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KEYWORDS ABSTRACT

Hyperglycemia; Poorly controlled type 2 diabetes (T2D) patients, defined by glycated
Low physical activity; hemoglobin (HbA1c) = 8.5%, show an impairment in polymorphonuclear
Leukocytes; (PMN) cell function leading to prone to infection. Exercise training can
Phagocytosis; improve immune cell function, since it augments resistance to infections.
Oxidative burst. However, there has been no study of PMN cell function following a single

bout of low-intensity exercise in T2D patients with poor glycemic control
though the exercise is practical for the patients. Therefore, we aimed
to evaluate PMN phagocytosis and oxidative burst following a single bout
of low-intensity exercise in T2D patients with poor glycemic control. In
the experiment, the patients performed a cycling at low intensity for 20
min. Four milliliters of blood samples from the T2D patients (n=10) were
collected at rest, immediatelyafter exercise (Post-Exs), and 24 hours after
exercise (24h Post-Exs) to investigate PMN cell function. The percentage
of PMN phagocytosis and oxidative burst were quantified by a two-color
flow cytometric procedure. The phagocytosis was determined after
incubation of fluorescein-isothiocyanate (FITC) labeled Staphylococcus
aureus (S.aureus) with whole blood for 15, 30 and 60 min. Then, the
activated cells were simultaneously added with dihydroethidium to
determine oxidative burst. The results showed that phagocytosis and
oxidative burst were not different immediately and 24 hours after
the exercise compared to baseline. However, the function of PMN cell
increased with the incubation time (15, 30 and 60 min; p-value <0.05)
at rest and after the exercise. In conclusion, our findings revealed that
a single bout of low-intensity exercise had no effect on PMN cell function
in T2D patients with poor glycemic control.

* Corresponding author: Naruemon Leelayuwat, PhD. Department of Physiology, Faculty of Medicine, Khon Kaen University,
Khon Kaen 40002, Thailand. E-mail: naruemon@kku.ac.th, naruemon.leelayuwat@gmail.com
Received: 21 February 2020/ Revised: 16 March 2020/ Accepted: 31 March 2020

17



Chuangchot et al.

Arch AHS 2020; 32(2): 17-26.

Introduction

Type 2 diabetes (T2D) is a metabolic
disorder defined by insulin resistance and
pancreatic beta-cell dysfunction resulting from
hyperglycemia™. The global prevalence of
diabetes in 2019 was estimated to be 9.3% (463
million cases), rising to 10.9% (700 million) by
2045@, Recently, perception of diabetes has
changed from a chronic metabolic disease to an
immune-mediated disease®. It is well accepted
that function of polymorphonuclear (PMN) cells
such as neutrophil of T2D patients including
phagocytosis and oxidative burst are impaired“®.
The defective innate immune system may
underlie patients susceptibility to bacterial
infections®. Elimination of pathogens by PMN cells
follow a sequence of events including chemotaxis,
phagocytosis, microbial killing and apoptosis“®).

It is well documented that exercise training
at low intensity improves the immune system8
such as stimulating the function of PMN cells®.
The stimulation of PMN cell is particularly crucial,
because it constitutes the host defense mechanisms
against pathogens('. However, only a previous
study in rats that investigated the effect of
a single bout of low-intensity exercise and
showed the increase in phagocytosis of PMN(",
No human study investigated the effect of acute
exercise at low intensity on immune function,
although the low-intensity exercise is appropriate
for the T2D patients. This information will
encourage the diabetes patients who normally
have impaired PMN function'? and sedentary life
style to start the exercise training. Unfortunately,
mechanisms underlying the immune alteration in
human induced by the low-intensity exercise are
not reported. Up To our knowledge, a possible
mechanism may be due to a decrease in blood
glucose concentration induced by the exercise('¥.
The purpose of this study was therefore to quantify
the effect of a single bout of low-intensity
exercise on the PMN cell function in T2D patients
with poor glycemic control. We hypothesized that
phagocytosis and oxidative burst in the patients
are increased immediately after the low-intensity
exercise.

18

Materials and methods

Subjects

Ten T2D patients (male=1, female=9) with
poor glycemic control aged between 45-60 years
participated in the study after providing written
informed consent. To qualify for participation,
they were medically diagnosed as having T2D for
at least 12 months prior to enrollment and poor
glycemic control defined as HbA1c levels > 8.5%
(= 69 mmol/mol). They had not participated in
any regular exercise program for at least 6 months
prior to commencement. This study was approved
by the Human Ethics Committee of Khon Kaen
University (HE 561129). Clinical trial registration
number of this study is TCTR20180616002.

Recruitment occurred at Khon Kaen Hospital
and Srinagarind Hospital, Khon Kaen Province,
Thailand. At baseline, all patients were screened
using a health screening questionnaire" and blood
chemistry including lipid profiles, fasting plasma
glucose (FPG), HbA1c levels, liver function and
kidney function tests. Exclusion criteria were
liver, kidney, or cardiovascular diseases; chronic
infections (HIV, TB, Hepatitis); changed types
and doses of anti-hypertensive, hypoglycemic, or
lipid-lowering drugs prescription; blood pressure
higher than 140/90 mmHg; abnormal resting
electrocardiogram (EKG); neuromuscular disorders;
and orthopedic problems. The characteristics of
all patients are shown in Table 1. For optimization
of the phagocytosis assay in our study, the
heparinized blood samples (4 mL) were taken from
non-diabetic volunteers (n=3). The volunteers
were not diagnosed as T2D and they had not
participated in any regular exercise program for
at least six months prior to recruitment.

Research design and protocol
The experiment started with all patients

performing a peak oxygen consumption (yo, peak)
test to determine the work load for the low-intensity
exercise (30% vo, .., peak) session. Patients
refrained from cigarette smoking, caffeine,
alcohol consumption, and heavy exercise for 48 hours
with 12 hours of overnight fasting before the
experimental day. On the experimental day, one
week after from the screening day, the patients
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rested for 30 min and then they performed 20 min
of cycling at a low intensity.

Blood sampling

Four milliliters of a peripheral venous blood
sample from T2D patients were collected into
a sodium heparin tube. The sampling was carried
out at rest (Pre-Ex), immediately after exercise
(Post-Ex), and 24 hours after exercise (24h
Post-Ex). The blood samples were stored at 25 °Cand
measured within 6 hours after collection. For
the varying conditions of fluorescein-isothiocyanate
(FITC) staining and multiplicity of infection (MOI),
samples of the non-diabetic control were obtained
from three volunteers.

Peak oxygen consumption (vo, ) test

The peak oxygen consumption (Voz,peak)
was tested with a graded maximal exercise test.
Patients began with cycling at free workload for
one minute (0 watt) and increasing to 20-30 watts
depending on their fitness status®. Expired-gas
samples, heart rate (HR), and electrocardiography
were recorded throughout the test. Moreover, the
fatigue and dyspnea symptoms were asked every
three minutes and at the end of the test.

Bacterial growth and colony forming units
(cfu) counting

Staphylococcus aureus strain ATCC 29223
were used for PMN phagocytosis (provided by
Department of Microbiology, Faculty of
Associated Medical Sciences, Khon Kaen University).
The S.aureus were grown for 12-18 hours at 37 °C
in Luria-Bertani (LB) broth and then inoculated
into a new LB broth for growth at log phase (0D, .
= 0.6-1). A loopful of the culture was subculture
on LB agar for measurement of the colony-forming
unit (cfu) which was used to estimate the number
of viable bacteria. The bacterial cell concentration
was adjusted to 1 x 10° cfu/mL, and stored frozen
at -30 °Cin a 60% glycerol for using throughout
the study.

Labeling S.aureus with FITC fluorescence
dye

A lyophilized fluorescein isothiocyanate
(FITC) (Thermo Scientific, UK) for bacterial
staining was dissolved in dry dimethyl sulfoxide
(DMSO) at concentrationsof 0.1, 0.5, 1and 2 mg/mL.

Then, 500 ul of the diluted dye to the pellet of
S.aureus, incubated at 25 °C for 60 min in the
dark. The varied conditions of FITC were subjected
to flow cytometry to quantify mean fluorescence
intensity (MFI) values. The highest MFI of
FITC-stained S.aureus was selected for this study.

Dose of multiplicity of infection (MOI) for
phagocytosis

Blood samples from three non-diabetic
volunteers were used for optimization of the
phagocytosis assay. The optimal condition of
phagocytosis was firstly performed in suspension
with FITC-labeled S. aureus and whole blood at
different bacteria/PMN cell ratios (MOIl). The
bacterial cells were adjusted from MOI5, 10, 30, 50,
70, to 100, whereas the PMN cell were fixed at 3x10°
cells/mL. After incubation PMN cells with different
concentration of MOI for 15, 30, and 60 min at
37 °C, the condition giving the greatest percentage
of phagocytosis was used to evaluate the PMN
cell function of all T2D patients in our study.
Data were analyzed by calculation the average of
phagocytosis at 15, 30, and 60 min of incubation
times. Finally, the phagocytosis of FITC-labeled S.
aureus by PMN cell was evaluated in vitro using
a flow cytometry.

Assessment of PMN phagocytosis and
oxidative burst

The phagocytosis and oxidative burst of PMN
cell obtained from T2D patients were measured
using whole blood. For the experiment, the frozen
S. aureus was fresh washed for two times with 1x
PBS and stained in the dark with FITC at 25 °C,
for 60 min in the dark. Then, the labeled bacteria
were washed twice with 1x PBS to remove an
excess FITC dye before use. In all heparinized blood
samples of T2D patients, a complete blood count
analyzer (Sysmex xs-800i, Germany) was used to
estimate the number of PMN cell. The whole blood
samples were adjusted to a final concentration
of PMN cells at 3x10¢ cells/mL with 1x PBS.
Phagocytosis was evaluated as follows: a 50 ul of
FITC-labeled S.aureus was incubated at 37 °C for
15, 30, and 60 min with a 50 uL of the adjusted
PMN cell that were collected at rest, immediately
after exercise, and 24 hours after exercise. An
oxidative burst of PMN obtained from T2D
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patients was measured by production of reactive
oxygen species (ROS). Following the phagocytosis
assay, the reaction mixtures of PMN cells and
FITC-labeled S.aureus were simultaneously
performed to access oxidative burst by adding
3 ug/mL of hydroethidine (50 uL) (Santa Cruz
Biotechnology, U.S.A.) at 37 °C for 5 min.
The hydroethidine can passively diffuse into
granules and was rapidly oxidized to red
fluorescent ethidium bromide by the oxidative
burst intermediates within the activated PMN
cell. Then, the incubation mixtures were washed
with 1 x PBS, and centrifuged at 3500 g for 10
min, discarding supernatant. The erythrocytes of
the co-culture cells were lysed by adding 1 mL of
red blood cell lysis buffer at 25 °C for 20 min. All
activated PMN cell reactions were fixed by adding
200 uL of 4% formaldehyde before measurement.
The green emission fluorescence of S.aureus ingested
by PMN cell was quantified by the percentage
of phagocytosis, while the red fluorescence of
ethidium bromide was quantified by the percentage
of oxidative burst. The red fluorescence indicating
the oxidative burst was analyzed by the
phycoerythrin (PE) channel in flow cytometry.
Activation of PMN cell with 3 ug/mL of
phorbol-myristate acetate (PMA) (Sigma-Aldrich
incorporation, U.S.A.) at 37 °C for 15 min, which
induced hydrogen peroxide production due to an
oxidative burst was kept as a positive control,
while PMN cell without activation were kept as
a medium control.

Flow cytometry analysis

The mixture cells were acquired 10,000
events/reaction to quantify the PMN cell
function using a BD FACSCanto™ Il flow cytometer
(BD Biosciences, U.S.A.). The service was provided
by the Research Instrument Center (RIC),
Khon Kaen University, Thailand. The PMN population
was identified according to its specific forward- and
side-scatter patterns. Data were presented as the
percentage of phagocytosis and oxidative burst
at 15, 30, and 60 min of incubation times at rest,
immediately after exercise, and 24 hours after
exercise. Flow cytometric data were analyzed
with BD FACSDivas™ software (BD Biosciences,
U.S.A)
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Statistical analysis

Normal distribution of the data was tested
using Shapiro-Wilk normality test. Data are
expressed as means + standard error (SE) as
percentage of phagocytosis and oxidative burst
using Prism software (version 5.0, GraphPad
Software Inc., U.S.A.). Comparisons among
conditions of FITC staining and dose of MOl were
analyzed with the paired two-tailed Student’s
t-test. The effect of exercise on PMN cell function
of T2D patients was determined at rest,
immediately, and 24 hours after exercise using
a repeated measure ANOVA with Bonferroni’s
post-hoc test (SPSS version 17.0 Inc., U.S.A. USA).
Data were regarded as significant when p-value
<0.05.

Using mean and SE from the study of
Ortegaet al.(" at least 10 patients were required
to identify significant differences at the 5% level,
and Cohen’s d effect size was 0.23. The power was
calculated based on the different means of the
percentages of PMN cell phagocytosis between two
dependent groups using the G Power (version3.1)
software'®, Apparently, the power (1-8) was 0.95
or 95%.

Results

Optimization of the FITC fluorescence dye
for bacterial labeling

To determine an optimal concentration
of FITC-labeled S. aureus, the data obtained
with different FITC labeling after incubation of
S. aureus with a solution of FITC from 0.1-2 mg/mL
are shown in Figure 1. The results showed that
a marked at 1 mg/mL of FITC labeling presented
the highest value of MFI in comparison with
lower concentrations of FITC. Moreover, after
incubation of S.aureus with the FITC concentration
of 2 mg/mL, it showed a stable MFI compared to
1 mg/mL of FITC (p-value >0.05). Therefore, we
obtained a sufficient labeling of bacteria with
1 mg/mL of FITC as an optimal concentration used
in this study.
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Comparisons of PMN phagocytosis using
different multiplicity of infection

To optimize a flow cytometric method for
phagocytosis, we began by assessing a series
of MOI to investigate the highest percentage
of phagocytosis for using throughout this study
(Figure 2). The highest percentage of PMN cell
phagocytosis is presented when incubation at

MOI30 compared to those with lower MOI. Moreover,
at MOI30, the percentage of phagocytosis reached
a plateau state. Moreover, Figure 2 demonstrates
that the percentage of phagocytosis showed no
significant difference between MOI30 and MOI50,
70, and 100 (p-value >0.05). Therefore, the MOI30
was chosen as the endpoint of the experiments.

Table 1 Characteristics of the patients with type 2 diabetes mellitus
Patients Age BMI %HbA1c FBG
ID (yr) (kg/m?) (mmol/mol) (mmol/L)
SN-08 60 24 8.8 (73) 7.4
SN-09 60 26 11.0 (97) 13.3
SN-12 60 25 9.9 (85) 5.7
SN-15 60 28 9.6 (81) 11.8
SN-16 51 28 11.9 (107) 7.8
SN-17 46 28 9.3 (78) 7.5
SN-18 59 28 9.5 (80) 8.3
SN-20 53 18 12.6 (114) 17.6
SN-21 54 23 8.8 (73) 13.8
SN-22 59 29 12.0 (108) 17.3
Mean* 56+2 261 10+1 (9045) 111

Note: N=10 (male=1 or female=9), *Data are shown as mean + SE. Abbreviations; BMI: body mass index;
HbA1c: glycated hemoglobin A1c, FBG: fasting blood glucose.
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Figure 1 Variation of fluorescein-isothiocyanate
(FITC) concentration for bacterial cell staining

2 FITC (mg/mL)

Bacterial cells were labeled with varying
concentrations of FITC from 0.1-2 mg/mL, for
60 min in the dark. The difference in the mean
fluorescence intensity (MFI) of each concentration
was plotted in mean + SE. The highest MFI was
observed after incubation of S.aureus with 1 mg/mL
of FITC. Comparison between 1 and 2 mg/mL of
FITC, the results showed no significant difference
in the MFI values (p-value > 0.05).

21



Chuangchot et al.

Arch AHS 2020; 32(2): 17-26.

Phagocytosis (%)
(2]
o

0 T T T T

5 10 30 50 70 100 MOI

Figure 2 Effect of increasing dose of multiplicity
of infection (MOI) on PMN phagocytosis

Phagocytosis of S.aureus-FITC by PMN cells
(3 x 10¢ cells/mL) was incubated for 15, 30, and
60 min with a different MOI. Each MOI, the data
were analyzed as the average of phagocytosis (%)
after incubation of PMN cells with FITC-labeled
S.aureus for 15, 30, and 60 min. The results
presented the peak height of phagocytosis after
the incubation at MOI30. We additionally analyzed
the phagocytosis at MOI50, 70, and 100 compared
to MOI30 and the results showed no significant
increase in PMN phagocytosis (p-value > 0.05).
The data were presented as the mean = SE of the
control blood samples (n=3).
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Effect of exercise on PMN cell function

After determining the optimal condition for
PMN cell function, we then evaluated the effect
of low-intensity exercise on phagocytosis and
oxidative burst. According to incubation of
PMN cell with labeled S.aureus for 15, 30, and
60 at MOI30, the results showed a significant
time-dependent increase in PMN phagocytosis
and oxidative burst (p-value <0.05) (Figure 3).
The incubation time at 60 min presented a higher
percentage of phagocytosis and oxidative burst
when compared with 30 and 15 min, respectively.
Moreover, the PMN cell function significantly
increased in 30 min compared to 15 min.
To quantify the effect of exercise-induced PMN
cell function, the percentages of phagocytosis and
oxidative burst of T2D patients were investigated
Post-Exs and 24 hours Post-Exs compared to rest.
We found no significant exercise-dependent increase
in PMN phagocytosis and oxidative burst (Figure 3A,
3B, respectively). The data showed no significant
changes in comparison between rest and Post-Exs,
rest and 24 hours Post-Exs, and Post-Exs and 24 hours
Post-Exs, respectively (p-value >0.05). The pairwise
layouts of all T2D patients which were additionally
analyzed to investigate the PMN cell function are
shown in Figure 3C, 3D, respectively.
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Figure 3 Effect of exercise on polymorphonuclear (PMN) phagocytosis and oxidative burst
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A trend of PMN phagocytosis and oxidative
after incubation of PMN cells with FITC-labeled
S.aureus at 15 (white bar), 30 (striped bar), and 60
min (black bar)are shown as mean + SE (n=10), in
the bar graph (A, B). We observed time-dependent
increases in phagocytosis (A) and oxidative burst
(B). Additionally, the pairwise layouts of individual
T2D patient were plotted (C, D) to determine
the PMN cell function after incubation at 15
min (white circle), 30 min (square), and 60 min
(black circle). ‘Significant difference from 15 min
(p-value<0.05); *Significant difference compared
between 30 min and 60 min (p-value <0.05).
To investigate the effect of exercise-induced PMN
cell function, the percentages of phagocytosis
and oxidative burst were compared among rest,
immediately-(Post-Exs), and 24 hours-after
exercise (24 hours Post-Exs). There were no
significant increases (p-value >0.05) in the PMN
cell function at any time of exercise. The repeated
measures ANOVA and Bonferroni were used to
compare the data.

Correlations of BMI, HbA1c, FBG, and PMN
cell function

According to the characteristic datain Table 1,
we additionally analyzed the correlations
between BMI-HbA1c, BMI-FBG, HbA1c-FBG (data
not shown). We did not find significant correlations
in any variables (p-value >0.05). The correlations
of PMN cell function with BMI, HbA1c, and FBG
were herein evaluated. The data presented that
there were no significant correlations between PMN
cell function and other variables (p-value > 0.05,
data not shown).

Discussion

In this article, we tested the hypothesis
that an acute low-intensity exercise induced PMN
cell function of T2D patients with poor glycemic
control. The findings did not support our hypothesis
because we did not find the effect of a single
bout of 20-min low-intensity exercise on PMN
phagocytosis and oxidative burst in the patients.

We detected phagocytosis and oxidative
burst of PMN cell by combination of FITC-labeled
S.aureus and HE-labeled ROS production
respectively, using flow cytometry procedure7-1),
We have evaluated the PMN cell function from

whole blood which then the PMN cell were
diluted and fixed the final concentration at
3x106 cell/mL for all samples before testing.
The fixed concentration of PMN cells is important
for the reliability of the procedure-'). The
mixture cells acquired 10,000 events/reaction
to quantify the PMN cell function using a flow
cytometry. In this study, the quality control of
the instrument was performed using Cytometer
Setup & Tracking Beads (BD Biosciences,
no. 641319, San Jose, CA, USA) which was daily
calibrated to provide the accuracy and precision of
this study. The laser source of the flow cytometry
was also warm-up before star-up to allow reliable
stabilization of the system. Therefore, this method
was reliable, practicable and powerful to quantify
PMN cell function.

Patients with T2D are known as being in an
immunocompromised state that leads to increased
susceptibility to infections®@?. It has been
established that PMN cells play a vital role in the
first stage for defense against microbial infection.
The mechanisms of PMN cell that are important
in microbial killing are migration to the site of
infection, phagocytosis, and killing microorganisms®".
Activated PMN clearance is completed following
apoptosis from phagocytosis by macrophages
leading to inflammation®?. As mentioned from
the previous data, PMN cells from poor glycemic
control (HbA1c > 8.5% or = 69 mmol/mol) patients
with diabetes had impaired phagocytosis and
oxidative burst, reduced the migration response
to IL-8 and the inability to delay apoptosis®.
A study mentioned that T2D patients with poor
glycemic control is powerfully associated with
serious infections and should be more prone to
infection compared with non-diabetic control,
and good glycemic control@. The treatment goal
of T2D is to maintain the blood glucose level to
delay its complications®. In addition to taking
medications, a good nutritional plan and optimal
exercise program are generally recommended for
T2D patients®.

A randomized controlled trial showed
that exercise training significantly reduced
upper respiratory tract infections (URTI)?>.
The improved phagocytosis of PMN may reduce
URTI after the training. However, the study
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examined the effect of exercise training at
moderate-intensity. Besides, some previous studies
reported that acute exercise at moderate and
high intensity activated PMN cells function®627),
The prolonged exercise at moderate intensity
could stimulate the signaling pathway of
NADPH-oxidase and myeloperroxidase causing
migration and ROS production of PMN cells®®.
The other study in intense exercise found that
activation of PMN cells increased the antimicrobial
peptides (AMPs) concentration®”.0nly a previous
publication that investigated the effect of
a single bout of low-intensity exercise in rats
showed the increase in phagocytosis of PMN cell.
Unfortunately, no human study investigated
the effect of acute exercise at low intensity on
immune function. We suggest that exercise may
have effect on PMN function via the blood glucose
concentration. Briefly, exercise increases glucose
uptake resulting in decreasing blood glucose
concentration. Jafar et al (2016) suggested that
high blood glucose concentrations inhibit neutrophil
migration and function, decrease phagocytosis
capacity, and impair immunoglobulin-mediated
opsonization of bacteria™®. It is comparable to our
study since we did not find any changes in blood
glucose concentration following the exercise. This
may result in unaltered PMN cell function after
the exercise. Unfortunately, we did not measure
the effects of acute low-intensity exercise
on PMN phagocytosis and oxidative burst in
non-diabetic individuals and good glycemic control
patients. It may be worth further investigating the
exercise-induced PMN cell function in both groups.
The research results may provide useful knowledge
to prevent or reduce infection risk of the people.

Furthermore, the people with age older
than 65 years were shown to have impaired PMN
cell function®2%_ Accordingly, different results of
the effect of low-intensity exercise on the PMN
cell function in the older people may be shown.
Importantly, it is worth examining the PMN cell
function following the exercise in the patients
older than 65 years.

A limitation of this study seems to be the
short duration of the exercise. A recommended
duration of exercise for patients with T2D is at
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least 30 min®9, Thus, a further research exploring
the acute or training effect of low-intensity
exercise for 30-60 min on PMN cell function is
needed.

Conclusion

In conclusion, we show that a single bout
of 20-min low-intensity exercise did not have any
effects on PMN cell function in T2D patients with
poor glycemic control. We suggest that a longer
duration of the exercise bout may increase the
PMN cell function in these patients.

Take home messages

e Polymorphonuclear (PMN) phagocytosis
and oxidative burst are impaired in T2D
patients with poor glycemic control.

o Alonger duration of the exercise bout may
increase the PMN cell function in these
patients.

o The PMN cell functions did not change in
response to a single bout of low-intensity
exercise in the patients.

Conflicts of interest

All authors declare no conflicts of interest.

Acknowledgements

The author thanks the participants for their
time and effort for the performing of this study.
This work was supported by The Royal Golden
Jubilee (RGJ) Ph.D. Programme (PHD/0016/2557,
student ID 5.L.KK/57/0.1.0.XX). The Centre for
Research and Development of Medical Diagnostic
Laboratories (CMDL), Faculty of Associated Medical
Sciences, Khon Kaen University and Exercise and
Sport Sciences Development and Research Group
(ESRG), Faculty of Medicine, Khon Kaen University,
Thailand. Funding for this work and the related
studies was provided by Blackmores Ltd. and The
RGJ Ph.D. Programme, Thailand Research Fund
(TRF).



Arch AHS 2020; 32(2): 17-26.

PMN cell function and exercise in type 2 diabetes

References

1.

10.

11.

Ashcroft FM, Rorsman P. Diabetes mellitus and
the beta cell: the last ten years. Cell 2012;
148(6): 1160-71.

Global and regional diabetes prevalence
estimates for 2019 and projections for 2030
and 2045: Results from the International
Diabetes Federation Diabetes Atlas, 9t
edition.

Ridzuan N, John CM, Sandrasaigaran P, Magbool
M, Liew LC, Lim J, et al. Preliminary study on
overproduction of reactive oxygen species
by neutrophils in diabetes mellitus. World J
Diabetes 2016; 7(13): 271-8.
Chanchamroen S, Kewcharoenwong C,
Susaengrat W, Ato M, Lertmemongkolchai G.
Human polymorphonuclear neutrophil
responses to Burkholderia pseudomallei
in healthy and diabetic subjects. Infect
Immun 2009; 77(1): 456-63.

Gan YH. Host susceptibility factors to bacterial
infections in type 2 diabetes. PLoS Pathog
2013; 9(12): e1003794.

Lin JC, Siu LK, Fung CP, Tsou HH, Wang JJ,
Chen CT, et al. Impaired phagocytosis of
capsular serotypes K1 or K2 Klebsiella
pneumoniae in type 2 diabetes mellitus
patients with poor glycemic control. J Clin
Endocrinol Metab 2006; 91(8): 3084-7.
Pedersen BK, Hoffman-Goetz L. Exercise and
the immune system: regulation, integration,
and adaptation. Physiol Rev 2000; 80(3): 1055-81.
Peake JM, Neubauer O, Walsh NP, Simpson RJ.
Recovery of the immune system after exercise.
J Appl Physiol 2017; 122(5): 1077-87.

Ortega E. Influence of exercise on phagocytosis.
Int J Sports Med 1994; 15: S172-8.

Ortega E, Marchena JM, Garcia JJ, Barriga C,
Rodriguez AB. Norepinephrine as mediator in
the stimulation of phagocytosis induced by
moderate exercise. Eur J Appl Physiol 2005;
93(5-6): 714-8.

Guereschi MG, Prestes J, Donatto FF, Dias R,
Frollini AB, Ferreira CK, et al. Exercise Induced
Alterations in Rat Monocyte Number,
Morphology, and Function. Int J Exerc Sci 2008;
1(2): 71-8.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Phoksawat W, Jumnainsong A, Leelayuwat N,
Leelayuwat C. Aberrant NKG2D expression
with IL-17 production of CD4+ T subsets in
patients with type 2 diabetes. Immunobiology
2017; 222(10): 944-51.

Jafar N, Edriss H, Nugent K. The Effect of
Short-Term Hyperglycemia on the Innate
Immune System. Am J Med Sci 2016; 351(2):
201-11.

Piatkiewicz P, Milek T, Bernat-Karpinska M,
Ohams M, Czech A, Ciostek P. The dys function
of NK cells in patients with type 2 diabetes
and colon cancer. Arch Immunol Ther Exp
(Warsz) 2013; 61(3): 245-53.

BeltzNM, GibsonAL, Janot JM, KravitzL, Mermier
CM, Dalleck LC. Graded Exercise Testing
Protocols for the Determination of VO2max:
Historical Perspectives, Progress, and Future
Considerations. J Sports Med 2016; 1-12.
Zheng JZ, Li Y, Lin T, Estrada A, Lu X,
Feng C. Sample Size Calculations for
Comparing Groups with Continuous
Outcomes. Shanghai Arch Psychiatry 2017;
29(4): 250-6.

Desmeules P,Dufour M andFernandes MJ.
A rapid flow cytometry assay for the
assessment of calcium mobilization in human
neutrophils in a small volume of lysed
whole-blood. J Immunol Methods 2009;
340(2): 154-7.

Filias A,Theodorou GL,Mouzopoulou S, et al.
Phagocytic ability of neutrophils and
monocytes in neonates. BMC Pediatr 2011;
11: 29.

Furukawa S, Saito H, Inoue T, Matsuda T, Fukatsu
K, Han I, et al. Supplemental glutamine
augments phagocytosis and reactive oxygen
intermediate production by neutrophils
and monocytes from postoperative patients
in vitro. Nutrition 2000; 16(5): 323-9.
Lecube A, Pachon G, Petriz J, Hernandez C,
Simo R. Phagocytic activity is impaired in type
2 diabetes mellitus and increases after
metabolic improvement. PLoS One 2011;
6(8): €23366.

25



Chuangchot et al.

Arch AHS 2020; 32(2): 17-26.

21.

22.

23.

24,

25.

26.

26

Thomas DE, Elliott EJ, Naughton GA. Exercise
for type 2 diabetes mellitus. Cochrane
Database Syst Rev 2006; 3: CD002968.
Theilgaard-Monch K, Porse BT, Borregaard N.
Systems biology of neutrophil differentiation
and immune response. Curr Opin Immunol
2006; 18(1): 54-60.

Critchley JA, Carey IM, Harris T, DeWilde S,
Hosking FJ, Cook DG. Glycemic Control and
Risk of Infections Among People With Type 1
or Type 2 Diabetes in a Large Primary Care
Cohort Study. Diabetes Care 2018; 40(10):
2127-35.

Standards of medical care in diabetes--2010.
Diabetes Care 2010; 33: S11-61.

Nieman DC, Nehlsen-Cannarella SL, Henson DA,
Koch AJ, Butterworth DE, Fagoaga OR, et al.
Immune response to exercise training and/or
energy restriction in obese women. Med Sci
Sports Exerc 1998; 30(5): 679-86.

Walsh N. Effect of oral glutamine
supplementation on human neutrophil
lipopolysaccharide-stimulated degranulation
following prolonged exercise. Int J Sport Nutr
Exerc Metab 2000; 10: 39-50.

27.

28.

29.

30.

West NP, Pyne DB, Renshaw G, Cripps AW.
Antimicrobial peptides and proteins, exercise
and innate mucosal immunity. FEMS Immunol
Med Microbiol 2006; 48(3): 293-304.

Qian F, Guo X, Wang X, Yuan X, Chen S,
Malawista SE, et al. Reduced bioenergetics
and toll-like receptor 1 function in human
polymorphonuclear leukocytes in aging.
Aging 2014; 6(2): 131-9.

Wessels |,Jansen J,Rink L, Uciechowski P.
Immunosenescence of polymorphonuclear
neutrophils. ScientificWorldJournal 2010; 10:
145-60.

Colberg SR, Sigal RJ, Fernhall B, Regensteiner
JG, Blissmer BJ, Rubin RR, et al. Exercise
and type 2 diabetes: the American College
of Sports Medicine and the American Diabetes
Association: joint position statement
executive summary. Diabetes Care 2010;
33(12): 2692-6.



