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ABSTRACT

Introduction: Practice of regular exercise is beneficial for health.
Physical exercises have been demonstrated to alter levels of
the cytokine interferon Gamma in plasma. IFN-y is known to be
an anti-inflammatory cytokine.

Materials and Methods: We assessed the effect of single bout
of moderate exercise and a single bout of strenuous exercise
and one month of regular moderate exercise on plasma IFN-y.
The study consisted of 18 healthy volunteers (10 males and 8
females) with the mean age, 20.94 years, range, 18-25 years.
The exercise regime adopted is the standardized 10m Shuttle
Walk Test regime. IFN-y was estimated using the Sandwich
ELISA technique. The reagent kit was obtained from Duoset
ELISA Development System of R & D Systems Europe Ltd. The
readings were taken at 450nm using Organon Teknika Reader
230S. Statistical methods: Friedman test has been used for
analysing IFN-y values.

Results: Mean and SD values of IFN-y (in picograms per ml) for
baseline (no exercise) was: 54.56 + 28.54 (log transformation:
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INTRODUCTION

The cytokine interferon-Gamma (IFN-y) is considered as an anti-
inflammatory cytokine in low concentrations [1]. Frequent and
small bursts of inflammatory cytokine response especially of
TNF-a and IL-6, has been implicated for the genesis of several
life style diseases [2]. Short bouts of unaccustomed exercises
have been demonstrated to increase the serum IL-6 levels and
the hsCRP (highly sensitive C reactive protein) to correlate with
increased role for coronary artery disease and other cardiovascular
diseases [3]. Persisting physical stress has been demonstrated to
increase secretion of IL-6 leading to premature onset of lifestyle
diseases [4]. The exercises of moderate nature has been shown
to reduce the severity of inflammation in rheumatoid arthritis [5].
Daily practice of moderate exercise improves the performance of
immune system in all age groups [6]. It is an established fact that
regular moderate exercise improves the overall general health [7].

During the last two decades several studies have been done to see
the changes in cytokine levels with different grades of exercises.
There have been studies on subjects undertaking marathon,
military training, downhill running on a treadmill, cycling, etc.,
on different groups of individuals in different parts of the world
[8-11]. We undertook this study in order to understand the impact
of moderate and strenuous exercise on the plasma levels of
IFN-y in unaccustomed individuals and the benefit of exercise on
accustumisation by the same individuals.
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1.68+0.23), for acute moderate exercise: 28.94 + 38.46 (log
transformation: 1.34 + 0.24), for acute strenuous exercise: 20.06
+ 16.96 (log transformation: 1.18 +0.33) and after one month of
regular moderate exercise: 106.33 + 21.51 (log transformation:
2.02 + 0.09). The change in IFN-y levels showed significant
difference between; a) baseline and moderate exercise, b)
baseline and strenuous exercise, ¢) moderate and strenuous
exercise, d) strenuous exercise and end of one month of regular
moderate exercise, e) baseline and end of one month of regular
moderate exercise, f) moderate exercise and end of one month
of regular moderate exercise. IFN-y showed overall significance
between different grades of exercise (p < 0.05).

Conclusion: Plasma IFN-y decreases with one bout of acute
moderate exercise, it decreases further with one bout of acute
strenuous exercise and increases at end of one month of regular
moderate exercise, which is more than baseline value. This
shows that regular moderate exercise has beneficial effects on
health by way of increasing plasma IFN-y level.

MATERIALS AND METHODS

Eighteen healthy volunteers, 10 males and 8 females in the age
group of 18 to 25 years, with mean BMI of 21.65+1.84 (kg/m?) not
performing any kind of regular exercise were chosen for this study.
Sample size was calculated based on a previous study [12]. With
an effect size of 0.66, power of 80 percentage and significance of
5 percentage, the minimum sample size was estimated to be 15.
Prior consent was taken from all of them before inducting them
into the study. Clearance was obtained from the ethical committee
of the institution for the study.

All subjects were made to do one bout of moderate exercise (acute
moderate exercise), one bout of strenuous exercise (acute strenuous
exercise) and one month of scheduled moderate exercise on a daily
basis. The subjects were made to perform acute moderate exercise
on the first day and acute strenuous exercise on the second day.
They were made to perform scheduled regular moderate exercise
from the third day onwards, for 30 days with strict monitoring.
During one month of scheduled moderate exercise, the subjects
were made to perform single bout of moderate exercise daily for 30
days. The exercise was graded as moderate or strenuous based
on the rise in heart rate. It was labelled as moderate when the
heart rate increased by 50% from resting level and was labelled as
strenuous when heart rate doubled [13].

Shuttle Walk Test Protocol: The exercise regime chosen was
the standardized 10m Shuttle Walking test regime, described



Ambarish Vijayaraghava and Radhika K, Alteration of IFN- y with Graded Physical Activity

by Glenfield Hospital, Leicester, United Kingdom in collaboration
with the department of Physical Education and Sports Science,
Loughborough University of Technology, United Kingdom [14-17].
In this exercise protocol, the subjects walk on a 10 meter plain path
at the two ends of which are placed marker cones. The subjects
walk between the cones corresponding to the beeps given out by
a record player. Subjects have to increase their speed of walking
gradually in tandem with the shortening of intervals between the
consecutive beeps as time progresses. The level of the shuttle
walk regime at which the heart rate increased by 50% of the
baseline was chosen as moderate exercise. The level at which
the heart rate increased by 100%, i.e. doubled was considered as
strenuous exercise.

A venous blood sample from cubital vein (using vacutainers) just
before acute moderate exercise (baseline) was collected. Another
sample was collected immediately after acute moderate exercise
on the same day. After performance of acute strenuous exercise on
the next day, third sample was obtained. A sample was obtained
after one month of scheduled regular moderate exercise on the last
day after exercise. Baseline sample just before acute strenuous
exercise and just before performance of exercise on the last day of
one month regular moderate exercise was not obtained. The other
part of the samples collected from each individual was aliquoted
and stored at - 40°C till further analysis.

Plasma sample was used to estimate the levels of cytokine
IFN-y, by using ELISA (Enzyme linked Immuno Sorbent Assay)
method. ELISA was performed using DuoSet ELISA development
system as per the manufacturer’s instructions (R&D systems,
USA). Briefly, polystyrene microtiter plates (NUNC, U16 Maxisorp
type, Denmark) were coated with monoclonal capture antibody
(antihuman IFN-y) obtained from mouse (R&D systems, USA) and
incubated at 4°C overnight. The following day, the plates were
blocked and then incubated for 2 hours with plasma. This was
followed by addition of corresponding biotinylated detection
antibody obtained from goat (R&D systems, USA) and incubated
for two hours. Strepatavidin, horseradish peroxidise conjugate and
then, 3,3’,5,5’- tetramethylbenzidine substrate (Bangalore Genie,
India) followed this incubation. The reaction was stopped using
2 N sulphuric acid and optical density (O.D) reading was taken
at 450nm (Organon Teknika Microwell system, Reader 230s,
Germany). All the experiments were conducted in duplicates. A
standard curve was obtained based on the standards provided by
the manufacturer. The results were expressed as concentration of
cytokines (in pg/ml) read from the standard curve (concentration in
range: minimum of 5 pg/ml, to maximum of 150 pg/ml).

STATISTICAL ANALYSIS

The statistical analysis was carried out using SPSS software
version 18.0 (SPSS Inc. Chicago, USA). The variables in the data
were summarized as Mean + SD. Friedman test has been used
for analysing the difference in IFN-y values in-between the different
grades of exercise in the group. Since the SD was large, analysis
was done after logarithmic transformation of the values obtained.

RESULTS

Eighteen healthy volunteers in the age group 18 to 25 (mean: 20.94)
were taken for the study. IFN-y levels were studied with different
grades of exercises. There was a significant fall in the levels of this
cytokine with both acute moderate exercise (p=0.004) and acute
strenuous exercise (p=0.001) compared to baseline value. There
was a significant drop in its levels after acute strenuous exercise
when compared to moderate exercise (p=0.033). The rise of IFN-y
after one month of regular moderate exercise was also significant
compared to baseline value (p=0.001). That is, the IFN-y level shot
up after the bout of moderate exercise on the last day of one
month of regular moderate exercise regime [Table/Fig-1-3].
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Mean = SD | Median | Minimum | Maximum Log
transformation

Meanz SD

Age (Yrs) 20.94+1.76 20.50 18.00 25.00

BMI (kg/m2) 21.65+1.84 21.23 19.00 24.64

Baseline IFN-y 54.56+28.54 | 44.00 17.00 105.00 1.68+0.23

Moderate exercise | 28.94+38.46 18.00 5.00 131.00 1.34+0.24*

IFN-y*

Strenous exercise 20.06+16.96 | 15.50 6.00 75.00 1.18+0.33*

IFN-y*

One month regular | 106.33+21.51 | 120.00 66.00 125.00 2.02+0.09*

moderate exercise

IFN-y*

[Table/Fig-1]: Effect of graded exercise on IFN-y levels (pg/ml).

*p < 0.05: IFN-y is statistically significant between different grades of exercise
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[Table/Fig-3]: Changes in the IFN-y levels (pg/ml) with different grades

of exercise

DISCUSSION

Sudden bouts of physical activity are deleterious to health [18].
The immune system, in many ways, reacts similarly to the sudden
bouts of physical activity and injury [19]. Pro-inflammatory cytokines
like interleukin-6 are released is response to acute and strenuous
exercise [20,21]. Prolonged strenuous exercise decreases the
percentage of T cells in circulation [22]. Increased levels of pro-
inflammatory cytokines like interleukin-6 and tumour necrosis
factor alpha are deleterious to health [23].

IFN-y has anti-inflammatory properties. What we infer from this
study is that IFN-y levels increased after a bout of moderate exercise
and there was a significant decrease following a bout of strenuous
exercise and increased significantly compared to baseline levels when
compared with one month of scheduled regular moderate exercise
done on a daily basis; that is, IFN-y levels did shoot up after the single
bout of moderate exercise on the last day of one month of scheduled
moderate exercise when compared to single bout of moderate
exercise without accustumisation to regular moderate exercise, in
the same individuals. So it can be postulated that in individuals who
adhere to regular moderate exercise, the sudden and drastic fall in
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the anti-inflammatory cytokine may not occur if such individuals were
to get involved in bouts of unaccustomed physical activity. It may
induce a ‘buffering capacity’ or an ‘adaptive cytokine response’. This
may be beneficial during sudden bouts of physical activity in normal
course of life to tolerate those physical stresses better.

Regular moderate exercise is beneficial for maintaining good health
and improving the immune status [3-7]. Since this study shows arise
in IFN-y levels with regular moderate exercise, a rise in the plasma
levels of IFN-y should also be beneficial for health and immunity. IFN-y
is an anti inflammatory cytokine, so its decreased production leads
to unnecessary inflammation and tissue damage [24]. Thus regular
moderate exercise seems to modulate its release and increases its
levels to that necessary for human body to maintain good health.

Mental stress is also known to decrease plasma level of IFN-y [25].
The adaptive cytokine response may also help individuals adhering to
regular moderate exercise to cope with bouts of psychological stresses
encountered in daily life: In these individuals, the levels of IFN-y may
not fall as much as it would decrease in those not performing regular
exercise, facing the same level of mental stress [26].

The mechanism behind this is not clearly understood and needs
further clarification.

Several studies have shown that patients of various diseases and
disorders like atherosclerosis, coronary artery disease and diabetes
mellitus have elevated levels of interleukin-6 (IL-6) and lower levels
of IFN-y [24]. Stress by way of bursts of physical activity in day-
to-day life, in such patients increases their levels much further and
leads to exacerbation of the disease. It can be postulated that the
drastic rise in IL-6 fall in IFN-y with bursts of physical activity or
with ‘acute on chronic infections’ tends to flatten if such patients
follow a regular moderate exercise regimen.

Certain autoimmune disorders like rheumatoid arthritis are
associated with increased plasma levels of pro inflammatory
cytokines like IL-6, which increase joint inflammation [27]. The anti-
inflammatory properties of IFN-y have been demonstrated both
in vitro and in vivo. IFN-y inhibits integrin mediated adhesion and
migration of T-cells in vitro. Flashion et al., have demonstrated that
when IFN-y was administered to naive T-cells and injected to mice,
such T-cells did not home in onto the lymph nodes compared to
the T-cells not treated with IFN-y [1]. IFN-y decreases eosinophil
infiltration in a dose dependent manner [28]. Till date very few
studies have been undertaken to study the effects of physical
stress/exercise on levels of IFN-y in human subjects. Regular
moderate exercise may benefit patients suffering from inflammatory
diseases and auto-immune disorders by bringing down the levels
of pro-inflammatory cytokines and increasing the levels of IFN-y.
So we propose that this study has potential for clinical application
in future.
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