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Effects of Exhaustive Exercise on Peripheral Blood Lymphocytes

Introduction:

.Sll"l mary.

Background: Acute cxercise stress is associated with a lower lymphoceyte functional
response. It is suggested that exercise can enhance or reduce immunity depending on the
frequency. duration. and intensity of the exercise.

Subjects and Methods: From November 2007 to January 2008, thirty healthy Volunteers
were recruited from medical. paramedical staffs, and students of Baghdad College of
Medicine (all males). Participants were chosen according to the following: (HAge (between
20 and 35 years). (2) Non obese : Body mass index (BM1 i kg/m2) was used as an index of
obesity. (3) Non-smoker. (4) No recent medical problem. (5) No recent medications. and (6)
No musculoskeletal complaint. Afier a gencral medical checkup, the thirty subjects were
subjected to the exereise protocol. Blood samples were taken before, and immediately after
the end ofexercise.

Results: The mean age of individuals enrolled in the study was 29 + dycars. Exercise induced
significant granulocytosis whereas lymphocytes dechined to a fevel significantly below the
bascline. Trypan blue exclusion test showed that the mitial pereentage of nonviable
lymphocytes was 2.90% = 0.2%. Afler exhaustive exercise, cell viability decreased where
pereentage of nonviable cells was 4.3% + 0.3% (p</0.005). Early apoptotic lymphocytes
showed membrane blebbing and did not take the dye. while dead cells appeared blue from
dyc uptake. MDA was 3.0 £ 0.23 nmol/ml. An increment in the mean valuc of MDA was
observed in the post exereise blood sample that was withdrawn immmediately after exercise
(p=20.005).

Conclusion: The present study shows that exhaustive cxercise induces apoptosis in
peripheral blood Ivimphocytes mamfested by increased level of malondialdehyde. an
oxidative stress marker. This finding supports the hypothesis that apoptosis could be
involved in exceretse-induced lymphocytopenia and this effect depends on exercise intensity.
Keywords: Apoptosis, Exercise, MDA lymphocyte.

rapidly to a level well below the pre-exercise value (5).
Depending on the intensity and type of excercise, this decline

Apoptosis is a physiological type of eell death that occurs as a
part ot normal development and regulation of growth and cell
number (1), After exposure to antigens. the immune system
becomes activated and immune cells proliferate and secrete
cvtokines and antibodies. After the pathogen is climinated,
the immunological
Apoptosis of immune cells plays an important role in this
regulatory process (2).

I'xercise has been shown to induce inflammatory-like
changes i immune cell counts (3). Acute exercise stress 1s
associated with a lower tvmphoceyte functional response. Tt is
suggested that exercise can enhance or reduce immunity
depending on the frequency. duration, and intensity of the
exercise (4). All leukocyte subsets increase during exhaustive
exercise. When exercise ends. granulocytes remain increased
for several hours after the testo whereas lymphocytes deerease

response needs 1o be terminated.
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in lymphocyte count may last from several hours up to days
and may account for post-exercise immune suppression (6).
Mcchanisms responsible for excercise-induced
lymphocytopenia remain to be clucidated. Homing  to
lymphorcticular structures May play a role in
lymphocytopenia (7). Strenuous exercise modulates several
factors. such as reactive oxygen species, DNA damage, and
hormone and cytokine levels, which arc involved in the
regulation of apoptosis in various cell types (8). In this study
the effect of exhaustive exercise on the generation of reactive
oxygen species  was investigated.  Exhausting  exercise
increases the oxygen demand 10 to 15 times compared to rest.
resulting in increased oxygen consumption, increased oxygen
cell uptake and increased flow in the electron transport chain.
lcading to an increased release of reactive oxygen species
(ROS) (9). Oxygen free radicals react with polyunsaturated
fatty acids and form new radicals which initiate a chain
reaction of lipid peroxidation. So malondialdehyde. the end-
product of lipid peroxidation. level is considered as an
indicator of free radical gencration in the human body (10).
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Subjects and method:

From November 2007 to January 2008, thirty healthy
individuals (all males) were enroiled in this study afier being
informed about the nature, purpose, and potential risks, each
subject signed an informed consent statement. Volunteers
were reeruited from medical, paramedical stalfs and students
of Baghdad College of Medicine. Sclection criteria: (1)Age
(ranging between 20 and 35 years of age), (2) Non obese :
Body mass index (BMI in kg/m2) measurement was used as
an index of obesity. and is calculated using the following
formula: BMI=Weight (kg)/ [ Height (m)]2. participants were
within the normal range (18.5 - 24.9) (11). (3) Non-smoker,
{4) No recent medical problem. especially viral infection or
lymphoceyte disorders such as lymphoma and leukemia, (3)
Norecent medications, and (6) No musculoskeletal complaint
that may prevent the performance of the exercise. After a
general medical checkup, including the pulse rate,
temperature, blood pressure, respiratory examination, and
complete blood picture, the thirty subjects were subjected to
the exercise protocol. Blood samples were taken before
exercise, and immediately after the end of exercise. Oral
temperature, blood pressurc and pulse rate were measured for
participants before and after exercise. Exercise protocol: A
standardized exercise challenge test was performed on a
bicycle ergometer (Lode Institute, N.V.. and Holland).
Lxereise was commenced at 25 watts (153 kg-m/min). and the

work load was raised by 25 watts cach minute until 85% of

maximal predicted heart rate (0.85 x [210 - 0.65 x age in
years]) (1) was reached. Excercise was then sustained al that
load for another four to six minutes. for total exercise duration
of five to ten minutes. The subject is free to choose his own
number of revolutions per minute (rpm) at a certain load, this
means that the load (power output), once adjusted. cannot be,
altered by the subject through changing the rate of speed,
which may thus be freely chosen. The maximal work load in
watts was 80% of the predicted maximum workload. The
predicted maximum workload was calculated according to
the method of Eggleston and Guerrant, 1976 (12) (For men, a
load of maximum 2 watts per kg body weight). | watt=6.12
kg-m/min{McArdlectal.)(13)

Process of lymphocyte separation:  Lymphocyte separation
media: Ficoll 400, (Pharmacia Fine Chemicals) lymphocyte
scparation medium is an aqueous solution of a high-density
sucrose epichlorohydrin polymer and sodium diatrizoate. The
instructions of the manufacturer of this medium stated that the
concentration of the constituents is such that a density 1.077 +
0.001 g/mlis achieved whilst maintaining a low viscosity and
an osmolality of 270 - 300 mOsm/Kg. Phosphate buffered
saline (PBS, pH 7.2) solution was used to washout and re-
suspends  separated lymphocytes for different analytical
procedures. Phosphate buffer solution was freshly prepared in
each experimental set. Procedure of lymphocyte separation:
Two millilitres of the blood sample was put in anticoagulant
(EDTA-potassium) and diluted 1:1 ratio with phosphate
buffer solution. Two millilitres of this mixture was carefully
layered (not mixed) on the top of 4 millilitres of Ficoll, which
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was dispersed in 10 millilitres siliconized glass centrifuge
tube. Then, the tube was centrifuged at 400 g (2100 rpm). for
20 -25 minutes al room emperature. As a result of
centrifugation  different layers has been separated, the
lymphocytes formed a white puffy coat at the interface of the
blood plasma and the separating medium. The lymphocytes
scparated layer was aspirated (not disturbed) by Pasteur
pipette and transferred into a 10 ml siliconized tube
containing approximately three volumes of PBS. The above
mixture was centrifuged at 400 g for 20 minutes and the
supernatant was discarded. Then. the lvimphocytes pellet was
resuspended again in PBS and centrifuged at 200 g for 10
minutes. This step allowed most of blood platelets 1o be
maintained in the supernatant, which was discarded. Finally.
the lymphocyte pellet was re-suspended in 0.5 ml of PBS.
This represents the lymphocyte suspension, which was
examined for morphology.

EExamination Methodology:

Cell viability: Trypan blue exclusion test was applied for
assessment of cell viability for cach sample. The principle of
this test is that the viable cells exclude Trypan blue dye (i.c.
not stained), while cells that accept the dye (stained blue)
were regarded as dead cells (Fig 3). A known volume of
lymphocyte suspension (160 microliter) was mixed with an
equivalent volume of Trypan blue dye and examined by light
microscope using X40 lens power. Cell count: The number of
lymphocytes was determined by using haemocytometer
chamberand the results were expressed as cell/mm.

Total numberof viablecells “Ax Bx Cx 104

Total dead cell comt=AxBxDx 104

To giveatotal cell count = viable cell count + dead cell count

% viability = Viable cell

Total cell

Where A= volume of cells, B = dilution factor in trypan bluc.
' = mean number of unstained cells, D = is the mean number
ol dead/stained cells, 104 is the conversion of0.1 mm3 toml.
Assessment of biochemical variables relevant to oxidative
stress Malondialdehyde level: Malondialdehyde was
mcasured according to the procedure described by Guidet ¢t
al. (14). Statistical analysis: The results were expressed as
(mean + standard ecrror). Paired T test was used for
comparison between two groups, before and after exercisc. P
value of<0.05 was considered significant.

Results:

The mean age of individuals enrolled in the study was 29 = 4
years. Blood pressure and body temperature were measured
before and after exercise. Peripheral radial pulse rate was
monitored throughout the exercise. (Table 1) Results were
expressed under two distinet lines of changes: Morphological
Changes and Lymphocyte Count: They are related to
structural changes and lymphocyte viability as assessed by
trypan blue exclusion test. Biochemical Changes; that are
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related to lipid peroxidation activity assessed by
malondialdchyde level.
Pre and Post Exercise Data:

Lymphoceyte count: The cexhaustive exercise  inducced 5

. - . . e 4

significant granulocytosis whereas lymphocytes declined toa c o

level significantly below the baseline (table | and figure 1). 8 “— é ;

Lymphocyte Viability: Trypan bluc exclusion test showed = o o 7

that the initial pereentage of nonviable lymphocytes was a = 0

2.90% = 0.2". After exhaustive cxercise. cell viability Pre- Post
decreased where percentage of nonviable cells was 4.3% + Exercise Exercise

0.3% (p=0.005). (Fig. 2). Larly apoptotic lymphocytes
showed membrane blebbing and did not take the dye, while
dead cells appeared blue from dye uptake. (Fig. 3 and Fig. 4)
Biochemical Changes (Malondialdehvde Level): MDA is

. . . . - T3 Yo Poroe 3 1 NP T P W f, S atior
measured in the serum of the freshly obtained blood samplc of Fig. 2: Pereent of nonviable cclls before and after
exhaustive exercise.

cach individual and the mean was 3.0 4+ 0.23 nmol/ml. An
increment in the mean value o MDA was observed in the post
exereise blood sample that was withdrawn immediately after
exercise (p-0.003). (Table 1. Fig Sy

Table I: Pre and Post exercise data

i N . Post exercise
Pre-exercise
\ N (n =30
i (n = 30) Mean + SE P value
! Mecan = SE .
i
f
! ; -
; Heart Rate Ti+06 130 + 7 P<0.01
I Blood Pressure 110,77 +
i e L /RO L T .
L (mmltlg) 12710 140 0 P-20.05
!
ature (°C 36.94 0.2 24 0.23
i Femperature (7C ) 36. 0.2 37.2+0.23 P<0.05
| Trypan blue
F CX{;‘!?S”:: :fi!“ 2.90% 5 0.2% | 4.3% + 0.3%
rcen > <
nonviable cells P=0.003
Percenl‘ (;lt“\"iuhlc 97 1o $5.7%
e P<0.005
Leukoeytes (x 107 6.120+2.90 7.080+5.20 P05
Lymphocytes
”:’\pl;ﬂti e 1960+ 150 | 13804130 P<0.05 . ; E
Fig. 3 (1) and (b): Dead Lymphoecyie that took up
MDA (nmol/mi) 264023 338 =0.17 P=0.005 trypan blue dyes (3405,

* Values presented as mean + standard error

Before Exercise After Exercise

o T e ey b 2 . : : E i
{FLymphocytes O Granulocytes | Fig 4:- Viable lyvmphocyte not taking up the dyve
. _— (thick arrow)

Fig. I: Percent of white blood cells before and after ~Farly  apoptotic Ihymphoceyte  showing  bleb

exhaustive exercise. formation (thin arrow) (\40)
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ig.5: MDA level pre- and post-exercise.

Discussion:

Excereise has been shown to induce inflammatory-like
changes in immune cell counts and acute-phase protein
release (2, 3). 1t is well documented that strenuous exercise
recruits both necutrophils and lymphocytes into the
circulation. Towever, during recovery lymphocyte
concentrations rapidly decrease. resulting in

lymphocytopenia if exercise intensity and duration is of

sufficient magnitude (15).Maximal exercise stimulates a
varicty of signals. such as increases in glucocorticoid
secretion, intracellular calcium levels, and reactive oxygen
species, which can potentially induce apoptosis. In addition,
glutathione depletion, thiol oxidation, DNA damage, and
hypoxia have been reported during exercise and may likely
contribute to programmed cell death (16).Several studies in
humans have confirmed that exercise is able to induce DNA
damage. Niess et al. (17) found DNA damage in leukocytes
after a half-marathon racc. After maximal cxercise the
pereentage of apoptotic lymphocytes increases immediately
after the test. Likewise, Mars M. ct al. study investigating
human subjects exercising on a treadmill until exhaustion
found DNA strand breaks in lymphocytes immediately after
excercise. These events could possibly explain the greater
incidence of upper respiratory infections in highly trained
athletes following maximal training periods. (18) Hoftmann-
Gocetz and co-workers investigated whether exercise-induced
changes in glucocorticoid levels were responsible for the
apoptosis induction. Their data suggest that in vitro exposure
lo corticosterone at the physiological concentrations
observed after moderate exercise were alrcady effective in
inducing apoptosis in thymocytes. Likewise, catecholamines
were found to induce apoptosis in peripheral  blood
lymphocytes in a time- and concentration-dependent manner
(19). Although we did not determine either catecholamines or
cortisol levels in the present investigation, their levels are
known to correlate to exercise intensity.

Another major trigger of apoptosis is changes in the
intracellular free caleium concentration buffer. Mooren et al
study has demonstrated (20) that maximal exercise is
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associated with alterations in intracellular calcium signaling
of lymphocytes. and this would support the hypothesis that
apoptosis could be involved in exercise-induced
lymphocytopenia and this cffect depends on  exercise
intensity. Finally, changes in the cellular redox status may be
another important apoptosis trigger. The generation of free
radicals and ROS is markedly enhanced during exercise. ROS
are well known to induce damage of cellular structures and
DNA. Therefore, in a number of cell types, ROS are involved
as initiators and mediators of apoptosis (21). In the present
study, the changes in ncutrophil and lymphocyte
concentrations after exhaustive exercise followed the patterns
of cell trafficking described above. The percentage of
lymphocytes undergoing apoptosis following maximal
exercise was significantly higher than the pre-exercise level
(P value < 0.001). In a previous study using the Tunel
method, Mars et al. (22) found that lymphocyte apoptosis
oceurs in about 63% of lymphocytes immediately after high-
intensity exercise. At 24 hours after exercise, 86% of cells still
showed an apoptotic pattern of DNA distribution. In this
study, the percentage ol apoptotic cells was considerably
lower. This discrepancy between the two results can probably
be attributed to the different exercise protocol. different
methods used and different of numbers of subjects.

Another important factor which affects the percentage of
lymphocytes exhibiting apoptotic pattern is the time factor.
Because apoptosis is a rapid process, it is likely that any
significant delay reduces the percentage of cells that may be
considered apoptotic. Sedlock A (23) study on exercise-
induced lymphocyte apoptosis in human indicates that the
amount of the time between post-exercise blood sampling and
the assessment of apoptosis is critical for the determination of
exercise-induced lymphoeyte apoptosis. Significantly less
apoptosis was obscrved in samples. which were allowed to sit
before centrifugation  (time-treated), than whole blood
samples. These alterations may be of clinical importance to
elite athletes assuming they represent a temporary immune
impairment during the immediate recovery period. Excercise
training results in a varicty of adaptations that may be
beneficial in attenuating apoptosis. For example, it has been
shown that several critical antioxidants and antioxidant
enzymes are upregulated with exercise training. thus
providing additional free radical protection (24).
Malondialdehyde (MDA) is a natural product formed in all
mammalian cells cither as a product of lipid peroxidation, or
as a by-product of prostaglandin and thromboxane
biosynthesis.  Although MDA can be broken down by
aldehyde dehydrogenases, its production is accelerated by
oxidative stress and when its concentrations reach critical
levels, it may escape this detoxification process. It is highly
reactive and known to bind covalently with primary amino
groups of proteins, phospholipids, or DNA. This covalence
modification of" cellular molecules may cause structural
modifications, which results in dysfunction or inactivation.
MDA is toxic and has been implicated in aging, mutagenesis.
carcinogenesis, radiation damage and a number of other
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pathological processes 230, In this study, MDA level betore
and atter exereise was measured. Maximal exercise vielded
hicher readings of MDA than the pre-exercise results. This
adicates that high nensity oxereise causes oxidative stress
with resultant dpid peroxidation as a result of free oxygen
radical high levels. manitested by mercasing concentration of
MDA anoxidative stress marker.

Conclusion:

the present study shows that exhaustive exercise induces
wpoptosis in peripheral blood ivmphoceytes. which could be
aitributed o oxidatn ¢ stress assessed by ereased fevel of
salendialdenyde. This effect depends on exercise intensity.
clucidate the
micchanisms of exerene-induced apoptosis i iymphocyies

urher studies willh have o molecular

and ther subsets.

References:
[ Robertson, LD Orrenins, S-and Shivotovsky, B Nuciear
cvents inapoptosis. JStrie, Biol, 200001 29: 346-358.

Conostior Lo Bomnejov-Berared N, and  Revillard P,

factivated periplicral T cells, Transpiant Proc,
LAY

Fuoercive-induced

{poprosis o
NV IR SRR
e, DB muscle damage  and
cificmmaiion areviews dust JSei Mod Sport 200426, 49-38.
foNCian, 1O vercise, aection. and imoumity. Ini. .

NN

Spoprs VMod 200405051141

I The
cosponse jo cxercise: what does [ mean? IneJ Sports Med,
Seppd JO07 01 S2N-543

ooodersen, SR Rehde Toand Ostrovwshi Ko Recovery of the
immune svstem after exercise. Acta Phvsiol Scand 2002 (62

Sodabrici and KNindermann W dcule immune

RN
RINRERN

5
Hestermann, J. and Bode U Distribution of activated T

cly migrating through the bodv: a matter of life and death.

Dmnunol Today 2000: 20: 302-306.

S Mastaloudis, A, Leonard ST and Traber MG Oxidative

ress i athletes during extreme endurance exercise. Free

Redic Biol Med . 2001:31:911-922.

Y Bloomer RS, Goldfarb A, and

oxidative siress - o review. Can J Appl Physiol 2000

42073):245-263.

L Del Rio D, Steveart AJ. Pellegrini N "4 review of recent

studios on malondialdehyvde as oxic molecule and biological

marker of oxidative stress”. Nutr Metab Cardiovase Dis

200513 04): 316-28.

1. Lange-Anderson, K., Sheperd, R.J.. Denolin, H., o1 al:

Fundamentals of exercise 1esting, Geneva, WHO1971. 1. 22,

(Cited).

(2. Eegleston, P and Guerrant, J. L. A standardized

method of evaluating exercise-induced asthma. J. Aleergy.

Clin. Immunol., 1999; 58:414.

13 Mcdrdle, W D., Katch, I 1 and Katch, VoL 2000;

Essentials of exercise physiology, 2nd ed., Philadelphia,

Anacrobic  exercise

Lippincoit Williams and Wikins.
14. Bucge JA. Aust SD. Microsomal lipid peroxidation.

88

Sunction. Recent developments. Sports Med. - 2004 272 7.

Methods Enzvinol [1978; 52:302-310.(Cited).
i35 Podersen, B K and L. iloffinan-Goeiz. Exercise and the

immune system: regulaiion, integration, and adaptation.
Phusiofl Rev, 2000: 80: 1055-1081.

16 Pedersen, BK, and Toft AD. Lffects of exercise on
lemphocyies and cviokines. BrJ Sports Med . 2000 34 246-
250

17 Niess, AM, Veihelmann S. Passek et al. Exercise induced
ovidative stress: DN damage and expression of  stiess
proteins in leucocvies an overview. Diseh 7 Sportmed . 2002
AN 330-341.

IS Mais M. Govender S
overcises a canse of lvmphocvie apoptosis? Biochem Biopins
Res Commun, 2000249 366-71).

19 Hotjfinan-Goet=, L, and Zajchowski S. invitro apoptosis of

Hoeston A etal High imensin

lemphocvtes after exposure 1o fevels of  corticosierone
observed following submaximal exercise. J Sports Mod Phys
[itness, 2003 39: 269-274.

20, Mooren, FFC Lechiermann A, Fromme A, Thormvesten L.
and Volker K. Alterations in invracellidar caleivm signaling
of lmphocvies afier exhaustive excrcise. Med Sci Sports
vere, 2001:33: 242-248.

20 Mastadloudis, A, Leonard SW.and Traber MG Oxidative
soess i athlees during extreme endurance exercise. Free
Rudic Bioi Med , 2001 3]1:911-922.

22 Mars M. Govender S..
exercise: a cause of lymphocyvie apopiosis? Biochem Biophvs
Res Commun, 2003:249: 366-7(),

23 Sedlock DA Navalta J. W, Park K. S: Exercise-induced
Ivmphocvie apoptosis: Effects of the cell isolaiion process,
exercise intensity, gender, and the menstrual evele. int J Sport
Yed, 2007 28: 339-542.

24, Nieman, . Cound B. K. Pedersen. Exercise and immuine

72

Weston A et al. High intensine

SO

25 Ko, S, Kwok TT, Fung KP ¢ al. Slow rise of Ca2 4 and
stow release of reactive oxvgen species are two cross-talked
events  important in tunowr necrosis - factor--mediated
apoptosis. Free Radic Res, 2000; 33 293-304,



