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a b s t r a c t

A simple, sensitive and reproducible ultra performance liquid chromatography (UPLC) coupled with a
photodiode array detector method was developed for the quantitative determination of olanzapine (OLN)
in API and pharmaceutical dosage forms. The method is applicable to the quantification of related sub-
stances and assays of drug substances. Chromatographic separation was achieved on Acquity UPLC BEH
100-mm, 2.1-mm, and 1.7-�m C-18 columns, and the gradient eluted within a short runtime, i.e., within
10.0 min. The eluted compounds were monitored at 250 nm, the flow rate was 0.3 mL/min, and the column
oven temperature was maintained at 27 ◦C. The resolution of OLN and eight (potential, bi-products and
degradation) impurities was greater than 2.0 for all pairs of components. The high correlation coefficient
(r2 > 0.9991) values indicated clear correlations between the investigated compound concentrations and
their peak areas within the test ranges. The repeatability and intermediate precision, expressed by the
tability-indicating RSD, were less than 2.4%. The accuracy and validity of the method were further ascertained by performing
recovery studies via a spike method. The accuracy of the method expressed as relative error was satisfac-
tory. No interference was observed from concomitant substances normally added to the tablets. The drug
was subjected to the International Conference on Harmonization (ICH)-prescribed hydrolytic, oxidative,
photolytic and thermal stress conditions. The performance of the method was validated according to

es for
robu
the present ICH guidelin
precision, ruggedness and

. Introduction

Ultra-performance liquid chromatography (UPLC) is a new cat-
gory of separation based on well-established principles of liquid
hromatography, which utilizes sub-2-�m particles for the sta-
ionary phase. These particles operate at elevated mobile phase
inear velocities to drastically increase the resolution, sensitivity
nd speed of analysis. Because of its speed and sensitivity, this
echnique has gained considerable attention in recent years for
harmaceutical and biomedical analysis. In this present work, the
echnology has been applied for the method development and
ethod validation study of related substances and the assay deter-
ination of OLN bulk drug and dosage forms.
There have been several improvements in the treatment

f psychiatric disorders in the last few years. In particular,

∗ Corresponding author at: Dr. Reddy’s Laboratories Ltd., Active Pharmaceutical
ngredients, IPDO, Bachupally, Hyderabad 500072, A.P., India. Tel.: +91 99498 53093.
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specificity, limit of detection, limit of quantification, linearity, accuracy,
stness.

© 2010 Elsevier B.V. All rights reserved.

many new drugs other than classic neuroleptics (phenothiazines
and butyrophenones) are now available for the treatment of
schizophrenia. These new drugs, called atypical antipsychotics,
such as risperidone, clozapine and OLN, seem to be more effec-
tive than earlier drugs because they can suppress both positive
and negative symptoms of schizophrenia. Classic neuroleptics are
only active against positive symptoms of the illness. Furthermore,
the newer drugs cause fewer extra-pyramidal side effects than
the older ones. The most recent commercially available atypical
antipsychotic drug is OLN (2-methyl-4-(4-methyl-1-piperazinyl)-
10H-thieno[2,3b][1,5]benzodiazepine).

In the literature, limited LC methods were reported for the deter-
mination of OLN in pharmaceutical preparations. The isolation and
characterization of process-related impurities of OLN and degra-
dation impurities under stress conditions were performed by LC
and ESI-MS/MS [1–4]. Mass spectrometry and LC methods have

been reported for the determination of OLN assays in dosage forms
and human plasma [5–8]. Other methods include some derivative
spectrometry and voltammetry of combined dosage forms [9–11];
simple protein precipitation of LC mass, LC with coulometric
detection and LC electrochemical detection [12–14]; UV spectrom-

dx.doi.org/10.1016/j.jpba.2010.10.013
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:krishna_charu@yahoo.co.in
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try and non-aqueous titration [15]; and the HPTLC method [16],
iriyanna et al. described possible oxidative degradants. In addition

o oxidative degradants, other possible degradants were studied
n the present work and were found to have shown separation
f all the degradants from the process-related impurities, but a
tability-indicating method has not been reported in any of the
ited literature [1–16]. Currently, the determination of impurities
s one of the most difficult tasks for pharmaceutical analysis during

ethod development, especially if increasing numbers of impuri-
ies are required to be determined. OLN and its impurities should be

onitored together with their degradation compounds, preferably
n a single chromatographic run.

The United States Pharmacopoeia (USP) monograph method for
LN-related compounds cannot separate all the potential impu-

ities and degradation compounds of OLN. However, the USP
onograph method (monitored only two impurities: Imp-4 and

mp-7) can resolve Imp-4- and Imp-7-related compounds of OLN,
nd the total run time is approximately 40 min. According to
ur research, none of the currently available analytical methods,
ncluding the USP Method, can separate and quantify all the known
elated compounds and degradation impurities of OLN, API and
he dosage forms. Furthermore, there is no stability-indicating
PLC/UPLC method reported in the literature that can conduct an
ccurate and quantifiable analysis of OLN, API and the dosage forms.
t is, therefore, necessary to develop a new stability-indicating

ethod for the determination and quantitative estimation of OLN
nd related substances.

Hence, a reproducible stability-indicating RP UPLC method was
eveloped for the quantitative determination of OLN and its eight

mpurities, namely Imp-1, -2, -3, -4, -5, -6, -7 and -8 (Fig. 1). This
ethod was successfully validated according to the ICH guidelines

Validation of Analytical Procedures: Test and Methodology Q2).

. Experimental

.1. Materials and reagents

Active pharmaceutical ingredient standards and samples were
upplied by Dr. Reddy’s Laboratories Limited, IPDO, Hyderabad,
ndia. Commercially available Zyprexa in 20-mg tablets was used
or the dosage form analysis. Methanol, HPLC-grade acetonitrile,
nd analytical-grade ortho-phosphoric acid were purchased from
erck, Darmstadt, Germany. Triethylamine was purchased from JT

aker, Mallinckrodt Inc., Phillipsburg, NJ, USA. Water was prepared
n-house by using a Millipore Milli-Q Plus water purification system
Millipore Corporate Headquarters, Billerica, MA).

.2. Chromatographic conditions and equipment

LC was carried out on a Waters Acquity UPLC with a photodi-
de array detector (DAD/PDA). The output signal was monitored
nd processed using empower software. The chromatographic col-
mn used Acquity UPLC BEH C-18 100-mm, 2.1-mm, and 1.7-�m
article sizes. Separation was achieved using a gradient method.
obile phase A contained a mixture of 20 mM NaH2PO4, H2O and

.0 mL of triethylamine (TEA) buffer (pH of 6.8), acetonitrile, and
ethanol in a ratio of 50:20:30 (v/v/v), respectively. Mobile phase
contained a mixture of water and acetonitrile in a ratio of 10:90

v/v), respectively.

The flow rate of the mobile phase was 0.3 mL/min. The UPLC

radient program (T/%B) was set as 0.01/0, 5.0/20, 6.5/90, 8.0/100,
.0/0 and 10.0/0. The column temperature was maintained at 27 ◦C,
nd the detection was monitored at a wavelength of 250 nm. The
njection volume was 1.0 �L.

Fig. 1. Structures of olanzapine and its eight impurities.
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Fig. 1. Continued

.3. LC–MS/MS conditions

An LC–MS/MS system (Agilent 1200 series liquid chromato-
raph coupled with Applied Biosystems 4000 Q Trap triple
uadrupole mass spectrometer with Analyst 1.4 software, MDS
CIEX, USA) was used for the unknown compounds formed
uring forced degradation studies. A YMC pack ODS-A C18,
50 mm × 4.6 mm, 5-�m column (Kyoto, Japan) was used as the
tationary phase. A 0.02-mM solution of ammonium acetate
Merck, Darmstadt, Germany) was used as a buffer. The ammo-
ium acetate buffer, methanol and acetonitrile in a ratio of 50:30:20
v/v/v) were used for solvent A, and water and acetonitrile in a ratio
f 10:90 (v/v) were used for solvent B.

The gradient program (T/%B) was set as 0.01/0, 20/0, 25/30,
0/60, 35/80, 40/90, 45/90, 50/60, 55/0 and 60/0. Acetonitrile was
sed as a diluent. The flow rate was 1.0 mL/min. The analysis was
erformed in positive electro-spray/positive ionization mode, the

on source voltage was 5000 V, and the source temperature was
50 ◦C. GS1 and GS2 were optimized to 30 and 35 psi, respectively.
he curtain gas flow was 20 psi.

.4. Preparation of stock solutions

A stock solution of OLN (50 �g/mL) was prepared by dissolv-

ng an appropriate amount of the drug in acetonitrile and water
t a ratio of 20:80 (v/v), respectively. Working solutions contain-
ng 50 �g/mL and 5 �g/mL were prepared from this stock solution
or the determination of related substances and for the assay
etermination, respectively. Mixed and individual stock solutions
nd Biomedical Analysis 54 (2011) 667–673 669

(0.5 �g/mL) of the impurities (denoted Imp-1 to Imp-8) were pre-
pared in acetonitrile and water in a ratio of 20:80 (v/v).

2.5. Preparation of sample solution

Twenty (n = 20) OLN 20-mg Zyprexa tablets were weighed,
and the pellets were transferred into a clean, dry mortar. Pellets
equivalent to 50 mg of the drug were dissolved in 100 mL of acetoni-
trile:water (20:80, v/v) to make a 500-�g/mL solution. An aliquot of
1.0 mL of this solution was diluted to 10 mL with the buffer solution,
yielding 50-�g/mL solution that was filtered through a 0.22-�m
nylon membrane filter. The resulting solution was analyzed by
UPLC.

2.6. Stress studies

Specificity is the ability of the method to measure the analyte
response in the presence of its potential impurities [17]. The speci-
ficity of the developed LC method for OLN was carried out in the
presence of its eight impurities. Stress studies were performed at
an initial concentration of 50 �g/mL of OLN in active pharmaceuti-
cal ingredients (API) and tablets to provide the stability-indicating
property and specificity of the proposed method. Intentional degra-
dation was attempted by the stress conditions of UV light (254 nm),
heat (60 ◦C), acid (0.1-N HCl at 60 ◦C), base (0.5-N NaOH at 60 ◦C),
hydrolysis (60 ◦C) and oxidation (1.0% H2O2 at 60 ◦C) to evaluate
the ability of the proposed method to separate OLN from its degra-
dation products. For heat and light studies, the study period was 10
days; whereas for the hydrolysis, base, acid and oxidation studies,
the study periods were 1 h, 30 min, 10 min, and 10 min, respec-
tively.

The purity of the peaks obtained from the stressed samples was
verified using the PDA detector. The purity angle was within the
purity threshold limit obtained in all the stressed samples and
demonstrated the analyte peak homogeneity. An assay of stressed
samples was performed by comparison with reference standards,
and the mass (% assay + % impurities + % degradation products) for
each of the stressed samples was calculated. An assay was also cal-
culated for the OLN sample by spiking all eight impurities at the
specification level (i.e., 0.15%).

3. Method validation

The described method has been validated for the assay and
related substances by UPLC determination [18,19].

3.1. Precision

The repeatability of the method for the related substances was
checked by a sixfold analysis of 50 �g/mL of OLN spiked with
0.075 �g/mL of each of the eight impurities. The RSD (%) of peak
area was calculated for each impurity.

Inter- and intra-day variation and analyst variation were stud-
ied to determine the intermediate precision of the proposed
method. Intra-day precision was determined by a sixfold analysis
of 50 �g/mL of OLN spiked with 0.075 �g/mL of each of the eight
impurities. The same protocol was followed for three different days
to study inter-day variation (n = 18). Different analysts prepared
different solutions on different days. The RSD (%) of the peak area

was calculated for each impurity.

The precision of the assay was evaluated by performing six
(n = 6) independent assays of a test sample of OLN and by com-
parison with a qualified reference standard. The RSD (%) of the six
results was calculated.
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Table 1
Effect buffer pH vs retention time.
70 Ch. Krishnaiah et al. / Journal of Pharmaceu

.2. Accuracy

The accuracy of an analytical procedure expresses the closeness
f agreement between the true value and the observed value. The
ccuracy of the assay method for OLN was evaluated in triplicate
n = 3) at the three concentrations of 2.5, 5.0 and 7.5 �g/mL (50%,
00% and 150%) of drug product, and the recovery was calculated
or each added (externally spiked) concentration.

For all impurities, the recovery was determined in triplicate for
.0375, 0.075 and 0.1125 �g/mL (50%, 100% and 150%) of the ana-

yte concentration (50 �g/mL) of the drug product, and the recovery
f the impurities was calculated.

.3. Linearity of the response

The detector response linearities for all eight impurities and
LN were assessed by injecting eight separately prepared solu-

ions covering the range of LOQ – 200% (LOQ, 0.015, 0.0375, 0.075,
.1125, 0.15, 0.1875, 0.225, 0.2625 and 0.30%) of the normal sample
oncentration (50 �g/mL). The correlation coefficients, slopes and
-intercepts of the calibration curve were determined.

.4. Limit of detection (LOD) and limit of quantification (LOQ)

By injecting linear (0.05–0.5% with respect to the test concen-
ration) solutions of known concentrations, based on the standard
eviation (�) of the response and the slope (S) of the calibration plot
nd using the formula LOD = 3.3�/S and LOQ = 10�/S, the LOD and
OQ for OLN and for the eight impurities were estimated. The pre-
ision (n = 6) was also determined at the LOQ level, and the % RSD
as calculated for the peak area for each impurity and for OLN.

.5. Robustness

The robustness of an analytical procedure is a measure of its
apacity to remain unaffected by small, but deliberate variations
n method parameters and provides an indication of its reliability
uring normal usage.

To determine the robustness of the method, the experimental
onditions were deliberately changed. The resolution of OLN and
he eight impurities was evaluated. The mobile phase flow rate
as 0.30 mL/min; to study the effect of the flow rate on resolution,

he flow rate was changed to 0.27 and 0.33 mL/min. The effect of
he column temperature was studied at 22 ◦C and 35 ◦C (instead of
7 ◦C), and the mobile phase composition was changed +10% from
he initial composition.

.6. Solution stability and mobile phase stability

OLN-spiked solutions (with respect to the specification, i.e.,
.15% level) were prepared in the diluent by leaving the test solu-
ions at room temperature. The spiked solutions were injected at 0-,
4- and 48-h time intervals. The impurity content (Imp-1, Imp-2,

mp-3, Imp-4, Imp-5, Imp-6, Imp-7 and Imp-8) was calculated, and
he consistency in the % area of the principal peak at each interval

as checked. The prepared mobile phase was kept constant during

he study period.
The mobile phase study was demonstrated by injecting the

reshly prepared sample solution at different time intervals (0 h,
2 h, 24 h, 36 h and 48 h).
4. Results and discussion

4.1. Method development and optimization

OLN drug substances have two reported pKa values: 4.69 and
7.37. The main target of the chromatographic method is to achieve
the separation of impurities (bi-products from the synthesis of
OLN) and the main component OLN. The maximum absorption
wavelength of the reference drug solution, process bi-products and
forcibly degraded drug solutions is 250 nm, which is the inter-
secting value obtained from the UV absorption spectra; hence,
250 nm was selected as the detection wavelength for LC analysis.
The blended solution containing 50 �g/mL of OLN and 1 �g/mL of
each of the eight impurities was prepared in the diluent.

Initially, a mobile phase composed of ammonium dihydro-
gen orthophosphate (ADP) solution (20 mM) and acetonitrile (1:1)
flowing at a rate of 0.3 mL/min over Inertsil ODS-3 (50-mm × 2.1-
mm, 2-�m particles) and Zorbax XDB (C-18, 50-mm × 2.1-mm,
1.8-�m particles) columns was employed for OLN. The drug and its
impurities eluted with highly asymmetric peak shapes (USP tailing
was more than 2.0), and Imp-8 was highly retained. The variation
in the organic modifier proportions in the mobile phase also not
produced a pure, symmetrical peak from the Inertsil and Zorbax
columns.

A change in a strength of the salt (buffer) in the aqueous phase
exerted imperceptible effects on the retention time, resolution and
peak shape of the drug, while the use of acetonitrile in different
ratios (30–80%) resulted in peak-tailing proportional to the acetoni-
trile (organic modifier) concentration. Replacing acetonitrile with
methanol resulted in peak-fronting. Hence, a mixture of acetonitrile
and methanol was employed to obtain the optimum peak shape.
To reduce the run time, the mode was changed to gradient HPLC
mode after changing the elution mode as gradient. Mobile phase A
contained a mixture of 20 mM NaH2PO4–H2O buffer (pH 3.0), ace-
tonitrile and methanol in a ratio of 50:20:30 (v/v/v), while mobile
phase B contained a mixture of water and acetonitrile in a ratio
of 10:90 (v/v), flowing at a rate of 0.3 mL/min through a Waters
Acquity BEH C18, 100 mm × 2.1-mm, 1.7-�m column to analyze
OLN. Imp-1 and Imp-2, Imp-5 and Imp-6 were merged, and Imp-8
was highly retained at all of the aforementioned conditions. The
separation of impurities was not completed at a satisfactory level.

The criticality was observed via the buffer pH and was exten-

sively studied for the buffer pH optimization (Table 1). A buffer
pH of 6.8 was found to be satisfactory; increasing the pH from
3.0 to 6.8 while keeping the other chromatographic parame-
ters unchanged increased the sharpness of the peaks due to the
increased hydrophobic interactions between the stationary phase
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Table 2
System suitability parameters.

Compound RT (min)a RRTb (n = 6)a USP resolutionc (n = 6)a USP tailing factor (n = 6)a

Imp-1 1.476 0.32 ± 0.01 – 1.1 ± 0.10
Imp-2 1.629 0.36 ± 0.02 2.35 ± 0.15 1.2 ± 0.10
Imp-3 1.856 0.41 ± 0.02 3.10 ± 0.10 1.2 ± 0.10
Imp-4 2.215 0.48 ± 0.02 4.30 ± 0.30 1.2 ± 0.09
Imp-5 3.351 0.72 ± 0.03 11.60 ± 0.40 1.1 ± 0.10
Imp-6 3.628 0.78 ± 0.03 2.35 ± 0.05 1.05 ± 0.05
Imp-7 4.317 0.95 ± 0.02 6.40 ± 0.30 1.05 ± 0.05
OLN 4.525 1.00 ± 0.00 2.20 ± 0.30 1.1 ± 0.09
Imp-8 7.740 1.69 ± 0.05 42.0 ± 2.0 1.1 ± 0.10

OLN, olanzapine.
a Mean ± SD (n = 6).
b Relative retention times (RRT) were calculated against the retention time (RT) of olanzapine.
c Resolutions were calculated between two adjacent peaks.

Table 3
LOD, LOQ, regression and precision data.

Parameter Olanzapine (OLN) Imp-1 Imp-2 Imp-3 Imp-4 Imp-5 Imp-6 Imp-7 Imp-8

LOD (�g/mL) 0.00014 0.00014 0.00015 0.00012 0.00014 0.00015 0.00017 0.00030 0.00014
LOQ (�g/mL) 0.00044 0.00048 0.00046 0.00036 0.00050 0.00045 0.00055 0.00095 0.00044
Regression equation (y)

Slope (b) 128118 120777 133970 167023 151664 137832 154624 132041 68583
Intercept (a) −23 125 267 178 596 592 59 178 293

Correlation coefficient 0.9997 0.9993 0.9996 0.9998 0.9992 0.9991 0.9997 0.9997 0.9992
R2 value 0.9995 0.9985 0.9991 0.9995 0.9983 0.9982 0.9993 0.9993 0.9984
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Precision (% RSD) 0.1 1.8 0.9
Intermediate precision (% RSD) 0.2 1.2 1.2

inearity range is LOQ – 150% with respect to 50 �g/mL of olanzapine for impuritie

nd the less unionized analyte. Using 20 mM NaH2PO4–H2O and
.0 mL of triethylamine (TEA) buffer (pH of 6.8), acetonitrile, and
ethanol in a ratio of 50:20:30 (v/v/v), while mobile phase B

ontained a mixture of water and acetonitrile in a ratio of 10:90
v/v) with the gradient elution (T/%B) set as 0.01/0, 5.0/20, 6.5/90,
.0/100, 9.0/0 and 10.0/0, enabled separation between Imp-1 and 2;

mp-5 and 6; OLN and all other related compounds (Rs > 2.0). The
luted analyte retention time was approximately 4.4 min. Inter-
erence with the excipients (placebo) was also checked, and no
nterference was observed between the impurity peaks and the OLN
eak. Several preliminary chromatographic runs were performed
o investigate the suitability for drug content estimation and cost
ecause of the increasing importance of rapid economic analysis

n pharmaceutical analysis to increase the throughput. The system
uitability parameters were evaluated for OLN and its eight impu-
ities. The USP tailing factor for all eight impurities and OLN was
ound to be less than 1.4. The USP resolution (Rs) of OLN and the
ight potential impurities was greater than 2.0 between all pairs of
ompounds (Table 2).

.2. Validation of the method

.2.1. Precision
The RSD (%) in the repeatability of the OLN assay was within

.9%. The % RSD of the peak area for the eight impurities in the
epeatability results is shown in Table 3. The RSD (%) results of
LN and its impurities for intermediate precision (intra- and inter-
ay repeatability) are within 2.4%. These results confirmed the high
recision of the method.
.2.2. Limits of detection and quantification
The determined limit of detection, limit of quantification and

recision at LOQ values for OLN and its eight impurities are reported
n Table 3.
1.6 0.8 0.7 0.7 2.4 0.7
0.9 1.3 2.1 0.8 1.4 1.1

4.2.3. Accuracy
The recovery of OLN from pharmaceutical dosage forms ranged

from 98.2 to 101.6%. The recovery of the eight impurities from
pharmaceutical dosage forms ranged from 91.5 to 108.6%.

4.2.4. Linearity of response
For all eight impurities and OLN, a linear calibration curve was

obtained ranging from LOQ to 0.3% (LOQ: 25%, 50%, 75%, 100%, 125%,
150% and 200%). The correlation coefficient obtained was greater
than 0.9991 in both cases (Table 3). Linearity was determined over
three consecutive days, which confirmed the linear relationship
between the peak areas and concentrations. The linearity range is
LOQ – 150% with respect to 50 �g/mL of OLN for impurities. The
results indicate clear linearity.

4.2.5. Robustness
In all the deliberately varied chromatographic conditions (flow

rate, column temperature, mobile phase composition and pH vari-
ation), all of the analytes were adequately resolved, and the order
elution remained unchanged. The resolution between Imp-7 and
OLN was greater than 2.0, and the resolution between Imp-1 and
Imp-2 was greater than 2.5 for the varied conditions of flow rate
(0.27, 0.33 mL/min) and column temperature (22 ◦C, 33 ◦C).

4.2.6. Stability in solution and in the mobile phase
The RSD (%) values for the OLN assay during solution stabil-

ity and mobile phase stability experiments were within 1.5%. No
significant changes in the amounts of the eight impurities were
observed during solution stability (on bench top) and mobile phase

experiments when performed by the related substances method.
The results from the solution stability and mobile phase stability
experiments confirmed that the standard solutions and solutions
in the mobile phase were stable for up to 48 h during the assay and
determination of related substances.
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ig. 2. Blend chromatogram of olanzapine and its impurities. (a) Olanzapine spike
atogram. (d) Water hydrolysis degradation chromatogram. (e) Acid degradation

h) Spiked chromatogram (buffer pH 6.0).

.2.7. Results from forced degradation studies
All forced degradation samples were analyzed at an initial

oncentration of 50 �g/ml OLN with the aforementioned UPLC con-
itions using a PDA detector to monitor the homogeneity and purity

f the OLN peak. Degradation was not observed when OLN was
ubjected to light and heat conditions. Significant degradation was
bserved when the drug was subjected to hydrolysis (water at 60 ◦C
or 1 h); base (0.5-N NaOH at 60 ◦C for 30 min); acid (0.1-N HCl at
omatogram. (b) Oxidative degradation chromatogram. (c) Base degradation chro-
atogram. (f) OLN tablet chromatogram. (g) Spiked chromatogram (buffer pH 3.0).

60 ◦C for 10 min), leading to the formation of Imp-4; and oxidative
hydrolysis (1.0% H2O2 at 60 ◦C for 10 min), leading to the formation
of Imp-2 and Imp-4. All of the chromatograms for the force degrada-
tion studies are shown in Fig. 2. The impurities were confirmed by

co-injecting Imp-2 and Imp-4 standards into the degraded samples
and also by LC–MS/MS analysis. LC–MS/MS analysis was performed
as per the experimental conditions (Section 2.3), and the masses of
the impurities were 329 and 231, corresponding to the masses of
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Table 4
Summary of forced degradation results.

Stress condition % impurity formed % assay Mass balancea

Imp-1 Imp-2 Imp-3 Imp-4 Imp-5 Imp-6 Imp-7 Imp-8 Total impurities

Acid degradation ND 0.03 ND 19.1 ND ND ND ND 20.5 78.5 99.0
Base degradation ND 0.10 ND 3.37 ND ND ND ND 6.1 93.2 99.3
Water hydrolysis ND 0.08 ND 6.22 ND ND ND ND 7.7 91.0 98.7
Oxidative degradation ND 8.26 ND 2.29 ND ND ND 0.28 17.1 81.0 98.1
Thermal degradation ND 0.06 ND 0.07 ND ND ND ND 0.20 99.5 99.7
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Photolytic degradation ND 0.07 ND 0.08 ND

D, not detected.
a Mass balance: (% assay + % sum of all compounds + % sum of all degradants).

mp-2 and Imp-4, respectively. The results from the forced degra-
ation studies are presented in Table 4.

Assay studies were carried out for the stress samples (at
.0 �g/mL) against an OLN-qualified reference standard. The mass
alance (% assay + % sum of all compounds + % sum of all degradants)
esults were calculated for all of the stressed samples and were
ound to be more than 98.1%. The purity and assay of OLN were unaf-
ected by the presence of its impurities and degradation products,
hich confirms the stability-indicating power of the developed
ethod.

. Conclusion

The rapid gradient RP-UPLC method developed for quantitative
nalysis of OLN and related substances in pharmaceutical dosage
orms is precise, accurate, linear, robust and specific. Satisfactory
esults were obtained from validation of the method. The reten-
ion time (10.0 min) enabled rapid determination of the drug. This

ethod exhibited excellent performance in terms of sensitivity and
peed. The method can indicate stability and can be used for the
outine analysis of production samples and to check the stabil-
ty of OLN samples, which may be useful for the study of in vitro
issolutions of pharmaceutical dosage forms.
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