
MAGAZINE 
 

The Global Publication of the International Federation 
of Societies of Cosmetic Chemists 

Volume 17  |  Number 3     |  July/September 2014  

Spectroscopic  Analysis  of  Microstructure  and  Protein  
DegradaƟon  of  Human  Hair  Caused  by  New  Hair 
Straightening  Systems 

Skin  Youthfulness  Index  –   
A  Novel  Model  CorrelaƟng  Age  with  ObjecƟvely  Mea-­‐
sured  Visual  Parameters  of  Facial  Skin 

PreservaƟon  of  SympatheƟc  Neuron-Adipocyte  
Crosstalk    May  Limit  Chronic 
EmoƟonal  Stress-Mediated  Fat  AccumulaƟon 

Development  of  a  Water-Based  Long-LasƟng  
Makeup:  Dispersion  of  Hydrophobically  Surface-
Treated  Pigments  in  an  Oil-In-Water  Emulsion 

RestoraƟon  of  Both  Epithelial  and  Endothelial  Perle-­‐
can  /  Dystroglycan  Expressions  by  Polygonum  bistorta 
induces  Skin  RejuvenaƟon 

Balance  of  Cleaning  Efficacy  and  Dental  Hard  Tissue  
Abrasive  Wear:  An  In  Vitro  Study  Assessing  Toothpas-­‐
te  Effects  Associated  with  Manual  or  Powered  Tooth-­‐
brushes 

www.ifscc.org 



 

2 IFSCC Magazine 3 - 2014



 

IFSCC Magazine 3 - 2014 3

Spectroscopic  Analysis  of  Microstructure  and  Protein  Degradation  of  Human  Hair  Caused  by  New  Hair 
Straightening  Systems 
Francini  C.  Picon,  Viviane  C.  Albarici,  Diogo  Terci,  Douglas  Terci,  Valeria  Longo,  Elson  Longo, 
Adriano  S.  Pinheiro .................................................................................................................................................... 5 

Skin  Youthfulness  Index  –   
A  Novel  Model  Correlating  Age  with  Objectively  Measured  Visual  Parameters  of  Facial  Skin 
Di  Qu  and  Yulia  Park .................................................................................................................................................. 8 

Preservation  of  Sympathetic  Neuron-Adipocyte  Crosstalk    May  Limit  Chronic 
Emotional  Stress-Mediated  Fat  Accumulation 
Pascale  Prouheze,  Barbara  Morand,  Jean-François  Nicolaÿ,  Mathilde  Fréchet ..................................................... 17 

Development  of  a  Water-Based  Long-Lasting  Makeup:  Dispersion  of  Hydrophobically  Surface-Treated 
Pigments  in  an  Oil-In-Water  Emulsion 
E.  Akiyama,  Y.  Yago,  K.  Fukuda .............................................................................................................................. 23 

Restoration  of  Both  Epithelial  and  Endothelial  Perlecan  /  Dystroglycan  Expressions  by  Polygonum  bistorta 
induces  Skin  Rejuvenation 
Sabine  Pain,  Morgan  Dos  Santos,  Amandine  Gaydon,  Aurelie  Boher,  Christelle,  Nicolas  Bechetoille, 
Patricia  Rousselle,  Valerie  André ............................................................................................................................. 31 

Balance  of  Cleaning  Efficacy  and  Dental  Hard  Tissue  Abrasive  Wear:  An  In  Vitro  Study  Assessing  Toothpaste  
Effects  Associated  with  Manual  or  Powered  Toothbrushes 
Thomas  Welss,  Claudia  Hundeiker  and  Thomas  Förster ........................................................................................ 37 

Scientific  Papers 

 

IFSCC  Magazine: 
Official  scientific  magazine  of  the 
International  Federation  of  Societies 
of  Cosmetic  Chemists 
 
Publications  Chair: 
Andrea  Weber,  Germany 
 
Chair  Science  Committee: 
Fujihiro  Kanda,  Japan 
 
Chair  Education  Committee: 
Amy  Wyatt,  USA 
 
Scientific  Editor: 
Lothar  Motitschke,  Germany 
 
Language  Editor: 
Marcia  Franzen-Hintze,  Germany 
 
Honorary  Auditors: 
Anne  Hunt,  France 
Judy  Beerling,  United  Kingdom 
 
4  issues     /  year 
Copyright  2014 
Arranged  in  Germany 
ISSN#  1520-4561 

IFSCC  Office/Publisher’s  Office 
 
IFSCC 
Suite  109,  Christchurch  House 
40  Upper  George  Street  Luton,  Beds  LU1  
2RS,  UK  Tel:   +44-1582-72  66-61 
Fax:  +44-1582-40-52-17  
lorna�weston@ifscc�org 
 
 
Front  Cover  Design: 
Fabian  Mai 
fabian�mai@sofw�com 
 
Layout:   
Andrea  Weber 
andrea.weber@babor.de 
 
 
 
 
 
 
 
 
 
 
 

Important  Information 
 
From  2014  onwards  we  publish  the 
contents  of  the  IFSCC  Magazine  on  the 
IFSCC  Website: 
www�ifscc�org 
 
You  will  have  to  sign  in  to  the   
Member  Zone  where  you  can  then 
find  the  Scientific  Papers  of  the 
IFSCC  Magazine 
Detail  to  be  found  on  the  Website� 
 
You  will  find  the  contents  on  the  IFSCC  
Website  as  follows: 
 
News  from  Member  Societies: 
News  Page  on  Website 
 
Awards: 
Awards  Pages  on  Website 
 
Educational  Programs: 
Education  Pages  on  Website 
 
Scientific  Papers: 
Member  Zone 
 



 

4 IFSCC Magazine 3 - 2014



 

IFSCC Magazine 3 - 2014 5

INTRODUCTION 
Hair  fiber  damage  can  be  either  the  result  of  
physical   changes   like   grooming,   or   chemical  
processes  such  as  bleaching,  dyeing,  relaxing  
or   straightening.   Hair   straightening   is   a   wi-­‐
dely  used  procedure  today.   

Hair  damage  caused  by  straightening  proces-­‐
ses   has   been   assessed   via   analysis   of   the  
cysƟne   content   in   hair   fibers.   The   cysteic  
groups  are  responsible  for  forming  the  terƟa-­‐
ry   crosslinkages   in   keraƟn  fibers,  which   con-­‐
tribute   to   the   physical   and   mechanical   pro-­‐
perƟes  of  hair  fibers  as  well  as  their  structu-­‐
ral   stability   [1].  Thus,   it   is  of  key   importance  
to   evaluate   and   understand   changes   in   the  
microstructure  of  hair  fibers  by   invesƟgaƟng  
S-S  groups  [2].  Raman  spectroscopy  has  been  
applied   in  several  studies  to   invesƟgate  alte-­‐
raƟons  in  the  -SS-  groups  because  it  is  a  non-­‐
destrucƟve  technique  that  requires  no  samp-­‐
le   extracƟon   or   purificaƟon.   Moreover,   Ra-­‐
man   spectroscopy   provides   informaƟon  
about   S-S,   C-S,   C-C,   amide   I   and   amide   III  
vibraƟons,  which  are  weakly  acƟve  or  impos-­‐
sible  to  measure  using   infrared  spectroscopy  
[3,  4].   

Another   important   indicator   of   overall   hair  
health  is  tryptophan,  which  can  be  measured  
by   fluorescence   spectroscopy.   Tryptophan   is  
an   amino   acid   present   in   hair   fibers   that   is  
largely   used   as   an   indicator   of   hair   photo  
damage.   Recent   studies   show   that   tryp-­‐

tophan  fluorescence  can  be  affected  by  che-­‐
mical  or  physical  modificaƟons  [5,  6]. 

In  addiƟon,  determinaƟon  of  the  mechanical  
properƟes   of   hair   aŌer   chemical   treatments  
by   analysis   of   the   load-elongaƟon   curves  
provides  a  rapid  and  simple  method  to  corre-­‐
late  changes  in  the  elasƟcity  and  tensile  pro-­‐
perƟes  of  hair  [7,  8]. 

EXPERIMENTAL 
Hair	
  treatments 

Tresses   of   bleached   hair   (DeMeoBrothers  
INC,  NY,  USA)  were  prepared  and  then  strai-­‐
ghtened   once   and   5   Ɵmes   with   products  
commercially   available   in   the  Brazilian  mar-­‐
ket.   These   products   are   based   on   ammoni-­‐
um   thioglycolate   6%,   guanidine   hydroxide  
5%,   sodium   hydroxide   3%,   glyoxyloyl   car-­‐
bocysteine/glyoxyloyl   keraƟn   amino   acids  
(glyoxyloyl   system)   20%   and   glyoxylic   acid  
10%.  The  straighteners  were  applied  accord-­‐
ing   to   the   manufacturers'   instrucƟons.   The  
exposure  Ɵme  of  the  straighteners  was  stan-­‐
dardized  at  15  minutes.  AŌer  the  full  proce-­‐
dure,  all  tresses  were  blow  dried  and  straigh-­‐
tened  with  a  flat  iron.  Then  the  tresses  were  
rinsed  with  SLES  10%  soluƟon  and  dried  in  a  
standardized   environment   at   22ºC   and   55%  
R.H.   

 

Assessments 

The  fluorescence  measurements  were   taken  
with   a   Fluorolog   spectrophotometer,   model  
FL3-12   (Jobin   Yvon   Horiba,   Edison, NJ,   USA)  
with   a   xenon   light   source   providing   the   full  
solar   spectrum.   The   experiments   were   per-­‐
formed  in  emission  mode  in  the  300-  400  nm  
range.   The   excitaƟon   line   uƟlized   for   the  
tryptophan   evaluaƟon   was   294   nm   and   the  
emission   intensity  was  evaluated  at   approxi-­‐
mately  340  nm.   

The   Raman   spectra   were   taken   with   a   FT-
Raman   spectrometer   (RFS   100/S   –   Bruker  
Inc.,   Karlsruhe,   Germany).   The   1064   line   at  
300mW  from  a  Nd:YAG  laser  was  the  excitaƟ-­‐
on   source.   ResoluƟon   was   4   cm-1   and   64  
scans  were  used  for  each  sample.  The  spect-­‐
ral  range  was  20  –  2000  cm-1.  OPUS  soŌware  
(Bruker,   Inc.,Karlsruhe,   Germany)   was   used  
to  evaluate   spectral   characterisƟcs.  Normali-­‐
zaƟon  of  Raman  spectra  of  keraƟn  fibers  was  
carried   out   based   on   the   C-H   band   at   1655  
cm-1,   where   the   peak   area   was   large   and  
uninfluenced  by  straightening  treatments.   

Hair  morphology  was  characterized  using  an  
FE-SEM  Supra  35-VP  (Carl  Zeiss,  Oberkochen,  
Germany). 

A  universal  tester,  EMIC  model  DL500,  equip-­‐
ped  with  a  20N  load  cell,  (EMIC,  São  José  dos  
Pinhais,  Brazil)  was  used  in  this  study  to  mea-­‐
sure   the   mechanical   properƟes.   Sixty   hair  
strands,   collected   from   the   tresses   of   each  
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ABSTRACT 
Hair  straightening  is  a  procedure  widely  used  
today.  The  hair  damage  caused  by  this  proce-­‐
dure   has   been   assessed   via   analysis   of   the  
cysƟne   content   in   hair   fibers.   Another   im-­‐
portant   indicator   of   overall   hair   health   is  
tryptophan,   which   can   be   measured   by   flu-­‐
orescence   spectroscopy.   To   invesƟgate   the  
influence  of  different  hair  straightening  treat-­‐
ments,   hair   fibers   were   analyzed   by   Raman  
spectroscopy,   fluorescence   spectroscopy   and  
scanning   electron   microscopy,   and   the   me-­‐

chanical  properƟes  were  determined.  Tresses  
of   bleached   hair   were   prepared   and   then  
straightened  once  and  5  Ɵmes  with  commer-­‐
cial   products   based   on   ammonium   thiogly-­‐
colate,  guanidine  hydroxide,  sodium  hydroxi-­‐
de,   glyoxyloyl   carbocysteine/glyoxyloyl   kera-­‐
Ɵn   amino   acids   (glyoxyloyl   system)   and   gly-­‐
oxylic  acid.   Fluorescence   spectroscopy   show-­‐
ed   that   all   straightening   systems   led   to   de-­‐
gradaƟon   of   tryptophan.   From   Raman  
spectroscopy   we   concluded   that   straighten-­‐
ing   caused   disorder   in   the   hair   fiber   keraƟn  
structure   with   all   straightening   systems  

employed.  Straighteners  based  on  the  glyoxy-­‐
loyl   system   and   glyoxylic   acid   produced   a  
significant   increase   in   cysteic   acid   residues,  
resulƟng  in  oxidized  fibers.  Scanning  electron  
microscopy   allowed   observaƟon   of   damage  
to  the  hair  surface  induced  by  the  straighten-­‐
ing   procedures.   The   glyoxyloyl   and   glyoxylic  
acid  systems  affected  the  mechanical  proper-­‐
Ɵes  of  hair,  but  the  influence  was  milder  than  
with  the  thioglycolate,  guanidine  and  sodium  
hydroxide  systems. 
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treatment,   were   assessed.   Each   strand   was  
held   by   a   lower   clamp   and   an   upper   clamp  
connected  to  the  load  cell  of  a  dynamometer  
on  the  upper  part.  The  parameter  of  force  at  
break   was   assessed.   The   load   cell   was   pre-
charged,   and   the   increase   in   load  was  mea-­‐
sured  with   tracƟon   speed   rates   of   100  mm/
min. 

All   tresses  were  measured  aŌer  1  and  5  ap-­‐
plicaƟons  of  the  straighteners  and  the  results  
compared  with  those  obtained  for  the  baseli-­‐
ne   condiƟon.   The   One-way   ANOVA   method  
followed   by   Tukey’s   post-test   was   used   for  
staƟsƟcal   analysis   of   the   results.   The   con-­‐
fidence  interval  was  95%. 

RESULTS  AND  DISCUSSION 
The   excitaƟon   line   employed   for   the   tryp-­‐
tophan   measurements   was   294   nm,   which  
proved  to  have  the  highest  emission  intensity  
at   approximately  340   nm.  Figure   1   presents  
the  fluorescence  spectra  and  Figure   2   shows  
the  mean  values  of  fluorescence  intensity  for  
the  baseline  condiƟon  of   the   tresses   (before  
the   straightening   procedure)   and   for   the  
tresses  aŌer  the  products  were  applied. 

The  comparison  of  the  fluorescence  intensity  
values  obtained  aŌer  1  and  5  applicaƟons  of  
the   straighteners   with   the   baseline   values  
showed   that   the   intensity   of   tryptophan  
emission  was  significantly  reduced  with  all  of  
the   straighteners.   These   results   suggest   that  
all   treatment   systems   led   to   degradaƟon   of  

tryptophan. 

There  was  no  difference  in  tryptophan  inten-­‐
sity  between  the  results  obtained  aŌer  1  and  
aŌer   5   applicaƟons   of   the   ammonium  
thioglycolate,   sodium   hydroxide   and   glyoxy-­‐
loyl  systems. 

AŌer   5   applicaƟons   of   guanidine   hydroxide  
and   glyoxylic   acid,   there   was   a   decrease   in  
tryptophan   intensity   compared  with  1  appli-­‐
caƟon  of  these  straightening  systems. 

AŌer   1   applicaƟon   of   hair   straightener,   the  
ammonium   thioglycolate   system   showed   no  
differences   in   the   fluorescence   intensity  
when  compared  with   the  guanidine  hydroxi-­‐
de  and   sodium  hydroxide   systems.   The   tres-­‐
ses   subjected   to   ammonium   thioglycolate  
treatment   showed  higher   values   for   the   flu-­‐
orescence  intensity  than  those  of  the  glyoxy-­‐
loyl  system  and  glyoxylic  acid  systems. 

AŌer  5  applicaƟons  of  hair  straighteners,  the  
ammonium   thioglycolate   straightening   sys-­‐
tem   showed   higher   values   of   fluorescence  
intensity  than  the  guanidine  hydroxide,  sodi-­‐
um  hydroxide,  glyoxyloyl   system  and  glyoxy-­‐
lic  acid  systems. 

The   sodium   hydroxide   system   showed   no  
differences   in   fluorescence   intensity   when  
compared  with   the  guanidine  hydroxide  and  
glyoxyloyl  systems  aŌer  5  applicaƟons. 

The   sodium   and   guanidine   hydroxide   sys-­‐
tems   showed   higher   values   of   fluorescence  
intensity  than  the  glyoxylic  acid  system.  The-­‐
re  was  no  difference  in  fluorescence  intensity  
between  the  glyoxyloyl  and  the  glyoxylic  acid  
systems. 

The   higher   results   obtained   for   the   tryp-­‐
tophan   fluorescence   intensity   for   hair   strai-­‐
ghtened  with  ammonium  thioglycolate  could  
be  explained  by  the  disrupƟon  of  the  hydro-­‐
gen   bond   between   tryptophan   and   alanine  
that   releases   tryptophan,   as   described   by  
Jachowicz  [5]. 

The   Raman   spectra   of   the   human   hair   fiber  
for   the   baseline   condiƟon   (tresses   before  
straightening   process)   and   for   the   tresses  
aŌer   the   applicaƟon   of   the   products   are  
shown   in  Figure   3.      The  disulfide   content  of  
the  hair  samples  was  determined  by  esƟma-­‐
Ɵng  the  raƟo  of  the  peak  area  of  the  S-S  band  
(506  -  519  cm-1)  divided    by  the  peak  area  of  
the  C-H  band      (1656  cm-1).  Similarly,   the  sul-­‐
fonic  acid  funcƟon  produced  by  straightening  
was   assessed   by   esƟmaƟng   the   raƟo   of   the  
peak  area  of  the  S-O  band  (1040  cm-1)  divided   by  
the  peak  area  of  the  C-H  band  (1655  cm-1). 

The  raƟo  of  the  peak  areas  of  the  S-S  and  S-O  

Figure  1:  Fluorescence  spectra  of  the  study  groups.   

Figure  2: 
Fluorescence  intensity  for  tresses  before  and  after  1  and  5  applications  of  straightening  
treatments.  Results  are  reported  as  the  mean  ±  SD,  n=3. 
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bands   for   the   baseline   condiƟon   and   the  
raƟo   aŌer   1   and   aŌer   5   applicaƟons   were  
compared.   The   S-S   band   intensity   did   not  
decrease  aŌer  straightening  when  compared  
with   untreated   fibers,   indicaƟng   that   the  
broken   –S-S–   bonds   were   reformed   in   the  
neutralizaƟon  process  with   reducers   such  as  
thioglycolate,  guanidine  and  sodium  hydroxi-­‐
de   and   in   an   aŌer-heat   process   in   case   of  
glyoxyloyl   system   and   glyoxylic   acid.   How-­‐
ever,  the  shape  of  the  S-S  band  was  modified  
by  straightening,  which  was  previously  obser-­‐
ved   in  untreated  hair,  where   two  conforma-­‐
Ɵons      were   reported   for   the 
S-S   band,   one   at   508   cm-1  taken   as   the   gau-­‐
che-gauche-gauche   (GGG)   conformaƟon   and  
the  other  520  cm-1  taken  as  the  trans-gauche-
gauche  (TGG)  conformaƟon. 

AŌer   straightening,   the   TGG   conformaƟon  
was   preferenƟally   observed   because   alt-­‐
hough  S-S  bonds  reform,  the  structure  of  the  
polypepƟde   chain   begins   to   show   greater  
disorder   then   in   untreated   hair   that   is   com-­‐
posed  of  GGG  and  TGG  conformaƟons  where  

the   distance   between   a   polypepƟde   chain  
and  the  other  polypepƟde  chain  surrounding  
the   S-S   bond   is   shorter.   As   a   consequence,  
the  untreated  hair  assumes  a  more  compact  
structure   than   straightened   hair.   We   obser-­‐
ved   an   increase   in   intensity   of   the   sulfonic  
groups   in   hair   fibers   subjected   to   one   appli-­‐
caƟon  of  glyoxyloyl  system  and  glyoxylic  acid  
systems  when  compared  with  untreated  hair,  
showing   that   these   acƟves   promote   strong  
oxidaƟon  of  hair  fibers   (Figure   4).   However,  
aŌer   five   applicaƟons   of   the   glyoxyloyl   sys-­‐
tem  and  glyoxylic  acid  systems,  there  was  no  
difference   in   intensity  of   the  sulfonic  groups  
from   aŌer   one   applicaƟon,   indicaƟng   that  
the   accumulated   applicaƟons   did   not   in-­‐
crease  the  surface  oxidaƟon  of  the  fibers.   

Figure   5   shows   examples   of   images   of   the  
hair   surface  before  and  aŌer   the   straighten-­‐
ing  procedures.   

The   scanning   electron   microscopy   (SEM)    
images   showed   the   surface   changes   in   hair  
fibers   aŌer   straightening.   According   to   the  
SEM   micrographs,   the   applicaƟons   of   strai-­‐
ghtening  products  damaged  the  hair  surface,  
as  evidenced  by  liŌing  of  the  cuƟcles,  and  the  
damage  to  the  hair  surface  worsened  with  an  

increase   in   the   number   of   applicaƟons   with  
all   systems.   This   damage   to   the   hair   surface  
was  expected,   since   the   treatments  are  che-­‐
mically   aggressive,   making   use   of   oxidizing  
and   reducing   agents   in   combinaƟon   with  
thermal   treatments   like   blow   drying   and   a  
flat  iron.   

The  force  at  break  was  measured  before  and  
aŌer   1   and   5   applicaƟons   of   straightening  
treatment  (Figure  6).  The  results  of  the  staƟs-­‐
Ɵcal   analysis   indicated   that   there   was   a   de-­‐
crease   in   the   force   at   break   aŌer   the   first  
applicaƟon  of  the  straightening  systems.  The  
decrease  in  the  force  at  break  became  larger  
with   an   increasing   number   of   applicaƟons  
(from   1   applicaƟon   to   5   applicaƟons),   but  
was   not   as   great   with   the   
glyoxylic   acid   system.   The   only   system   that  
showed   no   decrease   in   strength   with   an   in-­‐
creasing  number  of  applicaƟons  was  the  gly-­‐
oxyloyl  system.  Therefore,  the  glyoxyloyl  and  
glyoxylic   acid   systems,   in   spite   of   affecƟng  
the  mechanical   properƟes   of   hair,  were  mil-­‐
der   than   the  classical   systems   (thioglycolate,  
guanidine  and  sodium  hydroxide). 

Figure  4:  
Ratio  of  peak  
area  S-O/C-H  
for  the  tresses  
before  and  after  
1  and  5  
applications  of  
straightening  
treatments.  
Results  are  
reported  as  the  
mean  ±  SD,  
n=3. 

Figure   5:   FE-SEM   images   of   the   human  
hair   surface   before   the   straightening  
procedures   (a)   and   after   1   and   5  
applications   of   the   straightening   systems:  
(b)   ammonium   thioglycolate,   (c)   sodium  
hydroxide,   (d)   guanidine   hydroxide,   (e)  
glyoxyloyl  system  and  (f)  glyoxylic  acid. 

Figure  3:  Raman  spectra  of  the  study  groups. 
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CONCLUSIONS 
The   results   obtained   with   fluorescence  
spectroscopy   showed   that   all   straightening  
systems   lead   to   degradaƟon   of   tryptophan.  
From   Raman   spectroscopy,   we   concluded  
that  all  straightening  systems  studied  caused  
disorder   in  hair  fiber  keraƟn  structure.  Strai-­‐
ghteners   based   on   glyoxyloyl   and   glyoxylic  
acid   systems  produced   a   significant   increase  
in   cysteic   acid   residues,   resulƟng   in   more  
oxididaƟon   of   hair   fibers.   By   means   of   SEM  
images  it  was  possible  to  observe  damage  to  
the  hair  surface  induced  by  the  straightening  
procedures.   

 

 

 

The  mechanical  properƟes  of  hair  were  affec-­‐
ted  by  all  straightening  systems.  The  force  at  
break   was   significantly   decreased   with   all  
straightening   systems,   and   this   effect   was  
greater   with   the   classical   straighteners.   In-­‐
creasing   the   number  of  product  applicaƟons  
also   increased   damage   to   the   internal   struc-­‐
ture  of  hair  fiber  and  decreased  the  force  at  
break,   notably   with   the   classical   straighte-­‐
ners. 

We   conclude   that   the   internal   structure   of  
hair   was   beƩer   preserved   by   the   glyoxyloyl  
and   glyoxylic   acid   systems   than   by   hair   sub-­‐
jected  to  classical  systems. 
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ABSTRACT 
A   novel   skin   youthfulness   index      is   intro-­‐
duced  in  this  study  to  establish  a  mathema-­‐
Ɵcal   model   that   correlates   age   with   the  
visual   properƟes   of   facial   skin   using   an  
image   analysis   method.   Images   of   1,505  
Asian   female   volunteers  between   the  ages  
of   20   and   60  years  were   captured   using  a  
VISIA-CR®   system   under   five   different  
lighƟng  condiƟons.  Skin  properƟes,  such  as  
wrinkles,   hyperpigmentaƟon,   pores,   color,  
translucency,   ITAo,   color   evenness   and  

surface   texture   parameters,   were   objec-­‐
Ɵvely   measured   from   the   images   using  
Amway  exclusively  developed  image  analy-­‐
sis   algorithms.   CorrelaƟons   between   the  
measured  parameters  and  the  parƟcipants’  
chronological   age  were  observed  with   sta-­‐
ƟsƟcal   significance.   By   defining   and   calcu-­‐
laƟng   a   set   of   weight   factors   five   objec-­‐
Ɵvely   measured   visual   parameters   of   skin  
were  found  to  be  most  relevant  to  describe  
skin   condiƟons   influenced   by   the   aging  
process.   Combining   these   parameters   in   a  
mathemaƟcal  model  we  have  established  a  

skin   youthfulness   index  which  has   a   range  
of   0   to   100   and   is   inversely   correlated   to  
people’s   chronological   age   (R2=   0.9959).  
The   index  allows   us   to   accurately   assess  a  
person’s   apparent   skin   age   based   on   the  
measured   skin   parameters.   Of   the   various  
age   groups   tested,   the   largest   difference  
between  the  actual  and  the  calculated  skin  
age  was   2.4   years  with  a  mean   difference  
of  0.86  years.  This  model  has  potenƟal   for  
quanƟficaƟon  of   skin   care  product   efficacy  
and  thereby  substanƟaƟon  of  new  product  
claims. 

INTRODUCTION 
Skin   is   the   largest  organ   in   the   human  body  
and  measuring   the   changes   in   its   properƟes  
with   age   is   a   primary   topic   in   skin   related  
research   [1].   Skin  care   researchers  have  stri-­‐
ved   to   develop   a   comprehensive  model   cor-­‐
relaƟng   mulƟple   skin   properƟes   with   age,  
thereby  providing  an  objecƟve  and  quanƟta-­‐
Ɵve  measure  of  skin  condiƟons  that  will  help  
assess   the  efficacy  of   skin  care  products  and  
treatments  [2].   

Currently,  most  models   reported   in   the   lite-­‐
rature   use   subjecƟvely   measured   skin   para-­‐
meters   to  assess   skin  aging.  Guinot  et  al.   [3]  
introduced  a  skin  age  score  (SAS)  correlaƟng  
24  visual  and  tacƟle  parameters  of  facial  skin  
with   chronological   age,   concluding   that   SAS  
could   be   generated   from   the   evaluaƟon   of  
mulƟple  discrete  signs  on  facial  skin  and  was  
an  informaƟve  tool  for  quanƟfying  skin  aging.  
VierkoƩer   et   al.   [4]   reported   a   skin   aging  
index   (SCINEXA)  which   incorporates   23   clini-­‐
cally   graded   intrinsic   and   extrinsic   parame-­‐
ters   characterisƟc   of   skin   aging.   They   con-­‐
cluded  that  the  model  could  be  used  to  sepa-­‐
rate   the   extrinsic   and   intrinsic   effects   of  
aging.  Nkengne  et  al.  [5]  established  an  index  
of   aging   using   clinically   graded   parameters  
such  as  the  degree  of  wrinkles,  brown  spots,  
and   sagging.   They   believed   that   their   skin  
aging  index  captured  informaƟon  relevant  to  
the   visual   transformaƟon   of   facial   skin   with  

age   and   was   meaningful   when   applied   to  
product  efficacy  evaluaƟons.  AddiƟonal  rese-­‐
arch  by  Bazin  and  Doublet  [6]  and  Bazin  and  
Flament  [7]  described  linear  correlaƟons  with  
mulƟple   clinically   assessed   parameters   for  
Caucasian   and   Asian   populaƟons,   respec-­‐
Ɵvely.  While  subjecƟve  grading  is  the  current  
standard   of   clinical   assessment,   it   is   a   com-­‐
mon   belief   that   the   subjecƟvity   of   these   as-­‐
sessments   carries   the   intrinsic   possibility   of  
variaƟon  between  graders   and   inconsistency  
in   the   grader’s   percepƟon   at   different   Ɵme  
points. 

Zedayko  et  al.  [8]  developed  an  instrumental  
method  to  correlate  age  with  skin  brightness  
of   Caucasian   subjects.   While   the   measure-­‐
ment  was   objecƟve   and   the   correlaƟon  was  
good,   the   approach   was   rather   simplisƟc   in  
that  it  only  used  skin  color  as  the  measurable  
aspect  of  skin  aging.  A  more  complex  measu-­‐
rement  was  established  by  Dicanio  et  al.   [9],  
in   which   a   linear   funcƟon   between   age   and  
mulƟple   skin   parameters   was   constructed  
using  principal   component  analysis   and  mul-­‐
Ɵvariate  regression.  A  total  of  76  parameters  
(10   clinical,   14   biophysical   and   52   biochemi-­‐
cal)   were   analyzed   to   idenƟfy   12   primary  
variables  for  age  esƟmaƟon.  While  the  staƟs-­‐
Ɵcal  analysis  method  was  sound,  the  physical  
significance   of   their   results  was   sƟll   open   to  
discussion.   For   example,   both   clinical   and  
instrumental  measurements  of  the  same  skin  
property  (such  as  crow’s   feet)  were   included  

in  the  formula  as  two  independent  variables,  
which  was  difficult  to  jusƟfy.  In  addiƟon,  both  
glycaƟon   (a   biochemical   parameter)   and   the  
degree  of  wrinkles  (a  clinical  parameter)  we-­‐
re   included   in   their   model.   Since   it   is   com-­‐
monly   believed   that   glycaƟon   is   the  
molecular   marker   for   the   clinical   signs   of  
aging  [10,  11],  lisƟng  both  of  them  as  separa-­‐
te  independent  variables  in  a  linear  equaƟon  
could   potenƟally   impair   the   validity   of   the  
model. 

Over   the   past   decade,   sophisƟcated   facial  
imaging   systems   have   been   developed   to  
measure  visual  properƟes  of  skin  using  image  
analysis  [12].  Our  skin  research  program  uses  
Amway-designed   Facial   Analysis   Computer  
EvaluaƟon  System  (F.A.C.E.S.)  which  has  been  
used   to   establish   an   infrastructure   of   more  
than   20   facial   imaging   centers   in   various  
countries  and  regions   throughout   the  world.  
Since   2007,   we   have   collected   images   from  
more   than   30,000   people   worldwide,   re-­‐
presenƟng  a  wide  range  of  ages  and  ethnici-­‐
Ɵes   in   both   genders.   This   vast   database   has  
allowed  us  to  analyze  mulƟple  visual  parame-­‐
ters   of   facial   skin   and   correlate   them   with  
age.   

Compared   with   the   studies   referenced  
above,   which   used   subjecƟve   or   mulƟple  
instrumental  methods   to   collect   age   related  
data,  exclusive  use  of   image  analysis   for  the  
quanƟficaƟon  of  the  visual  signs  of  aging  has  
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the  advantage  of  being  more  simple  than  the  
mulƟ-instrument   method   and   in   the   mean  
Ɵme   is  more  comprehensive   than   the  single  
measurement   technique.   In   this   report,   we  
describe  a  novel  model  correlaƟng  the  chro-­‐
nological   age   of   female   Asian   consumers  
with   a   list   of   objecƟvely   measured   visual  
parameters   of   facial   skin.   This   approach   es-­‐
tablishes  a  comprehensive  funcƟon,  the  skin  
youthfulness   index   (SYI),   calculated   using  
image   analysis   to   bridge   age   and   the   mea-­‐
sured   skin   properƟes.   A   special   focus   was  
placed   on   calculaƟng   meaningful   weight  
factors   for   each   of   the   skin   parameters   in  
order   to   improve   the   age   correlaƟon   and  
more   accurately   predict   skin   age   based   on  
visually  displayed  skin  condiƟons. 

EXPERIMENTAL 
Facial	
  imaging	
  system 

A   VISIA-CR®   System   (Canfield,   U.S.A.)   was  
used   to   capture   facial   images   under   five  
different   lighƟng   condiƟons   (standard,   flat,  
UV,   cross   polarized,   and   parallel   polarized).  
The   system   consisted   of   a   facial   imaging  
booth  with   eight   flashes   placed   at   different  
locaƟons   for   uniform   illuminaƟon,   a   Nikon  
200  SLE  camera,  and  a  set  of  standard  color  
plates.   The   camera   seƫngs   were   ISO100,  
f14,  and  “cloudy”  for  white  balance.  An  Am-­‐
way  proprietary  F.A.C.E.S.  soŌware  was  used  
to  control  the  image  capture  process.   

Study	
  Design 

From   our   image   database   of   more   than  
30,000   parƟcipants   collected   around   the  
world,   we   used   the   images   of   1,505   female  
volunteers   between   the   ages   of   20   and   60  
years   covering   four   Asian   countries   in   the  
East,   Far   East,   and   South   East   regions.   The  
selecƟon  was  made   to   have   exact  or  almost  
exact   ages   in   each   of   nine   age   groups   (e.g.  
volunteers   in   the  20,   25,   30,   35,   40,   45,   and  
50-   year-old  groups  were  exactly   at   the   clai-­‐
med   age,   while   the   55-year-old   group   con-­‐
sisted  of  volunteers  54  and  55  years  old,  and  
the  60-year-old  group  consisted  of  volunteers  
59,   60   and   61   years   old).   Our   large   image  
database   allowed   us   to   make   this   Ɵght   age  
selecƟon,   which   consequently   improved   the  
predictability  of  the  model  by  using  finer  age  

ranges   of   study   subjects.   Currently,   in   the  
literature   the   age   ranges   of   study   subjects  
are  usually  wide,  e.g.,  20s  (to  represent  sub-­‐
jects  aged  20  –  29  years),  30s   (30  –  39),  40s  
(40   –   49),   etc.   We   believe   more   accurately  
defined  age  ranges  help  to  construct  a  more  
accurate  mathemaƟcal  model.   Table   I   sum-­‐
marizes   the  age  and   the  count  of   the  volun-­‐
teer   populaƟon   included   in   this   study.   At  
least   100   subjects   in   each   age   group   were  
included  in  this  study,  which  provided  a  good  
approximaƟon   of   skin   property   distribuƟon  
of  the  general  populaƟon. 

All  parƟcipants  were  confirmed  by  means  of  
wriƩen   informed   consent.   Five   front   view  
images   of   each   study   volunteer   were   taken  
during   the   image   collecƟon   stage   aŌer   face  
washing   by   a   standardized   cleansing   proce-­‐
dure.   Using   proprietary   image   analysis   soŌ-­‐
ware,  visual  skin  properƟes  representaƟve  of  
aging  (wrinkles,  pores,  translucency,  redness,  
yellowness,   ITAo,   unevenness   of   skin   tone,  
and  surface  texture  parameters)  were  quanƟ-­‐
fied  from  the  set  of  captured  images.   

Image	
  analysis 

Parameters  obtained   through  F.A.C.E.S.   ana-­‐
lysis   

Amway’s   F.A.C.E.S.   and   other   proprietary  
image   analysis   algorithms   were   used   to   ob-­‐
jecƟvely   quanƟfy   facial   skin   properƟes   such  
as   wrinkle   score,   hyperpigmentaƟon   score,  
pore   count,   skin   color   parameters,   lightness  

of   skin   tone,   evenness   of   skin   tone,   skin  
translucency,  and  surface  texture  properƟes.  
All   images   were   first   color   corrected   using  
standard  color  plates  embedded   in  each  pic-­‐
ture   to   achieve   accurate   measurements   of  
skin   color   and   other   visual   skin   properƟes.  
The  automaƟc  feature  recogniƟon  algorithms  
generate   a   facial   mask   that   excludes   eye-­‐
brows,   eyes,   nostrils,   mouth,   and   terminal  
hair,  rendering  only  the  skin  surface  for  accu-­‐
rate  wrinkle,  pore,   and   subsurface  hyperpig-­‐
mentaƟon  analysis.  A   representaƟve  graphic  
output  of  the  facial  masks  is  shown  in  Figure  
1.   

Facial  wrinkle  analysis  was  performed   in   the  
enƟre   facial   area.   A   wrinkle   score   was   re-­‐
ported   which   reflected   both   the   number   of  
wrinkles   and   wrinkle   severity;   therefore,   a  
deep  wrinkle  would  be  equivalent  to  mulƟple  
smaller  wrinkles  lying  on  top  of  each  other  in  
one  locaƟon.  Skin  sub-layer  hyperpigmentaƟ-­‐
on   was   measured   from   the   UV   images   in  
which   areas   with   large   amounts   of   melanin  
deposiƟon  were  quanƟfied   to  produce  a  hy-­‐
perpigmentaƟon   score.   Facial   pores   were  
quanƟfied   in   the  selected   regions  of   interest  
that  included  the  nose,  upper  lip,  chin,    cheek  
areas   close   to   the   nose,   and   porƟon   of   the  
forehead   close   to   the   eyebrows.   The   output  
of   the   facial   pore   analysis   included   pore  
count  and  pore  area.   

Facial   skin   color   was   measured   using   the  
cross-polarized   images.   Regions   of   interest  
on   the   cheeks   and   forehead   were   created  
following   automaƟc   detecƟon   of   the   facial  
features   such   as   hairline,   eyes,   eyebrows,  
nose,   and   mouth.   Color   parameters   in   the  
RGB   color   space   were   obtained   from   the  
regions   of   interest   and   converted   to   the   L*,  
a*  and  b*  of  the  CIELAB  color  space  using  in-house  
developed   algorithms   in   ImageJ   (NaƟonal  
InsƟtutes  of  Health).  The  skin  individual  typo-­‐
logy   angle   (ITAo)   was   calculated   using   the  

Figure  1:     A  representative  graphic  output  (a  screenshot)  of  the  facial  masks  generated  by  
our  F.A.C.E.S.  analysis  software  showing  quantified  facial  skin  properties.  A=  wrinkles,  B=  
skin  sub-layer  hyperpigmentation,  and  C=  facial  pores. 

Table  I:  Age  and  Count  Distribution  of  the  Study  Participant  Population   
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measured   L*   and   b*   values.   Unevenness   of  
skin   tone   (U)  was  measured   as   the   variance  
of   pixel   intensity   in   each   region   of   interest.  
Skin   surface   texture   parameters  were   obtai-­‐
ned   from   the   region   of   interest   using   the  
Gray   Level   Co-occurrence   Matrix   (GLCM)  
staƟsƟcal   method,   a   built-in   funcƟon   of  
ImageJ.   Two   GLCM   parameters,   entropy   (E)  
and   inverse   difference  moment   (IDM),  were  
found   to  be   the  most   relevant   to  describing  
the  age-related   changes  of   skin   texture   pro-­‐
perƟes.   Entropy   is   a  measure  of   the  orderli-­‐
ness  of   the  surface  texture  paƩern.  The  skin  
with   more   fine   lines   and   wrinkles   oŌen  
shows   a   more   regular   parallel   paƩern   and  
would   therefore   result   in   higher   entropy  
values.  The  IDM,  on  the  other  hand,  indicates  
the   homogeneity   of   surface   texture   paƩern.  
A  uniform  surface  texture  paƩern  like  that  of  
young  skin  would  have  a  high  IDM  value. 

Skin  translucency,  a  quality  of  facial  skin  gre-­‐
atly   appreciated   in   Asian   culture,   was   mea-­‐
sured   by   using   both   cross-polarized   and   pa-­‐
rallel-polarized   images.   Skin   with   high  
translucency   is   perceived   by   consumers   to  
have  a  flawless   surface  appearance,  delicate  
texture,   subtle   subsurface   reflecƟon,   and   a  
rosy  glow.  Matsubara  et  al.  [13]  described  an  
image  analysis  method  to  quanƟfy  facial  skin  
translucency.  We  employed  a  modified  versi-­‐
on   of   this   method   by   quanƟfying   skin  
translucency   through   diffuse   reflecƟon,   as  
opposed   to   specular   reflecƟon   used   in  
Matsubara’s   study,   and   defined   a   skin  
translucency   index   based   on   the   average  
intensity  value  and  its  distribuƟon  in  each  of  
the  RGB  channels. 

DATA  ANALYSIS   
Data	
  type	
  and	
  range 

ProperƟes   of   the   10   objecƟvely   measured  
visual   parameters   of   facial   skin   are   summa-­‐
rized   in   Table   II.   The   extensive   properƟes  
such   as  wrinkles,   sub-layer   spots,   and   pores  
were  measured  in  the  whole  face  area,  while  
the   intensive   properƟes   such   as   color   and  
texture  were  measured  in  regions  of  interest  
on  both  cheeks. 

Statistical	
  analysis 

StaƟsƟcal  analysis  was  performed  using  JMP®  
10.0.0  staƟsƟcal  soŌware  (SAS  InsƟtute  Inc.).  
DistribuƟon   and   histogram   analyses   were  
performed  with   the  data  normality   test,  and  
ANOVA/Tukey-Kramer   analysis   was   used   for  
comparisons  of   the  means  of  skin  properƟes  
among  various  age  groups.   

Multiple	
  regression	
  analysis 

A  mulƟple  regression  analysis  was  performed  

using   JMP®   to   correlate  parƟcipant  age  with  
the  objecƟvely  measured   skin  parameters   in  
order   to   establish   a   linear   equaƟon   in   the  
following  form: 

where   I=   intercept;  C=   coefficient;  V=   value  

of  an  objecƟvely  measured  visual  parameter;  
and  i=  any  specific  parameter.   

Skin	
  youthfulness	
  index 

In   addiƟon   to   the   mulƟple   regression   me-­‐
thod,   we   established   a   new   model,   a   skin  
youthfulness   index   (SYI),   by   correlaƟng   the  
age  of   the   study  parƟcipants  with   the  mea-­‐
sured   parameters   of   their   facial   skin.   The  
following   requirements   were   considered   to  
define  the  SYI: 

x� A   single   comprehensive   index   that  
indicates   the   youthfulness   of   facial   skin  
and   is   correlated   inversely  with   people’s  

 

Figure  2:   
Flow  chart  for  calculation  of  weight  factors  of  the  objectively  measured  visual  parameters  of  
facial  skin.  r2:  coefficient  of  determination,  r:  correlation  coefficient,  rC:  critical  value  for  linearity  
test,  SYI:  skin  youthfulness  index,  SigCo:  significance  factor,  %MaxImp:  maximum  impact  
factor,  ImpactF:  impact  factor,  W:  weight  factor  and  i:  any  of  the  objectively  measured  visual  
parameter  of  facial  skin. 

Table  II:  Properties  of  objectively  measured  visual  parameters  of  facial  skin  
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chronological   age   (i.e.,   younger   people  
have   a   higher   index   value   and   older  
people  a  lower  value) 

x� An  index  that  is  affected  by  the  measured  
visual   parameters   in   a   linear   composite  
fashion   through   appropriately   defined  
weight  factors 

x� The   posiƟve   or   negaƟve   effect   of   each  
parameter  on  the  index  is  reflected  (i.e.,  
the   value  of   a  parameter   that   increases  
with   age   would   have   a   negaƟve  
influence  on  SYI,  whereas  the  value  of  a  
parameter   that   decreases   with  
increasing   aging   would   have   a   posiƟve  
effect). 

x� A  target  scale  for  the  index  of  0  –  100 

Based  on  these  consideraƟons,  the  following  
linear  composite  funcƟon  was  proposed: 

where  W=  weight  factor;  V=  value  of  an  ob-­‐
jecƟvely   measured   visual   parameter;   and    
i= any  specific  parameter  type.  The  constants  
N1  and  N2  are  factors  to  produce  SYI  values  
on  a  scale  of  0  –  100.  The  J  term  in  EquaƟon  
2  indicates  whether  a  parameter  has  a  posiƟ-­‐
ve   or   negaƟve   effect   on   SYI   where   J=   1   re-­‐
presents  a  posiƟve  effect  and  J=  -1  a  negaƟve  
effect.   For  example,   since  a  higher  age   indi-­‐
cates  a  lower  SYI  value,  an  increasing  wrinkle  
score  with  increasing  age  would  have  a  nega-­‐
Ɵve  effect  on  SYI. 

Weight	
  factor	
  calculation 

CalculaƟng   the   weight   factor   W   for   each  
visual  parameter  was  a  key  step  in  the  deve-­‐
lopment  of   the   index  and  was  performed  as  
outlined  in  the  flow  chart  shown  in  Figure   2.  
Basically,  the  coefficient  of  determinaƟon,  ri2,  
and  the  correlaƟon  coefficient,  ri,  were  obtai-­‐
ned  from  the  age  correlaƟon  plots  for  each  of  
the  10  visual  parameters  (Figures  3A  –  3J).  A  
linearity   test  was   conducted   by   determining  
a  criƟcal  value  for  the  correlaƟon  coefficient  
[14].  If  the  correlaƟon  of  a  parameter  passed  
the  linearity  test,  the  variable  was  considered  
meaningful  and  included  in  the  weight  factor  
calculaƟon.   A   significance   factor   was   then  
defined,  SigCo  =  (r2)2,  which  ranks  the  signifi-­‐
cance   of   the   contribuƟon   of   the   ten   visual  
parameters.   Then   a  maximum   impact   factor  
(%MaxImp)   was   defined   emphasizing   the  
level  of  influence  a  variable  has  as  it  changes  
with  age  (i.e.,  a  high  %MaxImp  indicates  that  
the  parameter  has  a  high   impact  on  the  SYI-
age   correlaƟon).   Then   the   impact   factor,  
defined   as   ImpactF,   was   calculated   as   the  
product   of   SigCo   and  %MaxImp.   Finally,   the  
weight   factor  was   calculated   by   normalizing  
the  impact  factor  in  a  unit  fracƟon  form.   

Age	
  prediction	
  from	
  SYI 

AŌer  a  funcƟon  of  SYI  is  obtained,  it  can  then  
be   correlated   with   the   study   parƟcipants’  
chronological   age   to   establish   an   SYI-age  
curve.   Such   a   curve   enables   us   to   examine  
the  goodness  of  fit  of  EquaƟon  2  by  compu-­‐
Ɵng  the  residual  sum  of  squares  ,  a  staƟsƟcal  
parameter,  between  each  group’s  actual  and  
calculated  age.  In  addiƟon,  this  SYI-age  corre-­‐
laƟon   allows   us   to   calculate   a   person’s   skin  
age   from   the   objecƟvely   measured   visual  
parameters  of  facial  skin,  as  discussed  later  in  
the  results  and  discussion. 

	
  Parameter	
  optimization 

To   idenƟfy   parameters   that   contribute  most  
meaningfully  to  SYI,  we  used  RSS  to  compare  
the  goodness  of  fit  in  the  SYI-age  correlaƟon.  

Using   EquaƟon   2,   the   individual   effect   of  
each  parameter  was  first  evaluated  to  idenƟ-­‐
fy   the   one   which   correlated   the   best   with  
age.   The   combined   effects   were   then   exa-­‐
mined  by  adding  other  parameters  one  aŌer  
another   to   EquaƟon   2.   Their   corresponding  
RSS  values  were  calculated  and  compared  to  
determine   if   the   age   correlaƟon  was   impro-­‐
ved. 

RESULTS  AND  DISCUSSION 
Effect	
  of	
  age	
  on	
  the	
  measured	
  visual	
  
parameters	
  of	
  skin	
   

It  has  been  well  documented  through  clinical  
grading   that   a   person’s   visual   signs   of   aging  

Figure   3:      Correlation   of   age   with   each   of   the   ten   objectively   measured   visual  
parameters.    3A:  wrinkle  score  (Wr),  3B:  count  of  sub-layer  spots  (S),  3C:  pore  count  (P),  
3D:  skin  translucency  index  (T),  3E:  skin  redness  (a*),  3F:  skin  yellowness  (b*),  3G:  skin  
tone  lightness  (ITAo),  3H:  color  unevenness  (U),  3I:  texture  orderliness  (E),  and  3J:  local  
homogeneity  (IDM). 
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increase  with  age   [15].   In   this   study,  we  ob-­‐
served  staƟsƟcally  a  significant  age  correlaƟ-­‐
on   for  each  of   the   ten  objecƟvely  measured  
visual   properƟes   (wrinkles,   pores,  
translucency,   redness,  yellowness,   ITAo,  une-­‐
venness   of   skin   tone,   and   surface   texture).  
Figure  3  shows  the  average  values  of  each  of  
the   visual   parameters   ploƩed   against   the  
parƟcipants’  chronological  age.   

The   average   wrinkle   score   increases   expo-­‐
nenƟally  with  increased  age  (Figure   3A).  This  
is,   to   our   knowledge,   the   first   Ɵme   such   a  
trend  has  been  reported.  Since  our  F.A.C.E.S.  
algorithms  include  both  number  and  severity  
of   facial   wrinkles   in   the   calculaƟon,   a   deep  
and  wide  wrinkle   is   represented   by  mulƟple  
single  wrinkle  lines  as  opposed  to  a  single  line  
color-coded   to   differenƟate   it   from   other  
smaller  wrinkles,  as  seen  in  many  commercial  
wrinkle-analysis  soŌware  packages.  We  belie-­‐
ve  an  exponenƟal  increase  in  facial  wrinkling  
over  age  displays  a  meaningful  progression  of  
the  aging  process  of  human  facial  skin.   

The   curve   in   Figure   3B   indicates   that   the  
amount  of  sub-layer  spots  increases  with  age.  
This   is   due   to   the   accumulaƟve   UV   damage  
acquired   during   life.   Figure   3C   shows   the  
average   number   of   visible   pores,   which   in-­‐
creases   steadily  with   age   and   reaches   a   pla-­‐
teau  aŌer  age  45.  While  it  is  difficult  to  argue  
that  the  pore  number  increases  with  age  in  a  
physiological   sense,   we   can   conclude   that,  
due   to   changes   in   skin   color   and   pore   size,  
facial   pores   become   more   easily   detectable  
with  age,  both  visually  and  with  image  analy-­‐
sis.   Facial   skin   translucency   decreases   with  
increasing  age  (Figure  3D)  and  levels  off  aŌer  
age   45.   
Younger   people   possess   higher   skin  
translucency,  as  their  skin  looks   less  dull  and  
exhibits   higher   diffuse   reflecƟon.   Therefore,  
the   color   components   in   the   subsurface   of  
skin  are  more  visible  in  younger  people.   

The  lightness  of  skin  tone,  as  defined  by  ITAo,  
decreases  steadily  with  increasing  age  (Figure  
3G),  indicaƟng  that  older  people  have  darker  
complexions,  which  agrees  with   the  trend  of  
changing   facial   skin   color   in   a   Caucasian   po-­‐
pulaƟon   [8].   One   component   of   ITAo,   b*  
which   is   a   measure   of   skin   yellowness,   in-­‐
creases  with   age   (Figure   3F),   indicaƟng   that  
older  people   in  general  have  more  yellowish  
skin  tone.  A  similar  trend  is  observed  for  skin  
redness  as   shown  by   the  a*  values   in  Figure  
3E.   

Unevenness  of  facial  skin  tone  increases  with  
age  due  to  discoloraƟon,  wrinkling,  and  other  
physiological   changes   (Figure   3H).   The   local  
homogeneity  of  skin  texture  (IDM)  decreases  
with  age,  while  the  orderliness  of  skin  texture  
(entropy)   exhibited   the   opposite   trend,   as  
shown  in  Figures  3J  and  3I.   

Age	
  correlation	
  by	
  multiple	
  regression	
  
analysis	
   

The  values  of  ten  objecƟvely  measured  visual  
parameters   were   fiƩed   to   EquaƟon   1   using  
the   mulƟple   regression   tool   in   JMP®.   AŌer  
examining  the  outcome  of  the  analysis,  three  
parameters   (STI,   b*,   and   IDM)  which   had   p-
values   larger   than   0.05   were   removed   from  
the   correlaƟon.   The   final   linear   equaƟons  
obtained  from  the  mulƟple  regression  analy-­‐
sis   correlated   the   parƟcipants’   age   with   se-­‐
ven   parameters  with   r2=   0.6277.   The   output  
of   the  mulƟple   regression   is   shown   in   Table  
III.   InserƟng  these  values   into  EquaƟon  1  we  
calculated   the   predicted   age   of   the   nine  
groups   of   Asian   female   volunteers   using   the  
average   values   of   these   visual   parameters.  
Figure   4   shows   the   correlaƟon  between   the  
actual   age   and   the   predicted   age   of   each  
group  with  RSS=  215.32.  Compared  with   the  
best   fit   line   (diagonal),   the   predicted   ages  
deviated   more   in   the   lower   and   higher   age  
groups.   The   largest   difference   between   the  
predicted  and  the  actual  age  was  8.0  years. 

Skin	
  youthfulness	
  index	
  and	
  its	
  correla-­‐
tion	
  with	
  age	
   

To  calculate  skin  youthfulness  index  (SYI),  we  
first  calculated  the  weight  factors  for  each  of  
these  ten  visual  parameters  by  following  the  
flow   diagram   described   in   Figure   2.   The   re-­‐
sults   are   shown   in   Table   IV   from  which   we  
can  see  that  skin  wrinkling  has  the  most  signi-­‐
ficant  effect  on  the  SYI.  This  is  due  to  the  fact  
that   it   is   closely   correlated  with   age   and   its  
change  over  age  is  the  largest  in  the  order  of  
magnitude.   This   agrees   with   the   common  
understanding  that  facial  wrinkling  is  a  signifi-­‐
cant   marker   for   skin   aging.   By   plugging   the  
objecƟvely  measured  visual  parameters  from  
each  of  the  9  age  groups  into  EquaƟon  2  we  
could   calculate   a   set   of   SYI   values   for   the  
corresponding   age   groups.   Then   by   correla-­‐
Ɵng  the  SYI  with  the  volunteers’  actual  age  a  
linear   funcƟon   was   obtained   which   allowed  
us   to   back-calculate   their   apparent   skin   age  
based   on   their   objecƟvely   measured   visual  
skin   parameters.   Table   V   summarizes   these  
results  together  with  the  difference  between  
the  predicted  and  the  actual  age  of  the  study  
volunteers.   The   goodness   of   fit   was   calcula-­‐
ted   from   this   table   and   a   RSS=   22.96   was  
obtained,  which   is  much   beƩer   than   that   of  
the  mulƟple  regression  method.   

Using   the   parameter   opƟmizaƟon   method  
described   above,   we   further   examined   the  
effect  of  each  visual  parameter  and  the  com-­‐
binaƟons  of  various  parameters  which  contri-­‐
bute  to  the  SYI-age  correlaƟon.  This  was  do-­‐
ne   by   finding   the   best   age   correlaƟon   (the  
least   RSS)   among   the   individual   parameters  
and   then  adding  more  parameters  one  aŌer  
another   to   idenƟfy   the   best   combinaƟon   at  
the  next  level.  Among  the  ten  individual  visu-­‐
al   parameters,   the   effect   of   wrinkle   score  
correlated   the   best   with   age   (RSS=   12.61).  
Adding  other  parameters  to  the  wrinkle  score  
and   screening   through  all   ten   parameters   at  
various  combinaƟons,  we  were  able  to  obtain  

Table   III:   Estimated   parameters   (I   &   Ci   in  
Equation  1)  using  multiple  regression  analysis 

Table  IV:  Weight  factors  for  Equation  2   Table   V:  Results  of  SYI  and  age  Calculation  
using  equations  2  &  3   
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Figure  4:   
Correlation  plot  of  the  predicted  and  actual  ages  of  nine  female  Asian  groups  
using  the  multiple  regression  method.  RSS:  residual  sum  of  squares,  a  measure  
of  the  discrepancy  between  the  actual  age  and  the  age  calculated  from  the  
regression  model.   

Figure  5:   
Effect  of  parameters  and  their  combinations  on  the  goodness  of  fit  of  the  SYI  model.  
The  RSS  value  for  wrinkles  alone  was  12.61,  high  out  of  the  chart  area.  As  more  
parameters  are  added  to  the  wrinkle  score,  RSS  starts  to  decrease  until  reaching  a  
minimum.  More  parameters  added  after  that  have  negative  effects  on  RSS  and  its  
value  starts  to  increase.  The  RSS  value  for  the  all  10  parameter  combination  was  
22.96,  high  out  of  the  chart  area.  The  minimum  point  of  a  5-parameter  combination  
represents  the  optimal  condition  for  the  SYI-age  correlation. 

Figure  6: 
Correlation  between  age  and  skin  youthfulness  index.  Solid  dots:  SYI  
values  calculated  (using  Equation  3)  from  the  5-  parameter  combination  
from  the  facial  skin  of  20,  25,  30,  35,  40,  45,  50,  55,  and  60-year-old  age  
groups.  Hollow  triangle:  calculated  SYI  of  the  28-year-old  age  group.  Hollow  
diamond:  calculated  SYI  of  the  38  year-old-age  group. 

Figure    8: 
Correlation  plot  of  predicted  and  actual  ages  using  the  skin  youthfulness  
index  function.  Solid  dots:  SYI  values  calculated  from  the  five  objectively  
measured  visual  parameters  of  facial  skin  for  the  20,  25,  30,  35,  40,  45,  50,  
55,  and  60-year-old  age  groups.  Hollow  triangle:  calculated  SYI  of  a  28-
year-old  group.  Hollow  diamond:  calculated  SYI  of  a  38-year-old  group. 

Figure  7: 
   
Distribution   of   the   skin  
youthfulness   index   (SYI)   in  
each   of   the   nine   age   groups  
of   the   Asian   female  
population.   The   numbers   in  
the   legend   indicate   group  
ages   in   years. 
The   SYI   distribution   shifts  
from  high   to   low   regions  with  
increasing  group  age. 
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the  opƟmal  parameter  combinaƟon  as  shown  
in  Figure   5.   From   the   chart  we   can   see   that  
by  combining  more  parameters  with  wrinkles  
a   beƩer   age   predicƟon   was   achieved   with  
decreasing   RSS   values   unƟl   a   point   where  
adding  more  parameters  started  to  influence  
the  SYI-age  correlaƟon  in  a  negaƟve  way.  This  
opƟmal   combinaƟon   involved   five   parame-­‐
ters:  wrinkle   score,   pores,   skin   translucency,  
yellowness,  and  color  unevenness.  Their  cor-­‐
responding  weight  factors  are   listed   in  Table  
IV   under   the  column  heading  of   “aŌer  para-­‐
meter  opƟmizaƟon”.   

With  the  above  results,  we  obtained  the  final  
equaƟon  for  the  SYI  calculaƟon:   

where   T=   translucency   index,   Wr=   wrinkle  
score,  P=  pore  score,  b*=  yellowness,  and  U=  
color  unevenness. 

Using  EquaƟon  3  and  the  values  of  the  objec-­‐
Ɵvely   measured   visual   parameters   of   facial  
skin,   we   calculated   SYI   values   from   the  

images   of   all   1,505   study   parƟcipants   in   the  
nine  age  groups  indicated  above.  The  average  
SYI   value   of   each   age   group   was   correlated  
with  the  chronological  age  of  the  study  parƟ-­‐
cipants,   as   shown   by   the   solid   dots   and   the  
regression   line   in   Figure   6   from   which   a  
strong   inverse   linear   correlaƟon   was   obser-­‐
ved  with   r2=   0.9959.   As   expected,   the   youn-­‐
ger   groups   have   higher   SYI   values  while   the  
opposite  holds  true  for  the  older  groups.   

The  correlaƟon  in  Figure   6  enables  us  to  cal-­‐
culate  a  person’s  apparent  age  based  on  the  
visual  parameters  objecƟvely  measured  from  
her   facial   images.  By  apparent  age  we  mean  
the  age  of  skin  which  has  visual  properƟes  of  
the   facial   skin   of   people   in   that   specific   age  
group.   This   age  might   be   different   from   the  
perceived   age,   as   the   laƩer   is   subjecƟve   in  
nature  and  strongly  influenced  by  the  percei-­‐
ver’s  knowledge,  experience,  preference,  and  
cultural  background.  Therefore,  when  we  use  
EquaƟon  3  to  predict  a  person’s  age  based  on  
the  measured  visual  parameters  of  facial  skin,  
we  say  the  subject  exhibits  a  skin  age  similar  
to   those   people   who   typically   possess   the  
same  level  of  visual  properƟes.  Higher   levels  
of   skin  aging  parameters   shown   in   the   facial  
images   would   result   in   lower   SYI   values,  
which  would  correspond  to  a  higher  apparent  
age.   

Figure   7   shows  the  normalized  SYI  distribuƟ-­‐
ons  for  each  of  the  nine  age  groups.  The  SYI  
values  for  all  1505  parƟcipants  ranged  appro-­‐
ximately   from   44   to   91,   with   higher   
values  corresponding  to  a  more  youthful  skin.  

From  these  plots  we  can  see  the  SYIs  for  the  
20-year-old   group   reside   in   the   high   value  
region.  With  an  increase  in  group  age,  the  SYI  
distribuƟons   shiŌed   toward   the   lower   value  
region,  diminishing  the  peak  value  from  72  to  
53.   These   distribuƟon   curves   show   how   pe-­‐
ople’s   SYI,   as   well   as   their   exhibited   visual  
properƟes  of  facial  skin,  change  with  age. 

ANOVA/Tukey-Kramer   tests  were   performed  
to  idenƟfy  significant  differences  in  SYI  distri-­‐
buƟons   between   the   different   age   groups.  
The   differences   in   SYI   values   between   any  
two   adjacent   age   groups   were   staƟsƟcally  
significant   at   a   95%   confidence   level   except  
those  between  the  40  and  45  and  the  55  and  
60   age   groups,   as   shown   by   the   p   values   in  
Table  VI.  Since  we  selected  study  parƟcipants  
who   are   at   the   same   exact   age   (or   almost  
same   exact   age)   for   each   of   the   nine   age  
groups   indicated   above,   the   results   of   these  
comparisons  became  meaningful.  For  examp-­‐
le,  from  Table  VI  we  can  say  with  confidence  
that  the  skin’s  visual  properƟes  and  its  youth-­‐
fulness   index   are   staƟsƟcally   different  
between   people   20   and   25   years   old.   They  
are  now  measureable  and  disƟncƟve  proper-­‐
Ɵes  of  skin.   

Validation 

To  validate  the  age  predictability  of  EquaƟon  
3,   we   selected   two   new   data   sets   from   a  
Southeast  Asian  populaƟon.  Facial   images  of  
104  female  volunteers  28  years  of  age  and  70  
females   38   years   of   age  were   analyzed.   The  
five   visual   parameters   were   measured   and  
inserted   into   EquaƟon   3   along   with   their  
corresponding  weight  factors  shown  in  Table  
IV.   The   resulƟng  SYIs   are   shown  by   the   hol-­‐
low  square  and  triangle,  respecƟvely,  in  Figu-­‐
re  6.  While  both  of  the  validaƟng  data  points  
fit   into   the  model  well,   the  average  value  of  
SYI  for  the  38-year-old  group  lies  almost  right  
on  the  regression  line  suggesƟng  an  excellent  
model  for  this  analysis. 

 

Age	
  prediction	
  using	
  measured	
  visual	
  
parameters	
  of	
  skin 

From   the   results  of   these  analyses  we  were  
able   to   calculate   skin   age   using   the   objec-­‐
Ɵvely   measured   visual   parameters   of   facial  
skin.  This  was  done  by  reploƫng  the  data  in  
Figure   6   to   show   a   dependence   of   age   on  
SYI.  Fiƫng  the  correlaƟon  to  a  linear  model,  
we   obtained   the   following   relaƟon   for   the  
predicƟon  of  a  person’s  apparent  age:   

where  SYI=  skin  youthfulness  index  calculated  
from   EquaƟon   3,   and   Age=   apparent   age   of  
any  study  parƟcipant. 

By   inserƟng   the   average   SYI   values   into   the  
equaƟon   we   were   able   to   calculate   the  
average  age  of  the  nine  age  groups.  Figure  8  
is   a   correlaƟon   plot   in   which   the   predicted  
ages   are   ploƩed   against   the   actual   ages   of  
the  nine  test  groups.  An  excellent  correlaƟon  

was  obtained  with  RSS=  6.07.  Comparing  the  
result  of  this  age  correlaƟon  with  that  of  the  
mulƟvariate   regression   analysis   (Figure   3),  
we  can  see  that  the  SYI  method  is  much  mo-­‐
re  effecƟve  at  predicƟng  the  skin  age  of  the  
populaƟon   in   this   study   than   the  convenƟo-­‐
nal   mulƟple   regression   method.   The   maxi-­‐
mum   age   deviaƟon   between   the   predicted  
and   the   actual   ages   was   1.3   years,   much  
smaller  than  the  8.0  years  from  the  mulƟple  
regression  method  for  the  same  populaƟon.   

The  results  from  the  SYI  analysis  also  show  a  
good   age   correlaƟon   and   can   be   used   for  
meaningful   age   predicƟon.   Using   the   data  
from  the  28  and  38-year-old  age  groups  used  
for  model  validaƟon,  we  calculated  the  appa-­‐
rent   ages   to   be   25.6   and   38.9,   respecƟvely.  
As   indicated   in   Figure   8,   the   differences   of  
2.4  and  0.9  years  between  the  actual  and  the  
calculated   ages   for   the   28   and   38-year-old  
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age   groups,   respecƟvely,   suggest   a   fairly   good  
age  prediction  capability. 

Concept	
  application	
   

The   SYI-age   correlaƟon   described   in   this  
study  may   provide   a   useful  method   for   the  
evaluaƟon   of   skincare   product   efficacy.   For  
any  given  clinical  study,  we  would  be  able  to  
analyze  both  before  and  aŌer  clinical  images  
to   objecƟvely  measure   the   five   visual   para-­‐
meters.   If   a   product   or   skincare   regimen  
were  to  demonstrate  a  skin  benefit,  such  as  
wrinkle   reducƟon   or   increase   in   skin  
translucency,   it  would  be  detected  by  image  
analysis   and   show   a   posiƟve   change   in   the  
corresponding   measurement   results.   When  
the  improved  values  are  inserted  into  EquaƟ-­‐
on   3,   the   corresponding   SYI   value   would  
show   an   increase   as   seen   in   Figure   6.   This  
increase   in   SYI   would   correspond   to   a   skin  
property   of   people   of   a   younger   age   group,  
i.e.,   a  decrease   in   calculated   skin  age.   Since  
all  measured  parameters  are   the  visual  pro-­‐
perƟes  of  facial  skin,  this  decrease  in  calcula-­‐
ted   skin   age   aŌer   product   treatment   could  
be   used   to   support   a   claim   that   the   facial  
skin   of   an   individual   appeared   measurably  
years  younger  aŌer  product  use.  Our  prelimi-­‐
nary   analysis   of   images   before   and   aŌer   a  
laser   resurfacing  procedure   indicated  a   very  
promising   reducƟon   in   the   calculated   age  
aŌer  treatment  (unpublished  data).   

CONCLUSIONS 
The   large   number   of   facial   images   obtained  
from   Asian   female   consumers   through   the  
Amway-exclusive   F.A.C.E.S.   program   allowed  
us  to  objecƟvely  measure  ten  different  visual  
properƟes  of  facial  skin  in  nine  age  groups.  A  
staƟsƟcally   significant   age   correlaƟon   was  
obtained   for   each   of   the   measured   visual  
parameters   of   skin.   Combining   the   objec-­‐
Ɵvely   measured   parameters   into   a   single  
funcƟon  enabled  us  to  establish  a  novel  index  
of   skin   youthfulness   (SYI),   which   quanƟta-­‐
Ɵvely   describes   the   aging   of   facial   skin.   An  
excellent   correlaƟon   was   obtained   between  
age   and   SYI,   providing   a   potenƟally   useful  
applicaƟon   to  establish   skin  product  efficacy  
and  substanƟate  new  product  claims. 
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INTRODUCTION  
While   acute   emoƟonal   stress   enables   ap-­‐
propriate   response   to   a   challenge,   chronic  
emoƟonal  stress  (from  job  strain,  sleep  depri-­‐
vaƟon,   etc.)   is   noxious,   driving   metabolic  
imbalance   (e.g.,   obesity)   and   diseases.   One  
upstream  key  mediator  of  emoƟonal  stress  is  
the   glucocorƟcoid   corƟsol,   the   hormone   of  
the   hypothalamic-pituitary-adrenal   axis.   Cor-­‐
Ɵsol  has  a  dual  effect  on  white  adipose  Ɵssu-­‐
e,   increasing  energy  expenditure  on   the  one  
hand   (fat   mobilizaƟon)   and   dramaƟcally  
boosƟng   appeƟte   and   food   intake   on   the  
other  (fat  storage).  While  acute  levels  of  cor-­‐
Ɵsol  are  catabolic,  promoƟng  energy  substra-­‐
te   release   (weight   loss),   sustained   corƟsol  
generated   by   chronic   emoƟonal   stress   was  
shown   to   promote   anabolism   in   adipose  
Ɵssue,   in   parƟcular   by  promoƟng  abdominal  
fat   accumulaƟon   [1]   and   development   of  
insulin   resistance.   Chronic   corƟsol   anabolic  
acƟon  is  also  noƟceable  in  Cushing  syndrome  
paƟents   with   chronic   high   levels   of   corƟsol  
associated  with   a   central   obesity   phenotype  
[2].   Peripheral   corƟsol   producƟon   may   be  
involved,   since   overexpression   of   11-ß-
hydroxysteroid   dehydrogenase   type   1   (11-ß-
HSD),   an   enzyme   that   catalyzes   corƟsol   for-­‐
maƟon   in  adipocytes,  correlates  with  central  
fat  accumulaƟon  [3]. 

Some   in   vitro   experiments   have   shown   that  
corƟsol   impairs   the   viability   of   sympatheƟc  
nerves   [4,   5];   it   is   thus   possible   that   corƟsol  
weakens  brain   –  white  adipose  Ɵssue  nerve-
borne  communicaƟon.  It  is  now  well  establis-­‐
hed   that   sympatheƟc   innervaƟon  of   adipose  
Ɵssue  plays  an  important  role  in  the  manage-­‐
ment   of   fat   stores   by   delivering   the   white  
adipose   Ɵssue   neuromediators  
(catecholamines,   neuropepƟde   Y,   …)   that  
modulate  adipocyte  metabolism   [6].   Interes-­‐
Ɵngly,   in   vivo   surgical   impairment   of   white  
adipose   Ɵssue   innervaƟon   was   shown   to  
reduce   lipolysis  and  promote   fat  accumulaƟ-­‐

on  [7].   

To  test  the  hypothesis  that  sympatheƟc  ner-­‐
ve   alteraƟon   is   involved   in   the   chronic   cor-­‐
Ɵsol  adipogenic  effect,  we  have  set  up  sever-­‐
al  in  vitro  models.  To  invesƟgate  the  effect  of  
corƟsol   on   neurons,  we   used   the   PC12  neu-­‐
ronal   cell   line,   which   acquires   the   secretory  

paƩern   of   sympatheƟc   neurons   upon   sƟmu-­‐
laƟon   with   the   growth   and   survival   factor  
nerve  growth  factor  (NGF),  and  expresses  the  
glucocorƟcoid   type   II   receptor   [6].   Conse-­‐
quences   for   adipocyte   metabolism   were   as-­‐
sessed   with   PC12   neurons–   3T3-L1   adi-­‐
pocytes  cell  communicaƟon  studies.  Finally,  a  
neuroprotecƟve   ingredient,   pyrogluta-­‐
mylamidoethyl  indole  (pGT),  able  to  enhance  
NGF   signaling   (“neurotrophic-like”   effect),  
was  evaluated  in  these  models  to  test  if  neu-­‐
roprotecƟon   can   limit   the   adipogenic   effect  
of  corƟsol.   

EXPERIMENTAL 
Cell	
  cultures	
   

Neuronal  PC12  cells  were  isolated  from  a  rat  
pheochromocytoma   and   are   considered   a  
well   established   model   of   sympatheƟc   neu-­‐
rons   [8].   They   were   grown   in   RPMI-1640  
(Invitrogen,  Carlsbad,  CA,  USA),  5%   fetal   calf  
serum      (Invritrogen),   10%   HS   (Invitrogen)   at  
37°C/5%  CO2.  For  condiƟoned  medium  expe-­‐
riments,   cells   were   differenƟated   using   70  
ng/ml  of  NGF  (Invitrogen).  Murine  3T3-L1  pre
-adipocyte  cells,  were  grown  in  DMEM  4.5  g/l  
glucose   (Invitrogen),   10%   fetal   calf   serum  at  
37°C/5%  CO2  [9].    The  differenƟaƟon  process  
was   induced  on  confluent  pre-adipocytes  for  
13   days,   according   Green   and   Meuth   [10]  
with   slight   modificaƟons:   phase   1:   3   days  
with  IBMX  (Sigma,  St.  Louis,  MO,  USA),  dexa-­‐
methasone   (Sigma)  and   insulin   (Sigma)   follo-­‐
wed  by  phase  2:  10  days  with  insulin. 

Cortisol	
  treatment	
  of	
  PC12	
  cells 

Cells  were  incubated  for  5  days  in  the  presen-­‐
ce  of  a   low  concentraƟon  of  NGF   (10  ng/ml)  
to  induce  differenƟaƟon.  CorƟsol  (Sigma)  100  
nM  was  added  in  the  presence  or  absence  of  
pyroglutamylamidoethyl   indole   [6].   At   the  
end  of   the   incubaƟon  period,   the   cells  were  
fixed  with   95%   EtOH   and   5%   aceƟc   acid   for  
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GlucocorƟcoids,  which   are   key   actors   during  
emoƟonal  stress,  may  behave  as  strong  pro-­‐
moters   of   appeƟte   and  weight   gain   (mainly  
abdominal).   Moreover,   glucocorƟcoids   may  
have  a  detrimental   impact  on  the  sympathe-­‐
Ɵc  innervaƟon  that  is  known  to  be  involved  in  
management  of  the  body  fat  stores.  Therefo-­‐
re,   crosstalk  between  adipose  Ɵssue  and   the  
nervous   system   is   of   crucial   importance   for  
lipid   mobilizaƟon.  We   observed   that   on   the  
one   hand   glucocorƟcoids   alter   neuronal   de-­‐
velopment,   antagonizing   neurotrophic   pro-­‐
perƟes  of  NGF,  and  on  the  other  hand  affect  
the  neuroendocrine  acƟvity  of   adipocytes  by  
decreasing   NGF   secreƟon   and   promoƟng  
adipogenesis.   We   set   up   a   monocompart-­‐
ment   co-culture   system   where   adipocytes  
and   neuronal   cells   are   closely   in   contact   in  
order  to  assess  the  effects  of  a  glucocorƟcoid  
increase  on  this  interplay.  First,  we  show  that  
lipolysis   improvement   is   related   to   neuronal  
network   development   (a   high   neurotrophic  
supply   correlates   with   more   efficient   lipoly-­‐
sis).   Then,  we   show   that   increased   exposure  
of  this  co-culture  to  glucocorƟcoids  results   in  
an   altered   neuronal   network   and   decreased  
lipolysis.   Pyroglutamylamidoethyl   indole,   a  
cosmeƟc   ingredient   endowed  with   neurotro-­‐
phic   properƟes   and   potenƟaƟng   NGF   sig-­‐
naling,   proved   to   be   effecƟve   in   limiƟng   the  
glucocorƟcoid-dependent  lipolysis  decrease. 
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10   min   at   -20°C.   Cells   were   then   incubated  
with   the   primary   anƟbody   ß-tubulin   (Sigma)  
followed   by   incubaƟon   with   the   labeled   se-­‐
condary   anƟbody   Alexa   Fluor   488  
(Invitrogen). 

Cortisol	
  treatment	
  of	
  adipocytes 

3T3-L1   cells  were   differenƟated   into  mature  
adipocytes  as  described  before  in  absence  or  
presence   of   corƟsol   during   phase   2.   Phase-
contrast   photographs   of   the   cells   were   ac-­‐
quired  on  day  13. 

Quantiϐication	
  of	
  NGF	
  secretion 

3T3-L1   cells  were   differenƟated   into  mature  
adipocytes   over   13   days   and   treated   with  
corƟsol  for  24  h.  NGF  secreƟon  was  assessed  
by   ELISA   (NGF   Emax   Immunoassay   System,  
Promega,  Madison,  WI,  USA). 

Lipolysis	
  assessment	
   

CondiƟoned  media  experiments 

PC12  cells  media  of  a  “weakly  or  highly  deve-­‐
loped”   neuriƟc  network  were  harvested  and  
added  to  mature  adipocytes.  Glycerol  release  
was   assessed   by   ELISA   assay   3   days   aŌer  
lipolysis  inducƟon. 

Monocompartment  co-cultures   

PC12  cells  were  seeded  on  3T3–L1  adipocytes  
3  days  aŌer   the  beginning  of  differenƟaƟon.  
A   low   concentraƟon   of   NGF   (10ng/ml)   was  
added  to  improve  neuronal  development  and  
corƟsol  or   pGT  were   added   as   indicated   the  
scheme.  Basal   lipolysis  was  measured  3  days  
aŌer  removal  of  insulin  and  washing  the  cells  
from   any   treatment.   Glycerol   release   was  
quanƟfied  using  the  Adipocyte  Lipolysis  Assay  
kit   for   3T3-L1   (ZenBio,   Research   Triangle  
Park,  NC,  USA). 

RESULTS 
Neuron	
  to	
  adipocyte	
  cell	
  communication	
  
test	
  system 

In  a  first  set  of  experiments,  we  examined  the  
effect  of  PC12  neuroendocrine  acƟvity  on  the  
adipocyte  metabolic  acƟvity  of  white  adipose  
Ɵssue.  A  cell  communicaƟon  test  system  was  
set   up   where   culture   media   collected   from  
PC12  cells  (“condiƟoned”  media)  were  added  
to   mature   adipocytes   (differenƟated   3T3-L1  
adipocytes).   The   adipocyte   lipolyƟc   acƟvity  
was   then   assessed   by   the   dosage   of   the  
amount   of   glycerol   released   in   the   culture  
media.   As   expected,   lipolysis   was   enhanced  
in  mature   3T3-L1   adipocytes   exposed   to   the  
“condiƟoned   medium”   from   PC12   cells  
(Figure   1).   We   noƟced   that   the   lipolysis   in-­‐
crease   was   proporƟonal   to   neuriƟc   network  

development  (Figure  1).  The  higher  the  dose  
of   NGF   is,   the   higher   the   neuronal   develop-­‐
ment,   and   lipolysis   inducƟon   (Figure   1).  We  
obtained   some   evidence   that   norepinephri-­‐
ne,   a   potent   ß-adrenergic   agonist,   is   one   of  
the   lipolyƟc  effectors   released  by  PC12  cells,  
but  we  cannot  rule  out  that  other  factors  are  
involved.   

Bidirectional	
  cell	
  communication	
  test	
  
system 

In  white   adipose  Ɵssue,   innervaƟon   is  main-­‐
tained   by   the   host   Ɵssue,   e.g.   adipocytes  
produce   growth   factors,   in   parƟcular   neuro-­‐
trophins,  that  act  directly  on  neurons  to  sup-­‐
port   their   growth,   metabolic   acƟvity   and  
survival.   Among   those   factors   involved   in  
sympatheƟc   innervaƟon   development   and  
maintenance   is   the   neurotrophin   NGF   [11].  
Its  direct  involvement  was  shown  by  injecƟng  
NGF   anƟbodies   into   perinatal   mammals,   re-­‐
sulƟng   in  complete  destrucƟon  of  peripheral  
sympatheƟc  and  sensory  neurons  [12].   

To  study  this  important  dialog  between  white  
adipose   Ɵssue   and   nervous   endings,   we   de-­‐
signed   a   co-culture   system   where   mature  

Figure   1:   PC12  cell-conditioned  medium  increases   lipolysis.  ß-tubulin   immunofluorescence  on  
PC12  cell  cultures.  Lipolysis   is  assessed  by  the  dosage  of  glycerol   released   in  mature  3T3-L1  
adipocyte  medium.   

Figure   2:   Sympathetic   neuron-adipocyte   co-
culture.  PC12  neuronal  cells  (stained  in  green:  ß
-tubulin)   differentiate   in   the  presence  of  mature  
adipocytes   (staining   of   lipid   droplet   in   orange  
with   Nile   red).   Cell   nuclei   are   stained   in   blue  
(DAP  I). 

 

Figure  3:  Chemical  structure  of  the  neuro-
protective  molecule  pyroglutamylamidoethyl  indole  
(pGT). 

Scheme 
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adipocytes  loaded  with  lipids  (fully  differenƟ-­‐
ated   3T3-L1   cells)   produce   the   survival   and  
growth  factors  (chiefly  NGF)  that  enable  neu-­‐
ron  (PC12  cell  line)  development  and  survival  
(producƟon  of  nerve  extensions)  (Figure  2).   

In  this  test  system,  there   is  bidirecƟonal  adi-­‐
pose   –   neuronal   cell   communicaƟon,   and  
endocrine  acƟvity  of  the  neurons  may  modu-­‐
late  adipocyte  metabolism.  We  evaluated  the  
effect  of   a   specific  molecule,  pGT   (Figure  3),  
which   potenƟates   NGF   signaling   and   neuro-­‐
trophic  support  [13].   

We   found   that   lipolysis   increased   with   the  
addiƟon  of  increasing  concentraƟons  of  pGT,  
as  evidenced  by  increasing  amounts  of  glyce-­‐
rol   in   the  co-culture  medium  (Figure  4).  This  
supports  the  hypothesis  that  improved  survi-­‐
val  and  metabolic  acƟvity  of  the  sympatheƟc  
neurons   to   adipose   Ɵssue   increases   the   so-
called  “sympatheƟc  lipolyƟc  drive”. 

Effect	
  of	
  cortisol	
  on	
  neurons 

When   corƟsol   was   added   to   PC12   cells   cul-­‐
ture  media  we   found   that   it  was   neurotoxic  
at   relaƟvely   low   doses,   and   that   at   non-
cytotoxic   concentraƟons   corƟsol   could   anta-­‐
gonize   the   effect   of   NGF,   inhibiƟng   neuriƟc  
network   development   (Figure   5B).   AddiƟon  
of  pGT  limited  the  deleterious  effects  of  cor-­‐
Ɵsol   on   neuronal   network   formaƟon   dose  
dependently  (Figure  5C,  5D). 

Effect	
  of	
  cortisol	
  on	
  pre-adipocyte	
  diffe-­‐
rentiation	
  into	
  mature	
  adipocytes	
   

In  a  separate  set  of  experiments,  we  analyzed  
the   direct   effect   of   corƟsol   on   adipogenesis.  
Under  our  condiƟons,  corƟsol  sƟmulated  3T3
-L1  pre-adipocyte  differenƟaƟon,   resulƟng   in  
a   greater   number   of   mature   adipocytes  
(hyperplasia).  Lipid  droplets  were  smaller  but  
more   adipocytes   seem   to   present   these  
droplets   (Figure   6),   which   is   in   agreement  
with   the   in   vivo   observaƟon   in   the  presence  
of   elevated   corƟsol   levels   [14].   Regarding  
corƟsol-induced   lipolysis,   we   observed   no  
significant   increase   in   basal   lipolysis   for   cor-­‐
Ɵsol-treated  adipocytes  (data  not  shown). 

Effect	
  of	
  cortisol	
  on	
  NGF	
  support	
  of	
  neu-­‐
rons	
   

AddiƟon   of   corƟsol   to   mature   3T3-L1   adi-­‐
pocytes   decreases   their   NGF   producƟon  
(Figure   7).      The   same   result   was   obtained  
when   3T3-L1   pre-adipocytes   were   exposed  
to   corƟsol   (data   not   shown).   These   data  
suggest   that   the   local   supply   of   NGF   provi-­‐
ded  by  white  adipose  Ɵssue  adipocytes  may  
be   altered   in   response   to   emoƟonal   stress,  
and  thus  sympatheƟc  nerve  endings  may  be  
deprived  of  survival  factors  locally.   

Figure  5:  Reversal  of  the  NGF-antagonizing  effect  of  cortisol  by  pGT. 
ß-Tubulin  immunofluorescent  staining  (green)  of  PC12  cells;;  A)  control  cells  with  NGF  (10  ng/
ml),  B)  cells  with  NGF  (10  ng/ml)  +  cortisol  (100  nM),  C)  cells  with  NGF  (10  ng/ml)  +  cortisol  
(100  nM)  +  pGT  (0.25  mg/ml),  D)  cells  with  NGF  (10  ng/ml)  +  cortisol  (100  nM)  +  pGT  (0.5  mg/
ml).   

Figure  6:  Effect  of  cortisol  on  pre-adipocyte  differentiation. 
3T3-L1  cells  were  differentiated  into  mature  adipocytes  over  13  days  in  the  absence  or  
presence  of  cortisol   

Figure  4: 
pGT  improves  PC12  cell-induced  lipolysis  in  a  adipocyte  –  neuron  co-culture  system.  
Evaluation  of  lipolysis  by  the  amount  of  glycerol  released  into  the  co-culture  medium. 
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Effect	
  of	
  cortisol	
  on	
  neuron	
  –	
  adipocyte	
  
crosstalk	
   

To   confirm   that   corƟsol   affects   neuronal-
adipocyte   crosstalk,   it   was   added   to   our   in  
vitro   monocompartment   co-culture   system  
where  PC12  cells  are  seeded   in  contact  with  
differenƟated  adipocytes.  AŌer  10  days  of  co
-culture   in   the   presence   of   corƟsol,      strong  
inhibiƟon  of  neuriƟc  network   formaƟon  was  
noƟceable   (Figure   8)   indicaƟng   that   corƟsol  
affects   neurotrophic   signaling   by   decreasing  
supply   of   NGF   by   adipocytes   and   antagoni-­‐
zing  its  effect  on  neuronal  cells.   

In   line  with  our  findings  with  monocompart-­‐
ment   co-cultures,   glycerol   quanƟficaƟon  
revealed  that  basal  lipolysis  was  less  efficient  
when   the   co-culture   was   « stressed »   with  
corƟsol  (Figure  9).  AddiƟon  of  pGT  to  the  co-
culture   medium   could   limit   the   effects   of  
corƟsol.   Neurotrophic   support   was   preser-­‐
ved,  as  evidenced  by  a  well-developed  neuri-­‐
Ɵc  network  (Figure  8),  and  lipolysis  improved  
(Figure  9). 

CONCLUSION 
We  obtained  a  set  of  coherent  experimental  
results   showing   that   corƟsol,   the   central  
messenger   of   chronic   stress,   opposes   fat  
mobilizaƟon   and   sƟmulates   adipogenesis,  
which  echoes  a  number  of  clinical  reports  on  
the   consequences   of   chronic   emoƟonal  
stress  on  body  fat  accumulaƟon  and  distribu-­‐
Ɵon.  Our  results  support  the  hypothesis  that  
corƟsol-induced  impairment  of  white  adipose  
Ɵssue  innervaƟon  contributes  significantly  to  
its   effects   on   fat   accumulaƟon,   and   that  
“neurotrophic   support”,  e.g.   local  protecƟon  
of   white   adipose   Ɵssue   sympatheƟc   nerve  
endings,   may   bring   some   appreciable   be-­‐
nefits.  We  could  show  that  a  cosmeƟc  ingre-­‐
dient  (pGT)  can  protect  sympatheƟc  innerva-­‐
Ɵon  of  white  adipose  Ɵssue  locally  from  chro-­‐
nic   corƟsol-induced   damage,   and   therefore  
might   limit  metabolic   imbalance   and   fat   ac-­‐
cumulaƟon   caused   by   chronic   emoƟonal  
stress. 
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INTRODUCTION 
Liquid-type   base   makeup   products   such   as  
liquid   foundaƟons,   makeup   bases   and  
sunscreens   are   required   to   not  only   conceal  
skin   imperfecƟons   but   also   provide   long-
lasƟng  performance.  The  ingredients  of  liquid
-type  base  makeup  cosmeƟcs   include  water,  
oil,   pigment,   surfactant   and   polymer.   With  
pigments   like   Ɵtanium   dioxide,   iron   oxide  
and   zinc   oxide   hydrophobic   surface-
treatment   is   preferable   because   it   gives  wa-­‐
ter-repellency  and  provides  a  strong  makeup  
film   against   sweat.   Hydrophobically   surface-
treated  pigments  easily  disperse   into  oil  and  
are  usually  used   in  water-in-oil   (W/O)  emul-­‐
sions   (Figure   1(a)).   However,   convenƟonal  
W/O   type   cosmeƟcs   containing   a   large  
amount  of  oil  feel  greasy  when  applied  to  the  
skin.   The   O/W   type   is   generally   superior   in  
smoothness   and   freshness   at   the   first   touch  
of  applicaƟon. 

If   hydrophobically   surface-treated   pigments  
can   be   dispersed   sufficiently   in   oil-in-water  
(O/W)   emulsions,   a   fresh   feel   and  water   re-­‐
sistance   can   be   obtained   at   the   same   Ɵme.  
Hydrophobically   surface-treated   pigments  
have  a  low  affinity  to  water  and  need  a  large  
amount  of  hydrophilic  surfactant  to  disperse  
in   water   adequately.   However,   hydrophilic  
surfactants   in   emulsions   cause   makeup   to  
come   off   on   the   skin   due   to   a   re-
emulsificaƟon   by   sweat.   Therefore,   use   of  
hydrophilic   surfactants   should   be   avoided.  

Without  hydrophilic  surfactants,  hydrophobi-­‐
cally   surface-treated   pigments   tend   to   exist  
in  the  oil  phase  as  a  suspension.  If  the  hydro-­‐
phobicity,  aggregability  and/or  specific  gravi-­‐
ty   of   the   disperse   phase   is   high   (these   de-­‐
pend  on  the  composiƟon),  fine  and  stable  O/
W  emulsions   like   those   shown   in   Figure1(b)  
are   difficult   to   obtain.  Highly   effecƟve   inter-­‐
facial   and   rheological   stabilizaƟon   mecha-­‐
nisms  are  needed.  In  today’s  market,  most  of  
the   O/W   emulsions   containing   pigments  
include  hydrophilic  surfactants.  Although  the  
stability  of  these  emulsions  is  adequate,  their  
water-repellency  is  poor.   

Thickening  polymers  are  effecƟve  for  rheolo-­‐
gical  modificaƟon  of  the  conƟnuous  phase  in  
emulsions   and   used   as   a   stabilizer.   Water-
soluble   thickening   agents   can   reduce   the  
amount   of   hydrophilic   surfactant   in   O/W  
emulsions.  However,  their  ability  to  decrease  
interfacial   tension   is   low   and   this   leads   to  
large   emulsified   parƟcles.   Moreover,   water-
soluble  thickening  polymers  such  as  polyacry-­‐
lic   acid   lose   their   thickening   ability   when  
combined  with   zinc   oxide   pigments   because  
the   ions   on   the   surface   of   zinc   oxide   pig-­‐
ments   (caƟon)   affect   the   carboxylic   acid  
groups  (anion)  of  the  polymers  and  aggrega-­‐
tes  are  formed  [1,  2].  Therefore,  an  invenƟve  
approach  is  necessary  in  order  to  obtain  high  
dispersibility  and  stability. 

We   directed   our   aƩenƟon   to   salt-resistant  
hydrogels   as   an   O/W   type   emulsifier   and  

stabilizer,   focusing   on   a   hydrogel-forming  
agent,   hydrophobically-hydrophilically   modi-­‐
fied   hydroxyethylcellulose   (HHM-HEC   [3],  
INCI:   Sodium   Stearoxy   PG-Hydroxy-
ethylcellulose  Sulfonate,  Figure  2).  HHM-HEC  
is  an  amphiphilic,  strongly  acidic  polyelectro-­‐
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ABSTRACT 
Hydrophobically   surface-treated   pigments  
were   dispersed   and   stabilized   in  O/W  emul-­‐
sions   using   a   hydrogel-forming   polymer,  
hydrophobically-hydrophilically   modified  
hydroxyethylcellulose   (HHM-HEC).   Emulsion  
stability   was   obtained   mainly   with   a  
thixotropic   and   elasƟc   HHM-HEC   hydrogel.  
AddiƟon   of   a   small   amount   of   lipophilic  
surfactant   improved   the   dispersibility   of   the  
emulsified   parƟcles.   The   salt   resistance   of  
HHM-HEC   enabled   formulaƟon  of   zinc   oxide  
microparƟcles   which   have   an   ultraviolet  
scaƩering  effect.   

Specific   combinaƟons   of   surface-treatment  
agents   and   oils   created   fine   emulsions   and  
offered   funcƟonal   performance.   Use   of   flu-­‐
orochemical   surface   treatment   and   fluorine  
oil   provided   sebum   resistance,   and   use   of  
alkylsilane  surface  treatment  and  ultraviolet-
absorbing   oils   improved   the   dispersibility   of  
emulsified  parƟcles  in  sunscreens. 

These   emulsions   had   both   a   fresh   feel   and  
long-lasƟng   performance   on   the   skin   and  
could   find   pracƟcal   applicaƟon   as   base  
makeup  cosmeƟcs. 

Figure  1:  Emulsions  including  hydrophobically  surface  treated  pigments Figure  2:  Structure  of  HHM-HEC 
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lyte  with  a  high  molecular  weight  that  forms  
three-dimensional   network   structures   in  
water  and  emulsifies  various  kinds  of  oil  wit-­‐
hout   using   hydrophilic   surfactant   [4].   In   this  
study   we   dispersed   various   kinds   of   hydro-­‐
phobically   surface-treated   pigments   in   O/W  
emulsions   using   HHM-HEC.  We   also   invesƟ-­‐
gated  the  dispersibility  and  worked  on  impro-­‐
ving  performance  by  changing  the  agent  used  
for   surface-treatment   of   pigments.   Finally,  
this   system  was   then   applied   to   actual   pro-­‐
ducts.   

EXPERIMENTAL 
Materials	
   

Polymers:   HHM-HEC   (analyƟcal   grade)   was  
synthesized  at  Kao  CorporaƟon,  Tokyo,  Japan  
[5].   HHM-HEC   is   a   high   molecular   weight  
polysaccharide   which   introduces   hydro-­‐
phobic  alkyl  chains  and  hydrophilic  sulfonate  
groups.   Two   types   of   HHM-HEC   (Table   I)  
were   used.   Thickening   properƟes   of   these  
HHM-HECs   are   similar   (Figure   3).   HMPAA  
(hydrophobically   modified   polyacrylic   acid,  
INCI:   Acrylates/C10-30   Alkyl   Acrylate   Cross-­‐
polymer)   was   purchased   from   The   Lubrizol  
CorporaƟon,  Ohio,  USA. 

Oils:   Squalane,   dimethylpolysiloxane  
(viscosity:  6mm2/s  (non-volaƟle)  and  2mm2/
s   (volaƟle)),   ethylhexyl   methoxycinnamate,  
perfluoroalkylether   silicone   and   perfluoro-­‐
polymethylisopropyl   ether   were   purchased  
from   Kishimoto   Special   Liver   Oil   Co.   Ltd.,  
Tokyo,   Japan,   Shin-Etsu   Chemical   Co.,   Ltd.,  
Tokyo,   Japan,   BASF   SE,   Ludwigshafen,   Ger-­‐
many,   Kao   corporaƟon,   Tokyo,   Japan   and  
Solvay   Solexis,   Brussels,   Belgium,   respec-­‐
Ɵvely. 

Hydrophobically   surface-treated   pigments:  
Metal   oxide   pigments   (Table   II)   covered   by  
each   surface-treatment   agent   (N-
octyltriethoxysilane   [OTS],   methylhydrogen-­‐
polysiloxane   [SI]  and  perfluoroalcohol  phos-­‐
phates  [PF])  were  purchased  from  and  supp-­‐

lied   by   Daito   Kasei   Kogyo   Co.,   Ltd.,   Osaka,  
Japan   and   Miyoshi   Kasei   Inc.,   Saitama,   Ja-­‐
pan.   The   surface   structures   of   these   pig-­‐
ments   are   listed   in   Table   III   [6].   The   pig-­‐
ments  were  pulverized  before  use. 

Surfactants:   Isostearyl   glyceryl   ether  
(HLB=2.5)  and  polyoxyethylene  (20)  sorbitan  
monostearate   (HLB=14.9)   were   supplied   by  
Kao  CorporaƟon,  Tokyo,  Japan.   

Methods 

PreparaƟon  of   emulsions:   A  mixture   of   oils,  
surfactants  and  pigments  was  dispersed  with  
a   high-speed   disperser   at   2500   rpm   for   10  
min.  Then  the  mixture  was  added  to  an  HHM
-HEC   aqueous   soluƟon   with   sƟrring   with   a  
propeller   mixer   (Three-one   motor,   SHINTO  
ScienƟfic  Co.   Ltd.,  Tokyo,   Japan)  at  400  rpm  
for  5  min.  AŌer  pre-mixing,  the  mixture  was  
sƟrred   with   a   laboratory   homomixer  
(ROBOMICS   f-model,   PRIMIX,   Osaka,   Japan)  
at   5000   rpm   for   10   min.   The   mixture   was  
defoamed  with  a  vacuum  defoaming  appara-­‐
tus. 

Viscosity  measurements:  Viscosity  was  mea-­‐
sured  with  a   viscometer   (TVB-10,  Rotor  No.  
3  and  4,  6  rpm,  Toki-Sangyo,  Tokyo,  Japan).     

OpƟcal  measurements:  Photomicrographs  of  
the   emulsions   were   taken   using   a   photo-­‐
microscope   (VHX-2000,   KEYENCE,   Osaka,  
Japan). 

SEM   measurements:   Cryo-SEM   images   of  
the   emulsions   were   obtained   with   a   scan-­‐
ning   electron   microscope   (JSM   6301,   JEOL  
Ltd.,   Tokyo,   Japan).   The   sample  was   cooled  
to  −150  °C  and  then  fractured  with  a  micro-­‐
tome   knife.   The   samples  were   viewed   aŌer  
etching   for   30   s   -   1   min   at   −100   °C.   The  
sample  was  also  viewed  with  a   low  vacuum  
SEM   (LV-SEM   JSM-6610,   JEOL   Ltd.,   Tokyo,  
Japan). 

Droplet   size   measurements:   Droplet   size  
distribuƟon   was   determined   using   a   laser  
scaƩering   parƟcle   size   distribuƟon   analyzer  
(LA-920,  HORIBA  Ltd.,  Kyoto,  Japan) 

Figure  3:  Thickening  curves  of  HHM-HEC  
(A)  and  (B) 

Table  III:  Kinds  of  surface  treatement  used  in  this  work 

Table  I:  HHM-HEC  samples  used  in  this  work 

Table  II:  Metal  oxide  pigments  used  in  this  work 
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Contact   angle  measurement:   Samples   were  
applied   to   polyurethane   arƟficial   skins   (3  
mg/cm2)  and  dried  for  3  hours  before  mea-­‐
surement.   The   contact   angles   of  water   and  
squalane   droplets   were   measured   using   a  
contact   angle  meter   (CA-X,  Kyowa   Interface  
Science,   Saitama,   Japan).   The   contact   angle  
value   on   the   arƟficial   skin   was   correlated  
with  the  value  on  bare  skin. 

SedimentaƟon   velocity   measurements:   The  
suspension  height   in   a   glass   tube  was  mea-­‐
sured   by   an   opƟcal   analyzer   (TURBISCAN  
MA2000,   Formal   AcƟon,   L’Union,   France).  
The  rate  of  sedimentaƟon  per  hour  (%/hour)  
was  calculated  using   the  height   values  aŌer  
two  hours. 

WeƩability  measurement:  0.1  g  of  pigments  
was  put  on  the  surface  of  20  g  of  an  acetone  
aqueous   soluƟon   or   an   oil   medium   with  
sƟrring,  and  absorpƟon  of  the  pigments  into  
the   medium   was   observed.   The   solubility  
parameter   (SP)   of   the   pigment   surface   was  
calculated  from  an  acetone  concentraƟon  at  
which  the  pigments  were  absorbed  and  sank  
to   the   boƩom   according   to   the   following  
formula  [8]. 

SP  =  (23.3A+9.75B)/(A+B)  (A  is  acetone  volu-­‐
me  (ml)  and  B  is  water  volume  (ml)) 

Rheological   measurements:   Rheological  
measurements   were   carried   out   using   a  
rheometer  (MCR301,  Cone  plate:  D=50  mm,  
cone  angle=2°,  PHYSICA  Messtechnik  GmbH,  
StuƩgart,  Germany)  at  25oC.   

SPF  test:   in  vitro  SPF  tesƟng  was  performed  
with  a  UV  transmiƩance  analyzer  (UV-2000S,  
Labsphere,   North   SuƩon,   USA)   based   on  
ISO24443. 

Sensory   test:   15   trained  panelists   evaluated  
the  feel  of  a  prototype  formula  during  appli-­‐
caƟon  to  the  face. 

Long-lasƟng  effect  test:  A  prototype  formula  
and   a   commercial   product   were   applied   to  
the   leŌ  and  right  side  of  a  woman’s   face   to  
give  the  same  appearance.  AŌer  5  hours,  10  
trained   panelists   evaluated   the   appearance  
of  the  makeup  on  the  leŌ  and  right. 

Water-resistance   test:   In   vitro   SPF   values  
were  measured  before  and  aŌer   immersion  
in   water.   Samples   were   applied   to   PMMA  
plates  and  the  plates  aƩached  to  a  propeller  
and  rotated  in  a  5  L  water  bath  for  15  minu-­‐
tes  at  a   speed  of  150  rpm.  AŌer   immersion  
the  plate  was  dried  for  15  minutes.  [9] 

RESULTS  AND  DISCUSSION 
Formulation	
  and	
  stabilization	
  with 
HHM-HEC 

HHM-HEC   forms   a   hydrogel   by   self-
associaƟon  of  the  alkyl  chains  in  water.  Figu-­‐
re  4   (a)  and  (b)  show  the  elasƟc/viscous  mo-­‐
duli  and  yield  value  of  an  aqueous  soluƟon  of  
HHM-HEC(B)   as   a   funcƟon   of   concentraƟon.  
It   changes   from   viscous   fluid   to   elasƟc   gel  
above   0.6   wt   %.   The   yield   value   increased  
gradually.   

SI   surface-treated   pigments   (mixture   of   Ɵta-­‐
nium  dioxide,  iron  oxide  and  zinc  oxide)  were  
held   at   the   interface   or   within   silicone   oil  
parƟcles   surrounded   by   HHM-HEC   hydrogel  
(Figure  5(a)  and  (b)).  Although  the  density  of  
the   emulsified   droplets   was   high   and   they  
tended   to   sink,   stable   emulsions   (stable   for  
more  than  one  month)  were  obtained   in  the  
concentraƟon   range   above   0.6   wt   %   where  
an  elasƟc  network  structure  is  formed  (Figure  
6). 

The  upper  limit  of  the  HHM-HEC  concentraƟ-­‐
on  is  about  1.0  wt%  because,  above  this  con-­‐

Figure  4:  a)  Dynamic  frequency  sweep  at  y=1%  (elastic  modules  =  closed  symbols,  viscous  
modules   =   open   symbols)      and   b)   yield   value   of   HHM-HEC(B)   aqueous   solution   as   a  
function  of  concentration) 

Figure   5:  a)  Photomicrograph  and  b)  SEM  images  (Cryo-SEM,  LV-SEM,  x2000)  of  HHM-
HEC   o/w   emulsion   containing   hydrophobically   surface   treated   pigments.   (HHM-HEC(B)  
0.3wt%,   dimethylpolysiloxane   10wt%,   dimethylpolysiloxane   (volatile)   10%   and   SI   surface  
treated  pigment  (mixture  of  titanium  dioxide,  ion  oxide  and  zinc  oxide)  10wt%) 

Figure   6:  HHM-HEC  emulsions  at   five  days  after  preparation  as  a  function  of  HHM-HEC  
concentration.(Dimethyl-polysiloxane  20wt%  and  SI  surface  treated  pigments  10wt%) 
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centraƟon,  the  texture  of  the  emulsion  beco-­‐
mes   too   thick   to   homogenize   and   apply   to  
the  skin. 

The   diameter   of   emulsified   parƟcles,   inclu-­‐
ding   hydrophobically   surface-treated   pig-­‐
ments,  was  large  (approximately  20  μm)  and  
such  an  emulsion  was   inferior   in  appearance  
especially   in   the   case   of   the   highly   colored  
emulsions.   However,   the   parƟcle   size   was  
remarkably   reduced   to   <5μm   by   adding   a  
small  amount  of  lipophilic  surfactant  without  
phase   inversion  occurring.  This  phenomenon  
was   explained   in   previous   reports   [10]   as  
follows;   “It   is   derived   from   the   decrease   of  
the   interfacial   tension   between   the   oil  
droplets   and  water,   and   the  gel   structure  of  
HHM-HEC   in   the   conƟnuous   phase”.   The  
lipophilic   surfactant   is   limited   to   a   low   con-­‐
centraƟon  in  order  to  avoid  a  sƟcky  feel. 

Figure  7  shows  the  decrease  in  viscosity  of  an  
aqueous  soluƟon  of  acrylic  polymer  (HMPAA)  
with  addiƟon  of  a  salt.  In  contrast,  the  associ-­‐

aƟon  of  alkyl  chains  in  HHM-HEC  was  slightly  
enhanced  by  addiƟon  of  CaCl2.  HHM-HEC  did  
not  form  aggregates  with  metal   ions  such  as  
Ca2+   and   Zn2+   even   at   high   concentraƟons  
[11].   Therefore,   the   dispersion   of   pigments,  
parƟcularly  zinc  oxide,  became  possible  [12].  
MicroparƟcles   of   zinc   oxide   are   effecƟve   in  
scaƩering  ultraviolet  rays.   

Dispersibility	
  and	
  performance	
  impro-­‐
vement	
  by	
  varying	
  the	
  surface-
treatment	
  agents	
   

In   O/W   emulsions   using   HHM-HEC,   hydro-­‐
phobically   surface-treated   pigments   exist   in  
oil   droplets.   SomeƟmes   the   emulsions   show  
aggregaƟon  of  pigments  and  low  dispersibili-­‐
ty   because   the   amounts   of   HHM-HEC  
(rheology   modifier)   and   lipophilic   surfactant  
(interfacial-tension   effect)   are   limited.   It   de-­‐
pends  on   the  kind,  amount  and   composiƟon  
of  the  pigments  and  oils.  Therefore,  different  
kinds   of   surface-treatment   agents   for   pig-­‐
ments   and   oil   were   examined   in   order   to  
improve  the  stability  and  homogeneity  of  the  
emulsions.   Surface-treatment   agents   also  

allowed  more  funcƟonal  properƟes  such  as  a  
long-lasƟng  appearance  and  protecƟon   from  
ultraviolet  rays. 

Three   types   of   surface-treated   (OTS,   SI   and  
PF)   pigments   (mixture   of   Ɵtanium   dioxide,  
iron  oxide  and   zinc  oxide)  were   dispersed   in  
four   kinds  of  oil   (squalane,   dimethylpolysilo-­‐
xane,  perfluoroalkylether  silicone  and  perflu-­‐
oropolymethylisopropyl   ether).   The   dispersi-­‐
bility   of   pigments   in   these   suspensions   was  
visually   evaluated   and   the   sedimentaƟon  
velociƟes   were   measured.   The   results   are  
shown   in  Figure   8   and  Table   IV.  OTS  and  SI  
surface-treated  pigments  had  higher  dispersi-­‐
bility   in   squalane   and   dimethylpolysiloxane  
than  PF  surface-treated  ones.  The  suspension  
of   PF   surface-treated   pigments   in   fluoroche-­‐
mical   oils   (perfluoroalkylether   silicone   and  
perfluoropolymethylisopropyl   ether)   also  
showed  high   dispersibility   [13].   Dispersibility  
is   thought   to  be  promoted  when  the  affinity  
of  pigments  to  oil  is  high.   

Next,  these  combinaƟons  of  oils  and  surface-
treated   pigments   were   emulsified   in   HHM-
HEC   hydrogels.   Photomicrographs   and   the  
emulsified  parƟcle  sizes  of  the  emulsions  are  
shown   in   Figure   9.   The   parƟcle   sizes   were  
different  among  the  kinds  of  oil  depending  on  
the   interfacial   tension   between   the   oil   and  
water.   For   the   same   type   of   oil   highly   dis-­‐
persible   surface-treated   pigments   gave   finer  
O/W  emulsions. 

Table  V  compiles  the  skin  feel  on  applicaƟon  
and   the   stability  of  prototype  makeup  bases  
composed  of  a  HHM-HEC  O/W  emulsion  with  
specific   combinaƟons   of   surface-treated   pig-­‐
ment   and   oil.   The   use   of   silicone   oil   was  
effecƟve   in   providing   a   fresh   and   light   feel.  
The   combinaƟon   of   PF   surface-treated   pig-­‐
ments   and   perfluoropolymethylisopropyl  
ether   caused   sedimentaƟon   of   emulsified  
parƟcles   because   the   specific   gravity   of   the  
oil   is   high   [14].   Thus,   perfluoroalkylether  
silicone  oil  is  beƩer  for  actual  use. 

The  water  and  oil   repellency  of   these  emul-­‐
sions  obtained  with  a  contact  angle  measure-­‐
ment  are   shown   in  Figure   10.   In   the  case  of  
O/W   type   emulsions   with   non-surface-

Table   IV:   Sedimentation   rate   (%/hour)   of   pigments   in   the   dispersions   of   Fig.   8.   (Dispersion:  
surface   treated  pigments   (mixture  of   titanium  dioxide,   ion  oxide,   zinc  oxide)   in   four   kinds  of   oil.  
(5wt%  pigments  in  oil  medium) Figure   7:  Effect  of  CaCl2  concentration  on  

viscosity   of   aqueous   solutions   of   HHM-
HEC(A)  and  HMPAA 

Figure   8:   Photomicrographs   of   a   dispersion   of   surface   treated   pigments   (mixture   of  
titanium  dioxide,  ion  oxide,  zinc  oxide)  in  four  kinds  of  oil.  (5wt%  pigments  in  oil  medium) 
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treated  pigments  and  3.0%  of  the  hydrophilic  
surfactant   (polyoxyethylene   (20)   sorbitan  
monostearate   (HLB=14.9)),   the   water   repel-­‐
lency   is   45   degrees.   The  HHM-HEC  emulsion  
with   a   combinaƟon   of   SI   surface   treatment  
and   dimethylpolysiloxane   improved   water  
repellency.   The   combinaƟon   of   PF   surface  
treatment   and   a   fluorochemical  oil   had   high  
repellency  against  both  water  and  oil.  A  sen-­‐
sory   test   of   a   fluorine-type   HHM-HEC   O/W  
liquid  foundaƟon  clearly  indicated  the  feel  of  
an  O/W  emulsion   (Figure   11).  The   test   for  a  
long-lasƟng   effect   revealed   that   the   HHM-
HEC   O/W   liquid   foundaƟon   achieved   the  
same  level  as  a  commercial   long-lasƟng  type  
W/O  (fluorine  type)  liquid  foundaƟon  (Figure  
12). 

To   improve   the   product,   a   high   degree   of  
protecƟon  from  ultraviolet  rays  was  desirab-­‐
le.   However,   some   ultraviolet-absorbing   oils  
such   as   ethylhexyl   methoxycinnamate   are  
highly   polar   and   cause   a   phase   separaƟon  
when   mixed   with   silicone   oils.   Microphoto-­‐
graphs   of   OTS   and   SI   surface-treated   pig-­‐
ments   (Ɵtanium  dioxide,   iron   oxide   and   zinc  
oxide)   dispersed   in   a   mixture   of   ethylhexyl  
methoxycinnamate  and  dimethylpolysiloxane  
are   shown   in   Figure   13.   The   dispersibility  of  
the  OTS  surface-treated  pigments  was  beƩer  
than   the   SI   surface-treated   pigments.   SI  
surface-treated   pigments   seem   to   aggregate  
in  the  oil  parƟcles  (ethylhexyl  methoxycinna-­‐
mate)  or  at  the  interface  between  ethylhexyl  
methoxycinnamate   (parƟcles)   and   dimethyl-­‐
polysiloxane   (outer  phase).   The   sedimentaƟ-­‐
on  rates  of   the  parƟcles   in   these  dispersions  
are  listed  in  Table   VI.  However,  they  include  
an  oil  parƟcle  sedimentaƟon  rate  and  do  not  
express  pigment  aggregability  itself.  Therefo-­‐
re  we  evaluated  the  dispersibility  of  pigments  
in  immiscible  oils  only  using  the  microphoto-­‐
graphs.   The   difference   in   dispersibility  
between   OTS   and   SI   surface-treated   pig-­‐
ments  is  considered  to  result  from  the  weƩa-­‐
bility  of  the  pigments  because  the  aggregabi-­‐
lity  of  the  dried  pigments  is  almost  the  same.   

The   surface   solubility   parameters   (SP)   of  
these   surface-treated   pigments   are   listed   in  
Table   VII.   These   results   indicate   that   OTS  
surface   treatment   is  more  hydrophobic   than  
SI.   Actually,   OTS   surface-treated   pigments  
were   absorbed   into   ethylhexyl   methoxycin-­‐
namate   (polar   oil)   more   slowly   than   the   SI  
surface-treated   pigments.   OTS   surface-
treated   zinc   oxide,   the   most   hydrophobic  
(highly   treated)   of   these   pigments,   is  mainly  
dispersed   in  dimethylpolysiloxane  and  show-­‐
ed   less   aggregability   in   ethylhexyl   me-­‐
thoxycinnamate.   SI   surface-treated  pigments  
were   less   hydrophobic   and  weƩable   in   both  
ethylhexyl  methoxycinnamate   and   dimethyl-­‐
polysiloxane   and   showed   enhanced   formaƟ-­‐

Figure   9:   Photomicrographs   of   HHM-HEC   o/w   emulsions   including   hydrophobically  
surface  treated  pigments  (HHM-HEC(B)  0.3wt%,  oil  20wt%  and  surface  treated  pigments  
(mixture  of  titanium  dioxide,  ion  oxide,  zinc  oxide)  10wt%) 

Table  V:  Sensory  feeling  and  stability  of  the  prototype  makeup  bases  composed  of  o/w  emulsions  
using   specific   combinations   of   surface   treatment   agent   and   oil.   (HHM-HEC  0.3wt%,   oil   10wt%,  
dimethylpolysiloxane   (volatile)   10wt%,   isostearyl   glyceryl   ether   0.5wt%,  hydrophobically   surface  
treated  pigments  10wt%) 

Table   VI:  Sedimentation   rate   (%/hour)  of   the  particles   in   the  dispersion  of  Fig.  11.   (Dispersion:  
surface   treated   pigments   (5wt%)   in   a   mixture   of   ethylhexyl   methoxycinnamate   (24wt%)   and  
dimethylpolysiloxane  (71wt%) 

Table  VII:  Surface  solubility  parameter  (SP)  of  the  surface  treated  pigments 
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on   of   aggregates   at   the   interface   between  
oils. 

In  general,  an  alkyl  moiety  has  a  high  affinity  
to  hydrocarbon  (nonpolar  and  polar)  oils,  and  
a   silicone  molecule   has   a   high   affinity   to   si-­‐
licone  oils  and  low  affinity  to  polar  oils.  How-­‐
ever,  in  this  case  SI  surface-treated  pigments  
showed   higher   weƩability   in   ethylhexyl   me-­‐
thoxycinnamate   than   OTS   surface-treated  
pigments.   This   makes   it   unlikely   that   the  
difference   in   the   weƩablility   of   these   pig-­‐
ments   is   due   solely   to   the   kinds   of   surface-
treatment   material   used   and   suggests   that  
the  weƩability   of   these   pigments   is   affected  
by  the  surface  coverage  or  the  surface  rough-­‐
ness.   In   other   words,   either   untreated  
surfaces   remain  on   the  pigments   in   the  case  
of   SI   surface   treatment   or   nanostructures  
formed  by  OTS  surface  treatment  repel  polar  
oils.   The   surface   structure   analysis   is   a   sub-­‐
ject  for  further  invesƟgaƟon. 

We  prepared  O/W  emulsions   including  both  
dimethylpolysiloxane   and   ethylhexyl   me-­‐
thoxycinnamate  using  HHM-HEC.  The  state  of  
emulsions   using   the   two   types   of   surface-
treatment  agent  is  shown  in  Figure  14.  When  
SI   surface-treated   pigments   were   used,   the  
emulsion   showed   pigment   aggregaƟon   and  
larger   emulsified   parƟcles.   On   the   other  
hand,  OTS  surface-treated  pigments  gave  fine  
and   even   emulsions.   The   creaming   level   of  
the   emulsions   with   OTS   surface-treated   pig-­‐
ments   was   lower   than   than   those   with   SI  
surface-treated   pigments.   These   results   de-­‐
monstrate   that  high  pigment  dispersibility   in  
an  oil  medium  produces  fine  HHM-HEC  O/W  
emulsions.   The   dispersibility   is   derived   from  
the  weƩablility  of  the  pigments. 

 

 

An   in   vitro   SPF   test   was   performed   for   the  
formula   listed   in   Table   VIII   and   the   value  
measured  was  22.7±2.2.  The  in  vitro  percen-­‐

tage   measured   for   the   water   resistance   of  
this  formula  was  90.9  %  ±  11.4  %.  This  emul-­‐
sificaƟon   system  could   therefore  potenƟally  
provide   water-resistant   O/W   type  
sunscreens. 
 
 

CONCLUSION 
The   characterisƟc   associaƟve   thickening  
properƟes   of   HHM-HEC   and   control   of   the  
pigment  surface  treatment  enabled  prepara-­‐
Ɵon  of  a  superior  O/W  type  formulaƟon.  The  
weƩability   and   aggregability   of   pigments   in  

Figure   10:     Water  and  oil   (squalane)  repellency   test  by  measurement  of  contact  angle.   (HHM-
HEC   emulsions:   HHM-HEC(B)   0.3wt%,   oil   10wt%,   dimethlypolysiloxane   (volatile)   7wt%,  
isostearyl  glyceryl  ether  0.5wt%,  surface  treated  pigments  15wt%) 

Figure  11:    Sensory  test  of  the  prototype  o/w  (fluroine  type)  liquid  foundation. 
(prototype  o/w:  HHM-HEC  0.3wt%,  perfluoralkylether  silicone  10wt%,  dimethlypolysiloxane  (volatile)  
20wt%,  isostearyl  glyceryl  ether  0.7wt%,  PF  surface  treated  pigments  15wt%) 

Figure  12:    Long-lasting  effect  test  of  the  prototype  o/w  in  Fig.  11  against  the  commercial  w/o  (fluorine  
type)  liquid  foundation.  (commercial  w/o:  polyether  modified  silicone  0.4wt%,  perfluoralkylether  silicone  
10wt%,  volatile  oil  30wt%,  ethylhexyl  methoxicinnamate  3wt%  and  PF  surface  treated  pigments  
20wt%) 

Table  VIII:  Composition  of  the  emulsion  tested  in  SPF  measurement 
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oil   media   were   important   factors   for   dis-­‐
persibility.  With  this  formulaƟon  a  fresh  feel,  
high  water  and  oil  repellency  and  protecƟon  
from  ultraviolet  rays  were  all  achieved  at  the  
same  Ɵme.  They  are  considered  to  be  useful  
in   an  environment  of  high   temperature  and  
humidity.  In  addiƟon,  this  type  of  emulsion  is  
sustainable   because   it   contains   a   small  
amount   of   oils.   These   findings   and   techni-­‐
ques  have  been  uƟlized   in  pracƟcal   applica-­‐
Ɵons.   First,   a   silicone-type   sunscreen   pro-­‐
duct   was   launched.   Fluorine-type   makeup  
bases   and   liquid   foundaƟons   followed.  
Presently,   there   are   many   types   of  
sunscreens  based  on  this  formulaƟon  on  the  
market,   and   the   range   is   conƟnually   expan-­‐
ding. 
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Figure   14:      Photomicrographs   of   a   HHM-HEC   o/w   emulsion   including   hydrophobically  
surface  treated  pigments.  (HHM-HEC(B)  0.3wt%,  dimethyl  polysiloxane  16.5wt%,  ethylhexyl  
methoxycinnamate  3wt%,  isostearyl  glyceryl  ether  0.5wt%,  surface  treated  pigments  10wt%) 

Figure   13:      Photomicrographs   of   a   dispersion   of   surface   treated   pigments   (5wt%)   in   a  
mixture  of  ethylhexyl  methoxycinnamate  (24wt%)  and  dimethyl  polysiloxane  (71wt%) 
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INTRODUCTION 
Recently,   the   field   of   proteoglycans   has  
emerged  as  an   important  class  of  basement  
membrane   components   presenƟng   major  
biological  and  structural  properƟes.   In  addi-­‐
Ɵon   to   their   involvement   in   epidermal/
dermal   aƩachment,   these   components   of  
the   dermal-epidermal   juncƟon   play   crucial  
roles   in   biological   events   such   as   adhesion,  
migraƟon,   proliferaƟon   and   differenƟaƟon  
of   keraƟnocytes   [1].   Perlecan,   one   of   the  
main  well-characterized  basement  membra-­‐
ne   heparan   sulfate   proteoglycans,   is   crucial  
for   skin   homeostasis   and   for   the   terminal  
differenƟaƟon   of   keraƟnocytes.   Despite  
findings   showing   that   the   perlecan   gene   is  
expressed   in   both   keraƟnocytes   and   fib-­‐
roblasts,  the  perlecan  localized  in  the  dermal
-epidermal   juncƟon   is   produced   by   kera-­‐
Ɵnocytes   [2].   Dystroglycan,   which   is   pro-­‐
duced  by  both  keraƟnocytes  and  fibroblasts,  
is  described  as  a  major  perlecan  partner.   

DramaƟc   changes   occurring   in   the   skin  
during   the   chronological   aging   process   lead  
to   altered   epidermal   and   endothelial   base-­‐
ment  membranes  with  an  increase  in  capilla-­‐

ry  permeability  and  fragility  [2,  3].  Sher  et  al.  
(2006)   showed   that   exogenous   addiƟon   of  
perlecan   restores   the   ability   of   perlecan-
deficient  keraƟnocytes  to  form  fully  differen-­‐
Ɵated   epidermis   [2].   Recent   experiments  
confirmed   these   results   by   showing   that  
exogenous  perlecan  has  the  ability  to  restore  
an   altered   basement   membrane   produced  
by   aged   keraƟnocytes   [4].   Findings   in   the  
literature  led  us  to  ask  whether  perlecan  and  
dystroglycan   expression   was   modified   with  
aging  and  whether  age-related  modificaƟons  
can  be  related  to  a  lack  of  funcƟonal  proper-­‐
Ɵes   of   the   skin   with   aging.   Then,   using   a  
specific   in-house   screening  method,  we  cor-­‐
rected  perlecan  and  dystroglycan  expression  
in  different  culture  systems. 

EXPERIMENTAL 
Monolayer	
  cultures 

Normal   human   keraƟnocyte   monolayers  
were  established   from  skin   specimens   isola-­‐
ted   during   plasƟc   surgery   (50-year-old   paƟ-­‐
ent  -  retrieved  from  the  Biological  Resources  
Center-Hospices   Civils   de   Lyon   (BCR-HCL,  
Lyon,  France)  and  grown  in  KeraƟnocyte  SFM  

medium   (PRF   Life   Technology   Invitrogen,  
Cergy   Pontoise,   France).   Human   microvas-­‐
cular  endothelial  cells  (HMVEC)  were  purcha-­‐
sed  and  cultured  in  EMG2-MV  (Lonza,  Basel,  
Switzerland).   

Plate	
  immunoassay	
  method	
  for	
  perlecan	
  
and	
  dystroglycan	
  expression	
  in	
  kera-­‐
tinocytes	
  and	
  endothelial	
  cells 

Human   microvascular   endothelial   cells   and  
keraƟnocytes   from   50-year-old   donors   were  
seeded   in   96-well   plates   unƟl   80%   con-­‐
fluence.   Cells   were   fixed   with   PBS/   parafor-­‐
maldehyde   2%,   permeabilized   with   PBS/  
Triton  X100  0.5%  and  uncovered  with  chond-­‐
roïƟnase  ABC  0.5  %  and  hepariƟnase   I  0.5%.  
AŌer  a  saturaƟon  step  with  PBS/  BSA  1%  for  
60   min,   anƟbodies   were   incubated   90   min  
either   with   anƟ-perlecan   anƟbody   (2.5   mg/
mL,   clone  3G166,  Novus  Biological,   LiƩleton,  
USA),  or  anƟ-dystroglycan  anƟbody  (4  mg/ml,  
sc-28535,   Tebu   Bio,   Le   Perray-en-Yvelines  
Cedex,   France).   Secondary   anƟbodies   were  
FITC   goat   anƟ-mouse   (7.5   mg/ml,   115-095-
146,   Jackson   Immunoresearch,   Marseille,  
France)   and   FITC  mouse   anƟ-rabbit   (15  mg/
ml,   442220,   Interchim,   Montluçon,   France).  

RestoraƟon  of  Both  Epithelial  and  Endothelial  Perlecan  /  
Dystroglycan  Expressions  by  Polygonum  bistorta  Induces  
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ABSTRACT 
Perlecan   is   one   of   the   main   well-
characterized   basement   membrane   heparan  
sulfate  proteoglycans  (HSPGs),  playing  a  role  
in  epidermal  morphogenesis.  Dystroglycan   is  
considered  a  major  perlecan  partner.  Drama-­‐
Ɵc   changes   occurring   within   epidermal   and  
endothelial  basement  membranes  during  the  
chronological   aging   process   lead   to   an   im-­‐
paired   epidermis   and   capillary   fragility.   Fin-­‐
dings   in  the   literature,   led  us  to  ask  whether  
expression  of  perlecan  and  dystroglycan  were  
modified  with  aging.   

We   showed   immunohistochemically   on   a  
cohort   of   36   human   biopsies   that   perlecan    
expression  decreased  in  both  epithelial  and   

 

endothelial   basement   membranes   during  
aging.   We   confirmed   these   results   in   a  
proprietary   skin   equivalent   model   and   at  
gene  expression  levels  in  keraƟnocytes  and  in  
endothelial   cells   from   different   volunteers  
aged   from  17   to  75   years   (data  not   shown).  
Based   on   proteomic   screening   on   kera-­‐
Ɵnocytes   and   endothelial   cells,   Polygonum  
bistorta   root  extract  was  selected  because   it  
was  able  to  induce  perlecan  and  dystroglycan  
expression.   We   also   used   immunoflu-­‐
orescence   to   show   that   Polygonum   bistorta  
extract   increased   Claudin-5   expression   in  
endothelial   cells,  demonstraƟng  an   improve-­‐
ment  in  their  cohesion. 

 

Finally,  to  prove  the  in  vivo  effects  of  Polygo-­‐
num   bistorta,   we   performed   an   in   vivo   test  
with   45   volunteers   with   a   dull   complexion.  
AŌer  applicaƟon  of  a  formulaƟon  with  1%  of  
Polygonum   bistorta   root   extract   the   skin   of  
the  volunteers  was  more  radiant  and  showed  
fewer   crow’s   feet.   Moreover,   the   skin   con-­‐
trast  and  skin  homogeneity  were  improved. 

Altogether,   this   study   reinforces   findings   on  
the  role  of  perlecan  in  epidermal  homeostasis  
and   further   reveals   its   implicaƟon   for   age-
related  epidermal  disorders. 
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Fluorescence   was   detected   with   a   specific  
plate  reader  with  an  excitaƟon  at  485  nm  and  
emission  at  528  nm.  The  results  were  norma-­‐
lized  to  the  MTT  test  and  reported  as    %  rela-­‐
Ɵve  to  the  untreated  sample. 

Histology	
   and	
   immunohistological 
analysis 

Thirty-six  donors  were  included  in  this  study:  
Eighten   older   persons   (age   range   50-73  
years)  and  18  younger  persons  (age  range  22-
47  years). 

The  skin  specimens  came  from  paƟents  who  
underwent   mammary   reducƟon   (BRC   -   HCL,  
Lyon,France).   AŌer   surgery,   Ɵssues   were  
either   immediately   frozen   in   liquid   nitrogen  
or   fixed   for   24   hours   and   embedded   in   pa-­‐
raffin   processed   for   paraffin   embedding.   Pa-­‐
raffin-embedded   formalin-fixed   samples   we-­‐
re   then   cut   into   5   μm   secƟons.   AŌer   de-­‐
waxing   and   rehydraƟon,   secƟons   were   stai-­‐
ned   with   hematoxylin.   Next,   endogenous  
peroxidases   were   inacƟvated   and   non-
specific   binding   was   blocked   before   incuba-­‐
Ɵng   secƟons   with   perlecan   anƟbody   (clone  
3G166,   US   Biologicals,   Boston,   USA).   AŌer  
incubaƟon   for   1   hour   with   the   peroxidase-
conjugated   secondary   anƟbody   (EnVision,  
Dakocytofollowing,   Les   Ulis,   France),   the  
anƟgen   was   detected   with   the   specific   sub-­‐
strate.   Tissue   secƟons   were   subsequently  
counterstained   for   40   seconds   with   Harris  
hematoxylin  (25%,  Sigma  Aldrich,  SaintQuen-­‐
Ɵn  Fallavier,  France). 

For  immunofluorescence,  the  frozen  biopsies  
were   embedded   in   Cryomount   embedding  
medium   (Microm,   Franchevill,e   France).   His-­‐
tological   specimens   6   mm-thick   were   fixed  
and   incubated  for  1  hour  with  perlecan  anƟ-­‐
body   (Euromedex,   Souffelweyersheim,    
France)   followed   by   secondary   anƟbody  
coupled   to   an   Alexa-633   probe.   Cell   nuclei  
were   then   counterstained   before   being  
mounƟng  on  microscope  slides. 

Perlecan  immunostaining  was  observed  using  
an   LSM700   laser   scanning   confocal   system  
(Zeiss,  Marly  le  roi,  France).  Twelve  represen-­‐
taƟve  images  were  captured  for  each  condiƟ-­‐
on   in   the   same   manner.   8-bit   images   were  
saved   in   an   uncompressed   Zeiss   image   file  
format  (lsm). 

Image  analysis  was  performed  using  the  soŌ-­‐
ware  NIS-Elements  v.4  (Nikon,  Champigny  sur  
Marne,      France).   Pixels   corresponding   to  
perlecan   immunostaining   in   the   dermal-
epidermal   juncƟon   area   were   segmented  
from   other   pixels.   The   mean   grey   value   of  
perlecan  specific  area  was  measured  automa-­‐
Ɵcally. 

Senescent	
  and	
  chimeric	
  skin	
  equivalents 

For   the   preparaƟon   of   dermal   equivalent,  
fibroblasts   from   a   20   years   old   donor   were  
seeded   onto   a   dermal   substrate   made   of  
chitosan-collagen-GAG   matrix.   This   dermal  
equivalent  was  grown  for  14  days  at  37°C  in  a  
5%  CO2   atmosphere.   For   the   preparaƟon  of  
skin  equivalents  (SE),  keraƟnocytes  from  a  20  
years  old  donor  were   seeded  on   the   dermal  
equivalent   at   day   14.   AŌer   7   days   of   sub-­‐
merged   culture   in   an   appropriate   medium,  
the   SE  was   raised   at   the   air–liquid   interface  
and   cultured   in   an   appropriate   medium   [5].  
The  SE  samples  were  harvested  at  day  35  of  
culture   following   fibroblasts   seeding   for   y-­‐
oung  SE  and  at  day  100  for  senescent  SE.   

For   the   chimeric   skin   equivalent,   young   fib-­‐
roblasts  from  a  20  year  old  donor  were  seed-
ed   with   keraƟnocytes   from   a   56   year   old  
donor.  Samples  were  harvested  for  immuno-­‐
histology  studies. 

Cosmetic	
  treatment 

For   the   screening   of   cosmeƟc   acƟve   ingre-­‐
dients,   cells   were   plated   in   96   well   plates,  
culƟvated   for   2   days   either   with   vehicle   or  
with   the   water   soluble   Polygonum   bistorta  
root   extract   (PERLAURATM,   BASF   Beauty  
Care   SoluƟons,   Lyon,   France)   in   dose   effect  
before   in   situ   cell-based   enzyme-linked   im-­‐
munoabsorbent  assay  to  detect  and  quanƟfy  
perlecan   and   dystroglycan   core   proteins   in  
human  skin  cells  microenvironment.  In  house  
in  situ  cellular  ELISA  has  been  developed  with  
perlecan   anƟbody   from   Novus   Biologicals,  
LiƩleton,  USA  (H1890-93)  and  with  dystrogly-­‐
can  anƟbody  from  Santa  Cruz  Biotechnology,  
Dallas,  USA   (sc-28535).   Fluorescence   intensi-­‐
ty   was   determined   at   485-535   nm   with   a  
VICTOR  X4  Technologies  reader  (Perkin  Elmer  
SAS,   Courtaboeuf,   France).   Each   assay   point  
was  derived  from  six  measurements. 

Living	
  skin	
  biopsies 

Human   skin   samples   were   obtained   from  
plasƟc  surgery  on  paƟents  (Caucasian  women  
of  50  and  55  years).  Skin  samples  were  then  
placed  on  culture  inserts  with  the  epithelium  
uppermost  at  an  air/liquid  interface.  At  day  0,  
skin  samples  were  cultured  either  with  main-­‐
tenance  medium  alone   [5]   (untreated   samp-­‐
le)   or   with   0.5%   of   the   soluble   Polygonum  
bistorta   extract   for   6   days.   Treatment   was  
stopped   by   successive   rinsing   in   PBS.   Skin  
samples  were  frozen  with   -120°C   isopentane  
before   perlecan   immunostaining   and   nuclei  
counterstaining  as  previously  described. 

 

CLINICAL  TRIALS 
Study	
  model 

The  study  was  conducted  on   the  whole   face  
with  comparison  of  the  results  obtained  aŌer  
2  and  4  weeks  of  applicaƟon  versus  baseline  
(Ɵme   0).   Each   volunteer   served   as   her   own  
control.   The   study   was   carried   out   between  
February  and  April  2013. 

Volunteer	
  recruitment	
  criteria 

All  volunteers  were   female,  aged   from  25   to  
65   with   skin   phototype   I   to   III   skin,   a   dull  
complexion   and   wrinkles   around   the   eyes.  
The  study  was  completed  with  45  volunteers. 

Application	
  method 

The  following  clinical  test  formula  at  pH  5.45  
was  applied  to  the  whole  face  twice  a  day  for  
4  weeks. 

Assessment	
  methods 

Visible   signs   of   skin   aging   were   assessed   in  
vivo   using   a   digital   image   capture   system  
(VISIA-CR®,  Canfield,  Fairfield,  USA).  The  Can-­‐
field  Visia  CR®  takes  high  quality  images  using  
pre-set   lighƟng  parameters  which  are   ideally  
suited  for  recording  the  specific  condiƟons  of  
skin.   The   images   were   obtained   at   baseline  
and   aŌer   2   and   4   weeks   of   applicaƟon   and  
the   length,   area   covered   by   and   volume   of  
the  wrinkles  were  analyzed.   

x� Wrinkle   length:   A   map   of   the   wrinkled  
skin  area  was  drawn.  The  lengths  of  each  
of   the   individual   wrinkles   were   added  
together.   Length   was   matched   to   the  
number   of   pixels   on   the  map   (1   pixel   =  
0.03  mm).  When   the   length   of  wrinkles  
decreased,  crow's  feet  were  less  visible.   

x� Wrinkle   volume:   Wrinkle   volume   was  
calculated   by   counƟng   the   pixels   in   the  
enƟre   area   measured,   taking   into   ac-­‐
count   color   intensity   to   gain   an   idea   of  
wrinkle  depth  (volume  =  area  x  depth). 

x� Wrinkle   surface   area:   The   number   of  
segmented   pixels   was   calculated   to   de-­‐

Table  1:  Formula  of  Cream  Containing  the  
Polygonum  bistorta  Root  Extract 



 

IFSCC Magazine 3 - 2014 33

termine  the  apparent  surface  area  of  the  
crow's   feet.   A   decrease   in   the   surface  
area  of  the  wrinkles  indicates  a  decrease  
in   the   size  of   crow's   feet   (1  pixel  =  0.03  
mm).   

Image  analysis  was  also  conducted   to  assess  
skin  appearance  as  measured  by  the  contrast  
and  entropy.   

The  contrast  measures  the  local  variaƟons  of  
grey  levels  and  is  defined  as  follows:   

The   contrast   decreases   when   the   texture  
becomes  thinner  and  finer. 

The   entropy   reflects   the   complexity   of   the  
texture  and  is  defined  as  follows:   

The   entropy   decreases   when   the   texture  
becomes   more   regular.   CosmeƟcally   spea-­‐
king,   the   term   entropy   can   be   translated   as  
the  skin  smoothness.   

Both  crow's  feet  and  radiance  were  assessed  
visually  by  a  technician.   

x� Crows'   feet:   Mean   visual   scores   were  
measured  and  compared  with  the  crows'  
feet   scale   in   the   skin   aging   atlas   T.1   for  
the  Caucasian  type  skin. 

x� Radiance:   Mean   visual   skin   radiance  
scores   were   measured   and   compared  
with   an   in-house   scale   developed   by  
BASF.   

x� StaƟsƟcs:  StaƟsƟcs  are  specified   in  each  
figure  capƟon. 

RESULTS  AND  DISCUSSION 
Decrease	
   in	
  perlecan	
  expression	
  during	
  
skin	
  aging 

Normal	
  human	
  biopsy	
  cohort	
   

Immunohistochemical   revelaƟon   of   perlecan  
with  DAB  in  a  cohort  of  36  human  skin  biop-­‐
sies   from   donors   aged   from   22   to   73   years  
revealed   strong   and   conƟnuous   staining   in  
the   epidermal   basement   membrane   (Figure  
1)   and   the   basement  membranes   of   dermal  
micro-vessels   (Figure   2)   in   young   skin   that  
decreased   in  aged  skin.  QuanƟficaƟon  show-­‐
ed   that   perlecan   expression   is   significantly  
decreased   by   76  %   and   97  %   from   38   years    

(mean   age)   to   57   years   (mean   age),   respec-­‐
Ɵvely,   compared  with   in   the   epithelial   base-­‐
ment  membrane  of  a  27  year  old  (mean  age)  
(Figure   1B).  In  Figure   2B,  it  can  be  seen  that  
perlecan  protein  expression  decreased  up   to  
81  %  from  a  group  of  donors  with  a  mean  age    
of  32  to  a  group  of  donors  with  a  mean  age  of  
57. 

Perlecan   sensiƟvity   to   proteolysis   suggests  
that   controlled   degradaƟon   processes   may  
regulate   its  bioacƟvity,   including  growth   fac-­‐
tor   storage  and   release   [6,   7].   Enzyme  upre-­‐
gulaƟon   during   aging   [6,   7]   or   in   senescent  
cells   [8]   may   accelerate   perlecan   degradaƟ-­‐
on.   Moreover,   q-RT-PCR   analysis   revealed   a  
reduced   level   of   perlecan   transcript   in   aging  
keraƟnocytes   (data   not   shown)   suggesƟng  

that   a   disturbed   ability   to   neo-synthesize  
perlecan  may   create  a  disorder   in   the  perle-­‐
can  synthesis/degradaƟon  balance.  This  seve-­‐
re   decline   in   the   perlecan   mRNA   level   with  
aging   may   be   a   result   of   the   locaƟon   of   its  
gene,  namely  HSPG2,  on  the  telomeric  porƟ-­‐
on   of   chromosome   1   at   locus   1p36.1   [9].  
Telomerase   has   been   detected   in   kera-­‐
Ɵnocytes   of   the   basal   epidermis   and   in   the  
bulge  component  of  the  hair  follicle  [10],  and  
evidence   suggests   that   telomeres   shorten  
with  age  in  human  skin  [11]. 

Chimeric	
  skin	
  equivalent	
  model 

We  mimicked   the  earliest   signs  of   skin  aging  
in   the   proprietary   skin   equivalent   MI-­‐
MESKIN™.   In   Figure   3A,   it   is   evident   that  
perlecan  protein  expression  decreased  in  the  
dermal-epidermal   juncƟon   in   the      long-term  
culture  (100  days)  relaƟve  to  the  42-day  cul-­‐
ture.   In   Figure   3B,   we   used   a   chimeric   skin  
equivalent   model   to   analyze   the   impact   of  
keraƟnocyte  aging  on  perlecan  expression.  As  
shown   in  Figure   3B   (leŌ),  when  young  kera-­‐
Ɵnocytes   were   seeded,   the   skin   equivalent  
supported  epidermal  proliferaƟon,  giving  rise  
to   a   full   thickness   and  well   organized   termi-­‐
nally   differenƟated   epidermis,   and   displayed  
perlecan  expression  evenly  along  the  dermal-
epidermal   juncƟon.   Seeding   aged   normal  
human  keraƟnocytes  over  these  SEs  led  to  an  
obvious   decrease   in   epidermal   thickness  
(Figure   3B,   right).  No  perlecan  was   found   in  
the  dermal-epidermal  juncƟon.  The  reducƟon  
in  cell   layers  was  accompanied  by  anomalies  
in   the   differenƟated   layers,   reflecƟng   disor-­‐
ganizaƟon  and  abnormaliƟes   in   the  differen-­‐
ƟaƟon   process.   These   data   show   that   aged  
keraƟnocytes   are   unable   to   form   a   mulƟ-
layered  well-differenƟated  epidermis  in  three
-dimensional   culture   condiƟons   associated  
with  a  disappearance  of  perlecan  expression.   

In   conclusion,   we   showed   that   aged   kera-­‐
Ɵnocytes   deficient   in   perlecan   producƟon  
display   an   inability   to   form   a   mulƟlayered  
epidermis.   AddiƟon   of   purified   perlecan   to  
the   culture   medium   increased   epidermal  
thickness   and   restored   a   well-differenƟated  
mulƟlayered   epithelium   [4].   Basal   and   inter-­‐
mediate   epidermal   layers   were   parƟcularly  
well   developed,   confirming   the  ongoing  pro-­‐
cess   of   the   straƟficaƟon   program.   A   similar  
observaƟon   was   documented   in   a   recently  
published   analysis   of   the   corneal   epithelium  
of  perlecan-deficient  mice  [12]. 

Polygonum	
  bistorta	
  activities 

Polygonum   bistorta   induced   perlecan   and  
dystroglycan  expression   in  keraƟnocytes  and  
endothelial  cells  in  vitro 

In  order  to  perform  the  screening,  we  develo-­‐
ped   an   “in-house”   plate   immunoassay   me-­‐

Figure   1:   Immunohistochemical   staining  
of   perlecan   in   epithelial   basement  
membranes   (A)   and   quantitative   analysis  
(B).   

Figure   2:   Immunohistochemical   staining  
of   perlecan   in   endothelial   basement  
membranes   (A)   and   quantitative   analysis  
(B). 
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thod   which   consists   of   the   idenƟficaƟon   of  
perlecan   and   dystroglycan   proteins   by   flu-­‐
orescence.   The   Polygonum   bistorta   root  
extract   which   was   selected,   also   known   as  
Meadow   Bistort,   is   a   species   of   flowering  
plant   naƟve   to   Eastern   Europe.   In   kera-­‐
Ɵnocytes   from   a   50-year-old   donor,   Polygo-­‐
num  bistorta  extract   induced  significant  per-­‐
lecan  protein  expression  at  0.1%  (increase  of  
50%)   and   0.5%   (increase   of   170%)   and   dys-­‐
troglycan  up  to  1%  (increase  of  150%)  (Figure  
4A).   In   endothelial   cells   from   a   50-year-old  
donor,   Polygonum   bistorta   extract   induced  
significant   expression   of   both   perlecan   and  
dystroglycan   up   to   a   concentraƟon   of   1%  
(Figure   4B).   For   the   following   experiments,  

we   chose   0.5%   Polygonum   bistorta   root  
extract  as  the  efficient  concentraƟon. 

Polygonum	
   bistorta	
   effect	
   on	
   perlecan	
  
in	
  living	
  skin	
  biopsy. 

Cutaneous  explants  from  a  50-year-old  donor  
were   maintained   in   culture   for   6   days   in   a  
specific   medium   either   without   (untreated)  
or   with   0.5%   of   Polygonum   bistorta   root  
extract  (Figure   5).  In  Figure  5A,  we  can  see  a  
spread  and  decreased  perlecan  expression  in  
the  dermal-epidermal  juncƟon  aŌer  6  days  in  
culture   and   a   recovery   of   this   expression   in  
the  presence  of  Polygonum  bistorta  (A).  Figu-­‐
re   5B   shows   the   quanƟficaƟon   and   suggests  
that   recovery   with   Polygonum   bistorta   root  

extract   present  
reached   52%.   An  
impaired   balance  
between   perlecan  
degradaƟon   and  
synthesis   was   there-­‐
fore  observed  during  
the   skin   biopsy   fate  

ex   vivo,   a   phenomenon   resembling   skin  
aging.   We   suggest   that   Polygonum   bistorta  
was   able   to   reverse   this   phenomenon   and  
preserve  a  young  skin  profile. 

Effect	
   of	
   Polygonum	
   bistorta	
   on	
   tight	
  
junction	
  Claudin-5	
  in	
  endothelial	
  cells 

During   the   aging   process,   cutaneous   blood  
vessels  become  more  fragile  and  permeable.  
A  more  specific   test  on  endothelial   cell  Ɵght  
juncƟons  highlights   the  ability  of  Polygonum  
bistorta  to  boost  capillary  cohesion,  which   is  
known  to  ensure  the  high  quality  exchange  of  
fluids  and  nutrients  in  skin.  A  Student’s  t  test  
showed  that  claudin-5  fluorescence  increased  
by   35   ±   4%   with   Polygonum   bistorta   root  
extract  0.5%  versus  untreated  cells  relaƟve  to  
100%  fluorescence  p  <  0.027  (Figure  6).   

In   conclusion,   we   could   demonstrate   the  
efficacy  of   the  water-soluble  Polygonum  bis-­‐
torta   root   extract   on   the   inducƟon   of   both  
perlecan  and  dystroglycan  protein  expression  
in   monolayer   cultures   of   keraƟnocytes   and  

Figure   3:  Perlecan  expression   in  skin  equivalents   (SE).   (A)  Young  
fibroblasts  and  keratinocytes  were  cultured  for  42  days  or  100  days.  
(B)   Young   fibroblasts   (YF)   and   keratinocytes   (YK)   versus   young  
fibroblasts  (YF)  versus  aged  keratinocytes  (AK). 
(Counterstaining   with   Harris   hematoxylin,   chromogenic   DAB  
revelation.) 

Figure  4:  Dose-dependent  induction  of  perlecan  and  dystroglycan  
expression   by   Polygonum   bistorta   in   both   keratinocytes   (A)   and  
endothelial   cells   (B)   from   a   50-year-old   volunteer.   These  
experiments   are   representative   of   4   experiments   (with   n=6  
samples   for   each   point)   in   keratinocytes   and   representative   of   3  
experiments  (with  n=6  samples  for  each  point)  in  endothelial  cells   

Figure   5:   Polygonum   bistorta   (0.5%)-induced   perlecan   protein  
expression   in  epithelial  basement  membrane   in   living  skin  biopsies  
cultured  for  6  days  (A)  and  quantification  of  perlecan  compared  with  
day  0  (B). 

Figure   6:  Induction  of  claudin-5  expression  in  endothelial  cells  by  
Polygonum   bistorta   0.5%   (35%   increase   with   Student’s   t   test  
p<0.027). 
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endothelial   cells   and   in   ex   vivo   cutaneous  
explants.  Moreover,  we  showed  that  Polygo-­‐
num  bistorta  root  extract  induced  expression  
of   the   Ɵght   juncƟon   protein,   Claudin-5,   in  
endothelial   cells.   These   results,   obtained   in  
vitro,   prove   that   Polygonum   bistorta   root  
extract   has   the   ability   to   reinforce   both   epi-­‐
dermal   and   endothelial   structures   strongly  
affected  by  aging.   

In   addiƟon,   a   clinical   study   was   performed  
with  45  healthy  Caucasian  human  volunteers  
with  wrinkles  and  a  dull  complexion.   

Clinical	
  trial 

The  aim  of  the  clinical  trial  was  to  demonstra-­‐
te   in   vivo   the   ability   of   Polygonum   bistorta  
root  extract  to  restore  the  skin’s  radiance  and  
texture,   reduce   crows’   feet   and   the   wrinkle  
length   and   surface.   Image   analysis   was   per-­‐
formed  to  assess  these  different  parameters.  
The   full   face   study   was   conducted   with   a  
panel  of  45  female  volunteers  aged  25  to  65  
selected  for  their  type  I  to  III  phototype  and  a  
dull   complexion   with   wrinkles   around   the  
eyes   (the   volunteers   served   as   their   own  
control).  A  formulaƟon  containing  1%  Polygo-­‐
num  bistorta  root  extract  was  applied  to  the  
whole   face   twice   daily   for   4   weeks   and   the  

parameters   assessed   at   different   Ɵme   and  
compared   with   the   condiƟon   before   treat-­‐
ment.   

Polygonum	
  bistorta	
  improves	
  skin	
  radi-­‐
ance,	
  contrast	
  and	
  smoothness 

Polygonum  bistorta  formulated  at  1%  impro-­‐
ved   the   skin   radiance   significantly   by   22%  
already   aŌer      2   weeks   and   by   42  %   aŌer   4  
weeks   of   applicaƟon   compared   with   day   0  
(Figure   7).   Polygonum   bistorta   root   extract  
significantly   decreased   the   skin   contrast   by  
21%  aŌer  2  weeks  and  by  23%  aŌer  4  weeks  
of  applicaƟon  (Figure  8).  In  Figure  9,  it  can  be  
seen   that   Polygonum   bistorta   root   extract  
significantly   improved   the   skin   smoothness  
(as  measured   by   the   entropy)   by   3%   aŌer   2  
weeks  of  applicaƟon.   

Polygonum	
  bistorta	
   root	
  extract	
   impro-­‐
ves	
   crow’s	
   feet	
   and	
   wrinkle	
   length	
   and	
  
surface 

Polygonum   bistorta   root   extract   formulated  
at  1%  significantly  decreased  the  crow’s   feet  
by   18%   aŌer   4   weeks   of   applicaƟon   (Figure  
10).   The   improvement   is   evident   in   Figure  
11B,  where   the   crow’s   feet   are   indicated   by  
arrows.   The   conspicuous   cumulaƟve   length  

and   surface   of   wrinkles   were   each   significa-­‐
ntly   reduced   by   12%   and   11%,   respecƟvely,  
aŌer  4  weeks  of  applicaƟon  (Figure   11A   and  
12A,   respecƟvely).   Figure   12B   shows   the  
improvement  of  skin  texture  and  the  reduced  
number  of  wrinkles. 

CONCLUSION 
An   extract   of   Polygonum   bistorta   root   was  
found   to   successfully   improve   the   repair   of  
basement   membranes   by   inducing   higher  
levels  of  perlecan  and  dystroglycan  expressi-­‐
on   in   both   keraƟnocytes   and   endothelial  
cells.   Improvements   were   confirmed   by   a  
clinical  study  which  was  able  to  demonstrate  
improvements  in  skin  radiance,   in  the  reduc-­‐
Ɵon   of   mulƟple   wrinkle   aƩributes,   and   in  
overall  skin  smoothness  (entropy).  By  reinfor-­‐
cing   the  structural   integrity  of   the  basement  
membranes,   Polygonum   bistorta   helped  
make   the   skin   look   visibly   brighter   and  
smoother  as  early  as  aŌer   two  weeks  of  ap-­‐
plicaƟon. 

Figure   7:   Improvement   in   skin   radiance  with  Polygonum  bistorta  
1%   in   the   formula   after   2   weeks   (significant)   and   4   weeks   of  
application. 

Figure  8:  Decrease  in  skin  contrast  with  Polygonum  bistorta  1%  in  
the  formula  after  2  weeks  and  4  weeks  of  application. 

Figure   9:  Improvement  in  skin  smoothness  (decrease  in  entropy)  
with   Polygonum   bistorta   1%   in   the   formula   after   2   weeks   and   4  
weeks  of  application. 

Figure   10:  Decrease  in  crow’s  feet  with  Polygonum  bistorta  1%  in  
the  formula  after  2  weeks    and  4  weeks  of  application. 
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Figure   11:   Decrease   in   the   conspicuous   cumulative   length   of  
wrinkle   with   Polygonum   bistorta   1%   in   the   formula.   (A)  
quantification,  (B)  illustration.   

Figure   12:  Decrease   in   the  conspicuous  surface  of  wrinkles  with  
Polygonum   bistorta   1%   in   the   formula.   (A)   quantification,   (B)  
illustration. 



 

IFSCC Magazine 3 - 2014 37

INTRODUCTION 
The   common   recommendaƟon   for   an   oral  
hygiene   regimen   is   brushing   the   teeth   twice  
daily   for   2   to   3   minutes   using   a   toothbrush  
and   fluoridated   toothpaste.   This   allows   for  
not   only   stain   and   plaque   removal   but   also  
remineralizaƟon   of   previously   demineralized  
teeth.  However,   if  not  properly  done,   tooth-­‐
brushing  can   lead  to  abrasion  of  dental  hard  
Ɵssue   with   subsequent   loss   of   tooth   form,  
funcƟon   and   estheƟcs   as   well   as   dental   hy-­‐
persensiƟvity  [1]. 

The  kind  of  oral  hygiene  regimen,  i.e.  combi-­‐
naƟon   of   the   individual   brushing   technique,  
composiƟon  of  toothpaste  and  type  of  tooth-­‐
brush  used,  is  an  important  factor  to  be  con-­‐
sidered   [2,   3].   Some  decades   ago   the   devel-­‐
opment  of  powered   toothbrushes  was  a   fur-­‐
ther   milestone   in   opƟmizing   the   daily   oral  
hygiene   regimen.   In  Europe,  powered   tooth-­‐
brushes,   either   powered   oscillaƟng-rotaƟng  
or   (ultra)sonic   toothbrushes,   are   used   by  
approximately   25%   of   consumers.   Powered  
toothbrushes  are  more  effecƟve  than  manual  
ones  in  plaque  removal  and  thus  in  improving  
gingival   condiƟons   [4,   5].   Powered   tooth-­‐
brushes   showed   no   clinically   relevant   nega-­‐
Ɵve   impact  and  were  assessed  as  being   safe  
for   hard   and   soŌ   dental   Ɵssues   [6].   In   con-­‐
trast,  recent  in  vitro  studies  have  implied  that  
powered   toothbrushes   might   increase   the  

risk  of  dental  hard  Ɵssue  abrasion  due  to  the  
high   agitaƟon   of   the   brush   heads   [7,   8].   In  
detail,   acƟvated   powered   toothbrushes   in-­‐
creased   abrasion   of   sound   and   eroded   den-­‐
Ɵn.  AddiƟonally,   increased  abrasion  of   erod-­‐
ed  enamel  was  reported. 

Furthermore,   consumers   increasingly   seek  
toothpastes  with  very  good  cleaning  efficacy  
and   extrinsic   stain   removal   properƟes  
(‘whitening’).  But  cleaning  efficacy  and  abra-­‐
sion  oŌen  go  hand  in  hand  and  a  high  clean-­‐
ing   performance   is   usually   accompanied   by  
increased  abrasion  [9]. 

Since  whether  or  not  toothpastes  used    with  
powered   toothbrushes   increase   the   risk   of  
dental   hard   Ɵssue   abrasion   compared   with  
manual   toothbrushes   is      controversial,   this  
study   had   the   following   two   objecƟve:   A)  
elucidate   the  balance  between   cleaning  per-­‐
formance  and  dental  hard  Ɵssue  abrasion  of  
toothpastes   when   brushed   with   manual   or  
oscillaƟng-rotaƟng   powered   toothbrushes  
and   b)      evaluate   if   formulaƟons   developed  
especially  for  use  with  powered  toothbrushes  
have  a  beƩer  balance  between  dental  Ɵssue  
abrasion  and  cleaning  efficacy. 

We  performed  a  mulƟtude  of  in  vitro  tests  to  
compare  the  effects  on  the  dental  hard  Ɵssue  
aŌer  brushing  with  four  different  toothpastes  
either  with  a  manual   toothbrush  or  an  oscil-­‐

laƟng-rotaƟng   powered   toothbrush.   Tooth-­‐
pastes  were  selected   from  the  German  mar-­‐
ket,  two  from  the  “regular”  segment  and  two  
from   the   “whitening”   segment.   In   each   seg-­‐
ment,   one   toothpaste   was   developed   espe-­‐
cially  for  use  with  powered  toothbrushes  and  
contained   a   special   raƟo   of   surfactants   and  
hydrated  silica.  We  analyzed  the  dental  hard  
Ɵssue   abrasion   by   measuring   the   relaƟve  
denƟne   abrasion   and   relaƟve   enamel   abra-­‐
sion.   Furthermore,   effects   on   the   enamel  
surfaces  were  evaluated  by  profilometry  and  
atomic   force  microscopy.   At   the   same   Ɵme,  
we   assessed   the   respecƟve   cleaning   power  
by   determining   the   pellicle   cleaning   raƟo  
(PCR)   to  elucidate  whether   the   cleaning  effi-­‐
cacy   corresponds   to   abrasion   and   how   this  
differs   between   a   manual   and   a   powered  
toothbrush.   

EXPERIMENTAL 
Materials 

Toothbrushes 

OscillaƟng-rotaƟng   powered   toothbrush:  
Braun   -   Oral-B®   Professional   Care   500  
(Procter   &   Gamble,   Schwalbach,   Germany  
with   Oral-B®   Precision   Clean   brush   head).  
This   powered   toothbrush   was   selected   be-­‐
cause   it   is   by   far   the   most   commonly   used  
powered  toothbrush  in  Western  Europe.   
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ABSTRACT 
The   two   objecƟves   of   this   study   were   a)   to  
elucidate   the   balance   between   cleaning  per-­‐
formance  and  dental  hard  Ɵssue  abrasion  of  
different   toothpaste   formulaƟons   when  
brushed   with   manual   or   high   oscillaƟng-
rotaƟng   powered   toothbrushes   and   b)   to  
evaluate   if   formulaƟons  especially  developed  
for   use   with   powered   toothbrushes   have   an  
opƟmized  balance  between  dental  hard  Ɵssu-­‐
e  abrasion  and  cleaning  efficacy. 

 

To  assess  abrasion  on  the  dental  hard  Ɵssue,  
two   standard   in   vitro   methods   were   used:  
relaƟve   denƟn   abrasion   and   relaƟve   enamel  
abrasion   tests.   Furthermore   effects   on   the  
enamel   surfaces  were   evaluated   using   profi-­‐
lometry  and  atomic  force  microscopy.  In  addi-­‐
Ɵon,   the   cleaning   performance   of   the   same  
regimens  (toothpaste  and  toothbrushes)  was  
invesƟgated   in   vitro   using   the   pellicle  
cleaning  raƟo  test.   

 

With   these   experimental   setups,   the   in   vitro  
results   indicate   two   main   findings:   a   higher  
degree  of  dental  hard  Ɵssue  abrasion  with  no  
substanƟal   improvement   on   the   cleaning  
performance  versus  using  manual   toothbrus-­‐
hes  for  toothpastes  used  in  combinaƟon  with  
the   powered   oscillaƟng-rotaƟng   toothbrush  
and   an   improved   balance   between   abrasion  
and   cleaning   performance   for   toothpaste  
formulaƟons   developed   especially   for   use  
with  powered  toothbrushes.   
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Manual  toothbrush:  Oral-B®  40  toothbrushes  
soŌ  (Procter  &  Gamble,  Schwalbach,  Germa-­‐
ny)  with  soŌ  nylon  filaments.   

Toothpaste	
  composition	
   

Toothpastes   were   selected   based   on   the  
cleaning   parƟcles   used.   Removal   of   plaque  
and  superficial  stain  can  be  achieved  by  using  
various  kinds  of   components.  Most  common  
are   microgranular   parƟcles   like   Hydrated  
Silica,   Calcium   Carbonate,   Baking   Soda,   Alu-­‐
mina   or   Pumice.   But   also   combinaƟons  with  
funcƟonal   acƟves   such   as   sequestrants   can  
enhance  stain   removal  efficacy  by  destabiliz-­‐
ing  adherent  stain.   

We   compared   two   groups   of   commercially  
available   toothpastes:   1)   whitening   tooth-­‐
pastes   (toothpaste   A   and   toothpaste   B)   and  
2)   regular   toothpastes   (toothpaste   C   and  
toothpaste  D). 

The   whitening   toothpastes   (1)   and   regular  
toothpastes   (2)   differ   in   the   composiƟon   of  
their   tooth   cleaning   ingredients.   Toothpaste  
A   contains   Hydrated   Silica,  while   toothpaste  
B   combines   Hydrated   Silica   and   the   seques-­‐
trant   Disodium   Azacycloheptane   Diphospho-­‐
nate.   Toothpaste   C   combines   Calcium   Car-­‐
bonate  and  Hydrated  Silica,  while  toothpaste  
D   mainly   cleanses   with   a   combinaƟon   of  
different  hydrated  silica  abrasives. 

Toothpastes   B   and   D  were   developed   espe-­‐
cially   for   use   with   electric   toothbrushes.  
These   formulaƟons  contain  a   special   raƟo  of  
different  surfactants   that   improve   the  clean-­‐
ing   efficacy   in   combinaƟon   with   gentle   Hy-­‐
drated   Silica.   The   whitening   (B)   variant   fur-­‐
thermore   contains   a   sequestrant   to   even  
boost  the  cleaning  performance.   

The  product  composiƟons  (list  of   ingredients  
(INCI))  as  well  as  the  pH  of  a  10%  toothpaste  
slurry  are  given  in  Table  I. 

METHODS 
To  compare  the  results  of  the  relaƟve  denƟn  
abrasion,   relaƟve  enamel   abrasion  and  pelli-­‐
cle   cleaning   raƟo   methods   in   the   different  
setups  (i.e.  manual  and  powered  toothbrush-­‐
es),  each  test  was  carried  out  with  the  same  
brushing   duraƟon,   same   brush   tension   and  
same  source  of  specimens. 

Relative	
  dentin	
  abrasion	
   

When   assessing   the   relaƟve   denƟn   abrasion  
for   the   manual   toothbrushes,   we   followed  
the  protocol  of  Hefferren  [10]  as  described  in  
the  ISO  11609:2010  guideline  [11].    In  brief,  8  
human   denƟn   specimens   were   subjected   to  
neutron   bombardment   resulƟng   in   the   for-­‐

maƟon   of   radioacƟve   phosphorus   in   the  
specimens   under   the   controlled   condiƟons  
outlined  by  the  American  Dental  AssociaƟon.  
The   specimens   were   mounted   in   methyl  
methacrylate,  oriented  to  expose  the  denƟn,  
so  they  fit  in  a  V8  cross-brushing  machine.  In  
a  precondiƟoning   setup   the   specimens  were  
brushed   for  1500   strokes  using   a   slurry   con-­‐
sisƟng   of   10   g   American   Dental   AssociaƟon  
reference  material   in  50  ml  of  0.5  %  carbox-­‐
ymethyl   cellulose/glycerin   soluƟon.   The  
brushes   used   were   those   specified   by   the  
American   Dental   AssociaƟon   and   experi-­‐
ments  were  done  with  a  constant  brush  ten-­‐
sion  of  150  g. 

Following   a   precondiƟoning,   the   actual   test  
was   performed   using   the   above   parameters  
in  a  sandwich  design.  Before  and  aŌer  brush-­‐
ing   with   the   test   product   (25   g   product/   40  
ml  water)   each   tooth  was   brushed  with   the  
American  Dental  AssociaƟon  reference  mate-­‐
rial.   Following   brushing,   one   sample   was  
taken,  weighed  (approx.  1  g)  and  added  to  5  
ml   of   “UlƟma   Gold”   scinƟllaƟon   cocktail   for  
determining   the   counts   per   minute   per  
weight  (cpm/g).  The  net  cpm/g  of  the  pre  and  
post   American   Dental   AssociaƟon   reference  
material  for  each  of  the  test  slurries  was  cal-­‐
culated   and   averaged   to   use   in   the   calcula-­‐
Ɵon   of   the   relaƟve   denƟn   abrasion.   The  
American  Dental  AssociaƟon  reference  mate-­‐
rial  was  assigned  a  value  of  100  and   its  raƟo  
to  the  test  material  calculated. 

For   assessing   the   relaƟve   denƟn   abrasion  
using   powered   toothbrushes,   the   protocol  
was  adapted  as  follows:   

A   toothbrush-denƟfrice   apparatus   was   used  
to  test  the  different  denƟfrices  with  the  pow-­‐
ered  brushes.  The  power  brush  was  suspend-­‐
ed   from  a  pivoƟng   ring   so   that   the  brushing  
head  was  perpendicular  to  the  denƟn  paired  
specimens   surface.   The   pressure   tension   on  

the  denƟn   specimens  was  adjusted   to  150  g  
for  each   test  brush  and   the   specimens  were  
brushed   8.5   minutes.   The   TDA   Instrument  
provided  a  uniform  stroke  of  20  mm  at  a  rate  
of   20/minute   which   corresponds   to   1500  
strokes   on   the   V-8   cross-brushing   machine.  
The   slow   brush   stroke   speed   was   used   be-­‐
cause  movement  of  the  bristles  was  from  the  
power   head   and   not   from   back   and   forth  
moƟons  as  with  the  manual  brush.  The  refer-­‐
ence  runs  were  performed  as  outlined  by  the  
American   Dental   AssociaƟon   using   the   V-8  
cross-brushing   machine   equipped   with   the  
manual  brush.   

Relative	
  enamel	
  abrasion 

Similar  to  the  relaƟve  denƟn  abrasion  assess-­‐
ment,   human   incisors   were   used   and   pre-­‐
pared  as  described   elsewhere.   To  meet   spe-­‐
cial  requirements  for  assessing  enamel  abra-­‐
sion,   minor   changes   were   made.   Here   the  
specimens   were   oriented   in   the   mounƟng  
methyl   methacrylate   to   expose   the   enamel.  
Furthermore,   in  contrast  to  the   relaƟve  den-­‐
Ɵn  abrasion,  the  stroke  counts  were  increase  
to  5000  and  28.5  minutes   for  manual   tooth-­‐
brushes   and   powered   brushes,   respecƟvely.  
The   reference   runs   were   performed   as   out-­‐
lined   by   the   American   Dental   AssociaƟon  
using   the   V-8   cross-brushing   machine  
equipped  with  the  manual  brush.   

Cleaning	
  Performance 

Cleaning   performance   was   determined   fol-­‐
lowing   a   modified   pellicle   cleaning   raƟo  
method  by  Stookey  et  al.  [12].   In  contrast  to  
the  original  descripƟon,  FeCl3  was  added  and  
the  PGY  broth  subsƟtuted  by  a  trypƟcase  soy  
broth.  Both  changes  were  necessary  to  adapt  
the   effecƟveness   of   the   test   due   to   either  
changes   in   the  mucin   source  or   the  bacteria  
strain.   

Further   adaptaƟons   were   done   for   tesƟng  
the   cleaning   performance   with   oscillaƟng-

 
Table  I:  Product  Ingredient  List  (INCI)  and  pH  of  10%  Toothpaste  Slurry 
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rotaƟng   powered   toothbrushes.   CondiƟons  
were   similar   to   those   of   the   relaƟve   denƟn  
abrasion  and  relaƟve  enamel  abrasion  meas-­‐
urements. 

Following  800  strokes  or  4.5  minutes  for  the  
powered  toothbrush,  stain  removal  was  eval-­‐
uated   colorimetrically.   Used   as   the   internal  
reference  was   the   American   Dental   Associa-­‐
Ɵon   standard   (10   g   pyrophosphate   in   50  ml  
0.5%  carboxymethyl  cellulose,  10%  glycerin  in  
water)  and  set   to  a  cleaning  performance  of  
100.   The   resulƟng   brightness   (brightness  
before  –  brightness  aŌer)  was  referred  to  the  
results   of   the   American   Dental   AssociaƟon  
standard.   The   reference   runs   were   per-­‐
formed   as   outlined   by   the   American   Dental  
AssociaƟon  using  the  V-8  cross-brushing  ma-­‐
chine  equipped  with  the  manual  brush.   

Data	
  management	
  and	
  analysis 

Data  was   analyzed   using   a   one-way   analysis  
of  variance  model  [Sigma  Plot    SoŌware,  San  
Jose,  CA,  US].  Data  was   further  analyzed  do-­‐
ing   all   pairwise   mulƟple   comparison   proce-­‐
dures   (Student-Newman-Keuls   method).   All  
analyses   were   done   with   the   significance  
level  of  0.05. 

Surface	
  roughness	
  measurement	
  by	
  
proϐilometry	
  and	
  atomic	
  force	
  microsco-­‐
py 

To   analyze   the   effects   of   different   tooth-­‐
brushing   regimens   on   enamel   surfaces,   we  
employed   two   methods:   profilometry   and  
atomic  force  microscopy.   

The   same   specimens   were   invesƟgated   in  
both   methods.   Bovine   enamel   specimens  
were  polished  with  abrasive  paper,  grain  size  
up  to  6000,  to  ensure  a  standardized  surface.  
The   specimens   were   brushed   for   1   h   in   a  
slurry   containing   1   part   water   and   1   part  
toothpaste  at  a  constant  pressure  tension  of  
150  g  and  at  constant  strokes  of  20  mm  at  a  
rate  of  20/minute.  Here  we  used  Braun-Oral-
B®Professional   Care   500   (Procter  &  Gamble,  
Schwalbach,  Germany).   

As   an   internal   control   of   an   unbrushed/
untreated   tooth   surface   1/3   of   each   speci-­‐
men  was  masked  by  an  adhesive   tape.  AŌer  
treatment   and   before  measurement   the   ad-­‐
hesive   tape   was   removed   and   residual   glue  
was   gently   removed   with   an   ethanol-
containing  wipe. 

To   evaluate   the   surface   roughness   by   pro-­‐
filometry,   we   determined   the   differences   in  
the   Ra   values   (' Ra,   nm)   between   brushed  
and  unbrushed  tooth  surface  areas.  To  deter-­‐
mine   the   Ra   values   we   used   a   Perthometer  
(Mahr,   Göƫngen,   Germany).   To   visualize  

these   differences   by   atomic   force   microsco-­‐
py,  the  enamel  surfaces  were  scanned  using  a  
NanoScope  (Digital   Instruments,  Tonawanda,  
NY,  USA)  at  a  scan  rate  of  0.5  Hz  and  a  scan  
size  of  50  µm. 

RESULTS 
Relative	
  dentin	
  abrasion 

The   relaƟve   denƟn   abrasion   analyses   with  
manual  toothbrushes  (Table   II)  revealed  that  
toothpastes   B   and   D   are   significantly   less  
abrasive  than  toothpastes  A  and  C.   

When  brushed  with  powered  toothbrushes,  a  
substanƟal  increase  in  denƟn  abrasion  in  the  
magnitude   of   3.12   to   5.61-fold   that   of   the  
manual   brush   was   found   for   all   toothpastes  
tested.   Toothpastes   B   and  D   showed   signifi-­‐
cantly  lower  abrasion  than  toothpastes  A  and  
C,  which  were  the  toothpastes  with  the  high-­‐
est  relaƟve  denƟn  abrasion  values.   

Relative	
  enamel	
  abrasion 

The   relaƟve   enamel   abrasion   analyses   with  
manual   toothbrush   use   (Table   III)   revealed  
that  toothpastes   in  the  “whitening”  segment  
were   significantly   more   abrasive   on   enamel  
abrasion  than  “regular”  toothpastes. 

When  brushed  with  powered  toothbrushes,  a  
substanƟal  increase  in  enamel  abrasion  in  the  
magnitude   of   2.78   to   4.79-fold   that   of   the  
manual   brush   was   seen   for   all   toothpastes  
tested.   This   was   similar   to   the   findings   for  
denƟn  abrasion.   

Surface  roughness  measurement  by  pro-­‐
filometry  and  atomic  force  microscopy 
The   results   for   the   enamel   surface   obtained  
by  profilometry  and  atomic  force  microscopy  
support  the  findings  for  the  enamel  abrasion.  
Toothpastes   A   and   C   affected   the   enamel  
surfaces   more   than   toothpastes   B   and   D.  
These  effects  were  quanƟfied  by  the  DRa  and  
clearly  visualized  also  by  atomic  force  micros-­‐
copy  (Figure  I). 

Group 3226.02 (18.84)Group 340.27 (2.26)Toothpaste D

Group 1552.04 (29.86)Group 1125.44 (4.79)Toothpaste C

Group 3246.41 (32.37)Group 255.39 (1.46)Toothpaste B

Group 2400.14 (38.86)Group 1128.23 (6.33)Toothpaste A

Significant differences
between groups

(p>0.05)

Powered brush
Mean (SEM)

Significant differences
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Manual brush
Mean (SEM)
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Significant differences
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Table   II:  Relative  Dentin  Abrasion  (RDA)  Values  (±  SEM)  and  Groups  with  Significant  Differences  in  
Dentin   Specimens   Following   Brushing   with   Toothpastes   A-D,   either   with   Manual   or   Powered  
Toothbrushes. 
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Group 28.57 (0.96)Group 21.79 (0.14)Toothpaste C

Group 113.02 (1.55)Group 13.45 (0.42)Toothpaste B

Group 112.66 (1.33)Group 14.56 (0.42)Toothpaste A
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Table   III:  Relative  Enamel  Abrasion  (REA)  Values  (±  SEM)  and  Groups  with  Significant  Differences  in  
Dentin   Specimens   Following   Brushing   with   Toothpastes   A-D,   either   with   Manual   or   Powered  
Toothbrushes.   

 
Figure   I:  Surface  roughness  measurement  by  profilometry  (DRa,  nm)  and  atomic  force  microscopy  of  
enamel  specimens  following  brushing  with  toothpastes  A-D  and  powered  toothbrushes. 
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Cleaning  Performance 
The   results   for   the   stain   removal   efficacy  
measured  by  the  pellicle  cleaning  raƟo  (Table  
IV)   show  significant  differences   in   the   clean-­‐
ing  performances  between  toothpastes  when  
brushed   with   manual   toothbrushes.   Tooth-­‐
paste   C   performed   best,   followed   by   A   ,   B,  
and  D  in  that  order.   

When   brushed   with   powered   toothbrushes,  
no   substanƟal   increase   in   cleaning   perfor-­‐
mance  was  seen.  Results  were   in  the  magni-­‐
tude   of   0.91   to   1.18-fold   those   of   manual  
toothbrushes. 

To   evaluate   the   balance   between   the   clean-­‐
ing   benefit   and   abrasion   risk,   we   calculated  
the   raƟo   between   cleaning   performance  
(pellicle   cleaning   raƟo,   PCR)   and   abrasion  
(relaƟve  denƟn  abrasion,  RDA)  (Table  V).  The  
higher  the  PCR/RDA  raƟo  the  more  effecƟve-­‐
ly   the   toothpaste   is   supposed   to   clean   the  
teeth  while  being  gentle  to  the  denƟn.  Tooth-­‐
pastes  B  and  D  had   the  best   raƟo  with  both  
the  manual  and  powered  toothbrushes. 

DISCUSSION 

This  study  had  two  main  objecƟves:  a)  eluci-­‐
date   the   balance   between   cleaning   perfor-­‐
mance  and  dental  Ɵssue  abrasion  of  different  
toothpaste   formulaƟon   when   brushed   with  
manual   or   high   oscillaƟng-rotaƟng   powered  
toothbrushes  and  b)  evaluate  if   formulaƟons  
developed   especially   for   use   with   powered  
toothbrushes   have   advantages   in   terms   of  
dental   Ɵssue   abrasion   and   cleaning   efficacy.  
To  measure  these  effects,  various  in  vitro  test  
methods  were  used,  the  relaƟve  denƟn  abra-­‐
sion,   relaƟve   enamel   abrasion   and   pellicle  
cleaning  raƟo  [10,  11,  12]  as  well  as  profilom-­‐
etry   and   atomic   force   microscopy.   The   four  
tested   toothpastes   were   chosen   from   the  
German  market   and   belong   to   the   “regular”  
or  “whitening”  toothpaste  segment,  whereas  
one  formula  of  each  segment  was  developed  
especially   for  use  with  powered   toothbrush-­‐
es.     

 

 

The  results  can  be  summarized  by  the  follow-­‐
ing  key  findings: 

x� Toothpaste   formulaƟons   used   with   an  
oscillaƟng-rotaƟng   powered   toothbrush  
showed   higher   abrasion   of   dental   hard  
Ɵssue   (relaƟve   denƟn   abrasion;   relaƟve  
enamel   abrasion)   than   with   a   manual  
toothbrush. 

x� Toothpaste   formulaƟons   used   with   an  
oscillaƟng-rotaƟng   powered   toothbrush  
showed  no  significantly   improved  clean-­‐
ing  performance  (PCR)  compared  with  a  
manual  toothbrush. 

x� Toothpaste   formulaƟons   developed  
especially   for   use   with   oscillaƟng-
rotaƟng  powered   toothbrushes   resulted  
in  less  tooth  surface  roughness  and  in  an  
opƟmized  balance  between  cleaning  and  
abrasion  ability. 

Similar   findings   on   dental   hard   Ɵssue   abra-­‐
sion  were  also  obtained  by  Wiegand  et  al.  [7].  
In   this   study,   the   influence  of  different  pow-­‐
ered   toothbrushes   on   sound   and   eroded  
denƟn  was  invesƟgated.  The  results  indicated  
that  oscillaƟng-rotaƟng  powered  toothbrush-­‐
es  lead  to  an  increased  loss  of  demineralized  
and   sound   denƟn.   In   addiƟon,   a   separate  
study  showed  that  demineralized  enamel  was  
also  subject  to  increased  wear  using  powered  
toothbrushes  [8].   

When  comparing  different  oral  care  regimens  
the  experimental  in  vitro  test  setup  can  influ-­‐
ence   the  outcome  of   studies   [13].   Therefore  
we  adapted  the  standard  manual  toothbrush  
protocol  for  use  with  powered  toothbrushes.  
Analysis   of   the   denƟn   abrasion   using   the  
relaƟve   denƟn   abrasion   revealed   very   high  
values  for  all  toothpastes  when  brushed  with  
powered  toothbrushes.  The  American  Dental  
AssociaƟon   recommends   a   relaƟve   denƟn  
abrasion   of   250   as   the   upper   limit,   as   de-­‐
scribed  in  the  ISO  Standard  11609:2010  Den-­‐
Ɵfrices   [11].   Although   the   test   protocol   for  
tesƟng  powered  toothbrushes  as  implement-­‐
ed   in   this   study   is   not   described   in   this   ISO  
guideline  -  making  a  direct  link  to  the  Ameri-­‐
can   Dental   AssociaƟon   recommendaƟon  
difficult   -   the   relaƟve   denƟn  abrasion  values  
obtained  are  very  high.   

In  contrast,  toothpastes  B  and  D,  which  were  
developed   specifically   for   use  with   powered  
toothbrushes,  also  showed  increased  relaƟve  
denƟn  abrasion  values,  but  below  the  recom-­‐
mended  values  of  250.  Although  the  increase  
in  relaƟve  enamel  abrasion  values  was  similar  
for   the   different   regimens,   the   values   were  
below  the  maximum  level  of  40  recommend-­‐
ed   by   the   American   Dental   AssociaƟon   (ISO  
11609:2010)   [11].   Similar   findings   that   cer-­‐
tain   ingredients   affect   denƟn   and   enamel  
differently   are   known   and   described   else-­‐
where  [1,  14].   

In  vitro  methods  can  be  used  to  assess  mech-­‐
anisms,  but  correlaƟng  them  with  the  in  vivo  
situaƟon  is  oŌen  difficult.  Many  clinical  stud-­‐
ies   support   the   safety   of   powered   tooth-­‐
brushes  [5,  6].  Tooth  wear   is  a  mulƟfactorial  
process,   triggered   by   individual   brushing  
techniques   and   it   slowly   develops   in   the  
course   of   years   unƟl   it   might   reach   clinical  
relevance.   Among   clinical   studies   assessing  
the   safety   of   powered   toothbrushes  
[reviewed  in  6],  the  longest  study  period  was  
18  months   [16].  However,   this  might   be   too  
short  to  assess  any  measurable  effect  of  oral  
care  regimens  on  tooth  wear.   

Another  aspect  to  be  reviewed  in  this  context  
is   dental   erosion   mostly   due   to   changing  
nutriƟon  habits.  As  described  by  Wiegand  et  
al.   [8],  powered   toothbrushes  show  a  higher  
abrasion   on   demineralized   enamel.   If   the  
individual  lifestyle  tends  to  support  deminer-­‐
alizaƟon  and  erosion,  the  risk  of  losing  enam-­‐
el   during   the   daily   oral   care   regimen   is   in-­‐
creased. 

While   several   studies   have   indicated   that  
powered   toothbrushes   have   advantages   in  
terms   of   cleaning   efficacy,   plaque   removal  
and   gingival   health   [15,   16],   it   should   be   of  
interest   to   improve   the   oral   hygiene   even  
further   by   using   toothpaste   formulaƟons  
with  a  proven   low  abrasive  potenƟal.   In   this  
in  vitro  study  two  products  specifically  devel-­‐
oped   for   use   with   powered   toothbrushes  
(toothpastes   B   and   D)   were   evaluated.  
Among   the   tested   endpoints   of   this   study,  
they   showed   superior   results   with   a   high  
cleaning   performance   and   a   low   abrasive  
potenƟal.  To  reach  this  goal  the  opƟmal  raƟo  

Group 277.86 (1.21)Group 465.99 (1.88)Toothpaste D

Group 193.18 (1.84)Group 1102.14 (2.26)Toothpaste C

Group 283.25 (2.33)Group 378.43 (1.95)Toothpaste B

Group 195.21 (3.24)Group 293.57 (1.67)Toothpaste A

Significant differences
between groups

(p>0.05)

Powered brush
Mean (SEM)

Significant differences
between groups

(p>0.05)

Manual brush
Mean (SEM)

Group 277.86 (1.21)Group 465.99 (1.88)Toothpaste D

Group 193.18 (1.84)Group 1102.14 (2.26)Toothpaste C

Group 283.25 (2.33)Group 378.43 (1.95)Toothpaste B

Group 195.21 (3.24)Group 293.57 (1.67)Toothpaste A

Significant differences
between groups

(p>0.05)

Powered brush
Mean (SEM)

Significant differences
between groups

(p>0.05)

Manual brush
Mean (SEM)

 
Table   IV:  Cleaning  Efficacy  Measured  by  Pellicle  Cleaning  Ratio    (Mean  Values  ±  SEM)  as  
Described  by  Stookey,  et  al.  (1982)     

Table   V:   Cleaning  Efficacy  Versus  Dentin  
Abrasion 
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between  gentle  cleaning  parƟcles  and  surfac-­‐
tants  was   idenƟfied  during   formula  develop-­‐
ment.  Furthermore  to  meet  the  requirement  
for   a   whitening   toothpaste,   we   avoided   use  
of  harsh  cleaning  parƟcles,  but  increased  the  
cleaning   performance   by   using   sequestrants  
that  dissolve  stubborn  stains,  which  then  can  
be   removed   more   gently   with   brushing.   In  
addiƟon,   these   toothpastes  meet   the   needs  
of   consumers   who   frequently   use   powered  
toothbrushes  by  offering  an   improved   fresh-­‐
ness  and  foaming  experience. 

As   life   expectancy   rises   people   need   to   rely  
on  healthy  teeth  for  a  longer  period  of  life.  A  
subopƟmal   oral   care   regimen   that   supports  
increased   tooth  wear  will   backfire  with   age,  
either  introducing  high  costs  for  tooth  resto-­‐
raƟon   or   leaving   aged   people   desperate.  
Therefore  it  is  important  to  do  the  utmost  for  
proper   oral   hygiene   by   applying   the   right  
brushing  technique  especially  in  terms  of  the  
right  brush  tension  and  by  using  toothpastes  
with  an  opƟmized  abrasion/cleaning  raƟo.   

CONCLUSIONS 
In   the  present  study  we  compared   the   influ-­‐
ences  of  different  toothpastes  in  combinaƟon  
with  oscillaƟng-rotaƟng  powered  toothbrush-­‐
es  and  manual  toothbrushes  in  terms  of  den-­‐
tal  hard    Ɵssue  abrasion  and  cleaning  perfor-­‐
mance.   

These   in   vitro   studies   indicate   that   some  
toothpastes   in   combinaƟon   with   powered  
toothbrushes   might   negaƟvely   influence  
dental   hard   Ɵssue   abrasion   with   a   limited  
improvement  in  cleaning  efficacy.  Over  years,  
this  might  lead  to  loss  of  tooth  form,  funcƟon  
and  estheƟcs,  as  well  as  to  dental  hypersensi-­‐
Ɵvity.   

Toothpastes   developed   especially   for   use  
with   powered   toothbrushes   showed   an   im-­‐
proved  raƟo  of  abrasion  versus  cleaning  and  
thereby  can  further  improve  oral  hygiene. 
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