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DETERIv[INATION
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              Amperometric  detection  in high  performance  liquid  chromato-

         graphy  was  applied  foT  the  deterrnination  of  carbohydrates  in  human

         serum.  Remarkable  difference  of  mannose  content  was  observed  for

         serum  in  disorder  states  compared  with  normal  subjects.  Clinical

         interest  was  suggested  by  an  unsusceptibility  of  mannose  to  influ-

         ence  of  meal  and  a  significant  correlation  of  mannose  te  glucose

         content.  The  selectivity  involved  in the  method  and  the  stability

         of  a  working  electrode  were  excellent  by  virtue  of  a  low  applied

         potential.

                                                                              1)2)
     Reducing  carboh)rdrates  have  been  detected  with  refTaetive  index  detector  ,

colorirnetric5)-S)
 or  fiuorimetric  methods6)-8)  in high  performance  liquid  chromato-

graphy.  These  techniques  eften  suffered  from  drawbacks  such  as  
insufficient

 
sensi-

tivity,  lack  of  selectivity,  instability  or  hazardous  corrosion  of  reagent.  
There-

fore,  an  alternative  technique,  which  will  be  easily  attainable,  more  sensitive  
and

highly  selective,  is still  being  pursued.

,i,.,:e::::ji::,E.:;X;iS･  :Xe:;'Z:,:;.i:e::. i"g.:g'.2g\Y::a.t:2,:',:31:g,23gB.pexf2g:,a:fe
ing of  redox  reaction  of  metal  complex  as  a  mediator  with  the  Teducing  ability  

of

sugars  provides  a  pTinciple  of  detection  as  fellows:

   cu(phen)22'-sit;l:il)l;llIl-gll::l:E;iliirk-.,
eigU

i
i:.:;::lrloiumn

 cucphen)2+-91tg:liill:2:lll}Sel
eCilgi2i.:;Cai

 cu(phen)22+

:eei:.c:2:e,g,2;f-p\:2a\;h,g:i;::.fi:?.:r,eg;aE:s,?g.c?.: ::.tb:,f:ci3;'::).Ezi,eyi'zed
Hence,  the  hypothetical  thermodynamical  redox  potentials  of  reducing  sugars  

are

assumed  rnore  negative  than  -50  mV,  although  sugars  are  not  detectable  
by

 
direct

electrochemical
 methed.  As  expected,  the  applied  potential  of  

+40
 mV  was  enough,

 affording  mass-transport  lirniting current.  Such  a low  potential  facilitated  
full

usage  of  specific  aspects  inherent  to the  amperometric  detection.  A  great  deal  
of

'applications
 have  been  devoted  to  the  oxidative  uses,  demanding  uses  ef  rather  

high

positive  potentials.  For  example,  the  potential  more  than  +700  mV  were  needed  
for
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the  detection  of  catecholamines  studied  in an  abundance  of  earlier  publications.  On

high  potential  use,  the  surface  of  electrode  is prone  to  irreversible  change  or  poi-

::y"g,:':.:?il:g':g:: :ios\g.tgl.ge::::t::.;:,":･:e::gd:x:?gg;y.;"2::l,t:sx#?;lity
containing  a  lot of  components  such  as  in  urine  or  serum  were  rapid  deteriorations

in either  stability  or  reproducibility,  which  were  ascTibable  to  use  of  high  oxida-

tion  potentials.  Hence,  these  assays  inevitably  involve  intricate  and  time  consum-

ing
 pre-treatments  of  samples.  In  addition,  use  of  high  potential  causes  high  and

fluctuant  background,  raising  detection  limits  although  the  net  background  current

can  be  canceled  out  electronically.  FurtheTmore,  the  high  applied  potential  exerts

drawback  in  selectivity,  which  should  be  the  excellent  advantage  of  the  detector12).
The

 new  method  does  not  suffer  from  these  pToblems  by  virtue  of  low  applied  poten- .tial.
 Additional  selectivity  may  be  gained  under  the  condition$  of  chemical  

reac-

tion  optimized  for  sugars9).

     Serum  is  well  known  to  contain  overwhelming  amount  of  glucose  compared  with  oth-

er  carbohydrates.  Minor  components  except  glucose  have  not  always  been  investigated
extensively  in  terms  of  their  presences,  amounts  and  variations  related  to  diseases
13)14)
      . One  ef  the  reasons  is  the  lack  of  an  appropriate  method  of  analysis  possess-
ing  high  sensitivity,  selectivity  and  easiness.

     In  this  study,  the  new  technique  was  applied  to  analyses  of  glucose  and  others

in human  serum  in  normal  and  disoTder  states.  Distribution  profiles  of  minor  sugars

might  provide  useful  informations  about  diagnesis,  treatment  and  metabolism.  One
pmolofdetection  limit  was  attained  by using  cation  exchange  column  and  water  as  elu-

ant,  previeusly9).  The  system  was  successfullY  adaptable  to  the  samples  containing

comparable  amounts  of  sugars  such  as  in  urine.  Another  separation  mode  should  be em-

ployed  for  analyses  of  predominant  content  of  ene  component  such  as  in serum.  Fortu-

nately,  glucose  is the  last  to  elute  in the  chromatography  of  anion  exchange  column

and  borate  buffer.

                                      EXPERIMENTAL

Materials

     All  chemicals  were  of  reagent  grade  and  commercially  available.  CBP  was  prepar-
ed  accerding  to  the  literaturelS).  It was  recrystallized  from  distilled  water  and

dried  at  80eC  for  two  hours  under  vaccum.  Reagent  sDlution  was  prepared  by dissolv-
ing CBP  into  the  solution  eontaining  sodium  monohydrogenphosphate  as  supporting  elec-

trolyte.  All  solutions  and  eluant  weTe  made  from  single  distilled  water.

High  performance  liquid  chromatography

     The  high  performance  liquid  chromatograph  was  equipped  with  a Constametric  IIG

constant  flow  pump  ( Milton  Roy,  U.S.A.,  flew  rate:O.3S  mllmin  ), strong  anion  ex-

change  colurnns  IEX  222  C 12 p,  Toyo  Soda,  Tokyo,  Japan,  series  connected  three  col-

umns  of  10  cm  long  x  2 mm  I.D. ), sample  injector  with  20  vl  loop  volume,  Model  7120
C Rheodyne,  U.S.A.  } and  an  amperometric  detector  VMD  101 C Yanaco,  Kyoto,  Japan  ).
The  reagent  solution  containing  CBP  was  delivered  at  a  flow  rate  of  O.80  mllmin  by  a

constant  flow  pump  TRI  ROTAR-II  ( Japan  Spectroscopic,  Tokyo,  Japan  ) and  mixed  with

the  celurnn  eluate  by  means  of  a  simple  stainless  tee.  PTFE  tube  C O.5 mm  I.D.,  5 m

NII-Electronic  



The Japan Society for Analytical Chemistry

NII-Electronic Library Service

The  JapanSociety  for  Analytical  Chemistry

E243

long  ) was  used  as  a  reaetion  coil  which  was  igtrnersed  in  a water  bath  C9S ± O.1"C).

The  reaction  mixture  was  passed  through  the  cooling  coil  ( 50  cm  long,  O.25  mm  I.D.),

dipped  in  water  before  reaching  to  the  detector.  Since  a  slight  diminution  of  fruc-

tose  was  recognized  at  such  low  levels  of  sample  concentration  as  several  paTt  per

millions  at  the  column  temperature  near  or  above  60eC,  the  columns  were  thermostatted

at  S8eC  within  ± O.10C  in a  water  bath.  Isocratic  elution  was  employed  because  of

the  low  compatibility  of  electrochernical  detection  with  gradient  elution.  In  order

to  shorten  the  injection  cycle,  the  size  of  the  columns  were  minimized  as  possible  at

the  expense  of  separation  and  overloading  of  glucose.  According  to  the  previous

study9),  pH  of  the  mixture  at  the  reaction  coil  was  adjusted  to  be  around  11.20.  The

low  content  of  suppoTting  electrolyte  in  Teagent  solution  is aesirable  foT  the  elec-

trochemical  detection.  The  low  concentration  of  borate  buffer  as  eluant  was  consid-

ered  good  choice.  The  eluant  contained  O.02  M  sodium  tetTaborate  and  O.1  M  boric  acid

and  was  adjusted  to  pH  8.98  with  Z M  sodium  hydroxide.  The  reagent  solution  contain-

ed  2 rnM CBP  in O.Z  M disedium  hydrogen  phosphate,  adjusted  to  pH  11.70.  The  applied

potential  on  the  working  electrode  of  glassy  carbon  was  fixed  at  
+
 40  mV  vs  Ag/AgCl.

Figure  1 shows  the  chromatograms  of  authentic  mixture  of  simple  carbohydrates  and  a

4000-fold  dilution  of  the  juice squeezed  fTom  an  apple  obtained  under  these  experi-

mental  conditions.

   4i3
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Fig.  1 Chromatograms  ef  standard  and

       natural  product

a)  authentic  mixture:  1;maltose,  2;

lactose,  3;ribose,  4;mannose,  5;fructese,

6;aTabinose,  7;galacto$e,  8;x)rlose,  9;

glucose,  1-3;each  ZO  ng,  4-9;each  40  ng

b) a  4000-fold  dilution  ef  juice squeezed

frorn an  apple:  1;fructose,  2;xylose,

5;glucose

r  n t
O 30  60  O 30 60
tR/min  tRlmin

Procedures

     The  subjects  studied  usually  fasted  overnight.  Blood  was  collected  by  veinpunc-

ture  and  kept  for  15  min  at  rooin  temperature.  Serum  was  then  separated  
by

 
centrifu-

gation  for le min  at  1500  rpm  and  deproteinized  by  mixing  with  equivolume  of  aceto-

nitrile  followed  by  centrifugation.  The  supernatant  was  diluted  with  equivolurne  of

distilled  water  and  20 vl  ef  the  dilute  solution  was  injected  on  HPLC.

                              RESULTS  AND  DISCUSSION

Pre-treatment  of  serum
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Fig.2  Effect  of  meal

(a) before,  (b) 1 h  later.

(c) 2 h later.

Numbers  labelled  on  each

peak  are  referred  to  those

in Fig.1(a),  as  is the

case  in following  figuTes. 1

(c)
9

                            r r  rT Tm-  r
                           O 30 60 O 30 60 O 30  60

                           tR/min  tRlmin  tRlmin

     The  time  until  deproteinization  affected  the  persistence  of  sugars.  About  ZO t
diminution  of  mannose  was  observed  in  serum  deproteinized  after  72  h,  compared  with

that  immediately  deproteinized.  Slight  decrease  was  also  recognized  in  the  serum

separated  at  2 h after  collection  ef  blood.  However,  the  change  of  sugars  was  not

feund  in the  deproteinized  serum  stoTed  in  a  refrigerator.  Thus,  serum  was  sepa-

rated  and  deproteinized  soon  after  cellectien  and  stored  in the  refrigerator  until

injection  on  HPLC.  It  was  found  that  sugars  did  not  degrade  even  if stored  in the

refrigeratoT  as  long  as  two  weeks.

              chromatograms  Fig.2

depicted  typical  ones  commonly  observed

for healthy  subjects.  That  is, maltose,

lactose  and  ribose  were  not  found  in the

serum  before  meal  and  mannose  content  is

ca.  500 vgllOO  ml  serum,  which  was  almest

constant  as  shown  later.

Effect  of  meal

     SeTa  were  collected  from  healthy  subjects  immediately  before,  and  1 and  2 h af-

teT  a  meal.  Chromatograms  of  the  sera  are  shown  in  Fig.2.  rncrease  ef  glucose  and

appearance  of  maltose  were  notable  1 h after  the  meal.  Glucose  gradually  restored

to  an  initial  level  and  rnaltose  decreased  gradually  2 h after  the  meal.  Fructose

seemed  te  depend  on  the  kind  of  foods  taken.  It  is  well  known  that  glucose  content

in  serum  is severely  affected  by  meal  and  it  provides  the  problem  often  suspected  in

glucose  assay.  It  was  noticeable  that  mannose  was  unsusceptible  to  perturbation  by
the  meal.  The  shown  in

Chromatograms  of  sera  f'rom  patients

     Patients  with  a  variety  of  diseases

showed  markedly  different  chromatogTams  in

contrast  to  normal  subjects,  ef  which

chromatograms  weTe  almost  the  same.  Dis-

eases  studied  in this  work  involved  liver
cirrhosis,  hepato  cellular  carcinoma,

acute  and  chronic  hepatitis,  cholestasis,

myocardial  infarction,  diabetes  rnellitus,

8

 rO
 30  60

tR/min

(b)

mO
 30 60

tR!min

Fig.3  Chromatograms  for  an  esophageal

cancerCa)  and  a  stomach  cancer(b)
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esophageal  cancer,  acute  and  chronic  myelocytic  leukemia,  stomach  cancer,  chronic

Tenal  failure,  gall  b!adder  cancer,  diabetes  insipidus,  malignant  lymphoma,  
collagen

diseases,  gastric  ulcer,  ovarial  cyst,  nephrotic  syndrome,  hyperthyroidisrn,  
hyper-

lipidemia  etc.  Two  notable  aspects  were  derived  frorn inspection  of  
chromatograms

obtained  for  these  diseases.  It may  be  pointed  out  as  an  evidence  of  some  kind  of

disease  that  all  of  maltose,  lactose  and  ribose  are  involved.  Other  characteristics

of
 disorders  reflect  in alteration  of  mannose  content.  Figure  3 shows  chromategrams

obtained  for  esophageal  cancer  and  stomach  cancer.  It  was  noticeable  
that

 
mannose

and  glucose  increased  in Fig.3(a),  while  decrease  of  rnannose  in Fig.3(b).  Figure  
4

shews  chromatograms  for  the  patients  with  diabetes  mellitus.  Increases  
of

 
mannose

as  well  as  of  glucose  in both  of  them  were  remarkable.  Figure  SCa)  was  obtained  for

the  patient  of  acute  leukernia  at  admission.  Another  4-fold  dilution  of  serum  
com-

pared  with  usual  procedure  was  needed  to  rneet  a drarnatically  increased  peak.  
The

largest  peak  was  identified  as  fructose,  not  as  mannose.  Mannese  was  recogni-zed  on-

ly small  leading  shouldeT  of  fructose.  Figure  5Cb)  shows  the  chromatogram  for  
the

same  subject  after  hospitalization  of  abQut  ene  month,  when  the  therapy  induced

clinical  improvement.  Fructose  disappeared  and  both  of  mannose  and  glucose  
were

 
ap-

proximately  nerTnal.  It  was  only  slight  syinptom  of  diseraer  
that

 
theTe

 
was

 
an

 
un-

known  peak  rnaTked  u.

(a)

5-(a)

x

9
4nA

4

x2

1

12nA

4

u

(b)

9

r t  r t
O  30  60  O 30 60

tRlmin  tRlmin

Fig.4  Chromatograms  for  diabetes

       mellitus(DM)

   (a) DM  with  alcoholisnt

   (b) DM with  ischemic  heart  disease

!xe

rO
 30 60  O 30 60

tR/min  tRlmin

 Fig.S  ChromatograTns  obtained  for

         an  acute  leukemia

    (a) at  admission

    Cb) after  one  month  of

        hospitalization
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 Mannose

      It  was  proved  that  mannose  was  always  involved  in human  serum.  The  distribu-

 tion  of  its concentration  gathered.at  narrow  range  for  healthy  persons  ( 4g6  ± 36

 vg/100  ml  serum,  n=16  ) but  scattered  oveT  wider  for  disorder  states  ( 948  ± 46Z

 vgllOO  ml  serum,  n=S3.  maximum  
=
 2960, minimum  =  240  pgllOD  ml  ), as  cempared  in

 Fig.6.  The  reason  is arnbiguous  at  present.

      In  contrast  to  galactose  or  fructose,  mannose  is  known  to  have  metabolic  ef-

 fects  similar  to  those  of  glucose.  For  example,  mannose  significantly  evokes  insulin

 secretory  Tesponse  of  the  hunan  pancreas,  as  elucidated  from  the  intravenous  infu-

 sion  studies16).  significant  correiation  between  amounts  of  mannose  and  glucose  for

 patients  was  verified  as  shewn  in  Fig.7  ( r  =  O.72,  n  =  83  ). Concentration  of

 mannose  seems  not  to  be  under  the  influence  of  intake  of  foods,  as  mentioned  pre-

             O.5 1

LenE=c

eE2

pl

eutooth--v

 .Eoov-.

×

 aE

ethoccoE

3

2

1

mg  mannose/  100  mt  serum

       100 mg  /100 mt
9tucose

Fig.

Fig.6  Population  histo-

gTam  of  mannese  con-

tents  for  normal  and

diseased  persons

7 Distribution  of  mannose

content  vs  glucose  content

observed  for  patients  with

diseases
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viously.  rt  was  anticipated  in  some  extent  since  there  is  no  mechanism  of  active

transport  of  mannose  across  gut.  No influence  of  meal  and  correlation  to  glucose

suggest  clinical  interest  of  mannose  in  cornplement  to  glucose.

     In  order  to  confirm  the  presence  of  mannose,  isolated  chromatographic  zone

supposed  to  contain  rnannose  was  analysed  by  a  modified  quadrupole  mass  spectrometer

C ANELVA  TE  600  GCIMS  ) in  API  mode.  Mass  spectra  definitely  clarified  single  com-

ponent  of  melecular  weight  180,  consistent  with  mono-hexose.  Capacity  factors  of

mono-saccharides  except  mannose  did  not  coincide  with  that  of  chromategraphic  peak
thought  as  mannose.  It  is  unlikely  that  it could  be identified  to  other  substances,

from  the  consideration  of  specificities  involved  in the  rnethod  C separation  by  anion

exchange  chromatography,  limited  condition  of  chemical  reaction  and  electrochemical

detection  with  extremely  lew  applied  potential  ).

Quantitation
    The  very  sirnple  chTomatograms  were  ebtained  for  serum.  No  interference  from

other  naturally  occuring  serum  constituents  were  encountered.  Each  peak  was  iden-

tified  with  no  ambiguity  on  the  basis  of  exactly  matching  retention  with  standard.

The  centents  of  galactose  and  xylose  were  below  detectable  range  of  the  method.

Arabinose  was  Tarely  observed.

    Amount  of  glucose  in  serum  overloaded  the  coluTFtns  and  the  detection  system  un-

der  the  experimental  condition,  resulting  in  non-linear  relation  between  the  detec-

tor  response  and  glueose  content.  However,  glucose  could  be quantitated  by  cornpari-

son  with  calibration  curve.  Reasonable  values  were  obtained  for  healthy  subjects

C 81.S  ± 16.5  mg/100  ml  serurn,  n  =  16  ). The  coefficient  of  variation  for  repeated

injections  ( n  =  4 ) of  a  glucose  solution  ( 100  mgllOO  ml  ) was  ± 6 8 but  getting

worse  at  higher  concentration.  The  coefficient  of  variation  for  mannose  was  far

better  since  the  coneentration  of  mannose  was  within  the  linear  range  of  respQnse.

Within-day  and  day-to-day  variations  were  evaluated  ± 2.1 Z ( n  
=
 4 ) and  ± 4.1 S,

respectively.  Long  term  variation  Qf  the  detector  and  HPLC  was  checked  with  stan-

dard  authentic  mixture  from  time  to  tiine,  with  satisfactory  results.

     Detection  limit  of  rnannose  was  estinated  as  S pmol  even  under  a  moderate  set-

ting  of  the  sensitivity,  which  depended  on  CBP  content  in the  reagent  solution9).

An  additional  improvement  of  the  aetection  limit  may  be expected  at  least  by two

fold.
                                                                           +-

     The  backgTound  current  of  the  detector  was  oxidative  and  about  30 nA.  CBP  is

easily  re-oxidized  by  dissolved  oxygen.  This  was  exploited  by  Anson  et  al.,  who

used  polymer  coated  electrode  impregnated  with  cBp2+1+  to  catalyze  the  electroreduc-

tion  of  dissolved  oxygen  in waterlO).  But  this  property  was  undesirable  for  our

purpose  and  the  elimination  of  dissolved  oxygen  was  indispensable.  Reductive  cur-

rent  of  dissolved  oxygen  at  +  40  mV  contributed  a  certain  extent  to  the  background

curTent,  when  oxygen  was  not  excluded.  However,  the  same  elinination  procedure  as

carried  out  in the  previous  work9)  made  it minimal  and  irnproved  reproducibility  as

well  as  sensitivity.  The  origin  of  the  background  curTent  was  not  clear.  Since  the

background  current  increased  with  increasing  CBP  content  in the  reagent  and  with

raising  temperature  of  the  reactor,  CBP  itself  may  participate  in causing  of  the

background  curTent.  Elucidation  of  the  detail  might  lead  to  further  enhancement  of
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 the  detector  perfermance.

      The  kind  help  of  Tetsuji  Taira  in measurement  of  mass  spectra  is hereby  gTate-

 fully  appreciated.
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