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Abstract 

The stability of prostaglandin E 1 (PGE 1) in physiological solution for the treatment of erectile dysfunctions was 
investigated by liquid chromatography (HPLC). Two different HPLC procedures were used; the first included a 
pre-chromatographic derivatization of PGE~ with 2-bromoacetyl-6-methoxynaphthalene followed by fluorescence 
detection (Aex c = 300 nm; Aem = 460 nm), and the other was based on direct UV detection (205 nm) of the 
underivatized drug. The results showed that PGE 1 physiological solutions can be conveniently stored at 2-8°C; 
under these conditions about 85% of the initial concentration remained at 90 days, while at ambient temperature 
rapid degradation of the drug was observed. 
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Prostaglandin E l (PGE1; Alprostadil) is today 
considered one of the drugs of choice, alone or 
associated with other drugs (vasoactive cocktails), 
for the diagnosis and treatment of erectile dys- 
function (Lee et al., 1989; Earle et al., 1990). The 
papers concerning the cavernous use of PGE~ are 
very encouraging regarding its safety (very few 
systemic and local side effects) and ease of use. 
In our University Andrological Center more than 
500 patients have been treated with PGE t intra- 
cavernous injections for diagnostic or therapeutic 
goals. 

PGE 1 was available only in 500 #xg/ml  ethanol 
solution vials (Prostin VR); therefore, for intra- 
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cavernous applications each Prostin VR solution 
was subjected to aqueous dilution to the desired 
concentration. Therapeutical PGE 1 doses vary 
from 5 to 50 #zg/ml on the basis of some pharma- 
costimulation tests to assess the 'right '  dose to 
use for each patient. In our clinical experimenta- 
tion, Prostin VR, diluted 1:24 in physiological 
solution using an aseptic technique in sterile vials 
and store~l at 8°C, showed decreasing activity 
after some days or months, as observed when the 
same PGE 1 dose was repeated on the same pa- 
tient after different storage periods. PGE i, hav- 
ing a /3-hydroxycyclopentanone moiety, is known 
to undergo dehydration in acidic or basic aqueous 
solutions to give prostaglandin A 1 (PGAI),  which 
further isomerizes to prostaglandin B 1 (PGB 0 in 
alkaline medium (Stehle and Oesterling, 1977). 
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Detailed studies on the stability of PGE 1 in aque- 
ous solutions (Stehle and Oesterling, 1977; Lee 
and DeLuca, 1991) and in lipid emulsion 
(Teagarden et al., 1989) have been performed, 
but only preliminary information has been re- 
ported on the stability of PGE~ in physiological 
solution (Fraccaro et al., 1992). Thus, it was con- 
sidered necessary to gain further information on 
the chemical stability of PGE L in physiological 
solution in order to verify the clinical indications 
and to suggest the most appropriate conditions 
for the storage of PGE~ physiological solutions. 

Among the various analytical methods devel- 
oped for the determination of prostaglandins, 
high-performance liquid chromatography (HPLC) 
was chosen for its advantages such as selectivity 
and feasibility (Papadoyannis, 1990). Prostaglan- 
dins do not show strong absorption in the UV- 
visible region or native fluorescence; therefore, to 
enhance the sensitivity of the HPLC method 
prechromatographic derivatizations of the side 
chain carboxylic group to give UV-absorbing 
(Papadoyannis, 1990; USP XXII, 1990) or fluo- 
rescing (Papadoyannis, 1990; Toyo'oka et al., 
1992; Wolf and Korf, 1992) derivatives are widely 
applied. The derivatization technique, however, 
may not be suitable for stability studies of PGE~, 
since the derivatization conditions could acceler- 
ate the degradation reactions (dehydration and 
internal rearrangement). Thus, when the analysis 
does not requires high sensitivity, direct low- 
wavelength (200-215 nm) UV detection can be 
also used (Teagarden, 1988; Lee and DeLuca, 
1991). 

In the present study, both the described ap- 
proaches have been followed and compared. 
Thus, derivatization of PGE~ with 2-bromoacetyl- 
6-methoxynaphthalene, followed by HPLC analy- 
sis (fluorescence detection), was applied to the 
evaluation of the stability of PGEa in physiologi- 
cal solutions (10 /zg/ml) and the results were 
then compared with those obtained by direct 
HPLC determination with UV detection at 205 
nm. 

Alprostadil (PGE 0 was obtained from Sigma 
(St. Louis, MO, U.S.A.); tetrahexylammonium 
bromide (THxABr), cortisone and pelargonic acid 
were from Fluka (Buchs, Switzerland); all other 

chemicals were from Farmitalia C. Erba (Milan, 
Italy). The reagent 2-bromoacetyl-6-methoxy- 
naphthalene (Br-AMN) and the naphthacyl ester 
of pelargonic acid (the internal standard) were 
prepared as previously described (Gatti et al., 
1992; Cavrini et al., 1993). 

The reagent (Br-AMN) solution was prepared 
in acetone or acetonitrile (4.2 mg/ml) and was 
found to be stable for 2 weeks at 4°C. Tetrahexy- 
lammonium bromide (THxABr) solution (20 mM) 
was prepared in aqueous 100 mM phosphate 
buffer (pH 7.0). A stock PGE 1 solution was pre- 
pared in absolute ethanol and maintained at 4°C 
(Doehl and Greibrokk, 1990). Working standard 
solutions of PGE 1 were prepared in physiological 
solution-ethanol 9 : 1 (v/v) at the desired concen- 
tration (4.0-20 /~g/ml).The solutions of TEA 
(1%), pelargonic acid naphthacyl ester (4.5 
/zg/ml) and cortisone (60/xg/ml) were prepared 
in acetonitrile. 

The pre-column derivatization of PGE 1 was 
carried out as follows: 0.1 ml of PGE 1 solution, 
0.1 ml of water, 0.15 ml of 20 mM tetrahexylam- 
monium bromide solution (pH 7) and 0.1 ml of 
the reagent solution in acetone were subjected to 
ultrasonication for 3 min and allowed to stand at 
ambient temperature for 25 min. Then, 0.15 ml of 
the internal standard solution were added, the 
reaction mixture ultrasonicated for 1 min and a 
50/xl volume of the resulting clear solution was 
injected into the chromatograph. 

The HPLC analyses were performed using a 
Varian 2010 pump and a Varian 2070 fluores- 
cence detector, operating at an emission wave- 
length of 460 nm with an excitation wavelength of 
300 nm, connected to a personal computer IBM 
XT. The JCL 6000 chromatography data system 
was used. When UV detection was applied, a 
Jasco Uvidec 100 detector connected to a Varian 
4270 integrator was used. Manual injections were 
carried out using a Rheodyne model 7125 injector 
with a 50/zl sample loop. 

The HPLC separations of derivatized PGEI 
were performed at 35°C on a 5/~m Hypersil ODS 
stainless-steel column (250 × 4.6 mm i.d.) under 
isocratic conditions. A mobile phase consisting of 
the binary mixture A-B (70:30, v/v), where A = 
acetonitrile-methanol-tetrahydrofuran 40 : 40 : 20 
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(v/v)  and B = water, at a flow rate of 1.2 ml /min  
was used. 

Underivatized PGE~ was chromatographed on 
a 10/zm C-18 Phenomenex Bondclone (300 x 3.9 
mm i.d.) column using acetonitrile-0.02 M 
K H 2 P O  4 42:58 (v/v)  as the mobile phase at a 
flow rate of 1 ml /min  

According to previous experience (Cavrini et 
al., 1993), the derivatization of PGE1 with Br- 
AMN was carried out in aqueous medium in the 
presence of tetrahexylammonium bromide; these 
conditions were also suggested by evidence of 
reduced acid-catalyzed dehydration of PGE 1 in 
the presence of cationic surfactants (Teagarden 
et al., 1989). The effects of temperature and 
ultrasonication on the reaction course were eval- 
uated and, as a result, ambient temperature with 
initial (3 min) ultrasonication proved to be the 
most convenient conditions. Continuous ultrason- 
ication and higher temperatures were found to be 
responsible for PGE1 degradation. The presence 
of a high content of organic solvent (ethanol, 
methanol, acetone and acetonitrile) in the reac- 
tion mixture was found to prevent the formation 
of the PGE~ ester. For comparison purposes, 
using Br-AMN, derivatization in acetonitrile ac- 
cording to the USP XXII method was also car- 
ried out. The derivatization in aqueous medium 
(room temperature for 25 min) proved to be 
advantageous over that in acetonitrile (45°C for 
30 min), the latter conditions being responsible 
for greater degradation of the reagent. 

Chromatographic separations were performed 
under isocratic conditions on a reversed-phase 
(Hypersil 5ODS) column, using the mobile phase 
described above. These conditions allowed ade- 
quate separations between derivatized PGE~, the 
internal standard and the reagent degradation 
products to be achieved (Fig. 1). 

When underivatized PGE~ was analyzed, com- 
plete resolution between the analyte and internal 
standard was readily achieved (Fig. 2a) using a 
simple binary mixture as the mobile phase. 

The suitability of the HPLC method, involving 
pre-column derivatization and fluorescence de- 
tection (Aex c = 300 nm; '~em = 460 nm), was evalu- 
ated for the direct analysis of aqueous PGE~ 
samples. Under the chromatographic conditions 
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Fig. 1. Typical HPLC separation of PGE 1 (1) and pelargonic 
acid (2, the internal standard) derivatized with Br-AMN. 
R = reagent peak; column, Hypersil ODS (5 tzm); mobile 
phase, mixture A-B (70:30, v/v),  where A = acetonitrile- 
methanol-tetrahydrofuran (40:40 : 20, v /v )  and B = water, at 
a flow rate of 1.2 ml /min.  Fluorescence detection: ,~o, = 460 

nm; Aex ~ = 300 nm. 

of Fig. 1, a linear relationship was obtained be- 
tween the peak height ratio of derivatized PGE 1 
to internal standard (pelargonic acid naphthacyl 
ester) (Y) and the drug concentration (C; 11.28- 
33.85 nmol /ml )  (Y = 0.027C - 0.035; r = 0.9970; 
n = 6). A similar, concordant calibration graph 
( Y =  0.030C-0.045; r = 0.998; n = 6) was ob- 
tained when the PGE~ derivatization was per- 
formed in acetonitrile. The first method was cho- 
sen for routine analysis, being more practical and 
rapid. The precision of the method was satisfac- 
tory, as indicated by the relative standard devia- 
tion (RSD = 2.4%) obtained from replicate (n = 
8) analyses (derivatization and HPLC separation) 
of a single PGE~ standard solution. When UV 
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Fig. 2. HPLC chromatograms obtained from: (a) PGE l physi- 
ological solution (10 /zg/ml), freshly prepared; (b) after 30 
days storage at ambient temperature. Peaks: 1, cortisone (the 
internal standard); 2, PGEx; 3, PGAt; column, C-18 Phe- 
nomenex Bondclone; mobile phase, acetonitrile-0.02 M 
KHzPO 4 (42:58, v/v) at a flow rate of 1 ml/min. UV 
detection at 205 nm. 

de t ec t i on  was app l ied ,  PGE~ s t a n d a r d  so lu t ions  
( 4 - 2 0  ~ g / m l ) ,  con ta in ing  a f ixed concen t r a t i on  
(0.1 m g / m l )  of  co r t i sone  ( in te rna l  s t a n d a r d )  were  
d i rec t ly  ana lysed  to ob ta in  a l inea r  r e la t ionsh ip  
b e t w e e n  the  p e a k  a r ea  ra t io  (ana ly te  to in te rna l  
s t a n d a r d )  (Y)  and  drug  concen t r a t i on  ( Y =  
0.045C-0.0116;  r = 0.9996; n = 6). 

T h e  p r o p o s e d  m e t h o d s  were  a p p l i e d  to the  

eva lua t ion  o f  the  s tabi l i ty  of  PGE~ physiologica l  
so lu t ions  p r e p a r e d  f rom two d i f fe ren t  commerc ia l  
P G E  1 p r e p a r a t i o n ,  Pros t in  V R  and a lyophi l ized  
P G E  1 (Sigma)  p r o p e r l y  d i lu ted  in e thano l  and  
phys io logica l  so lu t ion  to the  des i r ed  concen t ra -  
t ion ( 1 0 / x g / m l )  in e thanol -phys io log ica l  so lu t ion  
(2 :98 ,  v / v ) .  The  samples  were  m a i n t a i n e d  u n d e r  
d i f fe ren t  condi t ions :  (a) 2 - 8 ° C  in the  dark,  (b) 
a m b i e n t  t e m p e r a t u r e  in the  dark,  and  (c) a mb ie n t  
t e m p e r a t u r e  in sunlight .  Each  PGE1 sample  was 
ana lysed  by bo th  H P L C  methods ,  using der ivat i -  
za t ion - f luo rescence  de t ec t ion  and  d i rec t  U V  de-  
tect ion.  T h e  samples  (n = 2) were  ana lysed  af te r  
0, 15, 30, 90 and  120 days and  t r ip l ica te  analyses  
were  p e r f o r m e d  for  each  sample .  T h e  resul ts  
expressed  as p e r c e n t a g e s  of  the  ini t ial  concen t ra -  
t ion r ema in ing  for  each  cond i t ion  a re  r e p o r t e d  in 
Tab le  1 and  i l lus t ra ted  in Fig. 3. As  shown, only 
P G E  1 so lu t ions  s to red  at  2 - 8 ° C  d i sp layed  good  
stabil i ty,  the i r  P G E  1 con ten t  be ing  r e d u c e d  to 
about  85% of  the  ini t ial  level a f te r  3 - 4  months .  
T h e  solut ions  m a i n t a i n e d  at  a mb ie n t  t e m p e r a t u r e  
d e c o m p o s e d  rap id ly  af te r  15 days.  A r e p r e s e n t a -  
tive c h r o m a t o g r a m  o b t a i n e d  f rom a P G E  1 sample  
m a i n t a i n e d  at  r oom t e m p e r a t u r e  for  30 days is 
r e p o r t e d  in Fig. 2b. The  add i t iona l  p e a k  (no. 3) at 
longer  r e t en t ion  t ime p roved  to be  PGA1;  in fact, 

Table 1 
Stability of PGE 1 in physiological solution 

Sample a Storage Time zero 
temperature concentration 

(/zg/ml) 

% initial concentration at day 

15 30 60 90 120 

A 1 2-8°C 10 98.50 (1.25) 93.00 (1.10) 88.60 (0.93) 86.10 (1.16) 83.00 (1.30) 
98.00 (1.70) 92.40 (2.05) 89.50 (1.86) 87.43 (2.10) 85.40 (2.25) 

2 r.t. b 10 94.55 (0.85) 56.40 (0.95) 38.65 (1.15) 25.60 (1.60) 11.50 (2.13) 
95.30 (1.65) 61.00 (1.84) 40.05 (2.10) 27.80 (2.65) 12.20 (2.95) 

3 r.t. c 10 90.50 (0.95) 43.64 (1.24) 24.63 (1.52) 11.60 (1.84) 9.53 (1.63) 
89.85 (2.10) 45.00 (2.32) 26.43 (2.25) 12.80 (2.87) 10.45 (3.35) 

B 1 2-8°C 9.7 95.00 (1.32) 91.15 (1.04) 86.00 (0.94) 82.14 (0.94) 80.00 (1.32) 
94.35 (2.15) 90.00 (2.42) 86.64 (2.14) 83.10 (2.25) 80.50 (2.30) 

2 r.t. b 9.7 85.00 (0.84) 37.64 (1.34) 26.55 (1.67) 10.43 (2.12) 8.06 (2.36) 
83.15 (2.16) 35.00 (2.24) - - -- 

3 r.t. c 9.7 83.00 (0.92) 32.45 (1.04) 23.00 (1.25) 8.50 (2.43) 6.70 (2.65) 
82.25 (1.90) 30.70 (2.54) - 

a Sample A was prepared from PGE 1 (Sigma); sample B was prepared from Prostin VR solution. 
b Room temperature in the dark. 
c Room temperature in sunlight. 
The data, obtained by HPLC-UV and HPLC-fluorescence methods, are expressed as percentage (mean and RSD%) of the initial 
concentration (n = 6). - ,  not done. 
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Fig. 3. Stability of PGE t in physiological solution. Mean 
percentage of the initial PGE l concentration found over a 4 
month period. Conditions and data as in Table 1. 

according to the PGA 1 spectrum (Lee and 
DeLuca, 1991), a stronger response was obtained 
when detection was set at 230 nm. Peaks were 
not observed using UV detection at 280 nm, the 
absorption maximum of PGBt,  indicating that 
P G A ,  was not appreciably converted into PGBt  
under the described conditions. Conversely, the 
expected intense peak at longer retention time 
due to PGB~ was observed when a forcedly de- 
graded PGE~ sample at pH 10 was analysed with 
detection at 280 nm (Lee and DeLuca,  1991). 

In summary, the data achieved with two differ- 
ent HPLC methods were concordant in suggest- 
ing that P G E  1 physiological solutions, for the 
t reatment  of erectile dysfunction, should be stored 
at 2-8°C. Under  these conditions, the P G E  1 level 
was found to remain at about 85% of the initial 
content after 3 months, while at ambient temper-  
ature, with or without exposure to sunlight, the 
drug was subjected to serious degradation. 
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