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HPLC study of the impurities present in different 
ursodeoxycholic acid preparations: comparative 
evaluation of four detectors 
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Abstract: The use of HPLC with different detectors has been investigated for the analysis of bile acid impurities present in 
four different commercially available ursodeoxycholic acid preparations. The bile acids were efficiently separated by Cl8 
reversed-phase HPLC using methanol-water (3:2, v/v) as the mobile phase. The detectors used for bile acid detection 
were: UV at 200 nm refractive index (RI) and an evaporative light scattering mass detector (ELSD II). A 
prederivatization method with the formation of a fluorescent naphthacyl ester has also been used. GC-MS analysis of 
Me-TMS bile acid derivatives was included as a reference method. 

The four ursodeoxycholic acid samples were 98-99% pure. The main impurities present in the samples were 
chenodeoxycholic acid and to a lesser extent lithocholic acid. Only one sample was found to be almost 100% pure using all 
the detectors. Significant agreement of the data was found between RI, ELSD II detectors and the fluorescent method; 
the UV detector was unsuitable for use in this method. The analytical performances of the four detectors for bile acid 
analysis are reported and discussed. When the four-detector data were compared with the GC-MS method, reasonable 
agreement resulted. Discordant results were found in the quantitation of trace impurities like lithocholic acid and/or other 
minor bile acids present in amounts less than 0.1%. 
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Introduction 

Ursodeoxycholic acid (UDCA) is a well estab- 
lished drug for dissolution of cholesterol gall- 
stones and more recently has been found to be 
useful for the treatment of mild cholestatic 
liver diseases [l-8]. This drug has been shown 
to be safe, well tolerated and without major 
side-effects for patients with cholesterol gall- 
stones or with a variety of liver diseases [9]. 

UDCA is the 7l3 epimer of chenodeoxy- 
cholic acid (CDCA) which is also available 
commercially and used for the treatment of 
cholesterol gallstone diseases [ 10-111. Un- 
fortunately, numerous clinical and animal 
studies have indicated that chronic oral CDCA 
administration causes many side-effects includ- 
ing diarrhoea and mild liver disease, with a 
transient increase in some biochemical liver 
function tests such as transaminases [12]. 
Therefore CDCA, although still on the 
market, has been practically abandoned for 
clinical use. In addition, a most important 
consideration is that unlike UDCA which is 
useful for cholestatic liver disease even in 
pregnant women, CDCA cannot be taken 
during pregnancy. 

UDCA is produced using ox bile as a starting 
material; the cholic acid is then isolated and, 
following different syntheses and chemical 
reactions, is converted to UDCA [13-141. The 
method includes the removal of an hydroxy 
group in the 12 position and the epimerization 
of the 7-hydroxyl from the OL- to the p- 
orientation. Finally, UDCA must be isolated 
and properly crystallized. 

UDCA is produced by many companies 
around the world and available commercially 
under several brand names and formulations. 
Since potential impurities present in UDCA 
have been reported to be toxic, like lithocholic 
acid (LCA) [15-161, or poorly tolerated as 
CDCA [9], it is important to establish the 
impurities present in UDCA available from 
different companies. Even if only present in 
small quantities (i.e. less than l%), in view of 
the metabolism of their long term accumu- 
lation in a given target organ, a detailed 
analytical study is warranted. 

Therefore, the objectives of the present 
work were to evaluate the impurities present in 
four different UDCA samples obtained from 
different companies and to evaluate critically 
the results obtained using an HPLC method 
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with four different detector systems including purchased by Sigma (St Louis, MO, USA), 
UV, refraction index (RI), a evaporative light ursocholic acid (UCA) was supplied by 
scattering mass detector and a prederivatiz- Giuliani SpA (Milan, Italy). UDCA samples 
ation fluorescence method. Four different under study were supplied by: Tokio Tanabe 
detectors were used because whereas high- (Tokyo, Japan) (sample A); Diamalt GmbH 
performance liquid chromatography (HPLC) is (Miinchen, Germany) (sample B); Erregierre 
the preferred method for routine assessment of Industria Chimica SpA (Bergamo, Italy) 
drug purity owing to its simplicity, for bile acid (sample C); PCA SpA (Italy) (sample D). The 
(BA) impurities detection needs more accurate powders were vacuum-dried before use in the 
techniques [ 171. analytical procedures. 

The conventional UV detector lacks sensi- 
tivity for compounds with low molar absorp- 
tivity, such as unconjugated bile acids. The 
refractive index detector, on the other hand, 
requires highly standardized chromatographic 
conditions but does offer the advantage of 
being universal. A recently developed detector 
has also been included [18]. This is an evapor- 
ative light scattering mass detector whose 
response is related to the mass of eluted BA 
and can be considered universal. In order to 
improve the sensitivity of the system, pre- 
column derivatization with the formation of 
highly fluorescent naphthacyl esters was also 
used [19]. 

Synthesis of the naphthacyl esters 
The carboxylic acid (3 mmoles) in about 

15 ml of acetonitrile was treated with 1 mmole 
of the reagent 2-bromoacetyl-6-methoxynaph- 
thalene in the presence of 1 ml of triethylamine 
for 30 min at 70°C. After cooling the reaction 
mixture was treated as described below. 

The detection limits, accuracy and precision 
of the various detectors have been compared 
and the results obtained with the four UDCA 
preparations evaluated and discussed. In ad- 
dition, results obtained by GC-mass spectro- 
metric analysis were included as a reference 
method for the quantitative and qualitative 
detection of impurities. 

bmethoxynaphthacyl ester of UDCA. The 
reaction mixture was evaporated to dryness 
under reduced pressure and the oily residue 
was chromatographed on a silica gel column 
(flash chromatography) using ethyl acetate- 
methanol (98/2, v/v) with UV detection at 254 
and 366 nm. This produced a white product 
with m.p. 94-96°C; calculated for C3,H5a06, C 
75.22, H 8.53%; found C 74.9, H 8.61. IR 
(cm-‘): 1740 (CO ester), 1690, 1625, 1270, 
1155,1025,850. UV (ethanol): A,,, = 312 nm 
(E = 1534 x 104). 

6-methoxynaphthacyl ester of dodecanoic 
acid. The reaction mixture was diluted with 
30 ml of water and extracted with ethyl ether 
(3 x 10 ml). The collected extracts were 
washed with 10 ml of 5% sodium bicarbonate 
solution and 3 x 10 ml of water in succession; 
the ethereal layer was dried over anhydrous 
sodium sulphate and then the solvent was 
removed under vacuum. The residue obtained 
was purified by crystallization from methanol- 
water to give a white compound which was 
homogeneous by TLC (using ethyl acetate- 
petroleum ether (7:3, v/v)) with UV detection 
at 254 and 366 nm. m.p. 83-85°C calculated 
for CZ5Hs404% C 75.34, H 8.6; found C 76.01, 
H 9.00. IR (cm-‘): 1735 (CO ester), 1690, 
1620, 1285, 1160, 1025, 905, 855, 815. UV 
(ethanol): A,,, = 313 nm (e = 1.350 X 104). 

Materials and Methods 

Chemicals 
All the chemicals used were of analytical 

grade, and the solvents and reagents for HPLC 
analysis were of HPLC grade. They were 
purchased from Merck (Darmstadt , Germany) 
and Mallinkrodt (MO, USA). 

Pelargonic (nonanoic) acid and tetrakis- 
(decyl)ammonium bromide (TDeABr) were 
obtained from Fluka (Switzerland). Laurie 
(dodecanoic) acid was from Farmitalia Carlo 
Erba (Milan, Italy). The reagent 2-bromo- 
acetyl-6-methoxynaphthalene (Br-AMN) and 
the 2-naphthacyl ester of pelargonic acid (used 
as an internal standard) were prepared as 
previously described [19]. 

Bile acids (BA) standards, i.e. cholic acid 
(CA), chenodeoxycholic acid (CDCA), deoxy- 
cholic acid (DCA), ursodeoxycholic acid 
(UDCA), lithocholic acid (LCA) were 

Instrumentation 
A Waters 600-MS high-performance multi- 

solvent delivery system liquid chromatograph 
(Waters, Milford, MA, USA) was used. The 
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chromatograph was equipped with an auto- 
sampler Model 717, a column Thermostat 
TCM, a recorder Data Module Model 746 
(Waters) and the following detectors: UV-vis, 
Waters Model 484 at 200 nm; evaporative light 
scattering mass detector ELSD II (Varex 
Corporation, Burtonsville, MD, USA) (nitro- 
gen carrier gas flow, 40 PSI; drift tube tem- 
perature, 130°C; exhaust gas temperature, 
82°C); refractive index (RI), differential 
refractometer Waters Model R-401; fluori- 
meter, Varian 2070 Model with excitation 
wavelength at 300 nm and emission at 460 nm. 
The solvents were degassed on line with a 
degasser ERC-3312 Erma (Tokyo, Japan). 

A preliminary direct inspection of the drugs 
was performed by TLC using both conven- 
tional silica gel G plates 0.25-pm thick and Cis 
silica gel plates (Merck) in reversed-phase 
mode. The mobile phases were: acetic acid- 
carbon tetrachloride-isopropyl ether-isoamyl 
acetate-n-propanol-benzene (1:4:6:8:20:2, 
v/v/v/v/v/v); and methanol-water (3:2, v/v). 

For BA detection, the plates were sprayed 
with a mixture of sulphuric acid-acetic 
anhydride-ethanol (1:1:3, v/v/v), heated at 
120°C for 5 min and then exposed to UV light. 

IR spectra were recorded using a Nujol mull 
on a Perkin-Elmer 298 IR spectrophotometer. 
UV spectra were recorded on a Jasco Uvidec 
610 double-beam spectrophotometer. 

Chromatographic conditions 
Direct HPLC method. When the analysis 

was carried out directly on UDCA samples, 
the separation of UDCA from other bile acids 
was achieved using a 4-pm Nova-Pak Cis steel 
column (300 x 3.9 mm i.d.) (Waters). The 
column temperature was 37 f 0.2”C. The 
mobile phase was methanol-water (65:35, 
v/v). 

The water phase was buffered with 2 mM 
sodium phosphate (pH 5.4) when either the 
UV or the refractive index detectors were 
used. For the light scattering mass detector, a 
more volatile buffer was required; this was 
2 mM ammonium acetate in methanol-water 
(65:35, v/v) (pH 5.4). The analysis was carried 
out in the isocratic mode at a flow rate of 
0.9 ml mini. 

Fluorescent derivatization method. The 
HPLC separation of the naphthacyl esters was 
performed on a 5-Frn Ultracarb ODS-30 
column (250 X 4.6 mm i.d.) using ternary 

mixtures of acetonitrile, methanol and water. 
The analysis of UDCA was carried out under 
isocratic conditions using the mixture A-B 
(55:45, v/v), where A = water and B = aceto- 
nitrile-methanol (60:40, v/v), at a flow rate of 
1.2 ml min-‘. 

The HPLC analysis of the potential UDCA 
impurities was performed under gradient 
elution conditions. The gradient profile 
adopted was: t = 0, 20% B; t = 15 min, 20% 
B; t = 25 min, 60% B; t = 45 min, 60% B; t = 
50 min, 20% B; t = 60 min, 20% B at a flow 
rate of 1.2 ml min-’ , The column temperature 
was 35 + 0.2”C. 

Direct HPLC analysis 
Preparation of the solution for analysis. 

10 mM solutions of each sample of UDCA 
were prepared by dissolving the sample in the 
HPLC mobile phase and in water. Formation 
of the sodium salt in aqueous solution was 
achieved by adding equimolar amounts of 
sodium bicarbonate directly to the weighed 
UDCA and dissolving the salt in the appropri- 
ate amount of water under ultrasonication. 
The titre of these solutions was also assessed by 
an enzymatic calorimetric method using a 3a- 
hydroxysteroid dehydrogenase [20]. 

Analysis of UDCA samples. The content of 
UDCA in the four preparations was deter- 
mined using calibration graphs derived from 
experiments in which known amounts of each 
BA standard had been analysed. From the 
graphs of peak area versus BA concentration 
the UDCA content was calculated. An internal 
standard, nordeoxycholic acid, was used. 

UDCA impurities. Quantitation of the 
impurities, identified from their retention 
times, was achieved by external standardiz- 
ation. A calibration plot using BA standards 
for known concentrations was constructed for 
each BA and for each detector. The concen- 
tration of each unknown was read off the graph 
and expressed as a percentage of the original 
UDCA preparation. 

Moreover, in order to minimize the method 
variability, the impurities were also quantified 
by internal standardization where increased 
known amounts of pure standards were added 
to the original UDCA solutions. The amount 
of a given impurity was calculated by a plot of 
peak area b) versus BA concentration (x) and 
extrapolated at the intercept with the x-axis. 
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The direct ratio between the corrected peak 
area of UDCA and impurities in a single 
chromatographic run was evaluated using only 
the RI detector. For each analysis, six runs 
were performed and the results were expressed 
as mean f standard deviation. 

HPLC analysis with derivatization 
Preparation of the solutions for analysis. The 

reagent (Br-AMN) solution (4.2 mg ml-‘) 
used for pre-chromatographic derivatization 
was prepared in acetone. The solution was 
found to be stable for about 2 weeks at 
4°C. Tetrakis(decyl)ammonium bromide 
(TDeABr) solution (10 mM) was prepared in 
aqueous 5 mM phosphate buffer (pH 7.0). 
Stock solutions of the BA (2.5 mg ml-‘) were 
prepared in methanol and subsequently diluted 
with water to give the required final analytical 
solutions (concentration under Calibration 
Graphs) in 18% (v/v) methanol. 

Derivatization procedure. To 0.2 ml of BA 
solution, 0.15 ml of 10 mM tetrakis(decyl)- 
ammonium bromide (TDeABr) in 5 mM 
phosphate buffer (pH 7.0) and 0.1 ml of the 
reagent solution (4.2 mg ml-‘) were added. 
The derivatization reaction was allowed to 
proceed for 10 min at 40°C under ultrasoni- 
cation. Then, 0.15 ml of the appropriate 
internal standard solution was added; the 
reaction mixture was ultrasonicated at room 
temperature for 1 min and a 50+1 aliquot of 
the resulting clear solution was injected into 
the chromatograph. 

Calibration graph. Standard solutions of 
UDCA (0.025-0.1 mg ml-‘) in 18% (v/v) 
aqueous methanol were subjected to the deriv- 
atization procedure, using pelargonic acid 
naphthacyl ester (45.4 p_g ml-‘) as the internal 
standard. The peak-height ratio of bile acid to 
internal standard was plotted against the 
corresponding acid concentration to obtain the 
calibration graph. 

Analysis of UDCA samples 
For UDCA. A sample was dissolved in meth- 
anol and diluted with water to provide a final 
analytical solution containing about 50 pg ml-’ 
of the drug in 18% (v/v) aqueous methanol. A 
0.2 ml aliquot of this solution was then sub- 
jected to the derivatization and HPLC pro- 
cedures and the drug content in each sample 

was determined by comparison with an appro- 
priate standard solution. 

For UDCA impurities. A sample solution of 
UDCA (100 pg ml-‘) was prepared in 18% 
(v/v) aqueous methanol as described above. To 
0.2 ml of this solution 50+1 aliquots of stan- 
dard solutions of CDCA and LCA (10-25.5 pg 
ml-‘) in 18% (v/v) methanol were added and 
the resulting solutions were subjected to the 
derivatization and HPLC procedures, using the 
naphthacyl ester of dodecanoic acid as the 
internal standard (10 kg ml-‘). 

The peak-height ratios of analyte (CDCA 
and LCA) to internal standard were plotted 
against the corresponding amounts added to 
obtain for each analyte a standard addition 
calibration graph. The x-intercept was then 
used for calculating the content of CDCA and 
LCA in the UDCA sample analysed. 

Gas-chromatography-mass spectrometry 
GC-MS analyses were kindly performed by 

Dr K. Setchell, Clinical Mass Spectrometry 
Laboratories, Department of Pediatric Gastro- 
enterology and Nutrition, Children’s Hospital 
Medical Center, Cincinnati, OH, USA. 

GC-MS analyses of the four UDCA samples 
were performed on the methyl ester trimethyl- 
silyl ether derivative. The Me-TMS derivatives 
were separated using a 30 m x 0.4 i.d. capil- 
lary column DB-1 (J&W Scientific, Fisons, 
Folsom, CA, USA) using temperature pro- 
gram operation as previously described [21]. 
MS analysis was carried out using a Finnigan 
4635 quadrupole instrument with electron 
impact ionization mode. 

The purity of each sample was determined 
from the peak height response obtained for 
UDCA expressed as a percentage of the total 
peak height response for all peaks in the 
chromatogram excluding the internal standard, 
nordeoxycholic acid. 

Results 

TLC analysis 
A preliminary direct TLC qualitative 

examination of the four UDCA samples 
showed the presence of detectable amounts of 
bile acid impurities in some samples. Both 
TLC systems confirmed the presence mostly of 
CDCA and lithocholic acid (LCA) together 
with another minor unknown BA. 
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Sample C was extremely pure and no other 
major spots were found. The presence of 
CDCA and LCA was observed in samples A, 
B and D, as indicated by the comparison with 
the Rf values of reference standards both in 
normal- and reversed-phase mode. 

BA separation by HPLC 
Bile acid can be efficiently and selectively 

separated on a CIH column in the isocratic 
mode according to structure and lipophilicity 
[22] as shown in Fig. 1 for a mixture of BA 
including UCA, UDCA, DCA, CDCA, LCA 
and CA. Slight differences in retention times 
were found when the phosphate buffer was 
replaced with ammonium acetate, but only 
when the same concentration, ionic strength 
and apparent pH. 

Derivatized bile acids were separated under 
reversed-phase conditions (C,,) using gradient 
elution (Fig. 2). 

BA detection 
UV detector. For unconjugated bile acids, 

the UV detector lacks sensitivity since these 
bile acids do not have functional groups with 
adequate molar absorptivity. The detection 
limit of the UV detector is 100 nmole for a lo- 
~1 volume injected (Table l), requiring the 
injection of a highly concentrated BA solution. 
In order to estimate a 0.1% impurity, a 1 M 
solution of UDCA was required and although 
UDCA as a sodium salt is extremely soluble in 
water or methanol, preparation of a 1 M 
solution presents problems of solubility. 
Moreover, the BA loading required greatly 
compromises the analytical performance of the 
column in terms of peak resolution and 
sharpness. 

The impurities present in the samples under 
analysis could not be accurately evaluated with 
this detector and data were not included in the 
present work. Only data on UDCA are 
reported in Table 2. 

Light scattering mass detector. In the light 
scattering mass detector, the signal is a 
function of the mass of the eluted BA. The 
eluent from the column enters a nebulizer and 
is converted to a fine mist by a stream of 
nebulizing carrier gas (nitrogen). The fine 
droplets are carried through a temperature- 
controlled tube which causes evaporation of 
the mobile phase (volatile ammonium acetate 
buffer) and the non-volatile BA passes through 

0 20 40’ 

time (mln) 

Chromatographic separation of the six major uncon- 
jugated bile acids using a 2 mM ammonium acetate in 
methanol-water (65:35, v/v) (pH* 5.4) as mobile phase 
(isocratic elution). The eluted BA were detected with the 
evaporative light’ scattering mass detector ELSD II. The 
amount injected was 10 nmoles for each BA. (1) Urto- 
cholic acid; (2) ursodeoxycholic acid; (3) cholic acid; (4) 
chenodeoxycholic acid; (5) deoxycholic acid; (6) litho- 
cholic acid. 

a laser beam causing light scattering which is 
detected by a photodiode. The measured light 
is related to the amount of sample in the light 
scattering chamber, and the signal is indicative 
of molecular size and shape but not of the 
chemical identity of the BA passing through 
the beam [18]. 

The detection limit of the ELSD II detector 
is 0.5 nmol for 10 l.~l injected; this limit is much 
lower (at least 200 times) than that for the 
conventional UV detector (Table 1). 

The detector response is accurate from 0.5 to 
500 nmoles injected and the logarithm of the 
peak area is linearly related to the logarithm of 
the BA concentration in the sample. Since the 
detector response is also a function of the 
width of the peak, i.e. the retention time, 
accurate standardization is required. The 
detector response is higher for bile acids poorly 
retained by the column, such as UDCA, and is 
indirectly related to the retention time. The 
detection limit of LCA, a highly retained BA, 
is twice than that of UDCA (Fig. 1). 
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Figure 2 
Typical chromatograms of samples A (Tokio Tanabe, Japan) and C (Erregierre SpA, Italy) obtained using the 
prederivatization procedure, the RI and ELSD II detectors. IS: internal standard; Unk: unknown compound. 

Table I 
Analytical performance of the four methods used for the analysis of UDCA impurities 

Detector* 
--. 

UV 200 nm RI ___--_____ ELSD II Fluorescence 
____~_._ __~_~_.-~_-_.__._._ ~- _ 

Detection limits (nmoles/injection) I00 0. I 0.5 0.062 
Dynamic range (nmoles/injection) loo-10,000 0.1-500 0.5-SW 0.002-2s 
Precision* (RSD%) 
Low concentration 5 nmoles - 2 2.5 3.st 
.“__l___._ ______r....r:__ i,, ___I_^ ,“,““elale c”I,ceIIIIaL,“,I Jl, Iln,“les - 1.5 2 2 
High concentration 500 nmoles 2 2 1.5 I.5 

* Data refer to six repeated injections using the autosampler 717. The RSD of the injection system is always below 
0.2%. 

tThe precision of the fluorescence detector was evaluated and studied at pmolar levels (5-50-500 pmoles/injection). 

Figure 3 shows the relationship between the 
log of the peak area and the log of BA 
concentration; according to the slope of the 
curve, the ELSD II lacks sensitivity at low 
concentration. In order to evaluate a 0.1% 
level of impurity, a 100 mM UDCA solution is 
required. A 20-cl,1 injection resulted in a very 
high UDCA peak, often off the scale. Under 
such analytical conditions it was possible to 
quantify the impurities but not UDCA itself. A 

subsequent injection of a more dilute solution 
allowed proper quantitation of UDCA. 

Refractive index detector. The use of differ- 
ential refractometry requires well standardized 
and constant mobile phase flow and com- 
position and under the reported analytical 
conditions it was possible to detect less than 
0.1% of impurities in the original solution. 
This detector shows a wide dynamic range with 
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Table 2 
Results for the determination of ursodeoxycholic acid and its impurities in four samples* using different HPLC systems 
and GC-MS. Results are expressed as the mean value of six replicates +SD 

UDCA CDCA LCA 
______ __- 

A B C D A B C D A B C D 
___- 

uv 99.5 99.2 99.9 99.1 t t t t t t t t 
0.2 0.4 0.1 0.7 

RI 99.1 99.1 99.9 99.2 0.80 0.68 - 0.80 <0.02 0.04 - 0.05 
0.4 0.6 0.4 0.6 0.05 0.06 - 0.04 - 0.001 - 0.01 

ELSD 99.4 99.2 100.2 99.4 0.66 0.59 - 0.79 <0.02 0.07 - 0.12 
0.7 0.4 0.8 0.4 0.04 0.02 - 0.02 - 0.001 - 0.01 

F 99.5 99.2 100.1 99.2 0.58 0.56 - 0.89 - 0.15 - 0.20 
0.5 0.4 0.4 0.5 0.02 0.02 - 0.05 - 0.005 - 0.01 

CC-MS 98.6 96.8 99.9 98.6 0.70 0.60 0.92 - 0.02 - 0.10 

*A, Tokio Tanabe (Japan); B, Diamalt (Germany); C, Erregierre (Italy); D, PCA (Italy). 
tThe UV detector cannot be used for the determination of the impurities CDCA and LCA 

1000000 
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%A 
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?3 LCA 
2 100000 -_ 
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: 
5 
2 

ii 10000 = 

10 
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Figure 3 
Detector response of the studied bile acids as a function of the amount injected using the ELSD II detector. 

the possibility of simultaneously detecting 
UDCA and its impurities in a single chromato- 
graphic run. 

Fluorogenic derivatization method. The 
developed derivatization method with the 
formation of fluorescent BA naphthacyl esters 
is much more sensitive than all the other direct 
methods and has a detection limit of 2 pmole 
per injection (Table 1). 

The derivatization procedure, in aqueous 
medium in the presence of tetrakis(decyl)- 
ammonium bromide, is rapid under mild re- 
action conditions (10 min at 40°C) and proved 
to be essentially quantitative by comparison 
with an authentic specimen of UDCA naphth- 
acyl ester. The overall precision (RSD) of the 
method, including the derivatization and 
chromatographic steps, was 1.5-3.5%, over 
the BA concentration range examined. 

Two separate chromatographic runs were 
performed for the determination of UDCA 
and its impurities. Moreover, in order to 
minimize the method variability (fluorimetric 
detection) the impurities were also quantified 
by internal standardization in which increased 
known amounts of pure standards were added 
to the original UDCA solutions (standard 
addition method). The amount of a given 
impurity was calculated by using the x-inter- 
cept of a plot of peak-height ratio (analyte to 
internal standard) (y) versus BA added (x). A 
typical regression line obtained for the analysis 
of CDCA in sample B was: y = 3.70 x - 0.35; 
r = 0.9995 (n = 5) (Fig. 4). 

Detector comparison 
The analytical performance of the various 

detectors in terms of detection limit, linearity 
and reproducibility are reported in Table 1. 
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Figure 4 
Plot of peak-height ratio (CDCA to internal standard) versus amount of CDCA added to the sample B solution. The 
peak-height ratio, determined by extrapolating the calibration plot to zero amount added, agreed with that obtained by 
direct analysis of the sample solution. 

The detection limit is similar for the ELSD II 
and RI whereas it is much higher for the UV 
detector. 

The derivatization method with the for- 
mation of 24-naphthacyl esters and their 
fluorescent detection is highly sensitive and 
about 2 pmoles can be evaluated. 

The use of a new Waters 717 autosampler 
reduces the variability in the injection step, 
and the precision between runs of the detectors 
can be evaluated, When known samples at low, 
moderate and high concentrations were in- 
jected six times, the RSD of the injection 
system calculated from the mean values and 
their standard deviation was always below 
0.2%. The overall RSD of the different 
methods was l&3.5% (Table 1). 

Analysis of UDCA samples 
The results obtained (mean values &SD of 

six replicates) are reported in Table 2 for the 
four commercial UDCA samples analysed 
using the four different HPLC systems. 

All UDCA samples were more than 99% 
pure for all the detector methods; results for 
sample C showed that it was almost 100% 
pure. Differences in the amounts of BA 
impurities which were less than 1% of the total 
BA content were observed between the four 
methods used. Typical chromatograms re- 
corded on samples C and A using the four 
detectors are shown in Fig. 2. 

The main impurity identified was CDCA 
ranging from 0.5 to 0.9% in the different 
samples but absent (i.e. less than 0.01%) in 
sample C. The second impurity present in the 
same samples was LCA which is present only 

in samples B and D. Other minor BA impur- 
ities were present in some samples, but account 
for only less than 0.05% of total BA. 

GC-MS analysis 
The results obtained by the GC-MS analysis 

of the samples are reported in Table 2. The 
results indicated that only sample C was more 
than 99.9% pure whereas samples A, B, D 
contained BA impurities, mainly CDCA and 
to a lesser extent LCA, as identified by the 
mass spectra, 

Discussion 

The results obtained in the present work 
demonstrate the critical role of the detector in 
HPLC analysis. This is particularly evident in 
BA analysis and for the detection of impurities 
present in small amounts, i.e. less than 0.5- 
1%. In order to correctly quantify the amount 
of unknown impurities, it must be ascertained 
that the detector response for each impurity is 
similar to that for the major constituent, in this 
case UDCA. 

For UV detectors the results clearly show a 
lack of sensitivity for unconjugated BA. More- 
over, for molecules like BA that poorly 
absorb, the accuracy could be markedly 
affected by the presence of functional groups in 
the impurities with stronger molar absorp- 
tivity than those present in UDCA. Sources of 
error can be encountered when, for example, a 
mixture of amidated bile acid (glycine or 
taurine conjugates) with free BA is analysed. 
In this case, the molar absorptivity of the 
amidated BA is 50-100 times higher than the 
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free acid with a consequent underestimation of 
the free fractions [17]. UV detection can, 
therefore, be excluded as not being sufficiently 
accurate for impurity detection. 

More accurate detection can be achieved 
with the RI and light scattering mass detectors 
since their analytical signal is mainly related to 
the bulk molecular size and not to the presence 
of a particular functional group and both 
detectors can thus be considered universal. 

Despite similar detection limits, the ELSD II 
detector offers the advantage of easier running 
conditions since detection does not require 
major standardization; the only limitation is 
the use of a volatile buffer. Moreover, the 
detection response is not affected by variations 
in mobile phase flow or composition as in the 
case of the refractive index detector. This 
offers the advantage of possible programmable 
gradient studies which can be of extreme 
importance in increasing selectivity and reduc- 
ing analysis time. This is the case in the 
detection of LCA which is highly retained by 
the CIH column due to its high lipophilicity 

[181* 
On the other hand, the refractive index 

detector is preferable to the ELSD II in the 
evaluation of impurities at 0.1~0.5% levels. 
The detector response in the refractive index 
model is linearly related to BA concentration 
with a dynamic range which allows simul- 
taneous evaluation both of UDCA and the 
impurities. With the ELSD II detector the 
main problem is that the detector response is 
affected by the width of the eluted peak, which 
is a function of the retention time, if the run is 
carried out in the isocratic mode. As a con- 
sequence, the calibration must be done for all 
bile acids under analysis. 

Moreover, the log of the signal is linearly 
related to the log of the weight of BA injected. 
As a consequence, the detector response of 
BA standards is reduced at low concentration; 
according to the slope, for a reduction of l/100 
of the concentration, the area of the peak falls 
more than 2000-fold thus compromising the 
peak area evaluation. However, with two 
separate runs it is possible to properly quantify 
the impurities. 

The derivatization method with fluorimetric 
detection is at least 1000 times more sensitive 
than both the RI and ELSD detectors but a 
pre-analytical step is required. 

The reported results on the accuracy and 
precision of the overall procedure including the 

derivatization step, suggest the validity of this 
method for the evaluation of UDCA impur- 
ities. However, the method involves great use 
of the derivatization reagent and separate 
determinations of UDCA and its impurities. 
Moreover, the actual sensitivity achieved is 
determined by the reduced UDCA solubility in 
the reaction medium and, according to the 
derivatization reaction, only the acidic impur- 
ities can be detected. A possible modification 
of the impurity profile could also result from 
different or uncontrolled yield in the derivatiz- 
ation procedure. 

When the results obtained with the four 
methods were compared, a reasonable agree- 
ment was found; despite a slight variability in 
the percentage of CDCA and LCA in the 
different samples, all the four methods, for 
example, excluded the presence of impurities 
up to 0.1% in sample C. 

The variability in the unknown impurity is 
method-dependent and further detailed studies 
are required to identify those impurities which 
could also be non-BA material. 

When the data obtained using HPLC with 
the different detectors were compared with 
those obtained by GC-MS, agreement was 
found. For example, sample C was almost 
100% pure and the amounts of impurities like 
CDCA in the other samples were of the same 
order of magnitude. 

More recently an HPLC-MS method for BA 
analysis based on the use of a thermospray 
interface has been developed [23]. The direct 
assay of BA, without the need of a precolumn 
derivatization as in GC-MS, associated with 
MS detection could possibly be the method of 
choice. However, both LC-MS interface 
technology and standardization procedure 
require further studies. 

In conclusion, the results show that the UV 
detector cannot be used for BA quality control 
studies; both IR and ELSD II can be used but 
similar results can only be achieved under well 
standardized conditions. To further increase 
detectability, the proposed derivatization 
method with fluorimetric detection can be 
applied because of its good analytical per- 
formance in terms of reproducibility and 
accuracy. 

Many commercially available UDCA 
samples contain detectable amounts of 
chenodeoxycholic. the cr-epimer of UDCA, 
and only in one sample was CDCA absent; 
minor impurities like LCA were present only 
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in some samples. Sample C was almost 100% 
pure and could be proposed as a reference 
UDCA material for analytical purposes. 
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