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ABSTRACT

It is reported that resistance exercise causes an elevation of white blood cells (WBC) and some of
its parameters such as neutrophils (NUT) and lymphocytes (LYM); but there isn’t enough study
about eccentric exercise (ECC). So, the purpose of this study was to investigate the effect of a
single session of eccentric resistance exercise on some parameters of white blood cells. Twelve
volunteer male sedentary students were selected to participate in this study. Participants were
randomly divided into experimental and control groups. Experimental group performed an
eccentric elbow extension (80% of one maximum repetition, 6 sets, 8-10 replicates/sets). Blood
sampling implemented at 30 min before the exercise, immediately after the exercise, 2 hours after
the exercise, and 24 hours after the exercise. Cell differentiation of WBC for neutrophils (NUT),
lymphocytes (LYM), eosinophils (EOS), and monocytes (MON) performed using automated
hematology analyzer system [Sysmex (kx-21)]. NUT:LYM ratio was also calculated. It was
observed that WBC (F = 9.611, p = 0.001), NUT (F = 9.6, p < 0.001), and LYM (F = 3.28, p <
0.001) increased significantly in response to eccentric exercise, and this elevation continued by 2
hours after the test, while NUT recovered to the initial levels by 24 hours after the exercise, and
WBC and LYM remained at a high level at this time. In conclusion, the elevation of WBC
immediately after the test is likely due to neutrocytosis and lymphocytosis, but in the recovery
period and 24 hours after the exercise is due to lymphocytosis.
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INTRODUCTION
One of the important and critical parts of

human body, relationship of which with
exercise is highly of consideration, is the
immune system that its proper function can
guarantee the health. If this system does not
work as expected, survival would be
impossible, because oursurrounding
environment is full of microorganisms that
can affect various parts of our body (1).
Physical fatigue caused by physical work, in
particular sport activities, can influence
many parts and functions of the body,
because severe mental and physical stresses
distort the body's physiological and
immunological balance (2). According to the
existing studies, exercise and physical
activity can have dual impacts (positive or
negative) on power, efficiency of the
immune system, and susceptibility to
secondary diseases in athletes (1, 2). In other
words, the effects of repeated intensive
exercise and long-term exercise on the
immune system indicate the incidence of
upper respiratory tract infections and
demolition of immunological factors (1, 3-
5). The relationship between exercise and
susceptibility to infections has been modeled
as the curve J, based on which doing light
exercises for pleasure throughout the life
would improve the performance of the
immune system in sedentary individuals. In
contrast, repeated intensive exercise training
would decrease the efficiency of the immune
system (1). Practically speaking, it is also
observed that elite athletes, especially in
seasons of training and completion, are more
susceptible to be affected by upper
respiratory tract infections, including cold
and sinusitis (6, 7). Thus, the changes
induced by exercise and physical activity on
the immune system vary depending on
physiological fitness of individuals, type of
sport, intensity of sport, and duration of
sport (1, 3). The physiological mechanisms
responsible for such destructive effects of

intense exercise are not totally known.
Hence, organized studies on the new field of
sport immunology are tangibly needed (1,
8).

Resistance exercises cause transient and
unstable impairments in the performance of
the immune system, such as changes in the
number of leukocytes, concentrations of
cytokines, and performance of some cells
(8). Milias et al. (2005) studied the status of
13 healthy men who used to do sport
activities for pleasure and reported that
eccentric activity (bending the elbow with a
dynamometer) significantly increases the
number of leukocytes, eosinophils,
neutrophils, lymphocytes, and monocytes
(9). Hulmi et al. (2010) studied the effects of
4 different resistance training protocols
including 3 one-session protocols with
various workloads and a 21-week protocol,
with controlling the impacts of two variables
of dietary supplement and age. They
observed a significant increase in neutrophils
and lymphocytes in all 3 one-session
protocols with no difference in dietary
supplement and a significant decrease in
lymphocytes to below the minimum amount
before the exercise in the recovery period
(10).

It has been reported in the literature that
peripheral total leukocyte (PTL) increases in
response to moderate to intense (exhaustion
level) exercise (10-16). This has been mostly
attributed to neutrocytosis (10-13). Given to
the phagocytosis role of neutrophils and
their increase during the inflammation, such
a result in not far-fetched. Moderate to
intense exercise, especially unto exhaustion,
would lead to destruction of muscle tissue.
On the other hand, we know that muscle
damage is mostly caused by sport activities,
predominantly as a result of abnormal
eccentric exercises. The major characteristic
of such a muscle contraction is imposing
extra pressure on muscle fibers and
connective tissue and ultimately muscle
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injuries in the first time of doing them (17,
18). Eccentric contractions do not occur only
during sport activities, but they also occur in
daily activities such as coming down the
stairs and carrying a heavy load from a high
place. Although eccentric contraction
demands less energy than other activities in
terms of metabolism, it causes minor injuries
in skeletal muscles, stronger inflammatory
response, and higher oxidative stress
compared with introspective activities (19).
Many studies have reported the injury and
muscle inflammation development caused
by eccentric activities, severity of which
depends on the intensity and duration of
activity and also the exercise performance of
muscle (19, 20). Although there are reports
on resistance trainings (10, 12), no study can
be found on eccentric exercises and their
acute impact on the profile of white blood
cells. So, the objective of the present paper
is to study the effect ofa single session of
eccentric resistance exercise on some
parameters of white blood cells.

MATERIALS AND METHODS
The present study was a quasi-

experimental research with time series plan
and experimental and control treatments.

Subjects. Among the 60 student
volunteers, 12 eligible students were
selected and randomly divided into control
and experimental groups. Inclusion and
exclusion criteria included identical physical
fitness; no consumption of caffeine, alcohol,
cigarettes, tobacco, and antioxidant
supplements; no history of diseases affecting
hematological parameters and use of anti-
inflammatory drugs; and no history of doing
resistance activities at least during the past 2
months.

Exercise Protocol. The first phase
consisted of 5 minutes of general warm up
(stretching and slow exercises) and specific
warm up with a barbell bar with now eight
(5 kilograms) in both experimental and
control groups. In the second stage, the

experimental group performed 6 rounds of
biceps with barbell (both arms at the same
time) (only eccentric contraction) with an
IRM of 80% and 8 to 10 replicates at a
motion range of 60 to 140 degree. 2 minutes
of rest was arranged between the rounds. In
order to ensure the implementation of pure
eccentric motion, the subjects took the
barbell upward with the help of another
person, but took it downward merely by
themselves with a controlled motion with the
minimum possible speed in 10 to 15
seconds. The control group did not perform
the introspective motion with bearing the
heavy weight; they took the barbell upward
with the help of another person, then the
barbell was taken completely out of their
hands at the eccentric mode by that person,
again it was put in their hands at
introspective mode and taken upward with
the help that person (shadow moving using a
barbell and weights without bearing their
heaviness) (20).

Blood Sampling. Blood sampling was
done followed by 12 hours of overnight
fasting in 4 times including 30 minutes
before the test, immediately after the test, 2
hours after the test, and 24 hours after the
test. WBC differential count for neutrophils
(NUT), lymphocytes (LYM), eosinophils
(EOS), and monocytes (MON) was done by
using automatic hematology analyzer
Sysmex Kx-21. LYM:NUT ratio was also
calculated.

Statistical Analysis. All obtained
information were analyzed using repeated
measures of ANOVA by SPSS software at a
significance level of 0.05.

RESULTS
For WBC variable, Mauchly's test of

sphericity assumption was not approved
(W=0.273, p=0.047). Hence, based on
Greenhouse-Gazer modification, effect of
time, intergroup effect, and interaction effect
of group and time were significant (F=2.793
and p=0.001, F=6.092 and p=0.001, F=9.611
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and p=0.001, respectively) (Figure 1, a). In
other words, there was a significant linear
increase in sample taken immediately and 2
hours after the eccentric resistance exercise,
while no significant change was observed in
the control group at all times.

For NUT variable, Mauchly's test of
sphericity assumption was not approved
(W=0.036, p<0.001). Hence, based on
Greenhouse-Gazer modification, effect of
time, intergroup effect, and the interaction
effect of group and time were significant
(F=5.41 and p<0.001, F=1.69 and p<0.001,
F=9.6 and p<0.001, respectively) (Figure 1,
b). In other words, there was a significant
linear increase in sample taken immediately

and 2 hours after the eccentric resistance
exercise, while no significant change was
observed in the control group at all times.

For LYM variable, the Mauchly's test of
sphericity assumption was not approved
(W=0.133, p=0.004). Hence, based on
Greenhouse-Gazer modification, effect of
time, intergroup effect, and interaction effect
of group and time were significant (F=1.67
and p<0.001, F=3.09 and p<0.001, F=3.28
and p<0.001, respectively) (Figure 1, c). In
other words, there was a significant linear
increase in sample taken immediately and 2
hours after the eccentric resistance exercise,
while no significant change was observed in
the control group at all times.

Figure 1. Changes of Some Hematological Variables to Single Session of Resistance Eccentric Exercise.
a) Total white blood cell count (WBC) changes. b) Neutrophil count (NUT) changes. c) Lymphocyte count
(LYM) changes. d) Neutrophil to Lymphocyte count ratio (NUT: LYM) changes. e) Eosinophil count (EOS)
changes. f) Monocyte count (MON) changes. 30min.Pre: 30 minutes Pre-Test. Im.Po: Immediately Post
Test. 2h.Po: 2 hours Post Test. 24h.Po: 24 hours Post Test. *: Significant interaction effect of time and group
than to 30min.Pre at p < 0.001. ±: Significant interaction effect of time and group than to Im.Po at p < 0.001.
+: Significant interaction effect of time and group than to 2h.Po at p < 0.001.
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For LYM:NUT ratio, the Mauchly's test
of sphericity assumption was approved
(W=0.48, p=0.272). Effect of time,
intergroup effect, and the interaction effect
of group and time were significant (F=6.42
and p<0.001, F=1.13 and p<0.001, F=8.31
and p<0.001, respectively) (Figure 1, d). In
other words, there was a significant decrease
in the experimental group immediately after
the exercise, while no significant change was
found in the control group. After 2 hours of
recovery, this ratio increased to its basic
levels, as this increase was significant
compared with the time immediately after
the exercise. A significant decrease to below
the initial levels was observed after 24 hours
of recovery.

For EOS variable, Mauchly's test of
sphericity assumption was not approved
(W=0.023, p<0.001). Hence, based on
Greenhouse-Gazer modification, effect of
time, intergroup effect, and the interaction
effect of group and time were significant
(F=5.09 and p<0.001, F=1.005 and p<0.001,
F=2.39 and p<0.001, respectively) (Figure 1,
e). In other words, a significant increase was
observed immediately after the exercise in
the experimental group which continued at 2
hours and 24 hours after the exercise,
significantly different from the control
group.

In terms of MON variable, Mauchly's test
of sphericity assumption was not approved
(W=0.037, p<0.001). Hence, based on
Greenhouse-Gazer modification, effect of
time, intergroup effect, and the interaction
effect of group and time were significant
(F=7.72 and p<0.001, F=6.95 and p<0.001,
F=7.08 and p<0.001, respectively) (Figure 1,
f). In other words, MON increased in
response to the exercise, then significantly
decreased to below the initial levels 2 hours
after the exercise, and finally showed a
significant increase 24 hours after the
exercise.

DISCUSSION
The present paper studied the effect of a

single session of eccentric resistance
exercise on some parameters of white blood
cells in sedentary boy students. Data analysis
showed that WBC, NUT, and LYM had a
significant linear increase at times
immediately and 2 hours after the eccentric
resistance exercise, while these variables
recorded no significant change in the control
group (the interaction effect of time and
group). These results are consistent with the
findings of Hulmi et al. (2010), Ghanbari-
Niaki et al. (2005), Wu et al. (2004), Havil
et al. (2003), and Aghaalinejad et al. (2002)
(10-12). The increase in WBC was attributed
to neutrocytosis, lymphocytosis or both of
them in all these studied which is the same
as what found in the present study. Unlike
the findings of this study, Hulmi et al.
(2004) and Havil et al. (2003) observed a
significant decrease in LYM, after two-hour
and one-hour recovery periods after the
exercise, respectively (10, 13), indicating the
phenomenon of “open window” implying
the time that body is at risk of diseases and
athletes must greatly take care of their
health. In the present study, LYM still
showed an increasing trend in the recovery
period after the exercise. Hence, it can be
generally concluded that the exercise
protocols applied in this study did not lead to
the suppression of the immune system and
the phenomenon of “open window”. 24
hours after the exercise, WBC and LYM
remain data high level, despite a slight
decrease, which is significantly different
from 30 minutes before the exercise. On the
other hand, NUT returned to its initial levels
24 after the exercise. The control group
again showed no significant change at this
time (the significant interaction effect of
time and group). In other words, WBC
changes at this time are due to
lymphocytosis. The results suggest that
eccentric resistance exercise could cause
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tissue inflammation, as it caused an increase
in WBC, NUT, and LYM in order to fight
this inflammation. In the previous paper
published by the authors of the present study
on the same protocols and examples, the
findings related to lactate dehydrogenase
(LDH) and creatine kinase (CK) (two
enzymes that are indicative of muscle
damage) were measured and their significant
increase was observed at all times (20) but it
did not lead to the suppression of the
immune system and the phenomenon of
“open window”, because lymphocytes
stayed at a high level until 24 hours in the
recovery period and also LYM:NUT ratio [a
good criteria for measurement of stress
caused by sport and its afterward recovery
and if the exercise is stress-bearing, this ratio
stays at a high level to 24 hours after
exercise (15)] showed a significant decrease
immediately after the exercise in the
experimental group compared with the
control group. After two hours of recovery,
this ratio returned to its basic levels, as it
was significant compared with the time
immediately after the exercise. This ration
significantly decreased to below the initial
levels after 24 hours of recovery.

The total peripheral white blood cells
increase in response to moderate to intense
(exhaustion level) exercise which is
generally due to neutrocytosis. Given to the
role of neutrophils and their increase during
the inflammation, such a result in not far-
fetched, because moderate to intense
exercise, especially unto exhaustion, would
lead to destruction of muscle tissue. On the
other hand, the results of the recovery period
after exercise showed a significant decrease
in leukocytes which is mainly due to
implantation in damaged tissue (10, 16).
Mechanisms responsible for changes in the
immune system are emerged accompanied
with changes in commuting cellular
neuroendocrine transmitter and changes of
micro trauma in the release and secretion of
cytokines. Specifically, increased levels of

cytokinesis observed after eccentric
activities (8, 21). In addition, in terms of
redistribution of leukocytes during exercise,
the role of inflammatory mediators such as
releasing the compounds possessing
chemotaxic properties (creatine kinase) and
increasing the release of IL-1, IL-6, TNFs,
and acute phase proteins can be mentioned
(8, 21).

In the present study, two important
indices of muscle damage and inflammation
(CK and LDH) were measured (20), which
significantly increased in response to merely
eccentric resistance exercise (as mentioned
in this study), indicating the emergence
micro trauma and muscle inflammation
followed by eccentric exercise. Thus, it can
be said that one of the marked reasons for
the increase of NUT and other
immunological indicators is the influx of
these cells in order to heal inflammation and
tissue destruction caused by eccentric
contraction at the times immediately and 2
hours after the eccentric resistance exercise.
Although NUT value significantly reduced
after 24 hours, it returned to its initial levels
which can be due implantation in damaged
tissue. In this regard, a study on comparing
active and passive cooling after a session of
Bruce test unto exhaustion with a two-hours
recovery period, significant increase in
WBC, monocytes, lymphocytes, neutrophils,
and basophils and significant decrease of all
these variables in both groups at 2 hours
after the test were observed. Healing the
inflammation and tissue destruction after
exercise and implantation in damaged tissue,
respectively, were mentioned as the reasons
for the increase and decrease of variable
(22). Another mechanism that has been
proposed in some studied is the reduction in
plasma volume and hemoconcentration as a
result of acute resistance exercise (12), while
no significant change was observed in these
parameters in the present study (20). So, the
results are independent of plasma volume.



Eccentric Resistance Exercise on White Blood Cells 23

Ghanbari, A., and Tayebi, S.M. (2013). Ann Appl Sport Sci, 1(4): 17-26.

Data analysis also showed that EOS in
the experimental group significantly
increased immediately after the exercise and
this increase continued at 2 hours and 24
hours after the exercise, as it was
significantly different from the control
group. It was also observed that MON
significantly increased immediately after the
exercise, significantly decreased to below
the initial levels at 2 hours after the test, and
finally showed a significant increase at 24
hours after the exercise. These results are
inconsistent with findings of Aghaalinejad et
al. (2002), Havil et al. (2003), and Wu et al.
(2004) (11, 13, 16).Thus, the potential
mechanisms affecting the increases of white
blood cells during acute exercise can be due
different hormonal impacts on secretion,

marginalization, and migration in WBC
variables. In other words, these changes are
probably associated with catecholamines,
cortisol, and some chemotaxic factors (10,
15, 16).

CONCLUSION
Based on the findings of the present

study, the eccentric part of resistance
exercise (as performed in this study) could
cause damage and inflammation in the
involved muscle tissue and changes in the
immune system resulting from neutrocytosis
and lymphocytosis, although these changes
were not enough to suppress the immune
system and cause the emergence of “open
window” phenomenon.
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عواملبرخیبربرونگرامقاومتیتمرینجلسهیکاثر
خونسفیدگلبول

طیبیمرتضیسید ،2قنبريعلیرضا1

.ایرانمازندران،آمل،پرورش،وآموزشورزشی،فیزیولوژيارشدکارشناس-1
.ایرانتهران،طباطبایی،علامهدانشگاهورزشی،علوموبدنیتربیتدانشکدهورزشی،فیزیولوژيگروهاستادیار-2

چکیده

) LYM(هالنفوسیتو) NUT(هانوتروفیلنظیرآنپارامترهايو) WBC(سفیدهايگلبولافزایشسببمقاومتیورزشکهشدهگزارش
تمرینجلسهیکاثربررسیتحقیق،هدفرو،اینازندارد؛وجودبدنیهايفعالیتبرونگرايجزءحادتأثیرخصوصدرکلیتوافقاماگردد؛می

دانشجویانمیانازغیرفعالداوطلبپسردانشجوي12منظوربدین. باشدمیخونسفیدگلوبولپارامترهايبرخیبربرونگرامقاومتی
کنترلبازگشتتمرینتجربیگروه. شدندتقسیمکنترلوتجربیگروهدوبهوانتخابتصادفیطوربهمازندراندانشگاهعمومیبدنیتربیت

گیريخونهايزمان.کردنداجرا) تکرار10تا8بادورهردور،6بیشینه،تکراریک% 80(هالترمیلهباراآرنجفلکشنحرکتاز) اکستنشن(شده
،NUTبرايWBCافتراقیشمارش. بودآزمونازپسساعت24و2بلافاصله،پیش،دقیقه30شاملانعقاديعواملگیرياندازهمنظوربه

LYM،هاائوزینوفیل)EOS(،هامونوسیتو)MON (آنالایزرهماتولوژيخودکاردستگاهازاستفادهبا)Sysmex kx-21 (شدانجام .
LYMو،)WBC)611/9 =F ،001/0 =p(،NUT)6/9 =F ،001/0<pشدمشاهده. گردیدمحاسبهنیزNUT: LYMنسبت

)28/3 =F ،001/0<p(،امادادند؛ادامهخودافزایشبهورزشاتمامازپسساعت2تاویافتندمعناداريافزایشگرابرونورزشبهپاسخدر
جزءها،یافتهبهتوجهبا. ماندندباقیبالاییسطحدرLYMو،WBCوبازگشت،اولیهسطحبهNUTفقطورزشاتمامازپسساعت24

درآنبودنبالاداردامکاناما. بودلنفوسیتوزیسونوتروسیتوزیسازناشیاحتمالاًکهشدWBCافزایشسببمقاومتیتمرینبرونگراي
.بودلنفوسیتوزازناشیتنها) ریکاوريدوره(ورزشازپسساعت24ریکاوريدوره

.هانوتروفیلها،لنفوسیتبرونگرا،ورزش:واژگان کلیدي

-نوسنده مسئول:
علیرضا قنبري
alireza16ghanbary@gmail.com: پست الکترونیک
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