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ABSTRACT

Background and Objective: Exercise training and supplementation have different
eifects on the immune system. The aim of the present study was lo evaluale the efiect of
ginger supplementation and endurance training on serum levels of Interleukin 1 alpha (IL1or)
and tumour necrosis factor o (TNFor) in untrained young women.

Methods: The study was performed on 32 untrained young women with mean age of
302 years from city of Abbas Abad, in 2014. The participants were randomly assigned into
four groups of endurance training (E), endurance training and ginger supplementation (EG),
ginger supplementation (G) and control (C). Endurance training was performed at 60-70%
heart rate reserve for six weeks, three times a week, and for 60 minutes per session. Daily
supplementation with 10 mg/Kg/day of ginger extracl was carried oul. T-test and ANOVA were
used to evaluate the effect of independent variables, and make comparisons between the
groups.

Results: The mean level of IL-1ow decreased significanily after the training period in
the G and EG groups. There were significant diiferences between E and EG groups and EG and
( groups. The results of intergroup comparison showed that the mean levels of TNFo
decreased significantly after the training in the E, G and EG groups. There were significant
differences between E and EG groups, E and G groups, EG and C groups, and G and C groups.

Conclusion: Ginger consumption and adapiation to endurance training can counteract
the negative effects on immune function and stability of mast cell membrane.
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INTRODUCTION

Cytokine response may vary depending on
exercise type, intensity, duration, recovery
duration between bouts and training status.
Cytokine production can also be affected by
other physiological factors of exercise such as
stress hormones, acidosis, oxidative stress, and
heat. The present study focuses on the cytokine
response to endurance training (1). Endurance
training has been introduced as a model of
stress response. Several studies have reported
that exercise induces an acute phase response,
which has some similarities to the acute phase
response to sepsis and trauma (2). Cytokines
facilitate an influx of lymphocytes, neutrophils,
monocytes and other cells, which participate in
antigen clearance and healing (3). The local
inflammatory response is accompanied by a
systemic response known as the acute phase
response. Infusion of Interleukinlw (IL-1) in
humans will result in fever, but does not cause
shock or capillary leakage-like syndrome as
observed with the prototypical proinflammatory
cytokines such as IL-1w and tumour necrosis
factore (TNF-w.). Unlike IL-1 and TNF-w, IL-
6 does not upregulate major inflammatory
mediators such as nitric oxide or matrix
metalloproteinases (4). Ginger is a medicinal
plant with anti-inflammatory properties that has
been used in Asia and tropical countries for
treatment of asthma, diabetes, nausea, and pain.
It is classified as a food additive by the Food
and Drug Administration (5, 6). The plant is
important in traditional medicine, particularly
for treatment of inflammation (7, 8). Several
studies have shown that ginger extract balances
immune response to intense inflammation (8).
The plant has analgesic properties due to
presence of acetic acid (6-8), and can inhibit
prostaglandins, nitride oxide and even
interleukins productions, which are involved in
inflammation process (8, 9). The other reasons
for the anti-inflammatory effects of ginger
could be the inhibitory effects on lipoxygenase
activity and arachidonic acid metabolism. Due
to its antioxidant activity, this plant is also
useful for protection against cancer (10, 11).
Ginger has strong antimicrobial components,
which are effective against influenza. This
medicinal plant triggers the production of sweat
that can excrete viruses and cut shorter the
period of influenza. Furthermore, it can be used
to reduce the accompanying pain associated
with influenza (9-11). It also strengthens heart
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muscles and reduces blood pressure. Its anti-
flatulence property is also effective in
preventing stomach ulcer (12). Cytokines are
proteins that are secreted by specific cells of
immune system. They are produced in response
to microbes and other antigens. Different
cytokines stimulate various responses in cells
involved in immunity and inflammation.
Cytokines stimulate growth and differentiation
of lymphocytes in activation of the immune
response (11, 12). The results of studies on the
effect of training on cytokine response have
been inconsistent (13). In some studies, training
and ginger consumption increased cytokine
levels (12, 13), while another study reported no
significant change in cytokine levels after
training (14). A study showed that one-year of
endurance training in women caused a steady
increase in their cytokines’ levels. Cytokine
levels appear to be unaffected by training,
which indicates that they may be a sensor of
negative energy balance as suggested
previously (13, 14). All studies performed so
far have measured total cytokines in acute
training (12-14), which is a limitation of these
types of studies. Hypothesized role of cytokines
in the adaptive response to inflammation would
be better supported if cytokine levels were
changed in endurance training. The present
study aimed to evaluate the effect of ginger
supplementation on pro-inflammatory cytokines
(IL-1a, TNF-a).

MATERIAL AND METHODS

This semi-experimental study included
32 sedentary women (mean age: 32 2 years)
from city of Abbas Abad who were randomly
assigned into four groups of endurance
training (E, n=8), training and ginger
supplementation (EG, n=8), ginger
supplementation (G, n=8) and controls (C,
n=8), stratified by body mass index (BMI).
After the intervention, participants in the E,
EG and G groups experienced significant
weight loss (n=8). The participants were
sedentary at baseline, as defined by 40 min
selective endurance training for six weeks.
They  were non-smokers and free from
gastrointestinal, cardiovascular, or metabolic
disorder. All participants in the E and EG
groups performed 40 min of endurance
training, three days per week at 60-70%
maximum  heart rate reserve (15, 16). The
participants were required to attend all
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sessions during the intervention. Daily
consumption of 10 mg ginger per kg of body
weight was monitored throughout the study (15,
16). The weight and height were measured
using a balance beam scale and studio meter to
the nearest 0.1 Kg and 0.1 cm, respectively.
BMI was calculated as the weight in kilograms
divided by the square of the height in meters
(Kg/m?). After 12h over-night fasting in pre-
and post-test stages, blood sampling was done
for cytokine analysis. Plasma levels of
cytokines were measured by commercially
available ELISA Kkits. All results were
expressed as means + standard deviation (SD).
Independent t-test was used to compare
baseline descriptive characteristics between the
three test groups and the control group. T-test
and ANOVA were used to evaluate the effect of
independent variables, and make comparisons
between the groups. Scheffe's test was used to
determine significant changes in the variables
between the groups. Statistical analysis was

performed using SPSS Software and p-values
less than 0.05 were considered as statistically
significant.

RESULTS

Body weight and BMI decreased
significantly in the E and EG groups (a<0/05).
VO, max showed no increase in the E, EG and
G groups (0>0/05). IL-la level decreased
significantly in the EG and G groups (P=0/002,
P=0/021). The mean of variables in the E, EG
and G groups had significant differences after
the intervention (P=0.001, P=0.007, P=0.004)
(Tables 1 and 2). Furthermore, there were
significant differences in the level of IL-1a
between the four groups (p= 0.000). The
Scheffe's test showed a significant difference
between E-EG and EG-C groups. There was a
significant difference in the level of TNF-a
between the four groups (p= 0.000). The
Scheffe's test indicated a significant difference
between E-EG, E-G, EG-C and G-C groups.

Table 1- Characteristics of subjects in the study groups

P-value After training Before training Group Characteristic
Mean £SD Mean +SD
30.12+7.1 30.12+7.1 E
30.28+9.1 30.28+9.1 EG Age
29.6+3.2 29.6+£3.2 G
30+8.2 30+8.2 C
160+75 1.60+7.5 E
1.60 + 3.4 1.60+3.4 EG Height (m)
161+£7.2 1.61+7.2 G
- 157+£51 1.57+£5.1 C
0.026 74.8+4.9 75.8+8.9 E
0.004 735+37 77.7+9.8 EG Weight (kg)
0.064 77.1+87 79.5+7.8 G
0.545 69.9 +3.8 69.5+3.7 C
0.686 39.7+7.1 395+4.1 E
0.098 39.69+6.1 387+72 EG VO,max
0.20 37.7+7.3 374+6.3 G (ml/kg/min)
0.59 38.7+52 38.9+22 C
0.025 28.9+3 29.25+3.3 E BMI
0.003 29.11+2.9 30.74+3.3 EG (Kg.m?)
0.10 29.33+4 29.46+3.7 G
0.43 28.45 +5.3 28.27+4.8 C
Table 2- Dependent variables before and after the training intervention
P-value After training Before training Group Variable
M=SD M=SD
0.12 8.15+2.29 8.7+1.6 E
0.002 4.8+ 1.47 8.1 +£2.17 EG IL-1a
0.021 6.1+2.5 77+25 G (Pg/ml)
0.929 8.94 +£1.29 8.9 +1.34 C
0.001 92.27 + 36 103.6 +£36 E
0.007 32.7+12.4 90.4 +35.3 EG TNF-a
0.004 78.9+19 116.4+30 G (Pg/ml)
0.398 97.9 +41.6 103.03 + 31 C
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DISCUSSION

The present study investigated the effects
of  endurance  training and  ginger
supplementation on pro-inflammatory
cytokines. Ginger consumption significantly
affected bodyweight and BMI in the E and EG
groups (P < 0.05). VO, max improvement after
endurance training may be attributed to
attenuated levels of oxidative stress, which in
turn may reduce cytokine expression. Previous
studies on healthy older adults showed that
endurance training programs are more effective
in improving VO, max than a continuous diet
that produces greater cumulative oxidative
stress (8, 16). In this study, VO, max was not
significantly changed in the training groups that
received a reasonable volume of exercise to
elicit functional capacity changes. A limitation
of the present study was the lack of evaluating
frequency (sessions/week), duration (number of
weeks), and intensity of trainings that have
greater effects on VO, max levels. Ginger
supplementation reduced IL-1 a and TNF-a
level in untrained women. The level of IL-1a
decreased significantly in the G and EG groups,
while TNF-a decreased significantly in the E,
EG and G groups. Studies have shown that
exercise training can increase cytokine levels in
athletes (16, 17). Adequate nutrition can help
neutralize the adverse effects of endurance
training on immune function (15-17). However,
a study has suggested that IL-1a produced by
exercising muscles, exerts an anti-inflammatory
effect (5, 8). These findings suggest that
production and removal of TNF-o and IL-la
may have relatively independent mechanisms
and  effects  (inflammatory or  anti-
inflammatory) (18). Daily supplementation of
ginger causes a reduction in acute-phase
inflammatory response. Considerable evidence
support the anti-inflammatory activity of ginger
and its constituents (especially gingerols,
shogaols, paradols, and zingerones) in reduction
of TNF-a and IL-1 a gene expression (6,14) and
inhibition of cyclooxygenase 1 and 2 (7,14,16).
These well-established biological actions
suggest that consumption of ginger could block
the IL-1a increase (8, 18). Endurance training
increases cytokine expression in the skeletal
muscles. Several studies suggest that a sudden
imposition of a training program which is
associated with substantial increase in energy
expenditure leads initially to an increase in pro-
inflammatory cytokines (3, 8, and 13).
Although the mechanisms underlying exercise-
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associated immune changes are multifactorial,
it is worth mentioning that supplementation
with nutrients such as glutamine, carbohydrate,
antioxidants, or prostaglandin inhibitors may
affect exercise-associated changes of the
immune function (7, 16, and 18).

Strenuous exercise is thought to cause a 2- to 3-
fold increase in concentrations of TNF-a (8,
19). Although the mentioned studies suggested
that the level of cytokines may increase in
response to exercise, other studies have shown
a decrease, no increase and/or only a modest
increase (2, 5, 16). Certain amount of free
cytokines are released and rapidly excreted
during physical activity. Increased level of IL-
la in damaged skeletal muscle after exercise
indicates the role of this cytokine in the
inflammation process and damaged skeletal
muscle repair (9, 14, and 18).

The results of the present study showed that

IL-1a decreased significantly in the EG and G
groups, while TNFa decreased significantly in
the E, EG and G groups. Endurance training
significantly reduces the expression of TNF-a
and IL-1-o in skeletal muscles of young
women. It also improves both basal
endothelial nitric oxide formation and agonist-
mediated endothelium-dependent vasodilation
of the skeletal muscle vasculature in untrained
women. There is a correlation between
endothelium  dysfunction and significant
increase in exercise capacity (5, 8, and 19).
Studies showed that one hour of water polo
training in young females (average age of 14-
16 years old) increases IL1-o and IL-6 levels.
However, the amount of TNFa decreases
significantly after the training leading to an
increase in lymphocyte and monocytes (6, 15,
and 17). The present study showed that
cytokine levels decrease after six weeks of
endurance training and ginger consumption.
Sirvan et al. recently reported that ginger could
reduce inflammation either with or without
endurance training (16). Several studies have
shown that active components of ginger are
capable of producing prostaglandin, nitride
oxide and even interleukins, which are
involved in the inflammation process. Thus,
ginger inhibits the activity of enzymes
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involved in inflammatory response. A study
evaluated the effect of ginger supplementation
on nonathletic girls after one session of
training, and reported that ginger contains
compounds with anti-inflammatory potential
(14) that could inhibit the production of
cytokines in active macrophages (11). It has
been reported that ginger contains compounds
that block prostaglandins’ synthesis (7, 18).
Consistent with previous studies, the present
study reported that ginger consumption with or
without endurance training decrease cytokines.
Further studies are required to examine the
effect of endurance training, trauma and
infection on novel cytokines. It is also essential
to elucidate the significance of cytokine
regulation via physical activity and the effects
of short- and long-term physical activity on the
immune function and health (19, 20). Previous
studies on the alteration of immune response by
endurance training have shown that training
increases cytokines in athlete’s body, but
supplementation may neutralize the adverse
effect of high intensity activity on the immune
function. Cytokines’ reduction following
endurance training in the participants of the
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