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A high-performance liquid chromatographic (HPLC) technique with on-line 
sample preparation was developed for monitoring the in vitm dissolution 
profiles of ursodeoxycholic acid (UDCA) formulations. Since UDCA lacks 
a strong chromophore. conventional UV determination of the dissolved drug 
is precluded. The proposed method involves direct injection of large volumes 
(1-2 ml) of the filtered dissolution medium onto a precolumn dry-packed 
with large particulate (4040 p n  octadecylsilica and inserted at the loop 
position of the HPLC injector. After flushing the precolumn with water, the 
retained UDCA is transferred by the mobile phase onto the analytical column 
for analysis. Ihe  method is reproducible and rapid, minimizing sample 
manipulations. The dissolution profiles of different UDCAlpolymer prepa- 
rations in USP simulated gastric and intestinal fluid were determined by 
on-line pre-column purification and preconcentration and reversed-phase 
HPLC.Key words: ursodeoxycholic acid; dissolution testing: excipient inter- 
ference; on-line sample processing; high-pexformance liquid chromatogra- 
phy. ‘ 

Bestimmung von in vih.0 A u t l m p m f i l e n  der  Ulsodeoxychdsiiure 
Zubereitungen mittels Hochdruck-Fliissigkeieits-Chromatographie mit 
‘on-line’ Pmbenvorbehdung  

Es wurde eine Hochdruck-Fliissigkeits-~o~ogr~hie mit ‘on-line’ Pro- 
benvorbehandlung m Detektion der Aufltkungsprofile von Ursodeoxychol- 
saure Zubereitungen (UDCA) entwickelt. Da UDCA keinen starken 
Chromophor hat. ist eine konventionelle W-Bestimmung ausgeschlossen. 
Die vorgeschlagene Methode erfordert die direkte Injektion von grokn 
Volumen (1-2 ml) der filtrierten Losung auf eine Vorsiiule die mit 
Oktadecyl-kieselgel, aus grd3en. Partikeln (40-60 pn) trocken gepackt in 
die LoopPosition des HPLC-Injektors eingesetzt wird. Nachdem die 
Vorsiiule mit Wasser gespiilt wurde, wird die zuriickgehaltende UDCA n i t  
der mobilen Phase auf die analytische Siiule zur Analyse iibergetragen. Die 
Methode ist reproduzierbar und schnell, sie vermindert die Probenvorbe- 
handlung. Die Aufltisungsprofile der verschiedenen UDCARolymerzube- 
reitungen in USP-simulierten Magem bzw. Darmfliissigkeiten wurden 
mittels ‘on-line’-Reinigung und Vorkonzentration auf der Vorsaule und 
Urnkehrphasen-HPLC bestimmt. 

Ursodeoxycholic acid (UDCA) is widely used in c a p l e  or tablet f m u -  
lations for the treatment of cholesterol gall-stones I) and more recently it has 
been introduced for the therapy of cholestatic liver diseases ’). Owing to the 
low solubility of UDCA at physiological intestinal pH 3, its absorption after 
oral administration is incomplete and dissolution-rate limited ‘). Therefore, 
in order to improve UDCA bioavailability there is a need for new formula- 
tions exhibiting enhanced dissolution pr~perties for the drug. 

Measurement of the in vitro release rate is an essential part in the devel- 
opmental process of solid oral dosage forms ’). However, since UDCA lacks 
a strong chromophore, quantification of the amount released from the phar- 
maceutical preparation represents the limiting step of dissolution testing 
since the use of simple UV-Vis spectrophotometry is precluded. In fact, in 
the short W wavelength region (200-210 nm) where this compound is 
normally detected ‘), interference from formulation excipients and dissolu- 
tion medium components is severe ’* ’). An enzymatic method based on 
3a-hydroxysteroid dehydrogenase has been described for the detection of 
UDCA in dissolution media *). n e  poa precision and accuracy at low 
concentration and the Limited selectivity are, however, disadvantages ofthis 
technique ’). 

Because of its enhanced specificity, high-performance liquid chromatog- 
raphy with UV detection (HPLC-W) is the method of choice 5*10J1) for the 
determination of the dissolution of pharmaceutical preparations whose con- 
stituents interfere with direct UV analysis. Since UDCA has weak mdar 
absoptivity even at short wavelengths, the measurement of the dissolved 
drug by HPLC-W requires the injection of large sample volumes (1-2 ml) 
to achieve satisfactory sensitivity. ’ h i s  causes distinct drawbacks including 
peak broadening, resolution loss, and rapid degradation of the column 
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stationary phase due tothe pH values of the dissolution media (e.g.. simulated 
gastric fluid pH = 1.2) and the irreversible adsorption of dissolved 
macromolecular excipients ’). In order to overcome these problems, purif-  
cation and concentration of the test solution is necessary prior to injection 
onto the HPLC column. This pretreatment step is normally carried out by 
off-line procedures (e.g., liquid-liquid extraction, solid-phase extraction, 
solvent evaporation) which are laborious and time-consuming and thus 
unsuitable for the assay of large series of samples from multiple point 
dissolution tests. 

This study reports on the development of a method for the 
rapid HPLC determination of UDCA dissolution kinetics 
based on direct injection of large volumes (1-2 ml) of the 
dissolution medium onto a precolumn placed at the injector 
loop position and connected on-line with the analytical col- 
umn. The proposed method has the advantage of achieving 
on-line purification and preconcentration of the test solutions 
using a standard isocratic liquid chromatograph. The paper 
also describes the application of this new procedure to the 
determination of the dissolution profiles of gelatin capsules 
containing UDCA alone or different UDCNpolymer mix- 
tures in which the polymer (a cellulose or starch derivative) 
has been used as dissolution rate enhancer. 

Experimental Part 

Materials 
UDCA Sigma (St. Louis, MO, U.S.A.). Cross-linked sodium car- 

boxymethylcellulose (CMC) and sodium starch glycolate (PJ): FMC Corp. 
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(Philadelphia, PA, U.S.A.) and Avebe (Foxhol, Netherlands), respectively. 
Methanol, acetonitrile, water, and sodium acetate: HPLC-grade as supplied 
by Baker (phillipsburg, NJ, U.S.A.). All other chemicals were of analytical 
grade @umitalia Carlo Erba, Milan, Italy). Isolute Cia cartridges: Interna- 
tional Sorbent Technology (Hengoed, U.K.). 

Prepration of UDCMplymer mixrures 

All systems were prepared using an UDCAlpolymer weight-ratio of 1:l. 
The drug and the polymer (CMC or PI) were placed in a mixing jar (0.5 1 
capacity) and mixed with a Turbula apparatus (W.A. Bachofen, Basel, 
Switzerland) at a speed of 30 rpm. for 2 h. 

In vitro dissolution tests 

The in vitm dissolution testing was performed using a modified I*) USP 
XXII apparatus no. 2 (rotating paddle) at 37 "C and at a stirring rate of 100 
rpm in 5000 ml of USP simulated gastric (PH 1.2) or intestinal fluid (PH 7.5). 
Hard gelatin capsules filled with the pure drug or with the drug/polymer 
mixture and containing an equivalent amount of UDCA (i.e., 300 mg) were 
placed directly in the dissolution medium At predetermined time intervals, 
3-ml aliquots were withdrawn and replaced by 3 ml of fresh fluid at 37 O C .  

The test sample was filtered (0.22 pm GV-type filters; Millipore S.A., 
Molsheim France) and a portion of this solution (1-2 ml) was directly 
injected into the chromatograph for the determination of the dissolved 
UDCA. Release kinetics for each formulation were determined from the 
mean of five individual capsule dissolution tests. 

HPLC 
The HPLC apparatus consisted of a modular chromatographic system 

(Model 880-PU p m p ,  Model 880-02 solvent programmer and Model 875- 
UV variable-wavelength UVNis detector; Jasco, Tokyo, Japan) linked to a 
Rheodyne 7125 injection valve with a 2@fl sample loop (Rheodyne. Cotati, 
CA, U.S.A.) and a chromatographic data processor (Chromatopac C-R3A, 
Shimadm, Kyoto, Japan). The detector was set at 210 nm and 0.02 absor- 
bance units full scale (a.u.f.s.) 

Separations were performed as described 13), using a 5-pn Ultrasphere 
ODs column (150 x 4.6 mm i.d.; Beckman, Berkeley, CA, U.S.A.) eluted 
under isocratic conditions with methanol-acetonitrile-0.02 M aqueous SD. 

dium acetate (502030, v/v/v) adjusted to pH 4.3 with phosphoric acid. The 
mobile phase was filtered through type GV filters and deaerated on-line by 
a model ERC-3311 automatic solvent degasser (Enna, Tokyo, Japan). Chre 
matography was performed at ambient temp. at a flow-rate of 1.1 d m i n .  
Quantification was carried out by the external standard method, using peak 
areas. 

On-line sample processing 

The Rheodyne injector loop was replaced (Fig. 1) by a pre-column (20 x 2 
nun id.; Upchurch Scientific. Washington, DC, U.S.A.) which was dry- 
packed with sorbent material (50 pm average pa ic le  diameter) from Isolute 
CIS cartridges. The sample and wash solutions were applied ontothe pre-col- 
umn through the Rheodyne needle port by means of agas-tight syringe (SGE, 
Ringwood Victoria, Australia). At the beginning of the analysis with the 
injection valve set to 'load' position (Fig. 1). the pre-column was conditioned 
with 0.5 ml of acetonitrile and 0.5 ml of water followed by direct injection 
of an aliquot (1-2 ml) of the filtered dissolution medium. After washing the 
prewlumn with 1.0 ml of water, the valve was switched to the 'inject' 
position (Fig. 1) causing the UDCA trapped on the pre-column to be eluted 
by the mobile phase into the analytical column. The valve was returned to 
'load' after 30 s and the pre-column was ready f a  the next sample. Re-equili- 
bration of the pre-column and sample loading can be performed while the 
separation is in progress. 

Results and Discussion 

In previous work 14) we showed that UDCA is quantita- 
tively adsorbed from diluted biological fluids on octadecyl- 
bonded (c18) silica cartridges. Accordingly, this packing 
material was selected for on-line sample processing using a 
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Fig. 1. Schematic flow-diagram of the Rheodyne injection valve with the 
precolumn installed at the sample loop position. 

pre-column dry-packed with Cis-silica and installed at the 
loop position of a standard HPLC injector (Fig. 1). After 
injection of the dissolution sample (1-2 ml), the pre-column 
is washed with water to remove highly hydrophilic compo- 
nents (e.g., HCl, salts, proteins) and then the retained UDCA 
is desorbed by the mobile phase into the analytical column 
for chromatographic determination. Optimization of the 
length of time during which the valve remains in the 'inject' 
position demonstrated that 30 s were sufficient to transfer 
UDCA quantitatively from the precolumn to the analytical 
column. Under these conditions, no significant broadening of 
the UDCA peak was observed compared with injection via a 
standard 20-pl sample loop 

The on-line sample pre-treatment technique developed in 
this study was applied to the determination of the release 
kinetics of UDCA from different preparations. Aliquots (1-2 
ml) withdrawn from the dissolution medium (ie. USP gastric 
or intestinal fluid) at specified times were directly injected, 
after filtration, onto the precolumn and the dissolved drug 
assayed on-line by HPLC . 

A linear correlation was obtained between peak area and 
concentration of UDCA in the range 2.60-54.5 pg/ml (r = 
0.998, slope = 4219.6, intercept = 396.5). The minimum 
quantifiable concentration (i.e. 2.6 pg/ml) was at least 10 
times lower than that reported for conventional HPLC analy- 
sis 14) based on a standard injector loop. The enhanced 
sensitivity of the proposed method is achieved by preconcen- 
tration of the analyte on the pre-column from direct injections 
of large volumes (1-2 ml) of the dissolution medium. 

The precision of the procedure described here was evalu- 
ated by repeated (n = 6) injections of the same dissolution 
sample. UDCA was determined with a relative standard 
deviation of 1.4 % and of 4.5 % for within- and betweenday 
reproducibility, respectively. 
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Fig. 2 Chromatograms of dissolution samples from a UDCNCMC capsule 
preparation in USP intestinal fluid at 4 (a), 8 (b), 10 (c), and 20 (d) min. 
Sample volume: 1 .O ml. Other operating conditions as described under the 
Experimental Part. l=UDCA. 

Fig. 2 shows typical chromatograms of samples from a 
multiple time point dissolution test on a UDCNCMC prepa- 
ration in simulated intestinal fluid. No interference was ob- 
served after injections of blank samples. The dissolution 
profiles in USP intestinal fluid (pH 7.5) determined with the 
present on-line technique for capsules containing unformu- 
lated UDCA or different UDCNpolymer mixtures, are re- 
ported in Fig. 3. The plots indicate that a remarkable 
enhancement of the UDCA dissolution kinetic is achieved by 
the polymer systems. The concentration of the dissolved drug 
in USP gastric fluid was below the sensitivity of the method 
both for the drug and the drug-loaded polymers. 

The accuracy of the procedure developed in this study was 
evaluated by comparing the UDCA levels measured for the 
same sample by the on-line pre-treatment technique or an 
independent method based on conventional off-line solid- 
phase extraction and solvent evaporation 14). Four time points 
from the dissolution profile of the UDCNCMC preparation 
in intestinal fluid were assayed. A highly significant correla- 
tion (r=0.98) was obtained between the values measured by 
the two methods which proves the validity of the on-line 
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Fig. 3. Dissolution profiles in USP intestinal fluid @H 7.5) of pure UDCA 
compared to UDCNPJ and UDCNCMC systems. Each value is the mean 
of five individual capsule dissolution determinations. The relative standard 
deviation was always < 3.7 96. 

technique for the determination of the in vitro dissolution 
kinetics of UDCA formulations. 

Since the on-line sample purification and preconcentration 
is confined to injection steps (Experim. Part) the method is 
more rapid it is completed within 3 min) than the off-line 
procedure ' ) (time for sample processing, ca. 30 min) cir- 
cumventing transfer and evaporation of the sample and thus 
minimizing the risk of contamination and losses. Moreover, 
the on-line pie-column clean-up eliminates irreversible dam- 
age to the analytical column by removing the dissolved 
polymeric excipients (e.g.. gelatin, carboxymethylcellulose) 
and adjusting the test solution pH within the operating range 
of the column packing 

No significant deterioration of the pre-column performance 
was observed after more than 80 analyses. When required, 
however, replacement of the pre-column packing is easily 
accomplished (dry-packing by hand) in less than 5 min. 

In conclusion, a method has been developed for the deter- 
mination of the dissolution profiles of UDCA preparations, 
based on pre-column sample purification and preconcentra- 
tion and on-line analysis by HPLC. Since the technique relies 
on a simple modification of a standard chromatograph (re- 
placement of the injector loop by aprecolumn), no expensive 
equipment such as extra pumps or timecontrolled switching 
valves are required. The on-line pre-treatment procedure 
offers distinct advantages over existing methods by consid- 
erably shortening the sample preparation time and eliminat- 
ing manipulations between preconcentration and analysis. 
The approach outlined in this study should also be applicable, 
in principle, to the determination of the dissolution profile of 
other drugs which have poor molar absorptivity and excipi- 
en& that interfere in normal UV analysis. 
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