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Abstract

ThepurpoJecfthi tdy wa to rewealthe rolecfaerobie andanaerobie trainin
pragran on CD" Sten Cell and Sone Plyiological Paramnetera. '1ienty
hcaltly nale athlete aged (18-24 yr) were recruited for thi tdy. hcaltly
low actie male ano Bl matcled participant (n=l0) aged (20-.22 yr.) were
recruited a control. Aerobie and anaerobie trainig prugramfor 12 week were
we. V02.4arpule etination uin9dtrandRhyning protocol. RBC,WBC,H
and hematocrit were etimated uing coulter counter Lactate by aecuport CD'
،tem cell (y ftow cytometer: kelt: 02»ar wa increaed aignlficantty in cae
f aerobie training program compared to anerobie one (62±2.2 ml/kglmin)



(4±2.1 ml/kg/nin). haemotolgical wale icreaed ،ignfcanty in anaerobie
progrann conwpared to aerobie, RBC (5.5±0.5 a8 4.9±0.2 Milli), WBC (66±0.5
an 6.1±0.4 1houlD), HB(15.4±0.4 an 14.2±0.5 /oe) henatocrit (46±1.2
ad 4.4±1.1 %), CD" atem cell count increلa ed ibnficantty in cae cfanaerobie
programn than aerobie (251.6±21.64 an0 150±14.61) and ،edentary (172±24.l6).
1hee fnding ،ugget that anaerobie training progran provoke better adaptation to
eaercie and tem cell count may d,fer beheen trained an edentary Circlating
immuatre cel are tikely to be inolved in angiogenei and repair proce, both
mechanim being aociated with trenuou eercie, knowledge ،fthe plyiological
f،fecا ftrainin9 on ،ten cell might be cfpotential clinical we.,

Key words: Aerobic and anaerobic training progroms, CD' stem
cells, physiologicol parameters.

Imtrodwction

Exercise is one of the most power­
ful non-pharmacological strategies,
which is able to affect nearly all cells
and organs in the body. ln this context,
a new research avenue focusing on the
action of exercise on adult stem cells
has emerged during the last decade.
Changes in the behavior of adult stem
cells from different regions, including
skeletal muscle and the cardiovascular
system have been shown to oCcur in re­
sponse to exercise. ln general, exercise,
both acute and systematic training, has
been found to stimulate increases in cir­
culoting EPCS in healthy subjects and
patients with cardiovascular diseose, a}­
though there are few studies that lend
insight into the mechanisms and signa}­
ing that connect exercise with stem cell
release and action (Witkowski, 2008)

Through its action on adult stem
cells, exercise may act on the regen­
erative potentiol of tissues by altering

the ability to generate new stem cells
and differentiated cells that are able to
carry out tissue specfic functions (Kado
andThornell 2000). Strength and power
are important aspects of fhtness, sport
and everyday activity. However, much
debate remains as to how these quali­
ties, should be evaluated. Much of the
debate originates from the defnition
of strength and power as well as the
different terminology used across labo­
ratories. Sale (1991) defined strength
as the force exerted under a given set
of conditions during a maximal volun­
tary contraction (MVC). Sale continued
to define power as the rate at which
mechanical work is performed under a
specified set of conditions, or the prod­
uct of force and velocity. Both defini­
tions imply that strength and power are
defined by conditions such as velocity,
contraction type, posture and move­
ment pattern specificity.That is strength
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for one task may not imply for another
one. Strength and power are quite of­
ten measured in contexts dissimilar to
the environment in which functional
strength and power are needed (Fatour­
ous et al, 2000).

Guyton and Hall (2006) reported
the effect ofathletic training on muscles.
They stated that muscles that function
under no load, even ifthey are exercised
for hours, increase little in strength. On
the other hand, muscles that contract
at more than 50% maximal force will
develop strength rapidly even if the
contractions are performed only a few
times each day. They also added that
during muscle contraction blood flow
increase about l3 fold but also the flow
decreases during each muscle contrdC­
tion. This decrease in flow is due to the
compression of intramuscular blood
vessels, but the blood flow to muscles
increases during contraction.

ln a recent study, Brd et al. (2010)
investigdted the impact of two distinctly
different exercise volumes on anabolic
signaling myogenic gene expression, and
rates of muscle protein synthesis (Mix,
Myo, Sarg), specifically, they utilized a
unilateral model in which subjects per­
formed exercise at 90% 1RM until foil­
ure (90 FAIL), 30% 1R٨ in which the
amount of external work was matched
t٥ 90 FAIL (30 WM), or 30% 1RM
to failure (30 FAIL). They reached the
conclusion that low-load high volume
resistance exercise is more effective in
inducing acute muscle anabolism than

high load low volume or work matched
resistance exercise modes.

As for training induced adaptdtions,
exercise induced neutrophilia was shown
to become progressively blunted with
training (Suzuki et al, /999), but no
other study tested whether circulating
HPG counts may differ between trained
and sedentary sutjects. Circulatng im­
mature cells are likely involved in angio­
genesis (Reyes et al, 2002) and repoir
processes (Sringer et al, 2001), both
mechanisms being possibly associated
with strenuous exerCise and progressive
training. Given the large use of exercise
based rehabilitation progroms in several
diseases, knowledge of the physiological
effects of training on HPCs might be of
potential clinical use.

ldentification of EPCs on the cell
surfoce expressions of various protein
markers. There is no straight forward
definition of an EPC marker because
these cells seem to be a heterogeneous
group associated with different cell sur­
face antigen expression profiles. The
most commonly described molecules
that serve as biomarkers for recognition
of ٥n EPC population include CD34+,
CD133, andVEGFR2.The pioneer study
ofAsahara et al(1999) recognized EPCs
as CD34+ mononuclear cells (MNGs).
Hematopoeietic stem cells that serve
as a source of EPCs express CD34+,
however this marker is also present on
the surface of mature endothelial cells
(Fina et ol, /990).



Patrick and Stephane (2003) found
cp3 stem cell from elite triathletes
to be signifcantly lower than in healthy
sedentary subjects.They stated that the
low CD' counts and neutopenia and
low lymphocyte counts could contrib­
ute to the increased upper respiratory
tract infections observed in these ath­
letes.They hypothesized three explana­
tions ( ( ا Aerobic training could induce
deleterious effect on B/ by inhibition
of central CD34" SC growth (2) intense
training could depress the mobiliza­
tion of CD34 SC. (3) due to aerology
of the damage / repair process. They
conclude that CD4' SC quantification
in elite athletes should be helpful for
both basic science research and sport
clinicians.

The aim of this study was to reveal
the role of aerobic and anaerobic train­
ing programs on CD34+ stem cells and
some physiological variables.

Mlaterial and Mlethods

Participant:
Twenty healthy male athletes aged

18-24 years with a training history of
4-9 years were recruited for this study.
Athletes had to engage in regular exer­
cise at least 3 days/week. Healthy low
active male and B/l matched partici­
pants (n=/0) oged -20-22 yrs. - were
recruited as controls. Control subjects
could not have a recent history of regu-

lar exercise. Participants were screened
and asked to fll out a health and physi­
cal activity history questionnaires.

A// participants were nonsmokers,
non-diabetic and free of cardiovascular,
lung and liver diseases. Participants did
not take any medications that affect
EPCs number or fnction.These include
statins, angiotensin / l receptor antago­
nists, ACE inhibitors; peroxisome prolif­
erators activated receptor (PEARd)
agonists and EPO.

S Analrsisاaاsiاaciل
Student's t tests were used to deter­

mine the differences between athletes
and control groups and between aero­
bic and anaerobic groups when exer­
cise protocols data were found to not
meet the assumption of normality, the
non-parametric /ann Whitney test ا
(Wilcoon rank sum test) was used to
compare difference between groups.
ln these cases, for descriptive data the
median (Lowest value-highest value) is
displayed. Differences between groups
were tested using the analysis of vari­
ance (ANOWA). For parometers with
non-normal distributions non paramet­
ric Spearman correlation coefficients
were used. F test was used to test 3
groups An a level of 0.05 was used to
indicate statistical significance.

Aerobie TEaining Rroram After Dr
PlilEten (20l0)

Early season phase: this train­
ing phase takes place during the frst 4
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weeks ofan /2 week program.A typical
week in to follow aerobic-paced mileage
(3miles) on Monday to Wednesday with
a hard up-tempo workout on Tuesday
(anaerobic threshold and race pace),
a softer up-tempo workout on Thurs­
day, 20-40 minutes of easy running on
Friday, a race on Saturday and Sunday
off, weight training on Monday and
Wednesday During the early season
phase the athletes should have one very
long run every /4 days and the work­
outs should progress in duration every
2 weeks by 5 minutes. lntensity = HR
of /40-/50beatslm. Midseason phase
should begin after 4 weeks and contin­
ue through week 8. During this phase,
the runners should have one very long,
aerobic paced run every /4 days (20-
50%) longer than their run ofthe week.
Progression every 2 weeks increase run­
ning time by 5 minutes, weight training
continue on Monday and Wednesday.A
big difference with this phase as com­
pared with the early phase is that both
duration and intensity ofthe work bouts
should be at a higher level.

Final phase covers the last 4 weeks
of٥ /2 week training program. lt is im­
portant to continue with sufficent aero­
bic pace runs to ensure stride efficiency.
By maintaining duration (minutes the 5
percent cut back per week), increasing
the rest interval, and slightly decreasing
the intensity of the repetitions, the run­
ner recovers from the midseason work
and performs at optimal levels.

Anaerobic TEaining Frogram After
Tom Green ( ذ20)

Training three times a day: on Mon­
day, Tuesday, Thursdoy and Friday. Sat­
urday is reserved for single ه spedific
workout and high intensity.

-/sr workout 20-45 minutes active
warm-up, max velocity sprint, plyomet­
ric/bounding and a cool down of /0-/5
minutes.

-2nd workout 20 minutes worm-up,
main workout and general conditioning,
/0-/5 minutes cool down.

3rd workout weights using high load
(70%١RM)

-Saturday workout is typically late
morning or early afternoon.

As the season progresses the work­
out progrom gets increasingly more
technical, specific and fne-tuned, inten­
sity increased reaching 170 beatslmin.
After properly warmed up for 20 min­
utes, the first workout spends 30 min­
utes to an hour of work on maximum
velocity sprint and /or plyometric.

The second workout throughout the
week:

Monday: 30 second sprint, then 10
minutes rest, then sprinting at 80% up
a hill, around /00 meters, cool down.
Tuesday: warm up, standing in place­
running arm swings,perform with dumb­
bells (5-25 Lbs) then single leg squat
with 2 minutes rest between each set.
Wednesday -rest and recovery.



Thursday: warm up, the workout in
place weighted arm swings /0 sets of
60 seconds on with 60 second off, and
then cool down.

Friday like the workout of Monday
then cool down

Saturday: workout is used for active
recovery

The third workout of the day weight
training progression -increase weight,
sets and reps increase to allow the
body to peak.As the athlete adapts to
training the rate of progression can be
increased

Reslا s
Satز ect haracteritie:
Twenty athletes and ten low active

control males participated in the study.
Groups were matched for age, body
mass and body height (table l).Also for
BMl, non-significant changes in basic
characteristics, to compare athletes and
control males.

Heart rate andVO2 »x showed sig­
nificant changes (Table 1), as expected
athletes had a lower heart rate com­
pared to control. Physical activity ques­
tionnaire data revealed that athletes
exercised an averoge of 5±0.5 days a
week for 5±0.2 years.

The control group was not engdged
in regular eercise, nor did they have a
recent history of physical activity.

Twenty athletes agreed to partic­
pate in a /2 weeks of training sessions
of aerobic and anaerobic exercises.

Discussion
Tables / and 2 revealed lower values

of lactate after aerobic and anaerobic
training programs which mean a better
fitness.Lactate is the end product of the
anaerobic carbohydrate breakdown. lt
is the metabolite displaying the most
spectacular concentration changes in
muscle and blood with exercise.As a re­
sult, its measurement offers a wealth of
information regarding the effect of ex­
ercise on metabolism. Lactate is usuolly
determined in blood plasma (/ougios,
2006). Peak lactate concentration after
short maximal exercise is reached of­
ter 3-5 minutes. Thus, a blood samples
taken immediately after the end of ex­
ercise will not produce peak values.

Progromming training based on blood
lactate concentration is superior to pro­
gramming based on heart rate because
lactate relates directly to muscle metab­
olism and muscle adaptations.Thus, one
could use lactate to determine training
intensities at the beginning of a training
program, monitor training through heart
rate on a daily basis, and relate to lac­
tate every few weeks to control the in­
tensity. Most scientists agree that exer­
cise intensities below 4mmol/L are most
effective in improving aerobic endur­
ance, cardiac function and the lipidemic
profile (Mougios, 2006); Greenhaff and
Timmons, /998).
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Barrett et al. (2010) stated that
blood consists of a protein rich fluid
known as plasma, in which cellular e}­
ements are suspended: white blood
cells, red blood cells and platelets. The
normal total circulating blood volume
is about 8% of the body mass (5600
ml in ٥ 70kg mon).About 55% of this
volume is plasma. Red blood cells, white
blood cells and platelets are formed in
the bone marrow, which is actually one
of the largest organs in the body, ap­
proaching the size and weight of the
liver. Hematopoietc stem cells (HSCS)
are bone marrow cells that are capable
ofproducing all types ofblood cells.They
differentiate into committed stem cells
(Progenitors cells).The Hscs are derived
from uncommitted, tot potent stem cells
that can be stimulated to form any cel
in the body.Adults have a few of these,
but they are more readily obtained from
the blastocysts of the embrio.

Robergs and Roberts (1997) stated
that the main functions of the cellular
components of blood are the transport
of oxygen and carbon dioxide, blood
clotting, acid base buffering immune
functions and tissue repair and destruC­
tion, and the function of plasma (liguid
components) are blood clotting, circu­
lating or cellular components and their
contents, heat transfer and thermoreg­
ulation, water exchange and transport,
circulation of hormones, acid base buff­
ering, circulation of metabolites, nutri­
ents and waste products.

Burge et al. (1993) and Gillen et al.
(/991) reported that acute effect of
exercise on blood is to cause a release
of fluid from the vascular component,
which decreases the volume of plasma
and blood. This fluid loss from lasma
decreases plasm volume and causes
hematocrit and plasma metabolite con­
centration to increase, which is termed
hemoconcentration. ln foct, a significant
hemoconcentration occurs when a per­
son moves from a supine to a vertical
position. The added hemoconcentration
of exercise is predominanty confined to
the transition from rest to exercise.This
response is followed by a more gradual
hemoconcentration that oCcurs with in­
creases in exercise intensity. And these
changes are gredter during higher blood
pressure associated with resistance ex­
ercise than during more prolonged dy­
namic exercise.

Spriet et al.(/986) added that pro­
longed exercise involving sweating in­
creased fluid loss from the body, and
the degree of hemoconcentration can
be evaluated by either directly measur­
ing plasma volume or estimating relative
changes in plasma volume from hemo­
globin and hematocrit measurements.
A/so blood viscosity increases above
what would be expected for hemo­
concentration effects. ln addition, there
is destruction of erythrocyte, termed
hemolysis, which increases plasma he­
moglobin concentration (Zierler et al,
/992).This was in accordance with the



increased cellular changes after train­
ing programs due to hemoconcentra­
tion Table 3.

Endurance training increases the
volume of blood. The ventricle can hold
and contributes to its maximum stroke,
ventricular thickness is usually slightly
increases. The blood cells, Rbs, Wbcs,
platelets and Hemdtocrit as well as he­
moglobin are slightly increased together
with stem cells SC, CD3' (Tobles 2,
3).

As for the adaptive response to
anaerobic exercise, blood cellular
components of Rbcs, Wbcs, Hct and
haemogbin numbers and contents in­
creased together with increase Cp4+
SC com »ared to aerobic one and con­

 أسc "لأ(25,6±2 ,ا64)(130/±4,6١)
and 170±21.10 (Tables 2.3), this was
in dccordance with the results of Bonsi­
gnore et al.(2002) (2010) and, Mobius
- Winkler et al,2009.

Robergs and Roberts (1997) stated
that the most important chronic adap­
tation increasing long term muscular
endurance is an increase in number
and size of mitochondria. An increased
mitochondrial volume would also pro­
vide skeletal muscle with the ability to
increase VO2 ,x ف« However, cardiovasCu­
lar adaptations are also involved in in­
creasing VO2 after ه troining. Toble(4)
indicated an increased VO2 x ه after
aerobic training program compared to
control and anaerobic one.

Amani and Mohamed (20/) re­
ported the effect of endurance and re­
sistance training on CD?4 /cD"Stem
cells,VO2 ,x ه certain physical variables
and time of /500 m.Run.They come to
the results that there was a significant
increase between pre and post mea­
sures in accounting of CD34' / CD45+
Stem cells, VO2 and time of /500
m. run for the sake of endurance and
Resistance training. They concluded that
the training procedure for two months
can improve physical and time together
with increased stem cells among young
runnerS.

Resistance eercise stimulates the
synthesis of skeletol muscle proteins
(West et al, 2009), which is expressed
as muscle hypertrophy. lt has recenty
been established that, myofibrillar (My)
protein synthesis is already maximally
stimulated at 60% /RM, in the post ab­
sorptive state, with no further increase
at higher load intensities ( 75- 90 %
١RM) (Kumar et al,2008).

Additionally, performance of low
load contraction (20 1MR) with vascu­
lar occlusion is sufficient to induce an
increase in mixed muscle (/ix) protein
synthesis (Fujita et al,2007).

Burd et al. (2010) reported that
low-load high volume resistance exer­
cise is more effective in inducing acute
muscle anabolism than high-load low
volume or work matched resistance eX­
ercise modes. Fifteen young men (2/±



 ، &ؤةغة
AND ANAEROBIC TAAINING PROGRAMS ON CD 3SrEM CELLS AND CHOSEN PHYSIOLOGICAL VARIABLES

/ years), performed 4 sets of unilateral
leg extension exercise at different loads
andlor volumes. 90% of(1RM) until vo­
litional foilure (90 Fail) 30% 1RM work
matched to 90% fil (30 wM), or 30%
IR٨ performed until volitional failure
(30 FAIL).

Regular physical activity is associat­
ed with enhanced endotheliol function
which has been related to lower inc­
dence of cardiovascular disease (Delb
et al, /993; Delp 1995; Hombrecht et
al, 2003 Harom et al, 2006).

Bonsignore et al, (2002) suggested
that increased HPCS reflect on adap­
tation to recurrent, exercise-assoCiat­
ed release of neutrophils, stress and
inflammatory mediators, indicating
modulation of bone marrow activity to
habitual running. Laufs et al. (2004),
measured EPCS in mice and patients
with stable CAD. Mice engoged in 3
weeks of voluntary wheel running and
humans underwent a 4 week training
program of bicycle ergometer endur­
once exercise (60- 80% ofV0إ, ),max
strength exercise, and walking. EPC
number was significantly increased in
the blood, bone marrow ofmice dfter 7
days of exercise which persisted for the
28 days of the training program. ln hu­
man the number increased 78 ± 34%
compared to initial level. EPC opoptosis

was found to decrease 4/ ±// % after
training.As for Steiner et al.(2005) who
utilized a /2 week exercise progrom in
patients with asymptomatic coronary
artery disease (CAD). Results showed
٥ 2.9 ±0.4 fold increase in circulating
EPcs in the exercise group.This increase
was correlated with an increase in flow
mediated dilation and no synthesis.

ln another training study, Sandri et
al. (2005) analyzed the responses of
crculating ( CD/ KDR ) number
and function in three patient groups,
those with ischemic and training oc­
curred for 4 weeks. lncreases in CPC
in all three groups were accompanied
by an increase in CXCR4, and VEGF
They concluded that the ischemic exer­
cise groups appeared to increase VEGF
which may have stimulated the increase
in CPC numbers. Thjssen et ol. (2006)
reported no change in Cp4' / KD
cells in healthy young and older partici­
pants following 8 weeks of cycle exer­
cise for 20 minutes 3 time per weeks
at 65% ofheart rate reserve.Therefore,
exercise may not increase EPC number
in healthy individuals. Hoetzer et al
(2007),Wosankari et al.(1998) reported
that exercise may improve the number
and function of EPCS while improving
oxidative stress StatuS.



Conclwsions

ltmy be concladed that
Knolede ،fthe plyiological efect cftrainin٩ on ،tem cell miglt be

cfpotential clinieal we.
Cardiowacular adaptation are incoloing in icreaing Wt2 maa after

trainin.
Lactate coneentration wa decreaed in cae faerobie training and

anaerobic one compared to control meaning a betterfhnebcauae lactate
relate directly to mcle mtabolim and mcle adaptation,

HD, RDC,, WBC ad hematocrit wale were increaed after anaerolhie
training conpared to aerobie one due to tre.

CD4ق + SC count were increaed in peripleral blood ،fanerobe
training then aerobie one and control due to atre and indicating better
adaptation to eercie and mdulation cfbone marrow activily to
anaerobie trainig.
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 ، &ؤةغة
AND ANAEROBIC TAAINING PROGRAMS ON CD 3SrEM CELLS AND CHOSEN PHYSIOLOGICAL VARIABLES

 صنتم
Table(1)
Basic characteristcs

Body Height (cm)

Body Mass (kg)

BMI
Heart rate (count/m)
VO, (ml/g)

maX

Lactate (mmol/L)

Wales are means ±SE P<0.05
BMI = body mass indea

Table(2)
Haematopoietic stem cellsfor control, aerobic exercise
training and anaerobic training courses cfeaercisefor 12
eeeks in the resting stages and Lactateة 

Lactate (mmol/L)

Table (2):rezealed a signfcant changes cfer anaerobic
taining compared to aerobic and control in case cf CD4+
SC (ales are means ±SE P< 0.05).



Table(3)
Haematological ales ة cfRbces, Wbcs, HB and hematocrit
PC) cfer aerobic and anaerobic tainingprogram (atم 

res1) ad control.

WBCs (thousands/ ul)

Table (3): Rezealed a sign.fcant change betzeeen partcpant
in aerobicpogram and anaerobc oe in hematological
ale and contol (P<0.05).

Table(4)
The aariation i» VO2 maa orparticipants health
sedentay and cfter aerobic and anaerobic taining
pogras.

Aerobic training program (mL/kg/m)

Anaerobic training program

THe results are eApressed as mean ± SE (P<0.05).
Table (4).VO2 Mx (L/kglmin) results indicated an increased
ale betzeeen healthy sedentay particpamts and cfter aerobic
and anaerobic trainingprogras.


