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Abstract:	
   In	
   order	
   to	
   improve	
   early	
   recogniAon	
   of	
   Alzheimer’s	
   disease,	
   novel	
  
approaches	
   for	
  biomarkers	
   idenAficaAon,	
   such	
  as	
  metabolomics,	
  are	
  been	
  developed	
  
and	
  the	
  potenAal	
  of	
  Fourier	
  Transform	
  Infrared	
  Spectroscopy	
  (FTIR)	
  in	
  the	
  clinical	
  field	
  
is	
  receiving	
  parAcular	
  a[enAon.	
  The	
  present	
  work	
  aims	
  to	
  contribute	
  to	
  idenAficaAon	
  
of	
   the	
   main	
   pathological	
   changes	
   that	
   occurred	
   during	
   neurodegeneraAon,	
   by	
  
idenAfying	
   plasma	
   biochemical	
   alteraAons	
   that	
   might	
   be	
   related	
   to	
   demenAa	
   and	
  
discriminate	
   control	
   from	
   cogniAve	
   impaired	
   samples,	
   through	
   FTIR	
   analysis	
   and	
  
mulAvariate	
  analysis.	
  Differences	
  have	
  been	
  idenAfied;	
  plasma	
  samples	
  from	
  cogniAve	
  
impaired	
   subjects	
   presented	
   a	
   higher	
   content	
   of	
   saturated	
   lipids	
   in	
   relaAon	
   to	
   the	
  
unsaturated	
  ones.	
   It	
  was	
  also	
  noAced	
   the	
  presence	
  of	
   carboxylic	
   acids	
  producAon	
  of	
  
reacAve	
  carbonyls.	
  Differences	
   in	
  protein	
  conformaAon	
  were	
  also	
   idenAfied	
  between	
  
control	
   and	
   disease	
   samples	
   and	
   were	
   mainly	
   related	
   with	
   occurrence	
   of	
   protein	
  
aggregates.	
   In	
   conclusion,	
   FTIR	
   has	
   potenAal	
   to	
   be	
   applied	
   in	
   future	
   not	
   only	
   for	
  
cogniAve	
   impairment	
   diagnosis	
   but	
   also	
   for	
   idenAficaAon	
   of	
   disease	
   stage	
   and	
  
prognosAc	
   evaluaAon,	
   besides	
   assessment	
   of	
   disease	
   developing	
   risk	
   for	
   control	
  
subjects.	
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DemenAa	
  is	
  associated	
  with	
  neurodegeneraAve	
  diseases,	
  characterized	
  by	
  chronic	
  
and	
   progressive	
   cogniAve	
   decline.	
   Typically	
   demenAa	
   affects	
   individuals	
   65	
   years	
  
old	
  or	
  more,	
  but	
  can	
  affect	
  younger	
  individuals	
  [1,2]	
  and	
  affects	
  individuals	
  all	
  over	
  
the	
  world;	
   the	
   last	
   report	
   of	
   Alzheimer’s	
   Disease	
   InternaAonal,	
   esAmates	
   that	
   in	
  
2015,	
  46.8%	
  of	
  the	
  world	
  populaAon	
  was	
  living	
  with	
  demenAa	
  and	
  that	
  probably	
  in	
  
2030	
  the	
  number	
  will	
  double	
  to	
  affect	
  74.7	
  million	
  people.	
  In	
  Europe	
  it	
  is	
  esAmated	
  
that	
  10.5	
  million	
  individuals	
  develop	
  some	
  type	
  of	
  demenAa	
  [3,4].	
  
Alzheimer’s	
  disease	
  is	
  the	
  most	
  common	
  type	
  of	
  demenAa	
  and	
  accounts	
  for	
  60%	
  of	
  
all	
  demenAa	
  cases	
  [3,4].	
  The	
  diagnosis	
   is	
  mainly	
  based	
   in	
  the	
   idenAficaAon	
  of	
  the	
  
cogniAve	
   disorder	
   in	
   paAents	
   who	
   have	
   already	
   overt	
   the	
   advanced	
   stage	
   of	
  
demenAa,	
  when	
  is	
  too	
  late	
  for	
  some	
  kind	
  of	
  therapeuAc	
  adjustment	
  [4].	
  	
  Therefore,	
  
in	
  order	
  to	
  improve	
  early	
  recogniAon	
  of	
  Alzheimer’s	
  disease	
  and	
  other	
  demenAas,	
  
novel	
   approaches	
   for	
   biomarkers	
   idenAficaAon,	
   such	
   as	
  metabolomics,	
   are	
   been	
  
developed	
  and	
   the	
  potenAal	
  of	
  Fourier	
  Transform	
   Infrared	
  Spectroscopy	
   (FTIR)	
   in	
  
the	
  clinical	
  field	
  is	
  receiving	
  parAcular	
  a[enAon.	
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The	
   inclusion	
   criteria	
   for	
   the	
   study	
  
group	
  were	
   individuals	
   aged	
  more	
   that	
  
50	
  years	
  old	
  and	
  resident	
   in	
   the	
  Aveiro	
  
region	
   (Portugal).	
   Exclusion	
   criteria	
  
included	
   individuals	
   diagnosed	
   with	
  
psychiatr ic	
   disorders	
   (excluding	
  
depression),	
   aphasia,	
   using	
   illicit	
   drugs,	
  
or	
   unable	
   to	
   answer	
   the	
   quesAons	
   in	
  
the	
   structured	
   interview.	
   CogniAve	
  
evaluaAon	
   of	
   individuals	
   was	
   carried	
  
out	
   at	
   several	
   Primary	
   Health	
   Care	
  
Centers	
   in	
   the	
   Aveiro	
   region.	
   The	
  
project	
   was	
   approved	
   by	
   the	
   ethics	
  
commi[ee	
   of	
   the	
   Regional	
   Health	
  
Center	
  (012	
  804	
  of	
  April	
  04,	
  2012).	
  

AD:	
  Alzheimer’s	
  Disease;	
  MMSE:	
  Mini-­‐Mental	
  State	
  
ExaminaAon;	
  CDR:	
  Clinical	
  DemenAa	
  Rate.	
  

Data	
   set	
   include	
   45	
   samples,	
   controls	
  
and	
   putaAve	
   demenAa	
   paAents	
   with	
  
the	
  following	
  characterisAcs:	
  

Gather	
  data	
  set	
  
of	
  controls	
  and	
  

demenAa	
  
paAents	
  

Set	
  spectral	
  
acquisiAon	
  
condiAons	
  

Obtain	
  spectra	
  of	
  
the	
  45	
  samples	
  in	
  

triplicate	
  
Apply	
  PCA	
  
analysis	
  

Interpret	
  the	
  
data	
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Plasma	
  spectra	
  of	
   the	
   selected	
  volunteers	
   (Table	
  1)	
  were	
  acquired	
  with	
  a	
  Perkin-­‐
Elmer	
   Spectrum	
   BX	
   FT-­‐IRTM	
   spectrometer	
   in	
   the	
   range	
   of	
   4000-­‐900	
   cm-­‐1,	
   at	
  
resoluAon	
  of	
  8	
  cm-­‐1	
  with	
  64	
  co-­‐added	
  scans.	
  	
  
Background	
  single	
  beam	
  was	
  performed	
  against	
  air	
  and	
  to	
  spectra	
  acquisiAon	
  8	
  μl	
  
of	
  plasma	
  of	
  each	
  sample	
  was	
  placed	
  on	
  the	
  ATR	
  crystal	
  (diamond	
  crystal)and	
  the	
  
sample	
  acquisiAon	
  started	
  amer	
  the	
  drying	
  process	
  was	
  complete.	
  Each	
  sample	
  was	
  
analyzed	
  in	
  triplicate.	
  All	
  spectra	
  are	
  shown	
  in	
  Figure	
  1.	
  

Figure	
  1.	
  FTIR	
  spectra	
  of	
  the	
  plasma	
  samples,	
  both	
  control	
  and	
  cogniAve	
  impaired	
  paAents.	
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  Figure	
  2.	
  FTIR	
  spectra	
  example	
  of	
  the	
  main	
  spectroscopic	
  regions	
  and	
  corresponding	
  
assignments	
  in	
  the	
  range	
  of	
  4000-­‐600	
  cm-­‐1	
  [5,6].	
  	
  

Figure	
   2	
   shows	
   a	
   representaAve	
   spectra	
   of	
   plasma	
   samples	
   data	
   set	
   where	
   the	
  
corresponding	
   assignments	
   are	
   placed	
   	
   near	
   each	
  wavenumber.	
   It	
   is	
   possible	
   to	
  
observe	
  funcAonal	
  groups	
  of	
  the	
  molecules	
  present	
  in	
  plasma	
  composiAon.	
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PCA	
  was	
  applied	
  to	
  the	
  mid-­‐infrared	
  spectra	
  of	
  plasma	
  samples	
  in	
  order	
  to	
  extract	
  
the	
  main	
   sources	
  of	
   variability.	
   Specific	
   spectral	
   regions	
  were	
   studied:	
  3500-­‐2700	
  
cm-­‐1	
   (related	
   to	
   the	
   presence	
   of	
   lipids	
   (e.g.,	
   especially	
   saturated	
   fa[y	
   acids	
   and	
  
phospholipids);	
  1800-­‐1400	
  cm-­‐1	
  (mainly	
  related	
  to	
  protein	
  conformaAon	
  mode	
  and	
  
to	
   chemical	
   properAes	
   of	
   nucleic	
   acids	
   bases,	
   fa[y	
   acids	
   and	
   carbohydrates)	
   and	
  
1200–900	
   cm-­‐1	
   (dominated	
   by	
   the	
   symmetric	
   stretching	
   of	
   PO2	
   groups	
   in	
   nucleic	
  
acids	
  and	
  polysaccharides	
  and	
  nucleic	
  acids	
  structural	
  and	
  funcAonal	
  informaAon).	
  
Standard	
   Normal	
   Variate	
   (SNV)	
   was	
   the	
   pre-­‐treatment	
   applied	
   to	
   all	
   spectral	
  
regions;	
   the	
   data	
   set	
  was	
   auto-­‐scaled,	
   to	
   equalize	
   the	
   spectra	
   to	
   the	
   same	
   scale	
  
(standardize)	
  and	
  decrease	
   the	
  differences	
  among	
   them	
   (divided	
  by	
   the	
   standard	
  
deviaAon).	
  	
  Results	
  are	
  shown	
  in	
  Figure	
  3.	
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Figure	
  3.	
  PCA	
  scores	
  sca[er	
  plot	
  and	
  corresponding	
  PCA	
  loadings	
  profile	
  of	
  the	
  three	
  spectral	
  regions	
  
studied	
  by	
  mulAvariate	
  analysis	
  of:	
  3500-­‐2700	
  cm-­‐1	
  (A)	
  1800-­‐1400	
  cm-­‐1	
  (B)	
  and	
  1200-­‐900	
  cm-­‐1	
  (C)	
  
spectral	
  regions.	
  C	
  corresponds	
  to	
  control	
  samples	
  and	
  D	
  to	
  demenAa/cogniAve	
  impairment	
  samples.	
  
Loading	
  profiles	
  show	
  maximum	
  peaks	
  wavenumbers	
  [6].	
  
	
  .	
  

A	
   B	
   C	
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In	
   the	
   scores	
   sca[er	
   plot	
   it	
   is	
   possible	
   to	
   observe	
   samples	
   subdivided	
   into	
   sub-­‐
groups,	
   within	
   control	
   and	
   putaAve	
   AD	
   groups.	
   The	
   cluster	
   variability	
   could	
   be	
  
explained	
   by	
   some	
   clinical	
   factors	
   that	
   influence	
   the	
   results	
   of	
   this	
   preliminary	
  
work,	
   in	
   parAcular	
   the	
   presence	
   of	
   several	
   comorbidiAes,	
   unknown	
   and/or	
  
undiagnosed	
  geneAc	
  predisposiAon	
  factors,	
  use	
  of	
  medicaAon	
  capable	
  of	
  affecAng	
  
biochemical	
   plasma	
   levels,	
   or	
   the	
   presence	
   of	
   a	
   neurodegeneraAve	
   disorder	
   of	
  
mixed	
  nature.	
  
	
  
The	
  loading	
  profiles	
  allow	
  to	
  extract	
  informaAon	
  about	
  the	
  funcAonal	
  groups,	
  and	
  
corresponding	
  molecules,	
  responsible	
  for	
  the	
  discriminaAon	
  observed	
  in	
  the	
  scores	
  
sca[er	
   plot.	
   The	
   loading	
   interpretaAon	
   allow	
   to	
   extract	
   differences	
   between	
  
controls	
  and	
  putaAve	
  demenAa	
  groups.	
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According	
  to	
  the	
  interpretaAon	
  of	
  loading	
  profile	
  of	
  PCA	
  results	
  (Figure	
  3):	
  
•  3500-­‐2700	
  cm-­‐1	
  

Plasma	
  samples	
   from	
  cogniAve	
   impaired	
  subjects	
  presented	
  a	
  higher	
  content	
  
of	
  saturated	
  lipids	
  in	
  relaAon	
  to	
  the	
  unsaturated	
  ones,	
  which	
  translates	
  in	
  high	
  
potenAal	
  brain	
  damage.	
  
It	
   was	
   also	
   noAced	
   the	
   presence	
   of	
   carboxylic	
   acids	
   (related	
   to	
   lipid	
  
hyperoxidaAon),	
  producAon	
  of	
  reacAve	
  carbonyls,	
  and	
  proteins	
  structural	
  and	
  
funcAonal	
  alteraAons.	
  	
  

•  1800-­‐1400	
  cm-­‐1	
  
Differences	
  in	
  protein	
  conformaAon	
  were	
  also	
  idenAfied	
  between	
  control	
  and	
  
disease	
   samples	
   and	
   were	
   mainly	
   related	
   with	
   occurrence	
   of	
   protein	
  
aggregates.	
  Data	
  suggests	
  the	
  presence	
  of	
  protein	
  aggregates	
  and	
  the	
  change	
  
in	
  protein	
   conformaAon	
   for	
  highly	
   stable	
  parallel	
   β-­‐sheet,	
  which	
   agrees	
  with	
  
the	
  presence	
  of	
  Aβ	
  fibrils.	
  

•  1200-­‐900	
  cm-­‐1	
  
Some	
  changes	
  were	
  also	
  associated	
  with	
  oxidaAve	
  cellular	
  damage	
  in	
  disease	
  
samples.	
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With	
   this	
   study	
   it	
   was	
   possible	
   to	
   establish	
   a	
   method	
   to	
   idenAfy	
   the	
   main	
  
metabolic	
  changes	
  that	
  occur	
  during	
  neurodegeneraAon,	
  by	
  monitoring	
  plasma	
  
biochemical	
  alteraAons	
  through	
  FTIR	
  analysis.	
  
It	
   was	
   possible	
   to	
   reveal	
   some	
   common	
   changes	
   in	
   demenAa	
   paAents,	
  
suggesAng	
   that	
   FTIR	
  analysis	
   can	
  be	
  used	
   to	
  build	
   classificaAon	
  models	
   that	
   in	
  
the	
   future	
   may	
   aid	
   in	
   the	
   diagnosis	
   of	
   cogniAve	
   impairment	
   or	
   in	
   the	
  
idenAficaAon	
  of	
  disease	
  or	
  risk	
  development.	
  
Clinical	
   trials	
  with	
  enlarged	
  data	
  sets	
  and	
  samples	
   fully	
  characterized	
  would	
  be	
  
necessary	
   to	
   validate	
   the	
   use	
   of	
   FTIR	
   in	
   demenAa	
   diagnosis	
   and	
   prognosis	
  
however	
  FTIR	
  showed	
  potenAal	
  to	
  be	
  applied	
  in	
  future	
  for	
  cogniAve	
  impairment	
  
diagnosis.	
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