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1. Introduction

Ageing has been suggested to be associated withinedomitochondrial DNA regulation and
metabolic dysfunction in skeletal muscle [53]. Themfavourable changes are likely to lead to
poor functional abilities in every-day life and sgpenia [14] in elderly people as well as to
enhance the risk of developing age-related metaluidieases [34]. It has thus been suggested,
that an observed age-related ~40% decline in TCAediiex and ATP synthesis rate in skeletal
muscle ultimately contributes to insulin resistafi8®]. Others have however contradicted this
hypothesized impaired mitochondrial function inezlgt by observing well functioning skeletal
muscle mitochondria in elderly human subjects WiBh95% capacity of key oxidative enzymes
relative to young subjects, except f3oxidation which was reported to be 25% reduced.[44
Hence, it is still debated if mitochondrial functidas impaired with age. Observed age-related
metabolic dysfunction may either be due to a letive lifestyle in the elderly people and/or
biological aging per se [4, 15, 46].

Endurance exercise training has many beneficildcef on health in young people,
including improved oxidative capacity of skeletausule [10]. The molecular mechanisms
behind these adaptations in skeletal muscle incirdencreased content and/or activity of key
enzymes in metabolism and angiogenesis, such asatecitsynthase (CS), succinate-
dehydrogenase (SDH), pyruvat-dehydrogenase (PDhY vascular endothelial growth factor
(VEGF) [12, 16-18, 26, 29, 35]. A key mechanism ibdhthese exercise training induced
adaptations seems to be a transient transcriptiespbnse of metabolic and angiogenic proteins
to each single exercise bout orchestrated by thestriptional co-activator peroxisome
proliferator activated receptor gamma coactivatatgha(PGC-k.) [40, 41]. Regularly repeated,
these transient gene responses are thought tddesd accumulation of mMRNAs and ultimately

proteins involved in oxidative metabolism and aggioesis [23, 40, 54]. These transient mMRNA

responses seem partly to be mediated by incredsesbporylation of intracellular signalling
molecules with exercise, like AMP activated protkinase (AMPK) and P38 MAP kinase [25,
32]. The AMPK activator AICAR has been shown toaguriate PGC-d mRNA in mice skeletal
muscle [21], and both AMPK and P38 has been regddeactivate PGC+lby phosphorylation

[22. 42]. In addition, AMPK and P38 phosphorylatibas been reported to increase in human




skeletal muscle immediately after exercise [24]néée AMPK and P38 may initiate PGG-1

mediated responses to exercise [37].

However little is known about the ability to prevene potential age-associated decrease
in oxidative enzyme capacity with exercise trainiaghough previous observations indicate that
this might be possible [47]. Thus, previous studegsorted that elderly orienteer runners had
SDH, CS and 3-hydroxy-acyl-CoA-dehydrogenase (HAdR}ivities at the same level as
endurance trained young subjects [9, 48]. Adaptghih other parameters such as maximal
oxygen consumption and muscle strength has alsp fegorted in elderly [19, 20] and old
people [7] and supports a general maintained ghilitaged individuals to adapt to exercise
training. However, it is yet not clarified whethkielong exercise training will enhance the
oxidative capacity in skeletal muscle and whetlketetal muscle of elderly people maintains the
ability to adapt in metabolic and angiogenic fastr exercise training.

Therefore the aim of this study was to test thpoliyeses that 1) skeletal muscles of
elderly subjects have the ability to adapt to alsirendurance exercise bout and 2) endurance
trained elderly people have higher expression/agtnf oxidative and angiogenic enzymes in
skeletal muscle than untrained elderly subjectss Ehevaluated by determining acute exercise

induced_intracellular signallingnd mRNA responses as well as mitochondrial enzctigities

and metabolic and angiogenic protein contents ieakeusamples from elderly endurance trained

and untrained subjects.



2. Methods

2.1 Subjects

Fourteen healthy elderly men and one healthy gldedman, aged 67-75 years, participated in
the study. Eight subjects were endurance train@q @iad seven subjects were untrained control
subjects (UT). The average age, height, weight Blddl of the ET subjects were: 71.3 years
(range:67.5-76.1), 173 cm (range: 159-183), 73 kg (rarke2-87.6) and 24.4 kg:fr(range:
20.6-29.3), respectively. They had been engagezhd@turance training (long-distance running,
cross-country running, and road cycling) for thetl20-50 years with an average training
frequency of 3 times/week (range: 2-6 times/weéldur of the ET subjects participated in
National Master Athlete Championships in their exdjwe events and two of them also
participated in the Master Athlete World Games aater Athletes Olympics. The average
age, height, weight and BMI of the UT subjects wé&k3+4 years (range: 67.1-79.2Y,6 cm
(range: 168-185), 81.9 kg (range: 75.5-89.3) and &§-m’ (range: 25.1-27.6), respectively.
They had not been exercising regularly for the Bsyears. The subjects were fully informed of
the risks and discomforts associated with the exymrtal procedures, and all provided written
consent. The study was carried out in accordandk thie guidelines in the Declaration of

Helsinki and was approved by the Copenhagen artkRksberg Ethics Committee.

2.2 Experimental protocol

Each participant visited the laboratory on threeasmns. At the first visit, anthropometric
measurements were performed, i.e. body weight, hheand fat percentage (Durnin &
Womersley, 1974). The first visit was also usedfémniliarization to the bicycle ergometer. On
the second visit, the participants performed areimental bicycle test (Monark 125, Sweden) in
order to determine the maximal oxygen uptake £{¥£) and incremental exercise performance.
The test was also used to determine the load ielicit75% of individual maximal oxygen
uptake (VQmay. The incremental test consisted of 3 min of eiserat 0 W, after which the load
was adjusted upwards by 20 W each minute. Pulmogasy exchange and ventilation were
measured (CPX/D MedGraphics, Saint Paul, MinneapdliS) and heart rate was recorded
throughout the incremental test (Polar Electro Rgmpele, Finland). The VQ.x was defined

as the highest 30 s mean value recorded beforguthject’s volitional termination of the test.



At the third visit to the laboratory, at least 4&ulns after their last training session, the subject
arrived at 9 a.m. after having consumed a lighhddiedized breakfast consisting of cereals,
bread and milk at 8 a.m. A catheter was placedhiardecubital vein and a venous blood sample
was collected. In preparation for biopsies fromvastus lateralis two incisions were made under
local anesthesia (20 mg/ml lidocain) and a musidpdy was obtained from one of the incisions
using the needle biopsy technique [1] with suctibhis was followed by a continuous bicycle
exercise test at 75% \W.xto exhaustion, where a muscle biopsy was obtaired the other
incision 15-60 seconds after cessation of exerégeadditional muscle biopsy was taken two
hours into recovery through a new incision. All isees were obtained with the subjects lying in
the supine position on a bed standing next to tbgcke. Additional blood samples were taken

from the arm vein at exhaustion and 2 hours inéoréftovery period.

2.3 RNA isolation and reverse transcription

Total RNA was isolated from ~20 mg muscle tissueabsodified guanidinium thiocyanate-
phenol-chloroform extraction method as previousgatibed [5, 40].

Reverse transcription (RT) was performed usingltigerscript Il RNase Hystem (Invitrogen,
Carlsbad, CA) as previously described [13, 40]. jtdducts (cDNA) were diluted in sterile
filtered water (Millipore, Billerica, MA) to 60pul/g cDNA.

2.4 PCR

The cDNA (MRNA) content of a given gene was detaediby real time PCR using Taqgrfian
assay as previously described [33]. Primers andVigagprobes were designed using human
database Ensembl.org and Primer Express (AppliedyBtems). Primers and TagMan Probes
with 5° FAM and 3' TAMRA labelling were purchasedofn TAG Copenhagen (Copenhagen,
Denmark) and are listed in Table 1.

Triplicates of 10ul reaction volume were performaesing Universal Mastermix (Applied
Biosystem, Foster City, CA). The number of cyclesgiluta sample reach a given fluorescence
level is defined as the cycle threshold (Ct). Aidedilution of a pooled representative sample
was run on each plate and used to construct aathmadirve, from which the Ct values of the

samples were transformed to a relative mMRNA amokat. each sample, the specific target



MRNA content was normalised to GAPDH mRNA contenthie given sample. The GAPDH

MRNA content was not affected by training statéheracute exercise.

2.5 Immunobl otting

To determine the basal protein levels and exeiodeeed intracellular signallingmuscle

samples of ~20mg wet weight were homogenized asiqugly described [26]. After
centrifugating the samples for 30 min at 17500@, shpernatant was collected. Total protein
content was determined by the bicinchoninic acishgqPIERCE REAGENS, Rockford, IL).
The protein amount was calculated based on a gsihidlon of a BSA standard with known
protein concentrations, which was run with the sasp

The samples were then diluted in sample bufferainimg 0.5 M Tris Base (pH 6.8), DTT, SDS,
Glycerol, Bromphenol blue to obtain 2 ug total piotper ul. Proteins were separated on 10% or
15% Tris-HCL gels (BioRad, Stockholm, Sweden) bySSRAGE followed by semi-dry transfer
to PVDF membranes (Millipore, Copenhagen, Denmavledmbranes were blocked for 1 hour at
4 °C (either TBST + 2 or 3% skim milk or 3 or 5% &Sincubated with primary antibodies in a
solution of skim milk/BSA and TBST overnight andstly incubated with horse radish
peroxidase (HRP) conjugated secondary antibodysolation of skim milk/BSA and TBST for

1 hour. HRP substrate was added (ECL-Plus reaGé&ntiealthcare) to the membranes and band
intensity of each sample was detected using Kodakgé Station E440CF (Kodak, Ballerup,
Denmark). Protein content was quantified using Kotlaaging Software (Kodak, Ballerup,
Denmark). Protein content is given in arbitrarytsimelative to a human skeletal muscle standard
sample run on each gel. Primary antibodies usede:wAnti-GLUT4 (#998101, Affinity
BioReagents, Rockford, IL), anti-hexokinase Il (828, Santa Cruz, CA), anti-Cytocrome c
(#29573, BD, Pharmingen, CA), anti-VEGF (#L1008nt&aCruz, CA),_anti-phospho-AMPK
(#2535S,Cell Signalling, MA), anti-AMP#&2 (Graham Hardie), anti-phospho-P38 (#4511, Cell
Signaling, MA) and anti-P38 (#9212, Cell SignallifgA).

2.6 Mitochondrial preparation and enzyme activity
The preparation method and the measurements ofchoitarial respiratory activities have

previously been described in detail [43-45]. Ldsant 100mg muscle tissue was used and the



preparative operations were conducted so that #esuored activities could be related to tissue
mass. The mitochondrial fraction contained abod6 4@ the tissue mitochondria.

All reported activities, except two, were measuredo-called functional assays, i.e. the enzyme
was located in its normal environment, physiolog®abstrates were used, the mitochondrial
respiration was limited by the enzyme in questam] the substrate/oxygen stoichiometry was
known. More detailed description of these assagsven in e.g. [43, 44].

The COX and citrate synthase assays were not madtiassays. The former used non-
physiological substrates, but it was useful for pansons. Citrate synthase was assayed by the
photometric method of Shepherd and Garland afatrinent of the mitochondria with Triton X-
100 [51].

All activities were measured at 25°C and extrapolato 37 °C with a factor of 2.29,

corresponding to a doubling of the rates from 2336C.

2.7 Satistics
All results are given as means = SE. A studenstt-teas used to test the effect of life-long
endurance exercise training on ¥ax, time to exhaustion, enzyme activity, proteamtent,

muscle glycogen and capillarization. The hypoth&gms that training increased each of these

parameters and the p-values were obtained witheatailed testA two way ANOVA with

repeated measures was used to test the effechining status and acute exercise on mRNA
levels_and on signallingA one way ANOVA with repeated measures was uedddt the effect

of acute exercise on mRNA levels separately witach group. Student Newman Keuls post

hoc test was used to locate differences. A sigaifte level of p<0.05 was chosen and a

tendency is reported when 0¢0.1. In addition, VEGF protein and capillarizatiovas tested

for correlation using a Pearson correlation cosffit




3. Results

3.1 Maximal whole-body oxygen uptake and endurance

VO,max, (I-mint-kg'bodyweight) was 46% higher (P<0.05) in ET than if (Figure 1a), and
when given as |-mih~28% higher (p<0.05) in ET than in UT.

ET bicycled continuously for 86.6+£7.9 min at 75% M@x before exhaustion, which was 35%
longer (p<0.05) than UT (Figure 1b).

3.2 M. vastus lateralis capillarization
The number of capillaries per fibre was 27% higfes0.05) in ET than UT, 1.77 and 1.39,
respectively._Capillarization and VEGF protein @onit in the vastus lateralis muscle was

positively correlated, with a Pearson Correlatiorfticient ~0.87.

3.3 Mitochondrial enzyme activities

Mitochondrial protein concentration relative to ralesweight was 19% higher (p<0.05) in ET
than in UT (Figure 2a).

PDH activity and3-oxidation were ~43% and 42% higher (p<0.05), respely, in ET than UT
(Figure 2b-c).

Furthermore CS, SDH andKG-dehydrogenase activities were 28, 36 and 54§tadri (p<0.05)
in ET than in UT, respectively (Figure 3a-c).

ATP synthase activity and NADH-oxidase activityfigeting the respiratory chain activity) were
46% and 35% higher (p<0.05) in ET than UT, respetti while COX activity tended to be
23% higher (0.05p<0.1) in ET than UT (Figure 3d-f).

3.4 Protein expression

Cyt ¢, GLUT 4 and HKII protein content was not sfgrantly different between the groups, but
the HKII protein level appeared ~45% higher (p>1ET than in UT (Figure 4). VEGF protein
content was ~230% higher (p<0.05) in ET than in Biggre 5).

3.5 Muscle glycogen content



Resting muscle glycogen was 447+49 mmol/kg in Ed 429+19 mmol/kg in UT and the
absolute glycogen utilization during exercise wa8 tnmol/kg and 172 mmol/kg, respectively,
with no significant difference between the groudewever, glycogen utilization/KJ work was
42% lower (p<0.05) in ET than in UT.

3.6 mMRNA expression

Relative to Pre the PGGxInRNA content increased (p<0.05) ~11 fold in UT &nibld in ET
two hours after the acute exercise bout (Figure 6a)

Exercise did not affect the HKIl mRNA content siigzantly in any of the groups when tested
with a two way or one way ANOVA. The HKII mRNA caarit in UT, however, tended to be ~ 4
fold higher (0.05p<0.1) in UT than ET immediately after the exerclsaut and 2h into
recovery, when tested by a paired t-test (Figuie 6b

VEGF mRNA increased (p<0.05) ~4 fold in UT immedipiafter the cycling bout and remained
elevated 2h into recovery, while there were no geanin the VEGF mRNA content with
exercise in the ET group (Figure 6c¢).

A tendency to an overall difference (0s@0.1) in TFAM mRNA between the ET and UT
group was present (Figure 6d). The UT group hadparent increase (p>0.1) in TFAM mRNA

content after the cycling bout.

3.7 Intracellular signalling
AMPK phosphorylation increased (p<0.05) 4.6 and il in UT and ET, respectively,

immediately after the exercise bout (Figure 7a)ilevR38 phosphorylation increased 3-4 fold in

both groups after the exercise bout (Figure 7b).




4. Discussion

The main findings of the present study are thatuesmte trained elderly subjects had higher
oxidative enzyme activities and higher capillaii@atthan untrained elderly subjects indicating
an improved oxidative capacity and maintained nmtodrial function with lifelong endurance

exercise training. Furthermore, untrained eldedijects had marked exercise-induced AMPK

and P38 phosphorylatioas well as mMRNA responses of PG&-4nd VEGF, implying that

skeletal muscle of elderly subjects maintains thdita to adapt and induce mitochondrial
biogenesis and angiogenesis.

The present observation that skeletal mugetexidation, PDH, CS, SDHu-KG-DH,
NADH-oxidase and ATPase activities as well as VEBétein content and capillarization were
higher in the elderly endurance trained than inuh&ained subjects is in accordance with well
known endurance training induced effects in youmgjects [3, 10, 17, 18, 31, 50]. The higher
enzyme activities can partly be explained by tlghér mitochondrial protein content (~19%) in
the endurance trained subjects, implying increasgdchondrial biogenesis in skeletal muscle

of this group._The lack of a corresponding differenn Cyt ¢ protein content is surprising, but

may be related to the sensitivity of western hipftielative to enzyme activity assays combined

with potential small changes in Cyt ¢ protein contevith endurance training as previously

reported in mice [31]In addition, the ~40% higher oxidative enzyme atiés and the 27%

higher capillarization in the elderly enduranceined than untrained subjects, in the present
study, are the same degree of improvements prdyioegorted in young individuals [12, 27,
29] suggesting that the trainability of oxidativezgmes and capillarization in skeletal muscle is
similar in elderly and young subjects. This indesatthat elderly subjects who have been
physically active throughout life maintain skeletaliscle metabolic adaptations which are likely
to delay or prevent the development of metabolcadlated diseases as well as maintaining the
functional abilities in daily activities.

In contrast to previously reported mitochondriakfuyction in elderly [28, 39, 53], the
present findings are in line with previous studieewing that mitochondria from skeletal muscle
of elderly subjects are well functioning [44, 4The finding that both the endurance trained and
untrained elderly subjects in the present study+aébld loweraKG-DH/CS activity ratio than
previously observed in young subjects [2], is apply due to a higher CS activity rather than a



lower aKG-DH in the elderly subjects than the young [4].may be speculated that this
upregulation of CS activity is caused by an incegagquirement of biosynthesis of triglycerides
from citrate in elderly subjects for a yet unknoweason. A potential impairment of
mitochondrial function in elderly and old subjeatgy be related to their training status, as the
elderly [44] and old [47] subjects with well funmting mitochondria in previous studies were
endurance trained at different levels, while theedly with impaired mitochondrial function
were sedentary [39]. In addition, it is likely thatitochondrial dysfunction may be more
pronounced after the age of ~75 and only slighttectable at a younger age, as it has been
suggested for the hypertrophic response to resstaxercise training [52].

The finding that the enhanced oxidative capacitshaelderly endurance trained subjects
was associated with markedly longer time to exhamstluring cycling than the untrained
subjects provides evidence for functional effedtshe adaptations in skeletal muscle. This is
further supported by additional findings from ther® subjects showing that muscle glycogen
utilization/KJ and the RER value during the firét thinutes of the exercise were lower in the
endurance trained than the untrained elderly stejé€rustrup et al 2011). This glycogen
sparing and higher fat oxidation in the enduramaméd subjects are likely due to the improved
skeletal muscle oxidative capacity shown in thespné study.

The exercise induced AMPK phosphorylatias well as PGCe¢l and VEGF mRNA
responses, and tendency to increased HKIl mRNAeuntrained subjects, are in agreement

with previous findings in young subjects [8, 16, 4], and support that skeletal muscle of
elderly subjects maintains the ability to adapt abetically and angiogenically to exercise
training. Because the two groups in the currendysexercised at 75% \4hax, and because a
previous study in young subjects has shown thatdlagive workload seems to determine the
acute PGC-d mRNA response [36], similar acute mMRNA responsesewanticipated in the
untrained and the endurance trained elderly subjétte present observations of relatively lower
or complete lack of exercise induced AMPK phosplatign, PGC-#&, HKII and VEGF mRNA
responses in the elderly endurance trained subjeaystherefore indicate an age-related loss of
adaptability to acute exercise, which means a piisgiof an age-associated decline in the
ability to further adapt to endurance training, whedready trained. There may thus exist a
critical age for gaining full endurance exerciseluoed mRNA responses, in line with the

reported decrease in hypertrophic response totaeses exercise training of same relative



intensity from the age of 60-80 [52]. The intengigpendency observed in young subjects may
therefore be shifted upwards with age and therefegeire a higher exercise intensity in elderly
trained to obtain a given acute mRNA response @les&l muscle. However based on the longer
time to exhaustion, it seems that the relative Voa#t determined from whole body ¥@ax
does not correspond well with the relative workldessed on metabolic fitness/endurance in
these elderly subjects [49]. Therefore it is pdssibat the acute mMRNA responses would be
present/more marked in the endurance trained gldribjects, if the relative workload was
based on leg muscle endurance or leg musclem&® instead of whole body \@ax. The

difference in MRNA responses between the two graupg be due to the different exercise

induced AMPK phosphorylation, as the AMPK activa#dd€CAR has been shown to increase the
MRNA content of PGC«d, VEGF and HKII in skeletal muscle [21, 30]. Funim®re the more
marked exercise induced AMPK phosphorylation in thdn ET may imply a higher level of

intracellular metabolic disturbance in the untrdimeibjects during cycling, although working at

the same % V@ax as the endurance trained. On the contrarysithi#ar exercise induced P38

phosphorylation response in skeletal muscle oltiteained and endurance trained subjects may

be explained by the same degree of mechanicakdti@ing cycling in the two groups, as P38

phosphorylation has been reported to be enhancetebiianical stress [6, 11].

In conclusion, the observed higher skeletal musol&lative enzyme activities and
capillarization in lifelong endurance trained elgesubjects than in untrained elderly subjects
provides evidence for beneficial effects of lifedjpendurance exercise training on skeletal

muscle oxidative capacity, which may improve ddipctional abilities and delay sarcopenia

and development of metabolically related diseasEse clear exercise induced AMPK

phosphorylatioras well as mMRNA responses of metabolically andogyagpically related proteins

in the untrained elderly subjects indicate thaedidsubjects maintain the ability to adapt to an
acute endurance exercise bout and thus potent@ligpeated bouts of exercise. Together the
present findings suggest that metabolic and angiogadaptability is sustained in elderly

subjects at least up to the age of 75.
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Table and figure legends

Table 1.

Forward Primers (FP), Reverse Primers (RP) and BagRtobes sequences used for real time
PCR to detect peroxisome proliferator-activateegpéar gamma coactivator 1-alpha (PG&);1
hexokinase Il (HKII), vascular endothelial growtitfor (VEGF) and Transcription factor A,
mitochondrial (TFAM) mRNA.

Figurel.

Maximal oxygen uptake, V&nax (ml-min*-kg') and time to exhaustion (min) at 75% M@ax

in endurance trained (ET; n=8) and untrained (U37)relderly subjects. Values are meanzx SE.
a: significantly different from UT, p<0.05

Figure 2.

a) Mitochondrial protein concentration (mg-muscle), b-oxidation and c) pyruvate
dehydrogenase (PDH) activity in isolated mitoch@adbtained from vastus lateralis muscle
biopsies from endurance trained (ET; n=8) and umtth(UT; n=7) elderly subjects at rest.
Values are mean * SE. o: significantly differemnfr UT, p<0.05.

Figure 3.

a) Citrate synthase (CS), b) succinate dehydroge{&3H), c)-ketoglutarat-dehydrogenase (
KG-DH), d) NADH oxidase, e) cytochrome c oxidd€#X) and f) ATP synthase activity in
isolated mitochondria obtained from vastus latenaduscle biopsies from endurance trained
(ET; n=8) and untrained (UT; n=7) elderly subjeattsest. Values are mean + SE. ©:
significantly different from UT, p<0.05, #: Tendslbe significantly different from UT,
0.05p<0.1.

Figure4.

a) Glucose transporter type 4 (GLUT4), b) hexokenhg¢HKII) and c) cytocrome c (Cyt ¢)
protein content in vastus lateralis muscle biops@&® endurance trained (ET; n=7) and
untrained (UT; n=6) elderly subjects at rest. Valaee mean * SE.

Figureb5.

Vascular endothelial growth factor (VEGF) proteontent in vastus lateralis muscle biopsies
from endurance trained (ET; n=5) and untrained (k85) elderly subjects at rest. Values are
mean + SE. a: significantly different from UT, p®&6.

Figure6.

a) MRNA content of peroxisome proliferator activhteceptor gamma coactivator 1-alpha
(PGC-Ln), b) hexokinase Il (HKII), c) vascular endothelgbwth factor (VEGF) and d)
transcription factor A, mitochondrial (TFAM) in \as lateralis muscle biopsies obtained from
endurance trained (ET; n=7) and untrained (UT; ret@@rly subjects before (Pre) and
immediately after (0") an acute exercise bout drhaf recovery (2h). The target mMRNA was
normalized to GAPDH mRNA content. Values are me&&t*: significantly different from
Pre, p<0.05, f tendency to overall difference betwie two groups, 0.6H<0.1.



Figure?7.

a) MRNA content in skeletal muscle of phosphorga®P activated protein kinase (p-AMPK)
and b) phosphorylated P38 MAP kinase (p-P38) eidiig endurance trained (n=7) and
untrained (UT) (n=6) elderly subjects before (Rmed immediately after (Oh) an acute exercise
bout. The target protein was normalized to totatgin content. Values are mean = SE. *:
significantly different from Pre, p<0.05, §: Terdsbe significantly different from Pre,
0.05p<0.1.



Table 1. Primer and TagMan probe sequences used for nealRCR

FP 5'CAAGCCAAACCAACAACTTTATCTCTS’
PGC-Ii |RP 5 CACACTTAAGGTGCGTTCAATAGTC3'
Probe 5'AGTCACCAAATGACCCCAAGGGTTCCS'

FP 5'TTGTCCGTAACATTCTCATCGATT 3
HKII RP 5 TGTCTTGAGCCGCTCTGAGAT 3
Probe 5 ACCAAGCGTGGACTGCTCTTCCGA 3'

FP 5' CTTGCTGCTCTACCTCCACCAT 3
VEGF RP 5" ATGATTCTGCCCTCCTCCTTCT 3
Probe 5 AAGTGGTCCCAGGCTGCACCCA 3'

FP 5' AGATTCCAAGAAGCTAAGGGTGATT 3
TFAM RP 5'TTTCAGAGTCAGACAGATTTTTCCA 3
Probe 5 CCGCAGGAAAAGCTGAAGACTGTAAAGGA 3'
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Figure 3

Y
)

i = 2
_H_.mx Jo L [DLLILLEY AJLAIRDE S 0 | 0]

] i 2 2 we 2 2 8 B 2 §

{, - | LILLL- (DU ADATIE 300

]

L .mw —
E - m Hop——
[ =] =] [=] (=T ] =] L] =] L] =]
0 o == o i R o - -

_H_.m_._. (HILL- L) AalaE 50 _H_.mu,_ ._-:_E.__”_E_.E Aaae HOS

ET

o i = kS
_H_.m“._ (LI L) Alallae aseyluss ]y

A 2 =

-

— 03 i -+ ol [
[

(3 LI UL AR H 60 5




Figure 4
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Figure 5
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Figure 6
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Figure 7
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Research highlights

The main findings of the present study are thatuesmte trained elderly subjects had higher
oxidative enzyme activities and higher capillaii@atthan untrained elderly subjects indicating
an improved oxidative capacity and maintained nftorial function. Furthermore, untrained
elderly subjects had marked exercise-induced mRéspanses of PGCaland VEGF, implying
that skeletal muscle of elderly subjects maintairesability to induce mitochondrial biogenesis

and angiogenesis.



