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Introduction: Immunoglobulins are humoral elements, which indicate the function of the immune
system. Studies have shown that exercise and vitamin C supplementation could increase
immunoglobulin levels. The present study aimed to evaluate the effect of 12 weeks of regular exercise
with vitamin C supplementation on the salivary IgA of male high school students.
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Methods: This clinical trial was conducted on 40 male high school students who were randomly
assigned to four groups of 10, including exercise with vitamin C supplementation, exercise, vitamin C
supplementation, and control group. Groups one and two performed the selected exercises for three
sessions, and groups one and three consumed three vitamin C tablets (250 mg) per week. Saliva
Keywords: samples were collected 24 hours before the first training session (pretest) and 48 hours after the last
Regular exercise training session (posttest). Data analysis was performed in SPSS version 22 using t-test, one-way
Vitamin C supplementation =~ ANOVA, and Tukey’s post-hoc test at the significance level of P<0.05.

Salivary IgA

Male high school students

Results: Salivary IgA was significantly affected by 12 weeks of regular exercise and vitamin C
supplementation. The differences between the groups indicated that the IgA levels in the exercise
with vitamin C group (P=0.001) and exercise group (P=0.001) were significantly higher compared to
the control group. However, no significant difference was observed between the control and vitamin
C groups in this regard (P=0.49).

Conclusion: According to the results, regular exercise and vitamin C supplementation could increase
the salivary IgA levels of the male high school students.
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Introduction

The immune system is a collection of cells and
molecules that respond to foreign substances
and infectious microbes. Innate immunity is the
primary defense provided by the immune
system, followed by acquired immunity as
secondary defense mechanisms. Acquired
immunity involves lymphocytes and
immunoglobulins (1). Immunoglobulins are
generated and secreted by B lymphocytes and
plasma cells. These substances are classified
into five categories of IgG, IgA, IgM, IgD, and IgE.
IgA is the predominant immunoglobulin in the
mucosal, gastrointestinal, respiratory, tear, and
milk fluids, as well as an important defense
mechanism factor against the germs that enter
the body through mucosal surfaces (2).
Antibodies are involved in the identification of
antigens and developing the immunological
memory of antigens. The function of antibodies
is to bind to antigens, so that they could not

reach the cells and macrophages and other killer
cells would be stimulated for the elimination of
microbes (2). Factors such as physical activity,
stress, nutrition, vitamin supplementation, and
diseases may alter the quantitative and
qualitative capacity of the immune system (3),
and the role of minerals is considered pivotal in
this regard (4).

According to a study, the intake of vitamin A,
iron, folic acid, vitamin D, calcium, zinc, and
vitamin C and their combined consumption
could significantly affect the immune function
(5). Vitamin C is the most important water-
soluble antioxidant in the body, which reduces
fat peroxidation through the inhibition of free
radicals (6). According to the literature, vitamin
C has remarkable antioxidant properties that
may be dose-dependent to help improve the
immune function and reduce respiratory
infections (7). In addition, longitudinal research
confirms the effects of vitamins (especially
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vitamin C) on the function and modulation of
immunoglobulins, particularly IgA and IgG,
which could prevent and enhance the symptoms
of colds (7). The same study also demonstrated
that vitamin C has modulatory effects on
cytokines, as well as tonic effects on other
immune system factors, such as
immunoglobulins in acute respiratory distress
syndrome (7).

Moderate exercise increases the respiratory
capacity and resistance against infections (e.g.,
colds), while strenuous exercise is associated
with the increased risk of upper respiratory
tract infections (8). Regular and long-term
aerobic exercise in elderly men has been
reported to increase the number of CD25+* cells,
interleukin-2 (IL-2), and salivary IgA (9).
Moreover, moderate exercise has been shown to
reduce the incidence of upper respiratory tract
infections by 29%, while prolonged, high-
intensity physical exercise is associated with a
higher risk of these infections (10).

Evidence suggests that 12 weeks of exercise
combined with breathing exercises could
improve the pulmonary function and maximize
oxygen consumption, while also decreasing the
risk of depression in women with mild-to-
moderate asthma (11). Similarly, eight weeks of
modified Pilates exercise has been reported to
enhance the pulmonary function and quality of
life of chemical warfare victims (12). On the
other hand, the results of a study indicated that
breathing exercises had no significant effect on
the pulmonary function of patients with chronic
bronchitis (13).

In another research, the effects of two
consecutive weekly training sessions were
investigated on the levels of IgA and cortisol 20
in professional male gymnastics. The obtained
results indicated no significant change in IgA,
while the cortisol levels were observed to
increase in the subjects. In the mentioned study,
no significant correlation was denoted between
IgA and cortisol (14). In a similar study, the
effects of a soccer simulation training session
were evaluated on salivary IgA, IgG, IgM and
cortisol concentrations, and the researchers
concluded that the exercises may cause the
temporary weakening of IgA in the athletes
possibly due to their duration and intensity
(15). Given the discrepancy in the proposed
findings in sport science studies, it seems that
the effects of factors such as exercise, sleep, rest,
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nutrition, and vitamins on the immune function
should be further explored. The research of the
World Health Organization (WHO) has
highlighted the role of factors such as an active
lifestyle and nutrition in this regard (7).

The present study aimed to investigate the
effect of 12 weeks of regular exercise with
vitamin C supplementation in winter on the rate
of salivary IgA in male high school students in
District 17 of Tehran, Iran.

Materials and Methods

This clinical trial was conducted with a pretest-
posttest design and a control group. Initially, the
authors announced the conduction of the
research to all the high schools of second period
in District 17 of Tehran, and two high schools
were selected via cluster sampling. At the next
stage, the research objectives, benefits, and
limitations were explained to the participants.
In total, 40 students aged 15-18 years with the
height of 160-175 centimeters, weight of 62-70
kilograms, and no history of cardiovascular
diseases, acute pulmonary diseases, and other
diseases affecting the research process were
randomly selected as the sample population.
Written informed consent was obtained from
the subjects and their parents prior to
enrollment.

The participants were randomly divided into
four groups of 10, including exercise with
vitamin C supplementation, exercise, vitamin C
supplementation, and control. Data were
collected using a researcher-made checklist to
assess the level of salivary IgA at the pretest and
posttest.

Exercise Protocol

The exercise groups performed the selected
exercises for 12 weeks three sessions per week
(total: 36 sessions, 90 minutes each). The
exercise protocol consisted of general aerobic
and stretching warm-ups and special
combination exercises (10 minutes), skills
training or review of the techniques and tactics
(20 minutes), handball and futsal exercises (50
minutes), and aerobic and stretching exercises
for cool-down (10 minutes) (16). The vitamin C
supplementation groups received three vitamin
C tablets (250 mg each) weekly during the study
period (18).

The study protocol was approved by the Ethics
Committee of Tehran Islamic Azad University of
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IR.JAU.TMU.REC.1399.109).

(code:

Variable Measurement

Saliva samples of the subjects were collected 24
hours before the first training session (pretest)
and 48 hours after the last training
session(posttest) by a laboratory specialist and
the researcher early in the day using DEXK276
laboratory kit (made in Germany), with the
accuracy of microgram per microliter. Initially,
each subject rinsed their mouths with water for
one minute and rested for one minute.
Following that, saliva samples were collected
from their mouths within 60 seconds.

The samples were transferred to the laboratory
for measurements. Salivary IgA sample levels
were determined using the mentioned Kkits in
the ELISA reader device (18). Data were
recorded as the pretest and posttest of the study

Table 1. The mean demographic variables of the study groups

groups. Data analysis was performed in SPSS
version 22 using t-test, one-way analysis of
variance (ANOVA), and Tukey’s post-hoc test at
the significance level of P<0.05. In addition,
Shapiro-Wilk test was applied to assess the
normal distribution of the data, and t-test was
used to evaluate the differences between the
pretest and posttest of the study groups. The
differences between the groups were also
assessed using one-way ANOVA and Tukey’s
post-hoc test.

Results

Table 1 shows the mean demographic variables
of the study groups. Table 2 shows the mean
salivary IgA levels of the study groups at the
pretest and posttest. Figure 1 depicts the results
of Tukey's post-hoc test regarding the
differences between the study groups.

Experimental Groups Age (year) Height (cm) Weight (kg)
Exercise with Vitamin C 1.10+16.01 7.95+168.85 6.80+69.00
Exercise 0.84+16.28 8.81+168.40 8.07+67.80
Vitamin C 0.99+16.16 7.92+169.50 7.45+68.45
Control 0.71£16.00 8.89+168.83 8.11+68.50
Table 2. The mean salivary IgA levels of groups at the pre-test and post-test
Experimental groups Pretest IgA Posttest IgA
Exercise with Vitamin C 13.25+69.49 11.10+97.95
Exercise 13.18+69.64 11.10+91.97
Vitamin C 13.10+68.90 11.58+78.52
Control 14.03+69.87 14.03+74.08
AAA AAN
120 AN * k% * k%
100 AAN
80 |
<
> ©0
40
20
0
Pre test Posttest Pretest Posttest Pretest | Posttest Pretest Posttest
Control group Vtamine-C Exercise Exercise+Vitamine-C
WIgA 69.878 @ 74.0823 689093 | 78.2339 69.649 @ 91.9707 69.4983 | 95.0083

Figure 1. IgA Levels in Study Groups (AAP=0.01 and AanP=0.0001 show significant increase compared to pretest; ***P=0.001
shows significant increase compared to control group; ###P=0.001 shows significant increase compared to vitaminC group)

The results of one-way ANOVA indicated
significant differences between the groups at the
posttest. Moreover, the results of Tukey's post-
hoc test showed that the salivary IgA levels of
the exercise with vitamin C group (P=0.001) and
exercise group (P=0.001) were significantly
higher compared to the control group. However,
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no significant difference was observed in the IgA
level between the control and vitamin C groups
(P=0.49). The IgA levels in the exercise with
vitamin C (P=0.001) and exercise groups
(P=0.001) were significantly higher compared to
the vitamin C group. Nevertheless, no significant
difference was observed between the exercise
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group and the vitamin C with exercise group in
this regard (P=0.76).

The results of paired t-test regarding the
changes at the posttest compared to the pretest
of each study group indicated that the posttest
IgA levels of the exercise with vitamin C
supplementation group (P=0.001; t=-21.56),
exercise group (P=0.001; t=-21.58), vitamin C
supplementation group (P=0.001; t=2.47), and
control group (P=0.001; t=8.35) were
significantly higher compared to the pretest
levels.

Discussion

According to the results of the present study,
salivary IgA levels increased more significantly
in the male high school students of the regular
exercise with vitamin C supplementation group
and regular exercise group compared to the
vitamin C supplementation and control groups
at the posttest. However, the difference between
the vitamin C supplementation and control
groups at the posttest was not considered
significant in this regard. Notably, salivary IgA
levels increased at the posttest in all the study
groups compared to the pretest.

In the present study, regular exercise increased
the level of salivary IgA at the posttest
compared to the pretest. Therefore, it could be
inferred that regular exercise could enhance the
immune function through mechanisms such as
the differentiation of Th1l to Th2 defense cells,
increasing the level of anti-inflammatory factors
(e.g, IL-10), increasing the secretion of
immunoglobulins by  lymphocytes, and
decreasing cytokines. Furthermore, pro-
inflammatory outcomes may be possible in the
form of releasing interferon gamma, IL-1
receptors, and tumor necrosis factor receptor
alpha, which improve the antigen expression of
macrophages (M¢ or Mp) followed by the
development of phagocytic and cytotoxic in the
mucosa (16). Previous findings in this regard
have demonstrated that low- and moderate-
intensity exercise could enhance the immune
function (e.g., IgA) (19). Furthermore, another
study on children with spastic cerebral palsy
(age: 9.5+1.8 years) indicated that 12 weeks of
resistance and endurance exercise training had
significant effects on salivary immunoglobulin A,
salivary alpha-amylase, and total salivary
protein (20).
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According to a research conducted on 216
subjects with depressive symptoms and IgA
nephropathy, regular physical activity was
reported to improve the cardiopulmonary
function, depressive symptoms, and health-
related quality of life in the patients (21). On the
other hand, several studies have confirmed that
intense exercise, poor nutrition, and insufficient
sleep may modulate immunoglobulins and
suppress the immune system (1). Furthermore,
high-intensity exercise has been shown to
decrease the immune function and some
immune factors, such as immunoglobulins (16).
In an eight-week study aiming to investigate the
effects of continuous aerobic training with a
low-carb diet on the serum immunoglobulins in
overweight adult men aged 36-50 years, the
levels of IgA, IgG, and IgM were reported to
decrease (17). Moreover, the results of a six-
week study regarding the effects of aerobic
exercise (three 60-minute sessions per week)
on the body composition, cortisol, and salivary
IgA levels of 19-year-old subjects indicated no
significant impact on the salivary IgA (22).
Evidence suggests that depending on intensity
and duration, exercise could improve general
health and the immune function (23).

According to the current research, regular
exercise with vitamin C supplementation could
increase the salivary IgA levels at the posttest
compared to the pretest. In another research,
five days of vitamin C supplementation (500
mg/day) followed by an exhaustive aerobic
exercise session increased serum IgA and IgG
levels on the sixth day in 32-year-old women
(24). Another study showed the significant
effects of vitamin C intake (500 mg per day for
five days) on serum IgA and IgG in 24 male
Wushu athletes following exhaustive aerobic
training (3). Meanwhile, some findings have
indicated that high-intensity exercise and
vitamin C have no significant effects on
immunoglobulin levels (19, 17). For instance, a
seven-day study of young women with the mean
age of 22 years showed that the effects of
exercise (two sessions of exhaustive exercise)
and vitamin C (1,000 mg per day) on salivary
IgA, cortisol, and total salivary proteins were
not significant (25).

Some studies have also denoted that factors
such as vitamin dosage, type of exercise, age,
and geographical location could affect the
cellular and humoral immune function (2). By
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participating in the structure of antioxidants,
vitamin C could increase antioxidant and anti-
inflammatory activity and improve the
molecular and humoral immune function (26).
In addition to vitamin C, the presence of other
structural vitamins (e.g., vitamins E and D) in
the production of antioxidants may be effective
in the improvement of the cellular and humoral
immune function and protection against
pulmonary diseases (26, 27).

The results of the present study indicated that
vitamin C consumption could increase the level
of salivary IgA (immune factor) at the posttest
compared to the pretest. According to the
literature, consuming the minimum vitamin C
dosage of 10 milligrams per day could enhance
the immune function, while two grams of this
vitamin per day is recommended to adults by
the United States Food and Drug Administration
(FDA) (27). In addition, consuming 1,000
milligrams of vitamin C per day may be
beneficial and uncomplicated for pneumonia
patients, while 2-4 grams of vitamin C could
decrease the risk of catching a cold more
significantly (27). In line with these data,
vitamins C, E, and D have been shown to
improve the immune function and several
immune factors (26, 27).

Diarrhea is the only side-effect of high-dose
vitamin C consumption, and no other
complications have been attributed to this
supplement (8). Notably, the consumption of 10-
15 milligrams and 0.3 gram of vitamin C per day
has been reported to be insufficient for the
improvement of the immune function and the
prevention of acute pulmonary diseases in men
(28). Therefore, it could be inferred that various
doses, combinations, and duration of vitamin C
intake could exert different effects on the
immune function and immune factors.
According to the results of the present study, the
salivary IgA level of the control group increased
slightly at the posttest compared to the pretest,
which could be due to the fact that our study
was performed during winter, in which the
probability of antigens entering the body is
higher, which in turn increases the immune
response and secretion of more antibodies (2).
One of the limitations of current research was
the lack of control over the nutrition and
medication of the subjects. However,
recommendations were made to avoid the
unnecessary use of medications during the
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research. Another limitation was failure to
measure  other  immunoglobulin levels.
Therefore, it is recommended that the levels of
these physiological variables be evaluated in the
further investigations in this regard. Moreover,
we were not able to examine various doses of
vitamin C and other vitamins, as well as
exercises with varied intensity, which should be
addressed in similar studies.

Conclusion

According to the results, regular exercise and
vitamin C supplementation alone and exercise
combined with vitamin C supplementation could
increase the salivary IgA levels of the male high
school students after 12 weeks. Therefore, it is
recommended that further investigations assess
the impact of various exercises or doses of
different vitamins on immunoglobulin levels.
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