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Abstract

Exercise activities can act as an endogenous adjuvant, enhancing the efficiency of the host
immune response after vaccination. However, the effect of repeated bouts of eccentric
endurance exercise on cellular and humoral immune-related responses to the vaccine is
unclear. The present study was performed to investigate the activation of type 1 and 2 (Th)
helper lymphocytes following three bouts of endurance eccentric exercise as an adjuvant
for DNA vaccination. Thirty-six female Balb-c mice (6-8 weeks, body mass mean=18g)
were randomly divided into six groups: control, exercise, vaccine, PCDNA, exercise-
vaccine and exercise-PcDNA (6 mice in each group). Different groups underwent DNA
vaccine and PcDNA injection immediately after the last exercise, all stages of exercise
and injections were repeated after 12 days according to the vaccine protocol, and 12 days
after the second vaccine injection, spleen samples were collected. On-way variance
analysis was used for statistical analysis and P<0.05 considered for significance.
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According to the results of the study, the ratio of Th1/Th2 after antigen stimulation was
significantly different between the control group with vaccine and exercise-PcDNA (P
<0.05). Also, the exercise-vaccine group was significantly different from all research
groups (P <0.05). The results of the present study confirm the increase in the Th1/Th2 cell
ratio following repeated bouts of eccentric endurance exercise. Stimulation of muscle
damage through exercise before DNA vaccination may have been effective in invoking
innate immune system cells and effectively stimulating acquired immunity.
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Extended Abstract

Background and Purpose

Vaccination is the best and most cost-effective way to prevent death and spread
of infectious diseases in humans and animals. Common vaccines mainly include
attenuated live pathogens and subunit vaccines such as inactivated bacterial
toxins. The goal of vaccination is to create a strong immune response to provide
long-term protection against infection (1). The immune response to the vaccine is
accompanied by the simultaneous activation of innate and acquired immunity to
elicit an effective response to the antigens present in the vaccine (2). Exercise
activities can act as an endogenous adjuvant, enhancing the efficiency of the host
immune response after vaccination. It is proposed that in young samples, using
higher intensities of eccentric endurance exercise, given that they are also
involved in increasing muscle blood flow while causing muscle damage, can be
effective in creating adjunctive effects. However, the effect of repeated bouts of
eccentric endurance exercise on cellular and humoral immune-related responses
to the vaccine is unclear.

Materials and Methods

The present study was carried out to investigate the activation of type 1 and 2 (Th)
helper lymphocytes following three bouts of endurance eccentric exercise as an
adjuvant for DNA vaccination. Thirty-six female Balb-c mice (6-8 weeks, body
mass mean=18g) were randomly divided into six groups: control, exercise,
vaccine, empty mammalian expression vector with the CMV promoter (PcCDNA),
exercise-vaccine, and exercise-PcDNA (6 mice in each group). Different groups
underwent DNA vaccine and PcDNA injection immediately after the last exercise.
All stages of exercise and injections were repeated after 12 days according to the
vaccine protocol, and 12 days after the second vaccine injection, spleen samples
were collected. The exercise protocol used in this study consisted of a three-
session eccentric endurance exercise the protocol consisted, and a warm-up period
of 15 min at a speed of 15 meters per minute. Then for 60 minutes, the speed

Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International Public License



133 Sport Physiology, Volume 15, No 57, 2023

increased every 10 minutes until it reached a speed of 24 meters per minute. At
this time, the interval phase began as follows: 5 repetitions of 1 minute at a speed
of 30 meters per minute, which was 4 minutes at a speed of 17 meters per minute
between each repetition. The mice then ran 10 x 2-minute repetitions at 30 meters
per minute, with each repetition lasting 2 minutes at 17 meters per minute. In the
last stage of the interval, the mice ran for 3 repetitions of 1 minute at a speed of
40 meters per minute, which was between each of them for 4 minutes at a speed
of 17 meters per minute. At this time, the rats ran at a speed of 17 meters per
minute until they reached exhaustion. Moreover, interleukin-4 (IL-4) and
interferon-gamma (INF- y) as indices for Th1 and Th2 activation were determined
in spleen cell cultures. One-way variance analysis was used for statistical analysis
and P <0.05 was considered as the significance level.

Findings

To evaluate the activation of T-helper 1 and T-helper 2 cells, the levels of INF-y
and IL-4 cytokines were measured as an indicator of the activation of these cells
in spleen suspension by enzyme-linked immunosorbent assay method. The
significant differences were observed between the groups in IL-4 levels by antigen
stimulation (P <0.05). Based on the results of the Tukey test, all research groups
showed a significant difference from the exercise group. Regarding the changes
of INF-y between the groups in the pre-stimulation phase with the peptide, no
significant difference was observed between the groups (P >0.05). But after
stimulation with antigen, there was a significant difference between the research
groups (P <0.05). The Tukey follow-up test showed a significant difference
between the control group with exercise and exercise + vaccine groups. Besides,
there was a significant difference between the vaccine and exercise groups.
According to the study’s results, the ratio of Th1/Th2 after antigen stimulation
was significantly different between the control group with vaccine and exercise-
PcDNA (P <0.05). Also, the exercise-vaccine group was significantly different
from all research groups (P <0.05). The results of the Tukey post hoc test showed
a significant difference between the exercise + PCDNA and exercise + vaccine
groups with all research groups (P <0.05). On the other hand, after stimulation
with antigen peptides, there was a significant difference between the control group
and the vaccine, exercise + PCDNA, and exercise + vaccine groups (P <0.05). The
vaccine group also showed a significant difference with the PCDNA and exercise
+ vaccine groups (P <0.05), and the exercise + vaccine group differed significantly
from all research groups (P <0.05).
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Conclusion

The findings of the present study confirm the increase in the Th1/Th2 cell ratio
following repeated bouts of eccentric endurance exercise. The stimulation of
muscle damage through exercise before DNA vaccination may have been
effective in invoking innate immune system cells and effectively stimulating
acquired immunity (3). Physical exercises that are mainly done with endurance
and moderate intensity, typically, either do not show ocular effects, or mainly
affect cellular immunity. In one study, in mice vaccinated against hepatitis B that
exercised at moderate intensity (approximately 70% of maximal oxygen intake),
the cellular immune response increased with the production of Thl-dependent
cytokines and proliferation of virus-specific T cell antigen (4). However, the
findings indicate no major changes in Th2 responses. This indicator can be
effective in stimulating the production of antibodies. Antibody responses are seen
primarily or secondarily as antibody responses following physical exercise.
Although the effect of different types of exercise activities with different
intensities is not yet known, it seems that optimal intensities can be effective in
possibly increasing the effectiveness of vaccines. In addition, despite studies on
traditional vaccines and physical exercise, limited studies have been conducted on
newer vaccines such as DNA vaccines and their effects on the immune system.
The stimulation of immune responses in young specimens, especially cellular
immunity, has also been considered in previous studies. It seems that further
studies in this area, especially the use of samples with weakened immune systems,
are needed.
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*significant difference with the control group; CON: control; VAC: vaccine; PCD:
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Figure 3: Th1/Th2 Ratio in different groups
*significant difference with the control group; CON: control; VAC: vaccine; PCD:
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