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Abstract: The purpose of this study was to determine the effect of aerobic continuous and interval training and
detraining  on  the  cellular  immune  system  in  female wistar rats. Twenty–four 20-month-old female
wistar14848 rats were randomly assigned to one of three groups (control, continuous and interval group) and
completed 12 weeks (5 days /week) of treatment running and 4 weeks detraining. Care and use of the rats were
accordance with protocols approved by Pastor Institute of Iran. Lymphocyte subset fractions were measured
4  times [ pre-test (test1, at the beginning of training), middle test (test 2, after 6 weeks of training), post-test
(test 3, after 12 weeks of training) and detraining (test 4, 4 weeks of rest after 12 weeks of training) in blood
samples; including CD markers (CD4+-CD8+-CD25+-CD4+ CD25+ and CD8+ CD25+) and also collected
CD4+/CD8+ ratio from our results of CD4+ and CD8+ values. Normal distribution of dependent variables was
documented using K-S test. In case of a significant interaction 2×2 ANOVA was applied to investigate the
effect of the two different tests more closely (P<%5). Post hoc analyses were carried out using Scheffe test. The
Results showed that interval training decreased the ability of the cellular immune system in comparison with
continuous training. In the period of detraining, it seemed that the effect of interval training has more stability
than continuous training. Also, the results proved that we cannot consider these two methods instead of each
other. Meanwhile, their weight decreased after 12 weeks of interval and continuous training. 
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INTRODUCTION this immune decline is characterized in these diverse

Assessing immune system function is difficult responses  [3].  By  most   parameters   measured   either
because of the complexity of this system integration with in vivo and vitro, T cells function is decreased in elderly
other system. The innate and humeral of the immune compared  to  young individuals [4]. In the past 20 years
system are made up myeloid (granulocytes, monocytes a variety of studies have demonstrated that exercise
and macrophages) and lymphocyte cells (T, B and NK induces considerable physiological changes in the
cells).  Some  of  these cells circulate continuously, some immune system. It had been suggested that exercise
of them remain in tissues and others cross endothelial represents a quantifiable model of physical stress [5].
barriers (usually in response to specific signals) to Physical stress, as experienced in competitive sports
recirculation  and  patrol  the  organism  as  a  whole  [1]. and prolonged or exhaustive training, can also lead to
The cleaning up of tissue by products, cellular derbies, systemic changes; however, this type of stimulus is most
excess or spent immune cells and antibodies, senescent likely inducing stress through a combination of physical
and transformed cells, injured tissue cells and invading and cognitive processes. In general, moderate training is
infective organisms is an ongoing process of immune associated with good or improved states of health;
system [1]. Early studies on declining immune  system whereas heavy training may lead to illness [6-7]. A
with aged were made over three decades ago, when it was modelling  of  these relationships between training and
reported that cytotoxic T cells were compromised in old risk of developing an illness like; an upper respiratory
mice [2]. Since then many studies mostly performed in tract infection has been depicted as a J-shaped curve [8].
mice, rates, monkeys, dogs and man have established that Training induces changes in circulating leukocyte counts

species by decreases in both humeral and cellular
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[5-9-10] that directly reflect in the blood concentrations.
Circulating T lymphocytes are reported to alter their
functional activity in response to training, but the degree
to which this occurs depends on which activity is
measured. B lymphocytes do not change substantially in
number and their function also seems to remain relatively
constant [11]. Whereas high-intensity training causes
stress because of tissue damage and alterations in the
number and function of immune cells, moderate-intensity
training carried out at regular interval results in improved
immune function [12]. During moderate training, not only
is  there a boosting of the immune response, but also
there is an absence of tissue damage. When performed at
regular program, moderate training developed a superior
level of immune function, thus perhaps providing a buffer
for infection, grief, anger and pain. The present study was
performed to evaluate of response to two kinds of
moderate practical protocol (continuous and interval) on
some indexes in cellular immune system [for 12 weeks
training (5 days training per week) and 4 weeks detraining
after 12 weeks]. 

MATERIALS AND METHODS

Animals: Ninety–six, 20 months old  female  wistar14848

rats were individually housed in plastic cages, used for
this study. Animals were obtained from Pastor Institute of
Iran. The animals were fed a standard laboratory food and
allowed free access to food and water. The temperature of
the animal room was maintained at 19-22 C with %45-%65
relative humidity; of a 12/12 h light- dark cycle were
maintained with lights on at 07:00 hrs. Care and use of the
rats were accordance with protocols approved by Pastor
Institute of Iran. After 4weeks of acclimatization, all rats
were randomly assigned to one of three groups (control,
continuous and interval group).

Training: Rats in continuous and interval groups
completed 12 weeks (5 days /week) of treatment running
(Table 1) and the rats in control group were housed in
cages without any treatment.

During one week before beginning the practical
protocol,  rats  were  trained  at  7m/Min  for  5  Min/day
to 9m/Min for 15Min/day to familiarize them with
surroundings. From first week of practical protocol,
running speed was initially set at 12m/Min and reached
until 22m/Min after 12th week. The activity included two,
5Min. warm-up period at 7m/Min and increased until
9m/Min at the beginning and reached until 15m/Min at the
last  week  of  training  program.  There were also the final

Table 1: Experimental  Design  to  evaluate  the  effect  of 12-week  of

aerobic continuous and interval training program versus 4-week

detraining on some indexes of the cellular immune system in

female wistar rats

Week continuous group interval group

1 16E (12 m/Min) 2×8E (12 m/Min)

2 20E (12 m/Min) 2 ×10E (12 m/Min)

3 24E (13 m/Min) 2 ×12E (13m/Min)

4 28E (14 m/Min) 2 ×14E (14m/Min)

5 33E (15m/Min) 3 ×11E (15m/Min)

6 39E (16m/Min) 3 ×13E (16m/Min)

7 45E (17m/Min) 3 ×15E (17m/Min)

8 51E (18m/Min) 3 ×17E (18m/Min)

9 56E (19m/Min) 4 ×14E (19m/Min)

10 64E (20m/Min) 4 ×16E (20m/Min)

11 72E (21m/Min) 4 ×18E (21m/Min)

12 80E (22m/Min) 4 ×20E (22m/Min)

5Min. considered warm down at 15-12-9 and 7m/Min.All
training was performed on 0%grade Vita master Rhythm
Walker Plus treadmill.

All blood samples were taken 24-30 hours post
training and 14-20 hours fasting to ensure that the
changes in the immunological indexes response reflected
training effects and not acute changes in response to the
last training. 

After finished practical protocol and detraining
period, both experimental and control groups were killed
by  decapitation. Training ceased 24-30 hours before
death and Blood sample were collected into tubes
containing lithium heparin (%5) for analyzed
Immunological  parameters  for  4  times  [at  the beginning
of  training  (pre-test),  after  6  weeks  (middle test),after
12  weeks  (post  –test)  and  4  weeks  (detraining)  after
12  weeks].   Samples    were   analyzed   CD  markers
(CD4+, CD8+, CD25+, CD4+ CD25+ and CD8+ CD25+)
values. We also collected CD4+/CD8+ ratio from our
results of CD4+ and CD8+ values.

Laboratory Analyses
Immunophenotyping: For staining the cells of the
peripheral blood, anti-CD4+, anti-CD8 + and CD25+ (51)
were used, respectively. We established the reference
immunophenotypic pattern using standard procedures. 
 In this study, 100ìl (1×106 cells) of  each  blood
sample was treated as follows: Each sample was
immunostained with 10ìl mAbs directly conjugated with
Fluorescein Isothiocyanate   (FITC)    or   R-Phycoerythrin
(RPE)  in Q-Prep  apparatus afterwards, in which three
immunopreps  were  added  to  the samples automatically:



World J. Sport Sci., 1 (1): 17-26, 2008

19

0.7 ml immunoprep A(Formic Acid 1.2ml/L), 0.32ml for global effect over the study period. in case of a
immunoprep.B(Sodium Carbonate 6.0g/L, Sodium Chloride significant interaction 2×2 ANOVA factor1:[continuous
14.5 g/L, Sodium Sulfate 31.3 g/L) and 0.14 ml immunoprep vs. control group], [interval vs. control group],
C  (Paraformaldehide  10.0 g/L, Phosphate Buffer [continuous vs. interval group]; factor 2: [ pre-test vs.
9Coulter). Each sample was then kept in 2-8° C  and  in middle test], [pre-test vs. post-test], [pre-test vs.
dark for about 24 hrs. detraining], [middle-test vs. post-test], [middle-test vs.

Flowcytometric Analysis: The cell samples were applied to investigate the effect of the two different test
measured  on  a  coulter  Flowcytometric  with  a  serial more closely, that is: the courses of dependent variables
filter configuration. The analyses were focused on the before analysis was performed using Scheffe Multiple
lymphoid areas of the forward and side scatters. Double Range  Tests.  Differences  were  considered  significant
stained cells were analyzed using coulter software. for p<0.05.

Statistical Method: Normal distribution of dependent RESULTS
variables was documented by use of the Kolmogorov
Smirnov test. Consequently, data are given as means ± Results  are   presented  as  mean  ±  SD  (Table2).
SD. A 2×4 ANOVA (factor1; continuous vs. interval vs. Due to the individual variations (mean ± SD) in many
control  groups,  factor2;  pre-test  vs. middle-test vs. phenotypes in blood samples; it can be argued that a
post-test vs. detraining) served to test for global effects comparison of changes between experimental group
over the study period. In case of a significant interaction (continuous vs. interval vs. control) values is a more
2×2 ANOVA [factor1: continuous vs. interval vs. control appropriate way to visualize any effects of aerobic
groups, factor2: pre- test (test 1) vs., middle-test (test 2) training (continuous vs. interval training) on the cellular
vs. post–test (test 3) vs. detraining (test 4)] served  to test immune system.

detraining], [post-test vs. detraining], covariate) was

Table 2: The results of age and weight value and Lymphocyte subset percentages for different test of exercise in each group

tests Subject N test 1±SD test 2±SD test 3±SD test 4±SD

Age Interval 8 20 month 21.5month 23month 24month

Continuous 8 20 month 21.5 month 23month 24month

Control 8 20 month 21.5 month 23 month 24month

Weight Interval 8 328.13± 2.80 324.13±3.227 321.50±1.309 324.13±3.527

Continuous 8 322.75± 8.137 314±6.392 318.38±4.173 321.88±4.190

Control 8 322.75±8.137 326.38±3.249 325.63±4.138 323±2.828

CD4  (gated) Interval 8 47.94±2.810 50.94±7.037 55.63±4.832 40.97±5.679+

Continuous 8 44.88±6.264 39.94±7.531 58.34±11.209 47.21±8.045

Control 8 32.95±9.008 47.08±5.393 47.78±7163 43.38±5.759

CD8  (gated) Interval 8 24.18±1.563 18.48±3.211 25.98±1.692 18.99±8.875+

Continuous 8 27.33±15.779 25.40±1.556 24.30±6.458 25.28±6.099

Control 8 25.37±1.028 27.46±6.094 26±2.495 24.70±5.200

CD25  (gated) Interval 8 0.3975±0.3004 0.4050±0.2658 0.9063±0.5177 2.7162±1.3136+

Continuous 8 0.2550±8.979E-02 0.5537±0.2590 0.3237±0.2834 0.8525±0.6280

Control 8 3.0450±1.1972 0.2100±0.1343 0.9625±0.3810 1.9262±0.8851

CD4 /CD8  (gated) Interval 8 1.96±0.122 2.83±0.722 2.15±0.271 2.59±1.305+ +

Continuous 8 1.90±0.533 1.59±0.541 2.53±0.818 1.75±0.372

Control 8 1.82±0.195 1.86±0.262 1.91±0.380 1.50±0.208

CD4  CD25  (gated) Interval 8 0.23±0.206 0.16±0.084 0.60±0.508 3.21±1.149+ +

Continuous 8 0.22±0.022 0.35±0.354 0.63±0.555 2.92±0.333

Control 8 0.25±0.242 0.24±0.162 0.67±0.273 0.43±0.310

CD8  CD25  (gated) Interval 8 0.36±0.132 0.22±0.081 0.98±1.858 0.82±0.217+ +

Continuous 8 0.27±0.331 0.43±0.320 0.41±0.403 0.09±0.029

Control 8 0.36±0.216 0.43±0.388 0.88±0.323 0.73±0.357

Results are represented as mean ±SD.P<0.05

SD: Standard Deviation
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Table 3: the results of age and weight value and Lymphocyte subset percentages for different test of exercise between groups

Test1 Test2 Test3 Test 4

Weight

Continuous Interval -5.38 -10.13* -3.13 -2.25

Control 0.00 -10.38* -4.63* -3.75

Interval Continuous 5.38 10.13* -1.50 2.25

Control 5.38 -2.25 3.13 -1.50

CD4 (gated)+

Continuous Interval -2.7350 -9.7513* 2.7125 2.4175

Control -00.6225 -5.7662 10.5675 -3.8150

Interval Continuous 2.7350 9.7513* -2.7125 -2.4175

Control 2.1125 3.9850 7.8550 -6.2325

CD8 (gated)+

Continuous Interval 0.4537 8.9875* -1.6813 6.5825

Control -0.7338 2.0613 -1.7000 0.8775

Interval Continuous -0.4537 -8.9875* 1.6813 -5.7050

Control -1.1875 -6.9262* -1.875E-02 -6.5825

CD25 (gated)+

Continuous Interval -0.1425 0.1488 5.625E-02 -0.7900

Control 3.750E-03 0.3438* 0.6388* 1.0738

Interval Continuous 0.1425 -0.1488 -5.625E-02 0.7900

Control 0.1463 0.1950 0.5825* 1.8637*

CD4 CD25  (gated)+ +

Continuous Interval -1.7500E-02 8.625E-02 6.375E-02 -.2875

Control -2.1250E-02 0.1900* .6017* 2.5675*

Interval Continuous 1.750E-02 -8.6250E-02 -6.3750-02 2.8550*

Control -3.7500E-03 0.1038 .5380* .2875

CD8 CD25  (gated) + +

Continuous Interval -9.0000E-02 .2088 -.1013 -8.8750E-02

Control -2.2500E-02 .1375 .7037 .6325*

Interval Continuous 9.000E-02 -.2088 .1013 8.875E-02

Control 6.750E-02 -7.1250E-02 .8050 .7212*

CD4 /CD8  (gated) + +

Continuous Interval -6.6250E-02 -1.2413* .3800 -.8413

Control .2475 -.4138 .5488 .1275

Interval Continuous .3138 .8275 -.3800 .8413

Control 6.625E-02 1.2413* .1688 .9688

Results are represented as mean differences between groups. 

P=0.05 *: significant compared within two groups 

The effect of practical protocol on body weight is After 6weeks training the ANOVA revealed
depicted in Table: 2 and Figure: 1. Average weight values significant interaction in CD4 (gated) and CD4/CD8
between interval and continuous group was significant (gated) of test 2 (middle-test, P=9.7513 and P=6.625E-02)
(P=0.009) in test 2(middle-test) and also significant between two groups (interval and continuous) but the
between   continuous     and     control     group     in   test results didn’t significant between groups in other tests
2 (P= -10.38) and 3 (post-test, P= -4.63) and between (post-test and detraining) [Table: 2&3 and Figure: 2, 5].
interval and control group in test 2 (P= 10.13) [Table: 2&3 There was significant effect between continuous and
and Figure: 1]. interval  group  and between interval and control group in
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Fig. 1: Course of weight for each group (between test 1,
test 2, test 3 and test 4) per kilogram. Fig. 5: The results of CD4 /CD8  Ratio (gated) of each

Fig. 2: The results of CD4  (gated) of each group and for+

each test

Fig. 3: The results of CD8  (gated) of each group and for+

each test. Fig. 7: The results of CD8+ CD25+ (gated) of each group

Fig. 4: The results of CD25  (gated) Ratio of each group and continuous group but there was significant effect on+

and for each test CD4+ CD25+ (gated) in test 2 (middle-test, P=0.1900), test

test2 (middle-test, P=8.9875and P= -6.9262) but there was between continuous and control group and also in test
no  significant  effect  between  other   tests  (post-test 3(post-test, P=0.5580) and test 4(detraining, P= 2.8550)
and  detraining)  [Table:  2&3  and  Figure:  3].  Statistical between interval and control group [Table: 2&3 and

+ +

group and for each test

Fig. 6: The results of CD4  CD25  (gated) of each group+ +

and for each test

and for each test

Analyses showed a significant effect in CD25 (gated)
between continuous and control group in test2 (middle-
test, P= 0.3438) & test 3 (post-test, P=0.6388) and between
interval and control group in test 3 (post-test, P= 0.5825)
& test 4 (detraining. P=1.8637)[Table: 2&3 and Figure: 4].
12weeks training and 4 weeks detraining after 12 weeks
did not have significantly differences between interval

3 (post-test, P= 0.6017) and test 4(detraining, P=2.5675)
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Figure: 6]. There was no significant effect between groups below the figures at the beginning of the exercises. This
with 12 weeks of training but 4 weeks detraining after 12 result  was  in conflict with the results published by
weeks had a significant effect in CD8+ CD25+ (gated) Camus et al. [18], carried  on  short  periods of walking
between continuous and control group (P= 0.6325) and and  was  compatible  with  results  in the study by
between interval and control group(P=0.7212) [Table: 2&3 Shinkai et al. [50] carried out on an endurance exercising
and Figure: 7]. and the results by Tveda et al. [46], based on heavy

DISCUSSION The  inter-group  studies  on  the  percentage  of

Immune systems consist of complex mechanisms increase in the percentage of CD8+ in both groups
capable of recognizing self from stranger and storing the (continuous (P=0.899) and interval (P=0.099), but this
record of previous body encounters with unknown and increase is not statistically significant. Camus et al. (1992),
new elements. The immunological responses to antigens in their studies on short periods of activity, a maximum of
appear as a collection of systematic and coordinated 45 minutes walking, reached similar results [18]. The
action by different type of cells, soluble elements and results also suggest that during the 4 weeks of detraining,
messenger molecules spread all over the body. These following the 12 weeks of aerobic training, although the
responses comprises of: destroying the pathogen results of both experiment groups were not statistically
elements or infected cells, producing anti-bodies against significant, but the increase in the percentage of the CD8+
the foreign antigens, the secretion of cytokines (which are continued  with  a  slower  pace  in  the   continuous
responsible for activating and coordinating different group (P=0.559); but in the interval group the percentage
aspects of the immune cell functions) and other soluble of the CD8+ decreased (P=0.077) and reached level even
elements (such as complement which promotes foreign lower than the figures at the beginning of the detraining.
fighting and destroying of pathogen elements) [13-16]. This result conforms to studies carried out by Pizza et al.

As far as the sports and physical activities are a type (1995) [42].
of stress, they can be considered either as useful Increase of CD25+ (the receptor of cytokine) on the
(increasing the strength and the level of activity) or surface of lymphocytes indicates an increase in the
harmful (decreasing  the  level  of  activity and strength) activity of lymphocytes. Therefore the increase in the
to  the  immune  system;  because  of this,  the  research number of these receptors on the surface of the
on  the  impact of sportive activities  on  the  indexes of lymphocytes could demonstrate the increase in the
the immune  system,  have  produced  conflicting  result immunity of the cell or the humeral immune system, or
[Mackinnon 1993,   Camus  et al. (1992), Dawson et al. both. On the other hand if the increase in the number of
(1999), Deuster et al. (1988), Dauglass  et  al.  (1974), this receptor occurs on the CD4+ level, it would not
Farirbarn   et   al.   (1993),   Fiebig   (2002), Foster  et  al. necessarily lead to an increase in the immunity system of
(1986),  Gabriel   et   al. (1992a,  b), Garagiola et al. (1995), the  cell, but  if it occurs on the CD8+ level, then this
Gleeson et al. (1995 &1996), Hanson  et  al. (1981), would mean an improvement of the immunity of the cell.
Kaufman  et   al. (1994),   Lee     et     al.  (1992),   Lewicki An examination of the results of the inter-group
et  al.  (1987),  Liu  et al. (1986-87), MacKinnon et al. experiments regarding the percentage of CD25+, showed
(1989),  Macneil   et   al.  (1993), Nehlsen-Cannarella  et  al. that the 12 weeks of aerobic training caused a significant
(1991 a & b), Nielson et al. (1996), Nieman et al. (1994, increase  in  both  continuous  (P=  0.001)  and  interval
1992, 1997a&b, 1989s), Pizza  et  al.  (1995), Poortmans (P= 0.044) groups. This result showed that the practical
(1979),   Rocker    et    al.  (1976), Sawka et al. (1989), protocol  carried  out  in  this  experiment  could bring
Tveda et al. (1993), Vena (1987), Woods et al. (1994 & about an increase in the IL-2 receptors on the surface of
1993) [17-49]. CD4+ and CD8+ lymphocytes.

The inter-group studies showed that 12 weeks of Increase in the percentages of CD4+CD25+ and
aerobic training causes a significant increase in the CD8+CD25+ in T-cells shows the increase of the function
percentage  of  CD4+  in  the  blood  of  the  continuous of sub-populations of CD4+ and CD8+. The results of the
(P= 0.028) and interval (P= 0.001) groups. But after the experiments showed that the percentage of CD4+CD25+,
detraining period the percentage of the CD4+ falls even after 12 weeks of aerobic training, caused a significant

sports activities for an hour.

CD8+ showed that 12 weeks of aerobic training causes an
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increase  in  both  continuous  (P=  0.001)  and  interval CRP  level  in  older  subjects of studies and a reduction
(P= 0.044) groups, but drops significantly after detraining in  the  density  of  blood immunoglobulin, after an
in the continuous group (P= 0.006), but not in the interval intense  exercise   period  and  ultra  maximal  activity.
group  (P=  0.366), which demonstrates the durability They have also established that: smooth sportive
effect of the continuous exercises prolonged over the activities have an impact on illnesses such as respiratory
detraining period. The same results were produced for the system’s  infections  and  cancer in older individuals.
CD8+CD25+: 12 weeks of aerobic training in both groups They  state  that 12 weeks of walking (5 days/ week with
increased significantly (continuous P= 0.015 and interval 60 percent of the maximum heart beat) has no significant
P= 0.002) the percentage of CD8+CD25+, which, similar to impact on NK-cells and the functioning of T-cells in older
CD4+CD25+, decreased after a period of detraining; the females. These results are consistent with the present
decrease being significant in continuous group (P=0.023) research.
compared   to   non-significant   decrease   (P=0.064)   in Presently the mechanism for counting the exact
the interval group. These results were consistent with increase in the number of white blood cells during
Nieman et al. (1994) and Hinton et al. (1997) reports. sportive activities is not clear. But it is most probable that
These researchers showed that the changes caused by mechanical factors, such as the increase in cardiac output
exercise on the multiplication of lymphocytes, in the short and the pumping of blood in smaller blood vessels and
and medium term periods, are totally the result of a change the disequilibrium between the white blood cells and
in cellular redistribution, especially in the decrease of the endothelium in the vessels, could lead to the release of
number of T:CD4 and T:CD8 cells. Furthermore, the white blood cells from spleen and bone marrow, due to
cellular redistribution, especially the increase in the stress hormones, cytokines and acute phase proteins.
number of NK cells and the delayed reduction of T-cells The lungs are important reservoirs of white blood
caused by catecholamine, are the most important factors cells which enter the blood circulation during sport
responsible for the changes in the multiplication of exercise. Researches show that because of the increase in
lymphocytes [10-51]. respiratory rate in a minute increases during the exercise

The above measurements did not demonstrate a and can reach more than 20 breaths in a minute, there is a
significant increase in CD4+/CD8+ ratio after 12 weeks of possibility that more white blood cells might enter the
aerobic training in both continuous (P=0.096) and interval blood circulation due to the release of marginal cells
(P=0.121) groups; in the detraining period the ratio of stored in the lungs [21-23, 56-57].
CD4/CD8 was decreased which was statistically There are evidence indicating that during an exercise
significant (P=0.014). This result was consistent with Grey activity, the stress hormones of epinephrine and cortisol
et al. (1993b), Lewicki et al. (1987), Moraska et al. (2000), could react upon the distribution of the white blood cells
Nieman et al. (1992) and Shek et al. (1995), who studied in the blood circulation in different parts of the body such
the impact of maximal sports. But the results regarding the as the spleen, liver and bone marrow. But the amount of
interval group in the detraining period showed an increase the secretion of epinephrine and cortisol depends upon
which is not statistically significant. But the results from the intensity of exercise and the fitness of the body. For
the interval group during the detraining period showed an epinephrine to be released in sports activities a threshold
increase which is not statistically significant (P=0.374). of 60 percent maximum oxygen consumption is required,
The  researchers  consider  the  fluctuations  of  CD8+ in while cortisol is released only in heavy exercise activities.
the maximum activity and the detraining period following Sports increase beta-adrenergic activities and releases nor
it, as the reasons for the reduction in the CD4/CD8 ratio epinephrine. This phenomenon can cause the immigration
[32-39, 52-55]. of white blood cells and immune cells from spleen into the

Pedersen and Hoffman-Goetz (2000), in their book blood circulation and increase their activity. The results
“Exercise and the Immune System: Regulation, of this research, which indicates a significant increase in
Integration and Adaptation” have insisted on the the number of white blood cells, could be due to the
increase of neutrophile count in serum, increase of neither increase in the amount of the released nor
neutrophiles, lymphocytes, CD8+ and CD4+ molecules. T- epinephrine. On the other hand, the increase in body
cells, CD19 molecules, B-cells, CD16 and CD56, NK cells, temperature can itself cause a redistribution of white
decrease in the CD4+/CD8+ ratio and the increase of the blood cells and its sub-populations, during the exercise
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and after the exercise. Kappel et al. demonstrated that in 9. Nieman,   D.C.    and    Nehlson    Cannarella,    1991.
healthy  individuals,  an  increase in body temperature The effect of acute and chronic exercise on
(39.5 degrees), the number of white blood cells is immunoglobulin. Sports med., 11: 183-201.
increased due to the release of catecholamine [58]. 10. Nieman, D.C., 1994. Exercise Infection and Immunity.

The body temperature rises during sportive activities, Inter. J. of Sports and Med., 15: 131-141.
which could be a reason for the increase in the number of 11. Shephard, R.J., 1997. Physical Activity, Training and
white blood cells and its sub-groups in this research. It Immune Response: Carme. In. Cooper Publications
should be noted that the redistribution of the white blood Group.
cells and its sub-groups could also be brought about 12. Soong, Q.I., H.U. Chen and Ren-Xing Huang, 2003.
indirectly by the following factors: changes in the The Change in Immune Function of Red Blood Cells
adhering molecules, the release of cellular compounds in Rats after 8-weeks Heavy Exercise and Training.
from damaged skeletal muscles with a chemo taxis JEP online, 6(3): 1-8.
property, stimulating leukocytes to implant near the 13. Burton, D.R., 1987. Structure and function of
damaged tissues and the release of inflammatory antibodies, Molecular Genetic of Immunoglobulin.
mediators such as IL-1 and IL-6 and acute phase proteins; Elsevier Science Publishers.
but these factors are relevant only in heavy and intensive 14. Jerne, N.K., 1995. The natural-selection theory of
sportive activities [58]. antibody formation. Proceeding of the National
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