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Abstract

Background: Cashew apple juice (CAJ) was shown to improve immunological mechanisms by regulating a balance
between reactive oxygen species and antioxidant concentrations. However, no study exploring the effects of the
CAJ and training status on the immune system and oxidative stress induced by exercise. Therefore, we investigated
the effects of CAJ supplementation primarily on leukocyte counts and secondary on oxidative stress and cortisol
changes after high-intensity exercise in trained and untrained men.

Methods: Ten moderately (endurance) trained (Age =215+ 0.97 yr, VO2max = 45.6 + 4.12 mL/kgBM/min) and ten
sedentary men (Age =204 + 2.72 yr,, VO2peak = 32.2 £ 7.26 mL/kgBM/min) were randomized to ingest either daily
CAJ or a placebo at 3.5 ml/kgBM/day for 4 weeks, with a four-week washout period. Before and after each period,
they performed 20-min, high-intensity cycling (85% VO2max), with blood samples collected immediately preceding
and the following exercise. Samples were analyzed to determine leukocyte counts, malondialdehyde, 8-isoprostane,
and cortisol concentrations. A repeated measures analysis of variance was used to examine the effects of
supplement and training status over time with an alpha level of 0.05.

Results: There was no interaction between supplement and training status on those variables before and after
exercise. However, CAJ raised resting neutrophil counts and exercise-induced leukocyte counts in the trained group
(all p <0.05). Besides, CAJ significantly reduced plasma malondialdehyde concentrations at rest and after exercise
and reduced the post-exercise plasma 8-isoprostane concentration in both groups of subjects (p < 0.05). Moreover,
CAJ reduced plasma cortisol after exercise in the untrained subjects.

Conclusions: We suggest that 4-week CAJ supplementation can enhance exercise-induced leukocyte and resting
neutrophil counts in trained men. The possible mechanism is a reduction in oxidative stress. However, the
supplementation did not change the immune responses of untrained men, but it did reduce stress hormone
concentrations.

Trial registration number: TCTR20181127002 Registered 26 November 2018 “retrospectively registered”.

Keywords: Cashew, Leukocyte, Oxidative stress, Vitamin C, Exercise, Training

* Correspondence: naruemon@kku.ac.th

“Department of Physiology, Faculty of Medicine, Khon Kaen University, Khon
Kaen 40002, Thailand

SExercise and Sport Sciences Development and Research Group, Khon Kaen
University, Khon Kaen 40002, Thailand

Full list of author information is available at the end of the article

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12970-019-0299-2&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:naruemon@kku.ac.th

Prasertsri et al. Journal of the International Society of Sports Nutrition

Introduction

High-intensity aerobic training has been shown to sup-
press leukocyte counts in moderately fit athletes [1].
There are two possible mechanisms explaining the
exercise-induced attenuation of leukocyte counts, in-
cluding increased oxidative stress and stress hormone
concentrations (e.g., cortisol and catecholamines [2—4]).
Appropriate nutritional supplementation might prevent,
or help to offset, those immunosuppressive effects dur-
ing high-load endurance training, especially when ex-
posed to more extreme environments. Besides, such
supplementation could be beneficial to sedentary indi-
viduals who perform less-frequent, high-intensity exer-
cise. However, there is currently insufficient research
regarding the efficacy of nutritional supplements.

Cashew apple juice (CAJ), a product of cashew manu-
facturing, has been reported to improve immunological
mechanisms by regulating balance between reactive
oxygen species and antioxidant concentrations in mice
[5]. Previous studies confirmed that four- and 12-week-
consumption of CAJ elicited antioxidant effects in both
untrained and trained subjects [6, 7]. That effect may
have been due to its essential nutritional components,
including vitamin C and anacardic acids, which have
established antioxidant activity [8, 9]. Moreover, the
link between antioxidant supplementation and reduc-
tions in plasma cortisol concentration following strenu-
ous exercise have now been established [10, 11].
Indeed, it is possible that CAJ acts to attenuate the im-
munosuppressive effect following both overload train-
ing and a single bout of high-intensity exercise in
sedentary individuals. Besides, CAJ supplementation
was shown by our previous study to increase endurance
and strength performance [6]. The improved perfor-
mances may be due to the improved immune system,
oxidative stress and stress hormone. However, the
chronic effect of CAJ ingestion on the exercise-induced
leukocyte counts, oxidative stress and circulating corti-
sol in trained and untrained populations remain
unknown.

Therefore, we investigated the chronic effects of CAJ
supplementation on primarily on leukocyte counts and
secondary on oxidative stress and cortisol changes in
both endurance-trained and sedentary subjects before,
and after, a bout of high-intensity, endurance exercise.
Our aim was to explore possible advantageous effects of
CAJ supplementation, and, if present, to identify the
possible mechanisms underlying those effects. It was hy-
pothesized that CAJ supplementation would enhance
leukocyte counts, and that such a change would be asso-
ciated with an attenuation of oxidative stress and circu-
lating cortisol concentrations. Finally, it was postulated
that those effects would be positively influenced by en-
durance training status.
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Methods

Study design

A randomized, double-blind, crossover design was used for
this experiment, with two treatment arms; CAJ supplemen-
tation and placebo (PLA). Ten moderately (endurance)
trained and untrained men were randomized to ingest ei-
ther daily CAJ or a placebo at 3.5 mL/kgBM/day for four
weeks, with a four-week wash out period. Before and after
each period, they performed 20-min, high-intensity cycling
(85% VOaqpmay)- All subjects were informed both verbally,
and in writing, as to the possible risks of the study before
signing a consent form. All experimental procedures were
approved by the Human Ethical Committee of Khon Kaen
University (Thailand; HE531365), and followed the ethical
guidelines of the most recent Declaration of Helsinki (Edin-
burgh, 2000). This study was also retrospectively registered
in the Thai Clinical Trials Registry (TCTR; identification
number TCTR20181127002). Based on the observations of
Ozaslan et al. (2004) [12], in which vitamin C supplementa-
tion (4 mg/day for four weeks) increased leukocyte counts
by 7.3% compared to a control group, power calculations
(80% power and alpha level of 0.05) were used to determine
the required sample size to observe a 5% increase in
leukocyte counts. Accordingly, the sample size for this
study was ten subjects for each of the two experimental
groups (endurance-trained and sedentary).

Subjects

Ten moderately trained men and ten untrained men in
Khon Kaen province undertook this study (Table 1). Sub-
jects were recruited during January 2012—December 2012.
Before enrolling, all subjects were examined general
health, including blood chemistry, health questionnaires,
and physical examinations. This was a single-gender in-
vestigation, since gender influences on oxidative stress
and the inflammatory response to exercise have been re-
ported. Both population samples were of a similar age and
of normal body mass for Thai adults since both factors
affect oxidative stress biomarkers and antioxidant re-
sponses to exercise [13]. The following inclusion criteria
were applied to both groups: 1) an absence of any health-
related conditions 2) no use of any nutritional supple-
ments for at least 6 months, but also during this study, c)
non-smokers or drinkers. Finally, the untrained subjects
had a sedentary lifestyle, and did not perform exercise of
any form more than twice per week, while trained subjects
performed moderate- to high-intensity endurance exercise
at least six days per week for at least the previous two years.

Baseline measurements

Baseline data were collected prior to commencing supple-
mentation (Table 1), including routine medical examina-
tions and measurements of body height, mass, body mass
index (BMI), and body composition. Fat distribution was
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Table 1 Baseline physical and physiological characteristics of
subjects

Untrained group ~ Trained group P value

(n=10) (n=10)

Age (yr) 204 £ 2.72 215+ 097 0.24
Body mass (kg) 62.7 + 830 672 +10.18 0.29
Height (m) 169 £ 0.06 1.70 £ 0.07 0.36
BMI (kg/m?) 219+1.73 227 £235 038
Waist circumference (cm) 73.6 + 6.87 756 + 427 043
Hip circumference (cm) 922 +505 923 + 496 097
W/H ratio 0.80 + 0.04 0.80 £ 0.03 0.19
Body fat (%) 219 + 809 16.1 £ 6.58 0.10
Fat mass (kg) 143 + 561 138 + 828 0.88
Fat free mass (kg) 489 + 5.68 50.8 + 4.95 043
VO, peak (MlkgBM/min) 322+726 456 + 412 0.00
VO, max (MI/kgBM/min)

\:/OZ,peak (mI/kgFFM/min)  42.2 £ 7.69 585 + 4.86 0.00
VO, max (MI/kgFFM/min)

Work rate., (watts) 136 + 14.30 177 £ 1337 0.00

Values are mean + SD, n =10 in each group. BM body mass, BMI body mass
index, W/H waist to hip circumference, VOz,peak peak oxygen consumption,
VOZM,X maximal oxygen consumption, FFM fat free mass, Work rate
maximal work rate

P value < 0.05, significantly different from the untrained group

estimated from the ratio of waist and hip circumferences.
Body composition (excluding cranium) was assessed using
dual emission X-ray absorptiometry (DXA; Lunar Prodigy
whole-body scanner, GE Medical System, USA).

Supplementation protocol

Two treatments were used within each of the population
samples: an experimental CAJ supplementation and a
control PLA supplementation. The CAJ supplement (Sri-
supphaluck Orchid Co., Ltd., Phuket, Thailand) was com-
posed of vitamin C (3.36 mg/100g), branched-chain
amino acids of leucine (1.64 mg/100 g), isoleucine (3.04
mg/100g), and valine (0.19 mg/100g), and contained a
total sugar content of 69.8g/100 mL) [6]. The PLA was
prepared with a total sugar equal to that of the CAJ. Both
supplements were provided at a body-mass dependent
concentration of 3.5 mL/kg/day.

Randomization

Within each of the subject groups (1:1), an electronic
randomization procedure was used to assign an equal
number of participants into either the experimental or
control supplementation groups (Fig. 1). Each number
was kept in a sealed envelope before the allocation. A re-
searcher who generated the random allocation sequence
was different from the one who enrolled participants,
and assigned participants to interventions.
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Study protocol

Prior to commencing supplementation, all subjects per-
formed an incremental exercise test [6] to volitional ex-
haustion, thereby permitting the determination of peak
oxygen consumption (VOz,peak) and maximal work rate
for every participant (Table 1). One week later, they
commenced the 12-week nutritional supplementation
phase, commencing with four weeks of supplement
administration, followed by a washout period (four
weeks) before entering the second arm of supple-
mentation. Immediately before and after supplemen-
tation, each participant performed a 20-min bout of
high-intensity cycling (Corival, Lode B.V., The
Netherlands), the intensity of which was set at 85%
of each person’s maximal work rate. Expired-gas
samples were collected throughout (PowerLab 8/30
AD Instruments, Australia), as were oxygen satur-
ation, heart rate, and electrocardiographic data (Ni-
hon Kohden Monitoring System Network, Japan).
Venous blood samples (12 mL) were taken from the
antecubital vein and collected into EDTA-treated
and lithium heparin-treated tubes. Those samples
were collected before and after this exercise bout,
and used to analyze leukocyte counts and the
concentrations of plasma 8-isoprostane, malondialde-
hyde, and serum cortisol. Whole blood for leukocyte
counts remained capped at an ambient temperature
was analysed within four hours. Room temperature
was 24 +2°C and humidity during testing was 59 +
8%. All tests were performed at the same time of the
day.

Subjects were instructed not to alter their diets or
physical activities all over the course of the entire 12
weeks of this experiment. One week before beginning
and finishing the experiment, subjects were asked to rec-
ord their daily diet and physical activity patterns for
three days of that week; two days from the middle of the
week and one weekend day.

Analysis of leukocyte counts and serum cortisol
concentration

Whole blood sample for three mL in an EDTA-treated
tube was analyzed for the counts of total leukocyte,
monocyte, neutrophil, and lymphocyte using the routine
hematology laboratory method (XT-2000i Automated
Hematology Analyzer, Meditop Inc., Bangkok, Thailand)
in Srinagarind hospital, Faculty of medicine, Khon Kaen
University. The Automated Hematology Analyzer was
calibrated before every measurement.

Blood sample for three mL in a lithium heparin-treated
tube was analyzed for serum cortisol concentration using
the radioimmunoassay technique in Srinagarind hospital,
Faculty of medicine, Khon Kaen University. The assay is
based on the competition between the labelled cortisol
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and cortisol contained in calibrators or specimens to be
assayed for a fixed and limited number of antibody
binding sites bound to the solid phase. After incubation,
the unbound tracer is easily removed by a washing step.
The amount of labelled cortisol bound to the antibody is
inversely related to the amount of unlabelled cortisol ini-
tially present in the sample.

Analysis of plasma MDA and 8-isoprostane

concentrations

Blood samples (3 mL) in the EDTA-treated tubes were cen-
trifuged at 4 °C and 2,500 g for 15 min to remove red blood
cells and to recover plasma. The concentration of plasma
MDA was analyzed indirectly from the concentration of
Thiobarbituric acid reactive substances using Draper’s
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method [14]. The basis of the TBA methods is the
reaction of MDA with TBA at low pH and high
temperature to form a colored complex, the MDA-
TBA complex, with an absorption maximum at 532-
535nm that can be measured by visible absorption
spectrophotometry.

The concentration of plasma 8-isoprostane was analyzed
using 8-isoprostane EIA kit (Cayman Chemical Company,
USA). The competition between 8-isoprostane and 8-
isoprostane acetylcholinesterase (AChE) conjugate for
specific antiserum binding sites. The product of the en-
zymatic reaction has yellow colour and absorb at 412 nm.
The intensity of colour measured by spectrophotometer.
The amount of free 8-isoprostane show as inversely pro-
portional with intensity.

Statistical analyses

Data were tested for normal distribution (Shapiro-
Wilks), homogeneity of variance (Levene’s test of equal-
ity of error variance), and sphericity (Mauchly’s). Data
were then compared between the CAJ and the PLA sup-
plements, and between the trained and untrained sub-
jects using two-way analysis of variance (repeated
measures). The data were initially compared prior to
commencing the supplements using a one-way analysis
of variance (ANOVA) with an alpha level of 0.05 to en-
sure there was no significant treatment order effect of
supplement. A two-way analysis of variance (ANOVA)
with an alpha level of 0.05 was run to evaluate the inter-
action effects of nutritional supplementation and the en-
durance training status at rest and after exercise, before
and after the supplementation. When significant interac-
tions were observed, post hoc analysis was performed
using Tukey test comparison. Effect sizes were reported
as partial Cohen’s d with the following effect thresholds:
small (d=0.2), medium (d=0.6) and large (d=1.2). All
data are shown as mean with standard deviations (+).
Probabilities at the 5% level were considered as statisti-
cally significant. All statistics were evaluated using SPSS
Statistics for Windows (IBM Inc., Armonk, NY, USA).

Results

Pre-experimental status

Prior to commencing this experiment, the aerobic power
of the two population samples differed significantly, re-
gardless of fat-free mass or total-body mass (p <0.05;
Table 1). There were no significant differences in baseline
anthropometrics, body composition, or physiological char-
acteristics between the subject groups (p > 0.05; Table 1).
Similarly, the baseline immunological variables and cell
counts did not differ, and were within the reference inter-
vals for people of normal health. Furthermore, we did not
find any treatment order effect on all variables in both
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untrained and trained subjects (p > 0.05). Furthermore, no
harmful effect from the experiment to all subjects.

Leukocyte counts at rest and immediately after exercise
There was a significant main effect of supplementation
(F=6.77, p =0.02, effect size = 0.29), with the CAJ sup-
plement resulting in a greater total leukocyte counts im-
mediately after exercise (Fig. 2a; CAJ vs PLA: 9.44 +1.41
vs 7.91 +2.23 x 10% cells/pL; mean difference = 1.53, 95%
Cl=-2.83, - 0.24, p =0.03). Furthermore, there was a
significant supplement effect on the resting neutrophil
counts (F=11.25, p =0.00, effect size =0.40). In this
case, CA]J significantly produced increased resting neu-
trophil counts (Fig. 2b; CAJ vs PLA: 3.23+0.84 vs
2.34 +1.43 x 10® cells/uL; mean difference = 0.89, 95%
Cl=-1.66, - 1.26, p =0.03). However, neither CAJ nor
PLA modified lymphocyte (Fig. 2c) or monocyte counts
(Fig. 2d) in either subject group, either at rest or imme-
diately after exercise. Finally, there was no interaction
between supplement and training status over time for
the leukocyte counts (total leukocyte: F=0.27, p =0.61;
neutrophil: F=0.59, p =0.45; monocyte: F=2.07, p =
0.17; lymphocyte: F=0.00, p =0.97). Both trained and
untrained groups had increased leukocyte, neutrophil,
and lymphocyte counts after exercise compared with be-
fore exercise in both supplement groups (p < 0.05). Only
monocyte counts before both supplementations in un-
trained subjects was increased after exercise compared
with before exercise (p < 0.05).

Oxidative stress at rest and immediately after exercise
There was no effect of training status on any of the oxida-
tive stress markers, either before or after supplementation
(all p >0.05). Similarly, there was no interaction between
the supplementation and training status of the two groups
in oxidative stress markers (Figs. 3 and 4; malondialde-
hyde and 8-isoprostane concentrations; F = 0.61, p = 0.45),
either before or following supplementation.

A significant main (supplement) effect was observed on
resting MDA concentration (Fig. 3; F=117.12, p =0.00,
effect size=0.87). For the resting (pre-exercise) MDA
concentrations, there were significantly lower plasma
MDA concentrations in both untrained and trained
groups following CAJ supplementation, relative to PLA
supplementation at the same point of the experiment (Fig.
3; CAJ vs PLA: 5.85+1.71 vs 8.83 + 1.88 umol/mL in un-
trained group; mean difference = 2.99, 95% CI = 1.42-4.56,
p =0.00; and 5.00 + 1.02 vs 7.22 + 1.14 pmol/mL in trained
group; mean difference =2.23, 95% CI=1.17-3.28, p =
0.00). After PLA supplementation, and when compared
with the pre- supplementation status, resting MDA con-
centrations were increased in both trained and untrained
groups (p < 0.05).
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Following an acute exercise bout, and after the four-
week supplementation period, a significant supplement
effect on plasma MDA concentrations was observed
(F=117.12, p = 0.00, effect size = 0.87). Immediately after
exercise, plasma MDA concentrations in both untrained
and trained groups were significantly increased but
lower when those subjects had been taking the CA]J
supplementation, relative to values observed following
the PLA (Fig. 3; CAJ vs PLA: 7.07+2.50 vs 12.28 +
1.57 pmol/mL in untrained group; mean difference =
521, 95% CI=3.50-6.91, p =0.00; and 6.37 £ 1.25 vs
9.60 + 1.29 pmol/mL in trained group; mean difference =
3.23, 95% CI = 1.95-4.51, p = 0.00).

A significant supplementation effect was observed on
plasma 8-isoprostane concentration immediately after
acute exercise (F=18.18, p =0.00, effect size = 0.50). Fol-
lowing that exercise, there were significantly lower plasma
8-isoprostane concentrations in both untrained and
trained groups, when those subjects had been taking the
CAJ supplementation, relative to the PLA observations

from the same time point (Fig. 4; CAJ vs PLA: 17.51 ¢
4.50 vs 25.37 £+ 5.17 pg/mL in untrained group; mean dif-
ference = 7.86, 95% CI = 3.62—12.10, p = 0.00; and 16.09 +
6.53 vs 28.92 + 12.98 pg/mL in trained group; mean differ-
ence = 12.83, 95% CI=3.62-22.04, p =0.01). However,
immediately after the acute exercise bout, plasma 8-
isoprostane concentrations were increased during PLA
supplementation in untrained group (p < 0.05).

Cortisol concentrations at rest and immediately after
exercise

The concentrations of resting cortisol before exercise
were not different between the CAJ and PLA supple-
mentations in untrained and trained groups (Fig. 5; p >
0.05). There was also no interaction effect between ei-
ther of these supplements and training status of the two
population samples on cortisol concentration (F=0.13,
p =0.73), either before and after supplementation. There
was, however, a significant supplementation effect on
serum cortisol concentrations immediately after acute
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exercise (F=10.37, p =0.01, effect size = 0.39). Immedi-
ately after exercise, plasma cortisol concentrations in
both untrained and trained group were not significantly
changed from before exercise (p < 0.05). However, in this
condition cortisol concentrations in untrained group
were significantly lower when they had been taking the
CAJ supplement, relative to PLA supplement (Fig. 5;
CAJ vs PLA: 16.77 +3.48 vs 22.29 +7.16 ug/dL; mean
difference = 5.52, 95% CI=0.59-10.45, p =0.03), but
there was no change observed in endurance-trained
group (p > 0.05).

Discussion

The novel findings of the current study were that CA]J
supplementation for four weeks increased leukocyte
counts, while simultaneously decreasing oxidative stress,
following an acute bout of high-intensity exercise in
trained men. Furthermore, the CAJ supplementation in-
creased neutrophil counts while simultaneously reducing
oxidative stress and stress hormone concentrations in
untrained men. These antioxidant effects following exer-
cise were observed in both endurance-trained and un-
trained men. Furthermore, CAJ supplementation even
decreased oxidative stress at rest. Since there was no ap-
parent influence of endurance training status, that is,
both groups of subjects revealed similar results, then it
is concluded that CAJ supplementation is beneficial to
men, both in resting states and in response to an acute
bout of high-intensity aerobic exercise. It remains uncer-
tain whether these effects will also occur in women.

These results partially supported our main hypotheses
concerning the enhancement of leukocyte and neutrophil
counts in response to high-intensity endurance exercise in
trained men, although there were no changes in the other
leukocyte classes, such as monocytes and lymphocytes.
This seems to show that CAJ supplementation has a posi-
tive effect of immunosuppression. Our secondary hypoth-
eses, in which mechanisms of immunosuppression were
postulated, was also supported. That is, there was reduced
oxidative stress, which was brought about by attenuating
lipid peroxidation and stress hormone (cortisol) concen-
trations. The reduction in lipid peroxidation as indicated
by decreasing concentrations of MDA and plasma 8-
isoprostane, a high-specific biomarker.

The increased exercise-induced leukocyte counts
after four-week CAJ supplementation seem to show
the pro-inflammatory effect, which is essential to
growing muscles strength. Exercise-induced micro-
tears cause the inflammation in the muscles which
must be repaired and rebuilt. Although leukocyte
counts are in the normal range in the trained and un-
trained subjects in this study, which may be due to
their moderate training, which may be not severe
enough, the increased leukocyte counts after the
high-intensity exercise may be applied for the highly
trained individuals who suffered from the immuno-
suppression. We have a limitation for this point. Be-
sides, a process of inflammation includes vasodilation
induced by cytokines leading to increased blood flow
and immune cell to the injured site. The vasodilation
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in this study is supported by the increased nitric
oxide, which is vasodilator in trained subjects.

Antioxidants are essential for sustaining an efficient
immune response [15-17], and vitamin C are likely to
support the immune system in combatting oxidative
stress [18]. CAJ has been reported to improve immuno-
logical mechanisms by regulating the balance between
reactive oxygen species and antioxidant concentrations
in mice [5]. Previous studies confirmed that four- and
12-week-consumption of CAJ elicited antioxidant effects
in both untrained and trained subjects [6, 7]. The CA]J
supplement contained a significant vitamin C content
(3.36 mg/100 g), and although evidence of an efficacious
influence from exogenous antioxidant vitamin C on im-
mune function during exercise is limited, some groups
have shown that vitamin C helps to strengthen and pro-
tect the immune system [17, 19].

The role of vitamin C is counteracting ROS prolifera-
tion induced by the high-intensity exercise [19], is be-
lieved to occur through helping maintain the redox
integrity of the immune cells [17]. It has also been re-
ported that vitamin C stimulates antibody and immune
system cellular activity, such as that of the phagocytes
and neutrophils [20]. Vitamin C supplementation seems
to enhance lymphocyte proliferation, neutrophil chemo-
taxis, and phagocytosis of phagocytes, and thereby pro-
mote microbial killing [18]. Besides, vitamin C also acts
as an essential factor for developing the maturation of T
cells, which are a class of lymphocytes [21].

Therefore, on its own, vitamin C should prove benefi-
cial. However, the CAJ also contains another antioxidant,
the anacardic acids. The presence of anacardic acids in the
CAJ may, in addition to the effect of vitamin C, help pre-
vent the generation of superoxide radicals by inhibiting
xanthine oxidase, and by increasing heme oxygenase-1,
which is an antioxidant enzyme within the immune sys-
tem [22]. Overall, the combined antioxidant content of
CAJ may act synergistically to reduce oxidative stress and
improve leukocyte counts, both at rest and during an
acute bout of high-intensity exercise. The results of the
current experiment open the possibility that supplementa-
tion with CAJ has the potential to enhance immune func-
tion, and to reduce the risk of infections and illness that
are sometimes experienced following acute bouts of high-
intensity endurance exercise and training [19].

The changes in the immune cell counts may be attrib-
uted to decreases in lipid peroxidation. The decrease in
plasma 8-isoprostane and MDA concentrations resulting
from CAJ supplementation observed in this study are in
agreement with previous studies [23, 24]. Previous re-
search from the current group demonstrated a signifi-
cant increase in plasma vitamin C concentration in both
trained and untrained subjects compared to a PLA
supplement, following a similar four-week CA]J
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supplementation [6]. Those results might be explained,
at least in part, by counteracting the interaction of ROS
with membrane lipids, resulting in lipid peroxidation.
Vitamin C can reduce the initiation of ROS so that both
the initial and prolonged lipid peroxidation is reduced
[25], and therefore reducing the production of 8-
isoprostane and MDA. Moreover, vitamin C can react
with the plasma membrane by donating electrons to the
a-tocopheroxyl radical and a trans-plasma membrane
oxidoreductase activity [26], leading to decreased oxi-
dant products.

Although the current CAJ supplementation did not
improve the leukocyte counts in untrained men, it did
reduce the exercise-induced secretion of cortisol. It is
postulated that more prolonged supplementation with
CAJ may be beneficial to the immune system by coun-
teracting stress hormone release during heavy exercise.
The reduction of cortisol concentration accompanying
CAJ supplementation after training in untrained in this
study was consistent with previous studies that have
shown that antioxidants, and in particular vitamin C,
can attenuate the rise in circulating cortisol in response
to exercise [10, 11]. For instance, Peters et al. [10, 11]
showed a significant reduction in post-exercise plasma
cortisol in participants supplemented with 1,000-1,500
mg vitamin C daily for seven days before exercise. Be-
sides, Carrillo et al. [27] reported a decrease in post-
exercise cortisol concentration in healthy individuals
supplemented with 1,500 mg vitamin C for 12 days.

Limitations

Apart from the changes in leukocyte and neutrophil
count in this study, there may be other beneficial
changes in immune functions as a result of the CAJ sup-
plementation. It is our limitation did not measure im-
mune function. Previous studies have found improved
phagocytic activity and oxidative burst of polymorpho-
nuclear cells following vitamin C treatment in patients
with type 2 diabetes mellitus [18]. Therefore, further re-
search on the effects of CAJ supplementation on the
polymorphonuclear cells functions is needed. The gen-
der difference was not currently investigated, so these
observations cannot, at this time, be generalized to
women. Besides, adding other antioxidants into the juice
may help in revealing a more beneficial effect. It is worth
to carry out such study since it may yield a useful drink
for sports person or health promotion.

Conclusion

From this experiment, it was found that a four-week
supplementation of CAJ enhanced exercise-induced
leukocyte and resting neutrophil counts in endurance-
trained men. The possible mechanism for this effect is
via a reduction in oxidative stress. While CA]J
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supplementation did not significantly modify leukocyte
counts in the untrained individuals, it did reduce their
oxidative stress and stress hormone responses. Conse-
quently, it is concluded that CAJ supplementation is
beneficial to men, both in resting states and in response
to an acute bout to high-intensity aerobic exercise.
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