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Chapter 1 

Introduction  
 

S i n g l e - d i s t i l l e d  s h o c h u  ( h o n k a k u - s h o c h u  i n  J a p a n e s e )  i s  a  

t r ad i t i ona l  J a pa nes e  s p i r i t  ma i n l y  p roduce d  and  c ons umed  i n  t he  

s o u t h e r n  i s l a n d s  o f  K y u s h u  a n d  O k i n a w a ,  J a p a n .  H o w e v e r ,  t h e  

consumpt ion  and  p roduc t ion  o f  shochu  con t inue  to  expand  na t iona l ly  

a f t e r  t h e  b o o m  o f  t h e  1 9 8 0 s .  J a p a n  S a k e  B r e w e r s  A s s o c i a t i o n  

announced  tha t  the  t axab le  sh ipment  vo lume  of  honkaku-shochu  fo r  

the  2008  f i sca l  yea r  was  506 ,161  kL ,  a  5 - fo ld  i nc rease  over  30  yea rs .  

F i g .  1 - 1  s h o w s  t r a n s i t i o n  o f  t a x a b l e  s h i p m e n t  v o l u m e  o f  

honkaku- shochu .  Recen t  inc reases  in  shochu  p roduc t ion  have  resu l t ed  

i n  a n  e n o r m o u s  o u t p u t  o f  s h o c h u  d i s t i l l e r y  b y - p r o d u c t s  ( S D B ) ,  

exceed ing  approx imate ly  800 ,000  tons  pe r  yea r.  Trea tment  o f  SDB 

p resen t s  cha l l enges ,  a s  i t  i s  a  h igh ly  concen t ra t ed  o rgan ic  was te  

l iqu id  wi th  ≥  90% mois tu re  con ten t  and  i s  no t  eas i ly  f i l t e red .  In  the  

pas t ,  SDB was  neu t ra l i zed  and  dumped  in  the  sea  as  an  indus t r i a l  

was te .  However,  a s  pub l i c  awareness  o f  g loba l  env i ronmenta l  i s sues  

inc rease ,  Japan  ra t i f i ed  the  London  Conven t ion  (Conven t ion  on  the  

Preven t ion  o f  Mar ine  Po l lu t ion  by  Dumping  o f  Was tes  and  Othe r  

Mat te r  1972)  fo r  t he  p reven t ion  o f  mar ine  po l lu t ion  in  1980 .  S ince  

the  regu la t ions  o f  the  conven t ion  were  s t r eng thened  in  1996 ,  Japan  

rev i sed  the  Law Re la t ing  to  the  Preven t ion  o f  Mar ine  Po l lu t ion  and  

Disas te r  in  2004  and  enac t ed  i t  i n  2007 ,  in  p r inc ip le  bann ing  the  

dumping  o f  was tes  f rom sh ips .  Fur the rmore ,  t he  Food  Recyc l ing  Law 

( L a w  C o n c e r n i n g  t h e  P r o m o t i o n  o f  R e c y c l i n g  F o o d  C y c l i c a l   
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R e s o u r c e s )  r e q u i r e s  S D B  t o  b e  n o t  s i m p l y  t r e a t e d  a s  a n  i n d u s t r i a l 

was te ,  bu t  a s  an  unused  resource  where  i t s  e ffec t ive  u t i l i za t ion  would  

resu l t  in  min imiza t ion  o f  i t s  env i ronmenta l  load .  In  an  e ffo r t  t o  

comply  wi th  th i s  r egu la t ion ,  many  shochu  p roducers  a t t empted  to  

t r ea t  a l l  SDB on  l and .  Trea tment  fac i l i t i e s  exc lus ive ly  fo r  SDB were  

in t roduced  in  the i r  p lan t s  to  conver t  th i s  by-produc t  in to  feed  and  

fe r t i l i ze r.  However,  th i s  approach  has  severa l  d rawbacks ,  inc lud ing  

h igh  cos t s  o f  in i t i a l  inves tment  and  opera t ion .  Converse ly,  SDB i s  a  

p rec ious  resource  r i ch  in  use fu l  componen t s  de r ived  f rom raw 

mate r i a l s ,  mic roorgan i sms ,  o r  f e rmenta t ion  p rocesses . 1 )  Tha t  i s ,  i n  

add i t ion  to  r ecyc le  SDB as  a  r aw mate r i a l  fo r  feed  and  fe r t i l i ze r,  i t s  

deve lopment  a s  a  food  mate r i a l  fo r  humans  based  on  inves t iga t ions  

on  i t s  nu t r i t iona l  and  phys io log ica l  func t ions  cou ld  l ead  to  fu r the r  

uses  o r  added  va lue .  Th i s  pe r spec t ive  has  encouraged  r esea rch  in to  

t r ea tment  o f  t h i s  by-produc t ,  by  app ly ing  nove l  p rocess ing  and  

u t i l i za t ion  t echno log ies  and  e luc ida t ing  i t s  phys io log ica l  func t ions .  

To  meet  a  var ie ty  of  appl ica t ions ,  our  company passed  

bar ley-SDB through a  1-mm s ieve  and f i l te red  the  permeated  l iquid  

through a  0 .2-μm ceramic  f i l te r  to  obta in  fermented  bar ley  ext rac t  

(FBE) ,  a  c lear  f i l t ra te .  The  f i l t ra te  was  separa ted  in to  non-adher ing  

and adher ing f rac t ions  wi th  a  synthet ic  adsorbent .  The  non-adher ing  

f rac t ion  has  been  used  as  a  mater ia l  in  beverages  and seasonings ,  or  as  

a  medium for  microbiologica l  cul ture . 2 )  The  fe rmented  bar ley  ext rac t  

P (FBEP)  used  in  th is  s tudy,  which  i s  an  FBE f rac t ion  adher ing  to  the  

synthe t ic  adsorbent ,  conta ins  pept ides ,  o l igosacchar ides ,  so luble  

d ie ta ry  f iber,  and polyphenols .  
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FBE was  repor ted  to  suppress  o ro t i c  ac id - induced  fa t ty  l ive r  

and  D -ga lac tosamine- induced  hepa t i c  d i so rder. 3 - 5 )  These  hepa t i c  

d i so rders  a re  pecu l i a r  to  r a t s  and  were  repor ted  to  invo lve  ox ida t ive  

s t r ess ,  in f l ammat ion ,  and  d i s rup t ion  o f  nuc le ic  ac id  metabo l i sm 

dur ing  d i sease  onse t  and  deve lopment . 6 , 7 )  

In  th i s  s tudy,  we  e luc ida ted  the  phys io log ica l  func t ions  o f  FBE 

and  FBEP th rough  a  p re -c l in ica l  t e s t  us ing  an imal  mode l s  o f  

in f l ammat ion  and  d i so rders  o f  nuc le ic  ac id  metabo l i sm and  th rough  a  

c l in ica l  app l i ca t ion  s tudy  in  humans .  The  purpose  was  to  e ffec t ive ly  

u t i l i ze  SDB,  an  unused /under-u t i l i zed  resource ,  a s  a  func t iona l  food  

mate r i a l  tha t  i s  benef ic ia l  to  humans  and  to  advanced  t echno log ies .  

Chap te r  2  examines  the  e ffec t s  o f  FBE and  FBEP on  i n  v i vo  

an t iox ida t ive  ac t iv i t i e s  in  mice .  FBE i s  the  l iqu id  r emain ing  a f t e r  the  

d i s t i l l a t ion  o f  mash ,  which  i s  p roduced  by  enzymat ic  degrada t ion  o f  

pea r led  ba r ley  us ing  a  ko j i  mold  and  a l coho l  f e rmenta t ion  us ing  yeas t .  

FBE con ta ins  a  va r ie ty  o f  use fu l  componen t s  de r ived  f rom bar ley  and  

microorganisms that  are  decomposed or  formed during sacchari f icat ion 

and fermentat ion processes .  Severa l  r epor t s  ind ica te  tha t  one  o f  the  

phys io log ica l  func t ions  o f  ba r ley  i s  improved  l ip id  metabo l i sm i n  

an imals  and  humans . 8 - 1 2 )  In  addi t ion to  the aforementioned 

suppression of  hepat ic  disorders ,  bar ley-SDB was reported to  have in  

v ivo  physiological  funct ions,  such as the al leviat ion of  

ovalbumin-sensi t ized rhini t is  in  mice 1 3 )  and reduct ion of  blood sugar  

levels  in ra ts  with  s t reptozotocin- induced diabetes . 1 4 )  A l though  the re  

a re  severa l  r epor t s  us ing  exper imenta l  an imal s  to  inves t iga te  the  

e ffec t s  o f  ba r ley  and  SDB on  h igh  cho les te ro l ,  h igh- fa t  food ,  o r  
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disease  mode l  sys tems ,  f ew repor t s  have  eva lua ted  the  long- te rm 

e ffec t s  o f  bas ic  f eed  compos i t ions .  Hence ,  chap te r  2  d i scusses  the  

resu l t s  o f  a  3 -month  mixed  feed  admin i s t r a t ion  conduc ted  by  feed ing  

adu l t  mice  FBE,  FBEP,  and  pea r led  ba r ley  (a  r aw mate r i a l  fo r  shochu ) .  

An  eva lua t ion  was  conduc ted  on  the  e ffec t s  o f  the  mixed  feed  on  

p lasma ,  hepa t i c  l ip id  and  an t iox idan t  pa ramete r s .  

Chap te r  3  examines  the  e ffec t s  on  in f l ammatory  de rmatos i s .  

At ten t ion  to  l iv ing  env i ronment  and  menta l  s t r e s s ,  in  add i t ion  to  

in f l ammat ion  con t ro l ,  p ru r i tus  con t ro l ,  and  sk in  ca re ,  i s  impor tan t  fo r  

the  t r ea tment  o f  a top ic  de rmat i t i s  (AD) ,  in  which  p ru r i tus  and  eczema  

a re  the  main  l e s ions .  In  recent  years ,  plant  polyphenols  have been 

noted as  an ant ia l lergic  food ingredient . 1 5 , 1 6 )  There are  epidemiological  

reports  that  indicate  low asthma morbidi ty  in  people  who took high 

levels  of  f lavonoids . 1 7 )  Thus ,  FBEP,  in  which  ba r ley  po lypheno ls  a re  

ex t rac ted  and  concen t ra ted ,  i s  expec t ed  to  suppress  a l l e rg ies  caused  

by  an t iox ida t ive  and  an t i - in f l ammatory  ac t iv i t i e s .  γ -Aminobu tyr ic  

ac id  (GABA) ,  which  i s  no ted  fo r  dec reas ing  b lood  p ressure 1 8 , 1 9 )  and  

an t i - s t r e ss  ac t iv i ty, 2 0 )  was  repor ted  to  l ead  to  the  ac t iva t ion  o f  ce l l  

func t ions ,  such  as  the  p roduc t ion  o f  hya lu ron ic  ac id  and  g lu ta th ione ,  

an  i n  v i vo  an t iox idan t . 2 1 )  Therefore ,  GABA is  expected  to  suppress  

AD through ant i - inf lammatory  ac t iv i ty  and  improved skin  barr ier  

funct ion .  Thus ,  chapter  3  d i scusses  how FBEP and GABA adminis te red  

s ingly  or  in  combinat ion  inf luence  the  development  of  AD-l ike  skin  

les ions  in  NC/Nga mice  by cont inuous  appl ica t ion  of  the  hapten  p icryl  

chlor ide  (PiCl ) .  

Chap te r  4  examines  the  e ffec ts  o f  FBEP on  nuc le ic  ac id  
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metabo l i sm.  Abnormal i t i e s  in  pur ine  and  pyr imid ine  metabo l i sm a re  

be l i eved  to  p lay  a  ro le  in  f a t  accumula t ion  in  the  l ive r  o f  r a t s  f ed  

o ro t i c  ac id . 7 )  Converse ly,  a l lopur ino l ,  which  suppresses  u r i c  ac id  

(UA)  p roduc t ion ,  was  repor ted  to  suppress  f a t  accumula t ion  in  the  

l ive r  o f  r a t s  f ed  o ro t i c  ac id . 2 2 )  Addi t iona l ly,  i t  has  been  repor ted  t ha t  

l eve l s  o f  human  ura te  t r anspor te r  1  (URAT 1)  a re  g rea t ly  reduced  by  

h igh  l eve l s  (1  m M )  o f  o ro t i c  ac id , 2 3 )  and  tha t  URAT 1  i s  r e spons ib le  

fo r  t r anspor t ing  o ro t i c  ac id  ac ross  ce l l  membranes .  F u r t h e r m o r e ,  

t h i s  t r anspor t  i s  e ffec t ive ly  b locked  by  benzbromarone ,  a  UA 

excre t ion-promot ing  d rug . 2 4 )  Thus ,  FBEP may  a ffec t  nuc le ic  ac id  

metabo l i sm.  There fo re ,  chap te r  4  p resen t s  an  examina t ion  o f  t he  

e ffec t s  o f  FBEP admin i s t ra t ion  on  th ree  s t r a ins  o f  r a t s  wi th  anomal ies  

in  nuc le ic  ac id  metabo l i sm (hyperur icemia  mode l s ) .  

Chap te r  5  desc r ibes  a  c l in ica l  t e s t  o f  FBEP e ffec t s  on  UA 

metabo l i sm in  humans .  The  Japanese  Soc ie ty  o f  Gout  and  Nuc le ic  

Ac id  Metabo l i sm def ines  hyperur icemia  as  a  cond i t ion  charac te r i zed  

by  a  se rum UA leve l  >  7 .0  mg/dL,  i r r e spec t ive  o f  gender  and  age .  

Hyperur icemia ,  an  under ly ing  cause  o f  gou t ,  i s  p resen t  in  abou t  20% 

of  male  adu l t s  in  Japan . 2 5 )  Addi t iona l ly,  hyperur icemia  i s  an  

independen t  p red ic t ive  fac to r  fo r  me tabo l i c  syndrome,  which  

f requen t ly  l eads  t o  compl ica t ions  re la ted  to  l i fe  s ty le ,  such  as  h igh  

b lood  p re ssure ,  g lucose  to le rance  d i so rder,  and  obes i ty. 2 6 , 2 7 )  Ea r ly  

de tec t ion  and  t r ea tment  a re  impera t i ve  in  the  con t ro l  o f  gou t  and  

hyperur icemia .  For  the  t r ea tment  o f  gou t  and  hyperur icemia ,  i t  i s  

des i rab le  to  beg in  con t ro l l ing  UA leve l s  when  s l igh t ly  e leva ted  se rum 

UA leve l s  appear,  which  does  no t  mee t  the  app l i cab le  c r i t e r ion  o f  

 6



 7

pharmaco log ica l  t r ea tment .  Th i s  s i tua t ion  has  h igh l igh ted  the  need  

fo r  food  tha t  cou ld  con t ro l  UA leve l s .  In  an  exp lo ra to ry  open  s tudy,  

FBEP reduced  se rum UA in  sub jec t s  wi th  s l igh t ly  e l eva ted  l eve l s . 2 8 )  

Hence ,  to  s ta t i s t ica l ly  confi rm the  effec t  of  FBEP on decreas ing  serum 

UA levels ,  tak ing  in to  cons idera t ion  the  e ffec ts  o f  envi ronmenta l  

fac tors  and the  p lacebo effec t ,  and  having s tudied the  sa fe ty  of  FBEP,  

a  double-b l ind  para l le l -group compar ison s tudy was  conducted  wi th  

Japanese  men and women wi th  s l ight ly  e levated  serum UA levels  

(6 .5-7 .5  mg/dL) .

 



 
 

Chapter 2 

Effects of Fermented Barley Extract on Antioxidant 
Status in Mice 
 

2.1 Introduction 
Genu i ne  s h o c h u  i s  a  t r a d i t i o n a l  J a p a n e s e  s p i r i t  ma d e  f r o m 

bar ley,  r i ce ,  swee t  po ta to ,  sugar  cane  o r  buckwhea t .  Japanese  shochu  

p roduc t ion  i s  cha rac te r i zed  by  the  use  o f  ko j i  and  by  i t s  me thod  o f  

d i s t i l l a t ion .  Whereas  mal t  i s  used  in  the  fe rmenta t ion  o f  whiskey  a nd  

beer,  ko j i  i s  used  in  shochu  f e rmenta t ion .  Koj i  i s  pecu l i a r  to  As ia  and  

i s  p roduced  by  cu l tu r ing  fung i  o f  the  Asperg i l lus  f ami ly  ( su i t ed  to  

t empera te  and  humid  c l ima tes )  us ing  cerea l  subs t ra tes  such  as  r i ce  o r  

ba r l ey.  Recen t  inc reases  in  shochu  p roduc t ion  have  re su l t ed  in  an  

enormous  ou tpu t  o f  SDB.  In  the  pas t ,  mos t  o f  t he  SDB was  dumped  a t  

sea ,  a s  indus t r i a l  was te .  However,  the  1996  p ro toco l  o f  the  London  

Conven t ion  s t imula ted  resea rch  to  deve lop  t r ea tment  methods  i n  l i eu  

o f  dumping ,  and  to  inves t iga te  any  use fu l  charac te r i s t i c s  o f  SDB as  a  

n o n - u t i l i z e d  r e s o u r c e .  S u b s e q u e n t l y,  m a n y  m e t h o d s  h a v e  b e e n  

deve loped  to  e ffec t ive ly  u t i l i ze  SDB.  For  example ,  the re  have  been  

repor t s  on  the  use  o f  SDB as  d r i ed  feed  o r  f e r t i l i ze r, 2 9 )  a  g rowth  

p romote r  fo r  b ro i l e r s , 3 0 )  a  s eason ing , 3 1 )  and  in  an t i cancer  food . 3 2 )  

S D B  c o n t a i n s  a n  a b u n d a n c e  o f  c e r e a l -  a n d  m i c r o b i a l - d e r i v e d  

nu t r i en t s ,  and  i t s  compos i t ion  va r ies  depend ing  on  the  r aw mate r i a l ,  

r aw mate r i a l  fo rmula  and  d i s t i l l a t ion  method .  I t  has  p rev ious ly  been  

repor ted  on  the  e ffec t s  o f  ba r l ey-SDB in  p romot ing  the  g rowth  o f  

en te r i c  bac te r i a , 3 3 )  p reven t ing  fa t ty  l ive r  induc t ion  by  o ro t i c  ac id , 3 )
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and  p reven t ing  l ive r  in ju ry  caused  by  D -ga lac tosamine . 5 )  S ince  

ba r ley-SDB has  been  found  to  p rov ide  hea l th  benef i t s  ( a s  desc r ibed  

above) ,  ba r l ey-SDB was  renamed  “Fermented  ba r ley  (FB)”  to  avo id  

the  nega t ive  was te -p roduc t  conno ta t ion .  However,  inves t iga t ion  in to  

the  in f luence  o f  FB f rac t ion  in take  on  an ima l  and  human  hea l th  i s  

necessa ry.  Two exper iments  us ing  mice  were  conduc ted  in  an  e ffo r t  to  

e luc ida te  the  e ffec t s  o f  o r a l  admin i s t r a t ion  o f  the  ex t rac t  f r ac t ion  

f rom FB on  the  body.  

 

2.2 Materials and Methods 
Mater ia l s    Pear led bar ley (PB; bar ley pear led to  approximately 

65% of  i ts  ini t ia l  weight) ,  purchased from Ishibashikohgyo (Fukuoka,  

Japan) ,  was ground into f lour  and used in  the experiment .  FB,  p rov ided  

by  Sanwa  Shuru i  (Oi ta ,  Japan) ,  was  p repared  us ing  PB as  the  r aw 

mate r i a l .  To  p roduce  s t eamed  bar ley,  PB was  a l lowed  to  absorb  wa te r  

un t i l  a  40% w/w wate r  con ten t  was  ach ieved ,  s t eamed  fo r  40  min ,  and  

subsequen t ly  coo led  to  40°C.  The  ba r ley-ko j i  was  p roduced  by  

inocu la t ing  the  s t eamed  ba r l ey  wi th  whi te  ko j i  mold  (Asperg i l lus  

kawachi i )  (1  kg / ton  o f  ba r l ey) ,  which  was  ma in ta ined  a t  38°C and  

95% re la t ive  humid i ty  (RH)  fo r  24  h  wi th  a  subsequen t  incuba t ion  a t  

32°C and  92% RH for  20  h .  The  seed  mash  was  p repared  wi th  3 .6  kL 

wate r,  30  L o f  shochu -yeas t  (Saccharomyces  cerev i s iae )  p recu l tu re  (3  

×  10 8  c fu /mL)  and  3  tons  o f  ba r l ey-ko j i .  The  seed  mash  was  

fe rmented  fo r  5  days  a t  25°C.  The  main  mash  was  p repared  by  add ing  

7  tons  o f  s t eamed  bar ley  and  11 .4  kL o f  wa te r  to  the  seed  mash .  The  

main  mash  was  fe rmented  fo r  11  days  a t  25°C.  Af t e r  f e r me n t a t ion ,  
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t h e  ma i n  ma s h  w a s  s u b j e c t ed  t o  s i ng l e  ba t ch  d i s t i l l a t i on  t o  ob t a in  10  

kL o f  un re f i ned  ba r l ey - shochu  a nd  15  kL o f  FB .  FB was  f i l t e red  wi th  

a  s t a in less - s t ee l  mesh  ne t  (1  mm) .  The  resu l t ing  res idua l  subs tance ,  

named  fe rmented  ba r ley  f i be r  (FBF) ,  was  d r ied  wi th  hea ted  a i r  and  

mi l l ed .  The  ex t rac ted  l iqu id  was  then  f i l t e red  us ing  a  ce ramic  f i l t e r  

(poros i ty  0 .2  µm)  to  remove  so l id  res idues ,  such  as  p lan t  ce l l  wa l l s  

and  mic rob ia l  ce l l s .  Subsequen t ly,  the  aqueous  so lu t ion ,  named  

fe rmented  ba r l ey  ex t rac t  (FBE) ,  was  f reeze -dr ied  and  mixed  wi th  

50% w/w wate r- so lub le  dex t r in  (P inedex  100 T M ;  Matsu tan i  Chemica l  

Indus t ry,  Hyogo ,  Japan)  as  an  exc ip i en t .  A 10- l i t e r  vo lume  o f  FBE 

before  concen t ra t ion  and  d ry ing  was  sub jec ted  to  an  Amber l i t e  

FPX66 T M  (Rohm and  Haas ,  Ph i l ade lph ia ,  USA)  co lumn (80  ×  10  c m 

I .D . )  equ i l ib ra ted  wi th  d i s t i l l ed  wa te r.  Af te r  wash ing  wi th  d i s t i l l ed  

wa te r,  the  t r apped  mate r i a l  was  e lu ted  wi th  75% e thano l .  The  e lu ted  

f rac t ion  was  f reeze -dr ied .  As  a  r e su l t ,  approx imate ly  100  g  o f  

f r eeze -d r ied  sample ,  named  FBEP,  was  ob ta ined  f rom 10  kg  o f  PB.  

The  recovery  ra tes  o f  FB,  FBE and  FBEP f rom PB were  20%,  10% and  

1% on  a  d ry  we igh t  bas i s ,  r e spec t ive ly.  The  nu t r i t iona l  componen t s  o f  

the  samples  were  ana lyzed  and  a re  shown in  Tab le  2 -1 .  

A n i m a l s    M a l e  C r l j : C D - 1  ( I C R )  m i c e  ( 5  w e e k s  o l d )  w e r e  

ob ta ined  f rom Char les  R ive r  Japan  (Kanagawa ,  Japan) .  Al l  an imals  

were  swi tched  f rom a  l abora to ry  d ie t ,  MF (Or ien ta l  Yeas t ,  Tokyo) ,  t o  

the  exper imenta l  d ie t s  a t  5  months  o f  age .  For ty -e igh t  (Exp .  1 )  o r  

t h i r ty - two  (Exp .  2 )  mice  were  r andomly  d iv ided  in to  s ix  o r  fou r  

g roups  o f  e igh t  an imals  each ,  and  housed  in  suspended  s t a in less - s t ee l  

cages  wi th  wi re  mesh  bo t toms .  The  an ima l  room was  kep t  a t  24  ±



 
Antioxidant Activity of Fermented Barley 

 11

Table 2-1.  Nutritional components of samples (g/100 g) 

Components PB FBF FBE FBEP 

 Moisture 15.8 6.0 5.1 6.2  

 Crude protein 6.0 19.6 18.9 39.2  

 Crude fat 1.3 13.3 0.0 0.3  

 Ash 0.7 1.9 2.6 3.7  

 Total dietary fiber 7.2 47.4 0.9 8.8  

Soluble fiber (4.9) (1.7) (0.9) (8.8) 
Insoluble fiber (2.3) (45.7) (0.0) (0.0) 

PB, pearled barley flour; FBF, fermented barley fiber; FBE, fermented barley extract; FBEP, 
fermented barley extract P. 
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0 .5°C wi th  the  RH a t  65  ±  5%.  Room l igh t ing  cons i s t ed  o f  12-hour  

pe r iods  o f  l igh t  and  da rk .  The  mice  were  g iven  f ree  access  to  the  

d ie t s  and  wa te r.  Al l  the  mice  were  fed  the  exper imenta l  d ie t s  fo r  3  

months .  Food  consumpt ion  (g /day)  was  obse rved  and  body  weigh t s  

were  measured  once  a  week .  Al l  the  mice  were  main ta ined  accord ing  

to  the  gu ide l ines  fo r  exper imen ta l  an imals  o f  the  Na t iona l  Food  

Research  Ins t i tu te ,  Japan .  

Die t    Each  d ie t  con ta ined  5% l ip id ,  20% pro te in  and  48 .8% 

carbohydra te  sources ,  in  add i t ion  to  the  fo l lowing  componen t s :  

g ranu la ted  sugar,  15%;  ce l lu lose  powder,  5%;  sa l t  mix tu re ,  4%;  

v i t amin  mix tu re ,  2%;  and  L -meth ion ine ,  0 .2%.  The  sa l t  and  v i t amin  

mix tures  were  purchased  f rom Or ie n ta l  Yeas t  (Tokyo) .  In  these  d i e t s ,  

l a rd  and  case in  were  used  as  l ip id  and  p ro te in  sources ,  r e spec t ive ly.  

Fur the rmore ,  dex t r in  and  corn  s t a rch  were  used  as  ca rbohydra te  

sources .  In  Exp .  1 ,  the  d ie t s  con ta in ing  0% or  10% of  s amples  (PB,  

FBF or  FBE)  were  used .  In  Exp .  2 ,  the  d ie t s  con ta in ing  0% of  sample ,  

10% of  FBE or  5% of  FBEP were  used .  Amount s  o f  l i p id ,  p ro te in  a nd  

ca rbohydra te  con ta ined  in  exper imenta l  samples  were  deduc ted  f rom 

the  amount  o f  l a rd ,  case in  and  corns t a rch  o f  t he  con t ro l  d ie t  in  the  

p repara t ion  o f  exper imenta l  d ie t s ,  r e spec t ive ly.  

Prepara t ion  o f  p lasma and  ery throcy te  l y sa te  samples    At  the  

end  o f  the  feed ing  t r i a l s ,  a l l  the  mice  were  fas t ed  fo r  20  hours  be fore  

be ing  anes the t i zed  wi th  d ie thy l  e the r.  B lood  was  then  co l l ec ted  f rom 

the  in fe r io r  vena  cava  wi th  a  hepar in ized  sy r inge  and  t r ans fe r red  to  

i ce -co ld  tubes .  P lasma  and  e ry th rocy tes  were  separa ted  by  

cen t r i fuga t ion  a t  900×g  fo r  20  min  a t  4°C.  In  Exp .  2 ,  e ry th rocy tes  
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were  subsequen t ly  washed  once  wi th  10  vo lumes  o f  co ld  0 .9% NaCl  

so lu t ion  by  cen t r i fuga t ion  a t  900×g  fo r  20  min  a t  4°C.  The  washed  

cen t r i fuged  e ry th rocy tes  were  lysed  by  4  vo lumes  o f  co ld  de ion ized  

wa te r,  mixed  and  l e f t  a t  4°C for  15  min .  P la sma  and  e ry th rocy te  

lysa te  samples  were  s to red  a t  –30°C un t i l  r equ i red  fo r  ana lys i s .  

Prepara t ion  o f  l i ver  homogenates    Afte r  b lood  co l l ec t ion ,  

the  whole  l ive r  o f  each  mouse  was  removed  and  homogen ized  wi th  

1 /15  mol /L phospha te  buffe r ed  sa l ine  (pH 7 .4 )  us ing  a  Tef lon-g las s  

homogen ize r.  Ti s sue  homogena tes  were  s to red  a t  –30°C un t i l  r equ i red  

fo r  ana lys i s .  

Analy t i ca l  procedures    Total  choles terol ,  t r i acylglycerol  and  

phosphol ip id  concent ra t ions  in  p lasma  samples  and  l iver  homogenates  

were  dete rmined by  the  enzymat ic  methods  of  Al la in  et  a l . , 3 4 )  Spayd 

et  a l . , 3 5 )  and Takayama et  a l . , 3 6 )  respec t ive ly.  P lasma  f r ee  fa t ty  ac id  

concen t ra t ions  ( in  Exp .  1 )  were  measured  by  the  enzymat i c  method  o f  

Sh imizu  e t  a l . 3 7 )  The  th iobarbi tur ic  ac id- react ive  substances  

(TBARS) concent ra t ions  in  p lasma were  determined  by the  method of  

Yagi , 3 8 )  and  those  in  t i ssues  were  determined  by the  method of  

Ohkawa et  a l . , 3 9 )  wi th  a  minor  modi f ica t ion .  The  TBARS 

concent ra t ions  are  presented  as  nmol  malondia ldehyde  (MDA),  us ing  

te t rae thoxypropane  as  an  external  s tandard .  In  Exp.  2 ,  e ry throcyte  

g lu ta th ione  peroxidase  (GPx)  and superoxide  d ismutase  (SOD)  

ac t iv i t ies  were  de termined us ing  commercia l ly  avai lab le  k i t s  

(BIOXYTECH GPx-340 T M  and  SOD-525 T M ,  respect ive ly) .  L ive r  

g lu ta th ione  (GSH)  concen t ra t ion  was  de te rmined  us ing  a  

BIOXYTECH GSH-420 T M  co lo r ime t r i c  a s say  k i t .  A l l  o f  these  k i t s  

 13



 
Antioxidant Activity of Fermented Barley 

were  purchased  f rom OXIS In te rna t iona l  (Por t l and ,  USA) .  

Sta t i s t i ca l  Ana lyses    All  r e su l t s  were  expressed  as  means  ±  

SD.  The  s t a t i s t i ca l  s ign i f i cance  o f  d i ffe rences  be tween  d ie ta ry  

g roups  was  de te rmined  by  one-way  ana lys i s  o f  va r i ance  us ing  the  

STATISTICA s ta t i s t i ca l  p rogram package  (Sta tSof t ,  Okla . ,  USA) .  

When  the  F  t e s t  was  s ign i f i can t ,  compar i sons  be tween  the  d ie ta ry  

g roups  were  pe r fo rmed  us ing  Duncan’s  mul t ip le  r ange  t e s t  a t  p<0.05 .  

 

2.3 Results 
Exp .  1 .    Food  consumpt ion  was  4 .5  ±  0 .1  g /day,  and  the  

d i ffe rences  be tween  the  d ie ta ry  g roups  were  no t  s ign i f i can t .  The  f ina l  

body  weigh t s  were  as  fo l lows :  con t ro l  g roup ,  50 .0  ±  4 .5  g ;  PB group ,  

48 .8  ±  5 .0  g ;  FBF group ,  49 .4  ±  4 .7  g ;  FBE group ,  48 .3  ±  4 .8  g .  There  

were  no  s ign i f i can t  d i ffe rences  in  body  weigh t  be tween  g roups .  

The  e ffec t s  o f  exper imenta l  d ie t s  on  p lasma  l i p id  componen t s  

and  TBARS a re  shown in  Tab le  2 -2 .  There  were  no  s ign i f i can t  

d i ffe rences  in  to t a l  cho les te ro l  concen t ra t ion  among  the  g roups .  

Tr iacy lg lyce ro l  concen t ra t ion  was  s ign i f i can t ly  lower  in  the  PB 

group  than  in  the  con t ro l  g roup .  Phospho l ip id  concen t ra t ion  t ended  to  

be  h igher  in  the  FBF group  and  lower  in  the  PB group .  F ree  fa t ty  ac id  

concen t ra t ions  were  s ign i f i can t ly  lower  in  PB f lour  and  FB groups ,  

and  espec ia l ly  so  i n  the  FBE group ,  a s  compared  to  the  con t ro l  g roup .  

Only  the  FBE group  was  s ign i f i cant ly  lower  in  TBARS concen t ra t ion  

than  the  con t ro l  g roup .  

The  e ffec t s  on  l ive r  l ip ids  and  TBARS a re  shown in  Tab le  2 -3 .  

To ta l  cho les te ro l  concen t ra t ion  was  s ign i f i can t ly  h ighe r  in  the  PB 
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Table 2-2.  Effect of PB, FBF and FBE on plasma lipids in mice (Exp. 1) 

 Dietary group 

  Control PB FBF FBE 

 Total cholesterol (mg/dL) 158.7 ±25.8 139.0 ± 23.0 162.5 ± 20.9  134.8 ± 34.8 

 Triacylglycerol (mg/dL) 107.1 ±34.3b 63.1 ± 8.5a 107.3 ± 19.2b 98.6 ± 47.0ab

 Phospholipids (mg/dL) 225.2 ±31.6ab 184.9 ± 24.8a 238.7 ± 28.3b 203.7 ± 37.1ab

 Free fatty acid (μEq/L) 917.2 ±104.1c 647.0 ± 70.7ab 636.0 ± 61.9ab 564.5 ± 103.0a

 TBARS (nmol/mL) 37.0 ±9.4bc 28.9 ± 5.1abc 37.5 ± 6.2c 26.4 ± 4.8a 

PB, pearled barley flour; FBF, fermented barley fiber; FBE, fermented barley extract; TBARS, thiobarbituric acid-reactive 
substances. Each value is expressed as the mean ± SD (n = 8). Values for each dietary group with different small letters in the 
same lipid fractions are significantly different at p<0.05 by Duncan's multiple range test.
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Table 2-3.  Effect of PB, FBF and FBE on liver lipids in mice (Exp. 1) 

  Dietary group 

  Control PB FBF FBE 

 Total cholesterol (mg/g tissue) 4.6±0.6a 6.8±1.6b 6.8±0.6b 5.8 ± 1.2ab 
 Triacylglycerol (mg/g tissue) 46.3±16.5ab 38.1±11.7ab 56.9±8.8b 61.1 ± 24.2b 
 Phospholipids (mg/g tissue) 16.8±0.9a 17.4±0.9ab 19.3±1.3b 17.7 ± 2.5ab 
 TBARS (nmol/g tissue) 70.8±4.3b 70.2±4.1b 68.3±3.9b 62.9 ± 3.0a 
PB, pearled barley flour; FBF, fermented barley fiber; FBE, fermented barley extract; TBARS, thiobarbituric acid-reactive 
substances. Each value is expressed as the mean ± SD (n = 8). Values for each dietary group with different small letters in 
the same lipid fractions are significantly different at p<0.05 by Duncan's multiple range test. 



 
Antioxidant Activity of Fermented Barley 

and  FBF groups  than  in  the  con t ro l  g roup .  Phospho l ip id  concen t ra t ion  

t ended  to  be  h igher  in  the  FBF group .  TBARS concen t ra t ion  was  

s ign i f i can t ly  lower  in  the  FBE group  than  in  t he  con t ro l ,  PB,  and  FBF 

groups .  

Exp .  2 .    Food  consumpt ion  was  4 .4  ±  0 .2  g /day,  and  the  

d i ffe rences  be tween  the  d ie ta ry  g roups  were  no t  s ign i f i can t .  The  f ina l  

body  weigh t s  were  as  fo l lows :  con t ro l  g roup ,  52 .0  ±  3 .1  g ;  FBE group ,  

51 .1  ±  4 .4  g ;  FBEP group ,  50 .2  ±  3 .2  g .  There  were  no  s ign i f i can t  

d i ffe rences  in  body  we igh t  be tween  g roups .  

The  p lasma  l ip id  concen t ra t ion  fo r  each  d ie ta ry  g roup  i s  

p resen ted  in  Tab le  2 -4 .  No  s ign i f i can t  d i ffe rences  were  found  in  to ta l  

cho les te ro l ,  t r i acy lg lyce ro l  o r  phospho l ip id  concen t ra t ions  among  

the  g roups .  TBARS concen t ra t ion  was  s ign i f i can t ly  lower  in  the  FBE 

and  FBEP groups  t han  in  the  con t ro l  g roup .  

The  e ry th rocy te  GPx  and  SOD ac t iv i t i e s  a re  shown in  Tab le  2 -5 .  

Ery th rocy te  GPx  ac t iv i ty  was  s ign i f ican t ly  h igher  in  the  FBEP g roup  

than  in  a l l  the  o the r  g roups .  Ery th rocy te  SOD ac t iv i ty  d id  no t  d i ff e r  

s ign i f i can t ly  among  the  g roups .  

The  l ive r  TBARS and  GSH concen t ra t ions  a re  p resen ted  in  

Tab le  2 -6 .  TBARS concen t ra t ion  was  s ign i f i can t ly  lower  in  the  FBE 

and  FBEP groups  than  in  the  con t ro l  g roup .  Hepa t i c  GSH was  

s ign i f i can t ly  h igher  in  the  FBEP group  than  in  the  con t ro l  g roup .  

 

2.4 Discussion 
There  have  been  severa l  r epor t s  demons t ra t ing  the  benef ic ia l  

phys io log ica l  e ffec t s  o f  ba r l ey  on  l ip id  metabo l i sm in  an imal s  and   
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Table 2-4.  Effect of FBE and FBEP on plasma lipids in mice (Exp. 2) 

FBE, fermented barley extract; FBEP, fermented barley extract P; TBARS, thiobarbituric acid-reactive substances. 
Each value is expressed as the mean ± SD (n = 8). Values for each dietary group with different small letters in the same 
lipid fractions are significantly different at p<0.05 by Duncan's multiple range test. 

 Dietary group 

 Control FBE FBEP 

 Total cholesterol (mg/dL) 171.8±38.9 174.8±23.7 157.2 ± 28.1 
 Triacylglycerol (mg/dL) 107.9±23.9 91.4±16.0 94.5 ± 17.6 
 Phospholipids (mg/dL) 261.7±47.5 249.8±30.4 226.7 ± 38.6 
 TBARS (nmol/mL) 37.4±14.8b 22.0±6.0a 23.9 ± 7.5a 
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Table 2-5.  Erythrocyte GPx and SOD activities of mice fed 
experimental diets for 3 months (Exp. 2) 

GPx, glutathione peroxidase; SOD, superoxide dismutase; RBC, red blood cell; FBE, fermented 
barley extract; FBEP, fermented barley extract P. Each value is expressed as the mean ± SD (n = 8). 
Values for each dietary group with different small letters in the same column are significantly 
different at p<0.05 by Duncan's multiple range test. 

 Dietary group 

 Control FBE FBEP 

 GPx (U/mL RBC) 40.5 ± 6.8a 40.3 ± 3.6a 60.4 ± 4.8b 

 SOD (U/mL RBC) 560.6 ± 31.8 543.8 ± 31.2 538.6 ± 27.6 
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Table 2-6.  Liver TBARS and GSH concentrations of mice fed 
experimental diets for 3 months (Exp. 2) 

TBARS, thiobarbituric acid-reactive substances; GSH, glutathione; FBE, fermented barley extract; FBEP, 
fermented barley extract P. Each value is expressed as the mean ± SD (n = 8). Values for each dietary 
group with different small letters in the same column are significantly different at p<0.05 by Duncan's 
multiple range test. 

 Dietary group 

 Control FBE FBEP 

 TBARS (nmol/g tissue) 43.1 ± 2.7b 37.4 ± 2.1a 35.9 ± 3.6a 

 GSH (mmol/g tissue) 4.8 ± 0.3a 5.3 ± 0.4ab 5.9 ± 0.4b 
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humans . 8 - 1 2 )  With  respect  to  the  animal  exper iments ,  many s tudies  

concerned themselves  wi th  h igh  choles tero l  and h igh- fa t  food ,  but  few 

repor ts  evalua ted  the  long- term effec t  of  bar ley  on  l ip id  metabol i sm in  

animals  g iven  a  d ie t  of  ord inary  nut r i t ional  composi t ion .  When  the  

p resen t  exper imenta l  da ta  i s  ana lyzed  f rom the  pe r spec t ive  o f  PB,  

which  i s  the  raw mate r ia l  o f  FBF and  FBE,  the  resu l t s  a re  a s  fo l lows .  

P lasma  t r i acy lg lyce ro l  concen t ra t ion  was  s ign i f i can t ly  lower  in  the  

PB group  than  in  the  con t ro l  g roup ,  whereas  the  FBE group  was  no t  

d i ffe ren t .  Wi th  respec t  to  l ive r  l ip id  l eve l s ,  the  to ta l  cho les te ro l  

va lue  was  s ign i f i can t ly  h igher  in  the  PB group  than  in  the  con t ro l  

g roup ,  bu t  d id  no t  d i ffe r  s ign i f i can t ly  be tween  FBE and  con t ro l  

g roups .  Thus ,  i t  was  sugges ted  tha t  FBE had  l i t t l e  e ffec t  on  l ip id  

metabo l i sm in  mice  fed  a  low fa t  d ie t .  We though t  tha t  the  reason  

FBE had  no  s ign i f i can t  e ffec t  on  l ip id  metabo l i sm was  tha t  so lub le  

d ie ta ry  f ibe r  (pa r t i cu la r ly  be ta -g lucan)  f rom bar ley  had  been  

degraded  by  funga l  enzymes  dur ing  the  fe rmenta t ion  p rocess .  In  

add i t ion ,  the  sa fe ty  o f  3  months  con t inuous  admin i s t ra t ion  o f  FBE 

and  FBEP was  conf i rmed  in  mice ,  a s  no  abnormal  va r i a t ions  in  the  

o rgan  we igh t  and  necropsy  f ind ings  were  obse rved .  

TBARS concen t ra t ions  in  the  p l asma  and  l ive r  were  

s ign i f i can t ly  lower  in  the  FBE group  than  in  the  con t ro l  g roup .  

Ant iox idan t s ,  such  as  po lypheno ls ,  a re  be l i eved  to  be  invo lved  in  th i s  

e ffec t .  Some po lypheno ls  have  been  iden t i f i ed  in  ba r l ey,  and  a re  

repor ted  to  be  p roan thocyan id in  o l igomers . 4 0 , 4 1 )  These  po lypheno ls  

have  repor ted ly  shown s t rong  an t iox idan t  ac t iv i ty,  and  f i rmly  t r ap  

hydroph i l i c  r ad ica l s  in  aqueous  so lu t ion  sys tems . 4 2 , 4 3 )  However,  
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componen t s  o the r  than  po lypheno l s  may  have  been  invo lved ,  a s  the  

FBE and  FBEP prepared  in  th i s  s tudy  were  unre f ined .  Fur the rmore ,  

because  ba r ley,  a  r aw mate r i a l  o f  shochu ,  was  no t  found  to  dec rease  

the  amount  o f  sys temic  TBARS,  the  FBE componen ts  accen tua t ing  

an t iox idan t  p roper t i e s  in  the  body  may  have  been  due  to  an  inc rease  

in  an t iox idan t  ac t iv i ty  o r  the  absorp t ion  o f  nu t r i t iona l  componen t s  

p roduced ,  by  fung i  o r  yeas t ,  dur ing  fe rmenta t ion . 4 4 , 4 5 )  Tha t  i s ,  i t  may  

be  in fe r red  tha t  the  fung i  fo rm an  an t iox idan t ,  enzymat ica l ly  

decompose  po lypheno l  g lycos ides ,  and  p roduce  a  h igh ly  absorbab le  

ag lycon  o r  an  an t iox idan t  pep t ide .  In  v i t ro  an t i -ox idan t  ac t iv i ty  o f  

the  absorbed  f rac t ion  o f  e thano l  ex t rac t  o f  PB on  the  hydrophobic  

res in  was  the  same  as  fo r  FBEP (da t a  no t  shown) .  Fur the r  s tudy  on  

iden t i fy ing  the  subs tances  in  FBEP tha t  enhance  an t iox idan t  ac t iv i ty  

in  v i vo  i s  r equ i red .  

Resu l t s  o f  numerous  expe r iments  have  shown tha t  d ie ta ry  

componen t s  r i ch  in  po lypheno l s  and  exh ib i t ing  h igh  an t iox idan t  

capac i ty  can  i n f luence  b iomarkers  o f  an t iox idan t s  in  r a t s ,  fo r  

example  inc reased  GPx  and  SOD ac t iv i t i e s . 4 6 - 4 8 )  Ce l lu la r  an t iox idan t  

enzymes  such  as  GPx  and  SOD have  a  cen t ra l  ro le  in  the  con t ro l  o f  

r eac t ive  oxygen  spec ies .  In  mammal ian  ce l l s ,  GSH and  GPx 

cons t i tu te  the  p r inc ipa l  an t iox idan t  de fense  sys tem. 4 9 , 5 0 )  In  the  

p resen t  exper iment ,  inves t iga t ion  o f  t he  in  v i vo  e ffec t s  on  an t iox idan t  

index  showed  tha t  e ry th rocy te  GPx  ac t iv i ty  was  s ign i f i can t ly  h ighe r  

in  the  FBEP group  than  in  t he  o the r  g roups .  Moreover,  hepa t i c  GSH 

was  s ign i f i can t ly  h igher  in  t he  FBEP group  than  in  the  con t ro l  g roup .  

GPx  i s  an  an t iox idan t  enzyme tha t  r enders  hydrogen  pe rox ide  o r  
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perox id ized  l ip id  non tox ic  by  a  two-e lec t ron  reduc t ion  in  the  

p resence  o f  GSH.  GPx works  toge the r  wi th  SOD and  ca ta lase  to  p lay  

a  ro le  in  the  body’s  de fense  sys tem aga ins t  ox ida t ive  s t r ess .  GSH i s  

known to  be  a  very  impor tant  component  involved in  toxin  metabol i sm 

and ant ioxidant  sys tems involved in  protec t ing  l iver  func t ion . 5 1 - 5 3 )  

The  inc rease  in  the  amount  o f  l ive r  GSH of  an imals  f ed  FBEP i s  

judged  to  be  a  p iece  o f  the  ev idence  tha t  suppor t s  the  p ro tec t ive  

e ffec t  o f  FB on  l ive r  func t ions . 3 - 5 )  I t  was  though t  tha t  consumpt ion  

o f  GSH was  suppressed  as  a  r esu l t  o f  inc reas ing  the  ac t iv i ty  o f  GPx  

by  FBEP.  Moreover,  i t  i s  necessa ry  to  inves t iga te  the  in f luence  o f  

FBEP on  g lu ta th ione  S- t rans fe rase  (no t  eva lua ted  in  th i s  s tudy)  and  

to  c l a r i fy  a  de ta i l ed  mechan i sm of  the  in  v i vo  an t iox ida t ive  ac t iv i ty  

o f  FBEP.  

These  f ind ings  show tha t  FBEP has  the  e ffec t  o f  s ign i f i can t ly  

reduc ing  ox ida t ive  s t r ess  in  the  body.  We cons ide r  i t  necessa ry  t o  

iden t i fy  the  componen t s  invo lved  in  t hese  func t ions  and ,  in  the  fu tu re ,  

conf i rm the i r  e ffec t s  on  humans .  

 

2.5 Summary 
Effec t s  o f  d ie ta ry  supp lementa t ion  wi th  Fermented  ba r ley  

ex t rac t  (FBE)  on  l ip id  metabo l i sm and  an t iox idan t  s t a tus  in  mice  

were  s tud ied .  In  Exp .  1 ,  ma le  5 -month-o ld  mice  were  fed  e i the r  a  

con t ro l  d ie t  o r  an  exper imenta l  d ie t  con ta in ing  10% bar ley,  f e rmented  

ba r ley  f i be r  ( s t r i a t ed  pa r t  o f  ba r ley  g ra in )  o r  FBE fo r  3  months .  In  

Exp .  2 ,  ma le  5 -month-o ld  mice  were  fed  e i the r  a  con t ro l  d ie t  o r  an  

exper imenta l  d ie t  con ta in ing  FBE or  FBEP (adsorbed  f r ac t ion  o f  FBE 
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on  the  hydrophobic  res in )  fo r  3  months .  The  th iobarb i tu r i c  ac id -  

r eac t ive  subs tances  (TBARS)  concen t ra t ions  in  bo th  p lasma  and  l i ve r  

were  s ign i f i can t ly  lower  in  the  FBE and  FBEP groups  than  the  con t ro l  

g roup .  Ery th rocy te  g lu ta th ione  pe rox idase  (GPx)  ac t iv i ty  was  

s ign i f i can t ly  h igher  in  the  FBEP group  than  in  the  o the r  g roups .  L ive r  

g lu ta th ione  (GSH)  con ten t  was  s ign i f i can t ly  h igher  in  the  FBEP 

group  than  in  the  con t ro l  g roup .  These  resu l t s  sugges t  tha t  FBEP,  

p repared  f rom the  wa te r- so lub le  f rac t ion  o f  ba r l ey-shochu  d i s t i l l e ry  

by-produc t s ,  s ign i f i can t ly  r educes  ox ida t ive  s t r ess  in  the  body.

 



 
 

 

Chapter 3 

Effects of Single and Combined Administration of 
Fermented Barley Extract and γ-Aminobutyric Acid on 
the Development of Atopic Dermatitis in NC/Nga Mice. 
 

3.1 Introduction  
Atopic  dermati t is  (AD) is  an i llness  character ized by pruriginous 

eczema as i ts  main morbid process ,  in  which aggravat ion and abatement  

are  repeated,  and most  AD pat ients  present  an atopic  disposi t ion. 5 4 )  

A l le rg ic  r eac t ions  to  an t igens ,  namely  immunolog ic  d i so rders  and  

d i so rders  o f  sk in  ba r r i e r  func t ion  such  as  a top ic  d ry  sk in ,  a re  

impor tan t  f ac to r s  in  the  deve lopment  o f  AD.  There fo re ,  based  on  

dua l i s t i c  though t ,  t he  con t ro l  o f  in f l ammat ion ,  a  r educ t ion  in  p ru r i tus ,  

and  sk in  ca re  a re  impor tan t  in  the  t r ea tment  o f  AD.  Moreover,  s ince  

env i ronment  f ac to r s  and  menta l  s t r e ss  a re  compl ica t ing  i s sues  in  the  

deve lopment  and  aggrava t ion  o f  dermat i t i s ,  i t  i s  impor tan t  to  pay  

a t t en t ion  to  such  cond i t ions .  Whi le  foods  con ta in  a l l e rgens ,  they  a l so  

con ta in  ingred ien t s  tha t  p rov ide  p reven t ive  and  pa l l i a t ive  e ffec t s  on  

a l l e rg ic  r eac t ions .  In  r ecen t  yea r s ,  an t i - a l l e rg ic  foods  u t i l i z ing  the  

func t iona l i ty  o f  such  food  ingred ien t s  have  been  a t t r ac t ing  a t t en t ion ,  

and  l ac t i c  ac id  bac te r i a  and  p lan t  po lypheno l s  have  been  the  main  

focus  o f  r epor t s . 1 5 , 1 6 , 5 5 , 5 6 )  

In  chap te r  2 ,  o ra l  admin i s t ra t ion  o f  FBEP in  mice  resu l t ed  in  

r educed  ox ida t ive  s t r e ss  by  con t ro l l ing  g lu t a th ione- redox .  On  the  

o the r  hand ,  Iguch i  e t  a l .  r epor ted  tha t  admin i s t r a t ion  o f  FBE to  mice  

wi th  ova lbumin-sens i t i zed  rh in i t i s  r educed  the  inc rease  in  f r equency  
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of  sneez ing  and  nose -sc ra tch ing . 5 7 , 5 8 )  Fur the rmore ,  the  deve lopment  

o f  AD- l ike  sk in  l e s ions  in  NC/Nga  mice  was  reduced  by  a l t e ra t ions  in  

the  cy tok ines  invo lved  in  chron ic  in f l ammat ion ,  such  as  in te r fe ron  

( IFN)-γ  and  in te r l euk in  ( IL) -17 .  In  add i t ion ,  ep idemio log ica l  s tud ies  

have  ind i ca ted  tha t  a  low inc idence  o f  a s thma  was  obse rved  in  a  

popu la t ion  wi th  a  h igh  in take  o f  f l avono ids . 1 7 )  Hence  i t  i s  expec t ed  

tha t  the  an t i -ox ida t ive  and  an t i - inf l ammatory  ac t ions  o f  FBEP 

(po lypheno l  f r ac t ion  o f  FBE)  wi l l  r e su l t  in  a l l e rgy- reduc ing  e ffec t s .  

On  the  o the r  hand ,  severa l  express ion  aber ra t ions  o f  neuro-  

t r ansmi t t e r s  have  been  repor ted  in  the  sk in  o f  AD pa t i en t s . 5 9 - 6 1 )  I t  

was  repor ted  tha t  noradrena l in  (NA) ,  a  ma jor  neuro t ransmi t t e r  

invo lved  in  the  con t ro l  o f  the  vasocons t r i c t ive  mot ion  o f  human  sk in ,  

was  mos t  en r iched  in  the  sk in  o f  AD pa t i en t s  and  migh t  be  one  o f  t he  

pa tho log ica l ,  aggrava t ing  fac to r s  o f  AD by  inc reas ing  in f lammatory  

cy tok ine  p roduc t ion . 6 2 )  Kimura  e t  a l . 6 3 )  and  Hayakawa  e t  a l . 6 4 )  

conf i rmed  tha t  GABA showed  a  hypo tens ive  e ffec t  in  spon taneous ly  

hyper tens ive  ra t s  by  suppres s ing  the  re lease  o f  NA in  the  pe r iphera l  

sympa the t i c  ne rves .  In  add i t ion ,  i t  was  found  tha t  GAD67,  a  

GABA-produc ing  enzyme,  was  p resen t  in  the  de rmal  f ib rob las t s ,  and  

tha t  GABA was  invo lved  in  the  ac t iva t ion  o f  ce l lu la r  func t ion ,  fo r  

example  in  p romot ing  the  p roduc t ion  o f  hya lu ron ic  ac id  and  the  

an t iox idan t  g lu ta th ione . 2 1 )  Thus GABA might  exhibi t  ant i -  

inf lammatory and AD-mit igat ing effects  by improving skin barr ier  

funct ion.  

Th i s  chap te r  examined  the  in f luence  o f  s ing le  and  combined  

admin i s t ra t ion  o f  FBEP and  GABA on  the  p rogress  o f  AD- l ike  sk in  
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l e s ions  in  NC/Nga  mice  by  con t inuous  app l i ca t ion  o f  the  hap ten  P iCl .  

 

3.2 Materials and Methods 
Mater ia l s    The  p repara t ion  o f  FBE i s  desc r ibed  in  Chap te r  2 .  

P repara t ion  o f  FBEP was  as  fo l lows :  A 10- l i t e r  vo lume  o f  FBE,  

be fore  concen t ra t ion  and  d ry ing ,  was  sub jec ted  to  an  Amber l i t e  

FPX66 T M  (Rohm and  Haas ,  Ph i l ade lph ia ,  USA)  co lumn (80  ×  10  c m 

I .D . )  equ i l ib ra ted  wi th  wa te r.  Af ter  wash ing  wi th  wa te r,  the  t r apped  

mate r i a l  was  e lu ted  wi th  1  wt -% NaOH.  The  e lu ted  f rac t ion  was  

sub jec ted  to  an  Amber l i t e  IRC76 T M  hydrogen  fo rm (Rohm and  Haas )  

co lumn.  The  pass - th rough  f rac t ion  was  f reeze -dr ied .  As  a  r esu l t ,  

approx imate ly  100  g  o f  f reeze-dr ied  sample  (FBEP)  was  ob ta ined  

f rom 10  kg  o f  PB.  The  compos i t ion  o f  the  FBEP was  as  fo l lows :  

41 .8% ca rbohydra t e ,  39 .2% pro te in ,  8 .8% d ie ta ry  f ibe r,  0 .3% fa t ,  

3 .7% ash ,  6 .2% wate r,  and  8 .5% po lypheno l .  

GABA (>  90% pur i ty )  was  p roduced  by  na tu ra l  f e rmenta t ion  

us ing  the  l ac t i c  ac id  bac te r ium Enterococcus  sp .  FC 301  (Lac to -  

Fermented  Bar ley  GABA,  Bar ley  Fermenta t ion  Techno log ies ,  Oi ta ,  

Japan) .  

Animals    Female  NC/Nga  mice  (7  weeks  o ld )  were  ob ta ined  

f rom Char les  R iver  Japan  (Atsug i ,  J apan) .  The  mice  were  housed  in  

po lyca rbona te  cages .  The  an imal  room was  kep t  a t  23  ±  2°C and  the  

re la t ive  humid i ty  a t  30-80%.  Room l igh t ing  cons i s t ed  o f  a  12-hour  

l igh t /da rk  cyc le .  The mice were given free  access  to  diet  (CRF-1,  

Oriental  Yeast ,  Tokyo)  and water.  They were subjected to  experimenta-  

t ion af ter  a  1-week per iod of  quarant ine and domest icat ion.  The  an ima l  
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exper iments  were  pe r fo rmed  in  accordance  wi th  the  “Standards  

Re la t ing  to  the  Care  and  Management  o f  Exper imenta l  Anima ls  

(Not i f i ca t ion  No .  6 ,  March  27 ,  1980 ,  o f  the  Pr ime  Min i s t e r ' s  Off i ce ,  

Japan ,  r ev i sed  May  28 ,  2002)”  and  “The  Japan  Ac t  on  the  Wel fa re  and  

Management  o f  Animals  (up  to  the  r ev i s ions  o f  Ac t  No .  50  o f  2006) . ”  

In  o rde r  to  make  the  average  body  we igh t  and  s t andard  dev ia t ions  

a lmos t  equa l  among  the  g roups ,  the  mice  were  d iv ided  in to  10  g roups :  

a  normal  con t ro l  g roup  (un t rea ted) ,  a  con t ro l  g roup  (P iCl - t r ea ted) ,  

two  FBE groups  ( t he  d ie t s  con ta ined  FBE a t  2% or  10%) ,  two  FBEP 

groups  ( the  d ie t s  con ta ined  FBEP a t  0 .5% or  2 .5%) ,  two  GABA 

groups  ( t he  d ie t s  con ta ined  GABA a t  0 .1% or  0 .25%) ,  an  FBEP-GABA 

group  ( the  d ie t  con ta ined  2 .5% FBEP and  0 .25% GABA) ,  and  a  

p redn i so lone  (PSL)  g roup  (3  mg/kg /day  was  admin i s t e red  o ra l ly  

us ing  a  s tomach  sonde)  (n  =  8  each  g roup) .  The  CRF-1  d i e t  was  g iven  

to  the  normal  con t ro l ,  con t ro l ,  and  PSL groups .  The  t e s t  sample  

g roups  mixed  each  t e s t  sample  to  ach ieve  the  a fo resa id  add i t ive  ra te  

in  the  CRF-1  d ie t .  Food  consumpt ion  (g /day)  was  obse rved  and  body  

weigh t s  were  measured  once  a  week .  The  normal  con t ro l  g roup  

rece ived  no  t r ea tment ,  and  the  o the r  seven  g roups  were  t r ea ted  wi th  

P iCl ,  a s  desc r ibed  be low.  

AD mode l  mice    The  abdomina l  and  dorsa l  sk in  o f  the  

NC/Nga  mice  was  shaved ,  and  the  shaved  sk in  and  so l e  o f  the  foo t  

were  sens i t i zed  wi th  150  μL of  5% PiCl  in  an  e thano l  and  ace tone  

mix tu re  (4 :1 ) .  On  day  4  a f t e r  sens i t i za t ion ,  the  l e f t  au r i c le  was  

cha l l enged  wi th  30  μL of  0 .8% PiCl  d i s so lved  in  o l ive  o i l .  Cha l l enge  

wi th  0 .8% PiCl  was  repea ted  once  a  week  fo r  10  weeks .  Aur icu la r  
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th ickness  was  measured  every  week  wi th  a  d ig i t a l  th ickness  gauge  

(Peacock  G-7C type ,  Ozak i  MFG,  Tokyo) .  

Measurement  o f  serum IgE    B lood  was  co l l ec ted  by  

exsangu ina t ion  f rom the  hea r t  a t  nec ropsy.  Se rum samples  were  

ob ta ined  by  cen t r i fuga t ion  and  s to red  a t  –80°C un t i l  use .  The  to ta l  

se rum IgE  l eve l  was  de te rmined  by  ELISA (Sh ibayag i ,  Gunma,  

Japan) .  

Measurement  o f  cy tok ine  produc t ion    A l l  the  mice  were  

sac r i f i ced  and  the  sp lenocy tes  were  co l l ec ted .  The  sp lenocy tes  were  

washed  wi th  RPMI-1640  medium wi th  10% fe ta l  bov ine  se rum,  and  

then  suspended  a t  a  concen t ra t ion  o f  1 .2  ×  10 7  ce l l s /mL.  The cel ls  

were cul tured in  a  24-wel l  cul ture  plate  with ant i -CD3 mAb (2 μg/mL) 

at  37°C for  48 h in  a  5% CO 2  incubator.  The  cu l tu re  superna tan t  was  

co l l ec ted  by  cen t r i fuga t ion  and  s to red  a t  –80°C un t i l  a s say.  The  

concen t ra t ions  o f  IFN-γ  and  IL-4  were  de te rmined  wi th  an  ELISA k i t  

( eBiosc ience ,  San  Diego ,  CA) .  

Sta t i s t i ca l  ana lys i s    Da ta  were  expressed  as  means  ±  SE.  

Studen t ' s  t - t e s t  was  used  to  de tec t  s ign i f i can t  d i ffe rences  be tween  the  

normal  con t ro l  g roup  and  the  con t ro l  g roup .  One-way  ANOVA wi th  

Bonfe r ron i /Dunn ' s  pos t  hoc  t e s t  was  used  to  t e s t  fo r  s ign i f i can t  

d i ffe rences  be tween  g roups .  The  p  va lues  l e s s  than  0 .05  were  

cons ide red  s t a t i s t i ca l ly  s ign i f i can t .  

 

3.3 Results 
No s ign i f i can t  d i ff e rences  be tween  the  ave rage  food  in takes  o f  

t h e  g r o u p s  w e r e  o b s e r v e d  d u r i ng  t h e  s t u d y  p e r i o d .  T a b l e  3 - 1  s h o ws 

 29



 
Combined Effects of Fermented Barley and GABA on NC/Nga Mice 

 

 30

Table 3-1.  Changes in body weight of NC/Nga mice in the various groups 
after initial sensitization 

Weeks after sensitization  Group ( g )  
 0    1    2    3   4   5   6   7   8    9    1 0   

Mean 18.1  19.4  20.2 20.6 21.3 22.0  22.3  22.7  23.1  23.3  23.7  Normal 
control SE 0.4  0.2  0.2  0.2  0.3 0.3  0.3  0.4  0.4  0.3  0.4  

Mean 18.1  19.4  19.5  19.7  20.5 20.7  21.1  21.4  21.6  21.9  22.5  Control SE 0.3  0.3  0.4  0.4  0.4 0.4  0.4  0.4  0.4  0.5  0.4  
Mean 18.1  19.9  20.8  21.2  22.1 22.5  22.5  23.1  23.2  23.9  24.1  FBE 

(2%) SE 0.4  0.5  0.4  0.4  0.5 0.6  0.5  0.5  0.5  0.5  0.5  
Mean 18.1  18.3  20.0  20.6  21.5 21.7  21.7  22.0  22.1  22.5  23.0  FBE 

(10%) SE 0.6  0.8  0.5  0.7  0.6 0.5  0.5  0.5  0.5  0.5  0.6  
Mean 18.7  18.9  20.1  20.6  21.4 21.7  22.1  22.2  22.7  23.0  23.3  FBEP 

(0.5%) SE 0.5  0.3  0.3  0.3  0.3 0.3  0.3  0.4  0.5  0.5  0.7  
Mean 18.8  19.3  20.6  21.2  21.8 21.8  22.4  22.5  22.6  22.9  23.4  FBEP 

(2.5%) SE 0.4  0.7  0.7  0.6  0.6 0.6  0.6  0.6  0.6  0.6  0.7  
Mean 18.3  18.9  19.9  20.5  21.2 21.5  21.8  22.0  22.4  22.7  23.2  GABA 

(0.1%) SE 0.3  0.7  0.4  0.5  0.4 0.5  0.5  0.5  0.5  0.6  0.6  
Mean 18.5  18.5  19.6  20.2  20.8 21.3  21.8  22.0  22.4  22.6  22.7  GABA 

(0.25%) SE 0.5  0.8  0.4  0.5  0.5 0.5  0.5  0.5  0.5  0.5  0.4  
Mean 18.3  18.8  20.2  20.6  21.2 21.4  21.7  21.9  22.1  22.4  22.8  FBEP- 

GABA SE 0.3  0.6  0.3  0.3  0.2 0.2  0.3  0.2  0.2  0.2  0.2  
Mean 18.4  18.5  19.1  19.7  20.0 19.9  20.3  20.4  20.3  20.8  21.0  PSL SE 0.3  0.5  0.4  0.4  0.5 0.4* 0.4* 0.4** 0.4** 0.5** 0.5**

FBE, fermented barley extract; FBEP, fermented barley extract P; GABA, γ-aminobutyric acid; PSL, prednisolone.
Body weight was measured once a week. 
*p<0.05 and **p<0.01, significant difference as compared to the control group. 
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the  changes  in  body  weigh t  o f  the  g roups  dur ing  the  s tudy  pe r iod .  The  

body  weigh t  o f  the  PSL group  was  s ign i f i can t ly  lower  than  the  

P iCl - t r ea ted  con t ro l  g roup  5  weeks  a f t e r  the  s t a r t  o f  sens i t i za t ion  

un t i l  the  end  o f  the  s tudy  pe r iod .  For  the  o the r  g roups ,  no  s ign i f i can t  

d i ffe rences  were  obse rved  among  the  g roups .  

Ear thickness    Table  3-2 shows the changes in  auricular  

thickness  for  the groups during the s tudy per iod.  No change in  the 

thickness  of  the auricle  of  the normal  control  group was observed,  

whereas  the aur ic le  of  the PiCl- treated control  group showed a  

s ignif icant  increase in thickness  as  compared with the normal  control  

group 1 week af ter  the onset  of  sensi t izat ion.  Although the auricular  

thickness  of  each group adminis tered the tes t  substances  increased at  

each t ime of  repeated induct ion in the same manner  as  in  the 

PiCl- t reated control  group,  the increase in  thickness  was reduced as 

compared to  the PiCl- t reated control  group 1-3 weeks af ter  the onset  of  

sensi t izat ion to  the end of  the s tudy period.  The dose-dependent ,  

thickness-reducing effect  of  each test  substance (FBE, FBEP,  and 

GABA) was confirmed,  but  no addi t ive/synergist ic  effects  of  combined 

adminis trat ion of  FBEP and GABA were observed.  The thickness  of the  

auricular  area of  the PSL group was fur ther  reduced as  compared to  

each group administered the test  substances ,  and was s ignif icant ly 

thinner  than the PiCl- t reated control  group throughout  the s tudy period.  

Serum IgE    Fig. 3-1 shows the serum IgE levels of the various 

groups. The PiCl-treated control group showed significantly higher serum 

IgE levels than the normal control group under sensitization and 10 

w e e k s  o f  i n d u c t i o n  t r e a t me n t .  C o mpa r ed  t o  t he  P iC l - t r e a t ed  con t ro l 
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Table 3-2.  Effects of consecutive administration of test substances on ear 
thickness induced by PiCl application in NC/Nga mice 

Weeks after sensitization  Group (×10-3 mm) 
 0   1   2   3   4   5   6  7   8   9   10  

Mean 165.4  165.1  164.9  163.7  163.3  162.0  161.6  163.0  163.9  164.3  165.3  Normal 
control SE 1.0  1.0  1.6  0.8  0.7  0.6  0.5  0.5  0.3  0.4  0.3  

Mean 164.8  169.6  177.4  194.4  203.9  217.8  233.1  249.9  268.5  281.9  291.9  Control SE 2.1  1.6 # 2.6 ## 2.4 ### 2.0 ### 4.8 ### 6.3 ### 8.9 ### 10.5 ### 11.0 ### 12.9 ###

Mean 169.8  167.5  172.5  182.1  191.8  206.1  212.1  221.1  238.4  246.9  257.0  FBE 
(2%) SE 1.4  0.8  2.8  1.9 *** 2.6 *** 4.2 * 6.0 * 5.2 * 6.4 * 5.8 * 6.9 * 

Mean 166.4  166.4  174.7  184.1  190.6  199.4  206.9  212.0  227.0  240.7  249.1  FBE 
(10%) SE 1.0  0.6  2.6 * 1.4 ** 1.0 *** 2.3 ** 4.8 ** 6.1 *** 7.8 ** 8.2 ** 9.1 ** 

Mean 163.0  164.1  172.1  177.1  183.9  194.0  204.3  209.1  230.4  242.5  249.4  FBEP 
(0.5%) SE 0.9  0.8  2.1  1.1 *** 1.4 *** 3.4 *** 6.0 *** 4.8 *** 5.7 ** 6.2 ** 6.1 ** 

Mean 163.1  164.0  173.3  177.9  185.4  192.6  197.1  205.0  217.0  231.3  234.0  FBEP 
(2.5%) SE 0.8  1.0  3.3  1.8 *** 2.4 *** 4.3 *** 6.4 *** 8.7 *** 10.0 *** 9.6 *** 12.3 ***

Mean 163.9  164.9  166.6  175.3  180.6  184.8  190.8  207.0  226.3  237.8  245.6  GABA 
(0.1%) SE 1.1  0.6 ** 1.8 ** 1.9 *** 1.8 *** 2.4 *** 3.6 *** 5.5 *** 5.6 *** 6.1 ** 5.3 ** 

Mean 164.8  164.3  165.9  175.3  179.4  185.6  191.1  203.4  221.0  231.3  238.3  GABA 
(0.25%) SE 0.8  0.9 ** 0.7 ** 1.8 *** 1.6 *** 3.1 *** 4.1 *** 7.0 *** 7.2 *** 10.8 *** 11.1 ***

Mean 164.6  165.3  166.9  174.8  183.6  189.0  191.8  203.4  220.5  232.5  243.6  FBEP- 
GABA SE 1.0  0.9 * 1.5 ** 1.5 *** 1.0 *** 2.3 *** 3.8 *** 5.3 *** 6.6 *** 7.1 *** 5.7 ** 

Mean 166.8  164.9  162.5  165.1  170.6  169.0  167.6  171.3  179.8  191.8  195.4  PSL SE 0.6  0.9 ** 2.0 *** 2.1 *** 2.2 *** 1.9 *** 2.0 *** 3.1 *** 4.3 *** 7.5 *** 8.1 ***

PiCl, picryl chloride; FBE, fermented barley extract; FBEP, fermented barley extract P; GABA, γ-aminobutyric 
acid; PSL, prednisolone. Body weight was measured once a week. 
#p<0.05, ##p<0.01 and ###p<0.001, significant difference as compared to the normal control group. 
*p<0.05, **p<0.01 and ***p<0.001, significant difference as compared to the control group. 
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Fig. 3-1.  Effects of test substances on serum IgE levels in NC/Nga mice. 
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Sera were collected at 10 weeks after the initial challenge with PiCl. Total IgE levels were 
determined by ELISA. Each bar represents the mean ± SE for eight mice. ### p<0.001, 
significant difference as compared to the normal control group. * p<0.05, significant 
difference as compared to the control group. 
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group ,  the  se rum IgE of  the  PSL group  showed  s ign i f i can t ly  lower  

l eve l s .  The  o the r  g roups  admin i s te red  e i the r  o f  the  t e s t  subs tances  

showed  no  s ign i f i can t  d i ffe r ences ,  bu t  the  se rum IgE  leve l s  o f  the  

GABA (h igh  dose )  and  FBEP-GABA groups  t ended  to  be  low.  

IL-4    Fig.  3-2A shows splenocyte  IL-4 product ion by the 

var ious groups.  The PiCl- treated control  group showed signif icant ly 

higher  levels  of  splenocyte  IL-4 than the normal  control  group,  whereas 

the PSL group showed signif icant ly lower levels  than the PiCl- t reated 

control  group.  The GABA-adminis tered groups had a  dose-dependent  

tendency to  show lower splenocyte  IL-4 levels ,  whi le  the  high-dose 

groups showed a  s ignif icant  reduct ion in  IL-4 levels  as  compared to  the 

PiCl-treated control  group.  The FBEP-GABA group showed s ignif icant ly 

lower IL-4 levels  than the PiCl- t reated control  group.  

IFN-γ    Fig.  3-2B shows the splenocyte  IFN-γ  product ion of  

each group.  The  PiCl- t rea ted  cont ro l  group showed s igni f icant ly  lower  

IFN-γ  l evels  than the  normal  cont ro l  g roup.  The  s ingle  adminis t ra t ion  

group for  each  tes t  subs tance  (FBE,  FBEP,  and GABA) showed a lmost  

no di fference  in  INF-γ  l eve l  compared  to  the  PiCl- t rea ted  cont ro l  

group,  but  the IFN-γ  levels  in  the FBEP-GABA group was s igni f icant ly  

h igher  than in  the  PiCl- t rea ted  cont ro l  group,  but  i t s  leve l  was  found 

to  be  equal  to  those  of  the  normal  contro l  and PSL groups .  

 

3.4 Discussion 
The  morb id  s t a te  o f  AD i s  thought  to  be  the  resu l t  o f  a l l e rg ic  

reac t ions  o f  IgE-media ted  type  I  ( immedia te  and  de layed  type)  and  

type  IV (de layed  type) , 6 5 )  and  an  an imal  mode l  in  which  ind iv idua l  
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Fig. 3-2.  Effects of test substances on cytokine, IL-4 (A), and IFN-γ (B), 
production by spleen cells in NC/Nga mice. 
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Splenocytes were prepared from NC/Nga mice 10 weeks after the initial challenge with PiCl. 
Cells (1.2 × 10 7  cells/mL) were cultured in a 24-well plate with anti-CD3 mAb (2 μg/mL) at 
37°C for 48 h. Each bar represents the mean ± SE for eight mice. ## p<0.01 and ### p<0.001, 
significant difference as compared to the normal control group. * p<0.05 and ** p<0.01, 
significant difference as compared to the control group. 
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type  o r  mixed  type  a l l e rg ic  reac t ions  deve lop  can  be  used  to  s tudy  AD.  

The  NC/Nga  mice  used  in  the  p resen t  s tudy  spon taneous ly  deve lop  

de rmal  symptoms  s imi la r  to  human  AD, 6 6 )  and  i t  has  been  repor t ed  

tha t  r epea ted  app l i ca t ion  o f  hap ten  to  mice  under  a  spec i f i c  

pa thogen- f ree  env i ronment  can  resu l t  in  the  deve lopment  o f  the  same  

dermat i t i s  a s  in  spon taneous  deve lopment . 6 7 )  In  the  p resen t  s tudy,  

P iCl  was  used  as  the  hap ten .  I t  was  app l i ed  to  the  aur ic les  o f  NC/Nga  

mice  once  a  week  fo r  10  weeks  con t inuous ly.  The  deve lopment  o f  

de rmat i t i s  was  accompanied  by  an  inc rease  in  se rum IgE  leve l s  and  

by  inc reased  IL-4  and  decreased  IFN-γ  l eve l s  in  the  sp lenocy tes .  

Accord ing  to  a  repor t  by  Gao  e t  a l . , 6 8 )  i t  was  conf i rmed  tha t  

con t inuous  app l i ca t ion  o f  mi te  an t igens  to  the  aur ic les  o f  NC/Nga  

mice  once  a  week  fo r  4  weeks  con t inuous ly  resu l t ed  in  inc reased  

se rum IgE leve l s  and  in  inc reased  IL-4  and  decreased  IFN-γ  mRNA 

express ion  l eve l s  in  the  aur icu la r  t i s sue .  We be l i eve  tha t  the i r  r epor t  

co r responds  we l l  to  the  resu l t s  o f  the  p resen t  s tudy.  

Al though  s ing le  admin i s t ra t ion  o f  each  o f  the  t e s t  subs tances  

(FBE,  FBEP,  GABA)  to  AD- l ike  sk in  l e s ions  resu l t ed  in  th ickened  

aur ic les  dur ing  the  s tudy  per iod ,  the  aur ic les  were  s ign i f i can t ly  and  

s t rong ly  r educed  in  th ickness  as  compared  to  the  P iCl - t rea ted  con t ro l  

g roup ,  wi th  s t reng th  o f  r educ t ion  in  the  o rder  o f  FBEP >  GABA >  

FBE.  S ince  GABA was  obse rved  to  reduce  the  inc rease  in  se rum IgE 

and  sp lenocy te  IL-4  p roduc t ion ,  i t  was  thought  tha t  ad jus tment  o f  t he  

Th1/Th2  ba lance  to  a  Th1-predominan t  pos i t ion  reduced  the  AD- l ike  

sk in  l e s ions .  However,  s ince  IFN-γ  was  una ffec ted  by  s ing le  

admin i s t ra t ion  o f  GABA,  the  sk in  ba r r i e r  func t ion ,  improved  by  
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promot ing  the  p roduc t ion  o f  hya lu ron ic  ac id  in  the  de rmal  f ib rob las t s ,  

migh t  be  one  o f  the  causes  o f  the  dec rease  in  ea r  th ickness .  On  the  

o the r  hand ,  the  FBE and  FBEP d id  no t  c lea r ly  in f luence  se rum IgE,  

IL-4 ,  o r  IFN-γ ,  r educ ing  on ly  aur ic le  th ickness ,  T-ce l l s  do  no t  appear  

to  be  the  t a rge t  o f  the  an t i - in f l ammatory  ac t ion  o f  FBE and  FBEP.  I t  

has  been  repor ted  tha t  severa l  p lan t  po lypheno l s  r educe  the  re lease  o f  

in f l ammat ion- induc ing  subs tances . 6 9 )  Fur the rmore ,  i t  i s  thought  tha t  

the  an t i - in f l ammatory  e ffec t  o f  gen i s t e in  in  NC/Nga  mice  i s  due  to  

suppress ion  o f  chemica l  media to r s  re leased  f rom mas t  ce l l s  a s  a  key  

e ffec to r  ce l l  in  ea r ly -phase  a l l e rg ic  in f l ammat ion , 7 0 )  and  a  s imi la r  

e ffec t  can  be  a l so  expec ted  fo r  the  ba r ley  po lypheno ls  con ta ined  in  

FBE and  FBEP.  

We  examined  the  in f luence  o f  combined  admin i s t ra t ion  o f  

FBEP and  GABA upon  AD- l ike  sk in  l e s ions  bu t  were  unab le  to  

conf i rm any  add i t i ve / synerg i s t i c  e ffec t s  on  ea r  th ickness  reduc t ion .  

However,  on ly  wi th  combined  admin i s t ra t ion  o f  FBEP and  GABA was  

a  normal iz ing  e ffec t  obse rved  fo r  IFN-γ  i n  sp len ic  ce l l s .  We  

conf i rmed  an  inc rease  in  e ry th rocy te  GPx  ac t iv i ty  as  we l l  a s  an  

inc reased  e ffec t  on  the  hepa t i c  GSH leve l  in  the  mixed  feed ing  t e s t  o f  

FBEP us ing  normal  mice .  On  the  o ther  hand ,  i t  has  been  repor ted  tha t  

an t igen-presen t ing  ce l l s  (APCs)  con ta in  abundan t  l eve l s  o f  r educed-  

type  GSH and  p roduce  l a rge  amounts  o f  IL-12 ,  which  can  induce  

d i ffe ren t i a t ion  o f  na ive  T ce l l s  in to  the  Th1  type . 7 1 , 7 2 )  The  ex i s tence  

o f  a  pos i t ive  feedback  mechan i sm has  been  fu r the r  conf i rmed ,  in  

which  IFN-γ ,  a  Th1  cy tok ine ,  inc reases  the  ra t io  o f  in t race l lu la r  

GSH/GSSG,  whi le  IL-4 ,  a  Th2  cy tok ine ,  dec reases  th i s  r a t io . 7 3 )  In  
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other  words ,  i t  i s  poss ib le  tha t  in  the  case  o f  combined  admin i s t r a t ion  

o f  FBEP and  GABA,  in  add i t ion  to  con t ro l  o f  t he  Th1 /Th2  ba lance  by  

GABA,  the  e ffec t  o f  FBEP on  the  in t race l lu la r  GSH redox  s ta te  

in f luences  the  Th1/Th2  ba lance  to  p roduce  Th1  dominan t  s t a tus .  In  

o rder  to  conf i rm th i s ,  i t  i s  necessa ry  to  inves t iga te  the  in f luence  o f  

FBEP on  GSH con ten t  and  p roduc t ion  o f  IL-12  by  APC.  

We have  ob ta ined  an  in t e res t ing  f ind ing  on  the  combined  

admin i s t ra t ion  o f  FBEP and  GABA in  a  human  s tudy.  In  the  open  

human  s tudy,  fo l l owing  in t ake  o f  a  d r ink  con ta in ing  2 ,000  mg of  

FBEP and  150  mg of  GABA for  4  weeks  con t inuous ly,  the  sub jec t s  

were  conf i rmed  to  have  s ign i f i can t ly  h igher  l eve l s  o f  sec re to ry  IgA 

( s - IgA)  in  the  sa l iva  as  compared  to  the  l eve l  be fore  in take . 7 4 )  I t  has  

been  sugges ted  tha t  s - IgA in  the  sa l iva  i s  a  major  immunolog ica l  

f ac to r  in  p reven t ing  the  invas ion  o f  mic roorgan i sms  and  macro-  

molecu la r  fo re ign  subs tances  ( an t igens )  in to  mucosa l  a reas ,  and  tha t  

s - IgA in  the  sa l iva  in  a  pa t i en t  exh ib i t ing  po l l inos i s  o r  pe renn ia l  

rh in i t i s  i s  c l ea r ly  lower  than  in  a  hea l thy  pe rson ,  and  tha t  a  low s - IgA 

leve l  i s  po ten t i a l ly  re la ted  to  a l l e rg ic  s i cken ing . 7 5 )  

Based  on  a  compar i son  o f  the  th ickness - reduc ing  e ffec t  o f  FBE 

and  FBEP,  the  an t i - in f l ammatory  subs tances  in  FBE a re  thought  to  

have  been  concen t ra ted  to  FBEP,  bu t  the  ingred ien t s  r e la ted  to  the  

an t i - in f l ammatory  e ffec t s  o f  FBEP a re  no t  ye t  known.  Fur the r  

examina t ion  i s  necessa ry  to  i den t i fy  the  ingred ien t s  invo lved  in  FBEP,  

inc lud ing  the  mechan i sm of  an t i - in f l ammatory  ac t ion  wi th  respec t  t o  

combined  admin i s t r a t ion  o f  FBEP and  GABA.  

Wi th  respec t  to  body-weigh t  changes  dur ing  the  s tudy  per iod ,  
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s imi la r  normal  body-weigh t  inc reases ,  a s  in  the  normal  con t ro l  g roup ,  

were  obse rved  in  a l l  g roups  fo r  the  th ree  subs tances  t e s t ed  (FBE,  

FBEP,  GABA) .  Hence  i t  i s  sugges ted  tha t  these  th ree  subs tances  a re  

ve ry  sa fe  mate r i a l s ,  even  fo r  admin i s t ra t ion  as  l ong  as  10  weeks .  On  

the  o the r  hand ,  i n  the  PSL group  a  s ign i f i can t  r educ t ion  in  the  

inc rease  in  body  weigh t  was  obse rved .  The re  were  ha rd ly  any  

d i ffe rences  in  the  amounts  o f  in take  among  the  g roups ,  the  

suppressed  body  weigh t  ga in  i s  no t  thought  t o  be  re la ted  to  these  

admin i s t ra t ions .  A s imi la r,  r educed  body  weigh t  ga in  was  a l so  

conf i rmed  in  the  repor t  o f  Hi r asawa  e t  a l . , 7 6 )  a l though  the  

admin i s t ra t ion  rou te  was  by  app l i ca t ion .  

The  p resen t  s tudy  conf i rms  tha t  FBEP and /or  GABA reduced  

AD- l ike  sk in  l e s ions  in  NC/Nga  mice .  I t  i s  sugges ted  tha t  combined  

admin i s t ra t ion  o f  FBEP and  GABA causes  an  inc rease  in  se rum IgE 

and  sp lenocy te  IL-4  and  a  decrease  in  sp lenocy te  IFN-γ ,  hav ing  

ad jus ted  the  Th1/Th2  ba lance  to  a  Th1  dominan t  s t a tus .  Thus  i t  i s  to  

be  expec t ed  tha t  s imul taneous  in take  o f  FBEP and  GABA a l l ev i a tes  

a l l e rg ic  symptoms  such  as  AD.  

 

3.5 Summary 
We examined  the  e ffec t s  s ing le  and  combined  admin i s t ra t ion  o f  

f e rmented  ba r ley  ex t rac t  P (FBEP) ,  p repared  f rom bar ley-shochu  

d i s t i l l e ry  by-produc t s ,  and  γ -aminobutyr ic  ac id  (GABA)  on  the  

deve lopment  o f  a top ic  de rmat i t i s  (AD)- l ike  sk in  l e s ions  in  NC/Nga  

mice .  S ing le  admin i s t ra t ion  o f  FBEP and  GABA dose-dependen t ly  

reduced  the  deve lopment  o f  AD- l ike  sk in  l e s ions  in  mice .  GABA 
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reduced  the  deve lopment  o f  AD- l ike  sk in  l e s ions  by  suppress ing  

se rum immunoglobu l in  E  ( IgE)  and  sp lenocy te  in te r l euk in  ( IL) -4  

p roduc t ion ,  whi le  FBEP reduced  sk in  l e s ions  wi thou t  a ffec t ing  the  

IgE  or  cy tok ine  p roduc t ion .  However,  in  mice  wi th  induced  AD- l ike  

sk in  l e s ions ,  combined  admin i s t ra t ion  o f  FBEP and  GABA decreased  

se rum IgE leve l s  and  sp len ic  ce l l  IL-4  p roduc t ion ,  and  inc reased  

sp len ic  ce l l  in te r fe ron-γ  p roduc t ion .  These  resu l t s  sugges t  tha t  

combined  admin i s t ra t ion  o f  FBEP and  GABA a l l ev ia ted  AD- l ike  sk in  

l e s ions  in  the  NC/Nga  mice  by  ad jus t ing  the  Th1/Th2  ba lance  to  a  

Th1-predominan t  immune  re sponse .
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Chapter 4 

Anti-hyperuricemic Effect of Fermented Barley Extract is 
Associated with Increased Urinary Uric Acid Excretion. 
 

4.1 Introduction  
Gout  and  hyperur icemia  a re  cons ide red  to  be  l i f e s ty le - re la ted  

d i seases ,  in  which  env i ronmenta l  f ac to r s ,  in  add i t ion  to  the  

he red i t a ry  background ,  a re  l a rge ly  as soc ia ted  wi th  the i r  inc idences .  

Hyperur icemia  i s  a l so  an  independen t  p red ic t ive  fac to r  o f  metabo l ic  

syndrome 7 7 )  and  i s  o f t en  accompanied  by  l i f e s ty le - re la ted  d i seases ,  

such  as  hyper tens ion ,  abnormal  g lucose  to l e rance ,  hyper l ipemia ,  

obes i ty,  e tc .  There fo re ,  fo r  the  p reven t ion  and  t r ea tment  o f  gou t  and  

hyperur icemia ,  i t  i s  impor tan t  to  no t  s imply  con t ro l  se rum UA leve l s ,  

bu t  a l so  p rov ide  p reven ta t ive  l i f e s ty le  adv ice ,  such  as  d ie t  and  

exerc i se  the rapy.  Among  the  op t ions  fo r  the  p reven t ion  and  t r ea t ment  

o f  hyperur icemia ,  l imi t ing  ca lo r i e  in take  as  a  d ie t  the rapy  i s  one  o f  

the  mos t  popu la r  methods .  However,  i t  i s  no t  necessa r i ly  easy  to  

main ta in  the  s t r i c t ,  l imi ted  ca lo r i e  in take  fo r  an  ex tended  per iod  o f  

t ime .  For  gout  and hyperur icemia ,  in  which  ear ly  de tec t ion  and  

t rea tment  are  impor tant ,  i t  i s  advisable  to  cont rol  the  level  of  UA,  

even  for  individuals  wi th  only  s l igh t ly  e levated  serum UA (who may 

not  sa t i s fy  the  cr i te r ia  for  pharmacotherapy)  or  for  mi ld  hyperur icemia .  

In  th i s  con tex t ,  the re  i s  an  inc reas ing  need  fo r  food  enab l ing  the  

con t ro l  o f  UA leve l s .  For  example ,  the  p ro te in  in  mi lk  p roduc t s  has  

been  repor ted  to  lower  se rum UA leve l s  by  inc reas ing  the  amount  o f  

UA excre t ion  in to  the  u r ine . 7 8 )  I t  has  a l so  been  repor ted  tha t  severa l  
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f l avonoids ,  which  have  an  inh ib i to ry  e ffec t  on  xan th ine  ox idase  

(XOD)  ac t iv i ty,  a re  ab le  to  r educe  se rum UA leve l s  by  inh ib i t ing  UA 

b iosyn thes i s . 7 9 , 8 0 )  In  add i t ion ,  severa l  d ie ta ry  f ibe r s  have  been  

repor ted  to  reduce  the  inc rease  o f  se rum UA by  inh ib i t ing  absorp t ion  

o f  d ie ta ry  nuc le ic  ac id . 8 1 , 8 2 )  

I t  has  been  repor ted  the  e ffec t s  o f  FBE on  p reven t ing  fa t ty  l ive r  

induc t ion  by  o ro t i c  ac id . 3 , 4 )  Abnormal i t i e s  in  pur ine  and  pyr imid ine  

metabo l i sm a re  be l i eved  to  be  a  cause  fo r  f a t  accumula t ion  in  the  

l ive r  o f  r a t s  f ed  o ro t i c  ac id . 7 )  Fur the rmore ,  se rum UA leve l s  were  

s ign i f i can t ly  reduced  a f t e r  con t inuous  i n take  o f  FBEP fo r  12  weeks  i n  

an  exp lora to ry  open  s tudy.  The  FBEP dose  in  the  c l in ica l  s tudy  was  

approx imate ly  2 ,000  mg/day  (d ry  we igh t  bas i s ) ,  and  i t s  components  

cons i s ted  o f  a  wide  range  o f  p ro te ins ,  po lypheno ls ,  and  d ie ta ry  f ibe r s .  

As  a  resu l t ,  the  componen ts  i nvo lved  in  reduc ing  se rum UA leve l s ,  a s  

we l l  a s  the i r  de ta i l ed  mechan i sm of  ac t ion ,  have  no t  ye t  been  

c la r i f i ed .  

Th i s  chap te r  a imed  to  inves t iga te  the  mechan i sm invo lved  in  

lower ing  human  se rum UA by  FBEP t rea tment ,  and  to  es tab l i sh  an  i n  

v i vo  s c reen ing  mode l  o f  the  componen ts  invo lved ,  us ing  th ree  

hyperur icemia  ra t  mode l s .  

 

4.2 Materials and Methods 
Exper imenta l  des ign    This  s tudy was composed of  three 

separate  experiments .  We first  examined the effect  of FBEP on rats with 

oxonic acid-induced hyperuricemia (Exp. 1).  Next,  we investigated the 

effect  of FBEP given to rats with high nucleic acid feed-induced 
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hyperuricemia (Exp. 2).  F ina l ly,  we  inves t iga ted  the  in f luence  o f  

FBEP on  aden ine- induced  hyperur icemic  ra t s  (Exp .  3 ) .  The  an imal  

exper iments  were  pe r fo rmed  in  accordance  wi th  the  “Standards  

Re la t ing  to  the  Care  and  Management ,  e t c .  o f  Exper imenta l  Animal s  

(Not i f i ca t ion  No .  6 ,  March  27 ,  1980 ,  o f  the  Pr ime  Min i s te r ' s  Off i ce ,  

Japan ,  r ev i sed  May  28 ,  2002)”  and  “Japan’s  Ac t  on  Wel fa re  and  

Management  o f  Animals  (up  to  the  r ev i s ions  o f  Ac t  No .  50  o f  2006)” .  

Mater ia l s    Allopur ino l ,  po tass ium oxona te  and  aden ine  were  

purchased  f rom S igma-Aldr ich  (St .  Lou is ,  MO) .  Inos in ic  ac id  was  

purchased  f rom Kyowa Hakko  Kogyo  (Tokyo) .  Wate r  fo r  in jec t ions  

and  sod ium carboxymethy l  ce l lu lose  (CMC)  were  purchased  f rom 

Otsuka  Pharmaceu t ica l  Fac to ry  (Tokush ima ,  Japan) ,  and  Junse i  

Chemica l  (Tokyo) ,  r e spec t ive ly.  Al l  o the r  r eagen t s  were  purchased  

f rom Wako  Chemica l  (Tokyo) .  The  p repara t ive  p rocedure  o f  FBE and  

FBEP a re  desc r ibed  in  Chapte r  2  and  3 ,  r e spec t ive ly.  FBE was  

concen t ra ted  by  vacuum evapora t ion .  FBE concen t ra t ion  was  

measured  as  Br ix  va lues  by  a  por tab le  re f rac tomete r  (PAL-1 ;  Atago ,  

Tokyo) .  Br ix  8  FBE ob ta ined  f rom bar ley-SDB was  concen t ra ted  t o  

Br ix  60 .  

Animals    Four-week-o ld  male  SD ra t s  fo r  Exp .  1 ,  and  5 -week-  

and  4 -week-o ld  male  Wis ta r  r a t s  (SLC Japan ,  Sh izuoka)  fo r  Exp .  2  

and  3 ,  r e spec t ive ly,  were  sub jec ted  to  exper imenta t ion  a f t e r  a  

one-week  pe r iod  o f  quaran t ine  and  domes t i ca t ion .  In  o rder  to  make  

the  average  body  weigh t  and  s tandard  dev ia t ions  a lmos t  equa l  among  

the  g roups ,  the  ra t s  were  c lass i f i ed  i n to  the  fo l lowing  g roups :  For  

Exp .  1  and  2 ,  each  g roup  cons i s ted  o f  8  r a t s ,  and  fo r  Exp .  3 ,  t he  
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unt rea ted  g roup  cons i s t ed  o f  6  ra t s  and  the  o the r  g roups  cons i s t ed  o f  

10  ra t s .  Ind iv idua l  iden t i f i ca t ion  o f  the  ra t s  was  accompl i shed  by  

app ly ing  p ic r i c  ac id  to  the  body  ha i r.  Ra t s  were  housed  2  pe r  

s t a in less  s t ee l  cage  and  the  fo l lowing  cond i t i ons  were  se t  fo r  the  

an imal  room:  t empera tu re ,  21-27°C;  re la t ive  humid i ty,  40-70%;  

ven t i l a t ion ,  18  t imes /h ;  and  l igh t ing ,  12  h  (7 :00  to  19 :00) .  The  ra t s  

were  a l lowed  food  and  wate r  ad  l ib i tum .  

Die t    In  Exp .  1 ,  t he  ra t s  were  fed  a  MF so l id  d ie t  (Or ien ta l  

Yeas t ,  Tokyo) .  In  Exp .  2 ,  t he  ra t s  were  fed  e i the r  a  MF-powdered  

basa l  d ie t  o r  a  h igh  nuc le ic  ac id  d ie t ,  wi th  20% inos in ic  ac id  added  to  

the  basa l  d ie t .  In  Exp .  3 ,  the  ra t s  were  fed  a  MF-powdered  basa l  d i e t  

and  rece ived  no  t r ea tment ,  o r  rece ived  a  d ie t  con ta in ing  0 .75% 

aden ine .  

Analy t i ca l  procedures    In  exper iment  1 ,  the  e ffec t  o f  FBEP 

on  UA b iosyn thes i s  was  inves t iga ted .  

1 )  Group  conf igura t ion :  The  exper iment  cons i s ted  o f  f ive  g roups :  a  

con t ro l  g roup ,  th r ee  FBEP admin i s t ra t ion  g roups  (dose :  1700 ,  

3400 ,  o r  6800  mg/kg) ,  and  an  a l lopur ino l  admin i s t ra t ion  g roup  

(dose :  10  mg/kg) .   

2)  Adminis t ra t ion  method :  The  con t ro l  and  FBEP groups  were  g iven  

wate r  o r  an  FBEP suspens ion  every  day  f rom day  0  to  day  7 .  The  

a l lopur ino l  g roup  was  g iven  0 .5% CMC f rom day  0  to  day  6  and  an  

a l lopur ino l  suspens ion  1  h  a f t e r  oxon ic  ac id  admin i s t ra t ion  on  day  

7 .  The  f lu ids  (10  mL/kg  each)  were  g iven  by  fo rced  o ra l  

admin i s t ra t ion  us ing  a  sonde  tube  fo r  r a t s .  

3)  Hyperur icemia  induc t ion  method :  On  day  7 ,  a  hypodermic  
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in jec t ion  o f  po tass ium oxona te  suspens ion ,  ad jus ted  to  25  mg/mL 

in  0 .5% CMC,  was  g iven  1  h  a f t e r  the  admin i s t ra t ion  o f  the  t e s t  

samples .  The  vo lume of  the  suspens ion  was  10  mL/kg  (dose ,  250  

mg/kg) .  Al l  r a t s  were  depr ived  o f  feed  a f t e r  the  even ing  o f  day  6 .  

4)  Body weigh t  measurement :  Ind iv idua l  body  weigh t s  were  

measured  a t  day  0 ,  4  and  7 .  

5)  Serum UA:  Af te r  3  h  o f  oxon ic  ac id  t r ea tment ,  r a t s  were  

anes the t i zed  wi th  d ie thy l  e the r  and  b lood  was  co l l ec ted  f rom the  

abdomina l  aor t i c  vesse l ,  and  se rum prepara t ion  was  pe r fo rmed .  

Serum UA leve l s  were  measured  us ing  a  commerc ia l  k i t  (Ur ic  Ac id  

C-Tes t ,  Wako) .  

In  exper iment  2 ,  t he  e ffec t  o f  FBE and  FBEP on  the  absorp t ion  

o f  nuc le ic  ac id  was  inves t iga ted .  

1)  Group  conf igura t ion :  The  exper iment  cons i s ted  o f  f ive  g roups :  the  

un t rea ted  g roup ,  con t ro l  g roup ,  two  FBEP admin i s t ra t ion  g roups  

(dose: 2,000 or 4,000 mg/kg), and an allopurinol administration group 

(dose: 10 mg/kg). 

2 )  Administration method :  In jec t ion  wate r,  FBEP suspens ions ,  and  an  

a l lopur ino l  suspens ion  were  g iven  to  the  con t ro l ,  FBEP,  and  

a l lopur ino l  g roups  every  day  f rom day  0  to  day  14 ,  r espec t ive ly.  

The  f lu ids  (10  mL/kg  each)  were  g iven  by  fo rced  o ra l  

admin i s t ra t ion  us ing  a  sonde  tube  fo r  r a t s .  

3 )  Hyperur icemia  induc t ion  method :  Ra t s  were  fed  a  MF d ie t  

con ta in ing  20% inos in ic  ac id  ad  l ib i tum  be tween  days  7 -14 .  

4 )  Body weigh t  measurement :  Ind iv idua l  body  weigh t s  were  

measured  a t  days  0 ,  4 ,  7 ,  11  and  14 .  
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5)  Food  consumpt ion :  The  amounts  o f  r e s idua l  f eed  and  p rov ided  

feed  were  measured  on  the  day  o f  body  we igh t  measurement  to  

ca lcu la te  the  da i ly  food  in take  pe r  ind iv idua l  fo r  each  cage .  

6 )  Urine  vo lume and  pH:  The  ra t s  f rom each  g roup ,  excep t  the  

un t rea ted  g roup ,  were  t r ans fe r red  to  metabo l i sm cages  on  the  

even ing  o f  day  13  un t i l  the  morn ing  o f  day  14  fo r  u r ine  co l l ec t ion ,  

and  the  vo lume of  co l l ec ted  u r ine  was  measured  us ing  a  measur ing  

p ipe t t e .  Al l  the  ra t s  o f  the  un t rea ted  g roup  were  t r ans fe r red  to  

metabo l i sm cages  on  the  even ing  o f  day  17  un t i l  the  morn ing  o f  

day  18  fo r  u r ine  co l l ec t ion ,  and  u r ine  vo lumes  were  measured  a s  

above .  F resh  u r ine  f rom day  13  was  used  fo r  pH measurement  wi th  

a  t e s t  paper  (Uropaper  I I I  E iken ,  E iken  Chemica l ,  Tokyo) .  

7 )  Serum UA:  On day  14 ,  r a t s  were  anes the t i zed  wi th  d ie thy l  e the r  

p r io r  to  co l l ec t ion  o f  b lood  samples  f rom the  cauda l  a r t e ry  fo r  

se rum i so la t ion .  An a l iquot  of  200 μL of  serum was  mixed wi th  25  

μL 4 mol /L perchlor ic  ac id .  The mixture  was  then  mixed wi th  20  μL 

4 mol /L potass ium dihydrogen phosphate ,  cent r i fuged (20 ,000×g,  

room tempera ture ,  10  min) ,  and the  superna tant  was  col lec ted  for  

UA measurement .  UA concent ra t ion  was  measured  by  HPLC:  

column,  Sim-Pack CLC-NH 2  ( φ 6.0  mm × 150 mm,  Shimazu,  

Kyoto) ;  mobi le  phase ,  CH 3 CN/20 mM KH 2 PO 4  =  3 /2  (v /v) .  

8 )  Serum and  u r ina ry  a l l an to in :  Se rum and  u r ine  samples  t aken  on  

day  14  were  measured  fo r  a l l an to in  concen t ra t ion  by  HPLC:  

co lumn,  At lan t i s  HILIC S i l i ca  (φ 4 .6  mm ×  150  mm,  Wate rs ,  

Mi l fo rd ,  MA);  mobi le  phase ,  CH 3 CN/H 2 O =  95 /5  (v /v ) .  The  

se rum and  u r ine  samples  were  d i lu ted  two- fo ld  wi th  d i s t i l l ed  
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water  and  cen t r i fuged  (20 ,000×g ,  room tempera tu re ,  10  min)  t o  

ob ta in  superna tan t s ,  which  were  then  passed  th rough  a n  

u l t r a f i l t r a t ion  membrane  (Microcon  Ul t race l  YM-10  Regenera ted  

Ce l lu lose  10 ,000  MWCO,  Mi l l ipore ,  Bedford ,  MA) .  Three  vo lumes  

of  CH 3 CN were  added  to  each  u l t r a f i l t r a t e  and  the  mix tu res  were  

cen t r i fuged  (20 ,000×g ,  room tempera tu re ,  10  min)  to  ob ta in  

superna tan t s  fo r  HPLC.  

In  exper iment  3 ,  the  e ffec t  o f  FBE and  FBEP on  UA excre t ion  

was  inves t iga ted .  

1 )  Group  conf igura t ion :  The  exper iment  cons i s t ed  o f  f ive  g roups :  an  

un t rea ted  g roup ,  con t ro l  g roup ,  two  FBEP admin i s t ra t ion  g roups  

(dose :  2 ,000  o r  4 ,000  mg/kg) ,  and  the  FBE admin i s t ra t ion  g roup  

(dose :  6 ,500  mg/kg) .   

2)  Adminis t ra t ion  method :  The  un t rea ted  and  con t ro l  g roups  were  

admin i s te red  wa te r  in jec t ions ,  FBEP and  FBE groups  were  

admin i s te red  each  so i l  suspens ion  f rom day  0 -14 .  The  

admin i s te red  vo lume of  the  f lu ids  was  10  mL/kg  each  t ime .  An  

ora l  sonde  fo r  r a t s  was  employed  fo r  fo rced  admin i s t r a t ion  twice  a  

day.  

3)  Hyperur icemia  induc t ion  method :  Aden ine  was  mixed  wi th  the  

feed  a t  a  r a t io  o f  0 .75%,  which  was  f r ee ly  access ib le  f rom day  0  to  

day  14 .  

4)  Body weigh t  measurement :  Ind iv idua l  body  weigh t s  were  

measured  a t  days  0 ,  4 ,  7 ,  11  and  14 .  

5)  Food  consumpt ion  and  wa te r  in take :  The  amounts  o f  r es idua l  food  

and  wate r,  and  the  amount s  o f  p rov ided  food  and  wa te r,  were  
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measured  on  the  day  o f  body  weigh t  measurement  to  ca lcu la te  

da i ly  in take  o f  food  and  wate r  pe r  ind iv idua l .  

6)  Urine  vo lume:  Al l  r a t s  were  t r ans fe r red  to  metabo l i sm cages  a t  

10 :00  am on  day  14  to  co l l ec t  u r ine  fo r  6  hours  up  to  16 :00 .  The  

vo lume of  the  co l l ec ted  u r ine  was  measured  wi th  a  measur ing  

p ipe t t e .  Ra t s  t r ans fe r red  to  metabo l i sm cages  were  depr ived  o f  

wa te r  and  feed .  

7)  Urine  pH:  Ames  u r ine  t e s t  paper  (S iemens  Medica l  So lu t ions  

Diagnos t i cs ,  Tokyo)  was  used  to  measure  the  pH of  f resh  u r ine  on  

day  14 .  

8)  Serum or  u r ina ry  UA,  a l l an to in ,  c rea t in ine  and  u rea  n i t rogen :  Ra t s  

were  anes the t i zed  wi th  d ie thy l  e the r  on  day  15  to  t ake  b lood  

samples  f rom the  ven t ra l  ao r ta ,  and  the  b lood  samples  were  

cen t r i fuged  to  ob ta in  se rum samples .  The ur ine samples consisted 

of  supernatants  prepared by centr i fuging ur ine col lected on day 14.  

The  u r ine  samples  were  d i lu ted  wi th  3  vo lumes  o f  d i s t i l l ed  wa te r  

fo r  the  measurement  o f  u r ina ry  UA concen t ra t ion .  F ive  vo lumes  o f  

CH 3 CN were  added  to  each  o f  the  u r ine  samples  and  the  mix tu res  

were  cen t r i fuged  (16 ,000×g ,  room tempera tu re ,  10  min)  and  the  

superna tan t s  were  used  fo r  the  measurement  o f  u r ina ry  a l l an to in  

concen t ra t ion .  UA and  a l l an to in  concen t ra t ions  o f  the  se ra  and  

u r ine  were  measured  by  the  same  methods  as  used  in  Exp .  2 .  Urea  

n i t rogen  concen t ra t ions  o f  the  se ra  and  u r ine  were  measured  us ing  

a  B-Tes t  (Wako ,  Osaka ,  Japan)  fo r  u rea  n i t rogen ,  and  a l l an to in  

concen t ra t ions  o f  the  se ra  and  u r ine  were  measured  us ing  a  

Crea t in ine -Tes t  (Wako) .  
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9)  UA c lea rance :  Based  on  measurements  o f  se rum UA concen t ra t ion ,  

u r ina ry  UA concen t ra t ion ,  and  u r ine  vo lume,  the  fo l lowing  

equa t ion  was  used  to  ca lcu la te  UA c lea rance  (Cl u r ) .  

Cl u r (mL/kg /min)=U u r (mg/mL)×V(mL/kg/min) /P u r (mg/mL)  

P u r :  Se rum UA (mg/mL)  

U u r :  Ur ina ry  UA (mg/mL)  

V:  Ur ine  vo lume/kg  body  weigh t /min  (mL/kg /min)  

Sta t i s t i ca l  Ana lyses    Dunne t t ' s  t e s t ,  U  t es t ,  and  Kruska l -  

Wal l i s  t e s t  were  used  to  t e s t  s t a t i s t i ca l ly  s ign i f i can t  d i ffe rences  

be tween  the  con t ro l  g roup  and  the  t e s t  g roups .  For  Exp .  2  and  3 ,  

Studen t ' s  t - t e s t  and  U tes t  were  used  to  t e s t  s t a t i s t i ca l ly  s ign i f i can t  

d i ffe rences  be tween  the  con t ro l  g roup  and  the  un t rea ted  g roup .  A 

s ign i f i cance  l eve l  o f  5% was  adop ted .  

 

4.3 Results  
Exp. 1    Although the data is not given in the tables, the average 

body weight on days 0, 4, and 7 were approximately 140 g, 170 g, and 200 

g, respectively. There were no significant differences among the groups. 

Serum UA    Table  4-1 shows serum UA concentrat ion.  The FBEP 

groups tended to  be lower in  serum UA concentrat ion than the control  

group,  but  no s ignif icant  differences were observed.  In contrast ,  serum 

UA concentrat ion was s ignif icant ly  lower in  the al lopurinol  group,  a  

posi t ive control ,  than in  the control  group (p<0.001).  

Exp. 2    Body weight gain was –31% in the high-dose FBEP 

group and –86% in the allopurinol group when compared with the control 
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group (p<0.05 and p<0.001, respectively).  Food consumption was –13% 

in the high-dose FBEP group and –32% in the al lopurinol group when 

compared with the control  group (p<0.05 and p<0.01, respectively).  

Serum UA and al lantoin    Table  4-2 gives  the serum UA and 

serum al lantoin concentrat ions.  The serum UA concentrat ion was  

s ignif icant ly  higher  in  the control  group than in  the untreated group 

(p<0.001) ,  indicat ing that  the high-inosinic  acid feed induced 

hyperuricemia.  Serum UA was s ignificant ly  lower in  the al lopurinol  

group than in  the control  group (p<0.001) ,  but  there  were no s ignif icant  

differences between the FBEP groups and the control  group.  As was the  

case with the serum UA concentrat ion,  the serum al lantoin 

concentrat ion was s ignif icant ly  lower in  the untreated and al lopurinol  

groups than in  the control  group.  In contrast ,  there were no s ignif icant  

differences between the FBEP groups and the control  group.  

Urinary  vo lume  and  pH    Ur ine  vo lume was  s ign i f i can t ly  

smal le r  in  the  un t rea ted  g roup  than  in  the  con t ro l  g roup  (p<0.001) .  

However,  the re  were  no  s ign i f i can t  d i ffe rences  in  u r ine  vo lume 

among  the  g roups  g iven  the  h igh- inos in ic  ac id  feed .  Ur ine  pH was  

s ign i f i can t ly  h igher  in  the  a l lopur ino l  g roup  than  in  the  con t ro l  g roup  

(p<0.01) .  Ur ina ry  a l l an to in  concen t ra t ion  was  s ign i f i can t ly  h igher  i n  

the  con t ro l  g roup  than  in  the  un t rea ted  g roup  (p<0.001) .  In  con t ras t ,  

the re  were  no  s ign i f i can t  d i ffe rences  among  the  g roups  g iven  the  

h igh- inos in ic  ac id  feed .  
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Table 4-1.  Effect of FBEP on serum uric acid levels in rats with oxonic 
acid-induced hyperuricemia (Exp. 1) 

 Group 
 Control FBEP (LD) FBEP (MD) FBEP (HD) Allopurinol

Serum uric acid (mg/dL) 5.3 ± 0.7 5.1 ± 0.6 4.5 ± 0.6 4.7 ± 0.7 2.7 ± 0.2 
P value (vs control) ― NS 0.059 NS <0.001 

FBEP, fermented barley extract P; LD, low-dose; MD, medium-dose; HD, high-dose. 
Values are expressed as means ± SD. 
The p-values were calculated according to Dunnett's test.
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Table 4-2.  Serum uric acid and allantoin concentrations of rats fed a 
high nucleic acid diet (Exp. 2) 

  Group 

  Untreated Control FBEP (LD) FBEP (HD) Allopurinol
Uric acid (mg/dL)  0.5 ± 0.1*** 1.3±0.2 1.3±0.1 1.2±0.2 0.3 ± 0.2***

Allantoin (mg/dL)  1.7 ± 0.1*** 16.5±3.9 17.4±3.9 20.6±4.8 10.3 ± 5.0* 

FBEP, fermented barley extract P; LD, low-dose; HD, high-dose. 
Values are expressed as means ± SD. 
Significantly different from the value of rats fed a control diet, *p<0.05, ***p<0.001. 
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     Urinary  a l lan to in  excre t ion    F ig .  4 -1  shows  the  amount  o f  

a l l an to in  excre ted  in to  the  u r ine  pe r  100  g  body  we igh t .  The  amount  

o f  u r ina ry  a l l an to in  excre t ion  was  s ign i f i can t ly  h igher  in  the  

h igh-dose  FBEP group  than  in  the  con t ro l  g roup  (p<0.05) .  

E x p .  3    Body  we igh t  ga in ,  f ood  consumpt ion ,  and  wa te r  

i n t a k e  o f  r a t s  f e d  a n  a d en i n e  d i e t  a r e  shown  in  Ta b l e  4 -3 .  As  

expec t ed ,  t he  un t r ea t ed  g roup  i nc r ea sed  i n  body  we igh t  du r ing  t he  

expe r ime n t .  I n  con t r a s t ,  a l l  aden ine  g roups ,  i nc lud ing  t he  con t ro l  

g roup ,  showed  e i t he r  an  i n t ense  supp re s s ion  i n  body  we igh t  i nc r ea se  

o r  body  we igh t  dec r ea se ,  wh ich  i s  be l i eved  t o  have  r e su l t ed  f r om 

aden ine  admi n i s t r a t i on .  Howeve r,  t he  h igh -dose  FBEP and  FBE 

g roups  had  s i gn i f i c an t l y  h ighe r  we igh t  ga in s  t han  t he  con t ro l  g roup  

( p<0 .05 ) .  The  amoun t  o f  f ood  consumpt ion  by  a l l  t he  aden ine  g roups ,  

inc lud ing  the  con t ro l  g roup ,  was  smal l  th roughout  the  a d mi n i s t r a t i on  

pe r iod .  The  amoun t  o f  f ood  cons umpt ion  by  t he  h igh -dose  FBEP 

g roup  was  s l i gh t l y  e l eva t ed  compared  w i th  t he  con t ro l  g roup .  Wa te r  

i n t a k e  by  t h e  c on t r o l  g r ou p  w a s  s i g n i f i c an t l y  h i g he r  t ha n  t h e  

un t r ea t ed  g roup  (p<0 .001 ) .  The high-dose FBEP and FBE groups 

consumed signif icant ly  more water  than the control  group (p<0.01 and 

p<0.05,  respect ively) .   

Ur ina ry  vo lume and  pH of  ra t s  f ed  an  aden ine  d ie t  a re  shown in  

Tab le  4 -4 .  Ur ina ry  vo lume  o f  the  con t ro l  g roup  showed  the  t endency  

to  be  h igh  as  compared  wi th  the  un t r ea ted  g roup  (p=0.054) .  Ur ina ry  

vo lume  was  s ign i f i can t ly  h ighe r  in  the  h igh-dose  FBEP and  FBE 

groups  than  in  the  con t ro l  g roup  (p<0.01  and  p<0.05 ,  r e spec t ive ly ) .  

Ur ina ry  pH was  s ign i f i can t ly  lower  in  the  con t ro l  g roup  than  in  the  
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Fig. 4-1.  Urinary allantoin excretion in rats fed a high nucleic acid diet 
(Exp. 2). 
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Table 4-3.  Body weight gain,  food consumption and water intake in rats 
fed an adenine diet (Exp. 3) 

  Group 
  Untreated Control FBEP (LD) FBEP (HD) FBE 
Body weight gain 

(g/14 days)  79.1 ± 12.2*** –14.1±6.3 –10.2±6.7 –3.3±4.3** –6.7± 6.3* 

Food consumption 
(g/rat/day)  14.2 ± 1.3*** 5.0±0.8 5.2±0.8 5.5±0.9 5.2± 0.7 

Water intake 
(mL/rat/day)  17.9 ± 1.1*** 24.0±3.0 25.1±3.1 27.7±3.8** 26.8± 3.3* 

FBEP, fermented barley ex tract  P; LD, low-d ose; HD,  h ig h-dose; FB E,  f erm en ted  b ar ley extract. 
Valu es are  ex press ed  as mean s ± SD. 
Sign if ican tly dif ferent from  th e value  o f ra ts f ed  a  control d iet,  *p <0.05 , **p <0.0 1,  * **p<0 .0 01 . 
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Table 4-4.  Urinary volume and pH in rats fed an adenine diet (Exp. 3) 

 Group 
 Untreated Control FBEP (LD) FBEP (HD) FBE 

Volume (mL) 4.2 ± 0.7 5.2±1.3 5.4 ±0.8 7.2 ±1.3** 6.7 ± 1.5* 

pH 8.4 ± 0.2*** 7.6±0.4 7.5 ±0.6 7.6 ±0.4 7.3 ± 0.3 

FBEP, f ermented barley ex tract P; LD, low-d ose; HD,  h igh-dos e; FB E,  f erm en ted  b arley  extr act.  
Valu es are ex press ed  as means ± SD. 
Sign ifican tly d ifferen t from  th e value o f rats f ed a control d iet,  * p<0 .05 , **p <0.01,  ***p <0 .0 01 . 
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unt rea ted  g roup  (p<0.001) .  There  were  no  s ign i f i can t  d i ffe rences  in  

u r ina ry  pH be tween  the  con t ro l  g roup  and  o ther  t e s t  g roups .   

Se rum or  u r ina ry  UA,  a l l an to in ,  c rea t in ine  and  u rea  n i t rogen  

a re  shown in  Tab le  4 -5 .  There  was  no  s ign i f i can t  d i ffe r ence  in  se rum 

UA concen t ra t ion  be tween  the  con t ro l  g roup  and  the  un t rea ted  g roup .  

The  FBEP group  showed  no  s ign i f i can t  d i ffe rence  in  se rum UA 

concen t ra t ion  f rom the  con t ro l  g roup ;  however,  the  FBE group  was  

s ign i f i can t ly  lower  (p<0.05) .  The  con t ro l  g roup  was  s ign i f i can t ly  

h igher  than  the  un t rea ted  g roup  in  se rum a l l an to in ,  c rea t in ine ,  and  

u rea  n i t rogen  concen t ra t ions  (p<0.01) .  On  the  o ther  hand ,  none  o f  t he  

g roups  admin i s te red  the  t e s t  ma te r ia l s  showed  a  s ign i f i can t  

d i ffe rence  f rom the  con t ro l  g roup .  The  con t ro l  g roup  was  

s ign i f i can t ly  lower  in  u r ina ry  UA concen t ra t ion  than  the  un t rea ted  

g roup  (p<0.01) .  The  h igh-dose  FBEP group  was  s ign i f i can t ly  h igher  

in  u r ina ry  UA concen t ra t ion  than  the  con t ro l  g roup  (p<0.05) .  The  

con t ro l  g roup  t ended  to  be  lower  in  u r ina ry  a l l an to in  concen t ra t ion  

than  the  un t rea ted  g roup  (p=0.095) ,  and  none  o f  the  t e s t  g roups  

showed  a  s ign i f i can t  d i ffe rence  f rom the  con t ro l  g roup .  The  con t ro l  

g roup  was  s ign i f i can t ly  lower  in  u r ina ry  c rea t in ine  and  u rea  n i t rogen  

concen t ra t ions  than  the  un t rea ted  g roup  (p<0.01) .  None  o f  the  t e s t  

g roups  showed  a  s ign i f i can t  d i ffe rence  f rom the  con t ro l  g roup .   

F ig .  4 -2  shows  Cl u r  va lues .  The  con t ro l  g roup  was  

s ign i f i can t ly  lower  in  Cl u r  than  the  un t rea ted  g roup  (p<0.01) .  Only  

the  h igh-dose  FBEP group  was  h ighe r  in  Cl u r  than  the  con t ro l  g roup  

(p<0.01) .  
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Table 4-5.  Serum or urinary uric acid, allantoin, creatinine and urea 
nitrogen levels in rats fed a 0.75% adenine diet (Exp. 3) 

  Group 
  Untreated Control FBEP (LD) FBEP (HD) FBE 
Serum (mg/dL)             

 Uric acid 1.3±0.2 1.5±0.4 1.5±0.4 1.3±0.5 1.0± 0.3* 

 Allantoin 1.8±0.4** 18.9±7.4 19.3±7.6 16.9±6.3 17.7± 7.1 
 Creatinine 0.8±0.0** 2.6±0.3 2.7±0.4 2.6±0.2 2.5± 0.3 
 Urea nitrogen 23.1±1.3** 170.9±16.2 165.1±16.3 158.1±18.0 163.1± 14.3 

Urine (mg/dL)  
 Uric acid 17.2±2.4** 1.7±0.4 1.4±0.4 2.2±0.4* 1.3± 0.4 
 Allantoin 132.8±76.2 79.4±44.3 92.7±48.8 88.4±52.4 92.0± 46.8 
 Creatinine 51.2±6.9** 12.7±1.0 13.6±1.5 12.6±1.5 13.7± 1.4 
 Urea nitrogen 1137.8±183.0** 581.1±67.1 572.2±45.5 557.6±40.0 601.4± 55.2 

FBEP, ferm ented  b arley extr act P; LD,  lo w-do se; HD,  high -do se;  FBE,  ferm en ted  b ar ley extract. 
Valu es are  exp ressed as m ean s ± SD.  
Sign if ican tly dif ferent from the  v alu e of  r ats fed a  con trol  diet,  * p<0 .05 , **p <0.01.  
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Fig. 4-2.  Uric acid clearance (Clur) in rats fed a 0.75% adenine diet (Exp. 3). 
 

Values are expressed as means ± SD. 
Significantly different from the value of rats fed a control diet, ** p<0.01. 
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4.4 Discussion 
The  p rocess  o f  metabo l iz ing  in t race l lu la r  pur ines  such  as  

adenos ine  and  guanos ine ,  and  tha t  o f  decompos ing  xan th ine  in to  UA,  

a re  found  to  ex i s t  in  a l l  l iv ing  th ings .  However,  some groups  o f  

enzymes  invo lved  in  decompos ing  UA in to  subs tances  more  

wa te r- so lub le  may  have  been  par t i a l ly  inac t iva ted .  There fo re ,  t he  

f ina l  metabo l i t e s  f rom a  pur ine  metabo l iz ing  p rocess  may  d i ffe r  by  

spec ies .  In  Anthropo idea ,  i nc lud ing  humans ,  u r i case  i s  inac t iva ted  

and  the  f i na l  metabo l i t e  f rom pur ine  metabo l i sm i s  UA. 8 3 - 8 6 )  On  the  

o the r  hand ,  in  roden t s  such  as  mice  and  ra t s ,  which  be long  to  the  

same po lyphag ia  a s  humans  and  a re  f requen t ly  used  in  an imal  t e s t s ,  

UA i s  metabo l ized  by  ur icase ,  a  UA-oxid iz ing  enzyme,  i n to  a l l an to in  

and  excre ted  in  u r ine . 8 7 )  Accord ing ly,  we  p repared  hyperur icemia  

mode l - ra t s  by  admin i s te r ing  the  u r icase  inh ib i to r  oxon ic  ac id  (Exp .  

1 ) ,  and  examined  the  e ffec t  o f  FBEP on  reduc ing  se rum UA leve l s .  

S ince  the  se rum UA va lue  o f  f ive -week-o ld  male  SD ra t s  i s  0 .49-0 .74  

mg/dL , 8 8 )  i t  i s  thought  tha t  se rum UA of  the  con t ro l  g roup  inc reased  

approx imate ly  10- fo ld  compared  to  un t rea ted  ra t s .  As  a  r esu l t ,  the  

g roup  admin i s te red  the  po ten t  UA produc t ion  inh ib i to r  a l lopur ino l  

exh ib i t ed  a  r emarkab le  reduc t ion  in  se rum UA leve l s ;  whereas ,  

s imi la r  r educ t ions  i n  se rum UA leve l s  were  no t  obse rved  in  the  g roup  

admin i s te red  FBEP.  There fo re ,  the  e ffec t s  o f  FBEP on  se rum UA 

leve l s  obse rved  in  humans  was  no t  r eproduced  in  th i s  an imal  mode l .  

In  add i t ion ,  a s  a  r esu l t  o f  the  in  v i t ro  examina t ion  on  the  e ffec t  o f  

FBEP upon  XOD,  a  metabo l ic  enzyme fo r  pur ine ,  no  inh ib i to ry  e ffec t  

on  XOD was  observed  a t  concen t ra t ions  be low 1000  μg/mL (da ta  no t  
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shown).  Consequent ly,  i t  i s  considered that  FBEP may not  substant ia l ly  

inh ib i t  the  b iosyn thes i s  o f  UA.  

In  Exp .  2 ,  we  examined  the  e ffec t  o f  FBEP us ing  ra t s  

admin i s te red  a  h igh  dose  o f  nuc le i c  ac id .  As  a  consequence ,  in  

compar i son  wi th  the  con t ro l  g roup ,  none  o f  t he  FBEP-dose  g roups  

showed  a  s t a t i s t i ca l ly  s ign i f i can t ,  lower ing  e ffec t  on  se rum UA 

concen t ra t ions .  However,  fo r  the  g roup  admin i s te red  a  h igh  dose  o f  

FBEP,  the  body-weigh t  conver ted  va lues  o f  t he  excre ted  amount  o f  

a l l an to in  in  u r ine  showed  s ign i f i can t ly  h igher  va lues  as  compared  to  

the control group.  A dose-dependent relationship between FBEP 

administration and UA excretion was not observed. I t  is  thought that  the 

lowest dosage in which a UA excretion promotion effect  is  observed was 

the administration level of the FBEP high-dose group. The elevated 

serum and urine allantoin concentrations ind ica t ed  tha t  the  metabo l i c  

amount  o f  nuc le ic  ac id  inc reased  due  to  the  feed  con ta in ing  a  h igh  

dose  o f  inos in ic  ac id ,  bu t  subsequen t ly  UA metabo l i sm occur red  v ia  a  

me tabo l ic  rou te  no t  ex i s t ing  in  humans .  In  o ther  words ,  FBEP may  

no t  inh ib i t  absorp t ion  o f  nuc le ic  ac id  in  the  d iges t ive  t r ac t .  

Based  on  the  resu l t s  o f  Exp .  1  and  2 ,  the  mechanism of  FBEP in  

lower ing  se rum UA leve l s  may  be  the  p romot ion  o f  UA excre t ion  in  

u r ine .  Thus ,  fo r  Exp .  3 ,  we  des igned  a  s tudy  us ing  ra t s  f ed  an  aden ine  

d ie t ,  wi th  the  hyperur icemia  charac te r i zed  as  the  dec reased  

excre t ion- type . 8 9 , 9 0 )  As  a  r esu l t ,  the  se rum UA leve l s  in  the  g roup  

admin i s te red  FBE,  as  a  sample  o f  FBEP in  the  p re -pur i f i ca t ion  s t age ,  

showed  s ign i f i can t ly  lower  va lues  compared  wi th  the  con t ro l  g roup ,  

whi le  the  h igh-dose  FBEP group ,  a l though  the  e ffec t  was  much  
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weaker  than  in  the  FBE group ,  showed  a  lower ing  t endency  compared  

wi th  the  con t ro l  g roup .  In  the  ana lys i s  o f  the  UA concentrat ion in 

ur ine,  the FBEP high-dose group showed signif icant ly high values 

compared with the control  group.  A poss ib le  reason  why  se rum UA d id  

no t  dec rease  s ign i f i can t ly  in  the  FBEP h igh-dose  g roup  i s  tha t  the re  

may  have  been  d i ffe rences  in  the  me tabo l i sm of  UA to  a l l an to in .  Tha t  

i s ,  the  se rum a l l an to in  o f  FBEP h igh-dose  g roup  i s  the  lowes t .  In  

add i t ion ,  i t  has  been  repor ted  tha t  the  se rum a l l an to in  l eve l  o f  r a t s  

f ed  an  aden ine  d ie t  was  remarkab le  inc reased ,  whereas  the  se rum UA 

leve l  d id  no t  change  cons iderab ly. 9 1 )  Yokozawa  e t  a l .  cons ider  tha t  

the  excess ive  UA was  metabo l ized  to  a l l an to in  in  o rder  no t  to  ra i se  

UA leve l s  in  the  body  beyond  a  ce r ta in  l eve l .  Al though  Exp .  3  was  

used  as  a  dec reas ing  excre t ion  mode l  o f  UA,  i t  may  be  app l i cab le  as  a  

mode l  o f  lowered  UA exc re t ion- type  hyperur icemia  by  inh ib i t ing  

u r icase .  Fur the rmore ,  a s  the  FBEP h igh-dose  g roup  showed  

s ign i f i can t ly  e leva ted  l eve l s  in  bo th  wa te r  in take  and  u r ine  

p roduc t ion  compared  wi th  the  con t ro l  g roup ,  FBEP appear s  to  be  ab le  

to  fu r the r  r educe  e leva ted  se rum UA concen t r a t ions  by  excre t ing  a  

compara t ive ly  l a rge  amount  o f  u r ine  con ta in ing  re la t ive ly  h igh  UA 

leve l s .  In  add i t ion ,  by  comput ing  and  compar ing  Cl u r ,  t he  ac t ion  by  

which  FBEP improved  UA excre t ion  ab i l i ty,  which  dec l ined  by  

aden ine  d ie t ,  became c lea re r.  On  the  o ther  hand ,  FBEP or  FBE 

t rea tment s  were  unab le  to  s ign i f i can t ly  a l t e r  the  e ffec t  o f  aden ine  

admin i s t ra t ion  on  ind ica to r s  o f  r ena l  d i so rders  ( se rum urea  n i t rogen  

and  c rea t ine  concen t ra t ions )  and  severe  rena l  tox ic i ty  was  conf i rmed  

in  a l l  aden ine-admin i s te red  g roups .  
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The  mechan i sm invo lved  in  the  p romot ing  ac t ion  o f  FBEP on  

the  UA excre t ion  requ i res  fu r the r  s tudy,  and  i t  wi l l  be  necessa ry  to  

inves t iga te  wha t  e ffec t  FBEP may  have  upon  the  UA t ranspor te r  

r espons ib le  fo r  the  re -absorp t ion  o f  UA f rom rena l  tubu les ,  such  a s  

URAT 1 . 2 3 )  

The  p resen t  f ind ings  sugges t  tha t  the  mechan i sm invo lved  in  

the  lower ing  e ffec t  o f  FBEP on  se rum UA leve l s  may  be  a t t r ibu ted  to  

the  p romot ion  o f  u r ina ry  UA excre t ion .  In  conc lus ion ,  i t  i s  thought  

tha t  the  aden ine- loaded  ra t  mode l ,  p roduc ing  lowered  UA 

excre t ion- type  hyperur icemia ,  i s  the  mos t  appropr ia te  in  v i vo  

s c reen ing  mode l  fo r  examin ing  the  ac t ive  componen ts  in  FBEP and  

the i r  invo lvement  i n  lower ing  se rum UA leve l s  in  humans .  

 

4.5 Summary  
Effec t s  o f  a  f e rmented  ba r ley  ex t rac t  P (FBEP)  on  u r ic  ac id  

(UA)  metabo l i sm in  th ree  hyperur icemia  ra t  mode l s  were  s tud ied .  

F i r s t ,  the  in f luence  o f  FBEP on  UA b iosyn thes i s  was  examined  us ing  

ra t s  hypodermica l ly  admin i s t ra ted  oxonic  ac id .  Then ,  the  in f luence  o f  

FBEP on  d ie ta ry  pur ine  absorp t ion  was  examined  us ing  ra t s  f ed  a  

h igh  dose  o f  inos in ic  ac id .  F ina l ly,  the  in f luence  o f  FBEP on  UA 

excre t ion  was  examined  us ing  adenine-admin i s te red  ra t s .  F rom the  

f i r s t  two  mode ls ,  FBEP was  found  to  be  ra re ly,  o r  no t  a t  a l l ,  invo lved  

in  the  b iosyn thes i s  o f  UA or  absorp t ion  o f  nuc le ic  ac id .  On the  other  

hand,  in  the  ra t s  loaded wi th  adenine ,  i t  was  shown tha t  the  ur inary  UA 

of  the  h igh-dose  FBEP group (4 ,000 mg/kg/day)  was  s igni f icant ly  

e levated  by 27% compared to  the  con t rol  group.  In  add i t ion ,  the  UA 
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c lea rance  va lue  in  the  h igh-dose  FBEP group  was  inc reased  2 - fo ld  

compared  to  the  con t ro l  g roup .  These  resu l t s  sugges t  tha t  FBEP 

reduces  se rum UA by  inc reas ing  u r ina ry  excre t ion  o f  UA.

 



 
 
 

Chapter 5 

Effects of a Fermented Barley Extract on Subjects with 
Slightly High Serum Uric Acid or Mild Hyperuricemia.  
 

5.1 Introduction  
T h e  n u m b e r  o f  c a s e s  i n  J a p a n  o f  g o u t  a n d  i t s  c a u s e ,  

h y p e r u r i c e m i a ,  h a v e  b e e n  i n c r e a s i n g  y e a r l y  a s  a  r e s u l t  o f  t h e  

adop t ion  o f  wes te rn ized  and  Amer ican ized  d ie t s .  The  inc idence  o f  

hyperur icemia ,  the  under ly ing  d i sease  o f  gou t ,  has  been  repor ted  to  

be  approx imate ly  20% of  J apanese  male  adu l t s . 2 5 , 2 6 )  Even  though  

the re  have  been  few ep idemio log ica l  s tud ies ,  t he  inc idences  o f  gou t  

and  hyperur icemia  have  a l so  been  inc reas ing  wor ldwide  wi th  changes  

in  env i ronmenta l  f ac to r s . 9 2 , 9 3 )  The  Japanese  Soc ie ty  o f  Gou t  and  

Nuc le ic  Ac id  Metabo l i sm def ines  hyperur icemia  as  a  cond i t ion  wi th  

over  7 .0  mg/dL of  se rum UA,  i r respec t ive  o f  the  gende r  and  age .  In  

t h e  s e l e c t i o n  o f  m e t h o d s  a n d  m e d i c i n e s  f o r  t h e  t r e a t m e n t  o f  

h y p e r u r i c e m i a ,  i t  i s  i m p o r t a n t  t o  c l a s s i f y  t h e  d i s e a s e  t y p e s .  

Hyperur icemia  i s  c l ass i f i ed  in to  3  types :  the  inc reased  p roduc t ion  

type ,  in  which  UA i s  excess ive ly  p roduced ;  the  dec reased  excre t ion  

type ,  in  which  the  capab i l i ty  fo r  UA excre t ion  i s  r educed  due  to  

decreased  rena l  func t ion ;  and  the  mixed  type ,  which  i s  a  combina t ion  

o f  bo th  the  above  types .  E igh ty- f ive  pe rcen t  o f  a l l  the  cases  o f  gou t  

and  hyperur icemia  in  Japan  invo lve  decreased  excre t ion  o f  u r ic  ac id  

f r o m  t h e  k i d n e y. 9 4 , 9 5 )  I t  h a s  b e e n  r e p o r t e d  t h a t  c h i t o s a n ,  a s  a  

f o o d s t u f f ,  d e c r e a s e s  s e r u m  U A b y  i n h i b i t i n g  t h e  a b s o r p t i o n  o f  

pur ine . 9 6 )  However,  i t  has  no t  been  repor ted  tha t  a  foods tu ff  can
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effec t ive ly  decrease  se rum UA in  humans  by  acce le ra t ing  the  UA 

excre t ion .  

FBEP had  been  found  to  s ign i f i can t ly  dec rease  the  se rum UA 

leve l  in  an  open  s tudy  us ing  male  Japanese  sub jec t s  wi th  a  se rum UA 

leve l  in  the  range  o f  6 .0 -7 .9  mg/dL. 2 8 )  In  chap te r  4 ,  FBEP reduces  

se rum UA by  inc reas ing  u r ina ry  excre t ion  o f  UA in  the  hyperur icemia  

ra t  mode l s .  

The  p resen t  s tudy  was  a imed  a t  making  a  fu r the r,  de ta i l ed  

examina t ion  o f  the  e ffec t iveness  and  sa fe ty  o f  FBEP.  We  conduc ted  a  

doub le -b l ind  s tudy  o f  Japanese  men  and  women wi th  s l igh t ly  e leva ted  

se rum UA leve l s ,  bu t  who  d id  no t  r equ i re  t r ea tment  fo r  th i s .  

 

5.2 Materials and Methods  
Subjec t s    The  t e s t  was  ca r r i ed  ou t  on  Japanese  men  and  

women wi th  a  se rum UA leve l  o f  6 .0 -7 .9  mg/dL and  an  age  range  o f  

20-65  yea rs .  The  exc lus ion  c r i t e r i a  were  as  fo l lows :  

i) Those  who  had  gou t .  

ii) Those  who  made  regu la r  use  o f  medic ines  and /o r  foods  tha t  migh t  

in f luence  the  se rum UA leve l .  

iii) Those  who  had  severe  d i seases  such  as  d iabe tes  mel l i tus ,  l ive r  

d i so rders ,  r ena l  d i so rders ,  o r  ca rd iovascu la r  d i seases .  

iv) Those  who ,  a t  the  examina t ion  p r io r  to  the  t r i a l ,  had  bo th  over  

u r ina ry  p ro te in  l eve l s  and  pos i t ive  u r ina ry  c rea t in ine  l eve l s ,  o r  

hav ing  over  2+  u r ina ry  p ro te in  l eve l s .  

v) Those  who  had  any  food  a l l e rg ies .  

vi) Those  who  were  a l ready  enro l l ed  in  ano ther  s tudy  a t  the  s t a r t  o f  
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th i s  s tudy.  

vii) Those  who  were  p regnan t ,  b reas t - feed ing  o r  expec ted  to  become  

pregnan t  dur ing  the  s tudy  per iod .  

viii) Those  who  were  deemed  unsu i tab le  fo r  th i s  s tudy  by  the  

inves t iga to r s .  

P r io r  to  t r ea tment ,  we  pe r fo rmed  two  pre - t es t  examina t ions ,  

four  weeks  apar t ,  and  se lec ted  111  sub jec t s  who  met  the  e l ig ib i l i ty  

c r i t e r i a .  The  p resen t  t e s t  was  executed  whi le  ab id ing  wi th  the  e th ica l  

gu ide l ines  tha t  a re  in  accordance  wi th  the  He l s ink i  Dec la ra t ion  and  

the  E th ica l  Guide l ines  fo r  Ep idemio log ica l  Research ,  Japan  (no t i f i ed  

by  Min i s t ry  o f  Educa t ion ,  Cul tu re ,  Spor t s ,  Sc ience  and  Technology  

and  Min is t ry  o f  Hea l th ,  Labor  and  Wel fa re ) .  

Tes t  food    FBEP,  obta ined  from bar ley  (Hordeum vulgare  f .  

d is t i chon )  SDB,  was  eva luated  in  a  c l in ica l  examinat ion .  The  

prepara t ion of  FBEP is  descr ibed in  Chapter  3 .  Food-grade  ins t ruments  

were  used  for  prepar ing  FBEP.  We  used  a  t e s t  d r ink  con ta in ing  2  g  pe r  

30  mL for  the  da i ly  in take  o f  FBEP,  and  an  FBEP-f ree  p lacebo  dr ink ,  

which  con ta ined  a  smal l  amount  o f  ca ramel  to  p roduce  the  same  co lo r  

a s  the  t e s t  d r ink ,  a s  the  con t ro l .  Bo th  d r inks  con ta ined  equa l  amount s  

of  honey,  ga lac to-ol igo sacchar ide ,  and lemon fru i t  ju ice  as  secondary  

components .  

Trial  design   A randomized,  placebo-control led,  para l le l -group,  

doub le -b l ind  s tudy  was  ca r r i ed  ou t .  The  p r imary  end  po in t  was  the  

change  in  se rum UA leve l  f rom pre - t rea tment  to  week  12  a f t e r  t he  

t r ea tment .  The  secondary  endpoin t s  were  the  changes  in  u r ina ry  UA 

leve l  and  UA c lea rance  f rom pre - t rea tment  to  the  end  o f  the  t r ea tment  
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per iod .  The  t e s t  s chedu le  i s  shown in  F ig .  5 -1 .  We conduc ted  a  

p re - t es t  examina t ion  abou t  5  weeks  p r io r  to  the  t r i a l .  About  4  weeks  

l a te r,  we  conduc ted  an  add i t iona l  p re - t es t  examina t ion ,  a f t e r  which  

we  se lec ted  111  sub jec t s  who  qua l i f i ed  fo r  t he  p resen t  s tudy.  The  

pa ramete r s  moni to red  dur ing  the  exper iment  a re  de ta i l ed  in  the  t e s t  

schedu le  which  con t inued  fo r  a  to ta l  o f  21  weeks  and  was  compr i sed  a  

4 -week  r ec ru i tmen t  pe r iod ,  1 -week  pre - t rea tment  pe r iod ,  12-week  

t rea tment  pe r iod ,  and  4 -week  pos t -exper imenta l  pe r iod .  Dur ing  the  

t r ea tment  pe r iod ,  t he  food  consumpt ion  and  changes  in  the  phys i ca l  

cond i t ions  were  recorded  da i ly,  a  d ie ta ry  su rvey  fo r  ca ta log ing  a l l  

food  consumed  was  f i l l ed  in  fo r  3  day  p r io r  to  the  examina t ion .  

Alcoho l ic  beverages  were  no t  a l lowed  in  the  3  day  p r io r  to  t he  

examina t ion ,  and  no  food  o r  d r inks ,  excep t  wa te r,  were  a l lowed  8  

hours  p r io r  to  the  examina t ion .  Ur ine  was  co l l ec ted  fo r  24  hours  p r io r  

to  the  examina t ion  by  us ing  U-mate  P (Sumi tomo Bake l i t e ,  Aki ta ,  

Japan) .  The  subjec ts  were  asked to  v i s i t  the  hospi ta l  wi thout  

consuming the  food to  be  used on the  examinat ion  days  dur ing  the  

t rea tment  per iod .  UA clearance  was  ca lcula ted  by  us ing  the  

c lass i f ica t ion  for  d isease  type  in  the  Guidel ines  for  the  Management  

of  Hyperur icemia  and Gout . 2 6 )  The  equa t ion  o f  Fu j imoto  e t  a l .  was  

used  fo r  ca lcu la t ing  the  body  sur face  a rea  in  the  fo rmula  fo r  UA 

c lea rance  ra te . 9 7 )  However,  we  used  u r ine  co l l ec ted  fo r  24  hours  on  

the  day  be fore  the  examina t ion  as  the  samples  in  the  p resen t  s tudy,  

and  d id  no t  fo l low the  exper imenta l  p rocedure  desc r ibed  in  those  

gu ide l ines .  
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Fig. 5-1.  Design of the study. 

Unfilled circles, diagnostic interview; filled circles, physical examination; unfilled triangles, 
blood test; filled triangles, urine test; squares, diet survey. 



 
Effects of a Fermented Barley Extract on Uric Acid Metabolism 

 

.     Cl in ica l  labora tory  parameters  

i )  Phys ica l  examina t ion .    A to ta l  o f  s ix  measurements  were  t aken  

fo r  asses s ing  the  body  weigh t  (BW) ,  b lood  p ressure  (BP)  and  pu l se  

ra te :  once  5  weeks  be fore  t r ea tment ;  once  1  week  before  t r ea tment ;  

then  4 ,  8 ,  and  12  weeks  dur ing  t rea tment ;  and  l as t ly,  once  4  weeks  

a f t e r  t r ea tment .  He igh t  (Ht )  was  measured  on ly  once ,  5  weeks  be fore  

the  t r ea tment ,  and  was  used  to  ca lcu la te  the  body-mass  i ndex  (BMI) .  

i i )  B lood  and  u r ine  t e s t s .   Pe r iphera l  b lood  samples  were  

moni to red  fo r  the  fo l lowing  ind ices :  whi te  b lood  ce l l  (WBC) ,  r ed  

b lood  ce l l  (RBC) ,  and  p l a te le t  coun ts ;  hemoglob in  (Hb)  l eve l ;  

hematocr i t  (HMC)  va lue ;  MCV,  MCH,  MCHC,  AST,  ALT,  ALP,  γ - GTP,  

LDH,  to t a l  b i l i rub in  (Tb i l ) ,  f a s t ing  b lood  suga r  (FBS) ,  t o ta l  p ro te in  

(TP) ,  and  a lbumin  (Alb)  l eve l s ;  A/G ra t io ;  to ta l  cho les te ro l  (Tcho) ,  

HDL-choles terol  (HDL-C) ,  LDL-choles terol  (LDL-C) ,  and t r ig lycer ide  

(TG)  l eve l s ;  b lood  u rea  n i t rogen  (BUN) ,  c rea t in ine  (Cr ) ,  u r i c  ac id  

(UA) ;  and  e lec t ro ly tes  (Na ,  K ,  Cl ,  Ca ,  and  P) .  Qua l i t a t ive  u r ine  t e s t s  

a ssess ing  the  pH va lue ,  g lucose ,  p ro te in ,  and  occu l t  b lood  l eve l s  

were  pe r fo rmed  by  us ing  t e s t  paper,  whi le  the  UA leve l  was  

quan t i t a t ive ly  measured .  B lood  and  u r ine  were  de te rmined  in  a  

c l in ica l  l abora to ry  (SRL,  Tokyo) .  

Die tary  survey    The  in take  o f  pur ine  and  a lcoho l ic  d r inks  

dur ing  the  s tudy  per iod  was  eva lua ted .  The  in take  o f  pur ine  i s  

de f ined  as  the  to ta l  pur ine  con ten t  in  the  food  and  a lcoho l ic  d r inks .  

Es t imates  o f  the  pur ine  con ten t  in  d i ffe ren t  foods  were  ob ta ined  f rom 

the  amounts  o f  pur ine  desc r ibed  in  the  Standard  Tab les  o f  Food  

Compos i t ion  in  Japan  (STJ ) 9 8 )  and  f rom the  a t t ached  l i s t  o f  the  
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Guide l ines  fo r  the  Management  o f  Hyperur icemia  and  Gout . 2 6 )  We  

used  va lues  pub l i shed  on  webs i t es  fo r  each  company  produc ing  

a lcoho l ic  d r inks  fo r  the  pur ine  con ten t  in  these  d r inks .  We u t i l i zed  

the  pur ine  con ten t  in  foods  desc r ibed  in  STJ  when  th i s  in fo rmat ion  

was  no t  ava i l ab le  on  the  webs i t es .  The  same measurement  method  fo r  

pur ine  con ten t  da ta  was  app l ied .  The  pur ine  in take  over  the  3  days  

p r io r  to  the  examina t ion  (be fore  t rea tment ,  4 ,  8 ,  and  12  weeks  dur ing  

t r ea tment ,  and  week  4  pos t - t r ea tment )  was  ca lcu la ted  f rom the  

in format ion  in  the  d ie ta ry  su rvey.  We def ine  the  amount  o f  a lcoho l ic  

d r inks  a s  the  a lcoho l  in take  (g )  ca lcu la ted  by  the  p re fe rence  

beverages  desc r ibed  in  STJ  as  the  r e fe rence .  The  da i ly  average  o f  

a lcoho l  in take  (g )  was  ca lcu la ted  f rom the  da t a  recorded  in  the  d ia ry.  

Sta t i s t i ca l  ana lys i s    The  se rum UA leve l s ,  u r ina ry  UA leve l s  

and  UA c lea rance  ra tes  fo r  the  t e s t  and  p lacebo  g roups  were  

compared  12  weeks  a f t e r  the  t r ea tment  wi th  the  p re - t r ea tment  va lues  

by  an  ana lys i s  o f  covar iance ,  in  which  va lues  ob ta ined  a t  t he  

examina t ion  p r io r  to  the  t r ea tment  a re  regarded  as  the  covar iance  

va lues .  The  o the r  resu l t s  were  eva lua ted  by  us ing  a  pa i red  t - t e s t  o f  

the  p resence  o r  absence  o f  va r ia t ions  a t  weeks  4 ,  8  and  12  dur ing  

t rea tment  and  a t  week  4  pos t - t r ea tment  in  compar i son  wi th  the  

p re - t rea tment  va lues .  Each  va lue  i s  expressed  as  the  mean  ±  SD.  Al l  

s t a t i s t i ca l  t e s t s  were  two- ta i l ed ,  a  p  va lue  o f  l e ss  than  0 .05  be ing  

cons ide red  s t a t i s t i ca l ly  s ign i f i can t .  

 

5.3 Results  
Background  de ta i l s  o f  the  sub jec t s   468  app l i can t s  (410  me n  
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and  58  women)  be tween  the  ages  o f  20  and  65  years  consen ted  to  

pa r t i c ipa te  in  the  s tudy,  among whom 111  sub jec t s  passed  the  

se lec t ion  c r i t e r i a  and  were  no t  r e jec ted  accord ing  to  the  exc lus ion  

c r i t e r i a .  However,  one  sub jec t  d ropped  ou t  fo r  pe rsona l  reasons .  Thus ,  

the  to ta l  number  o f  sub jec t s  who  comple ted  the  p resc r ibed  s tudy  

schedu le  was  110 .  Among the  sub jec t s ,  f ive  were  unre l i ab le  wi th  

respec t  to  the  examina t ion  resu l t s  and  one  took  medica t ion  tha t  would  

a ffec t  the  t e s t  r e su l t s .  Thus ,  s ix  add i t iona l  sub jec t s  were  exc luded  

dur ing  the  s tudy,  l eav ing  104  va l id  sub jec t s  e l ig ib le  fo r  ana lys i s .  In  

respec t  o f  the  sub jec t  who  dropped  ou t  ha l fway,  the  pe r iod  f rom the  

s t a r t  o f  t r ea tment  up  to  the  t ime  of  d ropp ing  ou t  was  used  as  the  

eva lua t ion  per iod ,  and  a l l  the  va lues  fo r  the  c l in ica l  and  phys i ca l  

examina t ions  up  to  week  4  were  used  as  va l id  da ta .  The  resu l t s  o f  the  

c l in ica l  and  phys ica l  examina t ions  in  week  8  a f t e r  t r ea tment  were  

eva lua ted  fo r  109  sub jec t s ,  exc lud ing  one  who  was  found  to  be  

de fec t ive  in  week  8  a f t e r  the  in take .  The  background  of  t he  sub jec t s  

i s  shown in  Tab le  5 -1 .  

Serum UA    The  t ime-course  charac te r i s t i c s  fo r  se rum UA are  

shown in  Fig .  5-2 .  The  covar iance  analys is ,  in  which  the  pre- t rea tment  

va lues  were  the  covar ia tes ,  showed a  s igni f icant  decrease  in  the  tes t  

group 12  weeks  after  t rea tment  (p<0.05) .  The  wi th in-group 

compar i son showed  s ign i f i can t ly  lower  va lues  fo r  the  t e s t  g roup  in  

weeks  4  and  12  dur ing  t rea tment  than  the  p re - t rea tment  va lues  (Tab le  

5 -5-2) .  In  con t ras t ,  the  p lacebo  g roup  d id  no t  show any  s ign i f i can t  

changes .  
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Table 5-1.  Background details of the subjects 

Efficacy analysis Safety analysis Item 
Test Placebo Test Placebo 

Number of subjects 54 50 56 55 
(male/female) (52/2) (44/6) (54/2) (49/6) 

Mean age (years) 43.3±11.3 43.6±9.3 43.5±11.2 42.7 ±9.4 
Mean height (cm) 170.5±7.8 170.2±7.8 170.5±7.7 170.4 ±7.7 
Mean weight (kg) 71.5±11.1 74.6±10.6 71.4±10.9 74.3 ±10.3 

Each value is expressed as the mean ± SD. 
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Fig. 5-2.  Time-course variation of serum uric acid. 

Unfilled circles, treatment group (n=54); filled diamonds, placebo group 
(n=50). Each value is expressed as the mean ± SD. ## p<0.05 and # p<0.10, 
compared with the placebo group using an analysis of covariance. 
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.     Urinary  UA    The  t ime-course  charac te r i s t i c s  fo r  u r ina ry  UA 

are  shown in  Tab le  5 -2 .  The  be tween-groups  compar i son  showed  no  

s ign i f i can t  d i ffe rence  in  week  12 .  However,  the  wi th in -g roup  

compar i son  showed  s ign i f i can t ly  h igher  va lues  fo r  the  t e s t  g roup  in  

week  12  o f  t r ea tment  than  the  p re - t rea tment  va lues .  In  con t ras t ,  the  

p lacebo  g roup  d id  no t  exh ib i t  any  s ign i f i can t  changes .  

Urinary  vo lume  and  pH    No  s ign i f i can t  changes  were  

obse rved  in  e i the r  the  be tween-groups  o r  wi th in -group  ana lyses  

(Tab le  5 -3) .  

UA c learance    The  t ime-course  va r ia t ions  fo r  UA c lea rance  

f rom the  p re - t rea tment  l eve l s  a re  shown in  F ig .  5 -3 .  The  covar iance  

ana lys i s  shows  a  smal l  e l eva t ion  on  week  12  o f  t r ea tment  in  the  t e s t  

g roup  when  compared  wi th  t he  p lacebo  g roup  (p=0.054) .  

Phys ica l  examina t ion   Tab le  5 -4  shows  the  phys ica l  

examina t ion  f ind ings .  Bo th  the  t es t  and  p lacebo  g roups  showed  

s ign i f i can t ly  lower  d ias to l i c  b lood  p ressure  in  weeks  8  and  12  o f  t he  

t r ea tment  pe r iod  than  the  p re - t rea tment  va lues .  Never the less ,  the  

changes  a t  any  de te rmined  t ime  were  wi th in  the  normal  r ange  and  a re  

no t  r egarded  as  c l in ica l ly  impor tan t  dec reases .  The  p lacebo  g roup  

exh ib i t ed  a  s ign i f i can t ly  lower  pu l se  ra te  in  weeks  4  and  8  o f  the  

t r ea tment  and  in  week  4  o f  the  pos t -exper imenta l  pe r iod  than  the  

p re - t rea tment  va lues ,  a l though  th i s  dec rease  d id  no t  p resen t  any  

c l in ica l  p rob lem.  Such  o ther  pa ramete r s  as  the  body  weigh t ,  BMI  and  

sys to l i c  b lood  p res sure  d id  no t  exh ib i t  any  s ign i f i can t  changes .  

Blood  t es t     The  t ime-course  charac te r i s t i c s  o f  the  measurements  

a r e  s h o w n  i n  Ta b l e  5 - 5 - 1  a n d  Ta b l e  5 - 5 - 2 .  E v e n  t h o u g h  s o m e  
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Table 5-2.  Results for 24-hour urinary uric acid excretion 

Item Normal 
range Group 1 wk before  

treatment 
4 wks after  
treatment 

8 wks after  
treatment 

12 wks after  
treatment 

4 wks after  
termination

UUA Test 0.607 ± 0.204 0.657 ± 0.175 0.639 ± 0.238 0.696 ± 0.280** 0.641 ± 0.249
(g/day) 0.4-1.2 Placebo 0.676 ± 0.183 0.729 ± 0.440 0.697 ± 0.242 0.676 ± 0.308 0.692 ± 0.382

UUA, urinary uric acid. 
Each value is expressed as the mean ± SD. 
Significant differences are as follows: **p<0.01, compared with the pre-treatment condition using the paired 
Student’s t-test. 
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Table 5-3.  Results of urinary volume and pH 

Item Normal 
range Group 1 wk before  

treatment 
4 wks after  
treatment 

8 wks after  
treatment 

12 wks after  
treatment 

4 wks after  
termination

UV Test 1.57 ± 0.66 1.57 ± 0.56 1.51 ± 0.56 1.56 ± 0.54 1.51 ± 0.69
(L/day) 0.5-2.0 Placebo 1.62 ± 0.63 1.57 ± 0.66 1.56 ± 0.57 1.63 ± 0.63 1.60 ± 0.69

Test 5.76 ± 0.52 5.83 ± 0.61 5.81 ± 0.61 5.80 ± 0.51 5.92 ± 0.67pH 5.0-8.0 Placebo 5.66 ± 0.54 5.68 ± 0.55 5.73 ± 0.62 5.84 ± 0.69 5.78 ± 0.59

UV, urinary volume. 
Each value is expressed as the mean ± SD.
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Fig. 5-3.  Time-course variation of uric acid clearance. 

Unfilled circles, treatment group (n=54); filled diamonds, placebo group 
(n=50). Each value is expressed as the mean ± SD. # p<0.10, compared with the 
placebo group using an analysis of covariance. 
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Table 5-4.  Results of the physical examination 

Item Group 1 wk before 
treatment 

4 wks after
treatment 

8 wks after
treatment 

12 wks after 
treatment 

4 wks after
termination

Weight Test 71.4 ± 10.9 71.6 ± 10.9 71.3 ± 10.9 71.3 ± 11.0 71.2 ± 10.8 
（kg） Placebo 74.3 ± 10.3 74.3 ± 10.1 74.3 ± 10.4 74.3 ± 10.3 74.3 ± 10.5 

Test 24.6 ± 3.7 24.6 ± 3.7 24.5 ± 3.7 24.5 ± 3.7 24.5 ± 3.6 BMI Placebo 25.6 ± 3.4 25.6 ± 3.3 25.6 ± 3.4 25.6 ± 3.4 25.6 ± 3.5 
SBP Test 127.2 ± 15.1 128.7 ± 13.4 127.1 ± 13.5 127.4 ± 12.4 127.3 ± 13.5 

（mm Hg） Placebo 127.8 ± 12.4 126.9 ± 10.0 125.7 ± 12.1 125.2 ± 10.7 127.1 ± 11.6 
DBP Test 79.1 ± 11.1 78.9 ± 11.3 76.2 ± 11.7** 76.2 ± 12.0** 77.3 ± 12.3 

（mm Hg） Placebo 80.6 ± 10.6 80.9 ± 9.1 78.1 ± 10.1** 76.7 ± 9.6** 79.0 ± 9.6 
Pulse rate Test 73.1 ± 10.2 73.6 ± 11.3 72.5 ± 10.9 72.3 ± 10.5 73.6 ± 11.1 
（beats/min） Placebo 75.5 ± 9.5 73.5 ± 9.9* 73.6 ± 9.9* 74.1 ± 11.4 72.9 ± 10.4*

SBP, systolic blood pressure; DBP, diastolic blood pressure. 
Each value is expressed as the mean ± SD. Significant differences are as follows: *p<0.05 and * *p<0.01, 
compared with the pre-treatment condition using the paired Student’s t-test.
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Table 5-5-1.  Results of the hematological analysis 

Item Normal   
range Group 1 wk before 

treatment 
4 wks after 
treatment 

8 wks after  
treatment 

12 wks after 
treatment 

4 wks after 
termination

WBC M:39-98 Test 60.9 ± 15.8 62.4 ± 19.1 59.7 ± 15.3 60.8 ± 14.5 60.1 ± 14.6
(×102/μL) F:39-91 Placebo 59.8 ± 12.7 59.7 ± 13.9 60.1 ± 13.0 59.7 ± 14.4 60.4 ± 14.0

RBC M:427-570 Test 493.3 ± 39.3 489.2 ± 33.7 493.9 ± 36.0 487.6 ± 38.1* 491.1 ± 36.8
(×104/μL) F:376-500 Placebo 500.5 ± 37.2 496.5 ± 37.1 498.1 ± 35.2 496.7 ± 38.1 500.0 ± 36.1

Hb M:13.5-17.6 Test 15.24 ± 0.94 15.12 ± 0.79 15.25 ± 0.98 15.00 ± 1.02* 15.14 ± 0.92
(g/dL) F:11.3-15.2 Placebo 15.16 ± 0.99 15.03 ± 0.92 15.08 ± 0.88 15.05 ± 0.99 15.12 ± 0.94
HMC M:39.8-51.8 Test 45.68 ± 2.70 45.25 ± 2.30 45.67 ± 2.54 45.22 ± 2.75* 45.64 ± 2.53
(%) F:33.4-44.9 Placebo 45.68 ± 2.62 45.37 ± 2.52 45.47 ± 2.43 45.72 ± 2.77 45.95 ± 2.61

MCV Test 92.2 ± 4.8 92.2 ± 4.7 92.1 ± 4.7 92.5 ± 4.7 92.4 ± 4.9 
(fL) 85-100 

Placebo 92.2 ± 2.9 92.0 ± 2.7 92.1 ± 2.8 94.0 ± 4.1 94.3 ± 5.3 
MCH Test 30.67 ± 1.49 30.66 ± 1.54 30.65 ± 1.48 30.60 ± 1.46 30.61 ± 1.51
(pg) 28-34 

Placebo 30.58 ± 1.13 30.62 ± 1.28 30.43 ± 1.13 30.45 ± 1.04 30.40 ± 1.06
MCHC Test 33.29 ± 0.73 33.28 ± 0.84 33.30 ± 0.90 33.12 ± 0.94 33.14 ± 0.92

(%) 31-35 
Placebo 33.19 ± 1.12 33.27 ± 0.99 33.11 ± 0.80 32.44 ± 1.28 32.32 ± 1.48

Platelets Test 24.70 ± 4.51 24.57 ± 5.16 25.13 ± 4.82 25.20 ± 4.66 24.76 ± 4.66
(×104/μL) 13-35 

Placebo 25.57 ± 5.39 25.48 ± 5.52 25.16 ± 5.49 25.51 ± 5.62 25.07 ± 5.14

WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin level; HMC, hematocrit; M, male; F, female. 
Each value is expressed as the mean ± SD. Significant differences are as follows: *p<0.05, compared with the 
pre-treatment condition using the paired Student’s t-test. 
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Table 5-5-2.  Results of the serum biochemical analysis 

Item Normal 
range Group 1 wk before  

treatment 
4 wks after   
treatment 

8 wks after   
treatment 

12 wks after  
treatment 

4 wks after   
termination

FBS Test 94.1 ± 9.3 96.6 ± 9.5* 97.3 ± 9.2** 97.8 ± 11.8** 96.7 ± 10.7**

(mg/dL) 70-109 
Placebo 96.5 ± 8.6 94.7 ± 7.9 95.1 ± 7.8 96.6 ± 9.7 95.0 ± 9.6

AST Test 23.5 ± 7.3 22.2 ± 7.2* 22.9 ± 7.7 22.6 ± 10.0 23.8 ± 12.9
(IU/L) 10-40 Placebo 22.9 ± 5.0 23.5 ± 6.5 21.6 ± 5.6 21.4 ± 4.9 21.5 ± 4.7
ALT Test 29.2 ± 21.7 27.6 ± 20.4 28.7 ± 21.2 28.1 ± 22.2 30.3 ± 26.8

(IU/L) 5-40 Placebo 29.8 ± 13.3 30.2 ± 16.3 27.6 ± 13.4* 27.4 ± 13.0* 27.7 ± 13.4
ALP Test 200.4 ± 46.4 199.7 ± 53.3 207.0 ± 54.4 204.8 ± 50.7 207.0 ± 60.1

(IU/L) 115-359 Placebo 217.9 ± 54.3 216.3 ± 53.8 211.7 ± 55.6* 213.2 ± 53.1 216.1 ± 58.4
γ-GTP M:<70 Test 41.8 ± 27.4 41.0 ± 29.0 40.7 ± 27.7 40.3 ± 24.2 43.3 ± 36.5
(IU/L) F:<30 Placebo 41.1 ± 24.5 40.9 ± 24.9 37.4 ± 22.8** 37.8 ± 23.1* 38.2 ± 28.4
LDH Test 170.8 ± 25.3 167.8 ± 25.4 169.6 ± 27.1 169.5 ± 28.0 168.8 ± 26.3

(IU/L) 115-245 Placebo 167.3 ± 26.5 172.0 ± 22.3 170.8 ± 54.0 166.1 ± 21.0 164.7 ± 20.6
Tbil Test 0.73 ± 0.26 0.71 ± 0.27 0.71 ± 0.34 0.75 ± 0.35 0.74 ± 0.32

(mg/dL) 0.3-1.2 Placebo 0.73 ± 0.31 0.68 ± 0.28 0.75 ± 0.34 0.71 ± 0.28 0.72 ± 0.29
TP Test 7.27 ± 0.33 7.33 ± 0.35 7.35 ± 0.34 7.27 ± 0.32 7.29 ± 0.37

(g/dL) 6.7-8.3 Placebo 7.37 ± 0.36 7.34 ± 0.32 7.32 ± 0.36 7.30 ± 0.34 7.30 ± 0.34
Alb Test 4.47 ± 0.20 4.48 ± 0.17 4.52 ± 0.20* 4.47 ± 0.21 4.50 ± 0.23 

(g/dL) 4.0-5.0 Placebo 4.53 ± 0.24 4.49 ± 0.24 4.47 ± 0.23* 4.49 ± 0.24 4.49 ± 0.26
A/G ratio Test 1.62 ± 0.21 1.60 ± 0.20 1.61 ± 0.18 1.62 ± 0.20 1.64 ± 0.21

(%) 1.2-2.0 Placebo 1.61 ± 0.21 1.59 ± 0.18* 1.59 ± 0.19 1.62 ± 0.22 1.62 ± 0.19
Tcho Test 212.2 ± 32.7 213.0 ± 34.4 209.4 ± 35.6 207.9 ± 32.9 210.0 ± 33.3

(mg/dL) 150-219 Placebo 215.5 ± 35.8 212.0 ± 36.4 212.8 ± 35.4 212.1 ± 37.8 212.7 ± 34.5
HDL-C M:40-86 Test 56.9 ± 18.0 57.1 ± 16.1 56.0 ± 16.1 56.0 ± 15.5 56.9 ± 17.3
(mg/dL) F:40-96 Placebo 53.5 ± 15.6 52.8 ± 16.1 53.1 ± 15.7 52.5 ± 15.3 53.2 ± 15.5
LDL-C Test 128.7 ± 33.4 131.9 ± 34.8 128.1 ± 35.1 127.9 ± 33.5 129.2 ± 31.0
(mg/dL) 70-139 Placebo 134.2 ± 32.5 133.3 ± 33.3 133.1 ± 31.1 130.6 ± 32.7 132.9 ± 31.3

TG Test 148.7 ± 102.5 134.0 ± 83.4 135.7 ± 112.7 134.7 ± 75.9 125.9 ± 60.9*

(mg/dL) 50-149 Placebo 149.0 ± 71.6 138.5 ± 66.0 144.8 ± 77.3 165.2 ± 98.1 148.2 ± 74.4
BUN Test 13.61 ± 3.04 13.69 ± 3.04 14.14 ± 3.79 13.38 ± 3.20 13.59 ± 2.94

(mg/dL) 8.0-22.0 Placebo 13.29 ± 2.85 13.80 ± 3.10 13.32 ± 2.31 13.01 ± 2.28 13.35 ± 2.33
Cr Test 0.84 ± 0.10 0.83 ± 0.10 0.84 ± 0.10 0.83 ± 0.10 0.84 ± 0.11

(mg/dL) 0.61-1.04 Placebo 0.79 ± 0.11 0.79 ± 0.12 0.78 ± 0.11 0.78 ± 0.12 0.79 ± 0.11
* **UA M:3.7-7.0 Test 6.99 ± 0.46 6.79 ± 0.64 7.02 ± 0.73 6.78 ± 0.62 6.96 ± 0.68 

(mg/dL) F:2.5-7.0 Placebo 6.97 ± 0.44 6.96 ± 0.60 6.96 ± 0.67 6.99 ± 0.74 7.01 ± 0.66
Na Test 141.0 ± 1.7 141.1 ± 1.8 141.0 ± 1.6 140.9 ± 1.9 141.3 ± 1.7

(mEq/L) 136-147 Placebo 140.9 ± 1.5 141.2 ± 1.4 140.5 ± 1.6 140.4 ± 1.9 141.2 ± 1.8
K Test 4.23 ± 0.26 4.26 ± 0.30 4.32 ± 0.33 4.17 ± 0.26 4.21 ± 0.25

(mEq/L) 3.6-5.0 Placebo 4.20 ± 0.27 4.29 ± 0.37 4.44 ± 1.15 4.34 ± 1.13 4.12 ± 0.24
Cl Test 103.9 ± 1.9 103.8 ± 2.0 103.7 ± 1.7 104.1 ± 1.9 104.1 ± 2.0

(mEq/L) 98-109 Placebo 103.7 ± 1.9 103.8 ± 1.8 103.5 ± 1.8 103.6 ± 1.7 104.0 ± 2.0
Ca Test 9.32 ± 0.38 9.39 ± 0.29 9.50 ± 0.34* 9.35 ± 0.35 9.30 ± 0.35

(mg/dL) 8.7-10.1 Placebo 9.33 ± 0.34 9.33 ± 0.31 9.39 ± 0.26 9.38 ± 0.26 9.36 ± 0.34
P Test 3.41 ± 0.45 3.40 ± 0.53 3.50 ± 0.56 3.31 ± 0.43* 3.41 ± 0.42

(mg/dL) 2.4-4.3 Placebo 3.41 ± 0.42 3.47 ± 0.42 3.38 ± 0.41 3.46 ± 0.77 3.50 ± 0.74

FBS, fasting blood sugar; Tbil, total bili rubin; TP, total protein; Alb, albumin; Tcho, total cholesterol; HDL-C, 
HDL-cholesterol; LDL-C, LDL-cholesterol; TG, triglyceride level; BUN, blood urea nitrogen; Cr, creatinine; 
UA, uric acid; M, male; F, female. 
Each value is expressed as the mean ± SD. Significant differences are as follows: *p<0.05, **p<0.01, compared 
with the pre-treatment condition using the paired Student’s t-test.
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s ign i f i can t  va r ia t ions  were  found  in  such  mul t ip le  i t ems  as  FBS 

dur ing  the  t r ea tment  pe r iod  and  pos t -exper imenta l  pe r iod ,  the  

phys ic ian  in  charge  o f  the  s tudy  judged  tha t  these  changes  were  no t  

ou t s ide  t he  norma l  range  o f  va r ia t ion  and  d id  no t  cause  any  c l in ica l  

p rob lems .  

Urine  t e s t    The  overa l l  r e su l t s  a re  shown in  Tab le  5 -6 .  

Cer ta in  samples  exh ib i t ed  abnormal  changes :  in  the  t e s t  g roup ,  one  

i t em wi th  two  sub jec t s  ( two  sub jec t s  were  pos i t ive  fo r  u r ine  p ro te in ) ,  

and  in  the  p lacebo  g roup ,  two  i t ems  wi th  th ree  sub jec t s  ( two  sub jec t s  

were  pos i t ive  fo r  u r ine  p ro te in ,  and  one  sub jec t  was  pos i t ive  fo r  u r ine  

occul t  b lood) .  Al though the  measured values  were  found to  exceed  the  

normal  range  in  cer ta in  subjects ,  the  values  f rom the  examinat ions  

taken in  advance  and the  examinat ion of  the  values  of  the  o ther  i tems  

for  these  subjec t s ,  were  adjudged to  pose  no c l in ica l  problems by the  

phys ic ian  in  charge  of  the  s tudy.  

Da i ly  pur ine  in take    Tab le  5 -7  shows  the  change  in  the  da i ly  

average  pur ine  in take  tha t  was  ca lcu la ted  f rom the  d ie ta ry  su rveys  

over  3  days  p r io r  to  the  examina t ion .  No  s ign i f i can t  changes  were  

apparen t  in  e i the r  g roup  as  compared  to  the  p re - t rea tment  l eve l s .  

Da i ly  a lcoho l  in take    Changes  in  the  da i ly  average  a lcoho l  

in take  ca lcu la ted  f rom the  mea l  d ia r i es  were  as  fo l lows :  t e s t  g roup ,  

1 .1±9 .2  g ;  p lacebo  g roup ,  3 .2±11 .5  g  in  weeks  1 -4 ;  t e s t  g roup ,  

0 .3±9 .7  g ;  p lacebo  g roup ,  1 .7±8 .8  g  in  weeks  5 -8 ;  t e s t  g roup ,  

–0 .1±8 .7  g ;  p lacebo  g roup ,  0 .5±8 .3  g  in  weeks  9 -12 ;  and  t es t  g roup ,  

1 .0±10 .2  g ;  p lacebo  group ,  1 .2±8 .8  g  in  the  pos t -exper imenta l  pe r iod .  

These  f igures  d id  no t  r evea l  any  s ign i f i can t  changes .  
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Table 5-6.  Detection of proteins, glucose, and occult blood in the urine tests 

Item Group  1 wk before 
treatment 

4 wks after 
treatment 

8 wks after 
treatment 

12 wks after 
treatment 

4 wks after 
termination

– 55 53 55 51 53 
± 1   2  Test 
+  3  2 2 
– 53 54 51 52 52 
±   2  2 

Protein 

Placebo 
+ 2 1 1 3 1 
– 56 56 55 55 55 
±      Test 
+      
– 55 55 54 55 55 
±      

Glucose 

Placebo 
+      
– 54 52 53 54 54 
± 2 4 2 1 1 Test 
+      
– 52 53 50 53 50 
±   1  1 
+ 2 2 2 2 2 

++ 1    2 

Occult 
blood 

Placebo 

+++   1   

Numerals represent the number of cases showing the respective symptoms. 
Proteins, glucose, and occult blood were graded as negative (–), weakly (±), mildly (+), intermediately (++),  
or severely (+++) positive. 
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Table 5-7.  Daily purine intake during the study period 

Item Group 1 wk before 
treatment 

4 wks after 
treatment 

8 wks after 
treatment 

12 wks after 
treatment 

4 wks after 
termination

Purine Test 319.0 ± 78.6 313.9 ± 109.4 299.4 ± 84.7 301.0 ± 70.3 294.6 ± 96.9 
(mg/day) Placebo 323.0 ± 110.1 306.3± 98.5 314.6 ± 98.1 299.0± 86.1 319.7 ± 105.3

The daily purine intake was estimated on the basis of the 3-day dietary surveys taken before the clinical 
examinations. Each value is expressed as the mean ± SD. 
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5.4 Discussion 
FBEP,  a  p r imary  componen t  o f  the  t e s t  food  in  t he  p resen t  s tudy,  

had  been  found  to  s ign i f i can t ly  dec rease  the  se rum UA leve l  in  an  

open  s tudy  us ing  male  Japanese  sub jec t s  wi th  a  se rum UA leve l  in  the  

range  o f  6 .0 -7 .9  mg/dL. 2 8 )  Based  on  th i s  r e su l t ,  we  ca r r i ed  ou t  a  

doub le -b l ind ,  pa ra l l e l -g roup  s tudy  o f  Japanese  men  and  women  wi th  

s l igh t ly  e leva ted  l eve l s  o f  se rum UA to  s t a t i s t i ca l ly  conf i rm the  

e ffec t  o f  FBEP on  decreas ing  the  se rum UA leve l  ( a f t e r  hav ing  

e l imina ted  env i ronmenta l  fac to r s  and  the  p lacebo  e ffec t s )  and  a l so  to  

examine  the  sa fe ty  o f  FBEP.  We  found  tha t  the  FBEP- t r ea ted  g roup  

exh ib i t ed  a  s ign i f i can t ly  lower  se rum UA leve l  in  week  12  o f  the  

t r ea tment  pe r iod  than  the  p lacebo  g roup .  The  wi th in -group  

compar i son  revea l ed  tha t  the  t e s t  g roup  exh ib i t ed  s ign i f i can t ly  lower  

se rum UA leve l s  in  week  4  and  12  o f  the  t r ea tment  pe r iod  than  the  

p re - t r ea tment  l eve l s ,  bu t  tha t  the  l eve l s  in  week  8  o f  t he  t r ea tment  

pe r iod  re tu rned  to  t he  p re - t rea tment  l eve l s .  S ince  the  p lacebo  g roup  

demons t r a ted  l i t t l e  change  in  the  se rum UA leve l  th roughout  the  

examina t ion  pe r iod ,  we  examined  the  fac to r s  in f luenc ing  the  se rum 

leve l  o f  UA of  the  t e s t  g roup  in  week  8  o f  t r ea tment .  The  pur ine  and  

a lcoho l  in take  a re  c lose ly  r e la ted  to  se rum UA,  bu t  no  e leva t ion  o f  

the  in take  o f  pur ine  o r  a lcoho l  by  the  t e s t  g roup  was  apparen t  in  week  

8  o f  t r ea tment .  The  rena l  func t ion  i s  a l so  c lose ly  re la ted  to  se rum UA,  

bu t  no  a l t e ra t ion  in  se rum c rea t in ine  o r  b lood  u rea  n i t rogen  was  

apparen t .  In  the  case  o f  the  t e s t  g roup ,  the  s t andard  dev ia t ion  o f  0 .73  

in  se rum UA leve l  in  week  8  o f  t r ea tment  shows  s l igh t  e l eva t ion ,  a s  

compared  to  0 .64  in  week  4  o f  t r ea tment  and  to  0 .62  in  week  12  o f  
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t r ea tment ,  ind ica t ing  a  wide  va r ia t ion  o f  the  measured  va lues  in  week  

8  o f  the  t r ea tment  pe r iod .  

On  the  o the r  hand ,  an  eva lua t ion  o f  t he  UA c lea rance  tha t  was  

ca r r i ed  ou t  to  examine  a  poss ib le  mechan i sm of  ac t ion ,  and  the  t e s t  

g roup  showed  a  s l igh t ly  h igher  l eve l  in  week  12  o f  t r ea tment  than  the  

p lacebo  g roup .  Based  on  th i s  r esu l t ,  i t  i s  sugges ted  tha t  the  ac t ion  o f  

FBEP in  reduc ing  se rum UA can  poss ib ly  be  a t t r ibu ted  to  the  

acce le ra ted  excre t ion  o f  UA.  Among  the  54  sub jec t s  in  the  t e s t  g roup ,  

the  se rum UA leve l  in  10  sub jec t s  wi th  a  normal  range  o f  UA 

c lea rance  was  6 .94  mg/dL pr io r  to  t rea tment ,  chang ing  to  6 .88  mg/dL 

in  week  4  o f  t r ea tment ,  to  7 .25  mg/dL in  week  8  o f  t r ea tment ,  and  to  

6 .95  mg/dL in  week  12  o f  t r ea tment ,  a l though  these  changes  were  no t  

s ign i f i can t  th roughout  the  pe r iod  o f  in take .  The  in f luence  o f  FBEP on  

the  se rum UA leve l  in  the  sub jec t s  wi th  an  excess ive  p roduc t ion  o f  

UA i s  cons ide red  to  have  been  low.  

As  charac te r i s t i c  componen t s  con ta ined  in  FBEP,  the  secondary  

metabo l i t e s  o f  Asperg i l lus  spec ies ,  which  possesses  an t iox idan t  

ac t iv i ty,  have  been  repor ted . 9 9 )  On  the  o the r  hand ,  the  in take  o f  

v i t amin  C ,  a  wa te r- so lub le  an t iox idan t ,  r educes  the  se rum UA 

leve l . 1 0 0 )  Moreove r,  h igher  v i t amin  C  in take  has  been  independen t ly  

assoc ia ted  wi th  a  lower  r i sk  o f  gou t . 1 0 1 )  An  inc rease  in  g lomeru la r  

f i l t r a t ion  and /o r  compet i t ion  fo r  r ena l  r eabsorp t ion  a re  cons ide red  as  

the  mechan i sm by  which  v i t ami n  C  reduded  se rum UA.  The  

mechan ism by  which  FBEP reduced  se rum UA may  have  inh ib i t ed  the  

rena l  r eabsorp t ion  o f  UA by  an  ingred ien t  l ike  the  v i t amin  C  

reabsorbed  v ia  an ion-exchange  t anspor t  a t  p rox imal  tubu les .  
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Fur the rmore ,  i t  has  been  repor ted  tha t  consumpt ion  o f  che r r i e s  

inc lud ing  po lypheno ls  in  a  hea l thy  women inc reased  u r ina ry  UA 

excre t ion ,  and  decreased  p lasma  UA. 1 0 2 )  

On  the  o the r  hand ,  i t  has  been  repor ted  tha t  an  in take  o f  the  

mi lk  and  soy  o r ig in  p ro te in  inc reased  u r ina ry  UA excre t ion  and  

c lea rance . 7 8 )  Fur the rmore ,  i t  has  been  repor ted  tha t  u r ina ry  UA 

excre t ion  inc reased  by  the  in t ravenous  admin i s t ra t ion  o f  amino  

ac ids . 1 0 3 )  Tha t  i s ,  i t  i s  necessa ry  to  examine  the  in f luence  o f  an ion ic  

pep t ides  con ta ined  in  FBEP on  the  UA excre t ion .  

The  de ta i l ed  mechan i sm fo r  the  molecu la r  ac t ion  o f  FBEP on  

the  acce le ra ted  excre t ion  o f  UA remains  fo r  fu tu re  s tudy.  However,  

we  have  been  examin ing  the  o ro t i c  ac id - induced  inh ib i to ry  e ffec t  o f  

FBE on  fa t ty  l ive r  in  r a t s . 3 , 4 )  I t  has  been  repor ted  tha t  the  l eve l  o f  

human  URAT 1  was  g rea t ly  reduced  by  a  h igh  l eve l  (1  m M )  o f  o ro t i c  

ac id , 2 3 )  and  tha t  URAT 1  was  respons ib le  fo r  t r anspor t ing  o ro t i c  ac id  

ac ross  ce l l  membranes ,  th i s  t r anspor t  be ing  s t rong ly  b locked  by  

benzbromarone  which  i s  a  UA exc re t ion-promot ing  d rug . 2 4 )  In  

add i t ion ,  human  organ ic  an ion  t r anspor te r  (hOAT)  1  and  hOAT 3  may  

be  t r anspor t ing  some UA f rom the  lumen  of  the  b lood  vesse l s  to  rena l  

tubu la r  ce l l s . 1 0 4 , 1 0 5 )  I t  i s  a l so  known tha t  the re  i s  gender  d i ffe rence  

in  the  se rum UA leve l , 1 0 6 )  fo r  which  UA c l ea rance  inc reased  by  

es t rogen  has  been  repor ted  to  be  a  cause . 1 0 7 )  In  o ther  words ,  the  UA 

t ranspor ter  may be  cont ro l led  by  sex  hormones .  We now plan  to  car ry  

out  a  fur ther  s tudy ident i fy ing which  cons t i tuent  in  the  c rude  

composi t ion  of  FBEP was  involved in  media t ing  the  serum 

UA-lower ing  effec t ,  whi le  paying  a t tent ion  to  the  organic  anion  
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t ransp

to  be  u t i l i zed  as  a  s ide -  

e ffec t

 in  sub jec t s  wi th  

l igh t ly  e leva ted  se rum UA or  mi ld  hyperur icemia .  

5.5 S

or ter.  

The  sa fe ty  o f  FBEP dur ing  12  weeks  o f  con t inuous  in take ,  a t  2  

g /day,  was  conf i rmed  by  the  f ind ings  tha t  the re  was  l i t t l e  change  to  

cause  c l in ica l  concern  in  the  examined  pa ramete r s  (Tab le  5 -4 ,  5 -5 ,  

5 -6 ) ,  and  tha t  the re  were  no  symptomat ic  mani fes ta t ions .  FBEP 

ob ta ined  f rom the  combina t ion  o f  ba re ly  and  the  b rewing  

mic roorgan i sm,  whose  sa fe ty  has  been  conf i rmed  th rough  the  long  

years  o f  d ie ta ry  exper ience ,  i s  expec ted  

- f ree ,  sa fe  func t iona l  food  mate r ia l .  

In  conc lus ion ,  the  resu l t s  o f  the  p resen t  s tudy  ind ica te  tha t  

FBEP ob ta ined  by  fe rment ing  bar ley  wi th  fungus  and  yeas t  had  the  

e ffec t  o f  s ign i f i can t ly  reduc ing  the  se rum UA leve l

s

 

ummary  
The  u r ic  ac id  (UA)- lower ing  e ffec t  and  sa fe ty  o f  a  f e rmented  

ba r ley  ex t rac t  P (FBEP)  p repared  f rom bar ley-shochu  d i s t i l l e ry  

by-produc t s  were  inves t iga ted  in  a  r andomized ,  p lacebo-con t ro l l ed ,  

pa ra l l e l -g roup ,  doub le -b l inded  s tudy.  A to ta l  o f  111  sub jec t s  wi th  

se rum UA leve l s  o f  6 .0 -7 .9  mg/dL were  p rov ided  wi th  e i the r  a  d r ink  

con ta in ing  2  g /day  o f  FBEP ( t es t  g roup)  o r  a  p l acebo  d r ink  (p lacebo  

g roup) .  Af te r  12  weeks ,  the  se rum UA leve l s  changed  by  –0 .21±0 .56  

mg/dL in  the  t e s t  g roup ,  showing  a  s ign i f i can t  dec rease  in  

compar i son  to  those  o f  the  p l acebo  g roup  (+0 .02±0 .54  mg/dL) .  

Addi t iona l ly,  the  UA c lea rance  in  the  t e s t  g roup  showed  a  t endency  to  

inc rease  a f t e r  12  weeks  more  than  in  t he  p lacebo  g roup  (p=0.054) .  No  
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eatment to subjects with sl ightly high serum UA or mild hyperuricemia.

 

abnormal i t i e s  in  the  phys ica l  and  c l in ica l  t e s t s  were  obse rved ,  and  no  

adverse  d iagnos t i c  f ind ings  were  a t t r ibu ted  to  the  in take  o f  the  t e s t  

mea l .  These  resu l t s  demons t r a ted  the  benef i t s  and  sa fe ty  o f  the  FBEP 

tr



 
 
 

Chapter 6 

Conclusion 
 

The  honkaku-shochu  i ndus t ry,  a s  a  whole ,  p roduces  abou t  

800 ,000  tons  o f  SDB annua l ly.  The  amount  tha t  i s  e ffec t ive ly  u t i l i zed  

as  f e r t i l i ze r,  f eed ,  and  food  mate r i a l s  i s  abou t  30% of  the  to ta l  

vo lume,  wi th  much  o f  the  remainder  t r ea ted  as  indus t r i a l  was te .  

Economic  feas ib i l i ty  i s  impor tan t  fo r  the  con t inuous  and  s t ab le  

u t i l i za t ion  o f  by-produc t s .  Such  a  v iewpoin t  has  p romoted  the  need  to  

f ind  new uses  fo r  SDB and  enhance  i t s  u t i l i za t ion  in  advanced  

t echno log ies .  Hence ,  in  t hese  s tud ies ,  an imal  expe r iments  and  

c l in ica l  app l i ca t ions  were  conduc ted  to  eva lua te  the  phys io log ica l  

func t ions  o f  SDB,  an  unused  resource ,  in  o rder  to  u t i l i ze  SDB for  

advanced  t echno log ies  and  fo r  use  as  a  func t iona l  food  mate r ia l  wi th  

benef i t s  t o  humans .  

In  chap te r  2 ,  the  e ffec t s  o f  d ie ta ry  supp lementa t ion  wi th  FBE 

on  l ip id  metabo l i sm and  an t iox idan t  s t a tus  in  mice  a re  p resen ted .  In  

Exp .  1 ,  male  5 -month-o ld  mice  were  fed  e i the r  a  con t ro l  d ie t  o r  an  

exper imenta l  d ie t  con ta in ing  10% bar ley,  f e rmented  ba r ley  f ibe r  

( s t r i a t ed  pa r t  o f  ba r ley  g ra in )  o r  FBE for  3  months .  In  Exp .  2 ,  ma le  

5 -month-o ld  mice  were  fed  e i the r  a  con t ro l  d ie t  o r  exper imenta l  d ie t  

con ta in ing  FBE or  FBEP for  3  months .  TBARS concen t ra t ions  in  bo th  

p lasma  and  l ive r  were  s ign i f i can t ly  lower  in  the  FBE and  FBEP 

groups  than  the  con t ro l  g roup .  Ery th rocy te  GPx  ac t iv i ty  was  

s ign i f i can t ly  h igher  in  the  FBEP group  than  in  the  o the r  g roups .  L ive r  

GSH con ten t  was  s ign i f i can t ly  h igher  in  the  FBEP group  than  in  the  
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con t ro l  g roup .  These  resu l t s  sugges ted  tha t  FBEP,  p repared  f rom the  

wa te r- so lub le  f rac t ion  o f  ba r ley-SDB,  s ign i f i can t ly  reduces  ox ida t ive  

s t ress  in  the  body.  

In  chap te r  3 ,  the  e ffec t s  o f  s ing le  and  combined  admin i s t r a t ion  

o f  FBEP and  GABA on  the  deve lopment  o f  AD- l ike  sk in  l e s ions  in  

NC/Nga  mice  a re  p resen ted .  S ing le  admin i s t ra t ion  o f  FBEP and  

GABA dose-dependen t ly  reduced  the  deve lopment  o f  AD- l ike  sk in  

l e s ions  in  NC/Nga  mice .  GABA reduced  the  deve lopment  o f  AD- l ike  

sk in  l e s ions  by  suppress ing  se rum IgE and  sp lenocy te  IL-4  

p roduc t ion ,  whi le  FBEP reduced  sk in  l e s ions  wi thou t  a ffec t ing  the  

IgE  and  cy tok ine  p roduc t ion .  However,  in  mice  wi th  induced  AD- l ike  

sk in  l e s ions ,  combined  admin i s t ra t ion  o f  FBEP and  GABA decreased  

se rum IgE leve l s  and  sp len ic  ce l l  IL-4  p roduc t ion ,  and  inc reased  

sp len ic  ce l l  IFN-γ  p roduc t ion .  These  resu l t s  sugges t  tha t  combined  

admin i s t ra t ion  o f  FBEP and  GABA a l l ev ia ted  AD- l ike  sk in  l e s ions  in  

the  NC/Nga  mice  by  ad jus t ing  the  Th1/Th2  ba lance  to  a  Th1-  

p redominan t  immune  response .  

In  chap te r  4 ,  the  e ffec t s  o f  a  FBEP on  UA metabo l i sm in  th ree  

hyperur icemia  ra t  mode l s  a r e  p resen ted .  F i r s t ,  the  in f luence  o f  FBEP 

on  UA b iosyn thes i s  was  examined  us ing  ra t s  hypodermica l ly  

admin i s t ra ted  oxon ic  ac id .  Then ,  the  in f luence  o f  FBEP on  d ie t a ry  

pur ine  absorp t ion  was  examined  us ing  ra t s  f ed  a  h igh  dose  o f  inos in ic  

ac id .  F ina l ly,  the  i n f luence  o f  FBEP on  UA excre t ion  was  examined  

us ing  aden ine-admin i s te red  ra t s .  F rom the  f i r s t  two  mode l s ,  FBEP 

was  found  to  be  ra re ly,  o r  no t  a t  a l l ,  i nvo lved  in  the  b iosyn thes i s  o f  

UA or  absorp t ion  o f  nuc le i c  ac id .  On  the  o the r  hand ,  in  the  ra t s  
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loaded  wi th  aden ine ,  i t  was  shown tha t  the  u r ina ry  UA of  the  

h igh-dose  FBEP group  (4 ,000  mg/kg / day)  was  s ign i f i can t ly  e leva ted  

by  27% compared  to  the  con t ro l  g roup .  In  add i t ion ,  the  UA c lea rance  

va lue  in  the  h igh-dose  FBEP group  was  inc reased  2 - fo ld  compared  to  

the  con t ro l  g roup .  These  resu l t s  sugges t  tha t  FBEP reduces  se rum UA 

by  inc reas ing  u r ina ry  excre t ion  o f  UA.  

In  chap te r  5 ,  the  UA- lower ing  e ffec t  and  sa fe ty  o f  a  FBEP a re  

p resen ted  fo r  a  r andomized ,  p lacebo-con t ro l l ed ,  pa ra l l e l -g roup ,  

doub le -b l inded  s tudy.  The  sub jec t s  in  th i s  c l in ica l  s tudy  cons i s t ed  o f  

111  Japanese  men  and  women wi th  se rum UA leve l s  o f  6 .0 -7 .9  mg/dL,  

who  were  p rov ided  wi th  e i the r  a  d r ink  con ta in ing  2  g /day  o f  FBEP 

( t es t  g roup)  o r  a  p l acebo  d r ink  (p lacebo  g roup) .  Af te r  12  weeks ,  t he  

se rum UA leve l s  changed  by  –0 .21±0 .56  mg/dL in  the  t e s t  g roup ,  

showing  a  s ign i f i can t  dec rease  in  compar i son  to  those  o f  the  p lacebo  

g roup  (+0 .02±0 .54  mg/dL) .  Addi t iona l ly,  the  UA c lea rance  in  the  t e s t  

g roup  showed  a  t endency  to  i nc rease  a f t e r  12  weeks  more  than  in  the  

p lacebo  g roup  (p=0.054) .  No  abnormal i t i e s  in  the  phys ica l  and  

c l in ica l  t e s t s  were  obse rved ,  and  no  adverse  d iagnos t i c  f ind ings  were  

a t t r ibu ted  to  the  in take  o f  the  t es t  mea l .  These  resu l t s  demons t ra t ed  

the  benef i t s  and  sa fe ty  o f  the  FBEP t rea tment  to  sub jec t s  wi th  

s l igh t ly  h igh  se rum UA or  mi ld  hyperur icemia .  

Taken  toge the r,  these  resu l t s  were  success fu l ly  app l i ed  to  the  

deve lopment  o f  SDB as  a  func t iona l  food  mate r i a l  tha t  exh ib i t s  

an t iox ida t ive  and  an t i - in f l ammatory  ac t iv i t i e s  in  an imals  and  

improves  UA metabo l i sm in  humans .  Pa r t  o f  these  s tudy  resu l t s  was  

used  to  deve lop  beverages  con ta in ing  FBEP,  and  p repara t ions  to  
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supp ly  FBEP to  food  p roducers  a re  in  p rogress .  Th i s  s tudy  e luc ida t ed  

the  in  v i vo  phys io log ica l  func t ions  o f  FBEP to  conver t  SDB,  

p rev ious ly  cons ide red  a  was te  p roduc t ,  in to  a  func t iona l  food  

mate r ia l  wi th  a  h igh  added  va lue .  Fur the r  sc ien t i f i c  da ta  

accumula t ion  and  deve lopment  o f  e ff i c i en t  separa t ion  and  

pur i f i ca t ion  t echn iques  as  we l l  a s  mass -produc t ion  methods  fo r  the  

t a rge t  func t iona l  subs tances  a re  expec ted  to  con t r ibu te  no t  on ly  to  

bu i ld ing  sus ta inab le  resource  recyc l ing  p rocesses ,  bu t  a l so  to  fu tu re  

c rea t ion  o f  new indus t r i e s .  
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