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Abstract:
Introduction: the benefits of consuming extra Ascorbic Acid (AA) while exercising are not well understood.

Aim: This study aims to explore the effects of AA supplementation on oxidative stress, the immunological response,
and inflammation in healthy women after a single bout of high-intensity exercise.

Materials  and  Methods:  In  a  crossover  design,  20  sedentary  women  (aged  18-22)  underwent  30  minutes  of
vigorous cycling. They were divided into two groups: one receiving daily 1,000 mg ascorbic acid supplementation
(1,000AA) and the other without supplementation (0AA). This regimen was maintained for one week. Blood samples
obtained pre-exercise, immediately post-exercise, and 24 hours post-exercise underwent analysis for oxidative stress,
inflammatory markers, CD4+ and CD8+ lymphocytes, and neutrophil phagocytic activity.

Results: An AA supplement significantly increased plasma concentrations of AA (p<0.05) and reduced post-exercise
plasma MDA levels (p<0.05) but did not affect creatine kinase activity. White blood cells, CD8+ T cells, and IL-6
increased significantly after exercise but remained unchanged in the 1,000AA group compared to the 0AA group,
while the neutrophil count increased (p<0.05) after exercise with no change in phagocytic function. A slight drop in
phagocytic function was observed 24 hours after exercise in the 1,000AA group. Exercise and AA supplements had no
effect on CD4+ T cells.

Conclusion: a single session of high-intensity exercise caused oxidative stress, muscle injury, and inflammation, as
well as a transient increase in CD8+ T cells. A short administration of AA attenuated the exercise-induced oxidative
stress and reduced inflammation by limiting the increase in IL-6 and CD8+ T cells.

Keywords: Exercise, Ascorbic acid, Oxidative stress, Neutrophil phagocytic function, Inflammation, CD4+ T cell,
CD8+ T cell.
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1. INTRODUCTION
Understanding  the  body's  responses  and  adaptations

to  physical  activity  is  crucial  for  enhancing  endurance.
Adequate  recovery,  along  with  proper  nutrition  or
supplementation,  is  essential  to  prevent  injuries  and
ensure continual performance improvement [1].  A single

bout of exercise can set off multiple processes that result
in the generation of free radicals, such as Reactive Oxygen
Species (ROS) and Reactive Nitrogen Species (RNS) [2].
The  neutralization  of  these  free  radicals  occurs  through
the  action  of  a  complex  network  of  enzymes,  including
catalase,  Superoxide  Dismutase  (SOD),  glutathione
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peroxidase,  and  various  non-enzymatic  antioxidants,
including  vitamins  A,  E,  and  C,  glutathione,  ubiquinone,
and  flavonoids,  to  maintain  a  healthy  balance  of  free
radicals in the body. Excessive free radicals can damage
cells and result in a variety of health problems. It has been
thought  that  exercise  promotes  changes  in  the  immune-
neuroendocrine axis and blood levels of metabolites that
directly  affect  how  immune  cells  work  [3,  4].  Exercise-
induced  tissue  damage  may  activate  inflammatory  cells
such  as  neutrophils,  which  then  cause  nicotinamide
adenine  dinucleotide  phosphate  (NADPH)  oxidase  to
produce  free  radicals.  These  injuries  to  skeletal  muscle,
connective, and bone tissue are considered temporary and
reversible  because  they  cause  an  acute  inflammatory
reaction  that  is  triggered,  in  part,  by  neutrophils  and
macrophages,  which are responsible for  removing waste
products,  repairing,  and  developing  injured  tissues  [5].
Athletes  frequently  take  antioxidant  supplements  to
prevent  muscle  deterioration  and  fatigue  as  well  as  to
improve performance, owing to the role that antioxidants
play in scavenging free radicals [6]. Conversely, vitamin C
(ascorbic  acid;  AA)  has  been  observed  to  suppress  cell
signaling  associated  with  training,  including  ROS
generated during exercise [7,  8].  A previous study of  30
healthy  men  aged  18-35  with  plasma  vitamin  C
concentrations  less  than  45  mol/L  found  that  taking
vitamin  C  prophylactically  had  some  benefits  [9].
However,  the  potential  advantages  of  taking  vitamin  C
supplements  before  exercising  remain  largely  unknown
within the current scientific discourse.

The antioxidant properties of vitamin C play a crucial
role  in  protecting  cellular  organelles  against  oxidative
damage  [10].  A  deficiency  in  vitamin  C  leads  to
compromised  immunity  and  heightened  susceptibility  to
infections [11]. Our previous study showed that taking an
ascorbic  acid  supplement  for  three  months  prior  to
moderate-intensity  exercise  was  associated  with
intermittent  and  slight  declines  in  the  blood  enzyme
activities  of  catalase,  glutathione  peroxidase,  and
superoxide  dismutase  [12].  Pre-cycling  supplementation
with  1,000  mg  of  ascorbic  acid  enhances  antioxidant
capacity  without  preventing  muscle  damage  during
moderate  effort  [13].  Similarly,  we  demonstrated  that
consuming  ascorbic  acid  seven  days  before  a  single
moderate-intensity  exercise  session  did  not  enhance
phagocytic activity or antioxidant status but inhibited the
exercise-induced  increase  in  CD4+  T  cells  [14].  It  is
unfortunate  that  there  are  few  studies  in  the  literature
that  delve  into  the  effects  of  ascorbic  acid
supplementation  and  exercise  on  immune  response
[14-16],  particularly  among  sedentary  healthy  women.
Currently, there is limited scientific evidence supporting
the efficacy of high doses of vitamin C supplementation in
enhancing  immune  function  among  healthy  individuals
[17].

The impact of exercise on immune markers depends on
factors  such  as  exercise  intensity,  especially  in  high-
performance sports, as well as training duration, load, and

recovery time [18]. Despite extensive research on exercise
and immune function, there remains a notable gap in our
understanding regarding how exercise specifically affects
the response of immune cells in sedentary adults who are
using  ascorbic  acid  supplements.  Therefore,  our
investigation aimed to determine if 1 week of ascorbic acid
supplementation  might  modify  exercise-induced  alte-
rations  in  oxidative  stress  markers,  the  immunological
response, and inflammation in healthy women following a
single bout of high-intensity exercise.

2. MATERIALS AND METHODS

2.1. Participants and Design
Twenty  untrained  female  adults  aged  18-22,

participated  in  the  study.  Prior  to  providing  written
consent, all participants were informed of the purpose and
conditions  of  the  study.  The  study  was  conducted  in
accordance  with  the  Declaration  of  Helsinki,  and  the
protocol was approved by the Ethics Research Committee
from the Faculty of Associated Medical Sciences, Chiang
Mai University (AMSEC-62EX-040). An interview was used
to recruit  volunteers.  Excluding smokers and individuals
on  regular  medications,  participants  refrained  from
alcohol use during the experiment while maintaining their
usual physical activity and dietary habits. A randomized,
cross-over study was conducted (Fig. 1). Participants were
sedentary for at least one year without a regular exercise
program  and  had  no  history  of  liver,  renal,  metabolic,
cardiovascular,  or  pulmonary  diseases  or  orthopedic
limitations  in  exercise  tests.  Randomly  divided  into  two
groups, the 0AA group (n = 10) did not receive ascorbic
acid  before  the  first  exercise  bout,  while  the  1,000AA
group (n = 10) received 1,000 mg of ascorbic acid daily for
7 days from the Government Pharmaceutical Organization
in Bangkok, Thailand. Participants were instructed to take
an  AA  supplement  every  morning  and  keep  this  routine
going through the day of the last blood draw, which was
done  24  hours  after  the  exercise.  Before  exercise,
measurements of height and body weight were taken, and
the Body Mass Index (BMI) was calculated. Participants in
the  study  fasted  for  2-4  hours  before  completing  a  30-
minute  indoor  stationary  cycling  workout  at  75-85%  of
their maximal heart rate. The equation (220 - age in years)
predicted  participants'  age-based  maximum  heart  rate.
Before  the  second cycle,  following a  one-week “washout
period,” each participant received the opposite treatment
prior to exercise. Heart rate was continuously monitored
using  a  pulse  oximeter  (P030,  Beurer  GmnH,  Ulm,
Germany) during exercise to estimate energy consumption
and maintain exercise intensity. Participants were allowed
to drink water according to their  thirst  during and after
exercise.  Blood  samples  were  collected  in  the  morning
after  fasting  for  2-4  hours  before  exercise,  immediately
post-exercise,  and 24 hours post-exercise.  Samples were
stored  in  ethylenediaminetetraacetic  acid  (EDTA)  and
heparinized  tubes  at  4°C.  Plasma  obtained  from
heparinized  blood  samples  was  frozen  at  -20°C  for
subsequent  analysis.
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Fig. (1). Illustration of the design and analysis of a crossover trial. Female participants took 2 capsules daily for 7 days, containing either
0 mg (0AA) or 1,000 mg of ascorbic acid (1,000AA). The indoor exercise involved a 30-minute session on a stationary bicycle at 75-85% of
the maximum heart rate. A one-week washout period separated the two exercise bouts. Arrows indicate when blood samples were taken:
before exercise (1st), immediately after exercise (2nd), and 24 hours post-exercise (3rd).

2.2.  Determination  of  Routine  Blood  Chemistry
Analysis,  Non-Esterified  Fatty  Acid  (NEFA),
Hydroxybutyrate,  and  Total  Creatine  Kinase  (total
CK)

Plasma  glucose  (measured  by  glucose  hexokinase),
uric acid (using uricase), alanine aminotransferase (ALT,
assessed  without  pyridoxal  phosphate  according  to  the
International  Federation  of  Clinical  Chemistry,  IFCC),
creatinine  (via  an  enzymatic  method),  total  cholesterol
(determined  with  cholesterol  oxidase),  triglyceride
(analyzed  using  the  glycerol-3-phosphate-peroxidase
method), NEFA, hydroxybutyrate, and total CK (measured
following  IFCC  guidelines)  were  quantified  utilizing
reagents  and  an  automated  clinical  chemistry  analyzer
(BioSystems  BA400,  manufactured  in  Barcelona,  Spain).
This analysis was conducted in conjunction with the use of
commercially  available  control  and  calibration  kits
(BioSystems Reagents and Instruments, Spain), ensuring
the accuracy and reliability of the measurements.

2.3. Determination of Plasma TBARS
Malondialdehyde  (MDA)  levels  in  plasma  were

obtained from reactive components of thiobarbituric acid
(TBA) [19]. TBARS is a widely used measurement for lipid
peroxidation  products,  often  employed  alongside  more
specific  tests  like  high-performance  liquid  chromato-
graphy. In the TBARS assay, one molecule of MDA reacts
with two molecules of TBA, forming a pink pigment with a
peak absorption at 532 nm. Results were evaluated using
a  standard  solution  of  1,1,3,3-tetramethoxypropane
(Sigma-Aldrich,  St.  Louis,  MO,  USA)  and  expressed  in
μmol/L.

2.4. Determination of Total Antioxidant Status (TAS),
SOD, Ascorbic Acid and Interleukin-6 (IL-6)

Following the manufacturer's guidelines, TAS and SOD
quantification  was  conducted  using  2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic  acid)  (ABTS+)  radical
formation  and  RANSOD  Kit,  respectively  (Randox
Laboratories,  Ltd.,  Crumlin,  UK).  The  test  underwent
analysis  using an automated clinical  chemistry  analyzer,
with control and calibration procedures carried out using
the  BioSystems  BA400.  Plasma  ascorbic  acid  was
determined using an ascorbic assay kit (Sigma-Aldrich, St.

Louis, MO, USA) according to manufacturer instructions.
Plasma  IL-6  levels  were  measured  using  commercially
available  enzyme-linked  immunosorbent  assays  (ELISA,
BioLegend,  San  Diego,  CA,  USA).

2.5. Determination of Hematological Parameters
A Sysmex KX-21 three-part  differential  auto analyzer

(Sysmex Corporation, Japan) was utilized for a Complete
Blood Count (CBC) analysis on the same day the blood was
collected into an EDTA tube.

2.6. Assessment of Peripheral Neutrophil Functions
To  determine  the  phagocytic  index,  the  blood  from

heparinized  tubes  was  mixed  with  Candida  albicans
(DMST 21424, Department of Medical Sciences Thailand,
generously  donated  by  Dr.  Khajornsak  Tragoolpua).
Candida albicans was cultured in Sabouraud's broth with
2% dextrose for 24 to 48 hours at 37 °C to obtain yeast-
phase organisms. Adjusting the C. albicans suspension in
normal saline solution (NSS) to 2.8×108 CFU/mL using a
spectrophotometer (Shimadzu UVmini-1240, Japan) set at
620  nm,  a  neutrophil-to-yeast  ratio  of  1:1  was  used  to
combine  yeast  cells  with  whole  blood.  The  mixture  was
incubated  at  37°C  for  one  hour  with  periodic  agitation
every 10 minutes. Subsequently, the assembly underwent
centrifugation at 1,500 x g for 5 minutes. After discarding
an equal amount of supernatant as the yeast solution, the
remaining  whole  blood  was  used  to  prepare  air-dried
smears stained with Giemsa. Counting 100 neutrophils on
each slide, positive cells were defined as neutrophils that
consumed Candida. Phagocytic activity was calculated as
the  ratio  of  positive  cells  to  100  neutrophils.  The
phagocytic  index  was  determined  by  multiplying  total
Candida/positive  neutrophils  by  phagocytic  activity.

2.7.  Immunophenotyping  of  Peripheral  Blood
Lymphocytes

EDTA  blood  was  employed  for  immunophenotyping
peripheral  blood  lymphocytes  using  a  Beckman  Coulter
Cytomics FC 500 flow cytometer (Beckman Coulter  Inc.,
USA) and three monoclonal antibody combinations. These
combinations  comprised  CYTO-STAT  triCHROME  CD45-
FITC/CD4-RD1/CD3-PC5  and  CYTO-STAT  triCHROME
CD45-FITC/CD8-RD1/CD3-PC5  (Beckman  Coulter,  Inc.,
USA) for identifying CD4+ and CD8+ T cells, respectively.
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In a brief procedure, 100 µL of whole blood was incubated
with 5 µL of each antibody combination in separate tubes
in  the  dark  at  room  temperature  for  15  minutes.  After
lysing  red  blood  cells  with  500  mL  of  lysing  solution
(OptiLyse C lysis solution, Beckman Coulter Ireland Inc.),
tubes  were  vortexed,  incubated  in  the  dark  at  room
temperature for 15 minutes, and then centrifuged at 1,250
x g for 5 minutes. The pellet was resuspended in 1 mL of 1
percent  paraformaldehyde  in  phosphate-buffered  saline
(PBS)  after  washing  three  times  with  2  mL  of  PBS,
followed by flow cytometer analysis. The gating technique,
based on CD45, was used to detect all White Blood Cells
(WBCs), followed by a CD3/CD4 histogram to calculate the
percentage of CD4+ T cells in about 2,500 lymphocytes.
The  absolute  CD4+  count,  expressed  as  the  number  of
CD4  cells  per  microliter  of  blood,  was  obtained  by
multiplying the percentage of CD4+ cells by the absolute
lymphocyte  count.  The  same  strategy  and  calculations
were  applied  for  CD8+  counting  in  a  second  tube.

2.8. Statistical Analysis
By  the  end  of  the  study,  each  cohort  had  n  =  20

participants.  Results  were  presented  as  a  mean  ±  SE.
Standard statistical software SPSS 18.0 was used to process
the  data  (SPSS  Software,  Thailand).  Two-way  repeated
measures analysis of variance was utilized, and differences
between  exercise  (pre-,  post-,  and  24  hours  post-exercise)
and  supplements  (0AA  and  1,000AA)  were  then  detected
using an LSD post-hoc analysis with statistical significance
of p<0.05.

3. RESULTS

3.1. Participant Characteristics
Table  1  displays  the  characteristics  of  the  study

participants.  All  study  participants  with  normal  levels  of
blood  cholesterol  (191±10  mg/dL),  triglycerides  (72±5
mg/dL), and uric acid (4.5±0.2 mg/dL) demonstrated normal
kidney  and  liver  function,  as  indicated  by  tests  of  blood
creatinine  (0.98±0.02  mg/dL)  and  blood  ALT  (7±0.6  U/L).
The  Body  Mass  Index  (BMI),  calculated  from  a  person's
weight  and  height,  was  within  the  normal  range.
Additionally, there were no significant differences in terms
of  average  heart  rate  during  activity,  percentage  of  heart
rate  during  exercise,  or  caloric  expenditure  between  the

1,000AA and 0AA groups.

3.2. Changes in Levels of Oxidative Stress Markers,
Muscle  Damage  Markers,  Glucose,  Ascorbic  Acid,
NEFA,  Hydroxybutyrate,  and  Inflammatory  Marker

Table  2  illustrates  the  immediate  impact  of  high-
intensity  exercise  on  oxidative  stress  indicators,  including
TAS,  MDA,  and  SOD  levels.  Plasma  TAS  and  SOD  levels
exhibited  no  significant  changes  in  either  the  1,000AA  or
0AA  groups.  Notably,  the  MDA  level  showed  a  significant
increase  (p<0.05)  immediately  after  exercise  in  the  0AA
group, contrasting with the 1,000AA group, where such an
increase  was  not  observed.  Furthermore,  MDA  levels
returned to baseline 24 hours post-exercise in both groups.
The immediate post-exercise MDA levels in the 0AA group
were significantly higher (p<0.05) than those in the 1,000AA
group. Following exercise, both the 1,000AA and 0AA groups
displayed  an  increase  in  plasma  total  CK  (p<0.05).  Blood
glucose levels remained within the reference range in both
the 0AA and 1,000AA groups; however, the glucose level in
the  1,000AA  cohort  was  significantly  higher  (p<0.05)  24
hours after exercise compared to immediately after exercise.
Plasma levels of NEFA and hydroxybutyrate did not change
significantly  between  the  1,000AA  and  0AA  groups.
Participants who consumed 1,000AA had significantly higher
levels of plasma AA before and after exercise than those who
consumed  0AA  (p<  0.05).  Furthermore,  24  hours  after
exercise,  plasma  levels  of  AA  were  significantly  higher  in
both  the  1,000AA  and  0AA  groups  (p<0.05)  compared  to
pre-exercise  values.  The  baseline  AA  levels  showed  an
increase  from  3.17±0.54  mg/L  to  3.72±0.62  mg/L  after
seven  days  of  supplementation,  providing  evidence  of
participants'  compliance  with  the  experimental  protocol.
Immediately  after  exercise,  IL-6  concentrations  in  0AA
increased significantly (p<0.05) before returning to baseline
24  hours  later.  However,  the  level  of  IL-6  did  not  change
significantly in the 1,000AA group.

3.3. Changes in the Population of White Blood Cells
The  white  blood  cell  count  rose  (p<0.05)  immediately

after exercise in the 0AA group before returning to baseline
24 hours  later,  while  in  the  1,000AA group there  were  no
significant changes (Table 3). After exercise, the neutrophil
counts  of  both  the  1,000AA  and  0AA  groups  were
significantly  higher  (p<0.05)  than  they   were  prior   to
exercise.   However,  after   24  hours   post-exercise,   the

Table 1. Characteristics of female participants during the exercise session.

Parameter 0AA 1,000AA

Age, (years) 21.2±0.2 (18-22)
Ethnicity/race, (n) Southeast Asian (Thai) 20

Height, (m) 1.60±0.89 (1.53-1.67)
Weight, (kg) 54.2±2.4 54.4±2.4

BMI 21.2±0.9 21.3±0.9
Average heart rate (beat/min) 150±1.7 145±2.2

% of heart rate 79±0.8 77±1.1
Calories, (kcal) 203±4.2 200±3.3

Note: Values are means ± SE; n=20 per cohort. 0AA, 0 mg of ascorbic acid; 1,000AA, 1,000 mg of ascorbic acid; m, meter; kg, kilogram; BMI, body mass
index; min, minute; km, kilometer; kcal, kilocalories.



Ascorbic Acid Modifies the Immune Response 5

Table 2. Antioxidant status and blood chemistry measured in the peripheral blood of females with or without
ingesting ascorbic acid.

Test
0AA 1,000AA

Pre-exercise Post-exercise 24 h post-exercise Pre-exercise Post-exercise 24 h post-exercise

TAS, mM ascorbic acid equivalent 2.01±0.02 1.93±0.03 2.01±0.05 2.01±0.02 1.89±0.03 2.01±0.05
Plasma TBARS, (μmol/L) 7.2±0.5 8.9±0.8 * 7.2±0.8 ** 7.4±0.7 7.1±0.8 $ 6.8±0.8

Plasma SOD, (U/mL) 1.15±0.13 1.19±0.12 1.07±0.11 1.00±0.12 1.10±0.12 1.00±0.12
Total CK, (U/L) 61±4.9 79±3.7 * 83±6.9 61±5.6 70±6.5 * 65±5.3

Glucose, (mg/dL) 99±3.4 91±2.9 98±2.7 96±2.5 89±3.1 102±3.9 **
NEFA, (mmol/L) 1.17±0.07 1.11±0.07 1.01±0.07 1.11±0.07 1.05±0.06 1.07±0.08

Hydroxybutyrate, (mmol/L) 0.20±0.02 0.19±0.02 0.20±0.02 0.20±0.02 0.20±0.02 0.22±0.02
Ascorbic acid, (mg/L) 3.17±0.54 3.17±0.53 4.12±0.55 * 3.72±0.62 $ 4.23±0.53$ 4.53±0.89 *

IL-6, (ng/L) 4.51±0.63 5.31±0.57 4.70±0.70 4.19±0.52 4.62±0.69 4.58±0.58
Note: The exercise involved a 30-minute session on a stationary bicycle indoors, maintaining an intensity at 75-85% of the maximum heart rate. The values
are means ± SE; n=20 per cohort. The p-values indicate the results of an LSD post-hoc analysis. *, p<0.05 compared with the pre-exercise value (within the
group). **, p<0.05 compared with the post-exercise value (within the group). $, p<0.05 compared with the same time point (in between groups). 0AA, 0 mg of
ascorbic acid; 1,000AA, 1,000 mg of ascorbic acid; TAS, total antioxidant status; TBARS, thiobarbituric acid reactive substances; SOD, superoxide dismutase;
U/mL, unit per milliliter; Total CK, total creatine kinase; U/L, unit per liter; mg/dL, milligram per deciliter; mg/L, milligram per liter; IL-6, interleukin-6; ng/L,
nanogram per liter; NEFA, non-esterified fatty acid; mmol/L, millimole per liter.

Table 3. Differential white blood cell parameters in females, with and without ascorbic acid ingestion.

Parameter
0AA 1,000AA

Pre-exercise Post-exercise 24 h Post-exercise Pre-exercise Post-exercise 24 h Post-exercise

WBC (103 cell/µL) 6.3±0.2 7.2±0.4 * 6.1±0.3 ** 6.0±0.3 6.3±0.4 5.8±0.4
Absolute lymphocyte (103cell/µL) 2.2±0.1 2.4±0.1 2.1±0.1 2.0±0.1 2.2±0.1 2.0±0.1
Absolute neutrophil (103cell/µL) 3.5±0.2 4.1±0.3 * 3.4±0.3 ** 3.3±0.3 3.8±0.3 * 3.3±0.3 **

Absolute monocyte, basophil, eosinophil
(103cell/µL) 0.61±0.03 0.71±0.06 0.53±0.03 ** 0.53±0.03 0.55±0.03 0.46±0.05

CD4+ T-cells (cell/µL) 815±47 830±43 822±44 739±35 710±33 730±45
CD8+ T-cells (cell/µL) 676±48 779±55 * 635±44 ** 609±41 671±55 630±45

Note: The exercise involved a 30-minute session on a stationary bicycle indoors, maintaining an intensity at 75-85% of the maximum heart rate. The values
are means ± SE; n=20 per cohort. The p-values indicate the results of a LSD post-hoc analysis. *, p<0.05 compared with pre-exercise value (within the group).
**, p<0.05 compared with the post-exercise value (within the group). $, p<0.05 compared with the same time point (in between groups). 0AA, 0 mg of
ascorbic acid; 1,000AA, 1,000 mg of ascorbic acid.

absolute  counts  of  monocytes,  basophils,  and  eosinophils
decreased  significantly  in  the  0AA  group  but  remained
stable  in  the  1,000AA  group.  There  was  no  significant
difference  in  lymphocytes  between  the  two  groups.

3.4.  Flow  Cytometric  Analysis  of  CD4+  and  CD8+
Lymphocytes

Following the exercise, neither the 0AA cohort nor the
1,000AA cohort showed any significant changes in CD4+ T
cells  (Table  3).  In  the  0AA  cohort,  CD8+  T  cells  were
elevated (p<0.05) immediately after exercise and returned
to baseline 24 hours later. However, no significant change in
CD8+ T cells was observed in participants consuming AA.

3.5. Neutrophil Phagocytosis Assay
The number of yeasts consumed by neutrophils is shown

in  Fig.  (2).  After  24  hours  post-exercise,  the  neutrophil
phagocytic  index  in  the  1,000AA  group  showed  a  slight
decrease (p<0.05), but this difference was not statistically
significant compared to the 0AA group (p>0.05) (Fig. 3).

4. DISCUSSION
The  main  findings  in  this  study  were  that  (1)  AA

counteracted  the  detrimental  effects  of  high-intensity
cycling, which increased an indicator of oxidative stress in
sedentary women. (2) Supplementing with AA reduced the
increase  in  white  blood  cells  and  CD8+  T  cells  after
exercise, but neither exercise nor AA changed neutrophil
phagocytic activity.

Numerous  studies  indicate  that  exercise  is  linked  to
positive  health  outcomes,  including  improvements  in
cardiorespiratory fitness, muscular strength, bone health,
and  cardiometabolic  health  [20-22].  High-intensity
exercise  has  gained  popularity,  yet  an  eight-week  high-
intensity interval training program in young obese females
showed  no  changes  in  thrombosis  markers  or  fibrin
induction  [23].  Its  effects  on  exercise-induced  oxidative
stress,  antioxidant  status,  and  immune  responses  in
sedentary  adults  remain  uncertain.  Signs  of  exercise-
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Fig. (2). Neutrophil phagocytosis of C.albicans. Light microscopy image of a neutrophil without phagocytosis (A), neutrophils internalize
the C.albicans in a phagosome (B and C). Images are representative of sets of different experiments. The scale bar represents 7 µM.

induced  inflammation  include  elevated  levels  of  IL-6,
neutrophils, and white blood cells [24]. Inflammatory cells
play a dual role in promoting both tissue injury and tissue
regeneration. This process is mediated by the coordinated
actions of reactive oxygen species, low molecular weight
enzymatic  antioxidants,  growth  factors,  hormones,  and
cytokines.  These  factors  work  together  to  maintain  a
delicate balance between pro- and antioxidants as well as
pro- and anti-inflammatory activities [15]. In this study, we

found  that  plasma  TAS  and  SOD  levels  were  not
significantly  altered  by  exercise  or  AA  supplementation.
According to previous research, increasing the fruit, juice,
and  vegetable  consumption  of  healthy  individuals
increases their blood levels of vitamin C but has no effect
on  their  antioxidant  status  [25].  Zychowska  et  al.  found
that  1000  mg of  vitamin  C  supplementation  is  excessive
for healthy elderly women with normal plasma vitamin C
levels, especially during a 6-week exercise training period

7  µM 
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A. 
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B. 

C. 
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when there are no deficiencies in vitamin C status [26]. It
appears that while vitamin C has a strong correlation with
antioxidant  status,  other  nutrients  and  lifestyle  choices,
such as exercise, play a significant role in maintaining an
optimal  antioxidant  balance  [27].  Furthermore,  in  this
study,  MDA  levels  increased  significantly  soon  after
exercise,  and  ascorbic  acid  successfully  mitigated
exercise-induced lipid peroxidation. This finding is in line
with  a  previous  study  that  suggested  ascorbic  acid  has
powerful antioxidant capabilities, suggesting its potential
as a therapeutic treatment to reduce the risk of oxidative
stress-related injuries caused by physical activity [28]. A
change  in  the  antioxidant  capacity  of  plasma  is  less
important than the protection of lipids from damage. This
is due to the fact that lipid damage can cause long-term
issues  such  as  chronic  inflammation  and  cardiovascular
diseases  [29].  In  contrast,  an  increase  in  antioxidant
capacity  may  only  provide  short-term  benefits.

High-intensity  exercise has previously  been linked to
localized  inflammation  and  tissue  injury  [30].  Our  study
has  demonstrated  that  high-intensity  cycling  increases
plasma total CK levels, a marker of muscle injury, which
are associated with rises in absolute neutrophil numbers
and  white  blood  cell  counts.  These  findings  are  in
agreement  with  a  previous  study,  suggesting  that  tissue

injury  may  be  a  contributing  factor  in  the  inflammatory
response  to  high-intensity  exercise  [31].  It  has  been
demonstrated  that  during  acute  exercise,  peripheral
leukocytes are mobilized in a manner that is related to the
exercise's intensity and duration [32]. It is believed to be
the  result  of  selective  redistribution  from  a  marginated
pool,  which  is  brought  on  by  an  increase  in  stress
hormones  after  exercise  [33].  Cortisol  and  interleukin-6
work  together  to  promote  the  migration  of  neutrophils
from  the  bone  marrow  into  the  circulation  [31].  The
neutrophils  that  enter  the  circulation  following  exercise
can  increase  inflammation,  potentially  leading  to  tissue
injury  [34].  We showed that  seven  days  of  ascorbic  acid
supplementation  before  exercise  had  no  effect  on
preventing  muscle  damage  or  the  rising  number  of
neutrophils  in  the  blood  circulation.  Krause  et  al.  [35]
found  no  differences  between  the  vitamin  C
supplementation group (2 g for one week) and the placebo
group  concerning  the  phagocytosis  and  bactericidal
activity  of  neutrophils  isolated  after  high-intensity
exercise. It was reported that vitamin C supplementation
(1  g/day  for  two  weeks)  had  no  effect  on  neutrophil
oxidative  burst  or  degranulation  post-exercise  and  was
equivalent to the placebo group [36]. Hunter et al. found
that administering vitamin C supplements (gold kiwifruit
provides around 360 mg of vitamin C daily for four weeks)

Fig. (3). Effects of an ascorbic acid supplement on neutrophil phagocytic function after a single bout of exercise. Values are means ± SE;
n=20 per cohort. The p-values indicate the results of an LSD post-hoc analysis.
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to  healthy  older  adults  had  no  effect  on  neutrophils'
phagocytosis  activity  [37].  Collectively,  these  findings
suggest  that  short-term vitamin  C supplementation  does
not  improve  the  function  of  neutrophils.  Our  study
suggests  that  the  lack  of  benefit  from  ascorbic  acid
supplementation on neutrophil function may be due to the
complexity  of  neutrophil  processes,  such  as  chemotaxis,
microbe  recognition  and  phagocytosis,  and  the  use  of
cytotoxic  mechanisms  to  kill  pathogens.  These
mechanisms  involve  producing  reactive  oxygen  species,
releasing antimicrobial  peptides,  and forming neutrophil
extracellular  traps.  Additionally,  the  assessment  method
used for ex vivo neutrophil functions could have influenced
the findings.

As a result of exercise, IL-6 is produced in the area of
damage.  It  is  then  transported  to  the  liver  via  blood
circulation  [38].  IL-6  can  contribute  to  persistent
inflammation by directing monocytes to the inflamed area
[39]. Our study found that high-intensity cycling increases
plasma IL-6 levels, but when vitamin C is supplemented,
its  impact  is  reduced.  Although  there  were  transient
changes in monocyte, basophil, and eosinophil counts after
exercise,  there  was  no  significant  increase  in  the
recruitment  of  monocytes  into  the  bloodstream.  Some
studies have shown that vitamin C inhibits the generation
of  IL-6  [16,  40,  41],  and  prevention  of  the  LPS-induced
increase  in  the  number  of  monocytes  generating  IL-6  is
thought to be the mechanism by which it lowers IL-6 levels
[42]. This study provides further evidence of the efficacy
of  vitamin  C  in  inhibiting  the  production  of  IL-6,
suggesting  that  vitamin  C  supplementation  may  be
beneficial for reducing inflammation associated with high-
intensity cycling.

Following a 7-day vitamin C supplement, we observed
a significant rise in plasma ascorbic acid levels, indicating
that the supplement was effective in increasing vitamin C
concentration in the body. Within 24 hours after exercise,
there is a temporary rise in the amount of ascorbic acid in
the blood. This indicates that vitamin C may have a role in
aiding recovery from exercise. According to Gleeson et al.,
nine  men  who  finished  a  21-km  race  exhibited  higher
plasma  and  lymphocyte  ascorbic  acid  levels,  and  it  was
hypothesized that ascorbic acid, along with cortisol, may
be  released  into  the  circulation  by  exercise  from  the
adrenal  glands  [43,  44].

We demonstrated that the number of white blood cells
and  CD8+  T  cells  rose  immediately  after  exercise  and
subsequently  returned  to  baseline  24  hours  later  while
taking  ascorbic  acid  seems  to  lessen  this  effect.  This
suggests  that  taking  ascorbic  acid  before  exercise  may
help  to  reduce  the  body's  inflammatory  response,
potentially  leading  to  improved  recovery  times.  Further
research is needed to confirm this hypothesis and explore
the  full  implications  of  these  findings.  A  prior  study
demonstrated  that  activated  T  cells  internalize  more
vitamin  C,  a  phenomenon  attributed  to  increased
expression of glucose transporters (GLUT-1 and GLUT-3)
[45].  They  found  that  high  concentrations  of  vitamin  C
(0.25–0.5 mM) during in vitro T cell activation decreased

cell  viability,  decreased  the  uptake  of  thymidine,  and
decreased  the  release  of  cytokines.  Therefore,  the
ingestion of 1,000 mg of AA may have helped to limit the
number  of  activated  T  cells  released  into  circulation  in
response to exercise. One question is whether taking 1 g
of vitamin C every day may weaken any of the adaptations
to  exercise.  According  to  a  prior  study,  recreationally
active males who consumed 1 g of vitamin C orally daily
for  four  weeks  while  engaging  in  high-intensity  interval
training did not experience any reductions in their ability
to do physical activity [46]. One potential explanation for
how  ascorbic  acid  modulates  the  immune  response
induced by exercise is partly attributed to its antioxidant
capacity.

In  addition,  there  were  no  significant  changes  in
plasma  glucose,  non-esterified  fatty  acids,  or
hydroxybutyrate  during  or  after  exercise,  ensuring  that
ATP  resynthesis  is  closely  matched  to  the  ATP
requirement  of  exercise.  However,  in  the  vitamin  C
supplementation group, plasma glucose slightly increased
24  hours  after  exercise.  In  our  previous  study  [13],
participants  who  received  ascorbic  acid  showed  a  slight
increase  in  plasma  glucose  30  minutes  after  exercise
compared to pre-exercise values. These findings indicate
that  supplementation with vitamin C could contribute  to
the  maintenance  of  energy  metabolism  during  exercise
and recovery, in addition to its role as an antioxidant.

This  study  has  some limitations  in  that  we  could  not
control  for  every  possible  lifestyle  factor,  such  as  stress
levels, diet, and physical activity, that could have had an
influence on the study's results, and the individuals with
lower  or  higher  fitness  levels  leave  the  possibility  of
residual confounding factors. Additionally, the study only
assessed  the  effects  of  a  seven-day  vitamin  C
supplementation period. Therefore, future research should
explore  various  dosages  and  durations  of  vitamin  C
supplementation  before,  during,  or  after  exercise.
Nevertheless,  the  results  are  promising  and  provide
support for further research on the benefits of vitamin C
supplementation.

CONCLUSION
In  summary,  the  present  study  reports  that  high-

intensity  exercise  increases  oxidative  stress,  muscular
damage,  and  inflammation,  along  with  a  temporary
increase in CD8+ T cells.  Ingesting ascorbic acid before
exercise  for  a  week  appears  to  mitigate  the  exercise-
induced increase in MDA level and reduce the migration of
white blood cells into the blood circulation while reducing
exercise-induced  inflammation.  Future  studies  should
explore  the  ideal  dosage  and  duration  of  vitamin  C
supplementation, as this will greatly enhance the study's
rigor, relevance, and contribution to exercise science and
nutritional supplementation.

AUTHORS’ CONTRIBUTIONS
PB conceived and designed the study. PB, VS, and AP

carried  out  all  the  experimental  work  and  statistical
analysis.  PB  participated  in  the  manuscript  design,



Ascorbic Acid Modifies the Immune Response 9

interpretation,  and  preparation.  All  authors  read  and
approved  the  final  manuscript.

LIST OF ABBREVIATIONS

AA = Ascorbic Acid
CD = Cluster of Differentiation
VO2max = Maximal Oxygen Uptake
ROS = Reactive Oxygen Species
RNA = Reactive Nitrogen Species
SOD = Superoxide Dismutase
BMI = Body Mass Index
mg = Milligram
h = Hour
EDTA = Ethylenediaminetetraacetic Acid
°C = Degree Celsius
g = Gravity
ALT = Alanine Aminotransferase
IFCC = International Federation of Clinical

Chemistry
CK = Creatine Kinase
MDA = Malondialdehyde
TBA = Thiobarbituric Acid
TBARS = Thiobarbituric Acid Reactive Substances
nm = Nanometer
μmol = Micromole
CBC = Complete Blood Count
DMST = Department of Medical Sciences Thailand
C. albicans = Candida albicans
NSS = Normal Saline Solution
CFU/mL = Colony Forming Unit Per Milliliter
FITC = fluorescein Isothiocyanate
RD1 = Phycoerythrin
PC5 = Phycoerythrin Cyanine 5
µL = Microliter
PBS = Phosphate-buffered Saline
SE = Standard Error
WBC = White Blood Cells
IL = Interleukin

ETHICS  APPROVAL  AND  CONSENT  TO
PARTICIPATE

The  study  and  the  protocol  were  approved  by  the
Ethics Research Committee from the Faculty of Associated
Medical  Sciences,  Chiang Mai University (AMSEC-62EX-
040).

HUMAN AND ANIMAL RIGHTS
No animals were used in this research. All procedures

performed in studies involving human participants were in
accordance  with  the  ethical  standards  of  institutional
and/or research committees and with the 1975 Declaration
of Helsinki, as revised in 2013.

CONSENT FOR PUBLICATION
Informed consent was obtained from all participants.

STANDARDS OF REPORTING
STROBE guidelines were followed.

AVAILABILITY OF DATA AND MATERIALS
All  data  generated  or  analyzed  during  this  study  is

included in this published article.

FUNDING
This research project was supported by Fundamental

Fund  2022,  Chiang  Mai  University  and  the  Faculty  of
Associated  Medical  Sciences,  Chiang  Mai  University.

CONFLICT OF INTEREST
The authors declare no conflict of interest, financial or

otherwise.

ACKNOWLEDGEMENTS
We acknowledge the superior  technical  assistance of

Suwatsin Kittikunnathum and Sukanya Dechying.

REFERENCES
De Lira CAB. Maximizing endurance: Exercise physiology’s role in[1]
elevating  athletic  performance.  Health  Nexus  2023;  1(3):
1-6.http://dx.doi.org/10.61838/kman.hn.1.3.1
Bloomer RJ, Goldfarb AH, Wideman L, McKenzie MJ, Consitt LA.[2]
Effects of acute aerobic and anaerobic exercise on blood markers
of  oxidative  stress.  J  Strength  Cond  Res  2005;  19(2):
276-85.PMID:  15903362
Risøy B, Raastad T, Hallén J, et al. Delayed leukocytosis after hard[3]
strength  and  endurance  exercise:  Aspects  of  regulatory
mechanisms.  BMC  Physiol  2003;  3(1):
14.http://dx.doi.org/10.1186/1472-6793-3-14  PMID:  14667246
Navalta  J,  Sedlock  D,  Park  KS.  Effect  of  exercise  intensity  on[4]
exercise-induced  lymphocyte  apoptosis.  Int  J  Sports  Med 2007;
28(6):  539-42.http://dx.doi.org/10.1055/s-2006-955898  PMID:
17357968
Smith  LL.  Cytokine  hypothesis  of  overtraining:  A  physiological[5]
adaptation to excessive stress? Med Sci Sports Exerc 2000; 32(2):
317-31.http://dx.doi.org/10.1097/00005768-200002000-00011
PMID: 10694113
Merry TL, Ristow M. Do antioxidant supplements interfere with[6]
skeletal muscle adaptation to exercise training? J Physiol 2016;
594(18):  5135-47.http://dx.doi.org/10.1113/JP270654  PMID:
26638792
Ristow  M,  Zarse  K,  Oberbach  A,  et  al.  Antioxidants  prevent[7]
health-promoting effects of physical exercise in humans. Proc Natl
Acad  Sci  2009;  106(21):
8665-70.http://dx.doi.org/10.1073/pnas.0903485106  PMID:
19433800
Gomez-Cabrera  MC,  Domenech  E,  Romagnoli  M,  et  al.  Oral[8]
administration  of  vitamin  C  decreases  muscle  mitochondrial
biogenesis  and  hampers  training-induced  adaptations  in
endurance  performance.  Am  J  Clin  Nutr  2008;  87(1):
142-9.http://dx.doi.org/10.1093/ajcn/87.1.142  PMID:  18175748

http://dx.doi.org/10.61838/kman.hn.1.3.1
http://www.ncbi.nlm.nih.gov/pubmed/15903362
http://dx.doi.org/10.1186/1472-6793-3-14
http://www.ncbi.nlm.nih.gov/pubmed/14667246
http://dx.doi.org/10.1055/s-2006-955898
http://www.ncbi.nlm.nih.gov/pubmed/17357968
http://dx.doi.org/10.1097/00005768-200002000-00011
http://www.ncbi.nlm.nih.gov/pubmed/10694113
http://dx.doi.org/10.1113/JP270654
http://www.ncbi.nlm.nih.gov/pubmed/26638792
http://dx.doi.org/10.1073/pnas.0903485106
http://www.ncbi.nlm.nih.gov/pubmed/19433800
http://dx.doi.org/10.1093/ajcn/87.1.142
http://www.ncbi.nlm.nih.gov/pubmed/18175748


10   The Open Sports Sciences Journal, 2024, Vol. 17 Bunpo et al.

Johnston  C,  Barkyoumb  G,  Schumacher  S.  Vitamin  C[9]
supplementation  slightly  improves  physical  activity  levels  and
reduces cold incidence in men with marginal vitamin C status: A
randomized  controlled  trial.  Nutrients  2014;  6(7):
2572-83.http://dx.doi.org/10.3390/nu6072572  PMID:  25010554
Bradshaw  MP,  Barril  C,  Clark  AC,  Prenzler  PD,  Scollary  GR.[10]
Ascorbic acid: A review of its chemistry and reactivity in relation
to  a  wine  environment.  Crit  Rev  Food  Sci  Nutr  2011;  51(6):
479-98.http://dx.doi.org/10.1080/10408391003690559  PMID:
21929328
Hemilä  H.  Vitamin  C  and  Infections.  Nutrients  2017;  9(4):[11]
339.http://dx.doi.org/10.3390/nu9040339 PMID: 28353648
Bunpo  P,  Anthony  TG.  Ascorbic  acid  supplementation  does  not[12]
alter oxidative stress markers in healthy volunteers engaged in a
supervised  exercise  program.  Appl  Physiol  Nutr  Metab  2016;
41(2):  175-80.http://dx.doi.org/10.1139/apnm-2015-0285  PMID:
26789096
Yimcharoen M, Kittikunnathum S, Suknikorn C, et al. Effects of[13]
ascorbic  acid  supplementation  on  oxidative  stress  markers  in
healthy  women  following  a  single  bout  of  exercise.  J  Int  Soc
Sports  Nutr  2019;  16(1):
2.http://dx.doi.org/10.1186/s12970-019-0269-8  PMID:  30665439
Bunpo P, Chatarurk A, Intawong K, Naosuk K, Klangsinsirikul P.[14]
Effects  of  ascorbic  acid  supplementation  on  immune  status  in
healthy  women  following  a  single  bout  of  exercise.  Sport  Sci
Health  2021;  17(3):
635-45.http://dx.doi.org/10.1007/s11332-020-00726-3
Gleeson M. Immune function in sport and exercise. J Appl Physiol[15]
2007; 103(1985): 693-9.
Żychowska  M,  Grzybkowska  A,  Zasada  M,  et  al.  Effect  of  six[16]
weeks  1000  mg/day  vitamin  C  supplementation  and  healthy
training in elderly women on genes expression associated with the
immune response a randomized controlled trial. J Int Soc Sports
Nutr  2021;  18(1):
19.http://dx.doi.org/10.1186/s12970-021-00416-6  PMID:
33653365
Bozonet  SM,  Carr  AC.  The  role  of  physiological  vitamin  c[17]
concentrations  on  key  functions  of  neutrophils  isolated  from
healthy  individuals.  Nutrients  2019;  11(6):
1363.http://dx.doi.org/10.3390/nu11061363  PMID:  31212992
Souza  D,  Vale  AF,  Silva  A,  et  al.  Acute  and  chronic  effects  of[18]
interval training on the immune system: A systematic review with
meta-analysis.  Biology  2021;  10(9):
868.http://dx.doi.org/10.3390/biology10090868  PMID:  34571745
Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal[19]
tissues by thiobarbituric acid reaction. Anal Biochem 1979; 95(2):
351-8.http://dx.doi.org/10.1016/0003-2697(79)90738-3  PMID:
36810
Jeong  SW,  Kim  SH,  Kang  SH,  et  al.  Mortality  reduction  with[20]
physical  activity  in  patients  with  and  without  cardiovascular
disease.  Eur  Heart  J  2019;  40(43):
3547-55.http://dx.doi.org/10.1093/eurheartj/ehz564  PMID:
31504416
Chaput  JP,  Willumsen J,  Bull  F,  et  al.  2020 WHO guidelines  on[21]
physical  activity  and  sedentary  behaviour  for  children  and
adolescents  aged  5–17  years:  Summary  of  the  evidence.  Int  J
Behav  Nutr  Phys  Act  2020;  17(1):
141.http://dx.doi.org/10.1186/s12966-020-01037-z  PMID:
33239009
Docherty S, Harley R, McAuley JJ, et al. The effect of exercise on[22]
cytokines:  Implications  for  musculoskeletal  health:  A  narrative
review.  BMC  Sports  Sci  Med  Rehabil  2022;  14(1):
5.http://dx.doi.org/10.1186/s13102-022-00397-2 PMID: 34991697
Jafari M, Pouryamehr E, Fathi M. The effect of eight weeks high[23]
intensity interval training (HIIT) on E-selection and p-selection in
young obese females. Int j Spo Stud Heal 2017; 1(1): e64336.
Barcellos  LAM,  Gonçalves  WA,  Esteves  de  Oliveira  MP,  et  al.[24]
Effect of physical training on exercise-induced inflammation and
performance  in  mice.  Front  Cell  Dev  Biol  2021;  9:
625680.http://dx.doi.org/10.3389/fcell.2021.625680  PMID:

33614655
Duthie SJ, Duthie GG, Russell WR, et al. Effect of increasing fruit[25]
and  vegetable  intake  by  dietary  intervention  on  nutritional
biomarkers and attitudes to dietary change: A randomised trial.
Eur  J  Nutr  2018;  57(5):
1855-72.http://dx.doi.org/10.1007/s00394-017-1469-0  PMID:
28560503
Żychowska M, Sadowska-Krępa E, Damiani E, et al. Differences in[26]
the pro/antioxidative status and cellular stress response in elderly
women after 6 weeks of exercise training supported by 1000 mg
of  vitamin  C  supplementation.  Biomedicines  2022;  10(10):
2641.http://dx.doi.org/10.3390/biomedicines10102641  PMID:
36289902
Simioni C, Zauli  G, Martelli  AM, et al.  Oxidative stress: Role of[27]
physical exercise and antioxidant nutraceuticals in adulthood and
aging.  Oncotarget  2018;  9(24):
17181-98.http://dx.doi.org/10.18632/oncotarget.24729  PMID:
29682215
Popovic LM, Mitic NR, Miric D, Bisevac B,  Miric M, Popovic B.[28]
Influence of  vitamin C supplementation on oxidative stress  and
neutrophil inflammatory response in acute and regular exercise.
Oxid  Med  Cell  Longev  2015;  2015:
1-7.http://dx.doi.org/10.1155/2015/295497  PMID:  25802681
Vona  R,  Pallotta  L,  Cappelletti  M,  Severi  C,  Matarrese  P.  The[29]
Impact  of  oxidative  stress  in  human  pathology:  Focus  on
gastrointestinal  disorders.  Antioxidants  2021;  10(2):
201.http://dx.doi.org/10.3390/antiox10020201  PMID:  33573222
Lamprecht  M,  Greilberger  J,  Oettl  K.  Analytical  aspects  of[30]
oxidatively modified substances in sports and exercises. Nutrition
2004; 20(7-8):  728-30.http://dx.doi.org/10.1016/j.nut.2004.04.016
PMID: 15212757
Tidball JG. Inflammatory processes in muscle injury and repair.[31]
Am  J  Physiol  Regul  Integr  Comp  Physiol  2005;  288(2):
R345-53.http://dx.doi.org/10.1152/ajpregu.00454.2004  PMID:
15637171
Gustafson  MP,  DiCostanzo  AC,  Wheatley  CM,  et  al.  A  systems[32]
biology  approach to  investigating  the  influence  of  exercise  and
fitness  on  the  composition  of  leukocytes  in  peripheral  blood.  J
Immunother  Cancer  2017;  5(1):
30.http://dx.doi.org/10.1186/s40425-017-0231-8 PMID: 28428879
Yamada M, Suzuki K, Kudo S, et al. Effect of exhaustive exercise[33]
on  human  neutrophils  in  athletes.  Luminescence  2000;  15(1):
15-20.http://dx.doi.org/10.1002/(SICI)1522-7243(200001/02)15:1
<15::AID-BIO570>3.0.CO;2-O PMID: 10660661
Orysiak  J,  Tripathi  JK,  Brodaczewska  KK,  et  al.  The  impact  of[34]
physical training on neutrophil extracellular traps in young male
athletes  a  pilot  study.  Biol  Sport  2021;  38(3):
459-64.http://dx.doi.org/10.5114/biolsport.2021.101117  PMID:
34475627
Krause  R,  Patruta  S,  Daxböck  F,  Fladerer  P,  Biegelmayer  C,[35]
Wenisch C. Effect of vitamin C on neutrophil function after high‐
intensity  exercise.  Eur  J  Clin  Invest  2001;  31(3):
258-63.http://dx.doi.org/10.1046/j.1365-2362.2001.00797.x PMID:
11264655
Davison  G,  Gleeson  M.  The  effect  of  2  weeks  vitamin  C[36]
supplementation on immunoendocrine responses to 2.5 h cycling
exercise  in  man.  Eur  J  Appl  Physiol  2006;  97(4):
454-61.http://dx.doi.org/10.1007/s00421-006-0196-7  PMID:
16685547
Hunter DC, Skinner MA, Wolber FM, et al. Consumption of gold[37]
kiwifruit  reduces  severity  and  duration  of  selected  upper
respiratory  tract  infection  symptoms  and  increases  plasma
vitamin C concentration in healthy older adults. Br J Nutr 2012;
108(7):  1235-45.http://dx.doi.org/10.1017/S0007114511006659
PMID:  22172428
Rodriguez C, Mayo JC, Sainz RM, et al. Regulation of antioxidant[38]
enzymes:  A  significant  role  for  melatonin.  J  Pineal  Res  2004;
36(1):  1-9.http://dx.doi.org/10.1046/j.1600-079X.2003.00092.x
PMID:  14675124
Kaplanski G, Marin V, Montero-Julian F, Mantovani A, Farnarier[39]

http://dx.doi.org/10.3390/nu6072572
http://www.ncbi.nlm.nih.gov/pubmed/25010554
http://dx.doi.org/10.1080/10408391003690559
http://www.ncbi.nlm.nih.gov/pubmed/21929328
http://dx.doi.org/10.3390/nu9040339
http://www.ncbi.nlm.nih.gov/pubmed/28353648
http://dx.doi.org/10.1139/apnm-2015-0285
http://www.ncbi.nlm.nih.gov/pubmed/26789096
http://dx.doi.org/10.1186/s12970-019-0269-8
http://www.ncbi.nlm.nih.gov/pubmed/30665439
http://dx.doi.org/10.1007/s11332-020-00726-3
http://dx.doi.org/10.1186/s12970-021-00416-6
http://www.ncbi.nlm.nih.gov/pubmed/33653365
http://dx.doi.org/10.3390/nu11061363
http://www.ncbi.nlm.nih.gov/pubmed/31212992
http://dx.doi.org/10.3390/biology10090868
http://www.ncbi.nlm.nih.gov/pubmed/34571745
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://www.ncbi.nlm.nih.gov/pubmed/36810
http://dx.doi.org/10.1093/eurheartj/ehz564
http://www.ncbi.nlm.nih.gov/pubmed/31504416
http://dx.doi.org/10.1186/s12966-020-01037-z
http://www.ncbi.nlm.nih.gov/pubmed/33239009
http://dx.doi.org/10.1186/s13102-022-00397-2
http://www.ncbi.nlm.nih.gov/pubmed/34991697
http://dx.doi.org/10.3389/fcell.2021.625680
http://www.ncbi.nlm.nih.gov/pubmed/33614655
http://dx.doi.org/10.1007/s00394-017-1469-0
http://www.ncbi.nlm.nih.gov/pubmed/28560503
http://dx.doi.org/10.3390/biomedicines10102641
http://www.ncbi.nlm.nih.gov/pubmed/36289902
http://dx.doi.org/10.18632/oncotarget.24729
http://www.ncbi.nlm.nih.gov/pubmed/29682215
http://dx.doi.org/10.1155/2015/295497
http://www.ncbi.nlm.nih.gov/pubmed/25802681
http://dx.doi.org/10.3390/antiox10020201
http://www.ncbi.nlm.nih.gov/pubmed/33573222
http://dx.doi.org/10.1016/j.nut.2004.04.016
http://www.ncbi.nlm.nih.gov/pubmed/15212757
http://dx.doi.org/10.1152/ajpregu.00454.2004
http://www.ncbi.nlm.nih.gov/pubmed/15637171
http://dx.doi.org/10.1186/s40425-017-0231-8
http://www.ncbi.nlm.nih.gov/pubmed/28428879
http://dx.doi.org/10.1002/(SICI)1522-7243(200001/02)15:1<15::AID-BIO570>3.0.CO;2-O
http://dx.doi.org/10.1002/(SICI)1522-7243(200001/02)15:1<15::AID-BIO570>3.0.CO;2-O
http://www.ncbi.nlm.nih.gov/pubmed/10660661
http://dx.doi.org/10.5114/biolsport.2021.101117
http://www.ncbi.nlm.nih.gov/pubmed/34475627
http://dx.doi.org/10.1046/j.1365-2362.2001.00797.x
http://www.ncbi.nlm.nih.gov/pubmed/11264655
http://dx.doi.org/10.1007/s00421-006-0196-7
http://www.ncbi.nlm.nih.gov/pubmed/16685547
http://dx.doi.org/10.1017/S0007114511006659
http://www.ncbi.nlm.nih.gov/pubmed/22172428
http://dx.doi.org/10.1046/j.1600-079X.2003.00092.x
http://www.ncbi.nlm.nih.gov/pubmed/14675124


Ascorbic Acid Modifies the Immune Response 11

C. IL-6: A regulator of the transition from neutrophil to monocyte
recruitment  during inflammation.  Trends Immunol  2003;  24(1):
25-9.http://dx.doi.org/10.1016/S1471-4906(02)00013-3  PMID:
12495721
Chen Y, Luo G, Yuan J, et al. Vitamin C mitigates oxidative stress[40]
and  tumor  necrosis  factor-alpha  in  severe  community-acquired
pneumonia  and  LPS-induced  macrophages.  Mediators  Inflamm
2014;  2014:  1-11.http://dx.doi.org/10.1155/2014/426740  PMID:
25253919
Righi NC, Schuch FB, De Nardi AT, et al. Effects of vitamin C on[41]
oxidative  stress,  inflammation,  muscle  soreness,  and  strength
following  acute  exercise:  meta-analyses  of  randomized  clinical
trials.  Eur  J  Nutr  2020;  59(7):
2827-39.http://dx.doi.org/10.1007/s00394-020-02215-2  PMID:
32162041
Härtel C, Strunk T, Bucsky P, Schultz C. Effects of vitamin C on[42]
intracytoplasmic  cytokine  production  in  human  whole  blood
monocytes  and  lymphocytes.  Cytokine  2004;  27(4-5):

101-6.http://dx.doi.org/10.1016/j.cyto.2004.02.004  PMID:
15271375
Gleeson M, Robertson JD, Maughan RJ. Influence of exercise on[43]
ascorbic  acid  status  in  man.  Clin  Sci  (Lond)  1987;  73(5):
501-5.http://dx.doi.org/10.1042/cs0730501  PMID:  3677557
Padayatty SJ, Doppman JL, Chang R, et al. Human adrenal glands[44]
secrete vitamin C in response to adrenocorticotrophic hormone.
Am  J  Clin  Nutr  2007;  86(1):
145-9.http://dx.doi.org/10.1093/ajcn/86.1.145  PMID:  17616774
Maeng HG, Lim H, Jeong Y, et al. Vitamin C enters mouse T cells[45]
as dehydroascorbic acid in vitro and does not recapitulate in vivo
vitamin  C  effects.  Immunobiology  2009;  214(4):
311-20.http://dx.doi.org/10.1016/j.imbio.2008.09.003  PMID:
19327547
Roberts  LA,  Beattie  K,  Close  GL,  Morton  JP.  Vitamin  C[46]
consumption does not impair  training-induced improvements in
exercise  performance.  Int  J  Sports  Physiol  Perform  2011;  6(1):
58-69.http://dx.doi.org/10.1123/ijspp.6.1.58 PMID: 21487150

http://dx.doi.org/10.1016/S1471-4906(02)00013-3
http://www.ncbi.nlm.nih.gov/pubmed/12495721
http://dx.doi.org/10.1155/2014/426740
http://www.ncbi.nlm.nih.gov/pubmed/25253919
http://dx.doi.org/10.1007/s00394-020-02215-2
http://www.ncbi.nlm.nih.gov/pubmed/32162041
http://dx.doi.org/10.1016/j.cyto.2004.02.004
http://www.ncbi.nlm.nih.gov/pubmed/15271375
http://dx.doi.org/10.1042/cs0730501
http://www.ncbi.nlm.nih.gov/pubmed/3677557
http://dx.doi.org/10.1093/ajcn/86.1.145
http://www.ncbi.nlm.nih.gov/pubmed/17616774
http://dx.doi.org/10.1016/j.imbio.2008.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19327547
http://dx.doi.org/10.1123/ijspp.6.1.58
http://www.ncbi.nlm.nih.gov/pubmed/21487150

	[1. INTRODUCTION]
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	2.1. Participants and Design
	2.2. Determination of Routine Blood Chemistry Analysis, Non-Esterified Fatty Acid (NEFA), Hydroxybutyrate, and Total Creatine Kinase (total CK)
	2.3. Determination of Plasma TBARS
	2.4. Determination of Total Antioxidant Status (TAS), SOD, Ascorbic Acid and Interleukin-6 (IL-6)
	2.5. Determination of Hematological Parameters
	2.6. Assessment of Peripheral Neutrophil Functions
	2.7. Immunophenotyping of Peripheral Blood Lymphocytes
	2.8. Statistical Analysis

	3. RESULTS
	3.1. Participant Characteristics
	3.2. Changes in Levels of Oxidative Stress Markers, Muscle Damage Markers, Glucose, Ascorbic Acid, NEFA, Hydroxybutyrate, and Inflammatory Marker
	3.3. Changes in the Population of White Blood Cells
	3.4. Flow Cytometric Analysis of CD4+ and CD8+ Lymphocytes
	3.5. Neutrophil Phagocytosis Assay

	4. DISCUSSION
	CONCLUSION
	AUTHORS’ CONTRIBUTIONS
	LIST OF ABBREVIATIONS
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	STANDARDS OF REPORTING
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES


