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H I G H  PERFORMANCE (PRESSURE) LIQUID CHROMATOGRAPHY 

SEPARATION AND QUANTIFICATION OF PICOMOLE AMOUNTS OF 

PROSTAGLANDINS UTILIZING A NOVEL TRIETHYLAMINE FORMATE BUFFER 

D.M. D e s i d e r i o l " ,  M.D C ~ n n i n g h a m " ~  and J.A. T r imb le  2 , 
Department o f  Neurology' and Char les B. S t o u t  Neuroscience 

Mass Spectrometry  Laboratoryz,  U n i v e r s i t y  o f  Tennessee Cen te r  
f o r  t h e  H e a l t h  Sciences, 800 Madison Avenue, Memphis, 

Tennessee 38163 

ABSTRACT 

A novel ,  v o l a t i l e  b u f f e r  system u t i l i z i n g  d i l u t e  t r i e t h y l a m i n e -  
f o r m i c  a c i d  i s  u s e f u l  f o r  h i g h  r e s o l u t i o n  HPLC separa t i on  and quan- 
t i f i c a t i o n  o f  nanogram amounts o f  p ros tag land ins .  
t h e  b u f f e r  f a c i l i t a t e s  subsequent mass s p e c t r a l ,  b ioassay o r  r a d i o -  
i n u n o a s s a y  analyses.  

L y o p h i l i z a b i l i t y  o f  

INTRODUCTION 

An i n c r e a s i n g  number o f  m e t a b o l i t e s  con t inues  t o  r e s u l t  f rom t h e  

con t inued  s tudy  o f  a r a c h i d o n i c  a c i d  m e t a b o l i c  cascade ( 1 ) .  

t o  c l a s s i c a l  p r imary  p r o s t a g l a n d i n s  (PGs), o t h e r  pathways y i e l d i n g  endo- 

perox ide-hydroperox ide i n te rmed ia tes ,  p r o s t a c y c l i n s ,  thromboxanes and 

l e u k o t r i e n e s  a r e  be ing  s t u d i e d  and q u a n t i f i e d  and s t r u c t u r e s  o f  m e t a b o l i t e s  

a r e  be ing  e l u c i d a t e d .  

s i m i l a r  compounds and m e t a b o l i t e s  r e s u l t i n g  f rom t h e  a r a c h i d o n i c  a c i d  

me tabo l i c  cascade, chromatographic separa t i on  techn iques  capable o f  h i g h  

r e s o l u t i o n  o f  p ros tag land ins ,  m e t a b o l i t e s ,  thromboxanes, p r o s t a c y c l i n s  

and l e u k o t r i e n e s  i s  r e q u i r e d .  

I n  a d d i t i o n  

Because o f  t h e  g r e a t  number o f  s t r u c t u r a l l y  

Due t o  genera l  m o l e c u l a r  s i m i l a r i t y  o f  

3Cur ren t  address: Department o f  Tox i co logy ,  VA H o s p i t a l ,  
Memphis, Tennessee 38104 
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1262 DESIDERIO, CUNNINGHAM, AND TRIMB1.E 

these compounds, r a d i o i m u n o a s s a y  ( R I A )  techniques,  s e n s i t i v e  t o  p icogram 

amounts, a r e  n o t  n e c e s s a r i l y  s u f f i c i e n t l y  s t r u c t u r a l l y  s p e c i f i c  and 

unambiguous i n  compounds be ing  q u a n t i f i e d .  

t h a t  gas chromatographic-mass s p e c t r o m e t r i c  (GC-MS) da ta  p r o v i d e  t h e  

u l t i m a t e  l e v e l  o f  m o l e c u l a r  s p e c i f i c i t y  and con f idence  i n  q u a n t i f i c a t i o n  

o f  these b i o l o g i c a l l y  impor tan t  compounds. 

It i s  g e n e r a l l y  cons ide red  

A novel  b u f f e r  system has been developed i n  o u r  l a b o r a t o r y  for 

separa t i on  and q u a n t i f i c a t i o n  o f  endogenous b r a i n  neuropept ides,  and, as 

t h i s  r e p o r t  w i l l  show, i s  a l s o  amenable t o  s e p a r a t i o n  o f  m i x t u r e s  o f  

p ros tag land ins .  H igh  performance (p ressu re )  l i q u i d  chromatography 

(HPLC) separa t i on  o f  p r o s t a g l a n d i n s  r e q u i r e s  a b u f f e r  capable o f  h i g h  

r e s o l u t i o n ,  op t ima l  speed o f  separa t i on .  h i g h  s e n s i t i v i t y  o f  d e t e c t i o n ,  

and, because o f  subsequent GC-MS a n a l y s i s ,  l y o p h i l i z a b i l i t y .  

Prev ious workers u t i l i z e d  HPLC f o r  s e p a r a t i o n  (2-8)  and q u a n t i f i c a t i o n  

(9-10)  o f  pros tag land ins .  

by HPLC (11. 12) .  P r o s t a c y c l i n  (13, 14) ,  thromboxanes (15) and l e u k o t r i e n e s  

(16, 17)  have been analyzed. Chemical d e r i v a t i v e s  i n c l u d e d  b o t h  f l u o r e s c e n t  

coumarins (18) and UV-sens i t i ve  phenacyl e s t e r s  (19. 20) i n  an e f f o r t  t o  

achieve ng s e n s i t i v i t y .  An e lec t rochemica l  d e t e c t o r  analyzed hydroxy- 

a n i l  i d e  d e r i v a t i v e s  (21 ) .  

Radioimmunoassay o f  p r o s t a g l a n d i n s  was preceded 

T h i s  manusc r ip t  r e p o r t s  p r e l i m i n a r y  r e s u l t s  employ ing a nove l ,  

t r i e t h y l a m i n e :  f o r m i c  a c i d  (TEAF) b u f f e r  system which i s  UV t r a n s p a r e n t  

a t  wavelengths below 200 nm, i s  v o l a t i l e ,  b u f f e r s  a t  pH 3 t o  p r o t o n a t e  

c a r b o x y l i c  groups and f a c i l i t a t e s  q u a n t i f i c a t i o n  o f  ng amounts o f  c h e m i c a l l y  

u n d e r i v a t i z e d  PGs. 

EXPERIMENTAL 

Apparatus 

F igu re  1 c o n t a i n s  a schematic i l l u s t r a t i n g  t h e  Waters ( M i l f o r d .  

MA) HPLC apparatus employed. A U6K i n j e c t o r ,  guard column packed w i t h  
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NOVEL TRIETHYLAMINE FORMATE BUFFER 

Varioble A 

, UV  Detector 

1263 

Analytic Column 

pBondopak Cle 
4 4-- 

Injector Corasil Guard 

Column 

Coras i l  B ( 5 0 p ) ,  Bondapak C18 l o p  reverse phase (RP) ana ly t i c  s tee l  

column, two model 6000A solvent d e l i v e r y  pumps, a model 660  so lvent  

programer,  model 450 var iab le  wavelength UV de tec tor  ( s e t  a t  194 nm) 

were u t i l i z e d .  

type of study because wavelength can be set a t  hmax f o r  the compound 

under i nves t i ga t i on .  

I nd i v idua l  HPLC f r a c t i o n s  can be co l l ec ted  f o r  subsequent MS, bioassay 

o r  R I A  analysis.  

The va r iab le  wavelength UV de tec tor  i s  demanded f o r  t h i s  

The analog s igna l  from the  UV de tec tor  i s  recorded. 

Bu f fe r  System 

The bu f fe r ,  0.04M t r ie thy lamine:  formate (TEAF), i s  made by 

t i t r a t i n g  formic ac id  t o  pH 3.15 w i t h  d i s t i l l e d  (87.5OC) t r i e thy lam ine  

(Pierce Chemical Co., Rockford, I L ) .  

Muskegon, MI) and TEAF bu f fe r  were f i l t e r e d  and degassed through appropr iate 

A c e t o n i t r i l e  (Burdick and Jackson, 
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1264 DESIDERIO, CUNNINGHAM, AND TRIMBLE 

M i l l i p o r e  (B rad fo rd ,  MA) f i l t e r s  b e f o r e  use. 

m l  m i n - l ;  a c e t o n i t r i l e :  0.04M TEAF (45:55).  

two ug o f  each PG was i n j e c t e d  o n t o  t h e  column. 

f o r  each peak i n j e c t i o n  was measured t o  c o n s t r u c t  t h e  c a l i b r a t i o n  curve.  

S t r a i g h t  l i n e  r e g r e s s i o n  s t a t i s t i c s  were o b t a i n e d  wi th  a H e w l e t t  Packard 

(Cornwal l  i s, OR)  HP97 programmable c a l c u l a t o r  and p re - reco rded  program. 

So lven t  f l o w  r a t e  was 1.5 

A s y n t h e t i c  m i x t u r e  c o n t a i n i n g  

Peak h e i g h t  (mn) recorded 

Pros tag land ins  were a generous g i f t  o f  O r .  Udo Axen (Upjohn, 

Kalamazoo, M I ) .  

RESULTS AND DISCUSSION 

No convers ion  o f  PGE t o  PGA occu r red  a t  pH 3.15 d u r i n g  t h e  t i m e  

r e q u i r e d  f o r  sample p r e p a r a t i o n ,  i n j e c t i o n  and e l u t i o n .  

The HPLC chromatogram shown i n  F i g u r e  2 i l l u s t r a t e s  i s o c r a t i c  

e l u t i o n  o f  model compounds 6-keto-PGFla, PGFlg , PGFZa, PGE2 and PGE, 

e l u t i n g  acco rd ing  t o  i n c r e a s i n g  h y d r o p h o b i c i t y  o f  each p r o s t a g l a n d i n .  

The c a l i b r a t i o n  cu rve  f o r  PGE2 i s  shown i n  F igu re  3. S e r i a l  d i l u t i o n s  

r a n g i n g  f rom 100 down t o  20 ng PGE2 were i n j e c t e d  o n t o  t h e  column and 

peak h e i g h t s  measured. Regress ion a n a l y s i s  o f  da ta  p o i n t s  y i e l d e d  a 

s t r a i g h t  l i n e ,  y = 0.98X + 2.81. w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  (r ) 

1.00 over  t h e  range o f  PG i n j e c t e d .  

2 o f  

CONCLUSIONS 

High s e n s i t i v i t y  u t i l i z i n g  UV absorbance i s  o b t a i n a b l e  down t o  20 

ng f o r  u n d e r i v a t i z e d  p r o s t a g l a n d i n s  w i th  TEAF b u f f e r  and reve rse  phase 

HPLC. 

f l uo rescence  d e r i v a t i v e s  u t i l i z i n g  coumarin d e r i v a t i v e s ,  phenacyl d e r i v a - -  

t i z a t i o n  u t i l i z i n g  u l t r a v i o l e t  d e t e c t i o n  and e l e c t r o c h e m i c a l  d e t e c t i o n  

o f  h y d r o x y a n i l i d e s  (see Tab le ) .  

T h i s  d e t e c t i o n  mode f o r  u n d e r i v a t i z e d  PGs competes f a v o r a b l y  w i t h  
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NOVEL TRIETHYLAMINE FORMATE BUFFER 1265 

2 pg injected (eo 1 
35% CHsCN 
65% 0 0 4 M  TEAF 

pH 3 15 
I 5 m1 rnin-’ 

194 nrn 

I 
1 1 1 I 

0 10 20 min. 

F i g u r e  2: I s o c r a t i c  e l u t i o n  o f  a m i x t u r e  o f  s y n t h e t i c  
p r o s t a g l a n d i n s :  
PGE2 and PGE1. 

6 -ke to  PGFl , PGFl , PGF2 , 

I s o c r a t i c  r e s o l u t i o n  o f  f i v e  s y n t h e t i c  PGs i s  accomplished w i t h i n  15 

minutes.  

m o d i f i e r  a c e t o n i t r i l e  i s  accomplished w i t h i n  minutes.  

o f  b u f f e r  i s  r e q u i r e d  f o r  subsequent GC-MS q u a n t i f i c a t i o n  o r  s t r u c t u r e  

Q u a n t i f i c a t i o n  of PGE2 a t  a h i g h e r  percentage o f  t h e  o r g a n i c  

L y o p h i l i z a b i l i t y  
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PGE2 

55% 0 0 4 M  TEAF 
194 nm, 45% CH3CN 

0 

0 X  
0 , 

0 , 
08 1 
0 20 40 60 80 100 

Nanograms Injected 

F igu re  3:  Regress ion a n a l y s i s  o f  d a t a  r e s u l t i n g  f rom 
p l o t t i n g  peak h e i g h t  (nim) versus ng PGE2 
i n j e c t e d  o v e r  t h e  range 20-100 ng. 

Table - 

D e t e c t i o n  l i m i t s  f o r  PGs u t i l i z i n g  v a r i o u s  d e t e c t i o n  modes. 

Oer i  v a t i  ve D e t e c t i o n  L i m i t  Reference D e t e c t i o n  Mode 

uv None 20ng PGE2 T h i s  work. 

E lec t rochemica l  H y d r o x y a n i l i d e  20ng 

-___ 

21 PGF2U 

Fluorescence Coumari n 20ng PGE2 18 

U.V. Phenacyl e s t e r  ca.1 n g  PGE2 20 

e l u c i d a t i o n  o r ,  on t h e  o t h e r  hand, when HPLC i s  f o l l o w e d  by R I A  q u a n t i f i c a t i o n .  

T h i s  novel  TEAF b u f f e r  system has been u t i l i z e d  t o  g r e a t  advantage i n  

ou r  l a b o r a t o r y  t o  q u a n t i f y  femtomolar ( f m o l )  amounts o f  a neu ropep t ide  

somatos ta t i n  by HPLC ( 2 2 )  and t o  q u a n t i f y  pmol amounts o f  enkepha l i ns  by 

a new combinat ion o f  RP-HPLC and f i e l d  d e s o r p t i o n  mass spec t romet ry  

( 2 3 ) .  

The h i g h  s e n s i t i v i t y  o f  d e t e c t i o n  f o r  u n d e r i v a t i z e d  PGE2 i s  due t o  

seve ra l  c r i t i c a l  f a c t o r s :  
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NOVEL TRIETHYLAMINE FORMATE BUFFER 1267 

1 . )  The m o l a r  e x t i n c t i o n  c o e f f i c i e n t  o f  PGE a t  192.5 nm equa ls  

14,200. (10) .  

2 . )  The nove l  d i l u t e  TEAF b u f f e r  system possesses op t ima l  UV 

t ransparency  p r o p e r t i e s .  

3 . )  Because no chemical d e r i v a t i z a t i o n  s teps  a r e  r e q u i r e d ,  no 

r e s i d u a l  reagents i n t e r f e r e  w i t h  t h e  h i g h  s e n s i t i v i t y  o f  

d e t e c t i o n .  

T h i s  s i m p l i f i e d ,  h i g h  s e n s i t i v i t y  system p r o v i d e s  l e v e l s  o f  d e t e c t i o n  

r e q u i r e d  f o r  b i o l o g i c  samples (24 ) .  
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