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An isocratic RP-HPLC method was developed and validated for quantitative determination of ursodeoxy-
cholic acid (UDCA) and its related impurities. Considering the lower molecular absorptivity of UDCA,
refractive index detector was used to detect the impurities on a Phenomenex Luna Cyg, 150 mm x 4.6 mm,
5 wm column. The mobile phase was 0.1% acetic acid/methanol (30:70, v/v) and flow rate was 0.8 ml/min.
The detector and column temperature was maintained at 40 °C. The method is linear over a range of

0.25-3.5 wg/ml for all impurities and coefficient of correlation (1?) was >0.9945. The accuracy of method
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demonstrated at three levels in the range of 50-150% of the specification limit and recoveries were found
to be in the range of 97.11-100.75%. The precision for all related impurities was below 3.5% R.S.D. The

HPLC method was applied to commercial bulk drug sample for assay purpose.
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1. Introduction

Ursodeoxycholic acid (UDCA); (3-alpha,5-beta,7-beta)-3,7-
dihydroxycholan-24-oic acid is a naturally occurring bile acid found
in humans in minute quantity [1,2]. It prevents billiary secretion
of cholesterol and also diminishes cholesterol intestinal absorp-
tion [3,4]. It is used to dissolve cholesterol rich gallstones in
patients with functioning gallbladders [5,6] and also in treatment
of billiary cirrhosis [7], viral hepatitis [8,9], cystic fibrsosis, etc.
[10]. UDCA is most commonly administered therapeutic agent.
The potential impurities present in raw material include other
bile acids such as lithocholic acid (LCA), deoxycholic acid (DCA)
and chenodeoxycholic acid (CDCA)[11,12] causing hepato-toxicity.
Other impurities are ursocholic acid (UCA) and cholic acid (CA).
The reported impurities are noxious in very small quantities,
therefore a rapid, accurate, sensitive method required to con-
trol the impurities in bulk drug of UDCA. The bile acids have
weak molar absorptivity; the HPLC technique suffers from limited
sensitivity [11] and requires the selection of short UV wave-
lengths [12] which results in increased interference from other
constituents. The reported methods describes application of var-
ious detection techniques for determination of UDCA and these are
high performance liquid chromatography-electrochemical detec-
tion (HPLC-ED) [13], derivatization technique [14], thin layer
chromatography (TLC) [15], evaporative light scattering detection
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(ELSD) [16], high performance-capillary electrophoresis (HP-CE)
[17], etc. A disadvantage associated with HPLC-ED is the complex-
ity of apparatus, procedure and requirement of high pH (above
13) of eluent with high electrode maintenance [18,19]. TLC is not
accurate while ELSD does not produce rectilinear results [20]. This
paper describes application of refractive index detector coupled
with HPLC to determine UDCA and its related impurities within a
time span of 22 min. This method does not have any complexity
of apparatus, no additional time consuming derivatization step, no
high pH requirement and no more expensive detector like ELSD
needed for analysis.

Recently published United States Pharmacopoeia-33 (USP 33)
described the UDCA assay procedure on HPLC with refractive index
detection using acetonitrile as organic solvent and related sub-
stances of UDCA were determined on thin layer chromatography.
Other latest European Pharmacopoeia 6 (Ph. EUR.6) and British
Pharmacopoeia 2010 (BP 2010) also described the thin layer chro-
matography method for determination of related impurities of
UDCA. In comparison of all Pharmacopoeial methods, this paper
presents the HPLC method which determines the related impuri-
ties of UDCA up to 0.05% level (LCA, CDCA, and DCA) and 0.10% (CA
and UCA) levels using methanol as organic solvent with refractive
index detector. Methanol is more cost effective in comparison of
acetonitrile used in USP 33 assay method. Comparing to existing
Pharmacopoeial TLC methods for related substances of UDCA, this
HPLC method is more sensitive (detection up to 0.05% level), faster
(separation within 22 min), economical (methanol rather than ace-
tonitrile) and accurate (97.11-100.75) to determines the related
impurities for quantitative and qualitative purpose during bulk
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Fig. 1. Structures of ursodeoxycholic acid and its related impurities.

drug production of UDCA. The structures of related impurities are
depicted in Fig. 1.

2. Materials and methods

2.1. Chemicals

Ursodeoxycholic acid and related impurities were purchased
from Sigma-Aldrich (St. Louis, Missouri, USA). HPLC grade solvents
were supplied from Merck Specialities Private Limited (Mumbai,
India). All other chemicals were of analytical grade and purchased
from K.J. Enterprises, Mumbai (India). Water used was Milli-Q grade
generated in-house on Milli-Q ultrapure water system. Commercial
bulk sample (Ursodeoxycholic acid) received from Sun pharmaceu-
ticals Ltd. Jammu (India).

2.2. Equipment

A high-performance liquid chromatographic (HPLC) system of
Waters Alliance 2695 consisting quaternary LC pump, vacuum
degasser, refractive index detector was used for the study. The out-
put signal was monitored and processed using EmpowerPro data
software run on HP computer-Windows-2003 Professional.

2.3. Chromatographic conditions

The chromatographic column used was a Phenomenex Luna,
150 mm x 4.6 mm RP;g column with 5 wm particles. The mobile
phase was 0.1% acetic acid/methanol with composition of (30:70,
v/v) and flow rate was 0.8 ml/min. The column temperature was
maintained at 40°C and the detection was monitored by Waters
2414 refractive index detector at 40 °C. The injection volume was
20 pl. A mixture of mobile phase 0.1% acetic acid/methanol 50:50
(v/v) was used as a diluent to prepare the final concentration prior
to inject into the HPLC.

2.4. Preparation of stock solutions

Stock solutions of 5.0 mg/ml UDCA and 500 pg/ml of impuri-
ties (LCA, CDCA, DCA, UCA and CA) were prepared in methanol
separately.

2.5. Method validation

2.5.1. Linearity

Linearity of UDCA at seven concentration levels from 5% to
150% of analyte concentration (25, 50, 100, 150, 200, 250, 500 and
750 pg/ml) and of each impurity from LOQ to 600% (0.25, 0.5, 1.0,
1.5, 2.0, 2.5, and 3.0 p.g/ml) were evaluated. Linearity was based
upon the response factor which was calculated from amount to
area ratio of respective peaks. The peak area versus concentration
data was performed by least-squares linear regression analysis.
Linearity test was performed for 3 successive days within entire
concentration ranges.

2.5.2. Accuracy

Standard mixtures containing UDCA and five impurities were
prepared and analyzed by HPLC using optimal separation condi-
tions. The accuracy of the method was checked for three different
impurity concentration levels (relating to nominal one): 50%, 100%
and 150%, by standard addition technique. All impurities were
repeated six times and recoveries and percentage R.S.D. were cal-
culated.

2.5.3. Precision of impurities

The precision was evaluated by carrying out six replicates of
three concentration levels from entire range of UDCA. The percent-
age of R.S.D. of six assay values was calculated. The precision of the
impurities was test out by injecting six individual preparations of
each impurity at three different levels (50%, 100% and 150%). The
percentage R.S.D. of area for each impurity was calculated.

2.5.4. Limit of detection (LOD) and limit of quantitation (LOQ)

The LOD and LOQ for impurities were determined at a signal-to-
noise ratio of 3 and 10 respectively, by injecting a sequence of dilute
solutions with known concentration. Precision study was also car-
ried atthe LOQ level by injecting six replicates and percentage R.S.D.
of the area was calculated.

2.5.5. Robustness

Robustness of the HPLC method was determined by analysis of
samples under purposely altered conditions i.e. flow rate and detec-
tor temperature. The effect on retention time and peak parameters
was studied.

2.5.6. System suitability

The system suitability parameters were defined with respect to
theoretical plates, tailing factor, repeatability and relative retention
time of the ursodeoxycholic acid peak and its impurities (LCA, CDCA
and DCA) in sample solution.

2.5.7. Specificity

Specificity is the ability of the method to measure the impurity
response in the presence of its active pharmaceutical ingredient
(API). The specificity of the developed LC method for ursodeoxy-
cholic acid was determined in the presence of its impurities LCA,
CDCA, DCA, UCA and CA. Relative retention time and response factor
calculated for each impurity.

3. Results and discussion
3.1. Method development and optimization

The method development started with RP-Cg column using
methanol and acetonitrile in isocratic mode. The temperature of
column and detector was maintained at 40 °C. It was observed that
peak shape and symmetry of UDCA, DCA and CA was inappropri-
ate with splitting of peak under the conditions (Chromatogram
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Fig. 2. Accuracy of impurities at 50%, 100% and 150% level.

not shown). Different stationary phases (RP-Cg and RP-Cyg) and
columns of different dimensions (100, 150 and 250 mm) were
evaluated to obtain good peak shape, symmetry and resolution.
The following mobile phases were assessed for optimization:
(1) KH,PO4 (15mM, pH 4.5) and methanol (60/40, v/v), (2)
methanol-acetonitrile-0.02 M aqueous sodium acetate (50:20:30,
v/v/v) adjusted to pH 4.3 with phosphoric acid, (3) sodium acetate
buffer (15mM, pH 4.2)-methanol-acetonitrile (30:50:20, v/v/v),
(4) methanol-0.1% acetic acid (70: 30, v/v). The mobile phase 1
resolved UDCA, UCA and LCA but did not resolve the impurities
CDCA and DCA. The mobile phase 2 showed distorted peak of LCA
along with merging of CDCA and DCA peaks. The RP-Cg column
(100 mm length) results very poor peak shape and symmetry of
LCA, CDCA and DCA with mobile phase 3, but the best separation
of UDCA and impurities was obtained with mobile phase 4 using
column RP-Cig of 150mm length with excellent peak shape.
The high performance of the RP-C;g column of 150 mm length
increased selectivity and sensitivity. At last optimum resolution,
peak shape and symmetry of UDCA with tailing factor less than
1.5 observed in mobile phase methanol and 0.1% acetic acid in
water (75:25, v/v%) but CDCA, DCA and UDCA were very close
to each other. When polarity of mobile phase increased, reso-
lution among CDCA, DCA and UDCA was increased significantly
(Fig. 2). The quantitative analysis was carried out with the RP-Cyg
column using mobile phase 4. The experimental data: retention
times, peak areas and widths, temperature, column information
and instrumental data, were entered into EmpowerPro data
software.

Table 1
Retention time and response factors of impurities.

Impurity Retention time Response factor  Tailing factor
Lithocholic Acid 435 1.126 1.25
Deoxycholic acid 5.52 1.125 1.29
Chenodeoxycholic acid 6.76 1.120 1.36
Cholic acid 13.39 Below 3.5 133
Ursocholic acid 17.69 Below 3.5 141

3.2. Method validation

3.2.1. Linearity

Linear calibration plot for UDCA was obtained over the calibra-
tion ranges tested, i.e. 25-750 .g/ml and the correlation coefficient
(r?>0.9996). Linearity for impurities was determined from LOQ
(0.05%) to 0.7% for LCA, CDCA, DCA, UCA and CA. The correlation
coefficient obtained was greater than 0.997. The response factor
is within the 5% limit (Table 1) for UDCA and for impurities with
described concentration ranges. The results showed that an excel-
lent correlation existed between the peak area and concentration
of impurities (12 > 0.9945).

3.2.2. Accuracy of impurities

Accuracy of impurities was evaluated at 0.05%, 0.1% and 0.15%
level of 0.5 mg/ml UDCA. The percentage recovery of LCA, CDCA,
DCA, UCA and CA acid in bulk drug samples ranged from 97.11 to
100.75 given in Table 2. The deviation from the spiked value is not
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Fig. 3. UDCA spiked with 0.1% level impurities.
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Table 2 Table 5
Accuracy of the method. Typical system suitability results.
Impurity Spiked value Amount recovered Mean recovery Compound RT Plate no. Tailing factor RRT
o a
(hg/mb) (hg/mb) (¥R S.D] LCA 435 5273 1.35 0.43
LCA 0.25 0.2495 99.83[0.77] UDCA (API) 9.98 12839 1.51 1.0
0.50 0.5003 100.06 [0.83] CDCA 5.52 7289 1.46 0.55
0.75 0.7538 99.35[1.37] DCA 6.76 8827 1.44 0.67
CDCA 0.25 0.2492 99.72[1.13]
0.50 05117 102.35 [1.42] Table 6
075 07538 100.51[2.25] Analysis of a commercial UDCA drug sample.
DCA 0.25 0.2502 100.10 [1.87] - - — o
050 0.4984 99.68 [0.81] Impurity Retention time Impurities found (%)
0.75 0.7556 100.75 [0.69] LCA 452 -
CDCA 5.35 -
UCA 0.25 0.2440 97.62[1.63] DCA 676 ~
0.50 0.4889 97.79[1.18] A 13.76 -
0.75 0.7471 99.63 [1.78] Uca 17.66 0.14
CA 0.25 0.2472 98.89[0.67] ) -
0.50 0.5004 100.09 [1.41] ;2:;1;npurmes gggﬁ
0.75 0.7283 97.11[1.07] RSD. 123
2 Mean values represent six replicates of each concentration.
more than +5% as depicted in Fig. 2. The maximum deviation is
Table 3 +2.25% for the determined concentration. HPLC chromatogram of
LOD and LOQ for impurities. 0.1% level of related impurities in ursodeoxycholic acid bulk drug
- sample is shown in Fig. 3.
Impurity LOD S/N LOQ S/N
ECD’EA g-glg:f ;g 8'82;/" 13.? 3.2.3. Precision of retention times and areas of impurities
DCA 0'016; 35 0'05; 96 The percentage RS.D. of area and retention time of UDCA
UCA 0.03% 36 0.10% 10.4 impurities was within 3.5% confirming high precision of the
CA 0.03% 2.8 0.10% 10.7 method.
3.2.4. Limit of detection and limit of quantitation
Table 4 The limit of detection of LCA, CDCA, DCA, UCA and CA were
Robustness test results of UDCA and its impurities. 0.016%, 0.016%, 0.016%, 0.03% and 0.03% (of analyte concentration,
, rer chanzed  Deviation of Resoluti Deviation of i.e. 500 wg/ml), respectively for 20 wl injection volume as depicted
darameter change: eviation o esolution eviation o . . . . .
Amounts for between UDCA  amounts (%) for in Table 3. The limit of quantification of LCA, CDCA, DCA, UCA anq CA
UDCA (%RS.D.) and DCA impurities spiked were 0.05%,0.05%, 0.05%,0.10% and 0.10% (of analyte concentration,
amounts) i.e. 500 pg/ml), respectively. The precision at LOQ concentration for
Detector all impurities was below 10%.
Temperature 1.21+5% 1.93 for —5%
change 3.2.5. Robustness
Ziizfoe”w ;i]/o Eft? for In all purposely altered chromatographic conditions as per Sec-
Flow 1.8940.1ml 1.89 ?0r+0.1 ml  <5%R.S.D. for tion 2.5.5 (flow rate and detector temperature), the resolution
change amounts between closely eluting impurities, namely CDCA and DCA was
1.95 for greater than 1.5 maintained, demonstrating the robustness of the
—0.1ml change method (Table 4). The parameter changes cause deviations for the
areas of less than 2%, which is acceptable for ursodeoxycholic acid.
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Fig. 4. Commercial UDCA lot sample showing UCA impurity (0.14% level).
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The results for the impurities are also shown in Table 4. All results
are within the 10% limit for the areas.

3.2.6. Range of impurities

The range of impurities with an acceptable precision, accuracy
and linearity is between 0.25 p.g/ml to 3.0 wg/ml (LCA, CDCA, DCA
impurity) and 0.25 pg/ml to 3.5 pg/ml for (UCA, CA impurity).

3.2.7. Carryover effect

The carry-over was evaluated by injecting the stock solution 6
times followed by the injection of diluent used for sample prepa-
ration. The carry-over was found <0.012% (Table 5).

3.2.8. Analysis of commercial UDCA sample

A commercial UDCA sample analyzed with the proposed
method and UDCA assay was found to be 99.86 with 1.23 percent-
age R.S.D. Only one impurity ursocholic acid (RT: 17.67) was found
which was <0.14% (Fig. 4 and Table 6).

4. Conclusion

An HPLC method was developed and validated for the deter-
mination of ursodeoxycholic acid and its related impurities using
refractive index detection technique. The method is rapid, practi-
cal, robust, sensitive, specific, accurate and reliable for analysis of
related impurities of ursodeoxycholic acid. The base line separa-
tion was found greater than 1.5 with no matrix interference across
the elution windows among the peaks of interest. The method has
been successfully used to quantify impurities (0.14%) in commercial
ursodeoxycholic acid bulk sample.

Acknowledgements

Authors wish to acknowledge the Wockhardt Ltd., Aurangabad,
India for providing the research facilities to carry out this research
work. Also like to express my gratitude to Dr. Kandharkar for his
valuable guidance and cooperation.

References

[1] Merck index, An Encyclopedia of Chemicals and Biological, 14th ed., Merck
Research Laboratories, NJ, USA, 2006, pp. 1699-1700.

[2] S. Sola, D.L. Garshelis, ].D. Amarlal, K.V. Noyce, P.L. Coy, CJ. Steer, P.A. laizzo,
C.M.P. Rodrigues, Plasma levels of ursodeoxycholic acid in black bears, Ursus
americanus: seasonal changes, Comp. Biochem. Phys. C 143 (2006) 204-208.

[3] A.Ward, R.N. Brodgen, R.C. Heel, T.M. Speight, G.S. Avery, Ursodeoxycholic acid:
a review of its pharmacological properties and therapeutic efficacy, Drugs 27
(1984)95-131.

[4] A.F. Hofmann, Pharmacology of ursodeoxycholic acid, an enterohepatic drug,
Scand. J. Gastroenterol. 29 (1994) 1-15.

[5] W.H. Bachrach, A.F. Hofmann, Ursodeoxycholic acid in the treatment of choles-
terol cholethiasis, Part-I, Dig. Dis. Sci. 27 (1982) 737-761.

[6] W.H.Bachrach, A.F. Hofmann, Ursodeoxycholic acid in the treatment of choles-
terol cholethiasis, Part-II, Dig. Dis. Sci. 27 (1982) 833-856.

[7] A.G. Lim, T.C. Northfield, Ursodeoxycholic acid and primary billiary cirrhosis,
Br. Med. J. 309 (1994) 491-492.

[8] C.Sama, A.G. Rusticali, A.M. Morselli-Labate, M. Malavolti, Effect of ursodeoxy-
cholic acid on liver tests in chronic hepatitis: assessment of prognostic
parameters, Clin. Drug Invest. 13 (1997) 192-198.

[9] H. Takikawa, M. Yamanaka, K. Miyake, M. Kako, H. Ohki, T. Narita, F. Sug-
ata, M. Yoshiba, K. Sekiyama, T. Aoyagi, H. Nakajima, K. Kamii, K. Matsumoto,
Ursodeoxycholic acid therapy for chronic type C hepatitis: a multicenter dose
finding trial, Curr. Ther. Res. 55 (1994) 16-21.

[10] C.Colombo, K.D. Setchell, M. Podda, A. Crosignani, A. Roda, L. Curcio, M. Ronchi,
A. Giunta, Effects of ursodeoxycholic acid therapy for liver disease associated
with cystic fibrosis, J. Pediatr. 117 (1990) 482-489.

[11] A. Roda, R. Gatti, V. Cerr, P. Simoni, HPLC study of the impurities present in
different ursodeoxycholic acid preparations: comparative evaluation of four
detectors, J. Pharm. Biomed. Anal. 11 (1993) 751-760.

[12] S.Scalia, D.E. Games, Determination of free bile acids in pharmaceutical prepa-
rations by packed column supercritical chromatography, J. Pharm. Sci. 82
(1993) 44-47.

[13] S.Scalia, S. Tirendi, P. Pazzi, E. Bousquet, Assay of free bile acids in pharmaceu-
tical preparations by HPLC with electrochemical detection, Int. J. Pharm. 115
(1995) 249-253.

[14] M. Nobilis, M. Pour, ]J. Kunes, J. Kopecky, J. Kvetina, Z. Svoboda, K. Slad-
kova, J. Vortel, High-performance liquid chromatographic determination of
ursodeoxycholic acid after solid phase extraction of blood serum and detection-
oriented derivatization, J. Pharm. Biomed. Anal. 24 (2001) 937-946.

[15] British Pharmacopoeia, The Department of Health, Great Britain, Published by
MHRA 2 (2007) 2133-2134.

[16] M. Rajevic, P. Betto, Assay of ursodeoxycholic acid and related impurities in
pharmaceutical preparations by HPLC with evaporative light scattering detec-
tor, J. Liq. Chromatogr. Relat. Technol. 21 (1998) 2821-2830.

[17] M.G. Quaglia, A. Farina, E. Bossu, C. Dell Aquila, A. Doldo, The indirect UV detec-
tion in the analysis of ursoeoxycholic acid and related compounds by HPCE, J.
Pharm. Biomed. Anal. 16 (1997) 281-285.

[18] W. Kemula, W. Kutner, Alternating voltage polarographic detection for high-
performance liquid chromatography and its evaluation for the analysis of bile
acids, J. Chromatogr. A. 204 (1981) 131-134.

[19] R. Dekker, R. Vaan der Meer, C. Olieman, Sensitive pulsed amperometric
detection of free and conjugated bile acids in combination with gradient revere-
phase HPLC, Chromatographia 31 (1991) 549-553.

[20] W.W. Christie, Detectors for high-performance liquid chromatography of lipids
with special reference to evaporative light-scattering detection, in: Advances
in Lipid Methodology—One, Oily Press, Scotland, 1992, pp. 39-271.



	A validated RP-HPLC method for quantitative determination of related impurities of ursodeoxycholic acid (API) by refractiv...
	Introduction
	Materials and methods
	Chemicals
	Equipment
	Chromatographic conditions
	Preparation of stock solutions
	Method validation
	Linearity
	Accuracy
	Precision of impurities
	Limit of detection (LOD) and limit of quantitation (LOQ)
	Robustness
	System suitability
	Specificity


	Results and discussion
	Method development and optimization
	Method validation
	Linearity
	Accuracy of impurities
	Precision of retention times and areas of impurities
	Limit of detection and limit of quantitation
	Robustness
	Range of impurities
	Carryover effect
	Analysis of commercial UDCA sample


	Conclusion
	Acknowledgements
	References


