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Many	  forms	  of	  chromatography	  have	  been	  used	  over	  the	  years	  in	  the	  clinical	  laboratory	  for	  the	  
separation	  and	  quantification	  of	  a	  variety	  of	  clinically	  relevant	  analytes.	  (1)	  High	  Performance	  Liquid	  
Chromatography	  also	  called	  High	  Pressure	  Liquid	  Chromatography	  (HPLC)	  has	  emerged	  as	  the	  most	  
important	  of	  all	  chromatography	  which	  otherwise	  includes	  Thin	  Layer	  Chromatography	  (TLC)	  and	  Gas	  
Chromatography	  (GC).	  Chromatography	  methods	  are	  based	  on	  the	  separation	  and	  isolation	  of	  the	  
analyte	  of	  interest	  from	  all	  other	  components	  of	  a	  biological	  sample	  prior	  to	  detection.	  The	  main	  
advantages	  of	  chromatography	  methods	  over	  other	  techniques	  are	  their	  high	  selectivity,	  sensitivity,	  
reliability,	  versatility	  and	  generally	  low	  cost	  of	  operation.	  	  

TLC	  is	  a	  very	  simple	  method	  easy	  to	  implement	  that	  was	  first	  developed	  in	  the	  1940s.	  It	  is	  used	  today	  in	  
the	  clinical	  laboratory	  mostly	  as	  a	  screening	  or	  semi-‐quantitative	  test	  for	  amino	  acids,	  drugs	  and	  lipids	  in	  
serum	  or	  urine.	  TLC	  consists	  of	  a	  thin	  layer	  of	  sorbent	  such	  as	  silica	  gel	  spread	  uniformly	  on	  a	  glass	  plate	  
or	  plastic	  sheet.	  Sample	  is	  added	  as	  a	  small	  spot	  or	  band	  near	  the	  edge	  of	  the	  plate	  which	  is	  then	  placed	  
in	  a	  closed	  chamber	  containing	  the	  mobile	  phase.	  The	  mobile	  phase	  migrates	  up	  the	  plate	  by	  capillary	  
action	  and	  separates	  the	  compounds	  in	  the	  sample	  which	  can	  then	  be	  visualized	  by	  ultraviolet	  (UV)	  
illumination	  or	  spraying	  with	  specific	  reagents.	  In	  its	  basic	  form,	  the	  method	  has	  serious	  limitations	  in	  
terms	  of	  sensitivity	  and	  selectivity	  as	  compared	  to	  modern	  chromatography	  such	  as	  GC	  or	  HPLC	  and	  has	  
often	  time	  been	  supplemented	  or	  replaced	  by	  these	  techniques.	  

GC,	  especially	  coupled	  to	  mass	  spectrometry	  (GC/MS)	  is	  used	  in	  the	  clinical	  laboratory	  primarily	  for	  
confirmation	  of	  drugs	  and	  screening	  of	  amino	  acids.	  For	  example,	  GC/MS	  is	  commonly	  used	  in	  toxicology	  
to	  confirm	  a	  positive	  screen	  for	  opiates	  and	  opioids	  and	  can	  distinguish	  and	  simultaneously	  report	  the	  
various	  types,	  prescribed	  versus	  drug	  of	  abuse,	  with	  high	  selectivity	  and	  sensitivity	  where	  an	  
immunoassay	  method	  cannot.	  GC	  consists	  of	  using	  a	  gaseous	  mobile	  phase	  or	  carrier	  gas	  to	  pass	  a	  
mixture	  of	  volatile	  solutes	  extracted	  from	  the	  sample	  through	  a	  column	  containing	  the	  stationary	  phase.	  
Solute	  separation	  is	  based	  on	  differences	  in	  vapor	  pressure	  and	  interaction	  with	  the	  stationary	  phase.	  
GC	  is	  best	  suited	  for	  the	  analysis	  of	  volatile	  organic	  compounds	  which	  is	  also	  its	  main	  limitation	  for	  
clinical	  use.	  

HPLC	  is	  the	  most	  versatile	  of	  all	  chromatography	  methods	  but	  also	  the	  most	  complex.	  It	  was	  first	  made	  
available	  in	  the	  laboratory	  during	  the	  1970s	  and	  is	  currently	  used	  for	  the	  analysis	  of	  amino	  acids,	  
peptides,	  proteins,	  carbohydrates,	  lipids,	  nucleic	  acids	  and	  related	  compounds,	  vitamins,	  hormones,	  
metabolites,	  and	  drugs.	  HPLC	  can	  be	  coupled	  to	  various	  detectors	  such	  as	  UV,	  fluorescence	  or	  mass	  
spectrometry	  (LC/MS	  and	  LC/MS/MS)	  and	  is	  routinely	  used	  for	  quantitative	  analysis	  in	  biological	  
samples	  such	  as	  blood,	  urine	  and	  other	  body	  fluids.	  HPLC	  consists	  of	  using	  a	  liquid	  mobile	  phase	  to	  pass	  
under	  high	  pressure	  a	  mixture	  of	  analytes	  extracted	  from	  the	  sample	  through	  a	  column	  containing	  the	  
stationary	  phase.	  Analyte	  separation	  is	  based	  on	  differences	  in	  interaction	  with	  both	  the	  mobile	  phase	  
and	  the	  stationary	  phase.	  Three	  of	  the	  main	  clinical	  applications	  of	  HPLC	  are	  described	  below.	  
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Immunosuppressants	  

Survival	  rates	  of	  transplant	  patients	  have	  increased	  significantly	  with	  the	  introduction	  of	  
immunosuppressant	  drugs	  such	  as	  cyclosporine,	  sirolimus	  and	  tacrolimus.	  (2-‐3)	  However,	  because	  of	  
their	  complex	  mode	  of	  action,	  variable	  absorption	  rate	  and	  narrow	  therapeutic	  index,	  patients	  need	  to	  
be	  monitored	  during	  treatment	  in	  order	  to	  prevent	  both	  adverse	  drug	  reactions	  and	  organ	  transplant	  
rejection	  events.	  The	  diagnostic	  methods	  used	  for	  immunosuppressant	  drug	  monitoring	  are	  primarily	  
based	  on	  HPLC	  or	  immunoassays.	  One	  of	  the	  major	  challenges	  with	  immunoassays	  is	  their	  metabolite	  
cross-‐reactivity,	  even	  for	  assays	  that	  use	  monoclonal	  antibodies.	  HPLC	  based	  methods	  have	  been	  and	  
remain	  the	  gold	  standard	  for	  therapeutic	  drug	  monitoring	  of	  immunosuppressants	  with	  unmatched	  
specificity,	  sensitivity	  and	  multiplexing	  ability	  with	  the	  simultaneous	  quantitation	  of	  several	  drugs	  and	  
metabolites	  from	  a	  single	  sample.	  HPLC	  with	  UV	  or	  mass	  spectrometry	  detection	  are	  routinely	  used	  for	  
therapeutic	  monitoring	  of	  immunosupressants.	  	  

Vitamin	  D	  

With	  recent	  recognition	  of	  Vitamin	  D’s	  broad	  pathophysiological	  importance	  well	  beyond	  its	  effect	  on	  
bone	  density,	  clinical	  laboratories	  have	  seen	  increase	  number	  of	  requests	  for	  testing	  and	  many	  new	  
methods	  for	  testing	  have	  become	  available.	  (4-‐5)	  Vitamin	  D	  is	  a	  group	  of	  fat-‐soluble	  steroid-‐derived	  
compounds	  that	  play	  a	  role	  in	  the	  control	  of	  calcium	  and	  phosphorous	  metabolism.	  It	  was	  found	  to	  be	  
involved	  in	  many	  conditions	  such	  as	  osteoporosis,	  cancer,	  diabetes,	  cardiovascular	  diseases,	  and	  
autoimmune	  diseases	  amongst	  others.	  Two	  forms	  of	  Vitamin	  D	  are	  biologically	  active,	  Vitamin	  D2	  from	  
dietary	  sources	  and	  Vitamin	  D3	  which	  occurs	  naturally	  in	  human.	  	  Both	  forms	  are	  metabolized	  in	  the	  liver	  
and	  kidney	  to	  active	  metabolites.	  Only	  the	  measurement	  of	  25-‐Hydroxyvitamin	  D2/3	  and	  1,25-‐
Dihydroxyvitamin	  D2/3	  have	  proven	  clinical	  value.	  LC/MS/MS	  techniques	  have	  emerged	  as	  the	  gold	  
standard	  for	  these	  measurements	  over	  immunoassays	  and	  HPLC/UV	  because	  of	  their	  ability	  to	  
specifically	  and	  precisely	  quantify	  low	  levels	  of	  the	  metabolites	  as	  well	  as	  the	  different	  forms	  of	  Vitamin	  
D,	  including	  D2	  and	  D3	  simultaneously.	  Many	  clinical	  laboratories	  today	  have	  successfully	  implemented	  
routine	  testing	  using	  automated	  or	  semi-‐automated	  LC/MS/MS	  methods.	  

Glycolipids	  

Sphingolipidoses	  are	  inherited	  lipid	  storage	  disorders	  caused	  by	  lysosomal	  hydrolase	  deficiency	  leading	  
to	  the	  accumulation	  of	  unmetabolized	  glycosphingolipids.	  (6-‐7)	  Amongst	  the	  main	  diseases	  associated	  
with	  these	  lipid	  metabolism	  disorders	  are	  Niemann-‐Pick	  disease,	  Fabry	  disease	  and	  Gaucher	  disease.	  
Enzyme	  replacement	  therapies	  and	  substrate	  reduction	  therapies	  are	  available	  for	  the	  treatment	  of	  
Gaucher	  and	  Fabry	  diseases	  with	  many	  trials	  underway	  for	  the	  other	  forms.	  To	  monitor	  the	  effect	  of	  
these	  therapies,	  glycosphingolipids	  and	  their	  metabolic	  intermediates	  must	  be	  measured.	  HPLC	  with	  UV	  
or	  fluorescence	  detection	  provides	  a	  unique	  and	  reliable	  way	  to	  simultaneously	  isolate	  and	  quantify	  
glycosphingolipids	  and	  their	  metabolic	  intermediates.	  Typically,	  the	  glycolipids	  and	  intermediates	  are	  
extracted	  from	  patient	  plasma	  or	  urine	  and	  derivatized	  prior	  to	  analysis.	  HPLC	  has	  contributed	  greatly	  to	  
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the	  understanding	  of	  the	  biochemistry	  of	  glycosphingolipids	  and	  remains	  the	  method	  of	  choice	  for	  
diagnosis	  and	  follow-‐up	  of	  patients	  on	  therapy.	  	  	  

Conclusion	  

HPLC	  is	  a	  proven	  method	  for	  isolating	  analytes	  of	  interest	  in	  complex	  matrices	  such	  as	  biological	  fluids.	  
Its	  use	  in	  the	  clinical	  laboratory	  has	  steadily	  increased	  over	  the	  past	  decades	  as	  its	  unmatched	  analytical	  
performance	  and	  versatility	  allows	  for	  testing	  of	  many	  different	  types	  of	  clinically	  relevant	  analytes.	  
With	  the	  recent	  advances	  in	  detection	  technology	  such	  as	  mass	  spectrometry	  and	  sample	  preparation	  
techniques	  such	  as	  bioaffinity	  chromatography	  and	  online	  automation,	  HPLC-‐based	  methods	  will	  likely	  
remain	  the	  gold	  standard	  of	  clinical	  testing	  for	  many	  of	  the	  current	  but	  also	  future	  biomarkers	  and	  
therapeutic	  drugs.	  

	  

	  

	  

FIGURE	  1.	  The	  HPLC	  apparatus	  includes	  a	  solvent	  reservoir	  for	  the	  mobile	  phase,	  a	  pump,	  an	  automatic	  
sampler,	  an	  injector,	  an	  analytical	  column,	  a	  detector	  and	  a	  computer	  that	  controls	  the	  system	  and	  
processes	  the	  data	  
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