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ABSTRACT 

The separation of isomers present in a new prostacyclin analogue (Beraprost sodium) on several different cyclodextrin stationary 
phases was investigated. Beraprost sodium, which contains six chiral centers, is a mixture of four isomers; two diastereomers each 
containing a pair of enantiomers. The cyclodextrin stationary phases used included: a-, /3- and y-cyclodextrins as well as several 
derivatized /I-cyclodextrins. The mobile phase variables that were found to affect the chiral separation were: type and concentration of 
organic modifier, type and concentration of buffer, the cation and anion associated with the buffer, mobile phase pH, preparation of the 
mobile phase, and column temperature. The cyclodextrin stationary phases that were found to separate all four isomers were: the 
acetylated p-cyclodextrin (Cyclobond I AC) and thepara-toluoyl ester-derivatized /I-cyclodextrin (Cyclobond I PT). The selectivities of 
the isomers were better on the Cyclobond I AC column than on the Cyclobond I PT column. Therefore the Cyclobond I AC column 
was used to determine what effect each mobile phase variable had on isomer retention and resolution. Calibration curves were done for 
the four isomers and the correlation coefficients determined using UV detection. Plots of log peak area versus concentration of each 
isomer provided correlation coefficients of 0.998 or better. Detection limits of 75 ng/ml and quantitation limits of 500 ng/ml of each 
isomer were found. 

INTRODUCTION 

Cyclodextrins have been described as chiral, 
doughnut-shaped molecules composed of multiple 
glucose residues that are connected end-to-end in 
closed rings via a-1,Cglycosidic linkages [1,2]. The 
glucose residues are locked in the chair conforma- 
tion and its orientation is constrained by the cyclic 
linkage so that the esterified oxygens and 3,5-hydro- 
gens line the hole of the doughnut which creates a 
relatively hydrophobic core. Hydroxyl groups on 
the second, third and fifth carbon atoms of each 
glucose residue face the edges and outside of the 
doughnut. These hydroxyl groups produces a rela- 
tively hydrophilic rim and outer surface. Each of 
the glucose residues contains five carbons that are 
chiral. Hydrophobic molecules can bind to the cy- 
clodextrins by entering the central hydrophobic 
cavity to form “inclusion complexes”. Retention of 

the molecule depends on its size and any substituent 
groups that are on the molecule. The molecule must 
fit into the cyclodextrin cavity in order to be re- 
tained and separated from an enantiomer [1,2]. In- 
teractions between the secondary hydroxyl groups 
and the enantiomers must take place for resolution 
to occur. Differences in the stability of the inclusion 
complexes that are formed for each isomer must 
also be great enough to allow the enantiomers to be 
resolved [3]. 

Prostacylin (PGIz), which was discovered in 1976 
[4], was found to be an inhibitor of platelet aggrega- 
tion and had potent vasodilating properties [5]. This 
has lead to investigating its use for atherosclerosis 
[6], diabetes [7] and uremia [8]. The major problem 
with PG12 has been its instability in acidic or neu- 
tral aqueous solutions. The half-life of PGIl in an 
aqueous solution at pH 7.0 and 25°C is about 2 min 
[9]. Since PGI;? is unstable, research has been on- 
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Fig. 4. The separation of the Beraprost sodium isomers: a mobile phase composed of methanol~.OS% (v/v) triethylamine, pH 3.5 
adjusted with acetic acid) buffer (25:75, v/v). Peaks: A = APS 3151; B = APS 3154 C = 3141; D = APS 314d. 

Temperature 
The effect of temperature over the range of 0 to 

30°C was studied. As the column temperature is 
lowered, kinetic rates are decreased and interac- 
tions between the isomers and the stationary phase 
are slowed down. As the column temperature was 
decreased isomer retention was found to increase. 
(The mobile phase concentration of organic mod- 
ifier was adjusted so that the isomers would elute 
within 30 min.) However, no significant differences 
were observed for the resolution and retention of 
the isomers at the different temperatures. There- 
fore, a column temperature of 30°C was used. 

Separation 
Fig. 4 shows the separation of the four isomers 

on the acetylated /I-cyclodextrin column with a mo- 
bile phase consisting of 0.05% (v/v) triethylamine, a 
pH of 3.5 adjusted with acetic acid and methanol- 
water (25:75). The column temperature was main- 
tained at 30°C. 

Quantitation 
Calibration curves and detection limits were de- 

termined for the isomers. Isomer standards were 
prepared that covered a range of 0.049 fig/ml to 
98.9 pg/ml. Linear calibration curves of log peak 
area versus ppm of isomer were obtained for loo-p1 
injections. The correlation coefficients obtained 
were greater than 0.998 for all four isomers. A de- 
tection limit of 75 ng/ml and a limit of quantitation 
of 500 ng/ml for each isomer was found. 

CONCLUSIONS 

The separation of the four isomers present in Be- 
raprost sodium was studied using different deriv- 
atized and underivatized cyclodextrin stationary 
phases. The cyclodextrin stationary phases that 
were found to separate all four isomers were: the 
acetylated B-cyclodextrin (Cyclobond I AC) and the 
para-toluoyl ester-derivatized /?-cyclodextrin (Cy- 
clobond I PT). The mobile phase parameters that 
influenced the separation were identified and stud- 
ied. The preparation of the mobile phase was also 
found to influence the isomeric separation. Calibra- 
tion data were obtained for each isomer. Detection 
limits for each isomer were found to be 75 ng/ml 
with a quantitation limit of 500 ng/ml. 
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