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Response of Mononuclear Cell to Moderate Exercise Training for
Elderly Women

"Dr/ Hager M. Maatouq
Abstract:

Introduction: Several lines of evidence support the link between moderate
Combination of Resistance & Aerobic Training (CRAT) and improved immunity
leading to lowered infection rates. Moderate exercise training (aerobic training)
causes favorable perturbations in immunity and a reduction in incidence of illness.
During each bout of moderate exercise, an enhanced recirculation of mononuclear cell
{CD3, CD4, CD8, CD14, CD19& CD56} in Women occurs that persists for up to 3
hours post-exercise. Rush of immune cells from the innate immune system which
activated by exercising are temporary but boosts overall surveillance against
pathogens. Practicing regular moderate exercise for three months can be effect on
body weight decreasing and period of illness symptoms caused by obesity.

Study aim: To assess the Effects of Combination of Resistance & Aerobic
Training (CRAT) on Changing of Mononuclear cell {CD3, CD4, CD8, CD14,
CD19& CD56} & Body composition in Women.

Material and methods: one Experimental group of Women were engaged in this
study, (15 women m.67.7+ 2.7 yr.; range 65- 73). Obese women were engaged in
training (CRAT) controlled in the same training session for trained 4-month, three
times a week, 90 min per session, on non-consecutive days and exercised under the
supervision of a personal trainer, to determine changes on Mononuclear cell {CD3,
CD4, CD8, CD14, CD19& CD56}. Blood samples were obtained from all subjects
{CRAT} pre at rest, post immediately after resistance exercise, before (week 0) and
after week 16 after training.

Results: This study showed that Combination of Resistance & Aerobic Training
(CRAT) increased Mononuclear cell {CD3, CD4, CD8, CD14, CD19 & CD56} and
decreased body composition P<0.01).

Conclusions: Increased components of mononuclear cell and decreased body
composition after Combination of Resistance& Aerobic Training (CRAT) suggest that
immunity has been improved.

Key words: Combination of Resistance & Aerobic Training, Mononuclear cell & body
composition, host defense.

Introduction™
Immune function is strongly been related to impaired immune

related to with Lifestyle habits. Elderly
people had lack of sleep and parry of
physical activity, mental stress, poor
nutrient and loss of energy and have all

functions and raised risk of infection
for example, the probability of getting
diseased is directly related to the
volume and period of stressful events
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and attitude. (15) During a 6-month
period, for example, sick days is twice
as considerable in high- compared with
low-stress  groups.  (15)  Sleep
disruption also weaken immune
function. For example, the individuals
suffering from sustained sleep debt,
their antibody response to the flu
inoculation is reduced. (80)

Aging causes a  serious
dysregulation of many immune
response components, most noticeably
the T cell immune response.
Interleukin (IL)-2 and interferon (IFN)-
mediated T cell production
substantially declines with aging. A
declining ratio of Th1/Th2 is observed
in elderly individuals because IFN-
levels decline with the activity of T
Helper 1 (Th1) cells and IL-4 and IL-
10 levels rise with the activity of T
Helper 2 (Th2) cells, respectively
(2, 30).

Age-related decreases in
myeloid dendritic cells (DCs) and
natural killer (NK) and natural killer T
(NKT) cell numbers are both
associated with a deleterious immune
response in the elderly (28). Decreased
physical exercise is also linked to
aging. Exercise can have substantial
consequences on health, and there is
growing evidence that these benefits
may be caused in part by the way
exercise affects immune system
function (38). Short bursts of exercise
have been shown to affect the quantity
of circulating T cells and their
capabilities (48, 100).

In  male endurance-trained
runners, Hinton et al. (40) found that
after an interval running session of
151-min intervals at 95% VO2 makx,
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there were significant changes in the
composition of the total lymphocyte
cultures: higher numbers of CD56+
NK cells and CD8+ T cells and lower
numbers of T-helper cells (CDA4+).
After acute, intense exercise, there was
an immediate decrease in T cell
production of IL-2 and IFN- and
mitogen-stimulated T cell proliferation
(38). In real sense, it has been
demonstrated that the amount of
exercise is a key factor in determining
whether the immune response is
positively or negatively impacted
(38,80). It has been demonstrated that
little exercise improves T cell activity
and lowers the risk of respiratory
infections (25).

The long-term consequences of
routine  moderate  exercise  on
immunological responses are still not
fully understood, whereas the fact that
several immune system components
are known to wundergo different
alterations depending on the type and
stage of exercise. also has been
demonstrated to significantly improve
a variety of biological parameters,
including the ratio of CD4+ to CD8+,
the  number of CD4+/CD25+
regulatory T cells, HbAlc levels in
type Il diabetes, the Thl response, and
varicella-zoster  virus-specific  cell-
mediated immunity. It has also been
demonstrated to significantly improve
natural Killer cell numbers and activity
in peripheral blood (30). To our
experience, no research has been done
to determine whether T Cell might help
to improve the age-related T Helper
1&T Helper 2 (Thl/Th2)
immunological imbalance.
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Degradation of strength in
elderly women has been specified as a
significant factor contributing to a
decline in independence and an
identical heightened dependence on the
health care system. (85) Strength
performance of functional activities of
daily living plays role in shortage of
independence by the prevention of
falls. (95) It has been proved that
elderly may progress in work capacity
and balance due to increased strength.
(63) Consequently, such changes may
reduce the occurrence of falls, protract
independent functioning and result in a
promoted quality of life. It had been
demonstrated that resistance training
has positive effects on musculoskeletal
function in young adults, and recent
findings have authenticated similar
positive adaptations in the elderly (44,
49). Which has been reported to
increase muscle size (15, 29, 44), by
increasing muscular strength (29, 44,
51) and resting metabolic rate (53) and
functional capacity. (44, 62) Fiatarone
et al. (31) notified that a 174% increase
in strength linked with a 9% increase
in muscle size after only 8 weeks of
resistance  training in  female
nonagenarians.

Effect of exercise on host
defense in young adults has been
uncertain (6, 7, 35, 53, 45, and 95).
while it has been determined that a
moderate intensity of aerobic training
intervention improved natural Killer
cell activity (NKCA) in adult women
(61), but a single bout of intensive
exercise may have a fugacious
immunosuppressive  effect.(7)  For
example, as increasing endurance
exercise intensity, T-cell proliferative
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response decreased (35), there is
potential that an acute bout of high
intensity  resistance training could
evolve similar effects on host defense,
particularly through the early days of
training. Rincon et al. (71) recently
reported that 16 week of exercise (90
min,3 days/wk) resulted in a decline in
natural killer cell cytotoxic activity in
six frail men deemed at risk for falls,
compared with seven controls.
Immunosenescence  associated
with deficiency of immunity is slightly
responsible for old age diseases. (95,
44)  Elderly people are more
susceptible to inoculation failure and
autoimmune  disorders, multiple
infections, and cancers when compared
with younger adults. Age related
decline is generally obvious in T cell-
dependent immune functions and is
associated to thymus growth. (36, 15)
Aging is an intricate process that
basically leads to irreversible
biological variations. While health
habits can have a huge influence on
life expectancy and quality of life,
even in old age. (65) A recent and
processing area of research is the
linkage between particular lifestyle
factors in certain, physical activity and
diet and Immunosenescence. (91, 52)
In spite of studies on the
importance of aerobic training on the
immune systems of elderly people is
just onset, finding from the few
obtainable studies are intriguing and
have latent for prevalent public health
effect. Different cross-sectional studies
have compared immune function in
highly contingent and sedentary elderly
(ie, > 65 years) men and women. (78,
58) A study compared the immune
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function on control group of 30
sedentary elderly women and 12
subjects mean (73 yrs) who were
physically active for an average of 11
years, average VO2max of (31mL.kg-
1.min-1), participant’s demonstrated
outstanding function of natural Killer
and T-lymphocytes in comparison with
the 30 sedentary elderly women (58).
On the other hand, study compared
immune function in 17 elderly runners,
who had exercised for about 17 years,
and 19 elderly controls, and showed
significantly  higher  T-lymphocyte
function in the elderly runners.(78)
Significantly  higher rates  of
interleukin-2 (IL-2), interferon-g, and
(IL-4) production from activated T-
cells for elderly runners, when
contrasted with control group, who
practice aerobic exercise training for 2
to 6 months. (59)

Although chronic immunity did
not change by practicing moderate
exercise in elderly people compared to
acute immune that have improved by
10 month exercising training at 65% to
75% heart rate reserve, 25 to 30
minutes, 3 days per week that reduce
risk of illness, (45).

it has showed that Chronic
endurance training has a significant
effect of resting natural Kkiller cell
activity in elderly (Kostka T, Praczko
K); however, a new study reported that
resistance exercise training has no
effect on resting immune parameters
(43). It has not been confirmed how
elderly people react to a single bout of
before and after a period of resistance
exercise training. Acute resistance
exercise has been found that increase
serum cortisol and epinephrine (60,
59), which are prospect modulators of
the immune system. Further, high
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intensity of endurance exercise has
been determined to inhibit post-
exercise immune responses (17).
Subsequently, we tried to investigate
that acute resistance training would
consequence in a comparable down
regulation of immune function on the
same sample. Because the beginning of
a strict resistance training program
may show to be a significant
inconvenience for elderly people, the
possible positive result of strength
improvement could be affected by
weakness of host defense. Aim of this
study is to examine effects of
Combination of Resistance training &
Aerobic Training program for 4
months on Mononuclear cell {CD3,
CD4, CD8, CD14, CD19& CD56} &
Body composition in elderly women.
Hypotheses of this study:

- There are statistically significant
differences between means of pre and
post measurements of experimental
group in Body composition for Post
measurements in elderly women.
-There are statistically significant
differences between means of pre and
post measurements of experimental
group in muscle strength for Post
measurements in elderly women.
-There are statistically significant
differences between means of pre and
post measurements of experimental
group in Mononuclear cell {CD3,
CD4, CD8, CD14, CD19& CD56 for
Post measurements in elderly women.
Methodology:

Subjects:

Subjects were recruited from
Faculty of physical Education,
surrounding communities and also
from members of Alhly Club (Nasr
City). one Experimental group of obese
Women were engaged in this study,
(15 women m.67.7+ 2.7 yr.; range 65-
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73). Potential subjects were asked to
complete a medical history and
exercise questionnaire and inclusion
criteria were not suffering from any
chronic disease, have no injuries and
not smokers with any previously
documented cardiovascular disease
with any previously documented
cardiovascular ~ disease. To  be
overweight or obesity diagnostic.

After the initial medical examination, a
detailed explanation session was held
with all the details of the training
program, the risks they may be
exposed to during the application, the
tests they will perform, and the
benefits of the study on their health. In
terms of sample selection, a complete
medical history was obtained prior to
participation. In addition, subjects who
did not meet American College of
Sports Medicine (1) criteria were
excluded.

Some  fitness  tests and
assessments were examined to large
group of lower extremities
musculoskeletal that may affect
application of training program. "Get-
up and go" and a one-repetition
maximum (1RM) for elderly people
test were performed with proper
guidelines suitable with monitoring
blood pressure and heart rate (Max
85%) during testing (41), so who was
not having the ability to perform the
full  test was excluded from
participation. subjects were engaged in
training (CRAT) controlled in the same
training session for trained 4-month
(March to July of 2018), three times a
week, 90 min per session, on non-
consecutive days and exercised under
the supervision of a personal trainer, to
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determine changes on Mononuclear
cell {CD3, CD4, CD8, CD14, CD19&
CD56}. Blood samples were obtained
one from all subjects {CRAT} pre at
rest, post immediately after resistance
exercise, before (week 0) 10" of march
2018 and after week 16 after training
on 15" of July 2018.

Subjects participated for a 1-wk
to adapt to resistance training, after this
week subjects continued to train for 16
weeks.

Resistance &
Training Program:
First, Subjects were adapted to some
resistance exercises training for one
week such as leg extension, leg curl,
ankle plantar flexion, dorsiflexion hip
extension, hip flexion, hip adduction
and hip abduction. Concentrated was
spotted on lower extremity exercises,
to analyze gait and balance.
Approximately 5-10 min of treadmill
walking and a period of stretching
preceded resistance exercise sessions.
On Friday, Sunday and Tuesday during
the acclimation week, each subject
completed three sets of eight
repetitions for each exercise at 50% of
1RM. On Friday of the acclimation
week, the subjects’ 1RM was assessed
all exercise.

Subjects committed to
complemented for a 16 week of
intervened program (CRAT). Program
consisted of a warm-up and was
performed before each training session
and stretching session.  Subjects
performed three times a week for each
session 60 min per day for 4 months.
Each exercise consisted of 3 sets of 8
repetitions at 60% of 1RM. Then,

Aerobic
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every three-week intensity was
increased to 10% of 1 RM until 80%.
At the end of the fourth month 1RM
was retested. (32, 22, 12)

Body composition:

Body Compassion was
determined using (Body Compassion
Instrument “In Body 230) with the
volunteer in the fasting state and
clothed in a physical gown. Height was
measured using a tape measure fixed to
the wall with the subject in stocking
feet. Determination of fat mass and
FFM was assessed using (Body
Compassion InBody). In lab of the
laboratory of faculty of Physical
Education for women-  Helwan
University, FFM is defined herein as
the mass of tissue representing soft
tissue exclusively.

Data collection:

Blood samples were collected
before and immediately after exercise
test and obtained from an antecubital
vein. Blood samples were distributed
into four dispensed tubes (plain tube,
EDTA, acid Citrate Dextrose, and
preservative-free  heparin)  blood
samples were kept in ice box until
analysis later. Within 4 h of sampling,
Lymphocyte proliferation and natural
Killer cell activity [natural cell-
mediated cytotoxicity (NCMC)] assays
were implemented on heparinized
blood and within 6 h of sampling
Mononuclear cell populations were
fixed and determined on acid citrate-
dextrose samples stained.

Statistical analysis:
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Descriptive Statistics, the means and
standard deviations (mean £ SD) of the
parameters of the group was used and
Paired- T- test were performed by
using SPSS 10.0 to analyze the
differences between before and after
(CRAT) intervention on trained
subjects over the 16-week, P value
level was at 0.01. Significant
differences between pre and post for
1RM were defined.

Results:

Fifteen of older women
completed all sessions of (CRAT)
program for 16 weeks. Mean age 67.7+
2.7 yr.; range 65- 73. Physical
characteristics and body composition
of subjects are shown in Table 1. Older
women displayed a greater on BMI (p<
0:0001) free fat mass (p <0:0001),
REE (p=0:047), attain statistical
significance (p=0:04) relative to FFM
changed in older women. There were
significant  differences in  body
composition variables found in (table
2). Muscular strength of legs increased
significantly pre & post training 1RM
(Table 3). In addition, aging has been
shown to affect on some costimulatory
molecules’  expression such as
Mononuclear cell (CD3, CD4, CDS8,
CD13, CD14, CD19& CD56) and
natural Killer cells showed significant
differences P <.01 and functional
immunological parameters (natural
killer cell cytotoxic activity and
lymphoproliferative response to
Aerobic and resistance  exercise
Training program (Table 4).
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Table (1)
Descriptive Statistics for All Variables physical characteristics (Age, Height&
Weight), Body composition (BMI, FFM, FM, BFM) for CRA Training Before

Program training by Elderly women. N=15

Skewness Kurtosis
Variables - , Std. . | sta. .| sta.

Range | Minimum | Maximum | Mean Deviation Variance | statistic Error Statistic Error
Age | 8.00 | 65.00 73.00 | 6767 | 272 7.38 0.80 | 058 | -0.66 | 1.12
Height |18.00 | 152.00 | 170.00 |158.07| 5.24 2750 | 126 | 058 | 069 | 1.12
V\(’I‘i'g)ht 2230 | 6360 | 8590 |77.77| 651 | 4239 | -1.02 | 058 | 099 | 1.12
BMI

8.40 | 27.10 3550 |31.23| 233 5.41 002 | 058 | 015 | 1.12
(Kg/m2)
Fat Free
Mass (Kg) | 860 | 36.10 44,70 | 4000 | 2.74 7.52 024 | 058 | -1.06 | 1.12
Fa(%g"ss 19.80 | 2420 | 4400 |3545| 516 | 2664 | -0.72 | 058 | 049 | 1.12
Bodyfal | 990 | 3610 | 4600 |4147| 324 | 1052 | 045 | 058 | -1.06 | 1.12
mass (Kg)
Values are means + SD; p values obtained from paired t-tests.

Tables 1 showed the descriptive BFM for CRA Training Before The
statistics for All Variables physical 16-week Resistance & Aerobic training
characteristics (Age, Height& Weight), by in older women.

Body composition BMI, FFM, FM,
Table (2)

showed effect of CRAT on body composition before & after 16-week CRAT on
all variables for body composition by Elderly women.

95% Confidence

Body Pre Post Std. | Interval of the T |df ?'gl‘ ((;2'
Composition Error | Difference ailed)
Variables Std. Std. Mean
Mean Deviation Mean Deviation Lower | Upper

Body Weight (k.g) | 77.77 6.51 69.07 4.65 0.90 | 6.76 | 10.64 | 9.62 |14 | 0.00a

ooy > " 3103 | 233 |2727| 158 | 029 | 335 | 457 |13.86 14| 0.00a

Fat Free Mass (Kg) | 40.00 0.71 35.80 0.82 0.36 3.42 498 |11.61 (14| 0.00a
Fat Mass (Kg) | 35.45 1.33 30.00 1.05 0.54 4.29 6.61 |10.08|14| 0.00a
Body fat mass (kg) | 41.47 0.84 36.27 1.05 0.32 4,52 5.89 |16.26 |14 | 0.00a

Values are means + SD; p values obtained from paired t-tests. a Significantly different
from older group, p < 0:0001.
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Table (3)

Showed One-repetition maximum for CRAT training before and after 16 week of
resistance training on muscles Strength by Elderly women.

Strength Pre Post Std. 95% ClI T Sig.

muscular Error Teét df| (2-

Exercises | M | SD | M | SD |Mean|Lower Upper tailed)
Leg ExtensionKg |14.40| 1.55 |21.2| 2.48 | 0.47 | -7.81 | -5.79 |-1447|14| 0.00a
Leg Curl Kg 6.87 | 1.64 |12.6| 2.07 | 0.72 | -7.28 | -4.19 |-7.96 |14| 0.00a
Planter Kg 387|235 | 8 | 099 | 053 | -5.28 | -2.99 |-7.75|14| 0.00a
Dorsiflexion Kg 6.20 | 1.15 |11.6| 1.84 | 0.58 | -6.63 | -4.17 |-9.38|14| 0.00a
Hip Flexion Kg 433 | 433 |6.53] 6.53 | 0.37 | -2.99 | -1.41 |-5.98|14| 0.00a
Hip ExtensionKg | 4.47 | 4.47 |9.47| 9.47 | 0.55 | -6.18 | -3.82 |-9.06 |14 | 0.00a
Abduction Kg 460 | 460 |8.73| 8.73 | 0.43 | -5.07 | -3.20 |-9.50|14| 0.00a
Adduction Kg 740 | 7.40 |14.2| 14.2 | 0.70 | -8.30 | -5.30 [-9.74|14| 0.00a

Values are means £SE from paired t-tests.

Table 3 showed *Significant Planter, Dorsiflexion, Hip Flexion,
difference Strength changes with Hip Extension, Abduction,
training between pre- and post-after 16 Adduction}., a Significantly different p
month CRA training for all exercises < 0:01;
p< 0.01{ Leg Extension, Leg Curl,

Table (4)

Showed Number of CD3, CD4+ CD8, CD13+ CD14, CD19 and CD56 cells in
Mononuclear cell blood CRAT trained before& after 16 week by Elderly women

95% Confidence

Immune Pre Post Std. Interval of the _
Variables Error Difference Slg
{Mononuclear Std Std Mean T. df (2-
I . . Test tailed
el Mean Deviation Mean Deviation Lower | Upper )
CD* 67.06 5.29 78.02 2.18 0.98 [-13.06| -8.85 |11.15|14|0.00a
cb* 35.67 2.37 49.47 4.7 1.12 |-16.20|-11.40|12.32|14|0.00a
CcD® 31.94 4.17 49.67 3.96 0.86 |-19.56|-15.89|20.71|14|0.00a
CD* 51.53 3.98 69.87 6.64 1.79 |-22.18(-14.49]10.22|14|0.00a
cb* 6.67 1.58 9.40 1.68 0.44 | -3.68 | -1.78 | 6.15 [14|0.00a
cb" 15.74 2.69 28.33 4.3 1.29 |-15.36| -9.82 | 9.74 |14|0.00a
CD®*® 16.40 2.64 36.60 6.24 1.96 |-24.41-15.99|10.28|14|0.00a

Values are means + SD; p values obtained from paired t-tests.
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Table 5 showed *Significant
difference  on  Mononuclear  cell
changes with training between pre- and
post-after 4 month CRA training for
all Components of Mononuclear cell a
Significantly different p < 0:01;
Discussion:

Several proof such as survey,
animal, epidemiological, and
randomized training data support the
relation between moderate physical
activity and boosted immunity leads to
decrease infection rates. Surveys result
consistently which support prevalent
belief among fitness enthusiasts that
regular exercise grants resistance
against infection In survey studies,
observed that 80% to 90% of regular
exercisers as lower susceptible to viral
diseases compared with sedentary
elderly, but in general, they prop the
results that moderate exercise reduces
morbidity and mortality after pathogen
vaccination, particularly when
compared with prolonged and physical
inactivity or  intense  exertion.
Immunity disorders may occur due to
Moderate exercise training and
decreasing in prevalence of illness.
Through each bout of moderate
exercise, an enhanced reorganization
of immunoglobulins, neutrophils, and
natural killer cells appears that
continues for up to 3 hours post
exercise. This exercise stimulated flow
in immune cells from the innate
immune system is ephemeral but
improves overall observation versus
pathogens. 12 to 15 weeks of daily
moderate exercise decreases weight
body and obesity symptom (42, 44).
Excessive exercise is mostly correlated
with  post-exercise  variations in
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percentage and number of blood
lymphocyte phenotypes and restraint of
natural  killer cell activity and
lymphocyte proliferative responds to
mitogen (6, 63, 81, and 90). Because
inhibition is oftentimes remarked after
intense or prolonged endurance
exercise, as we examined the effects of
moderate intensity resistance exercise
might trigger similar responses in
functional examinations. In conclusion,
combination between aerobic and
resistance exercise training did not
negatively affect immune function
between pre- and post-after 4 month
CRA Training.

Many findings have evidence on
the relation between 4 month of
(aerobic & resistance) training and
enhanced body composition leading to
reduction of obesity diseases rates:
which determined on BMI, FFM, FM,
and BFM in older women
consequently has another effect on

muscular resistance strength
significantly different p < 0:01. (5, 7,
8,9,17)

we found that CD3, CD4+ CDS8,
CD13+ CD14, CD19 and CD56 cells
in Mononuclear cell numbers have
changed after an acute bout of
resistance exercise and this result agree
with the study of Carroll, K. K., et al.
1995 (15). On the other hand, Neiman
et al.1995 (59) found that there was a
ephemeral reproduction in cell number
subsequent intense resistance exercise
training in young males. Moreover,
several evidence show between result
of this study and other examination
that investigates immune responses to
resistance exercise (15, 59, and 96)
was a fleeting excess elderly woman
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previously, has been showed that after
resistance exercise inhibition of NK by
two groups of applied on young males
(15, 59). Because it reported that
elderly has weakness in cellular
immune function (60), so, there were a
concern for negative influence on the
immune system due to the acute bout
of resistance exercise. (13, 14, 17, 10,
24, 18)

There have been few equivocal
findings studies that have tested the
immune responses to endurance
training in elderly people. (20, 60, 97).
Showed that acute resistance exercise
training did not negatively affect
immune function either before or after
a 4 month. in addition to that 16 week
of  resistance training  essential
positively affect on increases muscular
strength and in the immune system in
these elderly women. (98, 99, 1)

after intense resistance exercise
in young males has been observed both
NK and lymphocyte proliferative
responses to mitogen have been shown
significantly lower below standard
levels for after 2h of recovery. (15, 60),
and on other study for 1-6 h of
recovery from extensive endurance
exercise (33, 44).

Nieman et al. Have informed
that women performed intensity
resistance of exercise training program
higher than men in number of sets and
repetitions and who had muscular
insufficiency while exercised on a
single resistance exercise. However,
there are other differences between
immune findings of two studies (61)
and may be refers to be a result of
different methodologies for assessing
Natural Killer during high intensity
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load or concentrate on a single exercise
post exercise inhibition of NK in
young males. (98, 99)

Aerobic exercise seems to have
a repressive impact on lymphocyte
proliferative reduction response to
mitogen during post exercise which
could back to standard or persisted
suppression during recovery (32, 51,
61, and 3). Aerobic exercise seems to
have a repressive impact on
lymphocyte proliferative  reduction
response to mitogen during post
exercise which could back to standard
or persisted suppression  during
recovery (32, 51, 61, and 3). however,
we found that post resistance exercise
training there were changes in
lymphocyte proliferative response in
increasing leg  strength  which
incompatible with outcomes of other
studies (9, 41, 97). We previously
found (15) a significant suppression of
lymphocyte proliferation immediately
post-exercise.

due to suppression and reduction
of natural killer cells during recovery
after resistance exercise, Nieman et al.
suggested to Prostaglandin (PGE2)
production peripheral blood
mononuclear cells (PBMC) and
activated monocytes. (61) which
supported Rall et al. (71) who reported
that there were no changes by 12
weeks of resistance training either in
isokinetic concentric or eccentric
exercise in young elderly. (20) And
that conflicting with findings of
Cannon et al. (14), which referred the
muscular breakdown which happens
during eccentric of resistance exercise
training stimulated PBMC to produce
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PGE2 by improved the ability of
phytohemagglutinin.

Vagner Raso et al., showed that
increased muscle strength in 44% and
48% after 6 and 12 months, and that
what our finding support on the other
hand, have been reported that there but
it does not change immune phenotypic
and  functional  parameters  of
previously sedentary, clinically
healthy, elderly women which conflicts
with our result that found changes pre
and post CART program in
immunological parameters (CD3, CD4,
CD8, CD14, CD19& CD56) response ,
This difference may be due to the
change in the application of the
program between the two studies from
3 month to 4 months (92)

Rall et al. (71) Rall et al reported
that have no significant alter of chronic
(12week) of resistance exercise
training on lymphocyte subsets or
lymphocyte proliferative response to
mitogen. The fact that our week 16
CRAT wvalues for lymphocyte
proliferation were higher than week 0
values suggests that a seasonal
variation was responsible for these
differences. Rall et al. did not measure
NK, and there are no other published
studies with which to compare our
finding that resting NK was changed
after 16 wk. of resistance training. (15,
31)

Impact of TC exercise on T
lymphocytes and their subgroups, there
were no discernible intergroup
differences between the CON and TC
groups in the percentages of T
lymphocytes (CD3+) and their subsets
(CD4+ and CD8+) in the peripheral
blood at the beginning of the exercise
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program. While there was no major
change in the percentages of CD3+ or
CD8+ T cells, a six-month Tai Chi
exercise program significantly
enhanced the proportion of CD4+ T
(Th) lymphocytes and the CD4+:CD8+
ratio. By comparing the CD4+:CD8+
ratio at six months of TC exercise to
the ratio at the beginning, there was a
significant difference within the TC
exercise group. The percentage of
CD4+ T cells significantly differed at 6
months  following TC  exercise
compared to 4 months prior. However,
throughout the whole trial period, the
ratios of T cells (CD3+) and their
subsets (CD4+ and CD8+) in the CON
group did not show any alterations
(onset; 4 months; and 6 months). The
percentage of CD4+ T cells that
produce either IFN-y or IL-4 changed
in different ways in the two groups of
people, the control group and the group
who exercised. The percentage of IFN-
y-producing CD4+ T cells was higher
in the group who exercised at the
beginning of the study, but this
difference didn't last. The percentage
of IL-4-producing CD4+ T cells was
higher in the group who exercised at 4-
and 6-month intervals, but this
difference didn't last either. (50)

After exercise, there was an increase in
the percentage and number of naive
(KLRG1-/CD57-) and  senescent
(KLRG1+/CD57+) CD8+ T-cells.
However, only an increase in the
number of naive CD4+ T-cells was
observed. The number of CD4+ T-cells
expressing glucose transporter 4,
GLUT4, increased by 53% after
exercise. Additionally, the percentage
of CD8+ T-cells expressing fatty acid
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translocase, CD36 and CD4+ T-cells
expressing hexokinase 1, HK1, and
hexokinase 2, HK2, decreased after
exercise. A significant 55% decrease in
the number of CD4+HK1+ T-cells was
also observed after the exercise bout.
Similarly, the percentage CD8+ T-cells
expressing HK1 also decreased after
exercise. However, sex had no effect
on nutrient Sensors. CMV
seropositivity was associated with a
greater percentage and number of
senescent CD4+ T-cells after exercise
compared to their CMV seronegative
counterparts. (50)

Theall B, et al 2021 found the
total number of CD4+ T cells
expressing CD36 post-exercise was not
statistically different from pre-exercise
values, despite a favorable correlation
between exercise-induced CD4+ T-cell
activation and increased expression of
the fatty acid transporter CD36.
Rather, our results revealed a frequent
and significant correlation between the
absolute numbers of CD4+ and CD8+
T-cells expressing activation markers
and the absolute numbers of CD4+ and
CD8+ T-cells expressing glucose
transporters. Despite being
preliminary, these results may point to
a compensatory process in which
stimulated CD4+ T cells. (86)

T-cells have been used to study
cellular activation in reaction to
mitogen-induced stimulation.
(Motamedi et al., 2016; Reddy et al.,
2004). The activation reaction to
exercise, however, IS poorly
understood. (55, 72)

Following exercise, studies have
shown a rise in very early activated
(CD3+CD69+) and early
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(CD3+CD25+) CD4+ and CD8+ T-
cells. (Curran et al., 2019; Morabito et
al., 2016). These findings are
supported and expanded upon by the
current data, which demonstrate a
spike in late-activated CD4+CD71+
and CD8+CD71+ T-cells. (21, 54)

The short- and long-term impacts of
exercise on immune cell mitochondrial
bioenergetics are gaining attention.
(Busquets-Cortes et al., 2017; Rosa et
al.,2021). (11, 74)

In conclusion, many studies
demonstrated different effects of
exercise on the immune system such as
T-cell proliferative capacity, increased
neutrophil function, and NK cell
cytotoxic activity. Probably due to
application of different protocol,
methodology, age, sex, and testing
procedure.  The  present  study
demonstrates our study show that 16
week of moderate intensity of
resistance and aerobic exercise training
can reduce the level of obesity
symptoms and immune function in 67-
to73-yr-old women. In addition,
immune responses induced particularly
after exercise also improve strength.
So, we recommend that the role of
exercise training may have in
preventing immunosenescence and
disease or improving health span.
References
1 American College of Sports
Medicine. 1991. Guidelines for
Exercise Testing and Prescription (4th
ed.). Philadelphia, PA: Lea & Febiger.
2. Alberti S, Cevenini E, Ostan
R, Capri M, Salvioli S, et al. 2006.
Age-dependent modifications of Type
1 and Type 2 cytokines within virgin
and memory CD4+ T cells in humans.
Mech Ageing Dev 127: 560-566.




75

3. Aw D, Silva AB, Palmer DB.
2007. Immunosenescence: emerging
challenges for an aging population.
Immunology. 120:435-446.
4, Baron, G. C., N. C. Klimas, M.
A. Fischl, and M. A. Fletcher. 1985.
Decreased  natural  cell-mediated
cytotoxicity per effector cell in
acquired immunodeficiency syndrome.
Diagn. Immunol. 3: 197— 204.
5. Beaufrere, B., Morio, B., 2000.
Fat and protein redistribution with
aging: metabolic considerations. Eur. J.
Clin. Nutr. 54 (Suppl. 3), S48-S53.
6. Berk, L. S., D. Nieman, S. A.
Tan, S. Nehlsen-Cannarella, and J.
Kramer. 1986. Lymphocyte subset
changes during acute maximal exercise
(Abstract). Med. Sci. Sports Exerc. 18:
706.
7. Berk, L. S., D. C. Nieman, W.
S. Youngberg, K. Arabatzis, and M.
Simpson-Westerberg.  1990. The
effect of long endurance running on
natural Killer cells in marathoners.
Med. Sci. Sports Exerc. 22: 207-212.
8. Braith, R.W., Graves, J.E.,
Leggett, S.H., Pollock, M.L., 1993.
Effect of training on the relationship
between maximal and submaximal
strength. Med. Sci. Sports Exerc. 25
(1), 132-138.
Q. Brochu, M., Savage, P., Lee,
M., Dee, J., Cress, M.E., Poehlman,
E.T., et al., 2002. Effects of resistance
training on physical function in older
disabled women with coronary heart
disease. J. Appl. Physiol. 92 (2), 672—
678.
10.  Brown, A. B., N. McCartney,
and D. G. Sale. Positive adaptations to
weight-lifting training in the elderly. J.
Appl. Physiol. 69: 1725-1733, 1990.
11.  Busquets-Cortes, C., Capo, X,
Martorell, M., Tur, J. A., Sureda, A.,
& Pons, A. (2017). Training and acute

—| Assiut Journal For Sport Science Arts

exercise ~ modulates  mitochondrial
dynamics in football players’ blood
mononuclear cells. European Journal
of Applied Physiology, 117(10), 1977
1987.
12 Byrne, H.K., Wilmore, J.H.,
2001. The effects of a 20-week
exercise training program on resting
metabolic rate in previously sedentary,
moderately obese women. Int. J.
Sport Nutr. Exerc. Metab. 11
(1), 15-31.
13.  Campbell, W.W., Crim, M.C.,
Young, V.R., Evans, W.J., 1994
Increased energy requirements and
changes in body composition with
resistance training in older adults. Am.
J. Clin. Nutr. 60 (2), 167-175.
14. Cannon, J. G., S. M. Meydani,
R. A. Fielding, M. A. Fiatarone, M.
Meydani, M. Farhangmehr, S. F.
Orencole, J. B. Blumberg, and W. J.
Evans. Acute phase response in
exercise. Il. Association between
vitamin E, cytokines, and muscle
proteolysis. Am. J. Physiol. 260
(Regulatory Integrative Comp. Physiol.
29): R1235-R1240, 1991.
15.  Carroll, K. K., M. G. Flynn, P.
F. Bodary, B. A. Bushman, D. H.
Choi, C. A.Weideman, T. M.
Brickman, L. E. Bouillon, and P. G.
Brolinson. Resistance training and
immune function in young men
(Abstract). Med. Sci. Sports Exerc. 27,
Suppl. 5: S176, 1995.
16. Chakravarti B, Abraham GM.
Aging and T-cell-mediated
immunity. Mech aging Dev.
1999;108:183-206.
17.  Charette, S. L., L. McEvoy, G.
Pyka, C. Snow-Harter, D. Guido, R.
A. Wiswell, and R. Marcus. Muscle
hypertrophy response to resistance
training in older women. J. Appl.
Physiol. 70: 1912-1916, 1991.




76

18. Chubak J, McTiernan A,
Sorensen B, et al. Moderate-intensity
exercise reduces the incidence of colds
among postmenopausal women. Am J
Med. 2006;119:937-942.

19. Crist, D. M., L. T.
Mackinnon, R. F. Thompson, H. A.
Atterbom, and P. A. Egan. Physical
exercise increases natural cellular-
mediated tumor cytotoxicity in elderly
women. Gerontology 35: 6671, 1989.
20. Crosier, J. L., G. Camus, G.
Deby-Dupont, R. Bertrand, C.
Lhermerout, J. M. Crielaard, A.
Juchm’es-Ferir, C. Deby, A. Albert,
and M. Lamy. Myocellular enzyme
leakage, polymorphonuclear neutrophil
activation and delayed onset muscle
soreness induced by eccentric exercise.
Arch. Physiol. Biochem. 104: 322-
329, 1996.

21. Curran, M., Campbell, J.,
Drayson, M., Andrews, R., &
Narendran, P. (2019). Type 1 diabetes
impairs the mobilization of highly-
differentiated CD8+T cells during a
single bout of acute exercise. Exercise
Immunology Review, 25, 64-82.

22. Cohen S. Keynote Presentation
at the Eight International Congress of
Behavioral Medicine: the Pittsburgh
common cold studies: psychosocial
predictors  of  susceptibility to
respiratory infectious illness. Int J
Behav Med. 2005;12:123-131.

23.  Crist, D. M., L. T. Mackinnon,
R. F. Thompson, H. A. Atterbom,
and P. A. Egan. Physical exercise
increases natural cellular-mediated
tumor cytotoxicity in elderly women.
Gerontology 35: 6671, 1989.

24.  Cullinen, K., Caldwell, M.,
1998. Weight training increases fat-
free mass and strength in untrained
young women. J. Am. Diet Assoc. 98
(4), 414-418.

—| Assiut Journal For Sport Science Arts

25.  Davis JM, Murphy EA, Brown
AS, Carmichael MD, Ghaffar A, et
al. (2004) Effects of moderate exercise
and oat beta-glucan on innate immune
function and  susceptibility to
respiratory infection. Am J Physiol
Regul Integr Comp Physiol 286: R366-
372.

26.  Defronzo, R.A., 1979. Glucose
intolerance and aging: evidence for
tissue insensitivity to insulin. Diabetes
28 (12), 1095-1101.

27. DeFronzo, R.A., Tobin, J.D,,
Andres, R., 1979. Glucose clamp
technique: a method for quantifying
insulin secretion and resistance. Am. J.
Physiol. 237 (3), E214-E223.

28. Della Bella S, Bierti L,
Presicce P, Arienti R, Valenti M, et
al. (2007) Peripheral blood dendritic
cells and monocytes are differently
regulated in the elderly. Clin Immunol
122: 220-228.

29. Dvorak, R.V., DeNino, W.F,,
Ades, P.A., Poehlman, E.T., 1999.
Phenotypic characteristics associated
with insulin resistance in metabolically
obese but normal-weight young
women. Diabetes 48 (11), 2210-2214.
30. Ernst DN, Weigle O, Hobbs
MV (1995) Aging and lymphokine
gene expression by T cell subsets. Nutr
Rev 53: S18-S25.

31.  Fiatarone, M. A, M. A
Marks, E. C. Ryan, N. D. Meredith,
C. N. Lipsitz, and W. J. Evans. High-
intensity ~ strength  training  in
nonagenarians. JAMA 263: 3029-
3034, 1990.

32 Field, C. J., R. Gougeon, and
E. B. Marliss. Circulating
mononuclear  cell numbers and
function during intense exercise. J.
Appl. Physiol. 71: 1089-1097, 1991.
33.  Fletcher, M. A., G. C. Baron,
M. R. Ashman, M. A. Fischl, and N.




77

G. Klimas. Use of whole blood
methods in assessment of immune
parameters in  immunodeficiency
states. Diagn. Clin. Immunol. 5: 69-81,
1987.

34.  Folstein, M. F., S. E. Folstein,
and P. R. McHugh. ‘‘Minimental
state.”’ A practical method for grading
the cognitive state of patients for the
clinician. J. Psychiatr. Res. 12: 189-
198, 1975.

b, FronteraW. R, C. N
Meredith, K. P. O’Reilly, H.
Knuttgen, and W. J. Evans. Strength
conditioning in older men: skeletal
muscle hypertrophy and improved
function. J. Appl. Physiol. 64: 1038-
1044, 1988.

3. Fry, R. W., A. R. Morton, G.
P. M. Crawford, and D. Keast. Cell
numbers and in vitro responses of

leucocytes and lymphocyte
subpopulations  following maximal
exercise and interval training

sessions of different intensities. Eur. J.
Appl. Physiol. 64: 218-227, 1992.

37. Garcia-Rubi, E., Starling,
R.D., Tchernof, A., Matthews, D.E.,
Walston, J.D., Shuldiner, A.R., et al.,,
1998. Trp 64Arg variant of the beta3-
adrenoceptor and insulin resistance in
obese postmenopausal women. J. Clin.
Endocrinol. Metab. 83 (11), 4002-
4005. Hughes, V.A., Fiatarone, M.A.,
Fielding, R.A.,, Ferrara, C.M,,
Elahi, D., Evans, W.J., 1995. Long-
term effects of a high- carbohydrate
diet and exercise on insulin action in
older subjects with impaired
glucose tolerance. Am. J. Clin. Nutr.
62 (2), 426-433.

38.  Gleeson M (2007) Immune
function in sport and exercise. J Appl
Physiol 103: 693-699.

39. Gruver AL, Hudson LL,
Sempowski GD. Immunosenescence

—| Assiut Journal For Sport Science Arts

of aging. J Pathol. 2007;211:144-156.

40. Hinton JR, Rowbottom DG,
Keast D, Morton AR (1997) Acute
intensive interval training and in vitro
t-lymphocyte function. Int J Sports
Med 18: 130-135

41.  Hurley, B.F., Roth, S.M., 2000.
Strength training in the elderly: effects
on risk factors for age- related
diseases. Sports Med. 30 (4), 249-268.
42.  lvey, F.M., Roth, S.M., Ferrell,
R.E., Tracy, B.L., Lemmer, J.T,
Hurlbut, D.E., et al., 2000. Effects of
age, gender, and myostatin genotype
on the hypertrophic response to heavy
resistance  strength  training.  J.
Gerontol. A Biol. Sci. Med. Sci. 55
(11), M641- M648.

43.  Joseph, L.J., Trappe, T.A,
Farrell, P.A., Campbell, W.W,,
Yarasheski, K.E., Lambert, C.P., et
al., 2001. Short-term moderate weight
loss and resistance training do not
affect  insulin-stimulated  glucose
disposal in postmenopausal women.
Diabetes Care 24 (11), 1863-1869.

44.  Keylock KT, Lowder T,
Leifheit KA, et al. Higher antibody,
but not cell-mediated, responses to
vaccination in high physically fit
elderly. J Appl Physiol. 2007;
102:1090-1098.

45.  Kraemer, W. J., A. Clemson.
N. T. Triplett, J. A. Bush, R. U.
Newton, and J. M. Lynch. The effects
of plasma cortisol elevation on total
and differential leukocyte counts in
response to heavy-resistance exercise.
Eur. J. Appl. Physiol. 73: 93-97, 1996.
46. Kohut ML, Arntson BA, Lee
W, et al. Moderate exercise improves
antibody response to influenza
immunization in older adults. Vaccine.
2004;22: 2298-2306.

47. Kohut ML, Senchina DA.
Reversing ageassociated




78

Immunosenescence via exercise. Exerc
Immunol Rev. 2004;10:6-41.
48. Lancaster GI, Halson SL,
Khan Q, Drysdale P, Wallace F, et
al. (2004) Effects of acute exhaustive
exercise and chronic exercise training
on type 1 and type 2 T lymphocytes.
Exerc Immunol Rev 10: 91-106.
4. Lemmer, J.T. lvey, F.M,,
Ryan, A.S., Martel, G.F., Hurlbut,
D.E., Metter, J.E., et al., 2001. Effect
of strength training on resting
metabolic rate and physical activity:
age and gender comparisons. Med. Sci.
Sports Exerc. 33 (4), 532-541.
50. Liu, Jing & Chen, Peijie &
Wang, Ru & Yuan, Yonghong & Li,
Chunying. (2012). Effect of Tai Chi
Exercise on Immune Function in
Middle-aged and Elderly Women.
Journal of Sports Medicine & Doping
Studies. 2. 119. 10.4172/2161-
0673.1000119.
51. MacNeil, B., L. Hoffman-
Goetz, A. Kendall, M. Houston, and
Y. Arumugam. Lymphocyte
proliferation responses after exercise in
men: fitness, intensity, and
duration effects. J.  Appl
Physiol. 70: 179-185, 1991.
52. Mathias, S., U. S. L. Nayak,
and B. Issacs. Balance in elderly
patients: the ‘‘Get Up and Go’’ test.
Arch. Phys. Med. Rehabil. 67: 387-
389, 1986.
53.  Monto AS. Epidemiology of
viral respiratory infections. Am J Med.
2002;112(6A):4S-12S.
5.  Morabito, C., Lanuti, P,
Caprara, G. A., Guarnieri, S,
Verratti, V., Ricci, G., Catizone, A.,
Marchisio, M., Fano-lllic, G.,, &
Mariggio, M. A. (2016). Responses of
peripheral blood mononuclear cells to
moderate  exercise and hypoxia.
Scandinavian Journal of Medicine and

—| Assiut Journal For Sport Science Arts

Science in Sports, 26(10), 1188-1199.
5. Motamedi, M., Xu, L., &
Elahi, S. (2016). Correlation of
transferrin receptor (CD71) with Ki67
expression on stimulated human and
mouse T cells: The Kinetics of
expression of T cell activation markers.
Journal of Immunological Methods,
437, 43-52.

5. Nieman, D. C., L. S. Berk, M.
Simpson-Westerberg, K. Arabatzis,
S. Youngberg, S. A. Tan, JW. Lee,
andW. C. Eby. Effects of long
endurance running on immune system
parameters and lymphocyte function in
experienced marathoners. Int. J. Sports
Med. 10: 317-323, 1989.

57.  Nieman DC, Henson DA. Role
of endurance exercise in immune
senescence. Med Sci Sports Exerc.
1994;26:172-181.

58. Nieman DC, Henson DA,
Gusewitch G, et al. Physical activity
and immune function in elderly
women. Med Sci Sports Exerc.
1993;25:823-831.

59. Nieman, D. C., J. C. Ahle, D.
A. Henson, B. J. Warren, J. Suttles,
J. M. Davis, K. S. Buckley, S.
Simandle, D. E. Butterworth, O. R.
Fagoaga, and S. L. Nehlsen-
Cannarella. Indomethacin does not
alter natural Killer cell response to 2.5
h of running. J. Appl. Physiol. 79:
748-755, 1995.

60. Nieman, D. C., D. A. Henson,
C. S. Sampson, J. L. Herring, J.
Suttles, M. Conley, M. H. Stone, D.
E. Butterworth, and J. M. Davis. The
acute immune response to exhaustive
resistance exercise. Int. J. Sports Med.
16: 322-328, 1995.

61. Nieman, D. C., S. L. Nehlsen-
Cannarella, P. A. Markoff, A. J.
Balk-Lamberton, H. Yang, D. B.W.
Chritton, JW. Lee, and K.




79

Arabatzis. The effects of moderate
exercise training on natural killer cells
and acute upper respiratory tract
infections. Int. J. Sports Med. 11: 467—
473, 1990.
62. Pannemans, D.L., Westerterp,
K.R., 1995. Energy expenditure,
physical activity and basal
metabolic rate of elderly
subjects. Br. J. Nutr. 73 (4), 571-581.
63. Parsons, D., V. Foster, F.
Harman, A. Dickinson, P. Olivia, and
K. Westerlind. Balance and strength
changes in elderly subjects after heavy
resistance strength training (Abstract).
Med. Sci. Sports Exerc. 24, Suppl. 5:
S21, 1992.
64. Pedersen, B. K., N. Tvede, L.
D. Christensen, K. Klarlund, S.
Kragbak, and J. Halkjaer-Kristensen.
Natural Killer cell activity in peripheral
blood of highly trained and untrained
persons. Int. J. Sports Med. 10: 129—
131, 19809.
65. Pizza, F. X., M. G. Flynn, T.
Sawyer, P. G. Brolinson, R. D.
Starling, and F. F. Andres. Run
training vs. cross training: effect of
increased training on circulating
leukocyte subsets. Med. Sci. Sports
Exerc. 27: 355-362, 1995.
66. Poehlman, ET, 2002.
Menopause, energy expenditure, and
body composition. Acta Obstet.
Gynecol. Scand. 81 (7), 603-611.
Poehlman, E.T., Melby, C., 1998.
Resistance  training and energy
balance. Int. J. Sport Nutr. 8 (2), 143—
159.
67. Poehlman, E.T., Goran, M.I.,
Gardner, A.W., Ades, P.A., Arciero,
P.J., Katzman-Rooks, S.M., et al.,
1993. Determinants of decline in
resting metabolic rate in aging females.
Am. J. Physiol. 264 (3 Pt 1), E450-
E453.

—| Assiut Journal For Sport Science Arts

68. Poehlman, E.T., Dvorak, R.V,,
DeNino, W.F., Brochu, M., Ades,
P.A., 2000. Effects of resistance
training and endurance training on
insulin sensitivity in nonobese, young
women: a controlled randomized trial.
J. Clin. Endocrinol. Metab. 85 (7),
2463-2468.

69. Poehlman, E.T., Denino, W.F.,,
Beckett, T., Kinaman, K.A., Dionne,
1.J., Dvorak, R., et al., 2002.  Effects
of endurance and resistance training on
total daily energy expenditure in young
women: a controlled randomized
trial. J. Clin. Endocrinol. Metab. 87
(3), 1004-1009.

70.  Pratley, R., Nicklas, B., Rubin,
M., Miller, J., Smith, A., Smith, M.,
et al., 1994. Strength training increases
resting metabolic rate and
norepinephrine levels in healthy 50- to
65-yr-old men. J. Appl. Physiol. 76 (1),
133-137.

71.  Rall, L. C., R. Roubenoff, J. G.
Cannon, L. W. Abad, C. A.
Dinarello, and S. N. Meydani. Effects
of progressive resistance training on
immune response in aging and chronic
inflammation. Med. Sci. Sports Exerc.
28: 1356-1365, 1996. 1912 resistance
training and immune function in
elderly women Downloaded from
jap.physiology.org on April 16, 2012.
72. Reddy, M., Eirikis, E., Davis,
C., Davis, H. M., & Prabhakar, U.
(2004). Comparative analysis  of
lymphocyte activation marker
expression and cytokine secretion
profile in stimulated human peripheral
blood mononuclear cell cultures: An in
vitro model to monitor cellular
immune  function.  Journal  of
Immunological Methods, 293(1-2),
127-142.

73.  Rincon, H. G., G. F. Solomon,
D. Benton, and L. Z. Rubenstein.




80

Exercise in frail elderly men decreases
natural killer cell activity. Aging 8:
109-112, 1996. 33.

74. Rosa, P. C., Courtes, A. A,
Gongalves, D. F., Hartmann, D. D.,
Stefanello, S. T., Zamberlan, D. C.,
Berté, J. K., dos Santos, D. L.,
Soares, F. A. A., & Barcelos, R. P.
(2021). Moderate-intensity functional
training  improves  mitochondrial
capability and redox state in peripheral
blood mononuclear cells of metabolic
syndrome women. Sport Sciences for
Health, 17(1), 91-101.

75.  Ryan A. S., R. E. Pratley, D.
Elahi, and A. P. Goldberg. Resistive
training increases fat-free mass and
maintains RMR despite weight loss in
postmenopausal women. J.  Appl.
Physiol. 79: 818-823, 1995.

76. Ryan, A.S., Pratley, R.E,
Elahi, D., Goldberg, A.P., 1995.
Resistive training increases fat-free
mass and maintains RMR despite
weight loss in postmenopausal women.
J. Appl. Physiol. 79 (3), 818-823.

77.  Ryan, A.S., Hurlbut, D.E.,
Lott, M.E., lvey, F.M., Fleg, J.,
Hurley, B.F., et al., 2001. Insulin
action after resistive training in insulin
resistant older men and women. J. Am.
Geriatr. Soc. 49 (3), 247-253.

78.  Sale, D.G., 1987. Influence of
exercise and training on motor unit
activation. Exerc. Sport Sci. Rev. 15,
95-151. Starling, R.D., Toth, M.J.,
Carpenter, W.H., Matthews, D.E.,
Poehlman,E.T., 1998a. Energy
requirements and physical activity in
free-living older women and men: a
doubly labeled water study. J. Appl.
Physiol. 85 (3), 1063— 1069.

79.  Shinkai S, Kohno H, Kimura
K, et al. Physical activity and immune
senescence in men. Med Sci Sports
Exerc. 1995;27:1516-1526.

—| Assiut Journal For Sport Science Arts

80. Shore S, Shinkai S, Rhind S,
Shephard RJ  (1999) Immune
responses to training: how critical is
training volume? J Sports Med Phys
Fitness 39: 1-11.

8l.  Spiegel K, Sheridan JF, Van
Cauter E. Effect of sleep deprivation
on response to immunization. JAMA.
2002; 288:1471-1472.

82. Soppi, E., P. Varjp, J. Eskola,
and L. A. Laitinen. Effect of
strenuous physical stress on circulating
lymphocyte  number  andfunction
before and after training. J. Clin. Lab.
Immunol. 8: 43-46, 1982.

83.  Starling, R.D., Toth, M.J,
Matthews, D.E., Poehlman, E.T.,
1998b. Energy requirements and
physical activity of older free-living
African- Americans: a doubly labeled
water study.J. Clin. Endocrinol. Metab.
83 (5), 1529-1534.

84. Taaffe, D.R., Pruitt, L., Reim,
J., Butterfield, G., Marcus, R., 1995.
Effect of sustained resistance training
on basal metabolic rate in older
women. J. Am. Geriatr. Soc. 43 (5),
465-471.

85.  Tchernof, A., Starling, R.D.,,
Walston, J.D., Shuldiner, AR,
Dvorak, R.V., Silver, K., et al., 1999.
Obesity-related phenotypes and the
beta3-adrenoceptor gene variant in
postmenopausal women. Diabetes 48
(7), 1425-1428.

86. Theall B, Stampley J, Cho E,
Granger J, Johannsen NM, Irving
BA, Spielmann G. Impact of acute
exercise  on peripheral blood
mononuclear cells nutrient sensing and
mitochondrial oxidative capacity in
healthy young adults. Physiol Rep.
2021
Dec;9(23):€15147.doi:10.14814/phy2.
15147. PMID: 34889067; PMCID:
PMC8661513.




81

87.  Tinetti, M. E. Factors
associated with serious injury during
falls by ambulatory nursing home
residents. J. Am. Geriatr. Soc. 35: 644—
648, 1987.

88. Tipton, K.D., 2001. Muscle
protein metabolism in the elderly:
influence of exercise and nutrition.
Can. J. Appl. Physiol. 26 (6), 588-606.
89. Toth, M.J.,, Beckett, T,
Poehlman, E.T., 1999. Physical
activity and the progressive change in
body composition with aging: current
evidence and research issues. Med. Sci.
Sports Exerc. 31 (11 Suppl.), S590-
S596.

90. Tremblay, A., Nadeau, A,
Fournier, G., Bouchard, C., 1988.
Effect of a three-day interruption of
exercise-training on resting metabolic
rate and glucose-induced
thermogenesis in training individuals.
Int. J. Obes. 12 (2), 163-168.

91. Tvede, N., M. Kappell, J.
Halkjaer-Kristensen, H. Galbo, and
B. K. Pedersen. The effect of light,
moderate, and severe bicycle exercise
on lymphocyte subsets, natural and
lymphokine activated killer cells,
lymphocyte proliferative response, and
interleukin 2 production. Int. J. Sports
Med. 14: 275 282, 1993.

92.  Vagner Rasol,2, Gil Benard2,
Alberto Jose” Da Silva Duarte2, And
Vale” Ria Maria Natale3., Effect of
Resistance Training on Immunological
Parameters of  Healthy Elderly
Women., 2007. Medicine & Science in
Sports & Exercise, BRAZIL. DOI:
10.1249/mss.0b013e318156e9fal.

93. Vincent, K.R., Braith, R.W.,
Feldman, R.A., Magyari, P.M.,,
Cutler, R.B., Persin, S.A., et al.,
2002. Resistance exercise and physical
performance in adults aged 60 to 83. J.

—| Assiut Journal For Sport Science Arts

Am. Geriatr. Soc. 50 (6), 1100-1107.
9. Vitetta L, Anton B. Lifestyle
and nutrition, caloric restriction,
mitochondrial health and hormones:
scientific  interventions  for
antiaging.  Clin  Interv  Aging.
2007;2:537-543.
9%. Weideman, C. A, M. G.
Flynn, K. K. Carroll, P. G.
Brolinson, S. D. Freeman, M.
Fahlman, K. M. Jeffrey, L. E.
Bouillon, and J. C. Cooper.
Resistance training and immune
function in elderly women (Abstract).
Med. Sci. Sports Exerc. 27, Suppl. 5:
S176, 1995.
9%. Weinberger B, Herndler-
Brandstetter D, Schwanninger A, et
al. Biology of immune response to
vaccines in elderly persons. Clin Infect
Dis. 2008; 46:1078-1084.
97.  Weir, J.B., 1949. New methods
for calculating metabolic rate with
special reference to protein
metabolism. J. Physiol. 109, 1-9.
98.  Whipple, L. I, L. I. Wolfson,
and P. M. Amerman. The relationship
of knee and ankle weakness to falls in
nursing home residents: an isokinetic
study. J. Am. Geriatr. Soc. 35: 13-20,
1987.
9. Wojtek, C. Z.,, et al., 2011.
Department  of  kinesiology and
community health  University of
Illinois at Urbana-Champaign. ASCM
positions stand on exercise and
physical activity for older adults.
100. Zaldivar F, Wang-Rodriguez
J, Nemet D, Schwindt C, Galassetti
P, et al. (2006) Constitutive pro- and
anti-inflammatory cytokine and growth
factor response to exercise in
leukocytes. J Appl Physiol 100: 1124-
1133.




