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SEPARATI OEJ O F  PROSTAFlOl DS B Y  ONE-D IMEN SI  O N A L  
T H I  N-LAYER CHROMATOGRAPHY 

K laus  K o r t e  a n d  1.4. L i n e t t e  Casey 
T h e  Ceci l  H.  a n d  Ida  Green C e n t e r  

f o r  Reproduc t ive  B io logy  Sciences a n d  t h e  
Depar tments  o f  O b s t e t r i c s  a n d  Gynecology a n d  B iochemis t ry  

T h e  U n i v e r s i t y  o f  Texas  Southwestern  Medical School 
5323  H a r r y  Hines B o u l e v a r d  

Dallas, Texas  75235 

A R S T R A C T  

We have developed a simple a n d  r a p i d  method f o r  separa t ion  o f  7 
p ros tano ids  a n d  arachidonic  a c i d  hy one-dimensional t h i n - l a y e r  
chromatography .  F o r  t h i s  separat ion we employ commercial ly 
p r e p a r e d  t h i n - l a y e r  p la tes t h a t  have a p r e a d s o r b a n t  ( c e l i t e )  area 
t o  w h i c h  samples a r e  appl ied.  Due t o  t h e  i n e r t  c h a r a c t e r i s t i c s  o f  
t h e  ce l i te  no separat ion o c c u r s  until t h e  sample reaches t h e  
preadsorbant -s i l i ca  a e l  junc t ion .  S ince a l l  t h e  mater ia l  moves 
w i t h  t h e  so lvent  f r o n t  as a sharp ,  n a r r o w  b a n d  t o  t h e  
preadsorbant  (ce l i te ) -s i l i ca  g e l  b o u n d a r y ,  a high reso lu t ion  o f  t h e  
separated compounds i s  achieved.  T h e  t ime r e q u i r e d  t o  a p p l y  one 
sample t o  t h e  p r e a d s o r b a n t  (ce l i te )  area is  cons iderab ly  less ( 2  
min)  t h a n  t h a t  r e q u i r e d  f o r  app l i ca t ion  of a sample to  si l ica g e l  
( 1 0  min) .  T h i s  method i s  su i tab le  f o r  t h e  separat ion of major 
p ros tag land ins  (PCE,, PGFzcJ, t h e  major  enzymat ica l l y  formed 
metaboli tes o f  these pros tag land ins ,  a n d  t h e  s tab le,  
nonenzymat ica l ly  formed p r o d u c t  o f  th romboxane A, ( T X R 2  1. 

I N T R O D U C T I O N  

To i n v e s t i g a t e  t h e  metabolism o f  a rach idon ic  ac id  a n d  

pros tano ids ,  t h i n - l a y e r  chromatography  ( T L C )  o n  s i l ica g e l  i s  

u s e d  w ide ly  f o r  t h e  separat ion a n d  ident i f i ca t ion  o f  a number  o f  

p ros tag land ins  (PG) a n d  pros tag land in - l i ke  compounds.  Many 

T L C  systems have been descr ibed ( 1 - 5 )  in w h i c h  a v a r i e t y  o f  
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56 KORTE AND CASEY 

pros tano ids  car! b e  separated.  A c c o r d i n g  t o  t h e  convent iona l  

method for  T L C ,  samples a r e  d isso lved in small volumes (20 - 
30 p l )  o f  o r g a n i c  so lvents  w h i c h  a r e  a p p l i e d  t o  t h e  s i l ica g e l  in a 

successive ser ies o f  a l iquo ts  (1  - 5 p l )  o v e r l a i d  a t  t h e  o r i g i n .  

T h i s  process i s  ex t remely  t ime consuming s ince t h e  so lvent  must  

b e  removed completely between each app l ica t ion  o f  a p o r t i o n  o f  

t h e  sample. Moreover ,  w i t h  a small vo lume,  it i s  d i f f i c u l t  to 

remove completely the  compounds f r o m  t h e  tubes .  We h a v e  

developed a techn ique f o r  t h e  separat ion o f  7 major  p r o s t a n o i d s  

a n d  arach idon ic  ac id  by one-dimensional T L C  in w h i c h  we employ 

commercial ly avai lab le t h i n - l a y e r  p la tes  w i t h  a p r e a d s o r b a n t  

(ce l i te )  area.  With t h i s  method samples can b e  app l ied  r a p i d l y  

a n d  v e r y  high reso lu t ion  o f  t h e  compounds i s  achieved.  We 

developed t h i s  method t o  evaluate t h e  fo rmat ion  o f  p r o s t a n o i d s  in 

human endometr ia l  s t romal  cel ls, w h i c h  a r e  mainta ined in 

monolayer c u l t u r e  in t h e  presence o f  [ 14C]arach idon ic  ac id .  

These cel ls b iosyn thes ize  a n d  metabolize pros tano ids  a n d  secrete 

t h e  p r o d u c t s  i n t o  t h e  c u l t u r e  medium. T h i s  method has  p r o v e d  to 

b e  advantageous f o r  these s tud ies  a n d  w i l l  u n d o u b t e d l y  b e  

appl icable t o  a number  o f  systems in w h i c h  high reso lu t ion  a n d  

quant i f i ca t ion  o f  p ros tano ids  i s  des i red .  

M A T E R I A L S  A N D  METHODS 

Sil ica ge l  C p r e a d s o r b a n t  t h i n - l a v e r  p la tes  were  p u r c h a s e d  

f r o m  Anal tech,  Newark ,  DE, USA, a n d  were  u s e d  w i t h o u t  a n  

ac t iva t ion  o r  wash ing  procedure .  Pros tano id  s t a n d a r d s  were  g i f t s  

f r o m  D r .  John E .  Pike, U p j o h n  Company,  Kalamazoo, MI ,  USA. 

All so lvents  were  o f  ana ly t i ca l  g r a d e  f r o m  sc ien t i f i c  s u p p l y  

houses. Class t u b e s  were  s i l icon ized u s i n g  A q u a s i l  (P ie rce  

Chemical Company, IL, USA. )  

T h e  T L C  p la te  was scored i n t o  7 lanes (25 mm each) .  Each 

sample, in 150 pI ch1oroform:methanol ( 2 : 1 ,  by v o l ) ,  was app l ied  

w i t h  a micro-selectapette ( C l a y  Adams, Pars ipanny ,  NJ,  USA) t o  

t h e  preadsorbant  (ce l i te )  l a y e r  on a n  area (625 mm2) 5 mm above 

t h e  bot tom edge o f  t h e  p l a t e  a n d  5 mm below t h e  p r e a d s o r b a n t  
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SEPARATION OF PROSTANOIDS 57 

[ ce l i te l -s i l i ca  g e l  b o u n d a r y .  T o  minimize ox ida t ion  o f  t h e  

compounds, t h e  o r i g i n  areas o f  t h e  T L C  p l a t e  were  exposed t o  

cont inuous  n i t r o g e n  f low during t h e  app l ica t ion  process  by u s e  o f  

a dev ice  s u p p l i e d  by Sindco Corp . ,  Miami, FL ,  USA.  T h e  p la tes  

were  p laced i n t o  a p l a t e  cond i t ion ing  appara tus  (Ana l tech ,  

Newark,  DE, USA)  a n d  developed in a so lvent  system 

ch1oroform:methanol:acetic ac id :water  (95:5:1:0.2, by vol) t o  a 

h e i g h t  o f  16 cm above t h e  p r e a d s o r b a n t  (ce l i te ) -s i l i ca  ge l  l imi t .  

A f t e r  removal o f  t h e  p la te  f r o m  t h e  T L C  chamber,  t h e  so lvent  was 

evapora ted  u n d e r  a st ream of a i r  f o r  5 min a n d  t h e r e a f t e r  t h e  

chromatogram was exposed t o  iod ine  v a p o r .  

In a typ ica l  exper iment  human endometr ia l  s t romal  ce l ls  were  

mainta ined in monolayer c u l t u r e  in t h e  presence o f  

[ 14Clarach idon ic  ac id  (Amersham, A r l i n g t o n  He igh ts ,  I L, U S A ) .  

A t  t h e  end. o f  t h e  incubat ion  p e r i o d  t h e  medium ( 4  ml)  was 

co l lected a n d  ac id i f ied  w i t h  2 ml acet ic  a c i d  ( 1 N )  a n d  t h e n  

e x t r a c t e d  w i t h  30 ml ch1oroform:methanol 12:1, by v o l ) ;  t h e  

organ ic  phase was removed a n d  evapora ted  a t  room tempera ture  

u n d e r  a s t ream o f  n i t r o g e n .  T h e  r e s i d u e  was sub jec ted  t o  s i l ic ic  

ac id  co lumn chromatography  a n d  t h e  bulk o f  f r e e  [ 14C]arach idon ic  

a c i d  was co l lected in t h e  f i r s t  f rac t ion  (13 ml ch lo ro fo rm) .  In t h e  

second f rac t ion  (ch loroform:methanol ,  10:1, by v o l )  PGs were  

ob ta ined a n d  t h e  organ ic  phase was concent ra ted  a t  room 

tempera ture  u n d e r  a st ream o f  n i t r o g e n  t o  approx imate ly  0.5 ml. 

T e n  ug each o f  PGF2,, PCE , 15-keto-PCE 2 ,  1 5 - k e t 0 - P G F ~ ~ ,  

13,14-dihydro-15-keto-PCE2 (PGEM), 13,14-dihydr0-15-keto-PGF~~ 

(PGFM), thromboxane ( T X )  B2 a n d  arach idon ic  ac id  were  added 

as a m i x t u r e  in 50 UI ethano l  a n d  t h e  evapora t ion  process  was 

completed. T h e  compounds were  d isso lved in 0.15 ml 

ch1oroform:methanol (2 :1,  by v o l )  a n d  separated by T L C  as 

descr ibed.  A f t e r  v isua l i za t ion  o f  t h e  s t a n d a r d s  a n d  evapora t ion  

o f  t h e  iod ine,  t h e  areas o f  t h e  chromatogram c o r r e s p o n d i n g  t o  t h e  

v a r i o u s  compounds were  scraped from t h e  p la te  a n d  e l u t e d  w i t h  6 

ml  ch lo ro fo rm:  methanol (2:1, by v n l ) .  T h e  e x t r a c t s  w e r e  evapo- 

r a t e d  a t  room tempera ture  u n d e r  a s t ream o f  n i t r o g e n  a n d  rad io-  
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5 8  KORTE AND CASEY 

a c t i v i t y  was assayed in 16 ml  L i q u i s c i n t  (Nat iona l  D iagnost ics ,  

Somervi l le, NJ , t!SA) by liquid sc in t i l l a t ion  spec t romet ry .  

R.ESU LTS A N D  D I SCU SS I0 PI 

T h e  posi t ions o f  d i f f e r e n t  p ros tano ids  a n d  arach idon ic  a c i d  

o n  a chronatogram a f t e r  one-dimensional p r e a d s o r h a n t  ( c e l i t e ) -  

si l ica gel chromatography  a r e  g i v e n  in F i g  1 .  F o r  p u r p o s e  o f  

F i g u r e  1 . Prostanoid s t a n d a r d  chromatog ram a f t e r  iod ine  
s ta in ing .  The compounds were  app l ied  e i t h e r  separate ly  o r  as t h e  
m i x t u r e .  T e n  vq each o f  p r o s t a g l a n d i n  (PC)F2,, th romboxane D2 
(TXD, ) ,  PCE2, 15-keto-PGF2u, 13,14-dihydro-15-keto-PCF2,~ 
( PGFM) ; 1 5-keto-PGE? ; 13,14-dihydro-l5-keto-PCEz ( PCEM) ; a n d  
arachidonic  a c i d  ( A A )  were  app l ied  o n  t h e  preadsorhant  ( c e l i t e )  
area.  A = preadsorbant  [ce l i te )  layer ;  SF = so lvcn t  f r o n t .  
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SEPARATION OF PROSTANOIDS 59 

T A B L E  1 

Mobi l i t y  o f  Separated Prostanoids a n d  Arach idon ic  A c i d  

Compound M o b i l i t y  (expressed as R f )  

PGF2, 
TXR2 
PGE2 
1 5-keto-PGF2, 
PG FM 
15-keto-PCE2 
PG Ehl 
Arach idon ic  ac id  

0.11 
0.20 
0.25 
0.32 
0.46 
0.59 
0.69 
0.89 

i l l u s t r a t i o n  t h e  scored lanes a r e  2 0  mm wide. T h e  mohi l i t ies  o f  

t h e  compounds, expressed a s  Rf  va lues,  a r e  shown in Tab le  1. 

F o r  computat ion o f  R f  va lues,  t h e  p r e a d s o r h a n t  (ce l i te ) -s i l i ca  ge l  

b o u n d a r y  was t a k e n  as t h e  oricl in. 

Each s t a n d a r d  i s  separated d i s t i n c t l y  a n d  app l ica t ion  o f  t h e  

compounds as t h e  m i x t u r e  does n o t  lead t o  a l te ra t ions  in Rf  

va lues.  In t h e  T L C  system used t h e  mob i l i t y  o f  6-keto-PGF1, 

[ t h e  more s tab le,  nonenzymat ica l ly  fo rmed p r o d u c t  o f  p r o s t a c y c l i n  

( P C I 2 ) ]  i s  t h e  same as t h a t  o f  PGE ( n o t  shown) .  However ,  if 

separat ion o f  these t w o  compounds i s  des i red ,  t h e y  may b e  e l u t e d  

f rom t h e  si l ica g e l  w i t h  ch1oroform:methanol (2 :1,  by v o l ) ,  a n d  

separated by T L C  in a so lvent  sys tem o f  

chloroform:isopropanol:ethanol:formic a c i d  (45:5:0.5:0.3, by v o l )  

as descr ibed p r e v i o u s l y  by Goswami e t  a l .  ( 4 ) .  _ -  
A n  example o f  t h e  r e s u l t s  ob ta ined w i t h  t h e  app l ica t ion  o f  

t h e  methods d e s c r i b e d  i s  shown in Fig.  2 .  Human endometr ia l  

s t romal  ce l ls  mainta ined in monola\Ter c u l t u r e  were  incubated  w i t h  

[ 14C]arach idon ic  ac id  f o r  24  h t o  evaluate t h e  h iosyn thes is  o f  

rad io labeled pros tano ids .  S ince t h e  r a d i c a c t i v i t y  in t h e  medium 

e x t r a c t  may b e  l imi ted,  it i s  necessary t o  a p p l y  t h e  e n t i r e  e x t r a c t  

res idue o n  T L C  t o  achieve accuracy  when assay ing  r a d i o a c t i v i t y  

by liquid sc in t i l l a t ion  spec t romet ry .  T h e  convent iona l  means o f  
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60 KORTE AND CASEY 

- SF - AA 

’ - PGEM 
- 15-keto-PGE2 

- PGFM 

I 
15-keto 
PGE2 
TXB2 

A 

F i g u r e  2 .  Prostanoid chromatogram o f  human endometr ia l  s t romal  
c e l l  monolayer c u l t u r e  medium e x t r a c t s  a f t e r  iod ine s ta in ing .  T h e  
c u l t u r e  medium was e x t r a c t e d ,  t h e  s t a n d a r d s  were added a n d  t h e  
compounds were  app l ied  t o  t h e  p r c a d s o r b a n t  (ce l i te )  a rca  in 0.15 
nl ch1oroform:methanol ( 2 : 1 ,  by vol)  as descr ibed in t h e  t e x t .  
F o r  abbrev ia t ions  see legend o f  F ig .  1 .  
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SEPARATION OF PROSTANOIDS 61 

sample app l ica t ion  o n  T L C  i s  v e r y  t ime consuming because o f  t h e  

necess i ty  f o r  complete so lvent  removal  between repeated 

app l ica t ion  o f  a l iquo ts  o f  t h e  sample in a s ine le  b a n d  a t  t h e  

o r i g i n .  h loreover ,  t h e  capac i ty  o f  t h e  si l ica g e l  i s  l imi ted.  U s i n g  

t h e  method we descr ibe  h e r e  t h e  s l o t t i n g  t ime p e r  sample was 2 

min  comparcd t o  10 min  w i t h  convent iona l  methods. B y  v i r t u e  o f  

the  charac ter is t i cs  o f  t h e  p r e a d s o r b a n t  (ce l i te )  layer ,  all o f  t h e  

app l ied  mater ia l  moves w i t h  t h e  so lvent  f r o n t  as a s h a r p  b a n d  t o  

t h e  p r e a d s o r b a n t  (ce l i te) -s i l ica g e l  b o u n d a r y  a n d  n o  separat ion 

o c c u r s  until t h e  sample reaches t h e  s i l ica g e l  layer .  F o r  t h i s  

rcason,  sample app l ica t ion  in a s ing le  b a n d  i s  n o t  necessary.  

T h e  method we descr ibe  p r o v i d e s  f o r  a more r a p i d  means o f  s h a r p  

separat iov o f  most major p ros tano ids  a n d  arach idon ic  a c i d  a n d  is  

appl icable t o  many systems in w h i c h  ident i f i ca t ion  o f  these 

compounds by T L C  i s  t o  b e  achieved.  

A C K N 0 W LED G Ehl F: N T S 

T h e  a u t h o r s  t h a n k  Joe D i x o n  a n d  Jess Smi th  f o r  s k i l l e d  

technica l  ass is tance a n d  a r e  apprec ia t i ve  o f  t h e  e x p e r t  ed i to r ia l  

ass is tance o f  L y d i a  Mor r is .  
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NO. l -T32-H007190.  
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