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bstract

Accurate quantification of crystalline phases present in drug materials is becoming increasingly important, due to stringent regulatory concerns
bout polymorph characterization and control in drug substances and products. In the present study, a quantification method for polymorphic forms
f olanzapine (OLZ) has been developed using powder X-ray diffraction (PXRD). Preferred orientation has been reported to be the major source
f error in PXRD analysis, therefore, prior to development of a quantification method, pure polymorphic forms (I and II) of different size ranges
ere analyzed. Preferred orientation effect was found to decrease on using sieve fraction BSS # 120/240 for form I. In order to obtain good peak

esolution in optimum time, the step time and step size were varied so as to optimize the scan rate. Among the five combinations selected, step
ize of 0.05◦ with step time of 5 s demonstrated identification of four characteristic peaks of form I in form II in 62 min. A calibration curve was

onstructed in the range of 0–100% (w/w) using the characteristic peak of form I at 18.48◦ 2θ (I/I0 78.8%). The PXRD assay was reproducible
nd precise and displayed a LOD of 0.40% (w/w) and LOQ of 1.22% (w/w). Validation results showed excellent correlation between actual and
redicted concentrations with R2 0.9999.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Pharmaceuticals may exist in various solid forms featuring
ifferent physical and chemical properties. Probable differences
n the bioavailability of these polymorphic forms have provoked
mposition of stringent regulatory requirements on identification
nd specification of polymorphs for a particular drug substance
s part of the quality assurance process [1]. The International
onference on Harmonization (ICH) Q6A guidelines provide
uidance on when and how polymorphic forms should be mon-
tored and controlled [2]. For stability concerns the most stable

orm is normally employed in the formulation. However, the
etastable polymorphic form may be inadvertently generated

ue to the stress produced by temperature, mechanical treat-
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ent and moisture during processing or storage of the drug
roduct [3]. Contamination by these polymorphic impurities
an adversely influence both the stability and performance of
he final product. It has thus become imperative to develop
ccurate quantification methods for such low level physical
mpurities of separate crystalline phase, in pharmaceuticals.

oreover, USFDA regulations require development of validated
ethods for analysis of proportion of forms throughout the

etest period and shelf life of the drug substance and product
4].

Multitude of analytical techniques like infrared (mid- and
ear-IR), FT-Raman, solid-state NMR spectroscopy, thermal
ethods, and powder X-ray diffraction (PXRD) have been

eported to be used for determination of polymorphic content
n mixtures or amorphous content in crystalline materials, to
evels as low as 1% [5]. However, advantages like uniqueness

f X-ray powder pattern of compounds, non-destructive nature,
implicity and measurement at room temperature of both the
rug substance and product, make PXRD the most preferred
nd extensively used technique for quantification of polymor-
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narity of the powder surface with the surface of the holder.
Fig. 1. Chemical structure of OLZ.

hic mixtures. One of the critical factors in developing any
ssay for solid-state forms is the generation of authentic and
alidated calibration curve, which reproduces actual material
hat will be assayed in future [6]. This requires an accurate mea-
urement of intensity, height and area of diffraction lines, but
hese decisive parameters are strongly influenced by potential
ource of errors due to inherent nature of the sample, instru-
ent and sample preparation parameters [7]. The latter two

arameters can be optimized in order to minimize the errors
ssociated with measurement of vital outputs. Various sample
reparation parameters like type of sample holder, rotation of
ample, particle size, powder packing, and preferred orientation
ffects, have been demonstrated to be critical [8]. This study
ocuses on dual objectives of (i) optimization of sample prepa-
ation and instrument parameters and (ii) development of an
ccurate, precise and reproducible PXRD quantification method
or polymorphic forms of olanzapine (OLZ), an antipsychotic
rug.

OLZ, chemically (2-methyl-4-(4-methyl-1-piperazinyl)-
0H-thieno[2,3-b]) (Fig. 1) [9], can crystallize in more than 25
rystalline forms of which seven are pharmaceutically relevant
10]. Form II is designated as the most stable anhydrous
olymorphic form and is used in the dosage form. On the other
and form I is metastable and unsuitable for commercial use as
t discolors in the presence of air and such a color change during
torage can be particularly tormenting for psychotic patients
11]. Polymorphic forms I and II, the most commonly occurring
orms, show very minor differences in their diffractograms
nd hence, there is a need to develop a sensitive method for
uantification. A quantification method has been developed
sing PXRD, validated and checked for assay errors.

. Experimental section

.1. Materials

OLZ form I and form II were gifted by Jubilant Organosys,

ttar Pradesh (India). Potassium bromide (FTIR grade) was
urchased from Aldrich Chemical Company Ltd., Milwaukee
USA). All materials were used as received with out any further
urification.
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.2. Methods

.2.1. Solid-state characterization of OLZ polymorphs

.2.1.1. Microscopy. The particle characteristics of OLZ were
ssessed by optical microscopy using Leica DMLP polarized
ight microscope (Leica Microsystems Wetzlar GmbH, Wetzlar,
ermany). Photomicrographs were acquired using Leica DC
00 camera and analyzed using Leica IM 50 (Version 1.20) soft-
are.

.2.1.2. Thermal analysis.

Hot stage microscopy (HSM). Thermal transitions in OLZ
polymorphs were studied using Leica LMW Hot stage and
Leica DMLP polarized microscope. The samples were heated
on the hot stage and observed under normal and polarized
light.
Differential scanning calorimetry (DSC). DSC analysis was
performed using a Mettler Toledo 821e DSC (Mettler Toledo,
Switzerland) operating with Version 5.1 of Stare software
using (4–6 mg) sample in aluminium pans with pierced
lids at heating rate of 10 ◦C min−1 and nitrogen purge at
80 ml min−1.
Thermogravimetric analysis (TGA). The mass loss of the sam-
ple as a function of temperature was determined using a Met-
tler Toledo 851e TGA/SDTA (Mettler Toledo, Switzerland).
OLZ form I and II were placed in open alumina crucibles
and heated at a rate of 10 ◦C min−1 under a nitrogen purge
(20 ml min−1).

.2.1.3. Fourier transform infrared spectroscopy (FTIR). The
TIR spectra OLZ form I and II were recorded on a FTIR mul-

iscope spectrophotometer (Perkin Elmer, UK) equipped with
pectrum v3.02 software using KBr pellet method. The spec-
rum for each sample (an average of 16 co-added scans) was
ecorded over the 450–4000 cm−1 spectral region with a reso-
ution of 4 cm−1.

.2.1.4. Powder X-ray diffraction (PXRD). PXRD patterns of
amples were recorded at room temperature on Bruker’s D8
dvance diffractometer (Karlsruhe, West Germany) Cu K�

adiation (1.54 ´̊A), at 40 kV, 40 mA passing through nickel fil-
er with divergence slit (0.5◦), antiscattering slit (0.5◦), and
eceiving slit (1 mm). The diffractometer was equipped with

2θ compensating slit, and was calibrated for accuracy of
eak positions with silicon pellet. Samples were subjected to
-ray powder diffraction analysis in continuous mode with a

tep size of 0.01◦ and step time of 1 s over an angular range
f 3–40◦ 2θ. Five hundred milligrams powder mixture was
oaded in a 25 mm holder made of poly methyl methacrylate
PMMA) and pressed by a clean glass slide to ensure copla-
he sample holder was rotated in a plane parallel to its surface
t 30 rpm during the measurements. Obtained diffractograms
ere analyzed with DIFFRACplus EVA (ver. 9.0) diffraction

oftware.
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Table 1
Different step time and step size for optimization of scan rate

Combination Step time (s) Step size (◦) Scan rate (◦ 2θ/min) Recording time (min) No. of identifiable peaks

A 0.5 0.025 3 12.33 1
B 0.5 0.0125 1.5 24.67 1
C 1 0.0125 0.75 49.33 2
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.2.2. Optimization of sample preparation and
nstrumental parameters

For optimization of sample parameters, all studies were car-
ied for both forms of OLZ with each sample analyzed for six
onsecutive runs and average values of area and height were
aken. Background was subtracted from each diffractogram to
ullify the affect of sample holder.

.2.2.1. Effect of particle size on preferred orientation. OLZ
orm I was passed through different sieves (passed through BSS

80 and collected on BSS #120 [#80/120], passed through
SS # 120 and collected on BSS # 240 [# 120/240], and
assed through BSS # 240) and the sieve fractions were col-
ected. The sieved fractions were mounted on sample holder
nd recordings were made with rotation of sample holder.
ieving of samples was performed in a humidity controlled
nvironment at 30% RH (±5% RH). Form II was used as
eceived.

For optimization of instrumental parameters 5% (w/w) phys-

cal mixtures of OLZ form I in form II was used.

.2.2.2. Optimization of scan rate. Table 1 enlists the step size
nd step time varied in order to alter the scan rate of sample.

g
p
t

able 2
alidation and assay errors associated with quantitative analysis using PXRD

alidation parameters Measurement description

ccuracy Accuracy of the calibration curve was determined by
50, and 70%) samples, in triplicate

recision Precision depicts the repeatability of the X-ray measu
of sample into holder (n = 6) was investigated for 0.1

OD and LOQ The LOD and LOQ of the quantitative method wer
guidelines [12]. These values were determined from
LOD = 3.3σ/S

LOQ = 10σ/S

where σ is the standard deviation of the blank and S i

rror category Measurement description

nstrument reproducibility Reproducibility of the instrument was investigated by
data sets without removing the sample from the samp

ntra-day reproducibility Variability of the instrument responses during a typi
diffraction patterns over 8 h period

nter-day reproducibility Variability in instrument response was investigated fo
recorded each day

ample positioning Effect of variation in position of sample holder withi
tioning the holder at six different positions

ample packing Variation due to crystal orientation was assessed by r
packing
61.66 4
246.66 4

.2.3. Preparation of calibration curve
OLZ form I was passed through BSS #120 and collected on

SS # 240 (# 120/240) and form II was used as received. OLZ
orm I was physically mixed in various ratios (0, 0.1, 0.2, 0.4,
.6, 0.8, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80, and 100%, w/w) with form
I by geometric mixing in a controlled environment (25 ± 2 ◦C;
0 ± 5% RH). Samples were made in triplicate and accurately
eighed 500 mg powder mixtures were loaded on sample holder.
graph was plotted between average area and % w/w of form I.

imit of detection (LOD) and limit of quantitation (LOQ) were
etermined with the help of this calibration curve.

.2.4. Validation of analytical method
The analytical method developed for quantification of OLZ

orm I in form II was checked for validation parameters
ike linearity, accuracy, precision, ruggedness, LOD, and LOQ
Table 2).

.2.5. Estimation of assay error

In order to determine errors coupled with PXRD assay, sin-

le mixture (5% (w/w) of form I) was prepared to explore the
arameters described in Table 2 and % relative standard devia-
ion (R.S.D.) was calculated.

independently examining nine different concentration (0.3, 0.5, 0.7, 3, 5, 7, 30,

rement. The repeatability of measurement of the diffraction peak area for refills
, 1, 10, and 100% (w/w) of form I
e calculated using Eqs. (1) and (2) respectively, as recommended in the ICH
data obtained in the range of 0–100% (w/w) of form I:

(1)
(2)

s the slope of calibration curve

placing a single sample (5%, w/w) in the PXRD instrument and acquiring six
le holder and instrument
cal working day was investigated by using a single sample and acquiring six

r 6 days. A single sample was placed in the instrument and X-ray profile was

n the instrument was examined by using a single sample and randomly reposi-

e-packing the sample six times and acquiring the diffraction profile after each
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. Results and discussion

.1. Solid-state characterization of polymorphs

Qualitative analysis of polymorphs was performed using
icroscopy, FTIR, DSC, TGA, HSM, and PXRD. Both forms

f OLZ showed different morphology when observed under
he microscope. Form I was found to exist as large lath-
haped crystals while in case of form II, crystals were
late shaped. The DSC curve of form I exhibited melting
ndotherm at 180.3–184.3 ◦C, which was followed by a recrys-
allization exotherm at 184.2–188.3 ◦C, and finally melted at
93.7–198.1 ◦C, as form II. Form II on the other hand, showed
nly a single melting endotherm at 193.6–198.4 ◦C. OLZ form
and II were found to be anhydrous as they exhibited no weight

oss due to desolvation during TGA. In both forms, mass loss
akes place after melting peak, and these results were concordant
o previously reported study [13]. Similar pattern was observed
nder HSM where form I showed melting at 179 ◦C and recrys-
allization into plate-shaped crystals at 186 ◦C that finally melted
t 193 ◦C. Form II directly melted at a temperature of about
95 ◦C. The region of 1500–1000 cm−1 is important in case of
TIR for identification of form II that showed unique –CH2 band

t 1470 cm−1.

The PXRD pattern (Fig. 2) of each polymorphic form shows
nique peaks that can be used for their identification and quantifi-
ation. The d values and 2θ values of form I and II corresponded

3
t
h
c

ig. 2. Background subtracted and smoothened PXRD patterns of OLZ polymorphs
hows characteristic peaks of form II.
Biomedical Analysis 43 (2007) 865–872

ell with values reported in US patent 5,736,541 [14], and
howed no evidence of contamination by other polymorphic
orms. Both forms show intense peaks indicating their crystalline
ature.

In earlier reported studies on quantification of polymor-
hic forms of drugs, using PXRD, the highest intensity peak
I/I0 = 100%) has been used for estimation of polymorphic con-
ent in mixtures [8,15–18]. However, in case of OLZ form I,
he highest peak was overlapping with peak of form II at 8.79◦
θ. Apart from the 18.48◦ peak (I/I0 = 78.8%), other characteris-
ics peaks at 10.91◦ (I/I0 = 10.4%), 12.99◦ (I/I0 = 17.6%), 14.01◦
I/I0 = 6.6%), and 19.38◦ 2θ (I/I0 = 14.3%) are of low intensity
nd area. Hence, the sample and instrument parameters need to
e critically studied for identification of form I in low concen-
rations in mixtures.

.2. Optimization of sample preparation and instrumental
arameters

The optimization of sample preparation parameters was per-
ormed by studying the effect of sample parameters on area,
eight, and resolution, on ten most intense peaks (though may
ot be characteristic). Large variations and fluctuations of up to

1% in relative standard deviation (R.S.D. have been reported in
he literature in the PXRD data [8]). In earlier reported studies,
igher variation has been observed in peak shape and height with
hange in particle size, whereas area was less variant [8,18–21].

(a) form I, (b) form II, “*” shows the characteristic peaks in form I and “
√

”



al and

S
l
1
w
f
r

p
l
o
t
m
F
d
w
u
O
f
F
o
p
h
o
h
i
1
A
t
w
O
v
f
d
n
S
m
w
t
f
i

T
E
f

I

1

e
a
s
i
B

m
t
T
p
r
h
p
m
o
fi
c
t
a
I
T
w
h
a
t
m
m
s
r
T
b
0
o
f

3

M. Tiwari et al. / Journal of Pharmaceutic

imilar results were observed when the % R.S.D. was calcu-
ated by considering the height and area of peaks. % R.S.D. of
0–28% and 8–17% (form I) and 9–22% and 1–10% (form II)
as observed by analyzing height and area, respectively. Hence,

or further studies, peak area was considered for analysis of
esults.

Error due to preferred orientation is the most widely studied
arameter in PXRD. Packing of powder sample in the holder can
ead to preferred orientation because of non-random distribution
f crystal orientations [18]. Crystallographic orientation of par-
icles can affect intensity up to 100%, and the consequence is

ore pronounced for acicular and irregular shaped crystals [8].
orm I was found to exhibit lath-shaped crystals and particle size
istribution of 5–125 �m whereas form II was platy in nature
ith smaller crystals (3–35 �m). Diffraction data of sieved and
nsieved samples showed differences in peak area in form I of
LZ. Peak areas were 1–41% higher for BSS # 120/240 sieve

raction in comparison to BSS # 80/120 for form I (Table 3).
urther sieving could not be performed on form II, due to devel-
pment of electrostatic charges. Particle size plays a major role in
referred orientation [16] and use of smaller particles (∼10 �m)
as been reported to aid in minimizing preferred orientation
f the particles [17]. OLZ form II with smaller size, exhibited
igher area and lesser % R.S.D. (1–10% for as received sample)
n comparison to form I (0.87–18.55% for sieve fraction BSS #
20/240). The results of peak area for form I were subjected to
NOVA analysis to understand the effect of particle size within

he same sieve fraction and Student–Newman–Keuls method
as applied for analysis of data of different sieve fractions.
ne way ANOVA exemplified that the difference in the median
alues among different samples of the same sieve fractions of
orms I was not high enough to exclude the possibility that the
ifference is due to random sampling variability, hence, does
ot show statistically significant difference. On the other hand,
tudent–Newman–Keuls test illustrated that the difference in the
edian values of different sieve fraction groups is greater than

ould be expected by chance (P = <0.001), hence, there is a sta-

istically significant difference between different sieve fractions
or form I. Student–Newman–Keuls test is a multiple compar-
son non-parametric test applied for a pair wise comparison of

able 3
ffect of particle size on average area (n = 6) of 10 most intense peaks of OLZ

orm I

/I0
◦ 2θ Area of peaks (cps × 2θ)

As received
sample

BSS # 80/120 BSS #120/240 BSS #240

00.00 9.15 347 389 421 394
24.60 10.62 62 73 86 81
14.30 11.12 36 40 50 48
18.80 13.13 61 66 73 66
88.80 18.64 291 310 336 325
39.70 19.09 148 179 187 184
35.30 19.87 123 115 124 123
35.70 21.25 143 162 168 143
27.70 21.99 144 188 188 184
29.90 24.35 128 139 155 153

1
w
T
c
e
f
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a
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w
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q
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very combination of group pairs. It helps to identify whether
ll groups are different from one another, or some groups are not
ignificantly different. Therefore, it was concluded that changes
n particle size had an effect on peak area, thus, sieve fraction
SS # 120/240 was used for further studies of form I.

The instrument parameters have been optimized in the poly-
orphic mixture (5%, w/w) and finally these optimized parame-

ers have been used in the quantification of form I in the mixture.
he degree of precision in the measurement of the decisive
arameters (area, height, and intensity) determines the accu-
acy of quantitative PXRD. Several instrumental parameters
ave been reported to critically affect the area of diffraction
eaks. Among these parameters, scan rate and chopper incre-
ent have a direct impact on the counting statistics [7]. As

bserved from Table 1, at slower scan rates the number of identi-
able characteristic peaks of form I in the mixture increased. In
ombination A (scan rate of 3◦ 2θ/min) only one peak was iden-
ified at 18.48◦, while in combination D and E (scan rate of 0.6
nd 0.15◦ 2θ/min, respectively) maximum four peaks of form
at 2θ 10.91, 12.99,18.48, and 19.38◦ were identified (Fig. 3).
he peak at 14.01◦ 2θ, a very low intensity peak (I/I0 = 6.6%)
as not observed in any of the combinations. Data obtained at a
igher scan rate usually resolves fewer peaks than data obtained
t lower scan rates because as the scan rate increases recording
ime reduces and vice versa. Similarly, the accuracy of d-spacing
easurement and resolution of peaks at higher scan rate, of the
inor phase was significantly less, even for strong peaks. Lower

can rates, increase the number of identifiable peaks and peak
esolution but also significantly increase the experimental time.
herefore, final experimental protocol should keep a balance
etween the peak resolution and recording time. Scan rate of
.6◦ 2θ/min with about 62 min recording time was the fastest
ffering resolution of maximum peaks and was thus selected for
urther experiments.

.3. Quantitative method development

Out of the four characteristic peaks of OLZ form I at 10.91,
2.99, 18.48, and 19.38◦ 2θ, peak at 18.48◦ 2θ (I/I0 78.8%)
as selected for quantification of form I in binary mixtures.
he difference was radically interpretable at this 2θ with the
hange in concentration. The other three low intensity peaks
xhibited low R2 values (less than 0.934) and were thus not used
or quantification. Also, these peaks were not traceable below a
% (w/w) concentration of form I in the mixture.

The peak at 18.48◦ 2θ was integrated from 18.25◦ to 18.60◦ 2θ

nd this area monitors the level of form I in the samples. The cal-
bration curve (Fig. 4) covering a wide range (0–100%, w/w) of
orm I showed good linearity over the entire concentration range
nd exhibited a regression line equation of y = 2.7219x + 8.5708
ith a high correlation coefficient of 0.9986.

.4. Validation of the analytical method
Any analytical method before being successfully utilized for
uantification needs to be validated [12]. The method developed
as found to be linear in the range 0–100% with LOD and LOQ
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Fig. 3. Effect of scan rate on X-ray diffractogram of 5% (w/w) of form I. Scan rate shown in the figure are (a) 3◦ 2θ/min, (b) 1.5◦ 2θ/min and (c) 0.75◦ 2θ/min (d)
0.6◦ 2θ/min, and (e) 0.15◦ 2θ/min. The solid line boxes depict the identifiable peaks and the dotted box shows the peak that was not detected in 5% (w/w) mixture.
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Table 4
Validation parameters and assay error evaluation for 0–100% (w/w) calibration
curve of OLZ form I

Validation parameters Validation data

Recovery (%) 97–102
Precision (% R.S.D.) 3–5
R2 of correlation curve 0.9999
Slope of correlation curve 1.005
Intercept of correlation curve −0.0587
LOD (%) 0.40
LOQ (%) 1.22
Instrument reproducibility (% R.S.D.) 2.9
Inter-day variability (% R.S.D.) 7.8
Intra-day reproducibility (% R.S.D.) 2.1
Sample positioning (% R.S.D.) 7.6
S
O

o
t
a
a
a
t
R
a
a
a
i
p
C

p
r
r
m

ig. 4. Calibration curve for determination of OLZ polymorphic form I in form
I by PXRD.

alculated to be 0.40 and 1.22%, respectively. The method was
ound to be precise with % R.S.D. between 3 and 5% and accu-
ate with recovery in the range of 97–102%. The actual versus
redicted content (%, w/w) of form I was plotted (Fig. 5), and
linear curve with R2 value of 0.9999, fitted slope of 1.005 and
small intercept of −0.0587 was obtained. This further indi-

ated that the method developed was rugged. Validation data is
ummarized in Table 4. Although the validation results show
xcellent correlation between input and calculated concentra-
ion, assay errors can be introduced by a combination of sample
ositioning, sample packing, inter-day and intra-day variability.

.5. Estimation of assay error

The instrument reproducibility of about 2.9% was observed
hen the same sample was consecutively measured with out
isturbance. The inter-day variation observed was 7.8% in com-
arison to 2.1% intra-day variation. However, it should be borne

n mind that the day-to-day error for which the sample was
emoved daily from the instrument is a composite including
ariability resulting from sample re-positioning and possibly
rom sample disturbance on re-analysis. The effect of position

ig. 5. Correlation curve of observed vs. theoretical percentage of form I in
orm II, obtained using peak areas in PXRD.
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ample packing (% R.S.D.) 14
verall assay error (% R.S.D.) 5.2

f sample holder in the PXRD autosampler was determined, and
he variation observed due to sample position was 7.6%. Vari-
tion due to crystal orientation was investigated by re-packing
single sample six times and recording the diffraction pattern

fter each preparation. Re-packing the same sample led to varia-
ion of 14%. Based on the PXRD diffraction response, an overall
.S.D. of 5.2% was determined for the PXRD assay. These over-
ll R.S.D. is actually a combination of errors introduced into the
ssay by all factors such as instrument reproducibility, inter-
nd intra-day variation, sample positioning, and sample pack-
ng. The assay error obtained for the method was lower than the
revious reported studies by Bugay et al. (R.S.D. 7.8%) [22] and
ampbell et al. (R.S.D. 6.2%) [8].

From the potential errors investigated in this study, control of
arameters such as sample packing appears critical to the accu-
acy of the data obtained. Generally, parameters involving the
esponse of the instrument with no sample disturbance (instru-
ent and intra-day variability) gave relatively small R.S.D.

alues (around 2%) indicating good reproducibility of the tech-
ique.

. Conclusion

A quantitative PXRD method has been developed to deter-
ine the amount of form I OLZ in form II. In order to minimize

he errors associated with quantification and to obtain an accurate
ethod, the sample preparation and instrument parameters were

reviously optimized. Particle size and scan rate of the experi-
ent was found to significantly affect the number of identifiable

eaks and their areas. Preferred orientation influenced by par-
icle size profoundly affected the peak area and sieve fraction
SS #120/240 demonstrated a significant increase in peak area.
ower scan rates increased the number of detectable peaks in the
% mixture of form I in form II. However, a balance between the
ecording time and peak resolution was made by selecting a scan
ate of 0.6◦ 2θ/min, which led to identification of four out of five

haracteristic peaks of form I in 5% mixture. Increase in area
ids in development of a rugged and precise method, especially
t lower concentrations. The quantification method developed
as found to be linear in the range of 0–100% (w/w) with LOD
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s low as 0.40% and LOQ of 1.22%. The overall assay error
5.2%), a combination of errors introduced by factors such as
nstrument reproducibility, inter- and intra-day variation, sample
ositioning, and sample packing was found to be lower than the
revious reported studies on quantification by PXRD, probably
ue to prior optimization of instrument and sample preparation
arameters. Through this method it would be possible to quantify
he polymorphic mixture of OLZ in bulk drug samples. It would
e of great interest to further develop quantification method for
olymorphic mixtures in the dosage form.

cknowledgements

Technical assistance provided by Mr. Ashish Chauhan, CIL,
IPER is highly acknowledged and one of the authors Garima
hawla thank the financial support in the form of senior research

ellowship provided by Council for Scientific and Industrial
esearch (CSIR), Government of India.

eferences

[1] G.A. Stephenson, R.A. Forbes, S.M. Reutzel-Edens, Adv. Drug. Deliv. Rev.
48 (2001) 67–90.
[2] International Conference on Harmonization (ICH) Harmonized Tripartite
Guideline, Specification: Test procedures and acceptance criteria for new
drug substances and new drug products: Chemical substances, 1999.

[3] G.G.Z. Zang, D. Law, E.A. Schmitt, Y. Qiu, Adv. Drug Deliv. Rev. 56
(2004) 371–390.

[
[
[
[

Biomedical Analysis 43 (2007) 865–872

[4] S.R. Vippagunta, H.G. Brittain, D.J.W. Grant, Adv. Drug Deliv. Rev. 48
(2001) 3–26.

[5] S.A. Kustrin, V. Wu, T. Rades, D. Saville, I.G. Tucker, Int. J. Pharm. 184
(1999) 104–114.

[6] R.J. Hill, C.J. Howard, J. Appl. Cryst. 20 (1987) 467–474.
[7] V.J. Hursta, P.A. Schroeder, R.W. Styron, Anal. Chim. Acta 337 (1997)

233–252.
[8] S.N.C. Roberts, A.C. Williams, I.M. Grimsey, S.W. Booth, J. Pharm.

Biomed. Anal. 28 (2002) 1149–1159.
[9] R.J. Baldessarini, F.I. Tarazi, in: J.G. Hardman, L.E. Limbird (Eds.), Good-

man and Gilman’s The Pharmacological Basis of Theraputics, McGraw-
Hill, Inc., New York, 1996, pp. 399–430.

10] S.M. Reutzel-Edens, J.K. Bush, P.A. Magee, G.A. Stephenson, S.R. Byrn,
Cryst. Growth Des. 3 (2003) 897–907.

11] C.A. Bunnell, US Patent 5,736,541 (1998).
12] International Conference on Harmonization (ICH) Harmonized Tripar-

tite Guideline, Note for guidance on validation of analytical procedures:
methodology, CPMP/ICH/281/95, 1996.

13] G.I. Polla, D.R. Vega, H. Lanza, D.G. Tombari, R. Baggio, A.P. Ayala,
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