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Summary  44  

Cacao  ex t rac t  (CE)  consumpt ion  has  benef i c i a l  e ffec t s  on  human  45  

heal th ,  such  as  l ower ing  the  r i sk  of  obes i ty.  However,  t he  46  

under ly ing  molecula r  mechan ism fo r  the  an t i -obes i ty  e ffec t  o f  CE 47  

r emains  i ncomplet e ly  unders tood .  Here ,  we  used  a  50% aqueous  48  

al coho l  ex t rac t  o f  cacao  mass ,  wh ich  i s  r i ch  in  methylxan th ine  49  

der ivat ives  ( about  11%)  and  poor  in  f l avan-3 -o ls  ( l e ss  t han  1%) ,  and  50  

assessed  the  suppress ion  e ffec t s  of  t h i s  ex t rac t  on  ad ipocy te  51  

di ffe ren t i a t i on  to  i nves t i ga t e  t he  an t i -obes i ty  mechani sm.  CE dose -52  

dependent ly  dec reased  fa t  accumulat ion  in  3T3-L1  ce l l s  wi thout  53  

affec t ing  ce l l  v i ab i l i ty.  CE a l so  dose -dependen t ly  dec reased  the  54  

pro t e in  and  gene  expres s ion  l evel s  o f  two  ad ipogenes i s - re l a t ed  55  

t r ansc r ip t i on  fac to r s ,  pe roxisome p ro l i f e ra to r-ac t iva t ed  recepto r  56  

gamma (PPARγ )  and CCAAT/enhancer-b ind ing  p ro t e ins  (C /EBPs) .  57  

Moreover,  CE decreased  p ro t e in  expres s ion  l evel s  o f  s t e ro l  58  

r egu la tory  e l emen t -b ind ing  p ro t e in  1  (SREBP1)  and  i t s  downst ream 59  

f a t ty  ac id  syn thase  (FAS) ,  wh ich  was  accompan ied  by  the  r e t a ined  60  

local i za t ion  o f  SREBP1  in  the  cy top lasm o f  3T3-L1  ce l l s .  Af t e r  ICR 61  

mice were  fed  a  d i e t  con ta in ing  1% CE fo r  1  week ,  t he i r  whi t e  62  

adipose  t i s sue  we ight  was  l ower,  whereas  the i r  b rown adipose  t i s sue  63  

weigh t  was  h igher  compared  wi th  t hose  o f  cont ro l  an imals .  64  

Addi t i onal ly,  t he  p ro t e in  expres s ion  l evel s  o f  PPARγ ,  C/EBPs ,  65  

SREBP-1 ,  and  FAS  in  t he  whi t e  ad ipose  t i s sue  o f  t hese  mice  were  66  

al so  lower  t han  those  in  cont ro l  an imals .  In  cont ras t ,  d i e t  67  
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supp lementa t i on  wi th  CE induced  h igher  l evels  o f  phosphory l a t ed  68  

AMP-act iva t ed  p ro t e in  k inase  (AMPK) and  i t s  downst ream acety l -69  

CoA carboxy lase .  In  conc lus ion ,  me thylxan th ine  der iva t ive - r i ch  CE 70  

decreases  f a t  accumulat ion  in  ad ipocy tes  by  downregula t i ng  the  71  

express ion  o f  t he  ad ipocyte  d i ffe ren t i a t ion  mas t e r  r egula to rs  72  

th rough  the  ac t i va t ion  o f  AMPK.   73  

 74  

Key  Words :  cacao;  me thylxanth ine  de r ivat ives ;  PPARγ ;  C/EBPs;  75  

adipocyte  d i ffe ren t i a t ion  76  

 77  

  78  
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In troduct ion  79  

 80  

 Obes i ty  i s  l i nked  to  t he  inc reased  onset  o f  ce r t a in  ch ron ic  81  

di seases ,  such  as  d i abet es  and  ca rd iovascu lar  d i seases  (1-4 ) .  Under  82  

the  cond i t ion  o f  obes i ty,  ad ipocytes  accumulat e  abnormal  o r  83  

excess ive  fa t .  S ince  ad ipocy te  d i fferen t ia t i on  i s  acu t e ly  invo lved  in  84  

f a t  accumulat ion  (5 ) ,  con t ro l l ing  ad ipocyte  d i ffe ren t i a t ion  i s  a  85  

promis ing  s t r a t egy  for  t he  p reven t ion  o f  obes i ty.   86  

Dur ing  d i ffe ren t i a t i on  f rom f ib rob las t - l ike  p readipocytes  t o  87  

mature  ad ipocytes ,  pe roxi some p ro l i f e ra to r-ac t iva t ed  recep to r  88  

gamma (PPARγ )  and CCAAT/enhancer-b ind ing  p ro t e ins  (C /EBPs)  a re  89  

the  mas t e r  r egula to rs  o r  c ruci a l  de t e rminant s  o f  ad ipocy te  f a t e  (6 ) .  90  

AMP-act iva t ed  p ro t e in  k inase  (AMPK) i s  a  key  modu la to r  for  91  

main ta in ing  bo th  t he  ce l l u l a r  and  whole -body  energy  ba l ance  (7 ) .  92  

The  ac t iva t ion  o f  AMPK inhib i t s  t he  d i ffe ren t i a t i on  o f  3T3-L1  ce l l s  93  

by  downregula t i ng  the  expres s ion  o f  PPARγ  and C/EBPs  (8 ) .  94  

Moreover,  ac t i va t ed  AMPK in t erac t s  wi th  s t ero l  r egu la to ry  e l ement  95  

bind ing  p ro t e in  1  (SREBP1)  and  inh ib i t s  t he  expres s ion  o f  i t s  t a rget  96  

molecule ,  f a t t y  ac id  synthase  (FAS) ,  l ead ing  to  a  r educ t ion  o f  97  

l ipogenes i s  and  l i p id  accumula t ion  (9-11 ) ,  i n  addi t ion  to  p romot ing  98  

phosphoryl a t i on  o f  ace ty l  CoA ca rboxy lase  (ACC) and  inh ib i t ing  i t s  99  

act iv i t y  (12 ) .   100  

 Cer t a in  food  mate r i a l s  and  phy tochemical s  have  been  101  

r epor t ed  t o  r educe  the  r i sk  o f  obes i t y  (13-16 ) .  In t ake  o f  cacao  l i quor  102  
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or  da rk  chocola t e  amel io ra t es  and/or  p reven ts  obes i t y  i n  humans  103  

(17-18 ) .  Cacao-der ived  f l avan-3 -o l - r i ch  ex t rac t  has  a l so  been  shown  104  

to  p reven t  obes i t y  i n  an imal  s tud i es  (19 ) .  Cacao  l i quor  and  i t s  105  

f l avan-3 -o l s  dec rease  the  p l asma choles t e ro l  l evel  (20 ) .  In  addi t i on  106  

to  f l avan-3 -o ls ,  cacao  a l so  conta ins  methylxan th ine -der iva t ives  such  107  

as  theobromine  and  ca ffe ine ,  and  these  compounds  l ikewise  pe r fo rm 108  

func t ions  tha t  a re  benef i c i a l  to  human  heal th  (21 ) .  A recen t  s tudy  109  

r epor t ed  t ha t  ca ffe ine  and  ca t ech ins  improve l i p id  metabo l i sm 110  

synerg is t i ca l l y  th rough an  AMPK-dependent  ac t ion  in  mice  fed  a  111  

high- fa t  d i e t  (22 ) .  These  resu l t s  i nd i ca t e  t ha t  cacao  ex t rac t  (CE)  and  112  

i t s  componen ts  posses s  an t i -obes i ty  e ffec t s .  However,  the  113  

under ly ing  molecula r  mechan ism fo r  the  an t i -obes i ty  e ffec t  o f  CE,  114  

par t i cu l a r ly  t he  e ffec t  o f  a  me thylxan th ine  de r ivat ive - r i ch  CE,  i s  no t  115  

yet  fu l l y  unders tood .  116  

 In  th i s  s tudy,  we  inves t iga t ed  tha t  express ion  o f  PPARγ  and 117  

C/EBPs  and  o f  the i r  downst ream adipos i ty - re l a t ed  fac to r s ,  SREBP1  118  

and  FAS,  i n  3T3-L1  ad ipocy tes  a f t e r  t r ea tmen t  wi th  a  119  

methylxanth ine - r i ch  CE.  To  conf i rm the  obse rved  an t i -obes i ty  e ffec t  120  

of  th i s  ex t rac t ,  we  fed  mice  a  d i e t  supp lemen ted  wi th  CE fo r  7  d ,  121  

and  the i r  expres s ion  l eve ls  o f  PPARγ ,  C /EBPs ,  SREBP1 ,  and  FAS 122  

were  asses sed .  Moreover,  we  a l so  examined  the  phosphoryl a t ion  o f  123  

AMPK as  an  ups t ream fac to r  i nvolved  in  t he  express ion  o f  PPARγ  124  

and  C /EBPs .  125  

 126  
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Materia l s  and  Methods  127  

 128  

Mater ia l s   Methy lxanth ine  de r ivat ive - r i ch  CE was  k indly  g i f t ed  129  

f rom Gl i co  Co ,  L td ,  Osaka,  J apan .  B r i e f ly,  cacao  mass  p roduced  in  130  

the  Republ i c  o f  Ghana (3 .6  kg )  was  de fa t t ed  wi th  hexane,  and  the  131  

r es idue  (1 .6  kg )  was  ex t rac t ed  wi th  50% (v /v )  aqueous  e thano l  a t  80  132  

ºC  fo r  4  h .  The  obta ined  ex t rac t  was  concen t ra t ed  in  vacuo  and  133  

f r eeze -d r i ed .  The  CE y i e ld  was  286  g  (7 .9% cacao  mass ) ,  and  the  CE 134  

con ta ined  10 .0% theobromine ,  0 .71% caffe ine ,  0 .41% (− ) -135  

epica t echin ,  0 .24% (+) -ca t echin ,  0 .19% procyanid in  B2,  0 .13% 136  

procyan id in  C1 ,  and  t r ace  amoun ts  o f  c innamtannin  A2  and  o the r  137  

un ident i f i ed  compounds .  138  

 Du lbecco’s  mod i f i ed  Eagle’s  medium (DMEM) was  pu rchased  139  

f rom Nis su i  Pharmaceut i ca l  (Tokyo,  J apan) .  Cal f  s e rum and fe t a l  140  

bovine  se rum (FBS)  were  ob t a ined  f rom Gibco  BRL (Gai the rsburg ,  141  

MD) and  Bio logica l  Indus t r i es  (Kibbutz  Bei t  Haemek ,  I s rae l ) ,  142  

r espect ive ly.  An t ibod ies  aga ins t  β - ac t i n ,  PPARγ ,  C/EBPα,  C/EBPβ ,  143  

C/EBPδ ,  and  SREBRP1,  ho rse rad i sh  pe rox idase -conjuga t ed  an t i -144  

r abb i t  IgG,  and  an t i -goa t  IgG were  pu rchased  f rom Santa  Cruz  145  

Bio technology (San ta  Cruz ,  CA) ,  and  an t ibod ies  aga ins t  p -AMPK,  146  

AMPK,  p -ACC,  and  ACC were  pu rchased  f rom Cel l  S igna l ing  147  

Technology (Bever ly,  MA).  An t i - r abb i t  Alexa  488-con juga t ed  148  

ant ibody  was  pu rchased  f rom Molecu la r  P robes  (Eugene,  OR) .   149  

 150  
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Cel l  cu l tu re   3T3-L1  p readipocy tes  were  main t a ined  in  DMEM 151  

supp lemented  wi th  10% cal f  s e rum,  100  μg/mL s t rep tomycin ,  and  152  

100 uni t s /ml  o f  pen ic i l l i n .  Adipocyte  d i ffe ren t i a t ion  was  i nduced  as  153  

desc r ibed  p rev ious ly  (23 ) .  B r i e f ly,  1  d  a f t e r  r each ing  conf luence ,  154  

the  ce l l s  were  t r ea t ed  wi th  a  DMI  (10  μg/mL insu l in ,  1  µmol /L 155  

dexamethasone ,  and  0 .5  mmol /L 3- i sobuty l -1-methylxan th ine )  156  

cock ta i l  i n  DMEM-high  g lucose  (4 .5  g /L g lucose )  supplemented  wi th  157  

10% FBS and  the  above an t ib io t i c s  fo r  2  d .  Dur ing  d i ffe ren t i a t i on ,  158  

the  ce l l s  were  t r ea t ed  wi th  10  μg/mL insu l in  every  2  d .  159  

 160  

Sudan  I I  s t a in ing   In t r acel lu l a r  l i p id  accumulat ion  was  s t a ined  161  

wi th  Sudan  I I .  Adipocy te  d i ffe ren t i a t i on  was  induced  in  3T3-L1 162  

cel l s  v i a  t r ea tmen t  wi th  a  DMI cockta i l  for  6  d .  Dete rminat ion  o f  163  

l ip id  accumulat ion  in  3T3-L1 ce l l s  was  pe r fo rmed by  Sudan I I  164  

s t a in ing  as  descr ibed  p rev ious ly  (24 ) .  165  

 166  

Cel l  v iab i l i t y  a ssay   Ce l l  v i ab i l i t y  was  det e rmined  by  c rys t a l  167  

vio l e t  s t a in ing  assays ,  a s  desc r ibed  p revious ly  (24 ) .  B r i e f ly,  3T3-L1 168  

cel l s  were  incubated  wi th  the  i nd i ca t ed  concent ra t i ons  o f  CE in  t he  169  

presence  o f  DMI fo r  72  h .  The ce l l s  were  f ixed  wi th  4% 170  

parafo rmaldehyde  in  phosphate -buffe red  sa l ine  (PBS)  for  20  min  a t  171  

room t empera ture  and  s t a ined  wi th  0 .2% (w/v )  c rys t a l  v io le t  in  2% 172  

v/v  e thanol  fo r  10  min  a t  room t emperatu re .  The ce l l s  were  washed ,  173  

and  the  dye  was  ex t rac t ed  wi th  0 .5% (w/v )  SDS in  50% (v /v )  174  



8 
 

ethano l .  The  abso rbance  was  measu red  a t  570  nm wi th  a  r e fe rence  175  

wave length  a t  630  nm.  176  

 177  

Immuno f luorescence  microscopy   3T3-L1  ce l l s  were  d i ffe ren t i a t ed  178  

via  t r ea tmen t  wi th  DMI  in  t he  p resence  o r  absence  o f  CE a t  100  179  

μg/mL fo r  6  d .  The  ce l l s  were  f ixed  wi th  4% para fo rmaldehyde in  180  

PBS fo r  20  min  and  pe rmeab i l i zed  wi th  0 .1% (w/v )  Tr i t on  X-100 in  181  

PBS fo r  5  min  a t  room t emperatu re .  The  ce l l s  were  i ncuba ted  wi th  182  

r abb i t  po lyclona l  an t i -SREBP1 ant ibody  a t  4  ºC  overn igh t ,  fo l l owed  183  

by  incuba t ion  wi th  Alexa  488-con juga t ed  an t i - r abbi t  an t ibody.  The  184  

nuc le i  were  counte r s t a ined  wi th  4 ʹ ,6 -d i amid ino-2 -phenyl indo le  185  

dihydrochlo r ide  (DAPI)  a t  1  μg/mL.  F luo rescen t  images  were  186  

acqu i red  wi th  an  Olympus  FSX100 f luo rescence  mic roscope  187  

(Olympus ,  Tokyo,  J apan) .   188  

 189  

Quant i t a t i ve  PCR (qPCR)   To ta l  RNA was  ex t rac t ed  f rom 3T3-L1  190  

cel l s  us ing  TRIzo l  ( Inv i t rogen) ,  and  cDNA was  synthes i zed  us ing  191  

r ever se  t r ansc r ip t ase .  The resu l t ing  cDNA was  subjec t ed  to  qPCR 192  

us ing  the  fo l l owing  p r imers :  Gapdh  ( fo rward  pr imer  5 ʹ -193  

ACAACTTTGGCATTGTGGAA-3 ʹ  and  reverse  p r imer  5 ʹ -194  

GATGCAGGGATGATGTTCTG-3 ʹ ) ;  Pparg  ( fo rward  p r imer  5 ʹ -195  

ACGTGCAGCTACTGCATGTGA-3 ʹ  and  reverse  p r imer  5 ʹ -196  

AGAAGGAACACGTTGTCAGCG-3 ʹ ) ;  and  Cebpa  ( fo rward  p r imer  5 ʹ -197  

GGAACTTGAAGCACAATCGATC-3 ʹ  and  rever se  p r imer  5 ʹ -198  
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TGGTTTAGCATAGACGTGCACA-3 ʹ ) .  qPCR was  pe r fo rmed v i a  a  199  

two-s t ep  PCR method  on  a  Thermal  Cycle r  Dice  rea l - t ime  sys t em 200  

(Takara  B io .  Inc . ,  Shiga ,  J apan) .  C t  va lues  were  t r ans fo rmed in to  201  

r e l a t i ve  quan t i f i ca t ion  dat a  by  the  2 − Δ Δ C t  me thod,  and  da t a  were  202  

normal i zed  to  Gapdh as  an  endogenous  cont ro l .  203  

 204  

Wes tern  b lo t  analys i s   Ce l l  l ysa t e  p repara t ion  and  Weste rn  205  

blo t t ing  were  pe r fo rmed  as  desc r ibed  in  ou r  p rev ious  r epor t s  (16,  206  

24 ) .  Spec i f i c  immune complexes  were  det ec t ed  wi th  t he  ATTO 207  

Ligh t -Captu re  I I  Wes t e rn  B lo t t ing  De tect ion  Sys t em.  The dens i ty  o f  208  

spec i f i c  bands  was  ca l cu l a t ed  us ing  ImageJ  image  ana lys i s  so f tware  209  

(Nat ional  In s t i t u t es  o f  Heal th ,  Bethesda ,  MD).  210  

 211  

Animal  t rea tment   Al l  an imal  exper iment s  were  approved  by  the  212  

Ins t i t u t ional  Animal  Care  and  Use  Commit t ee  (Permiss ion  #27-05-213  

09)  and  were  pe rfo rmed  accord ing  to  t he  Guidel ines  fo r  An imal  214  

Exper imen ts  s e t  by  Kobe  Un iver s i t y.  Male  ICR mice  (4  weeks  o ld ,  n  215  

= 10)  were  obt a ined  f rom Japan  SLC (Shizuoka ,  J apan)  and  kep t  i n  a  216  

t empera tu re -con t ro l led  room (23  ±  2  °C)  wi th  a  12 :12 -h  l i gh t /da rk  217  

cycl e  ( l i gh t s  were  t u rned  on  a t  9 :00  am) .  The mice  had  f ree  acces s  218  

to  t ap  wa ter  and  an  AIN-93 M l abora to ry -pur i f i ed  d i e t  (Or i en t a l  219  

Yeas t ,  Tokyo ,  J apan)  and  were  accl imat ized  fo r  7  d  be fo re  use  i n  220  

exper iment s .  The  p rov ided  food  was  changed  every  o the r  day.  The 221  

mice were  t hen  randomly  d iv ided  in to  two g roups  o f  f i ve  and  fed  a  222  
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die t  con ta in ing  0% or  1% CE and  the  t ap  wate r  for  ano ther  7  d .   223  

At  the  end  o f  t he  exper iment ,  the  mice  were  sacr i f i ced  a t  9 :00  224  

af t e r  a  15 -h  fas t .  Exsanguinat ion  v i a  ca rd i ac  punc tu re  was  225  

perfo rmed  under  anes thes i a  us ing  sevof lu rane  as  an  inha l a t ional  226  

anes the t i c  and  sod ium pentobarb i t a l  as  an  ana lges i c .  Blood was  227  

col l ec t ed  in  a  hepar in i zed  tube .  P l asma  was  t hen  p repared  by  228  

cent r i fuga t ion  a t  800  ×  g  fo r  10  min  a t  4  °C  and  sub jec t ed  to  229  

measurements  o f  g lucose ,  t o t a l  choles t e ro l ,  and  t r i acy lg lyce ro l  230  

l evel s  u s ing  co rrespond ing  commerci a l  k i t s  (Lab  as say™ Glucose  231  

Wako  k i t ,  Choles t e ro l -E t es t ,  and  Tr ig lyce r ide-E  t es t ,  r e spect ive ly,  232  

al l  f rom Wako  Pure  Chemica l  Indus t r i e s ,  L td . ) .  The p l asma  233  

adiponect in  l evel  was  measu red  us ing  a  commerci a l  enzyme- l inked  234  

immunosorben t  a ssay  (ELISA)  k i t  (Mouse /Rat  High  Molecula r  235  

Weight  Adiponect in  ELISA Ki t  f rom Sh ibayag i ,  Gunma,  J apan) .  The  236  

l ive r,  whi t e  ad ipose  t i s sue  (mesen te r i c ,  ep id idymal ,  per i r enal ,  and  237  

subcu taneous  ad ipose  t i s sues ) ,  and  b rown  adipose  t i s sue  were  238  

col l ec t ed ,  washed  wi th  1 .15% (w/v )  KCl ,  weighed ,  immedia t e ly  239  

f rozen  us ing  l i qu id  n i t rogen ,  and  kept  a t  −80  °C  unt i l  u se .  240  

Mesente r i c  wh i t e  ad ipose  t i s sue  was  used  fo r  t he  measu rement  o f  241  

pro t e in  express ion  o f  ad ipogenes i s -  and  l i p id  metabo l i sm-re l a t ed  242  

f ac to rs  by  Weste rn  b lo t  ana lys i s .  243  

 244  

Sta t i s t i ca l  ana lys i s   Al l  da t a  a re  p resented  as  the  means  ±  SE  (n  =  245  

3 fo r  in  v i t ro  ce l l  cu l tu re  exper imen ts  and  n  =  5  fo r  i n  v ivo  an imal  246  
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exper iment s ) .  S t a t i s t i ca l  s i gn i f i cance  was  analyzed  by  one-way  247  

ANOVAs wi th  a  Turkey’s  pos t -hoc  t e s t  for  i n  v i t ro  ce l l  cu l tu re  248  

exper iment s  o r  by  S tuden t ’s  t - t es t s  for  in  v ivo  an imal  exper imen ts .  249  

Stat i s t i ca l  ana lyses  were  pe rfo rmed  wi th  JMP s t a t i s t i ca l  so f tware  250  

vers ion  11 .2 .0  (SAS Ins t i t u t e .  Cary,  NC) .  Di ffe rences  wi th  a  p  <  251  

0.05  were  cons ide red  s t a t i s t i ca l l y  s ign i f i cant .  252  

 253  

Resul ts  254  

 255  

To examine  the  e ffec t  o f  CE on  ad ipogenes i s  i n  3T3-L1 ce l l s ,  256  

the  ce l l s  were  d i ffe ren t i a t ed  v i a  t r ea tment  wi th  DMI in  t he  p resence  257  

of  CE fo r  6  days .  In t racel lu l a r  l i p id  accumulat ion  was  v i sual i zed  by  258  

s t a in ing  wi th  Sudan  I I  (F ig .  1A,  top  panel s ) .  DMI  t r ea tment  i nduced  259  

a  s igni f i can t ly  h igher  l i p id  conten t  i n  3T3-L1  ce l l s  compared  wi th  260  

undi ffe ren t i a t ed  cont ro l s  [DMI( - ) ] ,  and  the  DMI- induced  l ip id  261  

accumulat ion  was  suppres sed  by  CE in  a  concent ra t i on -dependen t  262  

manner  (F ig .  1A,  bot tom pane l ) .  To  evaluat e  whe ther  t he  l ower  l ip id  263  

accumulat ion  was  due  to  a  r educt ion  in  ce l l  v i ab i l i ty,  a  c rys t a l  264  

vio l e t  s t a in ing  assay  was  pe r fo rmed .  The resu l t s  show tha t  CE had  265  

no  in f luence  on  the  ce l l  v i ab i l i t y  o f  3T3-L1 ce l l s  a t  the  i nd i ca t ed  266  

concent ra t i ons  (F ig .  1B) .  These  resu l t s  sugges t  t ha t  CE suppresses  267  

l ip id  accumulat ion  du r ing  ad ipocy te  d i ffe ren t i a t i on  wi thout  268  

affec t ing  ce l l  v i ab i l i ty.  269  

To c l a r i fy  t he  under ly ing  mechani sm respons ib l e  fo r  t he  CE-270  

Fig .  1  
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induced  suppres s ion  o f  l i p id  accumula t ion  in  ad ipocy tes ,  we 271  

inves t i ga t ed  whether  CE suppres sed  the  expres s ion  o f  PPARγ  and  272  

C/EBPα ,  which  a re  the  mas t e r  r egula to rs  o f  ad ipogenes i s  (5,  6 ) .  As  273  

expec t ed ,  DMI t r ea tment  i nduced  h igher  expres s ion  l evel s  o f  PPARγ  274  

and  C /EBPα  (F ig .  2A) .  Concen t ra t i ons  o f  CE above 50  μg/ml  275  

suppressed  the  DMI- induced  inc rease  i n  the  express ion  l evel s  o f  276  

these  p ro t e ins .  CE a l so  suppres sed  the  DMI- induced  inc rease  in  t he  277  

mRNA expres s ion  l evel s  o f  these  p ro t e ins  in  a  concen t ra t i on -278  

dependent  manner  (F ig .  2B) .  We fu r the r  i nves t iga t ed  the  e ffec t  o f  279  

CE on the  express ion  l eve ls  o f  C /EBPβ  and  C /EBPδ  p ro t e ins ,  wh ich  280  

are  ups t ream t ransc r ip t ional  f ac to rs  o f  PPARγ  and  C/EBPα (5 ,  6 ) .  281  

When  3T3-L1  ce l l s  were  d i ffe ren t i a t ed  wi th  DMI  fo r  24  h ,  282  

s ign i f i cant ly  h igher  p ro t e in  expres s ion  level s  o f  C/EBPβ  and  283  

C/EBPδ  were  obse rved  compared  wi th  those  o f  con t ro l  ce l l s  (F ig .  3 ) .  284  

CE decreased  the  DMI- induced  express ion  o f  these  p ro t e ins  in  a  285  

concent ra t i on -dependent  manner,  and  a  s t a t i s t i ca l l y  s ign i f i cant  286  

decrease  was  obse rved  a t  50  and  100  μg/mL o f  CE fo r  C /EBPβ  and  287  

C/EBPδ ,  r espect ive ly.  These  resu l t s  ind i ca t e  t ha t  t he  r educed  288  

express ion  o f  PPARγ  and C/EBPs  i s  i nvolved  in  t he  CE-induced  289  

suppress ion  o f  l ip id  accumulat ion  in  ad ipocy tes .  290  

We next  examined  express ion  o f  t he  downst ream fac to r s  o f  291  

PPARγ  and  C/EBPs .  SREBP1  i s  a  t r ansc r ip t ion  fac tor  t ha t  r egu la t es  292  

the  expres s ion  o f  l i pogen ic  genes ,  such  as  FAS and  low-dens i ty  293  

l ipopro t e in  r ecepto r  (11 ) .  As  shown  in  F ig .  4A,  DMI  t r ea tment  294  

Fig .  4

Fig .  4
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induced  markedly  h igher  p ro t e in  express ion  l eve ls  of  SREBP1  and  295  

FAS compared  wi th  t hose  o f  cont ro l s .  CE-t rea tment  s ign i f icant ly  296  

prevented  the  DMI- induced  expres s ion  o f  these  p ro t e ins  a t  297  

concent ra t i ons  above  50  μg /mL (F ig .  4A) .  SREBP1  i s  ac t i va t ed  298  

th rough  the  p ro t ease -process ing  pathway,  and  ac t iva t ed  SREBP1  299  

ente rs  t he  nucl eus  and  induces  the  express ion  o f  i t s  t a rget  genes ,  300  

inc luding  FAS (11 ) .  We fu r the r  analyzed  the  l ocal i za t i on  o f  SREBP1  301  

in  3T3-L1 ce l l s  by  immunof luo rescence  mic roscopy.  In  the  absence  302  

of  CE,  SREBP1 i s  l ocal i zed  in  both  the  cy toplasm and  nucl eus  (F ig .  303  

4B,  top  panel s ) .  However,  i n  the  p resence  o f  100  μg/mL CE,  304  

SREBP1  was  main ly  loca l i zed  in  t he  cy top lasm (F ig .  4B,  bo t tom 305  

pane ls ) .  F rom these  resu l t s ,  we  conf i rm that  t he  CE-induced  306  

r educ t ion  in  PPARγ  and C/EBPs  expres s ion  l evel s  r e su l t s  i n  the  307  

suppress ion  o f  SREBP1  and  FAS express ion .  308  

 Las t ly,  we  pe r fo rmed in  v ivo  exper imen ts  t o  conf i rm  the  309  

r esu l t s  ob t a ined  f rom the  i n  v i t ro  ce l l - cu l tu re  exper imen ts .  Die t  310  

supp lementa t i on  wi th  1% CE fo r  7  d  r esu l t ed  in  l e ss  body  weigh t  311  

gain  and  lower  t o t a l  wh i t e  ad ipose  t i s sue  weight s  in  male  ICR mice  312  

compared  wi th  cont ro l  mice  (Tab le  1 ) ,  wi thou t  a l t e r ing  the  amount  313  

of  food  in t ake  (con t ro l :  3 .68  ±  0 .34  g /day /head  vs .  CE:  3 .33  ±  314  

0.37  g /day /head) .  In  con t ras t ,  b rown adipose  t i s sue  we igh t  was  315  

s l i gh t ly,  bu t  s i gn i f i cant ly,  h igher  i n  the  mice  t ha t  had  consumed  CE.  316  

Al though the  p l asma  g lucose  and  to t a l  cho les t ero l  l eve ls  r emained  317  

s imi l a r  be tween  the  two  g roups ,  the  p l asma  t r i acy lg lyce ro l  l evel  318  

Table  1
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fo l l owing  CE supplementa t i on  was  on ly  about  50% of  t ha t  i n  the  319  

con t ro l  an imal s  (Table  2 ) .  In t e res t ing ly,  a f t er  CE supp lementa t ion ,  320  

the  mice  a l so  had  a  h igher  l eve l  (1 .45 - fo ld)  o f  p l asma  ad iponect in  321  

compared  wi th  cont ro l  an imal s .  322  

 Al though the  mesen te r i c  whi t e  ad ipose  t i s sue  weight  was  not  323  

s ign i f i cant ly  l ower  in  an imal s  fo l l owing  CE supp lementa t i on ,  th i s  324  

t i s sue  p roduces  t he  h ighes t  l evel s  o f  monocy te  chemoat t r ac t an t  325  

pro t e in-1  i n  obese  mice  (25 ) ,  wh ich  ind i ca t es  t ha t ,  among  a l l  t ypes  326  

of  whi t e  ad ipose  t i s sue ,  mesente r i c  whi te  ad ipose  t i s sue  p l ays  t he  327  

most  impor t an t  ro l e  i n  obes i ty.  Thus ,  mesen ter i c  whi t e  ad ipose  328  

t i s sue  was  used  in  t he  ensuing  exper iment s .  The  pro t e in  express ion  329  

of  PPARγ  and  C /EBPs  was  measu red  in  mesen ter i c  whi t e  ad ipose  330  

t i s sue .  As  shown  in  F ig .  5 ,  supp lementa t ion  wi th  1% CE fo r  7  d  331  

r esu l t ed  in  s ign i f i can t ly  l ower  l evel s  o f  PPARγ ,  C/EBPα ,  and  332  

C/EBPβ  p ro t e in  expres s ion  compared  wi th  con t ro l s .  However,  the  333  

l evel  o f  C/EBPδ  exp res s ion  fo l lowing  CE supplemen ta t ion  remained  334  

s imi l a r  t o  tha t  in  cont ro l  mice .  Supplementa t i on  wi th  CE a l so  335  

produced  lower  l evel s  o f  p ro t e in  express ion  o f  SREBP1  and  FAS ,  336  

which  a re  t he  downst ream fac to rs  fo r  PPARγ  and C/EBPs  (F ig .  6 ) .  337  

AMPK i s  known  to  inh ib i t  ad ipocyte  d i ffe ren t i a t i on  as  an  ups t ream 338  

f ac to r  o f  PPARγ  and C/EBPs  (8 ) .  CE  supplemen ta t i on  induced  339  

s ign i f i can t ly  h igher  l evel s  o f  AMPK phosphoryl a t ion  and  o f  t he  340  

downs t ream ACC in  mesen ter i c  whi t e  ad ipose  t i s sue  compared  wi th  341  

con t ro l s  (F ig .  7 ) .  F rom these  i n  v ivo  resu l t s ,  we conc lude  tha t  CE 342  

Fig .  5

 

Table  2

 

F ig .  6

 

F ig .  7
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in t ake  suppres ses  t he  express ion  o f  ad ipocy te  d i ffe ren t i a t ion  343  

markers  v i a  AMPK act iva t ion .  344  

 345  

Discuss ion  346  

 347  

 S ince  obes i ty  i s  involved  in  t he  inc reased  onset  o f  many 348  

di seases ,  much  a t t en t ion  has  been  focused  on  t a rget ing  food  349  

componen ts  t ha t  may help  p reven t  obes i ty.  Fo r  obes i ty  p reven t ion  by  350  

food  component s ,  t he  fo l lowing  s t r a t eg i es  appear  promis ing :  351  

inh ib i t ion  o f  ad ipocyte  d i ffe ren t i a t ion  (5 ) ,  modula t i on  o f  l i p id  352  

metabol i sm ( inhib i t ion  o f  l i pogenes i s  and  p romot ion  o f  l ipo lys i s )  353  

(26 ) ,  and  p romot ion  o f  energy  expendi tu re ,  i nc lud ing  the  fo rmat ion  354  

of  beige  ad ipocy tes  (27 ) .  Var ious  food  mate r i a l s  and  food-der ived  355  

phytochemica ls  have  been  repor t ed  to  i nh ib i t  ad ipocyte  356  

di ffe ren t i a t i on  (23 ,  24 ,  28 ,  29 ) .  In  th i s  s t udy,  we  found  tha t  CE 357  

con ta in ing  abundan t  methylxanth ine  de r ivat ives  dec reased  bo th  l ip id  358  

accumulat ion  in  3T3-L1 ce l l s  (F ig .  1 )  and  ad ipose  t i s sue  weigh t  i n  359  

mice (Table  1 ) .  Reduced  express ion  l evel s  o f  PPARγ  and C /EBPs  360  

were  found to  be  invo lved  in  the  an t i - ad ipogen ic  mechan ism o f  CE 361  

(F igs .  2 ,  3 ,  and  5 ) .  Addi t i onal ly,  because  phosphoryl a t i on  o f  AMPK 362  

has  been  repor t ed  t o  inh ib i t  expres s ion  o f  PPARγ  and C/EBPs  (8 ) ,  363  

we examined  AMPK phosphory l a t i on  in  v ivo  (F ig .7) ,  and  we found 364  

tha t  t h i s  i s  a l so  involved  in  t he  an t i - ad ipogenic  mechanism o f  CE.  365  

Thus ,  CE posses ses  an t i - ad ipogen ic  e ffec t  v i a  r educing  the  366  
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express ions  o f  PPARγ  and  C/EBPs .  The  resu l t s  o f  ou r  i n  v ivo  367  

exper iment s  a re  cons i s t en t  wi th  t hose  f rom our  in  v i t ro  exper iment s ,  368  

ind i ca t ing  tha t  t he  CE mechan ism obse rved  in  v i t ro  l ike ly  369  

con t r ibu t es  t o  the  p reven t ion  o f  obes i t y  in  v ivo .  370  

 PPARγ  and  C/EBPs  p l ay  p ivota l  ro l es  i n  ad ipocy te  371  

di ffe ren t i a t i on  and  ad ipogenes i s  (7 ,  30 ,  31 ) .  PPARγ  fo rms  a  372  

hete rod imer  wi th  r e t ino i c  ac id  X- recep to r  (RXR) (32 )  and  regu la t es  373  

the  t r ansc r ip t ion  o f  ad ipocy te -speci f i c  genes  (33 ) .  C /EBPα funct ions  374  

as  ano ther  pr inc ipal  p l ayer  i n  ad ipogenes i s  and  i s  mos t  abundan t  i n  375  

mature  ad ipocytes  (34 ) .  C /EBPβ and C/EBPδ  are  known to  induce  376  

the  expres s ion  o f  PPARγ  and  C/EBPα (35 ,  36 ) .  In  t h i s  s t udy,  CE d id  377  

no t  suppres s  p ro t e in  express ion  o f  C /EBPδ  i n  t he  mesente r i c  wh i t e  378  

adipose  t i s sue  o f  mice  (F ig .  5 ) ,  even  though  i t  s i gn i f i cant ly  379  

suppressed  C/EBPδ  in  3T3-L1 adipocy tes  (F ig .  3 ) .  Our  p rev ious  380  

r epor t  demons t ra t ed  t ha t  Ash i t aba  ca l cones ,  4 -hydroxyder r i c in  and  381  

xan thoange lo l ,  downregula t e  the  express ion  o f  C/EBPα and PPARγ  382  

accompan ied  by  a  dec rease  i n  t he  express ion  o f  C/EBPβ  but  no t  i n  383  

tha t  o f  C/EBPδ  (23 ) .  These  resu l t s  sugges t  t ha t  C/EBPδ  i s  no t  384  

cr i t i ca l  fo r  the  i nduct ion  o f  PPARγ  and  C/EBPα express ion .   385  

As  an  ups t ream fac to r  fo r  C/EBPβ,  t he  ac t iva t ion  o f  AMPK i s  386  

l ike ly  a l so  invo lved  in  the  mechanism fo r  CE induced  e ffec t s .  I t  was  387  

prev ious ly  r epor t ed  t ha t  AMPK ac t iva t ion  inh ib i t ed  t he  388  

di ffe ren t i a t i on  o f  3T3-L1 ce l l s  by  downregula t i ng  the  expres s ion  o f  389  

C/EBPs  and  PPARγ  (8 ) .  Our  ea r l i e r  r epor t  a l so  demons t ra t ed  tha t  an  390  
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AMPK inhib i to r  compound  C  p revented  the  Ash i t aba  ca l cones -391  

induced  downregu la t ion  o f  C /EBPβ ,  C/EBPα,  and PPARγ  (23 ) .  392  

Moreover,  ac t i va t ed  AMPK in t erac t s  wi th  SREBP1  and  inh ib i t s  t he  393  

express ion  o f  i t s  t a rget  molecule  FAS,  lead ing  to  a  r educt ion  o f  394  

l ipogenes i s  and  to  l ip id  accumulat ion  (9-11 ) .  The  ac t iva t ion  o f  395  

AMPK may  cont r ibu t e  t o  the  i nc reased  l evel  o f  ad iponect in  in  396  

plasma ,  g iven  tha t  an  AMPK act iva to r  i s  ab l e  to  p romote  397  

adiponect in  mul t imer i za t ion  in  3T3-L1  ad ipocy tes  (37 ) .  However,  398  

the  t a rget  molecule  o f  CE i s  s t i l l  unc l ea r,  and  fur the r  s tudy  i s  399  

needed  to  c l ar i fy  t h i s  i s sue .  400  

 The  an t i -obes i ty  e ffec t s  o f  CE a re  wel l -documented .  Fo r  401  

example ,  the  i n t ake  o f  cacao  l iquor  such  as  da rk  chocola t e  dec reases  402  

BMI in  humans  (17,  18 ) ,  and  cacao  l i quor  p rocyanid ins  amel io ra t e  403  

l ip id  metabol i sm in  mice  (19 ) .  Many  researchers  have  focused  on  404  

cacao  po lyphenol s ,  pa r t i cu l a r ly  f l avan-3 -o ls ,  a s  the  ac t i ve  405  

compounds .  However,  the  polyphenol  con ten t  in  t he  CE used  he re  406  

was  l e ss  t han  1%,  whereas  t h i s  ex t rac t  con ta ined  abundant  407  

methylxanth ines ,  such  as  10 .0% theobromine  and  0 .71% caffe ine .  408  

Based  on  the  above  compos i t ion ,  28  μmol /L theobromine and  1 .8  409  

μmol /L ca ffe ine  ex i s t  i n  the  min imum concent ra t i on  o f  CE (50  410  

μg/mL)  tha t  i s  e ffe c t ive  for  the  i nh ib i t ion  o f  l i p id  accumula t ion .   411  

Recent ly,  J ang  e t  a l .  (38 )  r epor t ed  t ha t  theobromine  reduced  412  

adipogenes i s  i n  3T3-L1 ce l l s  th rough the  suppres s ion  o f  AMPK and  413  

ERK s ignal ing  a t  a  concent ra t i on  o f  150  μg/mL (=877  μmol /L) .  A 414  
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human  s tudy  demons t ra t ed  t ha t  p l asma  concent ra t i ons  o f  415  

theobromine  inc rease  to  28 .75  μmol /L a f t e r  consumpt ion  o f  850  mg  416  

of  theobromine  for  4  weeks  (39 ) .  Another  r epor t  showed  that  t he  417  

maximum plasma  concent ra t i on  o f  t heobromine  in  humans  i s  418  

approx imate ly  50  μmol /L (40 ) .  Our  r ecent  da t a  show that  419  

theobromine  above concent ra t i ons  o f  25  μmol /L exh ib i t s  an  an t i -420  

adipogen ic  e ffec t  accompan ied  by  lower  expres s ion  o f  PPARγ  and 421  

C/EBPs  in  3T3-L1  adipocytes  (41 ) .  Thus ,  theobromine i s  a  s t rong  422  

cand ida t e  fo r  the  e ffec t ive  compound  in  CE.   423  

Caffe ine  suppresses  t he  in t racel lu l a r  l i p id  accumula t ion  of  424  

3T3-L1  ad ipocytes  a f t e r  fu l l  d i ff e ren t i a t ion  (42 ) .  Fu r the rmore ,  425  

coffee  conta in ing  ca ffe ine  i nh ib i t s  ad ipocyte  d i ffe ren t i a t i on  th rough  426  

the  i nact iva t ion  o f  PPARγ  (43 ) .  Recen t ly,  Kim et  a l .  (44 )  427  

demons t ra t ed  t ha t  ca ffe ine  a t  1  mmol /L inh ib i t s  the  expres s ion  o f  428  

C/EBPβ ,  C/EBPα,  and  PPARγ  dur ing  3T3-L1 p read ipocyte  429  

di ffe ren t i a t i on  th rough the  AKT/glycogen  synthase  k inase  3β 430  

pathway.  In  con t ras t ,  ou r  r esu l t s  demons t ra t e  t ha t  ca ffe ine  i nd i rec t ly  431  

suppresses  l i p id  accumulat ion  in  3T3-L1  adipocytes  by  dec reas ing  432  

secre t i on  o f  in f l ammato ry  cy tokines  f rom Caco-2  ce l l s ,  even  though 433  

di rec t  t r ea tment  o f  3T3-L1  ce l l s  wi th  50  mmol /L ca ffe ine  d id  no t  434  

affec t  l ip id  accumula t ion  (41 ) .  These  resu l t s  i nd i ca t e  tha t  ca ffe ine  435  

at  a  phys io logica l  concent ra t i on  does  not  a ffec t  ad ipocyte  436  

di ffe ren t i a t i on ,  bu t  i t  i s  poss ib l e  fo r  th i s  compound to  i nh ib i t  437  

adipocyte  d i ffe ren t i a t ion  a t  h igher,  non-phys io logica l  438  
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concent ra t i ons .  In  t he  p resent  s tudy,  CE inhib i t ed  ad ipocy te  439  

di ffe ren t i a t i on  no t  on ly  i n  3T3-L1 adipocytes  but  a l so  i n  the  ad ipose  440  

t i s sue  o f  mice .  Fu r the rmore ,  t he  ca ffe ine  concent ra t i on  in  CE i s  t oo  441  

low to  possess  an  an t i - ad ipogenic  e ffec t  i n  3T3-L1 ce l l s .  Thus ,  442  

caffe ine  mus t  no t  be  t he  e ffec t ive  compound  in  CE.   443  

In  conc lus ion ,  me thylxan th ine - r i ch  CE inhib i t s  ad ipocy te  444  

di ffe ren t i a t i on  th rough an  AMPK-induced  reduc t ion  in  t he  445  

express ion  o f  PPARγ  and C/EBPs .  Thus ,  methy lxanth ine - r i ch  CE i s  446  

an  a t t r ac t ive  novel  food  mate r i a l  w i th  wh ich  to  suppress  obes i ty.  To  447  

cl a r i fy  t he  de t a i l ed  mechani sm o f  t h i s  e ffec t ,  exper imen ts  a re  i n  448  

progres s  us ing  a  methylxan th ine  compound.  449  
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 628  

Table  1． Body and ad ipose  t i s sue  weight  o f  mice  wi th  or wi thout  629  

CE supplementat ion  630  

 631  

 Cont ro l   1% CE 632  

 633  

Body  weigh t  (g )   28 .0  ±  0 .3  24 .5  ±  0 .2**  634  

Tis sue  weigh t  (g /100g  BW) 635  

Liver   5 .89  ±  0 .21  5 .56  ±  0 .33  636  

Total  wh i t e  ad ipose  t i s sue  3 .18  ±  0 .17   2 .22  ±  0 .11**  637  

 Mesente r i c   0 .38  ±  0 .08   0 .23  ±  0 .02  638  

 Ep id idymal   1 .01  ±  0 .06  0 .74  ±  0 .03**  639  

 Pe r i r enal  0 .26  ±  0 .01   0 .15  ±  0 .01**  640  

 Subcutaneous   1 .38  ±  0 .12   0 .98  ±  0 .12*  641  

Brown adipose  t i s sue   0 .45  ±  0 .01  0 .57  ±  0 .03**  642  

 643  

Male ICR mice  were  admin is t e red  a  d i e t  conta in ing  0% (Cont ro l )  o r  644  

1% CE in  the i r  t ap  wate r  fo r  7  d .  Da ta  a re  p resented  as  t he  mean  ±  SE  645  

(n  =  5 ) ,  * :  p  <  0 .05 ,  ** :  p  <  0 .01  646  

 647  

 648  

  649  
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 650  

Table  2 .  Plasma g lucose ,  l ip id ,  and  adiponect in  l evel s  o f  mice  wi th  651  

or wi thout  CE supplementat ion  652  

 653  

 Cont ro l   1% CE 654  

 655  

Blood g lucose  (mg/dL)   121  ±  4   111  ±  5  656  

Plasma cho les t e ro l  (mg/dL)   101  ±  10  88  ±  7  657  

Plasma t r i acy lg lyce ro l  (mg/dL)   124  ±  7   68  ±  5**  658  

Plasma adiponect in  (ng/mL)   73  ±  6   106  ±  8**  659  

 660  

Male ICR mice  were  admin is t e red  a  d i e t  conta in ing  0% (Cont ro l )  o r  661  

1% CE in  the i r  t ap  wate r  fo r  7  d .  Da ta  a re  p resented  as  t he  mean  ±  SE  662  

(n  =  5 ) ,  ** :  p  <  0 .01  663  

 664  

  665  



29 
 

Figure  Legends  666  

 667  

Figure  1 .  E ffec t  o f  CE on  l i p id  accumula t ion  in  3T3-L1 ad ipocy tes .   668  

(A)  Sudan  I I  s t a in ing  o f  l ip id  d rople t s  i n  3T3-L1  ce l l s .  The ce l l s  669  

were  incubated  wi th  CE a t  var ious  concent ra t ions  in  t he  p resence  o r  670  

absence  o f  DMI fo r  6  d ,  and  l i p id  d rop le t s  were  s t a ined  wi th  Sudan  671  

I I  (upper  panel s ) .  The s t a ined  l i p id  d rople t s  i n  the  ce l l s  were  672  

quant i f i ed  (bo t tom pane l ) .  Data  a re  p resen t ed  as  t he  mean ±  SE  (n  =  673  

3) ,  and  the  l i p id  conten t  i s  shown  based  on  a  s ample  f rom cel l s  674  

cul tu red  in  t he  absence  o f  DMI and  CE.  (B)  Cel l  v i ab i l i t y  o f  3T3-L1  675  

cel l s  fo l l owing  t r ea tmen t  wi th  CE.  Af t e r  3T3-L1 ce l l s  were  676  

incuba ted  wi th  t he  ind i ca t ed  concent ra t ions  o f  CE in  t he  p resence  o f  677  

DMI fo r  72  h ,  t he  ce l l  v i ab i l i ty  was  de te rmined  by  c rys t a l  v io l e t  678  

s t a in ing  assays .  Da ta  a re  p resen t ed  as  the  mean ±  SE  (n  =  3 ) .  679  

Diffe ren t  l e t t e rs  i nd i ca t e  s t a t i s t i ca l l y  s ign i f i cant  d i ff erences  (p < 680  

0.05) .  681  

 682  

Figure  2 .  E ffec t  o f  CE on  the  p ro t e in  and  mRNA expres s ion  o f  683  

PPARγ  and  C/EBPα  i n  3T3-L1  adipocytes .   684  

3T3-L1  ce l l s  were  i ncubated  wi th  the  i nd i ca t ed  concen t ra t ions  o f  CE 685  

in  t he  p resence  o f  DMI  fo r  6  d .  (A–B)  P ro t e in  (A)  o r  mRNA (B)  686  

express ion  o f  PPARγ  (Pparg )  and  C /EBPα  (Cebpa )  was  measu red  by  687  

Weste rn  b lo t t i ng  and  qPCR,  respect ive ly.  Fo r  p ro t e in  express ion ,  β -688  

act in  was  used  as  a  loading  con t ro l .  The  in t ens i t y  o f  each  band was  689  



30 
 

quant i f i ed  by  ImageJ  1 .44 ,  and  the  r a t io  o f  each  t a rge t  band  l evel  690  

was  normal i zed  to  t he  β - ac t i n  l evel .  Fo r  mRNA express ion ,  the  691  

value  o f  Gapdh  was  used  as  an  in t e rna l  cont ro l .  Da ta  a re  p resented  692  

as  the  mean ±  SE  (n  =  3 ) ,  and  re l a t i ve  values  a re  shown based  on  a  693  

sample  f rom cel l s  cu l tu red  in  t he  absence  o f  DMI  and  CE.  Di ffe ren t  694  

l e t t e r s  ind i ca t e  s t a t i s t i ca l ly  s ign i f i can t  d i ff e rences  (p  < 0 .05 ) .  695  

  696  

Figure  3 .  E ffec t  o f  CE on  the  p ro t e in  express ion  l eve ls  o f  C/EBPβ  697  

and  C /EBPδ  in  3T3-L1  ad ipocytes .   698  

3T3-L1  ce l l s  were  i ncubated  wi th  the  i nd i ca t ed  concen t ra t ions  o f  CE 699  

in  t he  p resence  o f  DMI  fo r  24  h .  P ro t e in  expres s ions  o f  C /EBPβ  and  700  

C/EBPδ  were  measu red  by  Weste rn  b lo t t ing .  β - ac t i n  was  used  as  a  701  

loading  con t ro l .  The  in t ens i t y  o f  each  band was  quan t i f i ed  by  702  

ImageJ  1 .44 ,  and  the  r a t i o  o f  each  t a rget  band  l evel  was  no rmal i zed  703  

to  t he  β - ac t i n  l evel .  Da ta  a re  p resented  as  t he  mean  ±  SE  (n  =  3 ) ,  704  

and  the  r e l a t ive  va lues  a re  shown based  on  a  s ample  f rom cel l s  705  

cul tu red  in  t he  absence  o f  DMI and  CE.  Di ffe ren t  l e t t e rs  i nd i ca t e  706  

s t a t i s t i ca l ly  s ign i f i cant  d i ff e rences  (p  < 0 .05 ) .  707  

 708  

Figure  4 .  E ffec t  o f  CE on  the  p ro t e in  express ion  o f  SREBP-1  and  709  

FAS and the  ce l lu l a r  l ocal i za t i on  o f  SREBP-1  in  3T3-L1  adipocytes .   710  

3T3-L1  ce l l s  were  i ncubated  wi th  the  i nd i ca t ed  concen t ra t ions  o f  CE 711  

in  t he  p resence  o f  DMI  fo r  6  d .  (A)  Pro t e in  expres s ions  o f  SREBP-1  712  

and  FAS were  measu red  by  Wes te rn  b lo t t ing .  β - ac t i n  was  used  as  a  713  
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loading  con t ro l .  The  in t ens i t y  o f  each  band was  quan t i f i ed  by  714  

ImageJ  1 .44 ,  and  the  r a t i o  o f  each  t a rget  band  l evel  was  no rmal i zed  715  

to  t he  β - ac t i n  l evel .  Da ta  a re  p resented  as  t he  mean  ±  SE  (n  =  3 ) ,  716  

and  re l a t i ve  values  a re  shown based  on  a  s ample  f rom ce l l s  cu l tu red  717  

in  t he  absence  o f  DMI  and  CE.  Di ffe ren t  l e t t e rs  i nd i ca t e  s ta t i s t i ca l l y  718  

s ign i f i cant  d i ff erences  (p < 0 .05 ) .  (B)  Loca l i za t i on  o f  SREBP-1  was  719  

dete rmined  by  f luo rescence  microscopy.  SREBP-1  was  s t a ined  wi th  720  

Alexa 488 ,  and  the  nuc l e i  were  counte r s t a ined  wi th  DAPI .  721  

 722  

Figure  5 .  E ffec t  o f  CE on  the  p ro t e in  express ion  o f  PPARγ  and  723  

C/EBPs  in  mesen te r ic  wh i t e  ad ipose  t i s sue  o f  mice .   724  

Male  ICR mice  were  p rov ided  a  d i e t  conta in ing  0% or  1% CE in  t ap  725  

wate r  fo r  7  d .  The  p ro t e in  express ions  o f  PPARγ ,  C /EBPα,  C/EBPβ 726  

and  C /EBPδ  were  measu red  by  Weste rn  b lo t t i ng .  Each  panel  shows  a  727  

typ i ca l  r e su l t  f rom f ive  an imal s .  β - ac t i n  was  used  as  a  loading  728  

con t ro l .  The  in t ens i ty  o f  each  band was  quan t i f i ed  by  ImageJ  1 .44 ,  729  

and  the  r a t i o  o f  each  t a rge t  band  l evel  was  no rmal i zed  to  t he  β - ac t i n  730  

l evel .  Da ta  are  p resent ed  as  the  mean  ±  SE (n  =  5) ,  and  re l a t ive  731  

values  a re  shown based  on  the  con t ro l  g roup .  Di ffe ren t  l e t t e r s  732  

ind i ca t e  s t a t i s t i ca l l y  s ign i f i cant  d i ff e rences  (p  < 0 .05 ) .  733  

 734  

Figure  6 .  E ffec t  o f  CE on  the  p ro t e in  express ion  o f  SREBP-1  and  735  

Fas  in  t he  mesen te r ic  wh i t e  ad ipose  t i s sue  o f  mice .   736  

Male  ICR mice  were  p rov ided  wi th  a  d ie t  conta in ing  0% or  1% CE 737  
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in  t ap  wa ter  for  7  d .  P ro t e in  express ions  o f  SREBP-1  and  Fas  were  738  

measured  by  Wes te rn  b lo t t i ng .  Each  panel  shows a  t yp i ca l  r esu l t  739  

f rom f ive  an imals .  β - ac t i n  was  used  as  a  loading  con t ro l .  The  740  

in t ens i t y  o f  each  band  was  quant i f i ed  by  ImageJ  1 .44 ,  and  the  r a t i o  741  

of  each  t a rget  band  level  was  no rmal i zed  to  t he  β - ac t in  l evel .  Da ta  742  

are  p resen ted  as  t he  mean ±  SE  (n  =  5 ) ,  and  re l a t ive  va lues  a re  743  

shown  based  on  the  cont ro l  g roup .  Di ffe ren t  l e t t e rs  i nd i ca t e  744  

s t a t i s t i ca l ly  s ign i f i cant  d i ff e rences  (p  < 0 .05 ) .  745  

 746  

Figure  7 .  E ffec t  o f  CE on  the  l eve ls  o f  AMPK phosphoryl a t ion  and  747  

ACC express ion  in  the  mesen te r i c  whi t e  ad ipose  t i s sue  o f  mice .   748  

Male  ICR mice  were  p rov ided  wi th  a  d ie t  conta in ing  0% or  1% CE 749  

in  t ap  wa ter  for  7  d .  AMPK phosphoryl a t ion  and  ACC express ion  750  

were  measu red  by  Weste rn  b lo t t i ng .  Each  pane l  shows a  t yp i ca l  751  

r esu l t  f rom f ive  an imals .  The  expres s ion  l eve l  o f  each  p ro t e in  was  752  

al so  measu red .  The  in t ens i t y  o f  each  band  was  quant i f i ed  by  ImageJ  753  

1.44 ,  and  the  r a t i o  o f  the  phosphoryl a t ion  l eve l  was  normal i zed  to  754  

the  expres s ion  l eve l .  Da ta  a re  p resented  as  the  mean  ±  SE (n  =  5 ) ,  755  

and  re l a t i ve  values  a re  shown based  on  the  con t ro l  g roup.  Di ffe ren t  756  

l e t t e r s  ind i ca t e  s t a t i s t i ca l ly  s ign i f i can t  d i ff e rences  (p  < 0 .05 ) .  757  

 758  
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