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LIQUID CHROMATOGRAPHIC 
ASSAY OF ARBAPROSTIL 

G .  W .  Peng and V .  K .  Sood 
Pharmaceutical Research and Development 

The U p j o h n  Co., Kalamazoo, MI 49001 

ABSTRACT 

Arbaprosti l  was ex t rac ted  from the so lu t ion  formulations with 
ethyl ether-chloroform. The ex t rac t ion  e f f i c i ency  was 94%. After 
evaporation of the  ex t rac t ion  so lvent ,  t he  samples were der iva t ized  
with p-nitrophenacyl bromide a t  40°C f o r  30 minutes i n  t he  presence 
of N,N-diisopropylethyl amine. The prepared samples were dissolved 
i n  mobile phase and chromatographed on a s i l i c a  gel column with 
a c e t o n i t r i l e ,  methylene ch lor ide  and water (150/350/2.5, v / v )  a s  
mobile phase. The chromatography separated the p-nitrophenacyl 
e s t e r s  of a r b a p r o s t i l ,  i t s  15-s-epimer and the  degradation products 
derived from a rbapros t i l .  When monitored by U V  absorption, the 
degradation products could not be detected a s  they e lu ted  near the  
so lvent  f r o n t  under the  peak of t he  de r iva t i za t ion  reagent.  The 
chromatographic responses were l i n e a r  w i t h  the  concentrations of 
a rbapros t i l .  
obtained. 

Assay r e s u l t s  with good precision and accuracy were 

INTRODUCTION 

Most prostaglandins have small UV-extinction coe f f i c i en t s  and 
de r iva t i za t ion  with s u i t a b l e  chromophores t o  enhance U V  absorbance 
i s  usually necessary f o r  t h e i r  quan t i t a t ive  determination. 
prostaglandin f r e e  ac ids ,  various func t iona l ly  subs t i t u t ed  phenacyl 
bromide ( 1 , Z )  and  a-bromoacetonaphthone (3)  a r e  conveniently em- 
ployed a s  de r iva t i z ing  reagents t o  form the  corresponding e s t e r s  

For 
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1500 PWG AND SOOD 

which c a n  be separated by high pressure l i q u i d  chromatography 
(HPLC) and quantitated by monitoring the UV absorbance at 254 nm. 

The derivatization of prostaglandin with p-nitrophenacyl 
bromide and the subsequent separation of the resulting esters by 
HPLC have been investigated (1). This procedure was utilized for 
the determination of the 15-epimer of dinoprost in bulk drug (4). 
The same reagent was also used to study the epimerization kinetics 
of arbaprostil (5). The present paper describes the application of 
p-nitrophenacyl bromide derivatization on a micro-scale for the 
quantitative determination of arbaprostil in aqueous formulations 
containing dextrose, alcohol, triacetin and polyoxyethylated 
vegetable oil. 

Arbaprostil, like other C-15 alkyl substituted prostaglandins, 
is more resistant to enzymatic oxidation than the C-15 unsubstituted 
analog by 15-prostaglandin dehydrogenase (6 ,7 ) .  
converted under acidic conditions into its biologically more active 
15-s-epimer (5) and therefore serves as a prodrug of the s-epimer 
which inhibits gastric acid secretion (8) and promotes healing of 
duodenal and gastric ulcers (9,lO). 
prostaglandins, arbaprostil also dehydrates under acidic and basic 
conditions to form degradation products (5,ll). 
biological properties potentially make arbaprostil a highly potent 
but unstable drug, 
render the quantitative determination of arbaprostil difficult. 

It is readily 

Like other E series 

These chemical and 

The facile epimerization and degradation also 

EXPERIMENTAL 

Chemical 

Arbaprosti 1, 15-s-epimer of arbaprosti 1 and 17phydroxy 17- 
methyl-4-androstene-3,ll-dione (internal standard) were supplied by 
Pharmaceutical Research and Development Laboratories of The Upjohn 
Co. (Kalamazoo, M I ) .  p-Nitrophenacyl bromide and N,N- 
diisopropylethyl amine were obtained from Pfaltz and Bauer, Inc. 
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ASSAY OF ARBAPROSTIL 1501 

(Stamford, CT) and Aldrich Chemical Co. (Milwaukee, WI), respec- 
t i v e l y ,  and used a s  received. Solvents f o r  HPLC were from 
Burdick and Jackson Laboratory (Muskegon, MI).  All o ther  chemicals 
were reagent grade. 

The aqueous formulations of a rbapros t i l  contained 5% dextrose 
so lu t ion  U.S.P . ,  a lcohol ,  t r i a c e t i n  and polyoxyethylated vege- 
t a b l e  o i l  (Emulphor@ EL-620, GAF Corp., N . Y . ) .  

Ex t r ac t ion  

Aliquots of 1 mL of t he  so lu t ion  of a rbapros t i l  i n  t he  formu- 
l a t i o n s  in  15-mi cu l tu re  tubes f i t t e d  with te f lon- l ined  screw caps 
were supplemented with in te rna l  standard,  ac id i f i ed  with 0.5 mL 2% 
phosphoric acid and immediately ex t rac ted  with 10 mL o f  ethyl 
ether-chloroform (4/1,  v / v ) .  
organic e x t r a c t  was t r ans fe r r ed  t o  a new tube and the  so lvent  was 
evaporated a t  40°C under a stream of nitrogen. Aliquots of blank 
formulation vehicle were supplemented w i t h  a rbapros t i l  and in te rna l  
standard t o  prepare ca l ib ra t ion  standards f o r  the  quan t i t a t ive  
determination o f  a rbapros t i l .  

After cen t r i fuga t ion ,  8 mL of t he  

Deri va t i  zation 

p-nitrophenacyl bromide, 2 .5  mg i n  1 mL a c e t o n i t r i l e ,  and N,N- 
diisopropylethyl amine, 6.25 pL i n  0.5 mL a c e t o n i t r i l e ,  were added 
t o  the  residues of t he  ether-chloroform e x t r a c t  of the  samples. 
The mixtures were t i g h t l y  capped w i t h  t e f lon- l ined  screw caps,  
vortexed b r i e f l y  and placed in  a water bath a t  40°C. After 30 
minutes, t he  so lvent  i n  the  de r iva t i za t ion  mixture was evaporated 
a t  40°C under nitrogen. 
added t o  each tube containing the  de r iva t i za t ion  residues.  
samples were vortexed p r io r  t o  chromatography. 

A 2 mL a l iquo t  of HPLC mobile phase was 
The 

Chromatography 

The chromatographic ana lys i s  of a rbapros t i l  was ca r r i ed  out 
using a model 6000 A so lvent  de l ivery  pump (Waters Associates,  
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1502 PENG AND SOOD 

Milford, MA), a model 440 de tec tor  (Waters Associates) o r  a model LC 
55-8 de tec tor  (Perkin-Elmer Corp., Norwalk, CT) a t  254 n m ,  a model 
7120 sample valve i n j e c t o r  (Rheodyne, Inc. , Cota t i ,  C A )  and a 
va r i ab le  span s t r i p  c h a r t  recorder.  

The chromatographic separa t ion  was accomplished using a 
commercially prepared s i l i c a  gel column (ii-Porasil ,  Waters 
Associates) with a mobile phase of a c e t o n i t r i l e ,  methylene 
ch lor ide  and water (150/350/2.5, v/v).  The mobile phase flow r a t e  
was 1 .5  mL/min. which generated a back pressure o f  about 1,000 psig.  

The peak height r a t i o s  of a rbapros t i l  p-nitrophenacyl e s t e r /  
in te rna l  standard were ca lcu la ted  from the  peak height measurements. 
The concentrations o f  a rbapros t i l  in the  samples were ca lcu la ted  
from the  peak height r a t i o s  of  t he  samples and the  slope and i n t e r -  
cep t  obtained by l i n e a r  regression ana lys i s  of t he  ca l ib ra t ion  
curve da t a .  

RESULTS AND DISCUSSION 

Extraction 

Good recovery 
tained u s i n g  ethyl 

o f  a rbapros t i l  from the  formulations was ob- 
ether-chloroform (4/1,  v / v )  a s  t he  ex t rac t ion  

solvent.  
based on the  t o t a l  r ad ioac t iv i ty  recovery of t r i t ium-labe l led  
a rbapros t i l  from the  formulation. 

The ex t rac t ion  e f f i c i ency  was found to  be 94 .2  26.67% 

The ex t rac t ion  of a rbapros t i l  from the formulations was 
reproducible and simple with no emulsion formation and almost 
complete phase separa t ion  between the  aqueous and the  organic 

phases even though the  formulation vehic le  contained alcohol,  
t r i a c e t i n  and polyoxyethylated vegetable o i l .  
d i f f i c u l t i e s  were encountered in our experience with the  extrac- 
t i on  of a rbapros t i l  from i t s  so lu t ions  in  water. A t  low concen- 
t r a t i o n s  (e .g .  24 pg/mL), ne i the r  p-nitrophenacyl e s t e r s  of 
a rbapros t i l  nor i t s  s-epimer was detected i n  the  chromatograms 
o f  the prepared samples. A t  higher concentrations,  t he  peak 

However, some 
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ASSAY OF ARBAPROSTIL 15 03 

height derived from arbapros t i l  was not  reproducible among the  
samples and the  peak derived from the  s-epimer was often observed 
in  the  chromatograms. 

The d i f f i c u l t i e s  encountered i n  t he  ex t rac t ion  o f  a rbapros t i l  
from water were not assoc ia ted  w i t h  poor ex t rac t ion  recovery, s ince  
the  recovery of t o t a l  r ad ioac t iv i ty  o f  t r i t ium-labe l led  a rbapros t i l  
from water was e s s e n t i a l l y  complete. The chromatography of samples 
prepared from t r i t ium-labe l led  a rbapros t i l  so lu t ion  i n  water showed 
t h a t  a t  l e a s t  50"A of the  r ad ioac t iv i ty  was e lu ted  from the  column 
d t  e a r l y  r e t en t ion  times and, w h e n  monitored by U V  absorption, the 
rad ioac t ive  peaks were near the  solvent f r o n t  and masked by the  
peak from the reagent. 
was e lu ted  a t  t he  same re ten t ion  times a s  the p-nitrophenacyl 
e s t e r s  of a rbapros t i l  and i t s  s-epimer. Figure 1 shows the  chroma- 
tograms of a sample prepared from l abe l l ed  arbapFosti1 so lu t ion  in  

water monitored by both UV absorption and r ad ioac t iv i ty .  
r ad ioac t iv i ty  chromatogram was obtained by counting the  co l lec ted  
f r a c t i o n s  of t he  column e f f l u e n t .  Similar experiments with a 
so lu t ion  of t r i t ium-labe l led  a rbapros t i l  i n  the formulation 
vehic le  showed t h a t  only very small quan t i t i e s  o f  the  radio- 
a c t i v i t y  were e lu ted  a t  re ten t ion  times d i f f e r e n t  from t h a t  of 
a rbapros t i l  e s t e r .  
Pierce Chemical Co., Rockford, IL) before use f o r  the  sample 
prepara t ion ,  most of t he  d i f f i c u l t i e s  encountered in the  ex t rac-  
t i on  of a rbapros t i l  from water were eliminated and the  ex t r ac t ion  
recovery became reproducible. Therefore, t he  ex t rac t ion  recovery 
o f  arbapros t i l  from water was complicated by rapid epimerization 
and degradation of a rbapros t i l  i n  water and these  processes were 
probably catalyzed by the  sur face  of t he  glassware. 
za t ion  of t he  glassware had no obvious e f f e c t  on the  ex t rac t ion  
recovery of a rbapros t i l  from the formulation so lu t ions .  

Most of the remainder of the  r ad ioac t iv i ty  

The  

When the glassware was s i l  iconized (Surfas i l@ 

The s i l i c o n i -  

Derivati  z a t i  on 

The formation o f  p-nitrophenacyl e s t e r s  of various prosta- 
glandins f o r  chromatography was reported previously ( 1 ) .  For the  
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0 3 6 9 12 15 

RETENTION TIME, Minute 

FIGURE 1. 
from water. Mobile phase flow r a t e :  1 m L / m i n . ,  UV absorption: 
__ , Radioactivity:-. 

Chromatograms o f  a sample of "-arbaprostil ex t rac ted  

present appl ica t ion ,  we found t h a t  the  reac t ion  of the  e x t r a c t  o f  

1 niL a l i quo t s  of t h e  formulations containing about 20-800 p g  (0.05- 
2.19 urnole) a rbapros t i l  with 2 . 5  mg (10.25 urnole) of p-nitrophenacyl 
bromide and 6.25 UL (0 .04 urnole) o f  N,N-diisopropylethyl amine a t  
4 O o C  f o r  30 minutes produced the  bes t  r e s u l t s .  These conditions 
resu l ted  in minimal in te r fe rences  i n  the  chromatographic separa- 
t i on  and a rapid afid quan t i t a t ive  e s t e r i f i c a t i o n  of a rbapros t i l .  
Derivatizat,ion a t  lower temperatures ( e . g . ,  22 and 3 O O C )  required 
longer reac t ion  times and de r iva t i za t ion  a t  higher temperatures ( e .9 .  , 
50°C) caused a decrease i n  a rbap ros t i l  peak heights a f t e r  1 5  
minutes, ind ica t ing  a poten t ia l  s t a b i l i t y  problem. The conditions 
of p-nitrophenacyl e s t e r i f i c a t i o n  of a rbapros t i l  a t  room tempera- 
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/-v- 
I 

DERlVRTlZATlON TIME, Minute 

FIGURE 2 .  Time course o f  p-nitrophenacyl e s t e r i f i c a t i o n  o f  
a rbapros t i l .  Derivatization time vs. peak height r a t i o .  

t u r e  overnight were employed previously ( 5 ) .  Figure 2 shows the  
time course of p-nitrophenacyl e s t e r i f i c a t i o n  of a rbapros t i l  under 
the optimal conditions.  T h e  a rbapros t i l  e s t e r l i n t e r n a l  standard 
peak height r a t i o s  were measured t o  monitor the progress of t he  
de r iva t i za t ion .  The r e s u l t s  shown in  Figure 2 ind ica te  t h a t  the  
reac t ion  reached completion a t  about 25 minutes and the  a rbapros t i l  
e s t e r  was s t a b l e  in  the  reac t ion  mixture a t  40°C f o r  a t  l e a s t  40 
minutes. T h e  in te rna l  standard was s t a b l e  under the  conditions 
of the de r iva t i za t ion .  

Chromatographic Separation and Linear i ty  of Detection 

Representative chromatograms of the  p-nitrophenacyl e s t e r  of 

a rbapros t i l  preparation from the so lu t ions  in  formulation and in  

water a s  well a s  a samDle o f  a blank formulation vehic le  a r e  
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1506 PENG AND SOOD 

shown in Figure 3 .  
t i z a t i o n  reagents and t h e  e x t r a c t  of the  formulation vehic le  
(Figure 3-a) were negl ig ib le  and did not hinder the  ana lys i s  of 
the  formulation samples having a rbapros t i l  concentrations o f  

20 ug/mL o r  higher. The in te rna l  standard and  the  p-nitrophenacyl 
e s t e r s  of a rbapros t i l  and s-epimer were e lu ted  from the  column 
with mobile phase flow of 1.5 mL/min. a t  the  r e t en t ion  times o f  

about 5.8, 6 .8  and 7 . 7  minutes, respec t ive ly .  The s-epimer was 
of ten  present i n  a rba rp ros t i l  so lu t ions  in  water (Figure 3-d) b u t  

was very seldom observed i n  t he  formulations (Figures 3-b and -c). 

The background in te r fe rences  from the  deriva- 

a rbapros t i  1 15-s-epimer 

15-methyl prostaglandin A, 15-methyl prostaglandin B, 

As revealed by r ad ioac t iv i ty ,  the  e a r l y  e lu t ion  peaks near the  
so lvent  f r o n t  derived from a rbapros t i l  and masked by the  peaks of 
reagent were probably from the A, and/or B, type prostaglandins ( 5 , l l )  
and o the r  degradation products ( 5 ) .  Under the  chroniatographic con- 
d i t i o n s ,  t he  e s t e r s  of 15-methyl prostaglandins A2 and B2 were eluted 
e a r l y .  Under the  conditions of grad ien t  e lu t ion ,  using mobile 
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-7 
6 0 3 6  

rl 

v 
0 3 6  

MINUTES 

F I G U R E  3. 
( 6 )  formulation w i t h  24 ug/mL a rbapros t  
150 pg/mL a rbapros t i l  , and ( D )  so lu t ion  
a r b a p r o s t i l .  Samples 6 ,  C ,  and D conta 

Chromatograms of samples of 

1507 

m 
0 3 6  

A )  blank formulation, 
1 ,  ( C )  formulation w i t h  
in water with 301 pg/ml 
ned in te rna l  standard.  

phase of methylene ch lor ide ,  a c e t o n i t r i l e  and 2-propanol from 350/ 

50/5 ( v / v )  t o  350/150/5 ( v / v )  and a s i l i c a  gel column (p -Poras i l ) ,  
t hese  degradation products were separated in to  4 peaks. Two of  
these  peaks had re ten t ion  times s imi l a r  t o  those of t he  epimers 
of 15-methyl prostaglandins A2 and 62. The o the r  two peaks had 
d i f f e r e n t  re ten t ion  times. From these  preliminary r e s u l t s ,  the  
i d e n t i t y  of these  components could not be es tab l i shed .  
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The e s t e r i  f i  ed a r b a p r o s t i  1 and t h e  i n t e r n a l  s tandard  were 

s t a b l e  i n  t h e  m o b i l e  phase s o l u t i o n  a t  ambient  t empera tu re  (22°C) 

f o r  a t  l e a s t  72 hours.  The peak h e i g h t s  o f  a r b a p r o s t i l  e s t e r  and 

t h e  i n t e r n a l  s tandard  showed no change when t h e  sample was chroma- 

tographed d u r i n g  t h i s  p e r i o d  o f  t i m e .  The chromatography o f  t h e  

c a l i b r a t i o n  s tandards immed ia te l y  a f t e r  p r e p a r a t i o n  and 72 hours 

t h e r e a f t e r  a l s o  showed no s i g n i f i c a n t  change i n  t h e  s lopes  o f  t h e  

r e s u l t i n g  c a l i b r a t i o n  curves.  For example, t h e  c a l i b r a t i o n  curves 

w i t h  s lopes o f  0.00396 and 0.00401 and t h e  i n t e r c e p t s  of 0.00890 

and -0.00653 were o b t a i n e d  by repea ted  chromatography o f  a s e t  o f  

c a l i b r a t i o n  s tandards immed ia te l y  and 72 hours,  r e s p e c t i v e l y ,  a f t e r  

t h e i r  p r e p a r a t i o n .  

When t h e  d e r i v a t i z e d  samples were evaporated,  r e d i s s o l v e d  i n  

m o b i l e  phase and chromatographed, t h e  a r b a p r o s t i l  e s t e r / i n t e r n a l  

s tandard  peak h e i g h t  r a t i o s  were p r o p o r t i o n a l  t o  t h e  a r b a p r o s t i l  

c o n c e n t r a t i o n  i n  t h e  range f r o m  abou t  20 t o  a t  l e a s t  600 vg/mL i n  

f o r m u l a t i o n  s o l u t i o n .  T h i s  p r o p o r t i o n a l i t y  was i n d i c a t e d  b y  t h e  

c o n s t a n t  peak h e i g h t  r a t i o s  o b t a i n e d  by t h e  chromatography of 
a 600 pg/mL sample and i t s  d i l u t i o n s  and b y  t h e  l i n e a r i t y  o f  t h e  

c a l i b r a t i o n  cu rves .  The c o r r e l a t i o n  c o e f f i c i e n t s  o f  t h e  c a l i b r a -  

t i o n  curves were u s u a l l y  b e t t e r  t h a n  0.999 w i t h  n e g l i g i b l e  i n t e r -  
cep ts .  The s lopes  d i d  n o t  v a r y  s i g n i f i c a n t l y  f r o m  day t o  day. 

Fo r  example, 21 c a l i b r a t i o n  cu rves  prepared o v e r  a span o f  7 weeks had 

an average s l o p e  o f  0.003994 ? 0.000141 (mean k S.D., RSD = 3.5%, 

range = 0.003756 t o  0.004284). 

When t h e  d e r i v a t i z a t i o n  m i x t u r e  i n  a c e t o n i t r i l e  was d i r e c t l y  

chromatographed, t h e  peak h e i g h t  r a t i o s  were found t o  v a r y  w i t h  

t h e  i n j e c t i o n  volume. Rep lac ing  a c e t o n i  t r i l e  (by  e v a p o r a t i o n )  

w i t h  t h e  m o b i l e  phase as t h e  s o l v e n t  f o r  i n j e c t i o n  o f  t h e  d e r i -  

v a t i z a t i o n  m i x t u r e ,  i d e n t i c a l  peak h e i g h t  r a t i o s  were o b t a i n e d  

independent  o f  t h e  i n j e c t i o n  volume (5-20 v L ) .  These observa- 

t i o n s  were r e p r o d u c i b l e  s i m p l y  by s w i t c h i n g  t h e  s o l v e n t .  
7 shows some t y p i c a l  peak h e i g h t  r a t i o s  o b t a i n e d  by  i n j e c t i o n  

o f  t h e  a c e t o n i t r i l e  s o l u t i o n  o f  a sample. 

Table 

The peak h e i g h t  r a t i o s  
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ASSAY OF ARBAPROSTIL 1509 

TABLE 1 

Effec t  of  In j ec t ion  Volume on Peak Height Ratio o f  Arbaprosti l  
(200 ug) p-Nitrophenacyl Es t e r  and In t e rna l  Standard (75 Fig) in  
A c e t o n i t r i l e  (2  m L ) .  

I n j ec t ion  Volume, u L  2.5 5 10 15 
Peak Height Ratio 2.1987 2.5370 3.4528 4.3243 

- 
I I I I I I 
2 3 4 5 6 7 

RETENTION TIME. Minute 

FIGURE 4. 
t i z a t i o n  mixture of a rbapros t i l  and in t e rna l  s tandard .  In j ec t ion  
volume 25 uL. 

Chromatograms o f  a c e t o n i t r i l e  so lu t ion  o f  t h e  der iva-  
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1510 PENG AND SOOD 

increased from 2.1987for a 2.5 pL in j ec t ion  t o  4.3243 f o r  a 15 pL. 
For in j ec t ion  volumes of 20 and 25 pL, the  formation of double 
peaks was obvious f o r  both the  in te rna l  standard and the  
a rbapros t i l  e s t e r  a s  shown in Figure 4. 

The above phenomena of changing peak height r a t i o s  with in j ec -  
t i on  volume were r e l a t ed  t o  the  peak broadening which led t o  the  
double peak formation (Figure 4 ) .  In jec t ion  of a c e t o n i t r i l e  
probably disturbed the equ librium between the s t a t iona ry  and the 
mobile phases with respec t  t o  water present i n  the  system. 

disturbance influenced the  adsorption in t e rac t ion  between the  
so lu t e s  and the  s i l i c a  s t a  ionary phase and changed the  chromato- 
graphic separa t ion .  
added t o  t h e  a c e t o n i t r i l e  so lu t ion  ( 2  m L )  of the  de r iva t i za t ion  
mixture, the  chromatographic peak broadening and s p l i t t i n g  were 
e f f ec t ive ly  suppressed. Methylene ch lor ide  and ethyl e the r  d id  
not completely d isso lve  the de r iva t i za t ion  mixtures. 
the  supernates r e s u l t i n g  from cent r i fuga t ion  of the  mixtures i n  
methylene ch lor ide  and i n  ethyl e the r  behaved l i k e  the  mobile 
phase and the water supplemented a c e t o n i t r i l e  so lu t ions  in  t h a t  
t he re  was no peak broadening and t h a t  the  chromatographic peak height 
r a t i o s  did not vary w i t h  t he  in j ec t ion  volume. The proportion- 
a l i t y  between peak area and concentration was n o t  inves t iga ted .  

This 

When small q u a n t i t i e s  of water (5-15 u L )  were 

However, 

TABLE 2 

Assay Accuracy and Precision 

Label Conc. No. of Concentration found 
vg/mL Sample Mean i- S.D. ,  ug/mL % RSD % of Label 

24.1 4 23.95 i- 0.25 1.05 99.4 
301.6 4 295.10 k 1.58 0.54 97.9 
626.8 4 615.60 f 1.69 0.28 98.2 
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ASSAY OF ARBAPROSTIL 1511 

Assay Accuracy and Precision 

Table 2 shows some data ind ica t ing  the accuracy and precision 
of this ana ly t ica l  method. A t  a rbapros t i l  l eve l s  o f  24.1, 301.6 
and 626.8 iJg/mL i n  the  formulations,  t he  concentrations found were 
within 3% of the  corresponding theo re t i ca l  values and the  r e l a -  
t i v e  standard devia t ions  were l e s s  than 2%. 
exce l l en t  assay accuracy and the  in t ra -assay  reproducib i l i ty .  
The reproducible slopes of the  21 ca l ib ra t ion  curves with a r e l a -  
t i v e  standard devia t ions  of 3.5% as  mentioned e a r l i e r  were an 
ind ica t ion  of the exce l len t  in te r -assay  reproducib i l i ty .  

These represented the  

ACKNOWLEDGEMENTS 

F. A .  F i tzpa t r ick  and M .  A .  Wynalda a r e  acknowledged f o r  t h e i r  
helpful suggestions.  

REFERENCES 

1 .  

2 .  F.A. F i t zpa t r i ck ,  Anal. Chem., 9, 499 (1976). 

3.  R . W .  S to tz  and D . H .  Hassing, Anal. Chem., 54, 345 (1982). 

4. T.J. Roseman, S.S.  Butler and S.L. Douglas, J .  Pharm. Sc i .  
- 65, 673 (1 976). 

5. M . V .  Merr i t t  and G . E .  Bronson, J .  Am. Chem. SOC. ,  100, 189 
(1 978). 

6 E.W. Yankee and G . L .  Bundy, J .  Am. Chem. SOC.,  94, 3651 (1972). 

7. E.W. Yankee, U.F. Axen and G . L .  Bundy, J .  Am. Chem. SOC. 96, 
5865 (1974). 

8. W. Peterson, W .  Feldman, I .  Taylor and M .  Bremer, Dig. Dis. 
Sc i .  4, 381 (1979). 

W . P .  Fong and S.M.M. Karim, Med. J .  Aus t r a l i a ,  2, 127 (1976). 

G .  VanTrappen, Gastroenterology, 78, 1283 (1980). 

(1977). 

W .  Morozowich and S .L.  Douglas, Prostaglandins,  lo, 19 (1975). 

9. 

10. 

11. R . G .  S teh le  and T.O. Oes te r l ing ,  3. Pharm. S c i . ,  66, 1590 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
4
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


