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Introduction	
  

Prostaglandin	
  F2	
  (PGF2α),	
  a	
  major	
  stable	
  unique	
  cyclooxygenase-­‐catalysed	
  primary	
  

prostaglandin	
  that	
  regulates	
  several	
  major	
  physiological	
  functions	
  such	
  as	
  ovarian	
  function	
  

and	
  endometrial	
  cyclic	
  changes,	
  embryo	
  development,	
  tubal	
  function,	
  maintenance	
  of	
  

pregnancy	
  and	
  parturition	
  (1-­‐4)	
  and	
  also	
  involved	
  in	
  regulation	
  of	
  complex	
  

pathophysiological	
  processes,	
  such	
  as	
  acute	
  and	
  chronic	
  inflammation	
  (5-­‐9).	
  Since	
  the	
  

discovery	
  of	
  a	
  second	
  isoform	
  of	
  prostaglandin	
  endoperoxide	
  H	
  synthase	
  (PGHS)	
  or	
  

cyclooxygenases,	
  it	
  evidenced	
  that	
  primary	
  PGF2α	
  can	
  be	
  formed	
  from	
  arachidonic	
  acid	
  

through	
  both	
  isoforms	
  of	
  cyclooxygenases,	
  namely	
  cyclooxygenase-­‐1	
  (COX-­‐1)	
  and	
  

cyclooxygenase-­‐2	
  (COX-­‐2).	
  	
  The	
  purpose	
  of	
  this	
  short	
  illustration	
  is	
  to	
  elaborate	
  the	
  unique	
  

role	
  of	
  bioactive	
  and	
  stable	
  PGF2α	
  in	
  inflammation	
  with	
  its	
  earlier	
  well-­‐defined	
  characteristics	
  

as	
  a	
  luteolysin	
  that	
  control	
  major	
  reproductive	
  functions	
  in	
  mammalians,	
  and	
  further	
  

establish	
  15-­‐keto-­‐dihydro-­‐PGF2α,	
  a	
  major	
  metabolite	
  of	
  PGF2α	
  as	
  a	
  novel	
  biomarker	
  of	
  acute	
  

and	
  chronic	
  low-­‐grade	
  inflammation.	
  

	
  

Biosynthesis	
  of	
  PGF2α	
  	
  

Although	
  15-­‐keto-­‐dihydro-­‐PGF2α	
  is	
  further	
  efficiently	
  degraded	
  by	
  one	
  or	
  two	
  steps	
  of	
  β-­‐

oxidation	
  of	
  the	
  carboxyl	
  side	
  chain	
  to	
  yield	
  dinor	
  (C18)	
  or	
  tetranor	
  (C16)	
  metabolites,	
  we	
  have	
  

recently	
  shown	
  that	
  a	
  large	
  amount	
  of	
  15-­‐keto-­‐dihydro-­‐PGF2α	
  is	
  found	
  in	
  both	
  normal	
  basal	
  

condition	
  (12-­‐13),	
  during	
  a	
  certain	
  physiological	
  state	
  (1,2,14,15),	
  pathophysiological	
  

situations	
  (5-­‐7,16)	
  and	
  also	
  following	
  a	
  dietary	
  or	
  drug	
  supplementation	
  (13,17-­‐20).	
  This	
  

allowed	
  us	
  to	
  study	
  the	
  role	
  of	
  PGF2α in	
  clinical	
  situation	
  by	
  collecting	
  a	
  single	
  urine	
  sample	
  

instead	
  of	
  collecting	
  frequent	
  plasma	
  samples	
  during	
  a	
  certain	
  period	
  of	
  time	
  that	
  is	
  often	
  

being	
  difficult	
  in	
  large	
  clinical	
  or	
  experimental	
  studies	
  due	
  to	
  ethical	
  and	
  practical	
  reasons.	
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Prostaglandin	
  F2α is	
  found	
  nearly	
  all	
  

tissues	
  including	
  lung,	
  liver,	
  kidney,	
  heart,	
  

vascular	
  tissues,	
  muscle,	
  fat,	
  brain,	
  

stomach,	
  reproductive	
  organs	
  and	
  eye	
  

tissues.	
  When	
  reached	
  to	
  the	
  systemic	
  

circulation	
  PGF2a	
  bioconverts	
  to	
  the	
  

major	
  metabolite	
  15-­‐keto-­‐dihydro-­‐

PGF2α.	
  This	
  metabolite	
  has	
  been	
  found	
  in	
  

measurable	
  quantities	
  in	
  most	
  of	
  the	
  

biological	
  fluid	
  analysed,	
  including	
  plasma,	
  

urine,	
  synovial	
  fluid,	
  bronchoalveolar	
  

fluid,	
  bile,	
  lymph,	
  amniotic,	
  pericardial	
  and	
  

seminal	
  fluid	
  and	
  microdialysis	
  fluid	
  from	
  

various	
  organs.	
  However,	
  the	
  basal	
  level	
  of	
  

this	
  metabolite	
  in	
  plasma	
  and	
  urine	
  varies	
  

widely	
  between	
  species,	
  and	
  also	
  between	
  

individuals,	
  indicating	
  an	
  ongoing	
  

enzymatic	
  lipid	
  peroxidation	
  of	
  varying	
  

extent	
  in	
  normal	
  conditions	
  that	
  is	
  

essential	
  to	
  keep	
  homeostasis	
  of	
  the	
  body	
  

(21).	
  

	
  

Quantification	
  of	
  PGF2α	
  	
  

Since	
  PGF2α	
  is	
  found	
  in	
  extremely	
  low	
  amounts	
  in	
  biological	
  fluids	
  it	
  is	
  necessary	
  to	
  apply	
  very	
  

sensitive	
  and	
  accurate	
  assay	
  methods.	
  However,	
  identifying	
  15-­‐keto-­‐dihydro-­‐PGF2α	
  as	
  a	
  

major	
  metabolite	
  which	
  is	
  found	
  about	
  20-­‐30	
  times	
  higher	
  concentrations	
  in	
  plasma	
  than	
  its	
  

parent	
  primary	
  PGF2α	
  and	
  does	
  not	
  form	
  as	
  an	
  artifact	
  through	
  platelets	
  this	
  parameter	
  has	
  

Fig.	
  1.	
  Cyclooxygenase-­‐catalysed	
  oxidation	
  of	
  
arachidonic	
  acid	
  to	
  PGF2a	
  and	
  its	
  further	
  
degradation	
  to	
  the	
  major	
  metabolite	
  15-­‐keto-­‐
dihydro-­‐PGF2a.	
  PLA2	
  =	
  phospholipase	
  A2,	
  COX	
  
=	
  cyclooxygenases,	
  15-­‐PGDH	
  =	
  15-­‐hydroxy	
  
prostaglandin	
  dehydrogenase.	
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long	
  been	
  served	
  as	
  a	
  golden	
  biomarker	
  of	
  PGF2α	
  formation	
  and	
  release	
  into	
  the	
  circulation	
  

specially	
  in	
  reproductive	
  endocrinology.	
  Immunological	
  methods	
  such	
  as	
  radioimmunoassay	
  

and	
  enzyme	
  immunoassay	
  have	
  shown	
  to	
  be	
  powerful	
  methods	
  to	
  quantify	
  PGF2α	
  formation	
  

for	
  decades	
  (1,22,23).	
  Measurement	
  of	
  15-­‐keto-­‐dihydro-­‐PGF2α	
  in	
  plasma	
  or	
  urine	
  reflects	
  the	
  

endogenous	
  formation	
  of	
  PGF2α	
  during	
  basal	
  condition	
  or	
  a	
  certain	
  physiological	
  process	
  that	
  

induces	
  extensive	
  PGF2α	
  biosynthesis	
  and	
  release	
  into	
  the	
  circulation	
  (such	
  as	
  luteolysis,	
  

pregnancy,	
  parturition	
  or	
  induced	
  abortion;	
  1,2,14),	
  during	
  acute	
  or	
  chronic	
  inflammation	
  (5-­‐

9,16),	
  after	
  drug	
  or	
  dietary	
  supplementation	
  and	
  intravenous	
  infusion	
  of	
  primary	
  PGF2α	
  or	
  

their	
  analogues	
  (13,17-­‐20,24).	
  	
  

In	
  experimental	
  studies,	
  frequent	
  plasma	
  and/or	
  continuous	
  urine	
  samples	
  are	
  preferable	
  for	
  

observing	
  rapid	
  changes	
  of	
  PGF2α	
  by	
  measuring	
  its	
  metabolite	
  over	
  a	
  certain	
  period	
  of	
  time	
  in	
  

the	
  same	
  individual,	
  which	
  are	
  very	
  bioinformative	
  both	
  when	
  studying	
  physiological	
  process	
  

(such	
  as	
  luteolysis,	
  pregnancy	
  and	
  parturition)	
  or	
  pathophysiological	
  changes	
  (acute	
  

inflammation	
  or	
  oxidative	
  injury),	
  and	
  also	
  when	
  evaluating	
  effect	
  of	
  a	
  certain	
  drug	
  or	
  test	
  

compound	
  of	
  interest.	
  In	
  cross-­‐sectional	
  or	
  longitudinal	
  studies	
  on	
  chronic	
  inflammation	
  

urinary	
  samples	
  collected	
  during	
  24-­‐hours	
  or	
  in	
  the	
  mornings	
  are	
  more	
  suitable,	
  to	
  get	
  an	
  

integrated	
  picture	
  of	
  the	
  PGF2α	
  formation	
  over	
  a	
  certain	
  period	
  of	
  time.	
  Blood	
  samples	
  should	
  

be	
  collected	
  with	
  anti-­‐coagulants	
  such	
  as	
  heparin,	
  citrate	
  or	
  EDTA	
  to	
  prevent	
  any	
  eventual	
  

artifactual	
  formation	
  of	
  PGF2α	
  by	
  the	
  platelets.	
  Urine	
  samples	
  should	
  be	
  collected	
  without	
  any	
  

addition	
  of	
  other	
  exogenous	
  compounds.	
  	
  
	
  
	
  
Pathophysiological	
  Roles	
  of	
  PGF2α	
  	
  

PGF2α is	
  intimately	
  involved	
  in	
  many	
  aspects	
  of	
  human	
  or	
  animal	
  reproduction,	
  such	
  as	
  

ovulation,	
  oocyte	
  maturation,	
  implantation,	
  development	
  of	
  embryo,	
  maintenance	
  of	
  

pregnancy,	
  cervix	
  dilatation	
  and	
  labor.	
  PGF2α is	
  also	
  associated	
  with	
  various	
  

pathophysiological	
  reproductive	
  conditions	
  i.e.	
  dysmennorhoea,	
  mennorhoea	
  and	
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endometriosis	
  etc.	
  A	
  luteolytic	
  substance	
  or	
  luteolysin	
  is	
  defined	
  as	
  a	
  compound	
  acting	
  upon	
  

the	
  ovary	
  and	
  induces	
  regression	
  of	
  the	
  corpus	
  luteum	
  that	
  controls	
  endometrial	
  cyclicity;	
  

luteolysis	
  or	
  menstruation	
  (3,25).	
  In	
  the	
  domestic	
  animals,	
  PGF2α	
  is	
  the	
  only	
  unique	
  luteolysin	
  

that	
  is	
  known	
  (3,4,25).	
  No	
  such	
  clear-­‐cut	
  utero-­‐ovarian	
  relationship	
  seems	
  to	
  exist	
  in	
  the	
  

primates	
  including	
  human	
  although	
  menstrual	
  fluid	
  contains	
  more	
  PGF2α	
  	
  than	
  PGE2	
  specially	
  

in	
  the	
  secretory	
  phase	
  of	
  menstrual	
  cycle.	
  In	
  early	
  pregnant	
  primates	
  or	
  human,	
  involvement	
  

of	
  PGF2α	
  in	
  corpus	
  luteum	
  function	
  is	
  not	
  still	
  fully	
  uncovered.	
  

Prostaglandins	
  are	
  well	
  known	
  mediator	
  of	
  cardinal	
  signs	
  of	
  inflammation;	
  namely	
  erythema,	
  

fever,	
  pain,	
  and	
  swelling	
  (26,27).	
  Administration	
  of	
  PGF2α	
  leads	
  to	
  acute	
  inflammation,	
  and	
  

nonsteroidal	
  anti-­‐inflammatory	
  drugs	
  such	
  as	
  aspirin,	
  mefenamic	
  acid,	
  indomethacin	
  etc.	
  and	
  

COX-­‐2	
  inhibitor	
  (VioxxR)	
  inhibit	
  PGF2α	
  biosynthesis	
  both	
  in	
  vitro	
  (28,29)	
  and	
  in	
  vivo	
  confirms	
  

the	
  role	
  of	
  PGF2α	
  as	
  a	
  potent	
  inflammatory	
  compound	
  (19,27-­‐31).	
  In	
  addition,	
  there	
  are	
  many	
  

early	
  reports	
  evidenced	
  that	
  PGF2α	
  is	
  increased	
  in	
  various	
  inflammatory	
  status.	
  We	
  have	
  

studied	
  the	
  role	
  of	
  PGF2α	
  in	
  inflammation	
  by	
  several	
  experimental	
  models	
  of	
  inflammation	
  

and	
  clinical	
  conditions	
  such	
  as	
  rheumatic	
  diseases	
  and	
  several	
  risk	
  factors	
  of	
  cardiovascular	
  

diseases	
  etc	
  (21).	
  

In	
  a	
  series	
  of	
  studies	
  from	
  our	
  laboratory	
  showed	
  that	
  both	
  plasma	
  and	
  urinary	
  metabolites	
  of	
  

PGF2α	
  is	
  increased	
  dramatically	
  in	
  a	
  well-­‐established	
  porcine	
  model	
  of	
  septic	
  shock	
  following	
  

intravenous	
  administration	
  of	
  LPS/E.	
  Coli,	
  and	
  there	
  was	
  an	
  increase	
  of	
  arterial	
  PaCO2	
  (5,6,9).	
  

Further,	
  in	
  an	
  experimental	
  porcine	
  model	
  of	
  cardiopulmonary	
  resuscitation,	
  inflammatory	
  

response	
  was	
  assessed	
  by	
  the	
  measurement	
  of	
  15-­‐keto-­‐dihydro-­‐PGF2α	
  in	
  plasma	
  samples	
  

collected	
  frequently	
  from	
  the	
  systemic	
  circulation	
  and	
  jugular	
  bulb,	
  the	
  organ	
  that	
  mainly	
  

drains	
  the	
  brain	
  (7).	
  15-­‐Keto-­‐dihydro-­‐PGF2α	
  is	
  increased	
  rapidly	
  in	
  systemic	
  circulation	
  and	
  

locally	
  in	
  the	
  brain	
  as	
  measured	
  in	
  jugular	
  bulb	
  plasma	
  after	
  cardiac	
  arrest	
  and	
  resuscitation	
  

(7,16,32,33).	
  However,	
  the	
  local	
  cerebral	
  production	
  was	
  much	
  higher	
  than	
  the	
  systemically	
  

measured	
  levels	
  of	
  15-­‐Keto-­‐dihydro-­‐PGF2α,	
  which	
  suggest	
  that	
  COX-­‐mediated	
  product	
  PGF2α	
  	
  

is	
  crucially	
  involved	
  in	
  stroke	
  and	
  brain	
  damage.	
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High	
  levels	
  of	
  vasoconstrictive	
  PGF2α	
  metabolite	
  had	
  seen	
  locally	
  in	
  the	
  knee	
  joints	
  and	
  

systemically	
  among	
  the	
  patients	
  suffering	
  from	
  rheumatoid	
  arthritis,	
  psoritic	
  arthritis,	
  

reactive	
  arthritis	
  and	
  osteoarthritis	
  (8).	
  Urinary	
  PGF2α	
  metabolite	
  and	
  plasma	
  interleukin-­‐6	
  

(IL-­‐6)	
  were	
  increased	
  in	
  subjects	
  with	
  metabolically	
  well-­‐controlled	
  type	
  1	
  diabetes	
  patients	
  

compared	
  to	
  a	
  matched	
  control	
  population.	
  Further,	
  urinary	
  levels	
  of	
  PGF2α	
  correlated	
  with	
  

the	
  degree	
  of	
  glycemic	
  control,	
  HbA1c	
  (Hemoglobin	
  A1c,	
  34).	
  A	
  large	
  cohort	
  study	
  with	
  elderly	
  

type	
  2	
  diabetes	
  male	
  patients	
  showed	
  a	
  significantly	
  elevated	
  levels	
  of	
  urinary	
  

PGF2α	
  metabolite	
  compared	
  to	
  the	
  control	
  subjects	
  irrespective	
  of	
  disease	
  duration	
  (35).	
  In	
  

addition,	
  in	
  adolescents	
  (13-­‐17	
  years)	
  PGF2α	
  	
  metabolite	
  levels	
  were	
  significantly	
  correlated	
  

with	
  BMI,	
  waist	
  circumference	
  and	
  fasting	
  insulin	
  (36).	
  Among	
  the	
  boys,	
  PGF2α	
  metabolite	
  

levels	
  were	
  correlated	
  with	
  waist	
  and	
  insulin	
  levels.	
  Children	
  in	
  the	
  highest	
  quartile	
  of	
  BMI	
  

and	
  waist	
  circumference	
  had	
  the	
  highest	
  levels	
  PGF2α	
  metabolite.	
  In	
  consistent,	
  PGF2α	
  

metabolite	
  levels	
  were	
  significantly	
  elevated	
  in	
  current	
  smokers	
  than	
  non-­‐smokers.	
  Former	
  

smokers	
  had	
  also	
  increased	
  levels	
  of	
  PGF2α,	
  IL-­‐6	
  than	
  did	
  non-­‐smokers	
  (37).	
  It	
  was	
  also	
  

shown	
  that	
  both	
  cyclooxygenase-­‐mediated	
  PGF2α	
  and	
  C-­‐reactive	
  protein	
  (CRP)	
  independently	
  

associated	
  with	
  common	
  carotid	
  artery	
  intima-­‐media	
  thickness,	
  suggesting	
  an	
  involvement	
  of	
  

PGF2α	
  in	
  atherogenesis	
  (38).	
  	
  

Together,	
  it	
  could	
  be	
  assumed	
  that	
  vasoactive	
  PGF2α	
  is	
  involved	
  in	
  acute	
  and	
  chronic	
  

inflammation	
  and	
  equally	
  related	
  to	
  low-­‐grade	
  inflammation	
  and	
  several	
  traditional	
  risk	
  

factors	
  for	
  atherosclerosis.	
  	
  

	
  

Summary	
  

measurement	
  of	
  15-­‐keto-­‐dihydro-­‐PGF2α	
  metabolite	
  by	
  validated	
  immunoassays,	
  as	
  a	
  

parameter	
  of	
  biosynthesis	
  and	
  release	
  of	
  PGF2α	
  in	
  vivo	
  is	
  a	
  novel	
  approach	
  not	
  only	
  to	
  

evaluate	
  the	
  physiological	
  changes	
  in	
  reproduction,	
  such	
  as	
  luteolysis,	
  pregnancy,	
  labor	
  and	
  

parturition	
  but	
  also	
  it	
  could	
  be	
  used	
  as	
  an	
  unique	
  biomarker	
  of	
  acute	
  and	
  chronic	
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inflammation.	
  It	
  is	
  a	
  valuable	
  tool	
  to	
  explore	
  the	
  role	
  of	
  inflammatory	
  response	
  in	
  many	
  

human	
  diseases,	
  surgical	
  situations	
  and	
  drug	
  evaluation	
  studies	
  with	
  cyclooxygenase	
  

inhibitors	
  and	
  other	
  compounds	
  of	
  interest.	
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