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                     Abstract

   OHNO,  H,, SAKURAI,  T., HISAJIMA,  T,, ABE,  S., KIZAKI,  T.,

OGASAWARA,  J., ISHIBASHI, Y., IMAIZUMI, K., TAKEMASA,  T.,

HAGA, S,, KITADATE,  K., N[SHIOKA,  H. and  FUJII, H., The  Sup-

plementation  of  Oligonol, the New  Lychee  Fruit-derived Polyphe-

nol  Converting into a  Low-molecular Form, Has  a  Positive Effect

on  Fatigue during Regular Track-and-field Training in Yeung  Ath-
letes. Adv. Exerc, Sports Physiol., Vol,13, No.4  pp.93-99, 2008.

Oligonol is a  new  }ychee timit-dcrLvcd polyphenol  converted  into

a  low-molecular-forrn, which  has improved absorption  and  strong

antioxidative  activitv, The aim  of  the current  studv  was  to investi-

gate the  effects  of  Oligonol supplemen(ation  on  perceived subjec-
tive mood  statcs  in addition  te  oxidative  stress  in 47
undergraduate  athletes  during 52 days  oftrack-and-field training.
This was  a  prospective single  blind crossover  study,  The ratings

of  pcrccived exertion  (RPE) responses  were  significantly  (P<
O.05) lower fo11owing Oligonol supplementation,  suggesting  that

Oligonol intake caused  the subjccts  te feel less fatigued during

regular  training. The results  of  our  own  qucstionnaire on  fatigue
and  pain were  as  foltows: Oligonol supplcmcntation  significantly

(P<O.05) impreved all the fatigue scores  and  tendcd  to attenuate

the feeling of  three kinds of  pains (muscular/anticular pain, lurn-
bago, and  menstrual  pain), fo11owed by a  change  fot the worse  afl

ter the discontinuance of  Oligonol intake, Unexpectedly,
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however, there were  no  definite cl]anges  in the Profile of  Moods
States (POMS) scores  or  oxidative  str'ess  markers  (8-hydroxy-2'-
dcoxyguanosine and  hexanoyl lysine) in urine  afier  Oligonol sup-

plcmcntation. The  results  obtained  suggest  that Oligonol  supple-

mcntation  in young athletes  shows  significant  subjective  positive
effects  particularly on  the feeling of  fatiguc during regular  track-

and-field  training, possibly contributing  to thc maintenance  ef

good conditioning.

Keywords: Oligonol, track-and-field training, oxidative  stress,

RPE, fatigue

                    lntroduction
    Alvarcz et  al. (1) have claimed  that nowdays,  con-

sumption  of  natural products is a  matter  of  major  impor-
tance as  regaTds  health. Indeed, consumption  of  fimit and

vegctablc  was  already  associated  with  a reduced  risk of

chronic  diseases and  agc-rclatcd  functional dccline several

years ago  (9). For example,  polyphenol intake has been as-
sociat ¢cl with  ]ow cancer  and  coronary  heart disease mortal-
ity rates.  Antioxidant and  anti-inflammatory  properties and

improvements in endothelial  dysfunction and  the lipid pro-
file have been reported  for dietary polyphenols (29). Never-
theless, less attention  has been fbcuscd on  the importance
ofphytochemicals  from  tropical fruits, especially  the  more

exotic  species, in maintaining  health (1O).
    Lychee  (Litehi Chinensis, Sapindaceae) is a tree that

originates  from China and  is cultivated  fbr its sweet  fruits
alL over  the world  in warrn  elimates.  Lychce  fruit pericarp
contains  significant amounts  of  polyphenolic compounds,
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of  which  principal characteristic  is their ortho-diphenolic

structure,  which  gives them  high oxidability  (26). Lychce

pericarp tissues account  fbr approximately  15%  of  the total

weight  of  fresh fruit (30), which  exhibits  powcrfu1 antioxi-

dative activity against  fat oxidation  in vinw  (23, 3I) and  in-
hibits proliferation of  breast cancer  cells  in vitro  and  in

vivo  (29, 30) as w ¢ 11 as fat oxidation  in vivo  (23), As far as
we  know, however, there is no  report  about  thc efil]ct  ofly-

chee  supplementation  in humans.

    On  the other  hand, Morgan  et al. (14) havc notcd  that

positive mental  health is associated  with  high performance
levels, whereas  mood  disturbances are  predicted to result

in perfbrmance decrements. In other  words,  the relation-

ship  bctwccn training distance and  mood  has been fbund to
fbllow a  dosc-dependent pattern; mood  progressively wors-

ens  as  the training load is increased, while  mood  improves
when  training is reduced  (I9). Thus, some  information is

now  available on  the relationship  between physical activity
and  mood  state  (4, 11, 13, 15, 21, 24, 27, 28).

    It has long been known that, with  some  exceptions,

antioxidant  supplement  ofEers  protection against  exercise-

induced oxidativc  stress (7, 25). Also, compared  with  a  pla-
cebo,  a  replacement  drink with  polyphenolic antioxidants

proved capable  ofreducing  the degree ofprotein  oxidation

caused  by physical activity  (16). Exercise intensity meas-

ures  by  ratings  ofperceived  exertion  (RPE), however, were

similar across  vitamin  C supplementation  (6). In addition,

there was  no  evidence  that six  months  of  antioxidant  sele-

nium  supplementation  benefited mood  or  quality of  life in
elderly  volunteers  (20).
    Quite recently.  we  succeeded  in convening  lychee-de-
rived  polyphenol into a low-moEecular forrn (Oligonol).
The  aim  of  this prospective single  blind crossover  study,

thus, was  to investigate the efiects of  Oligonol during regu-
lar track-and-field  training  in undergraduate  athletes.  The

hypothesis was  that the Oligonol supplementation  would

lead to positive subjective  efftcts  and  reduced  oxidative

strcss.

             Materials and  Methods
    Oligonol iN'as obtained  by  oligomerization  of  polyphe-
nol  polymers in lychee fruit-derived polyphenols, because
of  the  limited absorption  of  polyphcnol polymcrs due to

their high molecular-weight.  We  have developed a  propric-
tary  process that shortens  polyphenel polymers from ly-
chee  fruit into monomers  and  o]igomers  including dimers
and  trimcrs. The  process involves to mix  proanthocyanid-
ins with  tea extract  but not  L-cysteine, and  to purify thc
mixture  using  a  column.  Oligonol contains  33.]9'a oligQ-

meric  polyphenols (monomers, dimmcrs, and  trimers) with

improved  absorption.  Patent tcchnology  as  previously de-
scribed  with  sorne  rnodifications  was  used  for oligomeriza-

tion of  polyphenols (5). Moreover, Oligonol was  approved

as a  new  dietary ingredient (NDI) by  The  Food  and  Drug

Administration of  the United States (FDA) on  May  23'",

2007, and  is comrncrcially  availablc  at prcscnt (Amino Up
Chemical Co., Ltd., Sapporo).

    Twenty-five male  and  twenty-two  female undergradu-

ate athletes, agcd  18-22 ycars (19.7tiO.2 ycars), volun-

teered  for the  current  study  after  being inforrned of  the

purpose, methods,  and  possible complications  of  the ex-

pcrimental procedures. This work  was  approved  by the
Ethical Committee of Kyorin University, Schoor of  Medici-

ne,  Mitaka. Thcir mean  height, mass,  and  body  mass  index

were  17e± 1 cm  (males: 175± 1 cm;  femalcs: 164± l cm),

61.1±1.4 kg (males: 66.4± 1.7 kg; females: 552 ±1.5 kg),
and  21.2± O.3 kglmZ (males: 21.8±O.5 kg/m2; females:
            ,

20,6±O,4 kglmL), respectively.

    The  training  protocol consisted  of  approximately  3-h
regular  track-and-ficld training occasionally  on  a  competi-

tive level, 5 timeslweck.  Forty-scvcn subjccts  were  ran-

domly assigned  ioto two groups (group A: 13 males  and  11

females; group B: 12 males  and  11 females). The study

was  designed in a  subject-blinded  manner  and  according  to

a  crossover  strategy;  that is, the subjects  wcre  blinded to

which  treatment  they received.  A  schematic  picture of  the

study  is shown  in Fig. 1; that is, group A  reccivcd  placebo
with  the same  appearance  as Oligonol everyday  during the
first test period (26 days), and  then Teceived  200  mg  Oli-

gonol everyday  during the  second  period (26 days) fo11ow-
ing a washout  period (9 days), whereas  group B  received

OIigonol or  placebo everyday  in the reversc  order, All the
subjects  were  requested  not  to take eithcr  antioxidant  or

othcr  special  supplements  as  much  as  practicable through-

out  the experimental  period.
    Thrcc tcst sessions  were  performed  in the  moming  im-
mediately  befbre the regular  training  beforc the start ofthe
cxpcrimcnt  and  in the end  of  each  testing period. The  ses-

sions  included three questionnaires and  urinc  samplings.

The  subjects  were  asked  to complete  the Profile of  Moods

States (POMS) psychelogical inventory, RPE,  and  ques-
tjonnaires of  our  own  making.

    The  POMS  is a  highly reliable  and  valid  adjective

$calc  that mcasurcs  six  distinct affbctivc states  as  follows:
five negative  moods  (tension-anxiety, depression-de.jec-

tion. angcr-hostility.  fatigue-inertia, and  confusion-bewil-

derment) and  one  positive mood  (vigor-activity) (12).

G{r,o.u,p,)AHtw
 ........-.igi

Group  B

 (n=23)"Olg
 

l
 ."...""

1Test1(day
 O)

Period 1(26
 ciays)l

    Washout
     period
    (9 days}

Test2{day
 26)

Peried2{26
 days)lTegt3(day

 52)

Fig. 1 Schematic piettll'e ofthe  study  on  Oligonol supplementation.
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Etfect of  Oligonol on  Fatigue during Trajning

Thcse factors are  calculated  according  to the subject's

lcvel of  agreement  with  each  of  65 tcst items, determined

by weighed  intensity modifiers  ranging  t'rom `Cnot

 at all" to
"extrernely"-

    The  IU'E was  obtained  using  the 15-category Borg
RPE  scale  (22). Subjects had to give RPE  corresponding  to

their sensations  during the  last training.

    Next, the subjects  fi11ed out  our  own  qucstionnaire
with  the fo11owing seven  items: fatigue in daily ]iving, re-

covery  from fatigue in daily living, fatigu¢ by cxercise

training, rccovery  from fatigue by exercise  training,

muscular/articular  pain, lumbago, and  menstrual  pain. The
subjects  used  a  5-point scale  (1-`textremely" to 5-"not at
all"  for the five items other  than 

"recovery

 fi/om fatigue in
daily living" and  

"recovery

 from  fatigue by  exercise  train-

ing"; 1-[`very slow"  to 5-"very quick" i'or 
`Crecovery

 from
fatigue in daily living" and  

L`recovery

 from fatigue by exer-
cise  training") to respond  to each  item according  to the

question: 
"How

 have you  been feeling fbr the past week  in-

cluding  today  ?". Each  control  value  (which was  obtained

at the start ofthe  experhnent  (Test 1)) was  set  up  as  
"3".

    Urine samples  collected  from 45  subjects  (being two

subjects  short  of  all the subjects, becausc of  the breakage
ofsample  cases)  were  kept at  -20℃ until  assays  ofparame-

ters of  oxidative  stress. 8-Hydroxy-2'-deoxyguanosine (8-
OHdG)  concentration  was  determined by  an  ELISA  kit for

8-hydroxy-2'-deoxyguanosine (Japan Institute for the Con-
trol of  Aging  (JalCA), Nikken  SEIL  Corporation, Fuku-

roi),  and  Ng-(hcxanoyl)lysine (HEL) concentration  was

measured  using  a  Hexanoyl-Lys adduct:  HEL  ELISA  kit

(JalCA). In addition,  creatinine  lcvel was  assayed  by  a  Cre-

atinine Assay Kit (Cayman Chemical Company, Ann  Ar-

bor, MI). The  levels of  both parameters in urine  were

corrected  by that of  crcatinine.

    Data  are  expressed  as  means  ±  S,E.M, The  Mann-

Whitney test was  applied  to the data and  a O.05 level orsig-
nificance  was  used.

                   Results

    As  shown  in Fig, 2, in both groups the  RPE  responses

during regular  training were  significantly (P<O.05) lower
fbllowing Oligonol supplementation,  thereby  suggcsting

that Oligonol intake caused  the  subjects  to feel less fa-
tigued during regular  training.

    Figs. 3 and  4 show  the results of our  original question-
naire  on  fatigue and  pain, rcspectively.  As  to four items on

fatigue, Oligonol supplcmcntation  significantly (P<O.05)
improved all the fatigue scores  {n both Groups  A  and  B,

fbllowed by a  change  fbr the  worse  after  the discontinu-
ance  ef  Oligonol intake (Group B) (Fig. 3). Meanwhile,

muscular/articular  pain score  in Group B, but not  in Group
A, was  significamtly  (P<O.05) increased (less pain) after

Oligonol supplementation  (Fig. 4A), Oligonol intake con-

siderably  attenuated  1umbago in both groups (Fig. 4B), Al-

so, discontinuous use  of  Oligonol in Group B significantly

(P<O.05) decreased both muscularfarticular  pain and  lum-

bago scores  O'ig. 4A  and  B), meaning  more  pain. Moreo-
ver,  menstrual  pain only  in Group A  (only females) was

significantly  (P<O.05) abatcd  by Oligonol supplcmenta-

tion (Fig. 4C).

    Unexpectedly, however, no  significant changes  in any
of  POMS  scores  were  found in either  group throughout the

experimental  period, although  Oligonol supplementation  in

both groups slightly,  albeit  insignifieantly, decreased

global mood  statc scal ¢ s cxccpt  for vigor-activity  (data not

shown).

    Likewise, no  significant ditlerences were  observed

for 8-OHdG  or  HEL  level in urine  in any  comparison;  how-
ever,  Oligonol intake did not  increase either  level (Table 1).

    In the current  study, no  significant ditferences in any

parameter measured  were  observed  between  the  sexes

(data not  shown),  except  fbr physical characteristics.

                  Discussion
    As  already  stated,  lychee ftuit pericarp contains  sig-

nificant  amounts  of  polyphenolic compounds,  involving

condensed  tannins (polymeric proanthocyanidins), epi-

catechin,  procyanidin A2, and  flavonoids (26), strongly

suggesting  antioxidant  activity,  Actually, phenolics ex-

tracted  from  lychee fruit pcricarp strongly  inhibited lino-

leic acid  oxidation  and  exhibited  a dose-dependent free-
radical  scavenging  activity  against  a,a-diphenyl-P-picry1-

hydrazyl (DPPH) and  hydroxyl radicals  and  superoxide

o-ooco-aor

18

16

14

12

       10

       ""gytls"gyriQe"slg)
Fig. 2 Etl'ects of  Otigonol supplementation  on  thc ratings  of  per-

     ceived  exertion  {RPE) responscs  during excrcise  training.

     Greup A, ll = 24; Group B, n=  23. *P
 <O,05  vs.  on  day O;

     
"'P<O,05

 vs. on  day 26.
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A. Fatigue in daily living
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Fig. 3 Effects ofOligono]  gupptementation  on  thc  fatiguc scorcs  by  our  oTiginaT  qucstionnairc during exer-

    cise training. Group  A, n=･'･ 24; Group  B, n=23.  
"P<O.05

 vs. on  da}, O; **PgO.05  vs. on  day 26

    (Group B); '""P<O.05
 vs.  on  day 26 (GTeup A).

anions  (2). The degradation of  deoxyribosc by hydroxyl
radicals  was  inhibited by  the  phcnolies act{ng  mainly  as

iron ion chelators,  rather  tban by directly seavenging  the

radicals.

   The  current  study  was  the first to investigate the in

vivo  eflect  ot' lychee fruit-derived polyphenol in humans.
Despite the use  of  Oligonol with  improved absorption,

however, the new  phenolics failcd to oflk)r protection
against  oxidative  stress  during regular  track-and-field  train-

ing. 8-OHdG  (32) and  HEL  (8) in urine  were  used  as oxida-

tive stress  markers  for DNA  and  Iipid, respectively.  It has

been well  known  that responses  of  various  oxidative  stress

markers  to physical exercise  are  different and  conflicting

(17). Moreover, Sen and  Goldfarb (25) have claimed  that
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'N

 O.US vs. en  day 26 {Group A).

results from antioxidant  supplementation  studies  considera-

bly vary  depending on  thc study  design and  measurcs  of

outcome,  and  that physical perforrnance is regulated  by
multifactorial  processes and  may  not serve  as a good indi-
cator  to test the effect of  antioxidant  supplementation.  At

all events,  further studies  are  needed  not  only  to estimate

the effieacy  of  Oligonol supplementation  for varying  peri-
ods  but also  to examine  other  oxidative  stress markers  such

as  protein carbonyl  group. Additionally, it would  not  pre-
sumably  be denied that Oligono] has unknown  effbcts

and/or  components,  and  that the subjects  had already  ac-

quired sufflcient  antioxidant  capacity,  due to regular  physi-
cal  training (18), prior to the start  of  the current  study.

   Nevertheless, the  RPE  responses  as wcll  as most  of

seven  items of  our  own  questionnaire on  fatigue and  pain
werc  significamtly  improved  by  Oligonol intake (Figs. 2-

4). As also  indicated by Sen and  Goldfarb (25), it might  be

that Otigonol supplementation  protected against  exercise

training-induced  tissue damage, although  thc generai trend

of  results  showed  no  effeet of  antioxidant  supplcmentation

on  physical performanee. Actually, the three pain scores  of

our  own  questionnaire tended  to bc improved  by  Oligonol
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Table 1EfTlrcts of  Oligenol supplementation  on  the levels of  8-OHdG  and  HEI. in plasrna

              8-OHdG  (ng)/CREA (mg)
Tcst 1 (day O) Test 2 (day 26) Test 3 (day 52)

Group A  (n ==
 23)

Group  B  (n =
 22)

6.1 ll. O.46,8

± eJ

6.g ,e  o.76.0

 ± O.4

6.4 t  O.46.7

 ± O.5

HEI.  (pmol)ICREA (mg)
Test 1 (day O) Test 2 (day 26) Test 3 (day 52)

Group A  (n = 23)

Group B  (n = 22)

58.9 .  5.0

83,7: 17.9

682  ± 6.6

78,4± 8,1

68.1 .  6.6

63,6 ±  7,2

Means ± S.E.M.8-OHdG  
=

 8-hydroxy-2'-deoxyguanosine; HEL  
=N

 E-(hexanoyl)  lysine; CREA  
;

 creatinine

supplementation  (Fig. 4).

    The  lowered scales  of  RPE  observed  fbllowing Oli-

gonol supplementation  werc  considcred  to bc not  duc to

training, but mostly  due to Oligonol itself , because pla-
cebo  had no  definite effects  during training. Oligonol is a

water-soluble  antioxidant  like vitamin  C (23), located fbr
example  in thc  cytosol,  mitochondrial  matrix  or  extracellu-

1ar fiuids, which  may  not  have access  to reactive  oxygen

species  generated in membranes,  Goldfarb et  al. (6) hav ¢

demonstrated that vitamin  C supplementation  can  attenuate

exercise-induced  protein oxidation  in a  dose-dependent
manncr  with  no  effbct on  RPE  responses,  thus  suggesting

that OIigonol and  vitamin  C have diverse effects  on  physi-
cal perfbrmancc. Onc of  the most  sensitive parameters for
detecting overreaching  is RPE, suggesting  that central  fa-
tigue precedes peripheral fatiguc (21). Additionally, RPE  is

a valid  measure  of  exercise  monitoring  and  prescription
owing  to the observcd  association  bctween RPE  and  morc

ob.jective physiologicat markers  of  intensity, such  as heart
rate  or  oxygen  consumption  (13).
    As to our  original questionnaire, all the  {tems on  fa-

tigue were  also  improvcd  (Fig. 3). Since the  RPE  scores

gave a quantitative idcntification of  the feeling of  fatigue

(14), the  results  of  RPE  obtained  in the current  study  ap-

peared to reflect  those  of  the questionnaire, These did not

confiict  with  the findings on  pain by the questionnaire, Col-
lectively, Oligonol supplcmcntation  lcads to positive sub-

jective effects  during regular  track-and-fie]d training,

although  its mechanism  remains  to be elucidatcd.

    On  the other  hand, thcre wcrc  no  significant changes

in any  ofPOMS  scores  aftcr  Oligonol supplementation.  Ri-

eljens  et al. (21) havc indicuted that POMS  is not  a  strong

early  instrumcnt for ovcrrcaching,  whereas  there is a  mod-

crate  correlation  between the fatigue subsct  of the POMS
and  fatigue eomponents,  such  as  maximal  oxygen  uptake

and  running  economy  (28). As already  stated, however,
subjective  positive etTeets cspccially  on  fatigue were  ob-

served  in our  original questionnairc. Fahlstrom et  al. (3)
also  demonstratcd that there were  perceived subjective

positive effects in badminton players, accompanicd  by no

changes  in the POMS  scores, fo11owing sports drink sup-

piementation, and  explained  the discrepaney also  seen  in
the  current  study  as  fo11ows: this is not  surprising,  sincc  the

POMS  tests were  perforrned only  every  2 weeks,  and  a  pre-
vious  study  has shown  that emotions  may  fluctuate on  a

daily, even  hourly basis. The question whether  such  an  ex-

planation can  be  extrapolated  to the current  study,  how-

ever, cannot  be answered  at present.
    In conclusion,  the results  obtained  suggest  that Oli-

gonol supplementation  in young  athlctes shows  significant

subjective  positive efTects  particularly on  fatigue during
regular  track-and-field  training, and  thus  may  contribute  to

the  maintenance  of  good  conditioning.
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