids supplementation
on the heart adaptations in highly trained athletes. A sec-
ondary purpose in another of our studies in this line of
research was to further examine the different stages of
apoptosis in cells of actual heart tissue to gain further
understanding of cell function.

METHODS
Experimental Approach to the Problem

The Ethics Committee at Donetsk Medical University ap-
proved the investigations that were part of this research.
Subjects and their parents (when appropriate) volun-
teered and gave their informed consent after they were
told of the risks of the investigation. Sixty trained ath-
letes (bicyclists and swimmers, age 16-22 years) were
randomized and then separated into 2 groups of 30. One
group was given amino acid mixture (1 g per 10 kg of body
weight) each day for a period of 1 month, whereas the
remaining group was given placebo for the same duration
(control group). At the same time period, 20 subjects (16—
22 years) matched for age but not engaged in physical
training or sports activities were used as the additional
control group for normal activity (control-II).

The amino acid mixture consisted of L-Leucin, L-Iso-
leucin, L-Treonin, L-Fenilalanin, L-Metionin, L-Lisin, L-
Valin, L-Cistin, L-Istidin, L-Tirosin, and L-Triptofan (Big
One, Professional Dietetics, Via Ciro Menotti 1/A, Milan,
Italy). The physical examinations and blood sampling
were carried out twice a month at the beginning of study
(presupplement period) and at the end of study (postsup-
plement and postplacebo period). Blood concentrations of
alanine transaminase (ALT), asparagine transaminase
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TABLE 1. The effect of amino acid on the blood level of biochemicals in athletes and nonactive persons (control II).f

Conditions

Preplacebo Pre—amino acid Post-placebo Post-amino acid Control II

Biochemical (n = 30) (n = 30) (n = 30) (n = 30) (n = 20)
Album (g-L1) 37.6 £ 3.1 35.2 £ 2.8 299 = 3.1 46.4 + 4.2%%* 43.1 = 0.04
Triglycerides (mmol-L~1) 0.78 + 0.05 0.77 = 0.08 0.57 = 0.05 0.98 = 0.07%** 1.0 + 0.15
LDH (mkkat-L1) 4.58 = 0.63 4.59 = 0.33 4.89 = 0.52 3.31 = 0.31%** 3.27 £ 0.31
AST (mkkat-L1) 0.34 = 0.05 0.35 = 0.07 0.36 = 0.05 0.36 = 0.06 0.48 = 0.04
ALT (mkkat-L-1) 0.21 £ 0.06 0.22 = 0.03 0.34 = 0.04 0.24 = 0.02 0.52 = 0.05
ALP (mkkat-L-1) 453 + 041 4.54 = 0.36 4.72 = 0.46 2.42 + 0.21%%* 2.10 = 0.22
AM (mkkat-L-1) 0.76 = 0.06 0.74 = 0.04 0.91 = 0.10 0.78 = 0.07 1.2 = 0.12
GGT (mkkat-L-1) 0.24 = 0.05 0.23 £ 0.04 0.42 = 0.04 0.29 = 0.03 0.60 = 0.05
IL-6 (pg-ml-1) 18.7 = 1.7 175 = 1.5 254 = 2.7 19.4 = 1.7%* 152 = 1.2
IL-10 (pg-ml-?) 225 *+ 2.2 216 =19 18.1 = 2.1 30.1 = 3.8%%* 347 £ 4.1

* Statistically significant (p < 0.05) difference between pre- and post-supplementation.

*# Statistically significantly (p < 0.05) difference between post-placebo and post-supplementation.

+ LDH = lactate dehydrogenase; AST = asparagine transaminase; ALT = alanine transaminase; ALP = alkaline phosphatase;
AM = amylase; GGT = gamma-glutamil transpeptidase; IL = interleukin.

(AST), lactate dehydrogenase (LDH), gamma-glutamil
transpeptidase (GGT), alkaline phosphatase (ALP), am-
ylase (AM), triglycerides, albumin, IL-6, and IL-10 were
determined. The electrocardiogram and echocardiograph
measurements were also obtained.

We used postmortem samples in a second study that
examined the apoptosis of the heart cells in 3 types of
heart tissue: (a) tissue recovered from 9 patients who had
myocardiodystrophy and died from ulcerative colitis, (b)
tissue recovered from a deceased athlete who had been a
study subject on amino acid supplement, and (c) tissue
recovered from 2 athletes who had been subjects in the
placebo group and had died in a car accident. Again, ap-
proval for this study and consent from the subjects’ rel-
atives were obtained and approved by the Ethics Com-
mittee at Donetsk Medical University.

Heart muscle was stained with hematoxylin and eo-
sine. Apoptosis were determined by the initial stage of
chromatin condensation and picnosis of nucleuses, by con-
vertible stages and irreversible sage of cells fragmenta-
tion, and by formation of apoptotic body. IL-6 and IL-10
levels were studied by standard enzyme-linked immuno-
sorbent-assay system methods.

Statistical Analyses

The data were presented as mean *+ SD, and all compar-
isons were accomplished with alpha-corrected Student’s
t-tests. Significance was chosen at the p = 0.05 level.

RESULTS

Because of extensive levels of exercise training, the con-
centrations of LDH and ALP were increased, but concen-
trations of ALT, albumin, and triglycerides were de-
creased in the blood of active athletes compared with
healthy subjects not engaged in sports activities or phys-
ical conditioning (see Table 1).

Concentrations of other enzymes, such as AST, AM,
and GGT, in the athletes’ blood remained at a similar
level to the value observed in our healthy subjects (con-
trol-II). After supplementation, the athletes demonstrat-
ed significantly increased levels of albumin and triglyc-
erides compared with the post-placebo and presupple-
mentation time point. However, LDH and ALP blood val-
ues in the group of athletes who received supplements
were significantly decreased compared with the post-pla-

cebo and presupplementation groups. The concentration
changes in the above-listed compounds reflect their ten-
dency for normalization under the amino acid supple-
mentation. Blood concentrations of AST, ALT, and AM
after the amino acid treatment period did not change in
either of the athlete groups. Blood concentrations of mea-
sured enzymes in the postplacebo group were comparable
with presupplementation and did not show any tendency
for normalization.

The presupplementation group and patients with
myocardiodystrophy and a background of ulcerative coli-
tis showed increased concentrations of IL-6 (Table 1; 29.1
+ 2.8 pg-ml~!) and decreased values of IL-10 (Table 1;
13.2 = 2.1 pg-ml~') when compared with the control-II
group. The inhibition of IL-10 in the blood may play an
important role in induction of apoptosis in cells of heart
muscle. The increased level of both cytokines after amino
acid supplementation was remarkable, and IL-10 was
practically normalized. The concentrations of IL-6 in-
creased in athletes in the post-placebo condition from 18.6
+ 1.7 pg-ml—! at presupplementation to 25.4 + 2.7 pg-ml!
at post-supplementation, but in post—amino acid supple-
mentation group this increase was minimal (Table 1).

Postmortem histology of heart tissue from patients
with myocardiodystrophy in the context of ulcerative co-
litis revealed nonuniform full-blooded tissue and an ob-
served phenomenon of intramuscular and, around vas-
cular sclerosis, dystrophy of cardiomyocytes and weak to
moderate lymphocytic and plasmocytic cell infiltration.
Hypertrophy of single fibers of heart muscle was also
marked by places in a cell’s structure infiltrate with a
predominant number of macrophages. Apoptosis was
found in 7 (77.8%) patients and was characterized by var-
ious stages in the process, beginning with condensation
to fragmentation of chromatin and picnosis of nuclei with
formation of apoptotic bodies. The athletes who were giv-
en the placebo showed changes in the heart tissue char-
acterized by hypertrophy of some muscle fibers with weak
or very weak cell infiltration and weak presence of ap-
optosis as picnosis of nuclei. However, fragmentation was
sporadic or completely absent. Shahlamova and Gusinsca
(3) suggest that condensation and picnosis of nuclei dur-
ing hypertrophy of heart muscle indicates unfavorable
prognostic and intensity of adaptation mechanisms. His-
tology of heart tissue of trained athletes on amino acid
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supplementation show hypertrophy of single fibers of
heart muscle, weak cell infiltration, and primarily mac-
rophages and lymphocytes. The apoptosis in heart muscle
was absent.

DISCUSSION

Processes regulating apoptosis in the heart muscle are
not well known. Hypertrophy cardiomyocytes are capable
of synthesizing IL-2, which is a hematocrit and attracts
macrophages to the heart muscle. These cells produce cy-
tokines particular of IL-6, which stimulate apoptosis.
Heart cell apoptosis is converted at early stages by bcl-2
peptide (1). Increases in concentration of free amino acid
improves metabolism of cardiomyocytes, which can pro-
mote normalization of synthesis in cells, including syn-
thesis of bcl-2. This phenomenon is not observed on the
background of myocardiodystrophy or significant load-
ings. The supplementation of amino acids resulted in the
increase of IL-10 synthesis, which inhibits apoptosis.
Thus, the amino acid concentrations are one of the key
moments in formation of organism adaptation to signifi-
cant physical training. The increase of amino acid con-
centrations in the blood prevents apoptosis, stimulates li-
polysis, and stimulates heart muscle to function in a more
energetically favorable way for oxidation of substrates.

PRACTICAL APPLICATIONS

Amino acids supplementation increased adaptations of
athletes undergoing considerable amounts of extensive
exercise training. Supplementation may be worthwhile
for athletes during maximal training periods in a pro-

gram. Amino acids are especially effective in bicycle ath-
letes. The recommended dosage of amino acids can fluc-
tuate from 1 g per 10 kg of body weight to higher. The
criteria of efficiency of the amino acids supplementation
are defined by the albumin, IL-6, and IL-10 concentra-
tions.
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