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Abstract. [Purpose] Peripheral nerve degradation associated with aging is linked to failure of interactions in cap-
illary metabolism. The aim of this study was to morphologically investigate the age-related changes in the capillary
architecture of the tibial nerve in spontaneous aging and with aerobic exercise intervention in rats. [Subjects] Male
Sprague-Dawley rats (n=15) were used in the present study. [Methods] The rats were divided into control (Cont,
n=5), elderly (Elder, n=5), and elderly with aerobic exercise (Elder+Ex, n=5) groups. Aerobic training of low inten-
sity was performed for 10 weeks using a treadmill starting at 96 weeks of age by the Elder+Ex group. The capillary
diameter, cross-sectional area and number of microvascular ramifications in the tibial nerve were compared among
the Cont (20-week-old), Elder (106-week-old) and Elder+Ex groups using three-dimensional images gained from
confocal laser scanning microscopy. [Results] The capillary diameter, cross-sectional area and number of micro-
vascular ramifications in the Elder group were significantly smaller than those observed in the Cont and Elder+Ex
groups. [Conclusion] These findings suggest that the capillaries in the peripheral nerve degrade with spontaneous
aging and that aerobic exercise of low intensity promotes angiogenesis, and protects the capillary from oxidative
stress.
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INTRODUCTION

Dysfunction of the peripheral nerves in the lower ex-
tremities induces a decline in the ability to balance in the
elderly"-?. Previous studies have shown that functional defi-
cits in the peripheral nerves are related to the occurrence
of falls by the elderly®> 4. Morphologic and morphometric
studies have clearly demonstrated that the number and den-
sity of both myelinated and unmyelinated fibers in periph-
eral nerves are progressively reduce with age in mice®. An
electrophysiological study showed that the nerve conduc-
tion velocity of the peripheral neurons in the lower extremi-
ties and the action potentials of the soleus in the elderly are
significantly decreased in comparison with those observed
during youth®. These investigations demonstrate that the
peripheral nerves gradually degenerate with age. In cere-
bral microvascular pathology, microvascular abnormalities
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complicate or precede neurodegeneration” ®. The energy
metabolism of peripheral neurons is primarily dependent
on intracytoplasmic (axon and myelin) glycolysis and in-
tramitochondrial oxidative phosphorylation processes. In
particular, most ATP and creatine phosphate molecules
are formed by these processes. The supply of oxygen and
glucose required for the endoneurial oxidative glycolysis
process decreases due to a progressive reduction in the pe-
ripheral nerve blood flow and an increase in nerve vascular
resistance in elderly rats?. This finding suggests that a de-
crease in the nerve blood flow is generated by a reduction in
microvascular diameter.

Angiogenesis is promoted by VEGF (Vascular Endo-
thelial Growth Factor). VEGFs are growth factors of en-
dothelial cells that are secreted for capillary sprouting and
arterial differentiation'® !V, VEGFs are elicited depending
under hypoxic conditions by hypoxia inducible factor-1
(HIF-1), a transcription factor'?. Capillaries are induced to
grow in the direction of apoptosis when VEGF expression is
downregulated'?. Regarding cerebral microvessels, VEGF
expression decreases following a decrease in the reactivity
of HIF-1 to hypoxia with age!* 1. In the cerebral cortex
of elderly rats, HIF-1 is stored in the neuronal cytoplasm,
and this accumulation can lead to the inhibition of HIF-
1 transcriptional activity'® '), Moreover, a decline in the
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level of HIF-1 transcriptional activity with age is related to
neuronal death via VEGF downregulation. The failure of
angiogenesis induced by hypoxia due to endogenous oxi-
dative stress may be caused by a reduction in the number
of interactions between the nerve and capillary. A previous
study found that long-term aerobic exercise decreases lipid
peroxidation and Schwann cell apoptosis in aged rats'®).
The authors concluded that aerobic exercise training pro-
tects peripheral nerves by attenuating oxidative reactions
and protecting Schwann cells and myelin sheaths from the
pathologic changes that occur during normal aging. How-
ever, it remains morphologically unknown whether degen-
eration of the capillary occurs with spontaneous aging or
whether long-term aerobic exercise retards the capillary
degeneration associated with aging.

Our objective was to morphologically investigate the in-
fluence of changes in the capillary architecture associated
with spontaneous aging and long-term aerobic exercise
training during aging in the tibial nerves of rats.

MATERIALS AND METHODS

Animals

The experiments were approved by the Animal Care and
Use Committee of Himeji Dokkyo University and were car-
ried out in accordance with the National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals
(National Research Council, 1996). Male Sprague-Dawley
(SD) rats (10 weeks old, n=15) were used in the present
study. The rats were randomly divided into control (Cont,
n=>5), elderly (Elder, n=5) and elderly with aerobic exercise
(Elder+Ex, n=5) groups at 20 weeks of age. Each rat in
the Cont, Elder (spontaneous aging) and Elder+Ex groups
were housed for 10 (Cont group) or 96 (Elder and Elder+Ex
groups) weeks in a room with light and dark changes every
12 hours controlled at a temperature of 22 + 2 °C with 40—
60% humidity. Each rat was housed in a cage of the same
size and provided ad libitum food and water. The rats in the
Elder+Ex group ran on a treadmill starting at 96 weeks of
age for ten weeks at the following intensity and frequency:
15 m/min, 0° gradient of running surface, 0.5 hour once a
week. The blood lactate levels of the Elder+Ex group were
measured in blood samples extracted from the tail vein
before and after exercise using a blood lactate test meter
(Lactate Pro2 LT-1730; Arkray, Shigma, Japan). As there
were no differences in the blood lactate concentrations
(<2 mmol/L) between the pre- and postexercise measure-
ments, the training was assumed to fall within the category
of aerobic exercise.

Methods

The body weights of the rats under all three conditions
were measured at 20 and 106 weeks of age. At 20 weeks
of age in the Cont group and 106 weeks of age in both the
Elder and Elder+Ex groups, each rat was anaesthetized with
pentobarbital sodium (50 mg/kg; i.p.). Then, the abdominal
cavity was opened and both the left common iliac artery
and vein were ligated, followed by insertion of a catheter
to maintain perfusion of the abdominal aorta with contrast

medium to the right hind limb and extraction of the testicu-
lar fat. A series of nerves from the sciatic to the distal end
of the tibia in the right hind limb were perfused for three
minutes to wash out the intravascular blood with a 0.9%
physiological saline solution containing 10,000 TU/L of
heparin at 37 °C, and 10% glucose. Then, contrast medium,
consisting of 1% fluorescent material (PUSR80; Mitsubishi
Pencil, Tokyo, Japan), 8% gelatin (Nakalai Tesque, Kyoto,
Japan) and distilled water, was administered into the circu-
lation of a series of nerves from the sciatic to the distal end
of the tibia. The whole body of each rat was immediately
immersed in cold saline for 10 minutes following perfu-
sion with contrast medium that completely filled the entire
microvasculature under a physiologically similar perfusion
pressure'?). A series of nerves from the sciatic to the distal
end of the tibia in the right hind limb were excised and fro-
zen in isopentane precooled in liquid nitrogen. The nerves
were stored at —80 °C until the capillary in the tibial nerve
was observed using a confocal laser microscope that could
scan the capillary to determine the three-dimensional (3-D)
architecture??).

To observe the 3-D architecture in the capillary, confo-
cal laser scanning microscopy (CLSM) (TCS-SP; Leica In-
struments, Mannheim, Germany) was used in fluorescence
mode with an argon laser (488 nm)!® 2D, The nerve sample
block was cut at a distance 5 mm from the distal end of the
nerve in a cryostat microtome (CM3050; Leica Microsys-
tems, Mannheim, Germany) at —20 °C, then the section was
fixed with 4% paraformaldehyde (pH 7.4) and thawed to
room temperature for five minutes. Images of the CLSM
were obtained using a x20 objective lens. Each nerve sec-
tion that was perfused with contrast medium was scanned
and visualized to a depth of 50 um at 1 pm/slice, and the
CLSM images were drawn as 3-D images with a depth of 50
pm. Using the 3-D images created by the CLSM, the capil-
lary diameter and number of microvascular ramifications
per nerve section in 40—60 capillaries were measured on
several images measuring 800 x 800 pm? in area utilizing
the ImagelJ software program. Next, each capillary cross-
sectional area was calculated according to n x radius? (the
square of half of the capillary diameter measured on the
3-D CLSM image).

The Kruskal-Wallis test was performed under three
groups to compare the body mass, and adipose weight (the
testicular fat weight) of the three groups. One-way analy-
sis of variance (ANOVA) was performed to compare the
capillary diameter, cross-sectional area and number of mi-
crovascular ramifications of the three groups. The Scheffé
post hoc test was employed when the results of the Kruskal-
Wallis test and ANOVA were significant. Differences with
p-values of less than 0.05 were considered to be statistically
significant.

RESULTS

The Kruskal-Wallis test revealed significant differences
in body mass among the three groups (p < 0.01) (Table 1).
The post hoc test showed the mean values of the body mass-
es of the Elder and EldertEx groups were significantly
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Table 1. The capillary diameter, capillary cross-sectional area and number of microvascular ramifications in the tibial nerve

Cont (20 weeks old)  Elder (106 weeks old) Elder+Ex (106 weeks old)
Body mass (g) 604.0 +£56.0 888.0+87.5 774.5+£177.0%
Adipose weight (mg) 4938.3+1456.3" 9998.242352.5 7072.7+2650.8"
Capillary diameter (um) 7.63+£0.10" 4.98+0.11 7.85+0.11"
Capillary cross-sectional area (10>xmm?) 52.12+1.33" 22.14+0.85 51.40+1.34"
The number of microvascular ramifications 44.42+2.08" 31.00+3.78 46.08+3.05"

The Kruskal-Wallis test showed that the body mass (p < 0.01) and adipose weight (p < 0.05) were different among the three
groups. ANOVA showed that the capillary diameter, cross-sectional area and number of microvascular ramifications were
different among the three groups (p<0.0001). The values of the body mass and adipose weight are presented as median +
quartile deviation. The values of the capillary diameter, cross-sectional area and number of microvascular ramifications
are presented as the mean + SEM. *: significant difference between the Cont and Elder groups and between the Elder and
Elder+Ex. groups using the post hoc test (p<0.05); #: significant difference between the Cont and Elde+Ex. groups using the
post hoc test (p< 0.05); §: difference between the Elder and Elder+Ex groups (p< 0.1).

Fig. 1. Confocal laser scanning microscopic images of the capillaries in tibial nerve (A: Control; B: Elderly ; C: Elderly with aerobic
exercise). In each image, the tibial nerve run obliquely from the upper left to the lower right. The capillaries in Cont (image
A) and Elder+Ex (image C) seemed to be more compact than Elderly (image B). The arrows indicate the capillaries. The

scale of a bar is 100 um.

greater than that of the Cont group (p< 0.05), and the body
mass value of the Elder group tended to be greater than
that of the Elder+Ex group (p< 0.1). The Kruskal-Wallis
test also revealed significant differences in adipose weight
among the three groups (p < 0.05). The adipose weight of
the Elder group was significantly greater than those of the
Cont group (p< 0.05) and the Elder+Ex group (p < 0.05).

The mean values of the capillary diameter, capillary
cross-sectional area and number of microvascular ramifica-
tions of the three groups were significantly different (p<
0.0001) according to ANOVA (Table 1). Subsequently, the
post hoc test showed that the values of the Elder group were
significantly smaller than those of the Cont (p< 0.05) and
Elder+Ex groups (p< 0.05).

The capillaries observed in the three groups were pre-
sented as 3-D images constructed using CLSM (Fig. 1). The
capillaries in the tibial nerves of the rats in the Cont and
Elder+Ex groups were observed to be concentrated in close
proximity to one another and ramifications (or anastomo-
ses) were frequently observed. Conversely, the 3-D images
of the Elder group rats showed spacious fields due to capil-
lary loss and degeneration.

DISCUSSION

In the present study, we morphologically investigated
age-related changes in capillaries and the preventive effects
of aerobic training on capillary degeneration in the tibial
nerves of rats. No previous studies have analyzed the capil-
laries of the tibial nerve using 3-D images captured with the
CLSM. We demonstrated that the capillaries of the tibial
nerve degenerate with spontaneous aging, and that aerobic
exercise of low intensity prevented capillary degeneration
and prompted angiogenesis.

The mean body mass value was highest in the Elder
group, and lowest in the Cont group. Similarly, the mean
adipose weight of the Elder group was greater than that of
the Cont group, while the value of the Elder+Ex group was
lower than that of the Elder group. These findings indicate
that there is a relationship between age-related increases in
body mass and the levels of lipids and that aerobic training
decreases the levels of lipids'®.

Furthermore, the capillary diameter, cross-sectional
area and number of microvascular ramifications of the El-
der group were smaller than those of the Cont group. These
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declines indicate degradation and apoptosis of the capil-
laries in the tibial nerve with age. Recent investigations
have demonstrated that the onset of cell death is associated
with elevated intraneuronal levels of reactive oxygen spe-
cies (ROS)*>24 and free radicals®?, and that the reactiv-
ity of HIF-1 is a transcriptional factor of angiogenesis that
decreases with age'® ). HIF-1 induces VEGF expression,
which promotes angiogenesis. Therefore, a decline in VEGF
expression may have led to the decreases seen in capillary
diameter, cross-sectional area and number of microvascular
ramifications in the Elder group.

In contrast, the capillary diameter, cross-sectional area
and number of microvascular ramifications by the Elder+Ex
group were greater than those of the Elder group. Aerobic
exercise was performed by the Elder+Ex rats from 96 to
106 weeks of age. Degradation of the capillaries in the
tibial nerve was expected at 96 weeks of age, similar to
that observed in the Elder group, but acrobic exercise re-
stored capillary sprouting. It has been shown that aging is
associated with an increased level of nerve malondialde-
hyde (a marker of lipid peroxidation) and a higher degree
of Schwann cell apoptosis in sedentary rats'®). However, an
exercise training group exhibited diminished nerve lipid
peroxidation and Schwann cell apoptosis. Lipid peroxida-
tion of both Schwann cells and capillaries can produce free
radicals, and nerve tissue and endothelial cells can be in-
jured by free radicals?> 29, In the skeletal muscle of rats,
it has been shown that aerobic training increases the levels
of succinate dehydrogenase (SDH) activity, an indicator of
the mitochondrial oxidative enzyme activity, which leads to
capillary sprouting and prevents microangiopathy?% 27, The
mitochondrial oxidative enzyme activity in capillaries and
neurons also promotes lipid metabolism and decreases lipid
peroxidation. There are likely associations between the mi-
tochondrial oxidative enzyme activity, a decrease in free
radicals and improvements in the responsiveness of HIF-1
to hypoxia. Therefore, it seems likely that VEGF expres-
sion is upregulated and capillary sprouting is reactivated
during aerobic exercise. In humans, aerobic exercise lasting
approximately 30 minutes, in which the lactate concentra-
tion in the blood remains below 2 mmol/L, is equivalent to
moderate running®® by healthy adults and walking by the
elderly?®39, Therefore, remodeling of peripheral nerve cap-
illaries of elderly patients can be promoted at the intensity
and frequency of exercise performed by the SD rats in the
present study.

The present CLMS study morphologically demonstrated
that spontaneous aging induces capillary degradation in the
tibial nerve, and that aerobic exercise promotes angiogen-
esis. In the present experiment, it was not shown whether
ROS and free radicals increase, or HIF-1 and VEGF expres-
sions decline with spontaneous aging, or whether aerobic
exercise restores these factors. Therefore, future research
should histochemically and biochemically investigate the
influence of the expressions of these factors on peripheral
nerves with aging.

ACKNOWLEDGEMENT

The present study was supported by Grants-in-Aid for
Academic Encouragement of Scientists (001-2012) from
Kyoto Tachibana University.

REFERENCES

1) Lord SR, Ward JA: Age-associated differences in sensori-motor function
and balance in community dwelling women. Age Ageing, 1994, 23: 452—
460. [Medline] [CrossRef]

2) Horak FB, Shupert CL, Mirka A: Components of postural dyscontrol in the
elderly: a review. Neurobiol Aging, 1989, 10: 727-738. [Medline] [Cross-
Ref]

3) Overstall PW, Exton-Smith AN, Imms FJ, et al.: Falls in the elderly related
to postural imbalance. BMJ, 1977, 1: 261-264. [Medline] [CrossRef]

4)  Tinetti ME., Speechley M, Ginter SF: Risk factors for falls among elderly
persons living in the community. N Engl J Med, 1988, 319: 1701-1707.
[Medline] [CrossRef]

5) Ceballos D, Cuadras J, Verdu E, et al.: Morphometric and ultrastructural
changes with ageing in mouse peripheral nerve. J Anat, 1999, 195: 563—
576. [Medline] [CrossRef]

6) Bouche P, Cattelin F, Saint-Jean O, et al.: Clinical and electrophysiological
study of the peripheral nervous system in the elderly. J Neurol, 1993, 240:
263-268. [Medline] [CrossRef]

7) van Dijk EJ, Prins ND, Vrooman HA, et al.: Progression of cerebral small
vessel disease in relation to risk factors and cognitive consequences: Rot-
terdam Scan study. Stroke, 2008, 39: 2712-2719. [Medline] [CrossRef]

8) Brown WR, Moody DM, Thore CR, et al.: Microvascular changes in the
white mater in dementia. J Neurol Sci, 2009, 283: 28-31. [Medline] [Cross-
Ref]

9) Low PA, Schmelzer JD, Ward KK: The effect of age on energy metabo-
lism and resistance to ischemic conduction failure in rat peripheral nerve.
J Physiol, 1986, 374: 263-271. [Medline]

10) Ogunshola OO, Antic A, Donoghue MJ, et al.: Paracrine and autocrine
functions of neuronal vascular endothelial growth factor (VEGF) in the
central nervous system. J Biol Chem, 2002, 277: 11410-11415. [Medline]
[CrossRef]

11) Mukouyama YS, Gerber HP, Ferrara N, et al.: Peripheral nerve-derived
VEGF promotes arterial differentiation via neuropilin 1-mediated positive
feedback. Development, 2005, 132: 941-952. [Medline] [CrossRef]

12) Saint-Geniez M, D’Amore PA: Development and pathology of the hyaloid,
choroidal and retinal vasculature. Int J Dev Biol, 2004, 48: 1045-1058.
[Medline] [CrossRef]

13) LaManna JC, Chavez JC, Pichiule P: Structural and functional adaptation
to hypoxia in the rat brain. J Exp Biol, 2004, 207: 3163-3169. [Medline]
[CrossRef]

14) Chavez JC, LaManna JC: Hypoxia-inducible factor-lalpha accumulation
in the rat brain in response to hypoxia and ischemia is attenuated during
aging. Adv Exp Med Biol, 2003, 510: 337-341. [Medline] [CrossRef]

15) Rivard A, Berthou-Soulie L, Principe N, et al.: Age-dependent defect in
vascular endothelial growth factor expression is associated with reduced
hypoxia-inducible factor 1 activity. J Biol Chem, 2000, 275: 29643-29647.
[Medline] [CrossRef]

16) Abe J, Berk BC: Hypoxia and HIF-la stability: another stress sensing
mechanism for She. Circ Res, 2002, 91: 4-6. [Medline] [CrossRef]

17) Rapino C, Bianchi G, Di GC, et al.: HIF-1lalpha cytoplasmic accumulation
is associated with cell death in old rat cerebral cortex exposed to intermit-
tent hypoxia. Aging Cell, 2005, 4: 177-185. [Medline] [CrossRef]

18) Shokouhi G, Tubbs RS, Shoja MM, et al.: The effects of aerobic exercise
training on the age-related lipid peroxidation, Schwann cell apoptosis and
ultrastructural changes in the sciatic nerve of rats. Life Sci, 2008, 82: 840—
846. [Medline] [CrossRef]

19) Toyota E, Fujimoto K, Ogasawara Y, et al.: Dynamic changes in three-
dimensional architecture and vascular volume of transmural coronary mi-
crovasculature between diastolic- and systolic-arrested rat hearts. Circula-
tion, 2002, 105: 621-626. [Medline] [CrossRef]

20) Murakami S, Fujino H, Takeda I, et al.: Comparison of capillary architec-
ture between slow and fast muscles in rats using a confocal laser scanning
microscope. Acta Med Okayama, 2010, 64: 11-18. [Medline]

21) Fujino H, Kohzuki H, Takeda I, et al.: Regression of capillary network in
atrophied soleus muscle induced by hindlimb unweighting. J Appl Physiol,
2005, 98: 1407-1413. [Medline] [CrossRef]

22) Thrasivoulou C, Soubeyre V, Ridha H, et al.: Reactive oxygen species, di-


http://www.ncbi.nlm.nih.gov/pubmed/9231937?dopt=Abstract
http://dx.doi.org/10.1093/ageing/23.6.452
http://www.ncbi.nlm.nih.gov/pubmed/2697808?dopt=Abstract
http://dx.doi.org/10.1016/0197-4580(89)90010-9
http://dx.doi.org/10.1016/0197-4580(89)90010-9
http://www.ncbi.nlm.nih.gov/pubmed/837061?dopt=Abstract
http://dx.doi.org/10.1136/bmj.1.6056.261
http://www.ncbi.nlm.nih.gov/pubmed/3205267?dopt=Abstract
http://dx.doi.org/10.1056/NEJM198812293192604
http://www.ncbi.nlm.nih.gov/pubmed/10634695?dopt=Abstract
http://dx.doi.org/10.1046/j.1469-7580.1999.19540563.x
http://www.ncbi.nlm.nih.gov/pubmed/8326328?dopt=Abstract
http://dx.doi.org/10.1007/BF00838158
http://www.ncbi.nlm.nih.gov/pubmed/18635849?dopt=Abstract
http://dx.doi.org/10.1161/STROKEAHA.107.513176
http://www.ncbi.nlm.nih.gov/pubmed/19268311?dopt=Abstract
http://dx.doi.org/10.1016/j.jns.2009.02.328
http://dx.doi.org/10.1016/j.jns.2009.02.328
http://www.ncbi.nlm.nih.gov/pubmed/3746689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11777931?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M111085200
http://www.ncbi.nlm.nih.gov/pubmed/15673567?dopt=Abstract
http://dx.doi.org/10.1242/dev.01675
http://www.ncbi.nlm.nih.gov/pubmed/15558494?dopt=Abstract
http://dx.doi.org/10.1387/ijdb.041895ms
http://www.ncbi.nlm.nih.gov/pubmed/15299038?dopt=Abstract
http://dx.doi.org/10.1242/jeb.00976
http://www.ncbi.nlm.nih.gov/pubmed/12580450?dopt=Abstract
http://dx.doi.org/10.1007/978-1-4615-0205-0_55
http://www.ncbi.nlm.nih.gov/pubmed/10882714?dopt=Abstract
http://dx.doi.org/10.1074/jbc.M001029200
http://www.ncbi.nlm.nih.gov/pubmed/12114314?dopt=Abstract
http://dx.doi.org/10.1161/01.RES.0000026654.65882.55
http://www.ncbi.nlm.nih.gov/pubmed/16026332?dopt=Abstract
http://dx.doi.org/10.1111/j.1474-9726.2005.00161.x
http://www.ncbi.nlm.nih.gov/pubmed/18336840?dopt=Abstract
http://dx.doi.org/10.1016/j.lfs.2008.01.018
http://www.ncbi.nlm.nih.gov/pubmed/11827929?dopt=Abstract
http://dx.doi.org/10.1161/hc0502.102964
http://www.ncbi.nlm.nih.gov/pubmed/20200579?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15591294?dopt=Abstract
http://dx.doi.org/10.1152/japplphysiol.00961.2004

23)

24

25

26

27

)
)

NN

etary restriction and neurotrophic factors in age-related loss of myenteric
neurons. Aging Cell, 2006, 5: 247-257. [Medline] [CrossRef]

Finkel T, Holbrock NJ: Oxidants, oxidative stress and the biology of age-
ing. Nature, 2000, 408: 239-247. [Medline] [CrossRef]

Wickens AP: Ageing and the free radical theory. Respir Physiol, 2001, 128:
379-391. [Medline] [CrossRef]

JiLL, Fu RG: Responses of glutathione system and antioxidant enzymes to
exhaustive exercise and hydroperoxide. J Appl Physiol, 1992, 72: 549-554.
[Medline]

Bejma J, Ji LL: Aging and acute exercise enhance free radical generation
in rat skeletal muscle. J Appl Physiol, 1999, 87: 465-470. [Medline]

Wiist RC, Gibbings SL, Degens H: Fiber capillary supply related to fiber
size and oxidative capacity in human and rat skeletal muscle. Adv Exp Med

28

29

30

z

=

=

267

Biol, 2009, 645: 75-80. [Medline] [CrossRef]

Winter B, Breitenstein C, Mooren FC, et al.: High impact running im-
proves learning. Neurobiol Learn Mem, 2007, 87: 597-609. [Medline]
[CrossRef]

Barengo NC, Hu G, Lakka TA, et al.: Low physical activity as a predic-
tor for total and cardiovascular disease mortality in middle aged men and
women in Finland. Eur Heart J, 2004, 25: 2204-2211. [Medline] [Cross-
Ref]

Hsieh KC, Chen Y, Jang TR, et al.: Middle-aged subjects with habitual
low-speed cycling exercise have greater mononuclear cell responsiveness
against human hepatitis B virus surface antigen. Int J Gerontol, 2010, 4:
82-88. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/16842497?dopt=Abstract
http://dx.doi.org/10.1111/j.1474-9726.2006.00214.x
http://www.ncbi.nlm.nih.gov/pubmed/11089981?dopt=Abstract
http://dx.doi.org/10.1038/35041687
http://www.ncbi.nlm.nih.gov/pubmed/11718765?dopt=Abstract
http://dx.doi.org/10.1016/S0034-5687(01)00313-9
http://www.ncbi.nlm.nih.gov/pubmed/1559931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10409609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19227453?dopt=Abstract
http://dx.doi.org/10.1007/978-0-387-85998-9_12
http://www.ncbi.nlm.nih.gov/pubmed/17185007?dopt=Abstract
http://dx.doi.org/10.1016/j.nlm.2006.11.003
http://www.ncbi.nlm.nih.gov/pubmed/15589637?dopt=Abstract
http://dx.doi.org/10.1016/j.ehj.2004.10.009
http://dx.doi.org/10.1016/j.ehj.2004.10.009
http://dx.doi.org/10.1016/S1873-9598(10)70028-4

