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aid for physical exercise despite its limited evidence. The study

aimed to investigate the effects of a polyphenol mixture and

vitamins on exercise endurance capacity. Seventy regularly

exercising male participants were randomly assigned to receive

oligomerized lychee fruit extract, a mixture of vitamin C (800 mg)

and E (320 IU), or a placebo for 30 consecutive days. The study

results showed that oligomerized lychee fruit extract significantly

elevated the submaximal running time (p = 0.01). The adjusted

mean change was 3.87 min (95% CI: 1.29, 6.46) for oligomerized

lychee fruit extract, 1.33 (−1.23, 3.89) for the vitamins, and 1.60

(−1.36, 4.56) for the placebo (p = 0.33 in between groups). Oligo�

merized lychee fruit extract significantly increased the anaerobic

threshold by 7.4% (1.8, 13.0). On the other hand, vitamins signifi�

cantly attenuated VO2max by −3.11 ml/kg/m (−5.35, −0.87). Their

effects on plasma free radical amount, however, were similar. Our

results suggest that a polyphenol�containing supplement and

typical antioxidants may have different mechanisms of action and

that the endurance�promoting effect of oligomerized lychee fruit

extract may not directly come from the scavenging of free radicals

but may be attributed to other non�antioxidant properties of

polyphenols, which requires further investigation.

Key Words: polyphenol, lychee, antioxidant, vitamin, 

endurance capacity

IntroductionThere is considerable debate about the role and clinical
meaning of exercise-induced reactive oxygen species (ROS)

and antioxidant supplementation for exercise performance.(1,2)

Several studies have presented evidence that exercise can increase
ROS production(3–5) and that exercise-induce oxidative stress can
cause muscle fatigue.(6,7) Earlier studies concentrated mainly on
potential harmful effects of exercise-induced ROS, and many
types of antioxidant supplements were assessed as to whether they
prevent muscle fatigue and enhance exercise performance.(8,9)

While several animal studies have found that antioxidant supple-
ments delay muscle fatigue(10) and improve exercise performance,(11)

the clinical efficacy of antioxidants remains uncertain.(8,9,12) Why
most clinical trials have failed to show a significant ergogenic
effect of antioxidants remains unclear. Partial explanations may
include 1) an inadequate dosage and/or inadequate duration of
intake, 2) low bioavailability and the antioxidant capacity of
supplements, 3) the insufficient number of subjects in those

studies, or 4) the harmful effect of scavenging exercise–induced
ROS, which serve as cell signaling molecules.(13–15) In spite the
weak clinical evidence presented in these studies, antioxtidants
are known to be very commonly used.(16)

It was recently reported that polyphenolic flavonoids have
strong antioxidant effects. This may stem not only from direct
scavenging ROS but also from indirect modulation of multiple cell
signaling pathway.(17,18) Oligomerized lychee fruit extract (OLFE)
is a supplement made from lychee fruit pericarp. It is made by
technological oligomerization of polyphenol polymers in the
extract and contains a relatively large proportion of catechin-type
monomers and oligomers of proanthocyanidin.(19) Previous studies
showed that OLFE is safe(20) and that it has strong antioxidant
capacity and relatively high bioavailability.(21) These findings
suggest that OLFE is an appropriate candidate supplement with
specific ergogenic effects.

The objective of the study was to explore the hypothesis that
an antioxidant supplementation could improve the exercise
endurance performance in the form of two different types: a
mixture of polyphenols with antioxidant capacity (OLFE), and a
mixture of antioxidant vitamins in a placebo-controlled trial.

Materials and Methods

Eligibility and recruitment. We recruited participants
between August of 2007 and January of 2008 in Samcheok City
in Korea through advertisements on internet websites and local
community newspapers. The participants met the eligibility
criteria if they were aged between 20 and 65 years, non-smoking,
male, and had been performing regular aerobic exercise at least for
30 min per day and 3 days per week for at least 3 months up to the
time the study started. Subjects were excluded if they met any of
the following criteria: BMI>25 kg/m2 or body fat>25%; intake of
ergogenic agents or antioxidant supplements within 2 weeks prior
to the study (for example, polyphenols, Vitamin E, Vitamin C,
glutathione, α-lipoic acid, carotenoids, flavonoids, ubiquinone,
copper, zinc, iron, selenium, manganese); having a serious disease
such as severe pulmonary, gastrointestinal, hepatic, endocrinologic,
neurologic, or psychologic disease; any history of arrhythmia or
coronary artery disease such as angina pectoris, unstable angina,

T



 J. Clin. Biochem. Nutr. | March 2012 | vol. 50 | no. 2 | 107

©2012 JCBN
S.W. Kang et al.

acute myocardial infarction for the last 6 months; current
musculoskeletal problems such as foot and ankle pain, knee pain
or pelvic, or low back pain.

Participant eligibility was determined through medical history
and diet assessments; supplementation history; a physical activity
questionnaire; and by measuring the height, weight and body
composition in an bioelectrical impedance analysis (Zeus 9.9,
Jawon Medical CO., Ltd., Seoul, Korea). Written informed
consent was received from participants who had been informed of
the study purpose and methods including the process, duration,
possible side effects of the experimental supplements. They were
also told they could drop out of the study at any time. The study
protocol was approved by the Institutional Review Board of
the Seoul National University Hospital. It was registered at
www.clinicaltrial.gov (NCT00731926).

Materials. Eligible and consenting participants were randomly
allocated to receive either oligomerized lychee fruit extract (OLFE;
Oligonol®, Amino-Up Chemical Co., Ltd., Japan) or vitamin
mixture, or a placebo. OLFE was produced by oligomerization of
polyphenols extracted from lychee fruit pericarp, which contained
a relatively large amount of low-molecular-weight polyphenols
(about 33%) consisting of 15.7% polyphenol monomer ((+)-
catechin and (−)-epicatechin etc.) along with 13.3% polyphenol
dimer (procyanidin B2 etc.). More detailed information on prepa-
ration of OLFE can be found in the previous literature.(20,22) Dried
lychee fruits are extracted with 80% ethanol. The filtrate is
evaporated and passed through a DIAION HP-20 column, and
eluted with ethanol. The eluate is evaporated to dryness yielding a
dark brown powder which contains a mixture of proanthocyanidins.
The lychee extract is mixed with green tea extract, which provides
an enriched source of monomeric procyanidins, and citric acid in
water. The reaction mixture is heated at 60°C for 16 h, filtered
through a DIAION HP-20 column, washed with water and eluted
with 40% ethanol. Evaporation of the eluate finally yields a
reddish brown powder containing the monomeric and oligomeric
proanthocyanidin mixture. Fifty milligrams of OLFE powder was
packed into one milky capsule. One capsule of the vitamin mixture
contained 200 mg of vitamin C and 80 IU of vitamin E (α-tocoph-
erol). The placebo capsule contained 50 mg of dextrin. All study
supplements were contained in capsules of the same size, taste,
and color. All participants were instructed to intake 2 capsules
twice a day for 30 days. Therefore, the total intake dosages per day
were: 200 mg of placebo, 200 mg of OLFE, or a mixture of
vitamin C 800 mg and vitamin E 320 IU. Previous studies had
used a variety of dosages, ranging from 750 to 1000 mg of vitamin
C and 300 to 1200 IU of vitamin E but there was not a particular
consensus for the optimal dose.(23) We have chosen a combination
of tolerable doses from those ranges tried. A study reported that
200 mg of OLFE for 26 days of intake improved subjective feeling
of sports fatigue and fatigue recovery after exercise training in
amateur athletes,(24) which was considered as a reference for the
choice of dose for OLFE.

Randomization and study process. A computerized block
randomization sequence was prepared by the Medical Research
Collaborating Center at the Seoul National University Hospital.
The product manufacturer produced, packed, and labeled the study
regimens in bottles of the same size, shape and color in accordance
with the randomization sequence and dispatched the concealed
and serially numbered packages. For the duration of the study, the
product manager could be contacted at any time to open the
concealment in case of an emergency.

A trained registered dietitian instructed all participants to
maintain their regular exercise practice and normal diet and to
eschew any other supplementation that may affect the exercise
performance during the study period. All participants completed
daily food records for 2 days prior to each submaximal treadmill
test. The nutrition intake was calculated from recorded food items
using a computer-aided nutritional analysis program (CAN pro

ver. 3.0, 2005, Korea Nutrition Society, Korea).
We contacted all participants by phone every week during the

study period. With every phone call, the overall functioning,
difficulties with intervention adherence, and any adverse effects
by the subjects were assessed. The capsule count, as the primary
marker of compliance, was calculated at the end of the follow-up
period as the total number of capsules dispensed minus the number
returned divided by the total number of capsules dispensed.

Primary outcome. The primary outcome was the change in
the submaximal running time to exhaustion at 80% of the maximal
heart rate (HRmax). We conducted a treadmill test at 80% of
HRmax and measured the running time to exhaustion at the base-
line and after 30 days of supplementation. During the submaximal
treadmill test, the subjects kept running until they felt exhausted
and were incapable of continuing. The grade was controlled while
fixing the speed to keep the subjects’ heart rate in the range of 80%
HRmax ± 10 beats per minute under continuous monitoring. We
determined exhaustion when the rating of perceived exertion
(RPE) was 19, which meant ‘extremely hard’ (when they were not
capable of continuing for long at this pace), or when an abrupt
increase in the heart rate from a plateau state or a sudden decrease
of the running speed occurred. All subjects were prohibited from
strenuous exercise, drinking, and additional fruits or vegetables
for 3 days before the submaximal treadmill test. The submaximal
test was performed between 7:00 to 10:00 AM after a minimum of
10 h overnight fasting.

Secondary outcomes. We measured the VO2max three days
before the submaximal treadmill tests. To evaluate the VO2max,
all subjects participated in a maximal graded exercise test using a
motorized treadmill in accordance with the Bruce protocol, in
which the speed and grade were elevated every 3 min(25) using a
flow meter and a gas analyzer after a 5-min warm-up exercise
following measurement of the resting heart rate. Prior to each test,
both the flow meters and the gas analyzers were calibrated. The
temperature of the laboratory was maintained between 22 and
24°C, and the humidity was controlled at 50%. Expired gas was
collected and the rate of oxygen consumption (VO2) and that of
carbon dioxide production (VCO2) were measured on a mixing
chamber using a metabolic measurement system (TrueOne 2400,
Sandy, Utah). The maximal oxygen consumption rate was defined
as the highest value recorded during the test. The body fat-adjusted
maximal oxygen consumption rate (VO2max/fat-free mass) was
used in this study. It has been known that total body fat does not
affect maximal aerobic capacity but fat-free mass is a more
important factor in determining maximum aerobic capacity.(26,27)

The fat-adjusted maximal oxygen consumption rate has been
reported allowing a better prediction of outcomes, for example, in
chronic heart failure.(28)

The anaerobic threshold is commonly used as a surrogate
marker for the lactate threshold (LT), which has been suggested
as the best predictor of endurance capacity.(29,30) LT refers to the
workload cut-off value when the production of lactic acid over-
comes its removal rate, allowing it to start accumulating in the
blood and thus aggravate muscle fatigue and rapidly attenuate
exercise performance.(31) During the maximal treadmill test, the
anaerobic threshold was determined by the V-slope method(29)

after a computerized regression analysis of the slopes of the CO2

output versus the O2 uptake.
We measured the plasma free radical amount using the free

oxygen radicals test (FORT) at baseline and on the 30th day before
and after the submaximal treadmill test: the radical species
produced by the reaction were directly proportional to the quantity
of lipid peroxides present in the sample interact with an additive
(phenylenediamine derivative) that formed a radical molecule
evaluable by a spectrophotometer at 505 nm (FORMox, Callegari,
Parma, Italy). Results were expressed in FORT units, where 1
FORT unit corresponds to 0.26 mg/L of H2O2.

The serum lactate dehydrogenase (LDH) level was measured



doi: 10.3164/jcbn.11�46
©2012 JCBN

108

before and after the submaximal treadmill test. Blood was sampled
from the anticubital vein by venipuncture, and the serum LDH
concentration was analyzed using an ultraviolet spectrometer.

Sample size calculation. To estimate the effect size to deter-
mine the proper sample size, we conducted a small pilot study
involving 15 healthy male college students for 30 days. The study
process and measurements were identical to those in the main trial.
The sample size was calculated for an analysis of variance
(ANOVA), which is a method of test to find out whether means
from several groups differ, in terms of the change in the sub-
maximal running time to exhaustion at 80% HRmax as a primary
outcome. When we assumed that the maximum difference between
the OLFE and placebo was 4.5 and that the common standard
deviation was 4.5 min based on the results of the pilot study, the
required sample size was calculated to be 23 for each group,
allowing for a 15% drop-out rate at a significance level of 5%
(two–sided) and power of 80%.

Statistical analysis. The homogeneity of the baseline char-
acteristics between groups was evaluated by using an ANOVA. To
test any change after supplementation within the groups, a paired t
test was used for each group. The ANOVA was used to assess the
comparative differences between groups. To adjust for signifi-
cantly different baseline characteristics or to account for potential
confounders, an analysis of covariance (ANCOVA) was also
considered. As the baseline values of BMI, body fat, and fat-free
mass were significantly different among groups, and as they can
be regarded as the parameters that potentially affect the outcome
variables, we included those variables as covariates in the
ANCOVA models for adjustment. Since there was also a signifi-

cant between-group difference in age, although the age itself
may not substantially affect the outcomes, it was also considered
as one of the adjustment covariates in the ANCOVA models.
There was a significant imbalance between groups also found in
body weight, but we did not include this variable in the model for
adjustment as it was already counted in calculation of BMI.
Statistical significance was determined when p<0.05. All statistical
analyses were conducted using SPSS ver. 12.0 K.

Results

Study process. Fig. 1 shows the trial profile. After random-
ization of seventy participants, eleven participants were excluded
as they were found to have violated the eligibility criteria
(BMI>25 kg/m2), as identified during the data verification process.
The other fifty nine participants completed the trial protocol and
were available for data analysis. The compliance of all subjects
was very good and there was no significant difference in the
compliance between the groups (p = 0.06), although it was slightly
lower in the placebo group: OLFE (99.0%), vitamin C + vitamin E
(98.7%), placebo (97.2%). No adverse event was reported from
any enrolled participants.

Anthropometric data. The anthropometric characteristics
are presented in Table 1. Whilst the majority of the participants
were in their mid-twenties in all groups, participants in the placebo
group were younger on average (p = 0.02). The participants in
this group were also significantly lower in body weight, BMI,
body fat and fat-free mass compared to the other groups. While
maintaining their normal diet and regular physical exercise routine

Fig. 1. Flow diagram of the trial.
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during the 30 days of supplementation, the body weight signifi-
cantly increased in the vitamin (p = 0.001) and placebo (p = 0.0004)
groups by approximately 1 kg. The change patterns of the body
composition, however, differed between those two groups in that
the fat-free mass significantly increased (p = 0.001) in the vitamin
group whereas the body fat significantly increased (p = 0.012)
in the placebo group. There was little change of body weight
observed in the OLFE group (Fig. 2).

Dietary assessment. The average intake of daily calories,
protein, carbohydrate, fat, and antioxidant vitamins for the two
consecutive days preceding the submaximal treadmill test were
assessed. The participants’ diets were adequate in terms of
calories, macronutrients, and antioxidant vitamins when compared
to the daily recommended intake (DRI) for their age group. No
statistically or nutritionally significant differences between sessions/
groups were noted (Table 2).

Submaximal endurance time. Running times to exhaustion
at 80% HRmax are presented in Table 3. There was no significant

difference observed between the groups in the mean submaximal
endurance time upon the baseline test. The change from baseline
after supplementation increased only in the OLFE group by
3.3 min with statistically borderline significance (p = 0.05).
Neither of the other groups showed any significant change from
the baseline, with a reading of 1.5 (p = 0.18) for the vitamin C + E
group and 2.1 (p = 0.27) for the placebo group.

To investigate an enhanced carbohydrate metabolizing capacity
further in relation to a respiratory exchange ratio of 1 (RER1), we
divided the total submaximal running time into: 1) the running
time up to RER1, and 2) the running time beyond RER1. While
there were no significant changes in “running time up to RER1”
in the three groups, only the OLFE group showed a significant
increase in “running time beyond RER1”, of 3.7 min (p = 0.01).
The amount of change in the submaximal running time coincides
well with the amount of increase in the running time beyond RER1
in all groups with the correlation coefficients between 0.86 and
0.96.

Table 1. Baseline characteristics of study subjects

OLFE: oligomerized lychee fruit extract. Presented values are the mean ± SD. The p value was calculated for the difference
among the groups by one�way ANOVA. The participants in the placebo group were significantly younger. They were also
lower in body weight, BMI, body fat and fat�free mass compared to the other groups.

OLFE (n = 21) Vitamin C + E (n = 21) Placebo (n = 17) p

Age (yr) 24.6 ± 6.60 23.9 ± 5.71 22.9 ± 3.57 0.02

Height (cm) 175.5 ± 6.43 174.0 ± 4.75 172.4 ± 5.34 0.24

Weight (kg) 69.9 ± 8.37 68.1 ± 6.13 62.9 ± 6.82 0.01

BMI (kg/m2) 22.7 ± 2.13 22.5 ± 1.50 21.2 ± 1.97 0.04

Body fat (%) 18.7 ± 4.29 19.2 ± 2.95 16.2 ± 3.80 0.04

Fat�free mass 56.6 ± 5.98 54.9 ± 3.64 52.5 ± 3.83 0.03

Fig. 2. Change in body weight. Presented values are the mean ± SD. p value was calculated for the difference between baseline value and that
after 30 days of supplementation within each group by a paired t test. After supplementation, body weight of vitamin and placebo group
significantly changed. Fat�free mass increased in vitamin group and body fat did in placebo group.
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An estimated mean change, adjusted for imbalanced baseline
characteristics, in the submaximal running time in the OLFE
group became greater, at 3.87 min (95% CI; 1.29, 6.46). On the
other hand, the small increases shown in the other groups were
reduced after the adjustment: 1.33 (−1.23, 3.89) for the vitamin
group and 1.60 (−1.36, 4.56) for the placebo group. However, the
differences in the change were not statistically significant between
groups (p = 0.33) as also in the results by ANOVA without the
adjustment (p = 0.62).

Maximal oxygen capacity. Fig. 3 presents the maximal
oxygen consumption rate and its change after supplementation.
When we compared the VO2max/fat-free mass, there was no
significant difference (p = 0.84) observed in the values at baseline
between groups: OLFE group, 62.3 ± 5.77; vitamin group, 63.9 ±

7.29; placebo, 63.7 ± 6.40. After 30 days, we observed that the
maximal oxygen consumption rate significantly decreased in the
vitamin group by −3.11 ml/min/kg (95% CI; −5.35, −0.87). On the
other hand, the OLFE and placebo groups showed non-significant
or little change in their maximal oxygen consumption rate: OLFE
group, 0.07 (−1.70, 1.85); placebo, 0.87 (−1.13, 2.87). The
difference in observed changes after supplementation was statisti-
cally significant between groups (p = 0.012). The results were
similar after adjustment for the covariates which did not include
the baseline fat free mass as it is already a part of the outcome.

Anaerobic threshold. The endurance capacities measured
by the anaerobic threshold (AT) are shown in Table 4. At the
baseline, the endurance capacities of the three groups were similar
at approximately 60% VO2max, which suggests that the partici-

pants in this study were intermediately exercised and that their
endurance capacity was not significantly different between
groups. After supplementation, the OLFE group showed a signifi-
cant increase in their anaerobic threshold, by 7.4% (p = 0.01),
whereas the vitamin and placebo groups showed no significant
changes. The change in the AT by supplementation was also
significantly different between the groups (p = 0.03). The results
after adjustment for the imbalanced baseline characteristics were
also very similar as presented in the same table.

Free radical amount. We compared the resting free radical
amount between the baseline value and the result after 30 days of
supplementation. Although it was not statistically significant, the
resting state free radical amount tended to be reduced by roughly
the same amount in the two intervention groups, by 10.3 (SD;
44.9) and 11.5 (31.5) FORT units for the OLFE and the vitamin
group, respectively. However, it changed by only 4.4 (27.4) in the
placebo group (Table 4). The change values were also similar after
adjusting for the imbalanced baseline characteristics.

Lactate dehydrogenase (LDH). We observed opposite
patterns in the OLFE and vitamin groups for an exercise-induced
increase in their LDH levels after the treadmill test (Table 4). The
initially observed increase in the LDH after the treadmill test for
the OLFE group at baseline was reduced after 30 days of supple-
mentation to over one fourth of the initial observation. On the
other hand, the vitamin group showed an increasing pattern in
exercise-induced LDH after supplementation. Although there was
a relatively small change in the LDH level after running as
observed at baseline in this group, the amount of LDH increase

Table 2. Dietary assessment for 2 consecutive days before the submaximal treadmill test

OLFE: oligomerized lychee fruit extract. Presented values are the mean ± SD. The p value was calculated for the difference among the groups by
one�way ANOVA. The participants in the placebo group were significantly younger. They were also lower in body weight, BMI, body fat and fat�free
mass compared to the other groups.

Session
Total calories 

(kcal)
Protein 

(g)
Fat 
(g)

Carbohydrate 
(g)

Vitamin C 
(mg)

Vitamin E 
(mg)

Retinol 
(μg)

β�carotene 
(μg)

Zinc 
(mg)

OLFE (n = 21)
Baseline 1963.6 ± 391.1 82.9 ± 19.2 59.9 ± 20.6 279.0 ± 55.2 90.2 ± 48.9 17.6 ± 9.6 128.3 ± 86.6 4219.9 ± 2602.4 9.5 ± 2.2

Final 1953.3 ± 295.5 87.8 ± 18.3 57.4 ± 11.6 273.1 ± 58.6 84.2 ± 44.2 15.3 ± 6.2 130.8 ± 106.1 3874.5 ± 2578.1 9.6 ± 2.3

Vitamin C + E (n = 21)
Baseline 1997.3 ± 282.4 89.0 ± 19.3 68.0 ± 25.6 274.7 ± 35.6 96.8 ± 49.0 14.6 ± 6.5 114.0 ± 103.2 2982.2 ± 906.7 9.6 ± 2.1

Final 1916.8 ± 303.1 89.5 ± 27.7 71.3 ± 50.7 254.2 ± 45.7 95.1 ± 46.6 14.9 ± 6.4 109.2 ± 80.7 3803.0 ± 2679.9 9.4 ± 2.1

Placebo (n = 17)
Baseline 1917.1 ± 375.0 81.3 ± 30.9 54.6 ± 16.6 273.8 ± 64.3 102.2 ± 49.8 16.1 ± 5.3 129.8 ± 172.8 3487.0 ± 1963.0 8.4 ± 2.0

Final 1952.9 ± 371.8 90.0 ± 27.6 57.7 ± 19.7 272.0 ± 64.1 103.4 ± 47.5 13.4 ± 6.1 115.2 ± 66.6 5090.5 ± 2892.5 9.3 ± 2.6

Table 3. Submaximal running time to exhaustion at 80% of the maximal heart rate

OLFE: oligomerized lychee fruit extract. RER1: respiratory exchange ratio of 1. CI: confidence interval. Presented values are the
mean ± SD, unless otherwise noted, in minutes. The p value was calculated for the difference between the baseline value and
that after 30 days of supplementation within each group by a paired t test. RER1 denotes a respiratory exchange ratio of
1. OLFE significantly increased both the total submaximal running time and the running time beyond RER1. The mean change
in the submaximal running time together with 95% CI was estimated after adjusting for the baseline values of BMI, body fat,
and fat�free mass, and age. The 95% confidence interval for the change excludes zero in the OLFE group, suggesting a significant
within�group improvement. The p value for difference in change among groups did not reach a statistical significance at the 5%
level by ANCOVA (p = 0.33) as well as by ANOVA without the adjustment (p = 0.62).

Submaximal running time Baseline 30 day Change (p)

OLFE (n = 21)

Up to RER1 9.7 ± 1.84 9.2 ± 1.92 −0.5 ± 2.46 (0.39)

Beyond RER1 16.8 ± 13.14 20.5 ± 14.40 3.7 ± 4.71 (0.01)

Total 26.5 ± 13.14 29.7 ± 15.85 3.3 ± 4.78 (0.05)

Adjusted total (95% CI) 3.87 (1.29–6.46)

Vitamin C + E (n = 21)

Up to RER1 9.2 ± 1.68 8.7 ± 1.52 −0.5 ± 1.62 (0.17)

Beyond RER1 13.0 ± 9.50 15.1 ± 8.71 2.0 ± 5.36 (0.10)

Total 22.2 ± 10.36 23.8 ± 9.21 1.5 ± 5.07 (0.18)

Adjusted total (95% CI) 1.33 (−1.23–3.89)

Placebo (n = 17)

Up to RER1 9.2 ± 1.45 9.7 ± 1.88 0.5 ± 2.16 (0.35)

Beyond RER1 18.8 ± 9.77 20.4 ± 9.45 1.6 ± 6.53 (0.33)

Total 28.1 ± 9.77 30.2 ± 9.58 2.1 ± 7.57 (0.27)

Adjusted total (95% CI) 1.60 (−1.36–4.56)
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after running was inflated by more than fourfold on average after
30 days of supplementation. The differently observed patterns
were not statistically significant at the 5% level (p = 0.08) between
groups.

Discussion

The aim of this double-blind, randomized, placebo-controlled

trial was to investigate the efficacy of antioxidant supple-
mentations regarding an improvement in submaximal endurance
performance. OLFE significantly increased the total submaximal
running time, although a differential effect in that group was not
statistically significanct compared to the other groups. In addition,
the running time beyond RER1 and the anaerobic threshold
were also increased significantly only in the OLFE group. These
consistent results imply that OLFE enhances the endurance

100

75

50

25

0

Fig. 3. Change in maximal oxygen consumption rate (VO2max/fat free mass). For each group, the mean ± SD are presented in ml/kg/min. There was
no significant difference in baseline values between groups (p = 0.837). The maximal oxygen consumption rate of the vitamin group decreased
significantly after 30 days of supplementation (Paired t test, p = 0.009). The mean change after supplementation was also adjusted for age as well as
baseline values of BMI and body fat, and it was presented together with the 95% CI in bracket for each group. The overall p value for the difference
in change among groups was 0.012 by ANOVA and was 0.015 by ANCOVA.

Table 4. Change of anaerobic threshold, resting free radical amount and exercise induced LDH increase

OLFE: oligomerized lychee lruit extract. FORT: free oxygen radicals test. LDH: lactate dehydrogenase. CI: conficdence interval. Presented values are
the mean ± SD in each specified unit. 1p value for change from the baseline after 30 days of supplementation within group calculated by a paired t
test 2p value for difference in change among groups by ANOVA, or *ANCOVA after adjusting for the baseline values of BMI, body fat, and fat�free
mass, and age.

OLFE (n = 21) Vitamin C + E (n = 21) Placebo (n = 17) p2

Anaerobic threshold 
(%)

Baseline 59.1 ± 7.63 62.9 ± 16.16 62.8 ± 13.87 0.56

30 day 67.3 ± 9.29 57.6 ± 15.02 60.1 ± 7.73 0.02

Change (p1) 7.4 ± 11.96 (0.01) −5.3 ± 20.30 (0.25) −3.6 ± 12.70 (0.28) 0.03

Adjusted change 
(95% CI)

7.6 (0.3, 15.0) −5.5 (−12.6, 1.7) −3.6 (−12.0, 4.8) 0.03*

Resting free radical amount 
(FORT unit)

Baseline 232.5 ± 58.4 225.0 ± 42.6 223.2 ± 39.0 0.81

30 day 222.2 ± 45.2 213.5 ± 39.3 218.8 ± 37.7 0.79

Change (p) −10.3 ± 44.9 (0.30) −11.5 ± 31.5 (0.11) –4.4 ± 27.4 (0.52) 0.82

Adjusted change 
(95% CI)

−10.8 (−26.8, 5.2) −13.2 (−29.0, 2.7) –1.8 (–20.1, 16.6) 0.64*

Exercise�induced LDH increase 
(IU/l)

Baseline 46.6 ± 72.0 7.1 ± 72.2 25.8 ± 90.8 0.27

30 day 10.5 ± 43.4 33.2 ± 43.1 5.2 ± 50.1 0.13

Change (p) −36.1 ± 89.5 (0.08) 26.1 ± 87.1 (0.18) −20.6 ± 98.1 (0.40) 0.08

Adjusted change 
(95% CI)

−26.1 (−64.5, 12.2) 22.7 (−15.3, 60.6) −28.6 (−72.5, 15.3) 0.08*
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capacity. On the other hand, the result of maximal oxygen con-
sumption rate indicates that supplementation of a large amount of
antioxidant vitamins with exercise training possibly inhibits an
improvement of the endurance capacity.

The effect size was estimated to be approximately 4.4 min for
the submaximal running time in the pilot study conducted earlier,
based on which the sample size for this study was determined.
In the main trial, however, the observed maximum difference
between groups was found to be smaller than what was expected
from the pilot study, and individual variances were larger than
those in the pilot study. In consequence, the primary test for the
treatment difference between groups was characterized by a lack
of statistical power. The mean change in the submaximal running
time was close to 4 min, which was a 15% increase from the
baseline; this can be considered a clinically meaningful improve-
ment. Moreover, the running time beyond RER1, not the time up
to RER1, increased significantly and contributed to an increase
in the total submaximal running time. RER can be used as an
indicator of which fuel, carbohydrate or fat, is being metabolized
to supply energy. A RER value of 1.0 or higher indicates that
carbohydrate is the predominant source of fuel being used and
that exhaustion is imminent. In addition, only OLFE significantly
elevated the anaerobic threshold. AT can be used as a surrogate
indicator of the lactate threshold, which is the best predictor of
endurance capacity.(29,30) The exercise-induced increase in the
LDH also decreased after supplementation with OLFE. On the
other hand, the maximal oxygen consumption rate did not change
in the OLFE group, whereas the vitamin mixture group showed a
significant decrease.

The increase in the submaximal running time (especially the
time beyond RER1) and the AT, without a change in the VO2max
value, and the decrease in the exercise-induced amplification of
the LDH suggest OLFE as a possible enhancer of the endurance
capacity. According to previous studies,(17,18,32) the antioxidant
effect of polyphenols does not appear to come from the direct
scavenging effect on ROS; however, polyphenols may instead
increase the redox buffer capacity by modulating multiple redox
signaling pathways while not inhibiting ROS–induced muscle
adaptation to exercise stress.

As we were not able to restrict or entirely control all of the
physical activities of the participants, possible differences in the
duration or frequency of the physical exercise done by the partici-
pants during the study period might have had an influence on the
results. Nevertheless, the VO2max values in the OLFE and
placebo groups changed little over the study period. Hence, it is
reasonable to conclude that additional exercise training did not lead
to an improvement in the endurance capacity in the OLFE group.

The vitamin C + E mixture was found to attenuate VO2max and
the results are in accordance with findings from several previous
studies in which the adverse effects of antioxidant vitamins were
reported both in animals and humans. One study(13) presented
similar results, in that high doses of vitamin E attenuated the
muscle contractile force. Another study(14) reported that daily
supplementation of vitamin C 1 g slowed racing greyhounds.
Another study found that large amounts of vitamin C for 6 weeks
with exercise inhibited the exercise-induced biogenesis of muscle
mitochondria and the induction of antioxidant enzymes.(15) Another
report suggested that high doses of a vitamin C and vitamin E
mixture prohibited exercise from inducing antioxidant enzyme,
thus prevented an improvement in insulin sensitivity.(33) As
exercise-induced ROS acts as signaling molecules to adapt muscle

cells to exercise stress,(34) it was suggested that an intake of strong
antioxidant scavengers during exercise eliminates exercise-
induced free radicals in the early phase, therefore possibly pre-
venting muscle adaptation to oxidative stress and improvements
in endurance capacity.

There has been much debate over the use of antioxidant supple-
ments to promote endurance capacity. The findings of this study
suggest that, even though similar reductions of plasma free
radicals were observed after ingestion of polyphenol and a vitamin
mixture, those supplements can have differential effects on
endurance capacity. However, our study was of an exploratory
nature for the generation of hypotheses due to an insufficient
power to detect statistically significant difference between supple-
ments and the limitations of the analyses based on secondary
outcomes. Further studies are therefore recommended to confirm
the clinical efficacy of OLFE on endurance exercise and to verify
more explicitly how OLFE affects redox signaling. It would also
be useful and interesting to conduct a similar study that involved
individuals engaged in an endurance training program or trained
endurance athletes. Although we recruited people who exercised
regularly at a moderate level, the effect of antioxidant supplements
may differ depending upon the oxidative burden generated by the
quantity of exercise and on the interaction with the induction of
antioxidant enzymes as a result of training.
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BMI body mass index
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DRI daily recommended intake
FORT free oxygen radicals test
HRmax maximal heart rate
LDH lactate dehydrogenase
OLFE oligomerized lychee fruit Extract
ROS reactive oxygen species
RPE rating of perceived exertion
VCO2 rate of carbon dioxide production
VO2 rate of oxygen consumption
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