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STABILITY-SPECIFIC HPLC ANALYSIS OF 
THE ANTIULCER PROSTAGLANDIN, 

ENPROSTIL, IN A SOFT ELASTIC GELATIN 
CAPSULE FORMU LATION 

Richard Kenley* 1 ,  Kathleen M. Lee1 , and 
T. Randall Mahoney, 112 

1 Institute of Pharmaceutical Sciences 
Sy ntex Research 

Palo Alto, California 94394 
2 Varian Instrument Group 

Sunnyvale, California 

ABSTRACT 

T h i s  r e p o r t  desc r ibes  a reverse-phase HPLC assay f o r  t h e  
a n t i u l c e r  drug, e n p r o s t i l ,  f o rmu la ted  as a 0.3 mM s o l u t i o n  ( i n  
p ropy lene  carbonate)  f i l l e d  i n t o  s o f t  e l a s t i c  g e l a t i n  
capsu les .  The method uses: a 5 C18 column, a t e r n a r y  
(THF-methanol-phosphate b u f f e r )  m o b i l e  phase and 220 nm 
spec t ropho tomet r i c  d e t e c t i o n  t o  p r o v i d e  a s e n s i t i v e  and 
s p e c i f i c  assay f o r  e n p r o s t i l  and i t s  ma jo r  degradat ion  
p roduc ts .  
( r e c o v e r y  e f f i c i e n c y ,  response l i n e a r i t y ,  p r e c i s i o n ,  l ower  
q u a n t i t a t l o n  l i m i t )  and per fo rms w e l l  under va r ious  o p e r a t i n g  
c o n d i t i o n s  as demonstrated by  system s u i t a b i l i t y  t e s t s  ( a n a l y t e  
c a p a c i t y  f a c t o r  dependence on column type,  mob i l e  phase 
compos i t ion ,  f l o w  r a t e ,  and column tempera ture) .  We a l s o  
demonstrate how a d iode -a r ray  spec t ropho tomet r i c  d e t e c t o r  

The method s a t i s f i e s  t h e  usua l  s t a t i s t i c a l  c r i t e r i a  

*To whom correspondence shou ld  be submi t ted .  

Copyright 0 1986 by Marcel Dekker, Inc. 
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3578 KENLEY, LEE, AND MAHONEY 

f a c i l i t a t e s :  1) i d e n t i f y i n g  an opt imal  de tec t i on  wavelength, 
and 2)  v e r i f y i n g  HPLC peak p u r i t y  i n  samples conta in ing i n t a c t  
drug p l u s  degradat ion products.  

INTRODUCTION 

Enprost i  1 (trademark GARDRIN) i s  an E-type p ros tag land in  

analog (see Fig.ure 1, s t r u c t u r e  I) t h a t  e x h i b i t s  po ten t  

a n t i u l c e r  a c t i v i t y  ( 1 ) .  For o r a l  admin is t ra t ion,  e n p r o s t i l  i s  

formulated as a 0.3 mM propylene carbonate s o l u t i o n  f i l l e d  i n t o  

s o f t  e l a s t i c  g e l a t i n  capsules. Although t h e  conversion of 

E-type prostaglandins t o  the  corresponding PGA and PGB analogs 

i s  genera l l y  f a c i l e  (2-6) ,  t h e  s o f t  e l a s t i c  g e l a t i n  capsule 
fo rmu la t i on  w i t h  propylene carbonate as so l ven t  d r a s t i c a l l y  

re ta rds  e n p r o s t i l  chemical degradat ion ( 7 ) .  To d i r e c t l y  

demonstrate t h e  s a t i s f a c t o r y  storage s t a b i l i t y  o f  t h e  s o f t  
e l a s t i c  g e l a t i n  capsule formulat ion,  however, requ i red  a 

s e n s i t i v e  and s p e c i f i c  assay f o r  e n p r o s t i l  and i t s  p r i n c i p a l  

degradat ion products.  

HPLC method f o r  e n p r o s t l l  and i t s  PGA and PGB analogs 

( s t r u c t u r e s  I1 and 111) i n  t h e  s o f t  e l a s t i c  g e l a t i n  capsule 
fo rmu la t i on  w i th  t h e  o b j e c t i v e  of q u a n t l t a t i v e l y  determin ing 

t h e  percentage o f  i n t a c t  drug and t h e  product mass balance i n  

samples exposed t o  d i f f e r e n t  environmental cond i t i ons .  

Accordingly we undertook t o  develop an 

Representing challenges t o  method development were: 

low e n p r o s t i l  concentrat ion,  t h e  (even lower) concentrat ions o f  

I1 and I11 present a f t e r  p a r t i a l  e n p r o s t i l  degradation, t h e  

requirement t o  resolve e n p r o s t i l  from s t r u c t u r a l l y - r e l a t e d  
compounds (IV through VI) present I n  t h e  drug raw m a t e r i a l  

as t race  i m p u r i t i e s ,  and t h e  stereochemistry o f  e n p r o s t i l .  I n  

the  l a t t e r  regard, t h e  syn the t i c  rou te  t o  e n p r o s t i l  leaves t h e  
stereochemistry a t  two centers ( t h e  a l l e n i c  carbon, C 5 ,  and t h e  

t h e  
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ANALYSIS OF ANTIULCER PROSTAGLANDIN, ENPROSTIL 3579 

Enprostil (I) 

0 
I t  COOCH, f i*1--= 
% OC,", 

HO* OH 

PGB (111) 

0 
COOCH, &: OH 

1 5-Ketofenprostalene (V) 

HO &,LA COOCH, 

HO * W O C , H ,  
0 

PGA (11) 

0 
COOCH, Q2xc 

~. 

OH 

Fenprostalene (IV) 
HO &,\ NCOOCH, 

OH 

Enprostil Free Acid (VI) 

F i g u r e  1. S t r u c t u r a l  Representa t ions  o f  E n p r o s t i l  (I) and 

Re la ted  Compounds. 

cyclopentanone r i n g  carbon a t  C8) unresolved. Thus e n p r o s t i l  

e x i s t s  as t w o  d ias te reomer i c  p a i r s  o f  enant iomers t h a t  r e t a i n  

s l i g h t l y  d i f f e r e n t l y  d u r i n g  reverse-phase chromatography. 

s te reochemis t r y  o f  e n p r o s t i l  d i c t a t e s  an o p t i m a l  m o b i l e  phase 

compos i t ion  because s e l e c t i v e  d ias te reomer  r e t e n t i o n  causes 

peak broadening o r  peak s p l i t t i n g  under chromatographic 

c o n d i t i o n s  t h a t  o the rw ise  s a t i s f a c t o r i l y  r e s o l v e  e n p r o s t l l  from 
compounds I V  and V.  

The 
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3580 KENLEY, LEE, AND MAHONEY 

I n  t he  fo l l ow ing ,  we r e p o r t  a s p e c i f i c  procedure t h a t  

resolves e n p r o s t i l  from known o r  p o t e n t i a l  in ter ferences w h i l e  

preserv ing the  peak symnetry necessary f o r  q u a n t i t a t i v e  

ana lys i s .  We a l so  .present s t a t i s t i c a l  i n d i c a t o r s  o f  method 

performance and t h e  r e s u l t s  o f  t e s t s  f o r  method ruggedness. 
F i n a l l y ,  we demonstrate how diode-array spectrophotometric 

de tec t i on  f a c i l l t a t e s  method development by i d e n t i f y i n g  an 
opt imal  de tec t i on  wavelength and by v e r i f y i n g  e n p r o s t i l  peak 
p u r i t y  i n  p a r t i a l l y  degraded samples. 

EXPERIMENTAL DETAILS 

Mate r ia l s .  

Compounds I - V I  were  provided by the  Syntex I n s t i t u t e  o f  

Organic Chemistry. 

t h e  usual spectroscopic and elemental analyses. 

Tetrahydrofuran (UV grade, g lass d i s t i l l e d )  and methanol (g lass 

d i s t i l l e d )  were from Burdick and Jackson Laborator ies.  

Propylene carbonate was N . F .  grade (Texaco). Reagent grade 

phosphoric a c i d  (85%) and ammonium phosphate d ibas i c  were 
provided by Ma l l i nck rod t ,  I nc .  A Barnstead f i l t r a t i o n  system 

was used t o  p u r i f y  water f o r  mobi le phase and sample 

preparat ion.  S o f t  e l a s t i c  g e l a t i n  capsule samples (0.28-mL 
f i l l )  were prepared by R.P. Scherer, Inc.  

St ructures and p u r i t i e s  were determined by 

Apparatus. 

inst rumentat ion:  model 6000A pump, model 710B autosampler, 

model 730 data system (Waters Associates); model SF769 v a r i a b l e  
peak broadenlng o r  peak s p l l t t l n g  under chromatographic 

cond i t i ons  t h a t  otherwise s a t i s f a c t o r i l y  reso lve  e n p r o s t i l  f rom 
compounds I V  and V. 

The f o l l o w i n g  components comprqsed t h e  HPLC 
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ANALYSIS OF ANTIULCER PROSTAGLANDIN, ENPROSTIL 3581 

In the following, we report a specific procedure that 
resolves enprostil from known or potential interferences while 
preserving the peak symmetry necessary for quantitative 
analysis. We also present statistical indicators of method 
performance and the results of tests for method ruggedness. 
Finally, we demonstrate how diode-array spectrophotometric 
detection facilitates method development by identifying an 
optimal detection wavelength and by verifying enprostil peak 
purity in partially degraded samples. 

EXPERIMENTAL DETAILS 

Materials. 
Compounds I-VI were provided by the Syntex Institute of 

Organic Chemistry. Structures and purities were determined by 
the usual spectroscopic and elemental analyses. 
Tetrahydrofuran (UV grade, glass distilled) and methanol (glass 
distilled) were from Burdick and Jackson Laboratories. 
Propylene carbonate was N.F. grade (Texaco). Reagent grade 
phosphoric acid (85%) and ammonium phosphate dibasic were 
provided by Mallinckrodt, Inc. A Barnstead filtration system 
was used to purify water for mobile phase and sample 
preparation. Soft elastic gelatin capsule samples (0.28-mL 
fill) were prepared by R . P .  Scherer, Inc. 

Apparatus. 
The following components comprised the HPLC 

instrumentation: model 6OOOA pump, model 7108 autosampler, 
model 730 data system (Waters Associates); model SF769 variable 
wavelength detector (Kratos Analytical Instruments); model 748C 

column oven (Spectra-Physics). Some experiments also employed a 
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3582 KENLEY, LEE, AND MAHONEY 

model 1040A d iode-ar ray  spec t rophotomet r ic  d e t e c t o r  

(Hewlett-Packard) . 

Cond i t ions .  

The 100 x 4.6 mm a n a l y t i c a l  column was a 5-pm p a r t i c l e  

s i z e  P a r t i s l l  5 ODS-3 R A C I I ,  f r om Whatman, Inc. Mob i le  phase 
was a 15:30:55 m i x t u r e  o f  THF, methanol, and 1 mM phosphate 
b u f f e r  ad jus ted  t o  apparent pH = 6.5. A t  a l.O-mL/min f l o w  r a t e  

and w i t h  t h e  column main ta ined a t  40°C. t h e  back pressure  was 

approx imate ly  1500 p s i .  The d e t e c t i o n  wavelength was 220 nm, 
and t h e  d e t e c t o r  range was 0.02 AUFS. 

Procedures. 

were c u t  open and t h e  con ten ts  combined i n  a s c i n t i l l a t i o n  
v i a l .  A 0.5-mL a l i q u o t  o f  sample was p i p e t t e d  i n t o  a 5-mL 
vo lumet r i c  f l a s k .  The f l a s k  was f i l l e d  t o  volume w i t h  d i l u t i o n  

s o l v e n t  ( a  15:30:55:1 m i x t u r e  o f  THF, methanol, water,  and 8.5% 

phosphor ic a c i d )  and a 50-pL a l i q u o t  (=625 ng o f  e n p r o s t i l )  

was f i l t e r e d  and i n j e c t e d  on to  t h e  a n a l y t i c a l  column. 

E n p r o s t i l  and compounds I1 and 111 were q u a n t i t a t e d  us ing  
peak h e i g h t  measurements versus e x t e r n a l  standards and t h e  
r e s u l t s  expressed as a percentage o f  dosage fo rm labe led  
s t r e n g t h  (=0.3 mM). The standards were d i sso l ved  i n  methanol, 
and f u r t h e r  d i l u t e d  i n t o  a 1 : l O  m i x t u r e  o f  d i l u t i o n  s o l v e n t  
(desc r ibed  above) p l u s  p ropy lene carbonate.  I n j e c t e d  standard 

s o l u t i o n s  and sample s o l u t i o n s  thus  conta ined equal 

concen t ra t i ons  of p ropy lene carbonate.  

necessary t o  c o r r e c t  f o r  t h e  i n f l u e n c e  o f  i n j e c t e d  propylene 

carbonate on chromatographic peak shapes. 

For  sample p repara t i on ,  f i v e  s o f t  e l a s t i c  g e l a t i n  capsules 

Th is  procedure was 

S u i t a b l e  c o n t r o l  exper iments e s t a b l i s h  t h a t  e n p r o s t i l ,  11, and 

I11 i n  d i l u t i o n  s o l v e n t  a r e  s t a b l e  o v e r n i g h t  when 
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ANALYSIS OF ANTIULCER PROSTAGLANDIN, ENPROSTIL 3583 

r e f r i g e r a t e d .  
-20°C w i t h o u t  app rec iab le  deg rada t ion  o f  t h e  p r o s t a g l a n d i n  
analogs. 

Methano l ic  s o l u t i o n s  may be s t o r e d  f o r  1 mo a t  

S t a t i s t i c a l  Performance I n d i c a t o r s .  

by  s p l k i n g  s i x  placebos ( I n  d u p l i c a t e )  w i t h  70 t o  120% o f  

0.3 mM e n p r o s t i l  and 5 t o  20% o f  0.3 mM 11 and 111. 
Observed versus added concen t ra t i ons  were t h e n  used t o  

c a l c u l a t e  recove ry  and l i n e a r i t y ,  acco rd ing  t o  equat ions  ( 1 )  

and ( 2 )  r e s p e c t i v e l y :  

Recovery e f f i c i e n c y  and response l i n e a r i t y  were de termined 

% Recovery = 100 x [ %  Found]/[% Added] ( 1 )  

[ %  Found] = I n t e r c e p t  + Slope*[% Added] ( 2 )  

Two a n a l y s t s  on two d i f f e r e n t  days eva lua ted  t h e  method 

p r e c i s i o n  by  assay ing  twe lve  samples t o t a l  o f  t h e  s o f t  e l a s t i c  
g e l a t i n  capsu les .  

Method s e n s i t i v i t y  was eva lua ted  by  s p i k i n g  placebos w i t h  0 t o  

25% o f  0.3 mM e n p r o s t l l  and 0 t o  5% o f  0.3 mM I 1  and 111. 
The sp i ked  placebos were t h e n  assayed and t h e  observed response 

p l o t t e d  versus [ X  Added] accord ing  t o  equa t ion  ( 3 ) :  

Peak He igh t  (m) = I n t e r c e p t  + Slope*[% Added] ( 3 )  

These same method s e n s i t i v i t y  chromatograms were used t o  

de termine t h e  l ower  q u a n t i t a t i o n  l i m i t s  f o r  e n p r o s t i l ,  I1 and 

111. We d e f i n e  t h e  q u a n t i t a t i o n  l i m i t  as t h e  a n a l y t e  

c o n c e n t r a t i o n  p r o v i d i n g  a s igna l - to -no ise  r a t i o  o f  2. Our 

c o n s e r v a t i v e  e s t i m a t e  o f  q u a n t i t a t i o n  l i m i t  uses t h e  

i n t e r s e c t i o n  o f  t h e  l ower  95% conf idence i n t e r v a l  about  t h e  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



3584 KENLEY, LEE, AND MAHONEY 

s lope  I n  equat ion  (3) w i t h  a l i n e  rep resen t ing  t w i c e  t h e  
base l i ne  no ise .  

System S u l t a b i l i t v  Tests.  

To ensure method s p e c i f i c i t y  and ruggedness, e n p r o s t i  1 
standards were sp iked w i t h  compounds I 1  th rough  V I  a t  10% 

of 0.3 mM and assayed under a range o f  o p e r a t i n g  c o n d i t i o n s  
(mob i le  phase compos i t ion ,  f l o w  ra te ,  column temperature,  and 
so  f o r t h ) .  
performance parameters:  t a i l l n g  f a c t o r  a t  10% o f  peak h e i g h t  

(TS),  t h e o r e t i c a l  p l a t e  count (N) ,  h e i g h t  e q u i v a l e n t  t o  
t h e o r e t i c a l  p l a t e  (HETP),  r e s o l u t i o n  f a c t o r  ( R ) ,  and c a p a c i t y  

f a c t o r  ( k ' ) .  These f i v e  parameters were c a l c u l a t e d  accord ing  

t o  t h e  usua l  (8)  equat ions .  

Chromatograms were used t o  c a l c u l a t e  t h e  f o l l o w i n g  

RESULTS AND DISCUSSION 

ReDresentat i  ve Chromatosrams. 

and an e n p r o s t i l  s o f t  e l a s t i c  g e l a t i n  capsule sample. 
E n p r o s t i l  e l u t e d  a t  approx imate ly  8 min w i t h  compounds I1 and 
I11 e l u t i n g  a t  13 and 16 min, r e s p e c t i v e l y .  The e a r l y -  
e l u t i n g  peaks a r e  t h e  s o l v e n t  a r t i f a c t  and propy lene carbonate.  
Placebo chromatograms (no t  shown) demonstrated no s i g n i f i c a n t  
i n t e r f e r e n c e s  f rom t h e  capsu le  m a t e r i a l  and propy lene 

carbonate. F l g u r e  3, a chromatogram of  e n p r o s t l l  s tandard  

s o l u t i o n  sp iked w i t h  compounds I 1  th rough V I ,  shows 
adequate r e s o l u t l o n  o f  t h e  drug  and I t s  degradat ion  produc ts  

f rom p o t e n t i a l  i n t e r f e r e n c e s .  E n p r o s t i l  and compounds I1 
th rough V I  a l l  e x h i b i t e d  r a t h e r  broad peaks, r e f l e c t i n g  t h e  
p a r t i a l  r e s o l u t l o n  o f  a n a l y t e  stereolsomers ( v i d e  supra).  As 

descr ibed below, however, t h e  se lec ted  chromatographic 

F igu re  2 shows chromatograms o f  e n p r o s t i l  s tandard s o l u t i o n  
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Standard 

I 

3585 

Sample 

I 

l 1 l I I l l l 1 l 1 1 1 l 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  

0 5 10 15 0 5 10 15 

Retention Time (min) Retention Time (min) 

Figure 2. Representative Chromatograms for Enprostil 
Standard Solution (Left Chromatogram) and 
Enprostil S o f t  Elastic Gelatin Capsule Sample 
(Right Chromatogram). Roman Numerals Correspond 
to Structures Given in Figure 1. 
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N 
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. 
I I  

I 111 

VI 

V- 

I" 1 
(lr+ 

I I I 1 I I I 1 

0 2 4 6 8 10 12 14 

Retention Time (min) 

Figure 3 .  Representative Chromatogram of E n p r o s t i l  Standard 

So lu t i on  Spiked With Known o r  P o t e n t i a l  

I n t e r f e r i n g  Compounds. Roman Numerals Correspond 
t o  St ructures Given i n  F igure 1. 

condl t lons adequately resolved a l l  I n j e c t e d  so lutes w h i l e  

mainta in ing s a t i s f a c t o r y  peak symmetry. 

Spect ra l  Determinat ions.  

q u a n t i t a t i n g  low concentrat ions o f  e n p r o s t i l  p l u s  compounds 
I1 and 111, we i n j e c t e d  a standard s o l u t i o n  conta in ing a l l  
t h ree  analytes and used a dlode-assay spectrophotometer t o  
record UV spectra du r ing  chromatographic e l u t i o n .  F igure 4 

To choose a a d e t e c t i o n  wavelength s u i t a b l e  f o r  
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300 

280 
E 
C 

260 
C 
8 - 

240 

220 

9.0 9.9 10.8 11.7 12.6 13.5 14.4 15.3 16.2 17.1 

Retention Time, min 

Figure 4. Isoabsorbance Contour Plot o f  Enprostil Standard 
Solution Spiked With Compounds I1 and 111. 
Diode-array Spectra Captured During 
Chromatographic Elution of the Indicated 
Compounds. 
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presen ts  t h e  da ta  as isoabsorbance con tou rs  (9)  f o r  each HPLC 
peak, and demonstrates t h a t  i n tense ,  long-wavelength a b s o r p t i o n  

maxima appeared f o r  e n p r o s t i l  (268 nm) and compound I11 

(278 nm), b u t  n o t  f o r  compound 11. A c c u r a t e l y  q u a n t i t a t i n g  

a l l  t h r e e  ana ly tes  r e q u i r e d  a common wavelength w i t h  h i g h  

e x t i n c t i o n ,  and F i g u r e  4 c l e a r l y  shows 220 nm t o  be a 

wave length  s a t i s f y i n g  t h i s  requ i rement .  

The d iode -a r ray  spec t rophotomet r ic  d e t e c t o r  a l s o  he lped t o  

e s t a b l i s h  t h e  method s p e c i f i c i t y .  S o f t  e l a s t i c  g e l a t i n  

capsu les  were heated u n t i l  e n p r o s t i l  degraded t o  90% o f  0.3 mH 

and t h e  samples were assayed. We t h e n  recorded UV s p e c t r a  o f  
t h e  e n p r o s t l l  peak as It e l u t e d  f r o m  t h e  column. Super imposing 

t h e  ' ups lope ' ,  'downslope' and 'apex '  spec t ra  ( F i g u r e  5 )  

e s t a b l i s h e d  t h e  s p e c t r a l  p u r i t y  o f  t h e  HPLC peak and v e r i f i e d  

s p e c i f i c i t y  f o r  e n p r o s t i  1. 

S t a t i s t i c a l  Pe r formance I n d i c a t o r s .  

Exper imenta l  D e t a i l s  Sec t i on )  and shows t h a t  t h e  method 

per fo rms ve ry  w e l l  as measured by  these  common c r i t e r i a .  

Tab le  I summarlzes t h e  method s t a t i s t i c a l  v a l i d a t i o n  (see 

System S u i t a b i l i t y .  

To e s t a b l i s h  t h e  degree t o  wh?ch system o p e r a t i n g  
c o n d i t i o n s  i n f l u e n c e  c r i t i c a l  separa t i ons  we measured 

chromatographic performance parameters (TS, N, HETP, R, and 

k ' )  as a f u n c t i o n  o f :  column t y p e  and source, column 

tempera ture  and mob i l e  phase compos i t i on  and f l o w  r a t e .  

Tab le  I 1  shows t h e  dependence o f  chromatographic performance 
parameters on column t y p e  and manufac turer .  

s a t i s f a c t o r i l y  reso lved  e n p r o s t i l  f r om compounds I V  and V. 

and compounds I 1  and I11 f rom each o the r .  The da ta  i n  Tab le  
I 1  suggest t h a t  N shou ld  exceed approx imate ly  1700 and TS 

Each column t e s t e d  
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90 , 
Upslope Apex Downslope 

- - - - - - . . . - . .. - Symbol 
RT (min) 9.4 9.7 9.9 
Absorbance (mAU at 220nm) 7.4 13.4 7.4 

E 
d 

c 
n 
4 

-10 t I I I I I I I 

230 240 250 260 270 280 290 

Wavelength, nm 

F i g u r e  5. Superimposed D i  ode-Array Spect ra  Captured Dur ing  

Chromatographic E l u t i o n  of E n p r o s t i l .  I n j e c t e d  

Sample Was from a S o f t  E l a s t i c  G e l a t i n  Capsule 

Conta jn ing  E n p r o s t i l  a t  90% o f  0.3 mM. 

should remain below approx lmate ly  1 .3  t o  ma ln ta in  c r i t i c a l  

separa t ions .  

O f  t h e  s i x  o t h e r  system components examined, t h r e e  showed 

no i n f l u e n c e  on r e t e n t i o n  o f  e n p r o s t i l  o r  compounds I1 
th rough V I .  Thus, a n a l y t e  c a p a c i t y  f a c t o r s  were i n v a r i a n t  

w i t h  t h e  f o l l o w i n g  system changes: b u f f e r  concen t ra t i on  (0  t o  

2 mM). mob i le  phase pH ( 6  t o  7 ) .  and f l o w  r a t e  (0.9 t o  

1.4 mL/mln). As shown i n  Table 111, however, a n a l y t e  r e t e n t i o n  

d i d  s t r o n g l y  depend on mob i l e  phase methanol-to-THF r a t i o  ( a t  

cons tan t  t o t a l  o rgan ic  f r a c t i o n ) ,  mob i l e  phase organ ic  f r a c t i o n  

( a t  cons tan t  methanol- o-THF r a t i o ) ,  and column tempera ture .  

The t a b l e  demonstrates t h e  i n f l u e n c e  o f  mob i le  phase THF 
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TABLE 111. SYSTEM SUITABILITY TESTS FOR DEPENDENCE OF 
CHROMATOGRAPHIC PERFORMANCE PARAMETERS ON MOBILE 

PHASE COMPOSIT ION AND TEMPERATURE 

Sys tern System k ' Values f o r  Compounda 
Parameter Parameter 

Va 1 ue I V  V I I 1  I 1 1  

Methano1:THF 45:O C C C C C 
R a t i o b  40: 5 12.9 11.8 13.8 20.7 25.5 

35:lO 8.41 8.27 9.37 14.1 17.2 
30:15 5.47 5.77 6.30 9.61 11.5 
25:20 3.94 4.38 4.74 7.36 8.72 

0 r g a n i c : B u f f e r  39:61 11.1 11.6 13.0 20.4 25.1 
Rat iod  42:58 7.70 8.10 8.90 13.8 16.8 

45: 55 5.47 5.77 6.30 9.61 11.5 
48: 52 4.04 4.23 4.80 7.02 8.34 
51 :49 3.01 3.18 3.41 5.17 6.00 

Co 1 umn Ambient 
Temperature (23-25°C) 8.77 8.90 10.5 15.6 19.6 

("C) 30 7.51 7.79 8.83 13.2 16.2 
35 6.52 6.77 7.69 11.5 14.0 
40 5.88 6.16 6.85 10.4 12.5 
43 5.27 5.54 6.06 9.20 11.0 
45 5.16 5.44 5.99 9.02 10.7 

a. See F i g u r e  I f o r  s t r u c t u r e s .  
b. 

c .  
d .  Mob i le  phase compos i t ion  = methano1:THF r a t i o  o f  2 w i t h  va r ious  

M o b i l e  phase compos l t ion  = 45:55 m i x t u r e  of o rgan ic  phase 
( v a r i o u s  methano1:THF r a t i o s  as shown) and b u f f e r .  
RetentSon t i m e  g r e a t e r  t han  30 min. 

o rgan1c :bu f fe r  r a t i o s  as shown. 
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fraction on solute capacity factors and shows that THF:methanol 
ratios in the range 38:7 to 32:13 maintained satisfactory 
resolution. Similarly, total 0rganic:buffer ratios in the 
range 39:61 to 48:52 maintained critical separations. 
Operating outside these mobile phase composition ranges 
resulted in peak broadening (or splitting) with attendant 
decreased resolution between components. Column temperature 
strongly affected analyte capacity factors. but satisfactory 
retention obtained at all temperatures in the investigated 
range 123 to 4 5 O C ) .  

Representative Determinations. 
A principle objective in developing the method described 

herein was to accurately quantitate enprostil and its two 
degradation products (compounds I1 and 111) at the low 
( 4 5 % )  conversions representative of a drug product maintained 
under realistic storage conditions. To demonstrate the utility 
o f  the method for these determinations, we maintained soft 
elastic gelatin capsule samples at 23°C and assayed capsules at 
timed intervals for enprostil, I1 and I11 content. At each 
timepoint we also calculated the mass balance normalized to 
initial enprostil concentration according to equation (4): 

Tab 

NMB = {[enpr~stil]~ + 

e I V  shows that (with 

[III]t]/[enprosti llt,O ( 4 )  

n the 1 mits o f  experimental 
uncertainty) the NMB did equal 100% for all samples assayed and 
that the method satisfactorily accounted for enprostil loss and 
accumulation o f  compounds I1 and I11 even at conversions 
below 5%. 
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Table I V .  

Accumulation o f  Compounds I 1  and I11 i n  E n p r o s t i l  
S o f t  E l a s t i c  G e l a t i n  Capsules Maintained a t  23°C 

Time Observed Amount” o f  I nd i ca ted  Compound 
mo E n p r o s t i l  I 1  I11 N M B ~  

0 
6 

1 2  
18 
24 

106 
102 
103 
100 

99 

0 0 100 
2 C 96 
2 C 100 
3 2 100 
5 3 100 

a. 
b. 

c .  Products n o t  detected o r  detected a t  concentrat ions below 

Expressed as a percentage of 0.3 mM. 
Normalized mass balance ca l cu la ted  according t o  equat ion 
( 4 )  - 
t h e  lower q u a n t i t a t i o n  l i m i t  (-2% o f  0.3 mM). 

CONCLUSIONS 

We developed a reverse-phase HPLC ana lys i s  f o r  s o f t  e l a s t i c  

g e l a t i n  capsules t h a t  i s  s e n s i t i v e  and s p e c i f i c  f o r  e n p r o s t i l  

and i t s  degradat ion products. The method i s  convenient t o  use 

w i t h  respect t o :  sample preparat ion,  run time, column 
backpressure, and absence o f  an I n t e r n a l  standard. The method 

1s rugged and performs w e l l  under a def ined range o f  operat ing 

cond i t i ons .  Quan t i t a t i ng  e n p r o s t i l  and i t s  degradat ion 
products I n  ac tua l  capsule samples demonstrated t h a t  t h e  method 

s a t i s f a c t o r i l y  measures product mass balance even a t  low 

extents  o f  e n p r o s t i l  degradation. Thus, t h e  method permits the  
d i r e c t  demonstration o f  product i n t e g r i t y  f o r  samples 
mai n t a i  ned under r e a l  I s t i c  storage cond i t i ons  . 
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Diode-array spectrophotometers have many a p p l i c a t i o n s  i n  

I n  ou r  l a b o r a t o r y ,  t h e  d iode-ar ray  pharmaceut ica l  a n a l y s i s .  

techn ique t o  cons ide rab ly  shor tens  method development t i m e  by 

i d e n t i f y i n g  op t ima l  d e t e c t i o n  wavelengths and by v e r i f y i n g  HPLC 

peak s p e c t r a l  p u r i t y .  
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