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Aging is associated with progressive structural disorganization of muscular and
cardiac fibers, decreasing functional capacity, and increased rates of disease and
death. Aging is also characterized by disturbances in protein synthesis with impaired
cellular organelle functions, particularly in the mitochondria. The availability of
amino acids is a key factor for the overall metabolism of mammals and exogenous
supplements of amino acid mixtures (AAm) could be a valid therapeutic strategy to
improve quality of life, avoiding malnutrition and muscle wasting in the elderly. We
investigated the morphoquantitative effects of long-term AAm supplementation on
the mitochondria and sarcomeres (by electron microscope) and on collagen matrix
deposition (by histologic techniques) in both skeletal and cardiac muscles of young
and aged mice. Our data showed that old animals have fewer mitochondria and
massive fibrosis in both muscles. Long-term AAm supplementation increased the
number and volume of mitochondria and sarcomeres and decreased fibrosis in both
skeletal muscle and hearts in old rats. These findings indicate that AAm restored
muscular morphologic parameters and probably improved the mechanical perfor-
mance of these organs. © 2008 Elsevier Inc. All rights reserved. (Am J Cardiol 2008;
101[suppl]:26E–34E)

Aging is associated with progressive structural disorganiza-
tion and reduction of muscular fibers and cardiac cells,
decreased functional capacity, and increased rates of disease
and death.1 The reduction of skeletal muscle mass that
occurs with aging is known as sarcopenia.2 This condition
strongly influences muscle strength and mobility and is a
factor in the occurrence of frailty and increased likelihood
of falls and fractures in the elderly. Sarcopenia starts to
begin in the fourth decade of life and accelerates after the
age of approximately 75 years3; it can develop in cachexia
when weight loss occurs.4 Although sarcopenia is mostly

seen in physically inactive individuals, it is also evident in
those who remain physically active throughout their lives.

Current research has shown that the development of
sarcopenia is a multifactoral process. Many factors, includ-
ing physical inactivity, motor-unit remodeling, decreased
hormone levels, and decreased protein synthesis, can con-
tribute to sarcopenia. Fortunately, the reduction of sarcope-
nia is partly reversible by regular physical training and
nutritional intervention.5–7

The decrease of muscular mass with age has also been
studied in animal models. The incidence of muscular atro-
phy is rather low in young rats, whereas it is very high in old
animals.8 Electron microscopic studies of old rats show
ultrastructural abnormalities in muscle fibers, such as myo-
fibrillar degeneration and/or homogenization and sarcoplas-
mic reticulum dilatation.8 Hooper9 showed that in skeletal
muscle of aging mice, the mean muscle length decreases
because of the significant reduction in sarcomeres.

Aging damage also affects myocardial cells. Myocardial
aging leading to circulatory dysfunction complicates numer-
ous pathologies and is an important contributor to mortality
in old age. In mouse health, morphometric studies have
shown that the surface density of mitochondria cristae, the
density of mitochondria per unit of cytoplasm, and the mean
volume of mitochondria all decreased from 9 to 36 months
of age, suggesting that mitochondria alterations decrease the
metabolic capacity of cells.10 A number of studies have
demonstrated that mitochondrial integrity declines with age;
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these organelles are altered morphologically and function-
ally produce more oxidants and less adenosine triphos-
phate.11,12 In addition, mitochondrial volume decreases with
age in humans, suggesting impaired cellular functions.13

Accumulating evidence suggests that age-related damage
is an ineluctable consequence of normal oxygen metabo-
lism, which is associated with a relentless formation of
reactive oxygen species (ROS).14 Furthermore, cellular ag-
ing is also characterized by disturbances in protein synthe-
sis, decreased enzyme activity, and progressive impairment
of the functions of cellular organelles.14 Among organelles
of senescent cells, the most remarkable changes are in the
mitochondria. Indeed, mitochondria are the primary sites of
ROS generation, so they are more affected by age than other
organelles.15,16

The role of skeletal muscles as amino acid (AA) storage
sites in health and disease has been thoroughly investigated,17

because AAs are indispensable and could be considered
totipotent molecules. Scarabelli and associates18 demon-
strated that oral AA mixture (AAm) supplementation is
beneficial for ischemia-reperfusion injury in the rat heart,
through the preservation of the mitochondria-generated pro-
duction of high-energy phosphates. Therefore, the availabil-
ity of AAs is a key factor for the overall metabolism of
mammals, and exogenous supplementation could be a valid
therapeutic strategy to improve quality of life and avoid
malnutrition and muscle wasting in elderly mammals.

Simultaneous with sarcopenia and mitochondria changes,
total collagen content in muscles has been found to increase
with age, thus causing fibrosis.19 Although muscular collagen
seems to be a very stable protein, it is known to have a rate of
turnover that greatly depends on the age and tissue of the
animals studied.20 We therefore hypothesized that specific
AAm supplementation could improve mitochondrial function,
myofibril synthesis, and collagen deposition in skeletal and
cardiac muscular fibers. The goal of our study was to investi-
gate the ultrastructural morphoquantitative effects of long-term
AAm supplementation on the mitochondria and sarcomeres,
and, using histologic techniques, the collagen matrix deposi-
tion in skeletal and cardiac muscles of young and aged mice.

Materials and Methods
Animals: This work was carried out in accordance with

Italian National Animal Protection Guidelines. A total of 32
male C57BL/6 mice were used: 16 young animals (mean
age 2 months and mean body weight 23 � 1.5 g at baseline)

and 16 old animals (mean age 11 months and mean body
weight 27.5 � 2.1 g at baseline). Animals were divided into
2 groups consisting of equal numbers of young and old
animals: a control group (n � 6 young controls [YC] and n
� 6 old controls [OC]) and an AAm-treated group (n � 10
young animals [YAAm] and n � 10 old animals [OAAm]).
The animals were placed in a quiet room with the temper-
ature and humidity controlled. A 12/12-hour light-dark cy-
cle was maintained (7 AM to 7 PM). Animals were fed a
standard diet, with water ad libitum (control group) or orally
supplemented with AAm solution (treated group). The
AAm solution consisted of 1.5 g/kg per day of AAm (Big
One; Professional Dietetics, Milan, Italy) dissolved in
drinking water and administered for 90 days. The body
weight, and water and AAm consumption of each animal
were monitored daily.

At the end of treatment the animals were killed under
deep-ether anesthesia. The quadricep muscle was quickly
removed and placed in an ice-cold saline solution. The
samples used for the histochemical analysis were carefully
mounted in optimal cutting temperature (OCT) (Tissue-tek;
Sakura Finetek Europe, Zoeterwoude, the Netherlands) em-
bedding medium before freezing in liquid nitrogen and
stored at �80°C.

Electron microscopy: Skeletal and cardiac muscle sam-
ples were removed, fixed with 3% glutaraldehyde in phos-
phate-buffered saline, and postfixed for 1 hour with 1%
OsO4 in the same buffer. The pH was adjusted to 7.4 and the
osmolarity to 330 mOsm/L to assure dimensional stability
of the specimens.21 The samples were processed further
with standard procedures for embedding in Araldite (high-
performance epoxy resin; Sigma Chemical Co., Milan,
Italy). The thick sections (about 1 �m) were stained with
Toluidine blue. The ultrathin sections (70 nm) were
“stained” with a saturated aqueous solution of uranyl acetate
and lead citrate and examined with a Philips CM10 electron
microscope (Eindhoven, the Netherlands). Data were col-
lected from 32 randomly selected areas of each sample at a
final magnification of �8,900, examining several different
levels of each sample. The mean total volume examined in
each sample was approximately 6,000 �m3.

Morphometry: All measurements were obtained using
standard morphometric techniques as previously de-
scribed.22,23 We calculated total volume (Vtot), volume of
sarcomeres (Vsar), volume of cytoplasm (Vcyt), volume of

Table 1
Mean weight (�SD) of animals after 3 months of treatment

Control (g) AAm (g) p Value

Young 24.33 � 2.52 (n � 6) 27.13 � 1.96 (n � 10) NS
Old 28.00 � 2.00 (n � 6) 29.14 � 3.44 (n � 10) NS

AAm � amino acid mixture; NS � not significant.

Table 2
Mean daily consumption of water (control) and amino acid mixture
(AAm) in young and old animals*

Control (mL/day) AAm (mL/day) p Value

Young 6.35 � 1.43 (n � 6) 6.53 � 0.93 (n � 10) NS
Old 6.36 � 1.04 (n � 6) 5.52 � 0.10 (n � 10) NS

NS � not significant.
* Values are given as mean � SD.
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mitochondria (Vmit), and the number of mitochondria
(Nmit). From these data we calculated the ratio between Vsar

and Vtot (Vsar/Vtot), the ratio between Vmit and Vcyt (Vmit/Vcyt),
and the number of mitochondria in 100 �m3 of cytoplasm, also
called mitochondria density (Nmit/100 �m3).

Histology: For the histologic evaluation of fibrosis, the
Sirius red method of staining was used. The sections were
immersed in 1% phosphomonolybdic acid (Sigma, St.
Louis, MO) for 5 minutes and then covered by Sirius red
solution (Sigma) for 3 minutes. Sirius red enhanced the
collagen fibers in red; collagen was also evaluated with a
polarized light microscope (Olympus, Milan, Italy) to ana-
lyze the collagen organization and fibrosis. The degree of
fibrosis was evaluated observing the Sirius red staining
sections with polarized light; when collagen is stained with
Sirius red, its normal birefringence increases �5 times. As
collagen is the only oriented basic protein so far described
in animal tissues, this birefringence enhancement can be
considered specific to it.24

Staining intensity was graded as follows: absent (�),
very faint (�), faint or barely detectable (�), moderately
positive (��), or clearly positive and strong (���). Two
observers who were unaware of the scope of the experi-
ments analyzed the sections from each animal in the groups
studied.

Statistics: Morphometric data were expressed as mean
� SD unless otherwise stated. Statistical significance of the
differences between means was assessed by analysis of
variance followed by the Student-Newman-Keuls test or by
Student t-test. A probability of �5% was considered sig-
nificant (p �0.05). Additionally, a nonparametric Mann-
Whitney U test with a 95% confidence limit was used.

Results

At the end of treatment, the age of young animals was 5
months old and the age of old animals was 14 months. The
mean body weights of the animals in each group are sum-
marized in Table 1. We did not observe any difference in
body weight between the control and treated groups. The

mean daily consumption of water or AAm in each group is
summarized in Table 2.

Skeletal muscle: YOUNG ANIMALS. The electron micros-
copy data are summarized in Table 3. The Vsar/Vtot, the
Vmit/Vcyt, and the Nmit/100 �m3 did not vary significantly
between control and AAm-fed animals. However, after
AAm administration we observed a slightly increase in
mean Vmit (about �10%) and a decrease (about �18%) in
Nmit/100 �m3. A very small amount of lipid was occasion-
ally found associated with the mitochondria, and dense
bodies were rarely seen (Figure 1A and 1B).

The histochemistry data are summarized in Table 4. We
did not observe any signs of fibrosis or collagen disorgani-
zation in untreated or AAm-supplemented skeletal fibers
(Figure 2E and 2F).

OLD ANIMALS. The electron microscopy data are sum-
marized in Table 3. In OC animals, myofibril volume
fraction (Vsar/Vtot) decreased significantly (�29%) com-
pared with YC animals. The thinning of myofibrils was
associated with widening of interfibrillar spaces filled
with connective tissue and with dilatation of sarcoplas-
mic reticulum (Figure 1C and 1D). The Vmit/Vcyt and the
Nmit/100�m3 decreased strongly, respectively �66% and
�65%, compared with the YC animals, but the mean size
did not vary. No correlation between fiber type distribu-
tion and mitochondria data was observed. No giant mi-
tochondria were observed. Lipid droplets and dense bod-
ies were scarce.

Table 3
Morphometric parameters measured in skeletal muscle*

Groups Vsar/Vtot Vmit/Vcyt Mean Vmit (�m3) Nmit/100 �m3

YC (n � 6) 0.79 � 0.13 0.45 � 0.19 0.31 � 0.19 154.71 � 72.07
YAAm (n � 10) 0.74 � 0.09 0.40 � 0.14 0.34 � 0.15 126.67 � 42.70
OC (n � 6) 0.57 � 0.19† 0.15 � 0.06† 0.35 � 0.12 53.93 � 50.01†

OAAm (n � 10) 0.80 � 0.14‡ 0.32 � 0.30‡ 0.20 � 0.14†‡ 167.27 � 111.02‡

Nmit/100 �m3 � mitochondrial density; OAAm � old animals given amino acid mixture; OC � old control animals; Vcyf � volume of cytoplasm; Vmit

� mitochondrial volume; Vsar � volume of sarcomeres; Vtot � total volume; YAAm � young animals given amino acid mixture; YC � young control
animals.

* Values are given as mean � SD.
† p �0.05, YC vs OC or OAAm.
‡ p �0.05, OC vs OAAm.

Table 4
Degree of muscular fibrosis detected in cardiac and skeletal muscle by
Sirius red technique

Cardiac Muscle Skeletal Muscle

Old Young Old Young

Untreated
(Control)

��� (n � 6) � (n � 6) ��� (n � 6) � (n � 6)

AAm � (n � 10) � (n � 10) � (n � 10) � (n � 10)

AAm � amino acid mixture; � � absent; � � faint or barely detect-
able; ��� � clearly positive and strong.
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In the AAm-fed animals, all these variables increased
considerably compared with controls, reaching values close
to those measured for YC. Indeed, the myofibrils and mi-
tochondria increased in volume by �40% and �113%,
respectively; the Nmit/100 �m3 of mitochondria also in-
creased considerably (�310%), but their mean size de-
creased (by about �43%). Furthermore, the spaces between
myofibrils were tighter, similar to those found in young
animals (Figure 1E and 1F).

In control and AAm-fed animals, the most statistically
significant change of mitochondria parameters occurred in-
side the subsarcolemma rather than in the interfibrillar sar-
coplasm. However, the mitochondria had only occasional
vacuolation or disorganization of the cristae. A small
amount of lipids was sometimes found in the droplets as-
sociated with the mitochondria, and dense bodies were
infrequently seen mainly in the peripheral sarcoplasm. No
giant mitochondria were observed.

The histochemistry data are summarized in Table 4. In
untreated animals, we observed heavy fibrosis and collagen
disorganization of the muscle. After AAm supplementation,
we observed a considerable decrease in fibrosis with an
increase in well-oriented collagen (Figure 2C and 2D).

Cardiac muscle: YOUNG ANIMALS. The electron micros-
copy data are summarized in Table 5. The Vsar/Vtot, the
Vmit/Vcyt, and Nmit/100 �m3 did not vary significantly
between control and AAm-fed animals. However, the mean

Vmit increased significantly (�50%) in AAm-fed animals
compared with controls (Figure 3A and 3B).

Histochemistry results are shown in Figure 4. Sirius red
staining observed by polarized light did not show fibrosis in
the control or treated groups (Figure 4).

OLD ANIMALS. The electron microscopy data are summa-
rized in Table 5. In control animals, the myofibril volume
fraction (Vsar/Vtot) did not vary compared with YC animals.
The Vmit/Vcyt decreased (�15%) and the mean Vmit increased
moderately (�12%) compared with YC animals. The Nmit/100
�m3 decreased significantly (�34%). We did not observe large
amounts of lipid droplets or dense bodies (Figure 3C and 3D).

In the AAm-fed animals, all parameters varied signifi-
cantly compared with controls. Indeed, myofibrils and mi-
tochondria increased their total volume by �15% and
�28%, respectively; the Nmit/100 �m3 also increased
(about 40%), as did the mean size of the mitochondria
(Figure 3E and 3F). We did not observe any giant mito-
chondria in control or AAm-fed animals; moreover, the
mitochondria did not show any vacuolation or cristae dis-
organization. A small amount of lipids was sometimes
found in droplets associated with the mitochondria, but
dense bodies were rarely seen.

The histochemistry data are summarized in Table 4. The
muscular fibers of control animals showed heavy signs of
fibrosis and collagen disorganization. After AAm supple-
mentation, the fibrosis decreased considerably and collagen
fibers appeared to be more organized (Figure 4A–4D).

Figure 1. Electron microscopic photos from skeletal muscle of (A and B) young control animals (YC), old control animals (OC), and old animals fed an amino
acid mixture (OAAm). (C and D) The OC animals show small mitochondria (arrows) and large spaces between myofibrils (white stars). (E and F) In OAAm
animals, the spaces between myofibrils are tighter, similar to those of young animals. (Magnification, �8,900.)
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Discussion

The major finding of this study is that prolonged AAm
supplementation restores the age-related alterations ob-
served in mitochondria and myofibrillar fraction and re-
duces fibrosis in skeletal and cardiac muscles mainly in old
animals. A scheme of AAm supplementation effects is pre-
sented in Figure 5.

Skeletal muscle: Sarcopenia is a common condition in
elderly people. For example, in the United States, 35% of
the elderly have a moderate degree of sarcopenia and
10% have severe sarcopenia,25 with an estimated annual
healthcare expenditure of about $18 billion.26 In addition,
total collagen content in muscles and many other tissues
has been found to increase with age-related fibrosis.19

Moreover, increased fibrosis has been described in the
peripheral muscle of patients with heart failure (HF) and
cachexia.27

Kovanen and Suominen28 demonstrated that the relative
proportion of type I collagen increases and type III collagen
decreases in aged rats, suggesting a more marked contribu-
tion by type I collagen to the age-related accumulation of
total muscular collagen. In addition Goldspink and col-
leagues,29 showed that in mice there was an age-related
decline in collagen expression in both normal and dystro-
phic muscle, suggesting that the increased fibrosis of skel-
etal muscle with age was not the result of increased collagen
gene expression but was more likely owing to an impair-
ment of collagen degradation.

One of the numerous causes of sarcopenia in aging is the
increased need for dietary protein. Indeed, in humans, while
young people consume adequate amounts of protein, many
older people have a reduced appetite and consume less than
the recommended daily allowances of protein, probably
resulting in an accelerated rate of sarcopenia.30 Therefore,

Figure 2. Skeletal muscle. Sirius red staining for detection of fibrosis under normal (left column) and polarized (right column) light. (A and B) Observed with
polarized light, old control animals (OC) show heavy collagen disorganization and then fibrosis (white arrow and red stain). (C and D) Fibrosis decreases
with the increase in collagen organization (green-yellow stain) in old animals fed an amino acid mixture (OAAm). (E and F) Young control animals (YC)
did not show fibrosis. (Magnification, �20.)

Table 5
Morphometric parameters measured in cardiac muscle*

Groups Vsar/Vtot Vmit/Vcyt Mean Vmit

(�m3)
Nmit/100 �m3

YC
(n � 6)

0.34 � 0.08 0.41 � 0.08 0.73 � 0.15 141.40 � 26.02

YAAm
(n � 10)

0.31 � 0.07 0.41 � 0.9 1.10 � 0.3† 117.16 � 25.88

OC
(n � 6)

0.34 � 0.10 0.35 � 0.08‡ 0.82 � 0.18‡ 93.79 � 25.91‡

OAAm
(n � 10)

0.39 � 0.06† 0.45 � 0.11† 1.15 � 0.34† 129.33 � 34.9†

Nmit/100 �m3 � mitochondrial density; OAAm � old animals given
amino acid mixture; OC � old control animals; Vcyt � volume of cyto-
plasm; Vmit � mitochondrial volume; Vsar � volume of sarcomeres; Vtot �
total volume; YAAm � young animals fed amino acid mixture; YC �
young control animals.

* Values are given as mean � SD.
† p �0.05, OC vs OAAm or YC vs YAAm.
‡ p �0.05, YC vs OC or OAAm.
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Figure 3. Electron microscopic photos of cardiac muscle in (A and B) young control animals (YC), old control animals (OC), and old animals fed an amino
acid mixture (OAAm). (C and D) The OC animals show fewer mitochondria compared with YC animals. (E and F) In OAAm animals, the mitochondria
appear to be larger than in OC animals (arrows), similar to those in YC animals. (Magnification, �8,900.)

Figure 4. Cardiac muscle. Sirius red staining for detection of fibrosis under normal (left column) and polarized (right column) light. (A and B) Observed with
polarized light, old control animals (OC) show heavy collagen disorganization and then fibrosis (white arrow and red stain). (C and D) Fibrosis decreases
with the increase in collagen organization (green-yellow stain) in old animals fed an amino acid mixture (OAAm). (E and F) Young control animals (YC)
did not show fibrosis. (Magnification, �20.)
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we can hypothesize that AAm supplementation in elderly
individuals may guarantee adequate AA intake for protein
synthesis and reduced fibrosis. Our results in older control
animals showed an increase of collagen in myofibers. Fur-
thermore, an interesting and new finding from our study was
that AAm supplementation in old animals decreased sar-
copenia and fibrosis. This suggests an increase in cellular
metabolism with synthesis of myofibrils and thus an in-
crease in muscle mass.

Mitochondrial alterations in aging cells have been exten-
sively characterized. Usually, mitochondrial size varies
more in old cells compared with corresponding young cells,
with a high proportion of large, sometimes “giant,” mito-
chondria.31,32 Ultrastructural changes range from swelling
and loss of cristae to complete homogenization of the matrix
and mitochondrial membrane.32 Orlander and associates,13

showed that the volume fraction of mitochondria in skeletal
muscles of sedentary men decreased with age, primarily
owing to diminished mean mitochondrial volume. Our data
in old animals agree with Orlander and associates,13 but we
did not observe dramatic morphologic changes inside mus-
cular cells. This difference could be explained by the dif-
ferent age of subjects studied. Indeed, Fujisawa8 showed
that muscle specimens of rats between 88 and 172 days old
yielded no abnormal findings, whereas muscle samples
from a 410-day-old animal showed occasionally slight ul-
trastructural abnormalities characterized by sporadic thin-
ning of myofibrils with widening of the interfibrillar spaces,
small foci of myofibrillar loss, and dilatation of the sarco-
plasmic reticulum. Our older animals were 410 days old,
and the ultrastructural abnormalities observed agreed with

Fujisawa’s8 previous findings suggesting that only in the
oldest animals were there any considerable ultrastructural
changes. However, further study is needed to confirm this
hypothesis.

Kerner and coworkers33 showed that skeletal muscle
mitochondrial content, a parameter of oxidative capacity,
was 20% to 25% lower (calculated on the basis of citrate
synthase and succinate dehydrogenase activities) in 24-
month-old compared with 6-month-old rats. Furthermore,
there was a 68% reduction in uncoupling protein-3 abun-
dance in mitochondria in old rats, suggesting that the
observed in vivo decrease in skeletal muscle aerobic
capacity with advanced age was a consequence of de-
creased mitochondrial density (calculated as milligrams
of mitochondrial protein per gram of skeletal muscle wet
weight). Our morphologic data demonstrated that in ox-
idative capacity there was a severe decrease of volume
and number of mitochondria, confirming the biochemical
data from Kerner’s group.33 The decrease in Vmit/Vcyt

that we observed in oxidative capacity was due to the
decrease in mitochondria number; the mean volume did
not vary. In addition, we observed a heavy decrease in
Vsar/Vtot, confirming that myofibrillar degeneration (sar-
copenia) is also an important and negative condition in
old mice.

After chronic AAm supplementation, the parameters
measured in skeletal muscle cells changed considerably
only in old animals. Indeed, the volume of sarcomeres, the
volume of mitochondria, and Nmit/100 �m3 increased con-
siderably, ie, by 40%, 113%, and 310%, respectively. Cu-
riously, the mean size of mitochondria (mean Vmit) de-

Figure 5. Schematic comparison between skeletal (black arrows) and cardiac (gray arrows) muscles of control and amino acid mixture supplemented (AAm)
young and old animals. tot. � total; vol. � volume; 1 � increase; 2 � decrease; ↔ � no variation.
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creased about 43%, suggesting that the cells contained a lot
of small mitochondria. This increase in mitochondria could
be owing to both biogenesis and division of preexisting
mitochondria, so AAm supplements could improve muscle
functionality via mitochondria regeneration.

Cardiac muscle: Tate and Herbener,10 in a study on
mouse health, showed that the surface density of mitochon-
drial cristae, Vmit/Vcyt, and mean Vmit decreased from 9 to
36 months of age. Agreeing with these authors, we observed
a decreased total mitochondrial volume in old animals and
that mean Vmit increased with lower numerical density. We
did not observe any giant mitochondria. Because the mito-
chondria are of primary significance for cellular metabo-
lism, these mitochondria volume alterations could indicate a
decrease in the metabolic capacity of the cell.

After chronic AAm supplementation, all measured pa-
rameters (Vsar/Vtot, Vmit/Vcyt, mean Vmit, and Nmit/100
�m3) increased statistically in old animals, ie, by approx-
imately 15%, 29%, 40%, and 38%, respectively. We
therefore suppose that AAm supplements can promote
biogenesis of the mitochondria in older animals, increas-
ing cell metabolism and sarcomere synthesis. In the
YAAm animals, we observed a statistical increase in
mean Vmit compared with controls; this could also indi-
cate an increase in mitochondrial activity.

Interestingly, in another study, increases in mitochon-
drial volume were also seen in the myocardium of mice that
were endurance trained for 10 or 15 months.34 Thus we
hypothesize that the large mitochondria seen in trained
animals and in our AAm supplemented animals may reflect
an adaptive response to increased metabolic rate with a
beneficial effect on cells.

Heart aging has been associated with a number of char-
acteristic morphologic, histologic, and biochemical chang-
es.35 In the myocardium, the interstitial collagen matrix
surrounds and supports cardiac myocytes and coronary mi-
crocirculation.36,37 Increased fibrosis has been reported in
the senescent heart38 and in the heart of patients with HF.39

Moreover, in patients with essential hypertension and in
spontaneously hypertensive rats (from 23 to 85 weeks of
age), ventricular fibrosis accompanies the development of
hypertrophy, and these changes are associated with dimin-
ished coronary flow reserve of both ventricles.40 Therefore,
an adverse accumulation of extracellular matrix structural
protein (collagen deposition and fibrosis) compromises tis-
sue stiffness and adversely affects myocardial viscoelastic-
ity. This alteration leads to ventricular diastolic and systolic
dysfunction, one of the risk factors in cardiovascular mor-
bidity and mortality.34,41

Agreeing with previous data on rat studies,19 we saw
that myocardial collagen increased with aging and wide
areas of fibrosis appeared in the myocardium. Our data
show that in older animals, AAm supplements in the diet
could be a new integrative strategy for managing cardio-
vascular disease.

Conclusion

Our data showed that long-term administration of a specific
AAm in older animals improved several cellular parameters
in the skeletal muscle and heart. Morphologic and structural
changes induced by oral AAm supplementation could im-
prove the metabolic and mechanical performances of old
heart and skeletal muscle, preventing senile sarcopenia and
cardiac dysfunction.
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