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a b s t r a c t

It is well known that the control of the crystallization of drugs to ensure that only the approved and
desired polymorph is present in the formulation is a crucial point of a preformulation study. In this
regard, the aim of the present work is to devise a method for the quantification of the polymorphic purity
of nateglinide in mixtures formed by polymorphs H and B. In order to achieve this goal, binary systems of
known composition have been prepared and the melting peaks of both polymorphs have been recorded
eywords:
SC
ateglinide
olymorphism
urity

by differential scanning calorimetry. Experiments have determined that the method of preparation of
the mixtures has to be carefully evaluated. Indeed it has been shown that grinding the samples induces
transition from B to H form. Furthermore, it could be observed that the enrichment of the binary mixture
with H form is caused by heating. Therefore, after having prepared the mixture without grinding stage,
we propose a method to evaluate the content of H polymorph in mixture with the B one from the melting
uantification peak of B.

. Introduction

This paper is the completion of an in-depth physico-chemical
tudy of nateglinide [1,2] in that it constitutes an answer
o a common need in the pharmaceutical field to widen the
nowledge on the polymorphism [3–6]. The nateglinide, (−)-N-
(trans-4-isopropylcyclohexane carbonyl)-d-phenylalanine], is an
ral antidiabetic drug [7] to which recently the industry has paid
articular attention. In our previous studies [1,2] we have defined
he relationships of relative stability among the three known
ateglinide polymorphs (H, B and S) and we have found and char-
cterized new solid modifications of this drug.

Polymorphism is an important topic in the quality control of
harmaceutical products. It is well known that the control of
he crystallization of drugs to ensure that only the approved and
esired polymorph is present in the formulation is a crucial point
f a preformulation study. As a matter of fact, the regulatory author-
ties underline the importance to limit the polymorphic impurities
n the pharmaceutical materials. Since different polymorphs of the
ame active principle exhibit different physical properties, chem-
cal stability, solubility and dissolution rate, the presence of a

ifferent solid form may have an adverse impact on the manu-
acturing and on the performance of the pharmaceutical product.
he partial and unexpected formation of the alternative polymorph
ould occur during the crystallization process, for example as a con-
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sequence of an accidental temperature change, or be induced by
mechanical treatments used to prepare the dosage form. The aim of
the present work is to build a calibration line for the assessment of
the polymorphic purity of nateglinide in binary mixtures formed by
polymorphs H and B. In order to achieve this goal, binary systems of
known composition have been prepared and the melting enthalpy
has been determined by differential scanning calorimetry (DSC).

2. Materials and methods

2.1. Sample preparation

Nateglinide polymorphs B and H came from R&D samples (AMSA
S.p.A., Como, Italy).

Measurements have been performed both on the pure compo-
nents and on binary systems prepared according to three different
methods:

1) Ground mixtures: original H and B samples have been weighted
on a Mettler analytical balance to an accuracy of 0.01 mg and
then manually and gently mixed together in an agate mortar
in order to obtain a homogeneous system. The compositions of
these mixtures were H:B 20:80 and 80:20 (w:w).

2) Physical mixtures: original H and B samples first have been sepa-

rately ground in a mortar in order to break the particles blocks;
then, right amounts of the ground pure components have been
weighted and mixed in turbula (Willy A. Bachofen) for 20 min,
according to the following ratios: H:B 5:95, 10:90, 20:80, 40:60,
60:40 e 20:80 (w:w).

dx.doi.org/10.1016/j.jpba.2010.12.003
http://www.sciencedirect.com/science/journal/07317085
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Table 1
Onset temperatures (TB, TH), measured (�HB,mea, �HH,mea) and expected melting enthalpies on the basis of the ground mixtures compositions (�HB,ex, �HH,ex).

Composition TB (◦C) �HB,mea (J/g) �HB,ex (J/g) TH (◦C) �HH,mea (J/g) �HH,ex (J/g)

H:B = 20:80 128.4 ± 0.3 56.3 ± 3.4 71.7 138.1 ± 1.7 42.4 ± 5.4 19.2
H:B = 80:20 127.9 ± 0.5 8.7 ± 3.1 17.9 137.9 ± 0.8 88.2 ± 2.9 77.0

Table 2
Onset temperatures (TB, TH), measured (�HB,mea, �HH,mea) and expected melting enthalpies on the basis of the mixtures compositions (�HB,ex, �HH,ex).

Composition TB (◦C) �HB,mea (J/g) �HB,ex (J/g) TH (◦C) �HH,mea (J/g) �HH,ex (J/g)

H:B = 5:95 128.7 ± 0.1 79.0 ± 5.7 85.1 138.2 ± 0.1 13.9 ± 7.2 4.8
H:B = 10:90 128.3 ± 0.0 77.5 ± 0.4 80.6 138.4 ± 0.1 15.1 ± 0.7 9.6

138.3 ± 0.1 25.3 ± 3.6 19.2
138.8 ± 0.2 34.7 ± 3.4 38.5
139.7 ± 0.0 55.5 ± 5.1 57.7
138.7 ± 0.3 81.3 ± 3.2 77.0
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In the DSC curves of the physical mixtures the melting peaks
of both polymorphs are present too and their separation extent
again changes with modifying ˇ and system composition. With
compositions (H:B) between 5:95 and 40:60, the measurements
have been performed at 10 K/min because, with high ˇ, the peaks
H:B = 20:80 128.1 ± 0.1 70.0 ± 3.1 71.7
H:B = 40:60 128.8 ± 0.1 56.2 ± 3.1 53.8
H:B = 60:40 128.8 ± 0.1 35.6 ± 5.4 35.8
H:B = 80:20 128.3 ± 0.1 13.2 ± 3.4 17.9

) Binary systems directly prepared in the DSC pan: the pure H and
B samples have been directly weighted in the DSC pans for the
analyses in order to obtain samples with percentages of the two
forms covering the full composition range.

.2. Apparatus and experimental parameters

Thermal analyses were carried out with a DSC Q2000 appa-
atus interfaced with a TA 5000 data station (TA Instruments,
SA). The DSC instrument was calibrated using ultrapure (99.999%)

ndium (m.p. = 156.6 ◦C; �H = 28.54 J/g) as standard. The calorimet-
ic measurements were conducted with sealed standard aluminum
ans under a flow of nitrogen (3 L/h) at different heating rate (ˇ,
0–30 K/min). All the enthalpy values reported in this paper are an
verage of three or more experiments except for the data relating
o the binary systems directly prepared in the DSC pan.

. Results and discussion

.1. Ground mixtures

The thermal behaviour of the pure polymorphs B and H used in
his work is very similar to that described for the lots studied in our
revious work [1]. In particular, the B form melts at 128.9 ± 0.3 ◦C
ith enthalpy change of 89.6 ± 3.6 J/g, while the H form melts at

37.9 ± 0.4 ◦C with enthalpy change of 96.2 ± 3.0 J/g.
The DSC curves of ground mixtures show the melting peaks of

oth polymorphs. However, the separation extent of these peaks
onsiderably changes with modifying heating rate and system com-
osition. With the composition H:B 20:80 the measurements have
een performed at 10 K/min (Fig. 1) because, at higher ˇ, the peaks
re partially superimposed, while, with low ˇ, they are separated
y a small exothermal effect that is due to the crystallisation of the S
olymorph, as described by Bruni [1]. With the composition 80:20,
n the contrary, the best heating rate to obtain a good separation
etween the melting peaks proved to be 30 K/min (Fig. 2).

In Table 1 the onset temperatures (TB, TH) and the measured
�HB,mea, �HH,mea) enthalpy changes of the two melting peaks are
eported together with the expected values on the basis of the mix-
ures composition (�HB,ex, �HH,ex). The last have been calculated
sing the melting enthalpies here measured for the two pure solid
orms, B and H. From Table 1 it is clearly evident that the experi-

ental values are significantly different from the expected ones. In
articular, for both compositions, the enthalpy change measured

or the B form melting is lower than the expected value, while
he enthalpy change measured for the H form is higher than the
xpected one. These experimental evidences indicate that a transi-
ion from B polymorph to H polymorph has occurred. Two reasons
an be at the origin of this transition: (a) the milling of the two
Fig. 1. DSC curve at 10 K/min of a ground mixture with composition H:B = 20:80.

components in mortar, although performed without giving great
energy; (b) the heating of the mixture during the DSC analysis. In
order to identify the true cause, measurements have been carried
out on samples prepared through the other two methods described
in the experimental section, i.e. with no grinding stage.

3.2. Physical mixtures
Fig. 2. DSC curve at 30 K/min of a ground mixture with composition H:B = 80:20.
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Table 3
Onset temperatures (TB, TH), measured (�HB,mea, �HH,mea) and expected melting enthalpies on the basis of the compositions of the systems directly prepared in DSC pans
(�HB,ex, �HH,ex).

Composition TB (◦C) �HB,mea (J/g) �HB,ex (J/g) TH (◦C) �HH,mea (J/g) �HH,ex (J/g)

H:B = 3.5:96.5 130.0 81.7 86.5 139.2 6.0 3.4
H:B = 7.1:92.9 129.8 80.5 83.2 139.0 11.9 6.8
H:B = 7.7:92.3 129.4 81.5 82.7 138.7 14.2 7.4
H:B = 7.9:92.1 130.1 78.4 82.5 139.1 13.1 7.6
H:B = 8.2:91.8 129.9 78.3 82.2 138.7 12.7 7.9
H:B = 8.4:91.6 129.9 81.7 82.1 139.1 12.4 8.1
H:B = 14.4:85.6 130.0 73.6 76.7 139.1 21.6 13.8
H:B = 18.4:81.6 130.0 70.3 73.1 138.7 24.8 17.7
H:B = 19.6:80.4 130.0 69.6 72.0 139.2 24.4 18.8
H:B = 19.7:80.3 129.4 69.3 71.9 139.0 27.0 18.9
H:B = 20.5:79.5 129.9 69.3 71.2 139.2 26.3 19.7
H:B = 25.4:74.6 130.0 65.4 66.8 139.0 26.6 24.4
H:B = 27.3:72.7 129.9 62.1 65.1 139.4 34.2 26.3
H:B = 38.2:61.8 130.0 52.5 55.4 139.3 38.4 36.7
H:B = 44.7:55.3 130.3 48.9 49.5 140.3 45.8 43.0
H:B = 44.7:55.3 130.5 46.4 49.5 140.3 45.8 43.0
H:B = 44.8:54.6 130.0 46.2 49.4 139.4 49.4 43.1
H:B = 45.4:54.6 130.5 47.2 48.9 140.5 46.8 43.7
H:B = 60.8:39.2 130.4 33.0 35.1 140.5 60.9 58.5
H:B = 62.0:38.0 130.3 31.6 34.0 140.0 62.9 59.6
H:B = 68.6:31.4 130.9 26.8 28.1 140.9 68.4 66.0
H:B = 70.0:30.0 130.4 28.1 26.9 140.4 67.4 67.3
H:B = 80.9:19.1 130.4 15.8 17.1 141.1 80.7 77.8
H:B = 81.3:18.7 130.6 14.6 16.7 140.9 80.0 78.2
H:B = 85.2:14.8 128.5 9.2 13.3 138.3 84.5 82.0
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The linear regression of the two series of data are practically super-
imposed. Since the points obtained with the physical mixtures and
with the systems directly prepared in DSC pan are undistinguish-
able, it is possible to interpolate them with a single straight line
H:B = 88.2:11.8 130.2 9.9 10
H:B = 90.4:9.6 128.6 6.1 8
H:B = 92.8:7.2 128.7 4.2 6
H:B = 94.9:5.1 131.5 2.9 4

ecome superimposed, while, with low ˇ, a small exothermal effect
etween the melting peaks occurs which does not allow their right

ntegration. With composition (H:B) 60:40, on the contrary, the best
eating rate has proved to be 20 K/min, and with composition (H:B)
0:20, 30 K/min.

In Table 2 the onset temperatures (TB, TH) and the measured
�HB,mea, �HH,mea) enthalpy changes of the two melting peaks
re reported together with the ones expected on the basis of
he mixtures composition (�HB,ex, �HH,ex). Also in this case, the
xpected values have been calculated taking into account as melt-
ng enthalpies of the two polymorphs B and H 89.6 ± 3.6 and
6.2 ± 3.0 J/g, respectively. From Table 2 it can be inferred that:
a) the experimental values measured for the melting peak of B
olymorph nearly always agree with the expected ones, within the
xperimental error; (b) the experimental melting enthalpies of the
polymorph are significantly higher than the expected values for H

ontent up to 20%. Such a difference is no longer present at higher H
ontent. Since the differences observed between experimental and
xpected values are definitely higher in the case of ground mixtures
ith respect to what happens in the case of the physical mixtures, it

an be maintained that grinding plays a role in causing the polymor-
hic transition. Thus, this method of preparation of binary systems
ust be rejected.

.3. Binary systems directly prepared in the DSC pans

The calorimetric traces of the binary systems directly prepared
n DSC pan are qualitatively similar to those already described for
he physical mixtures. Also in this case the measurements have
een preformed at different ˇ, depending on the composition, in
rder to obtain the separation most suitable for the peaks integra-

ion.

In Table 3 the onset temperatures (TB, TH) and the measured
�HB,mea, �HH,mea) enthalpy changes of the two melting peaks are
eported together with the ones expected on the basis of the sys-
ems composition (�HB,ex, �HH,ex). It is evident that the differences
141.1 85.4 84.8
138.6 90.1 87.0
138.4 90.5 89.3
140.8 91.6 91.3

between the measured and expected enthalpies for the melting
of B polymorph are very low, although the measured values are
always but in one case lower than the expected ones. The differ-
ences between measured and expected enthalpies for the melting
of H polymorph are, both in absolute and relative terms, mostly
higher than those relating to B polymorph. It is worth underlying
that the measured melting enthalpy of H form is always higher than
the expected one. Fig. 3 shows the melting enthalpies of B form as a
function of the H form content both for the physical mixture (pre-
pared in turbula) and for the binary systems prepared in DSC pan.
Fig. 3. Melting enthalpy of form B measured for binary systems prepared in DSC
pan (squares) and for physical mixtures prepared in turbula (crosses) as a function
of the mass percentage of H form, their linear regression (solid line) and behaviour
expected on the basis of the composition of the system (dotted line).
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solid line in Fig. 3). The equation of this straight line is:

HB = −0.882%H + 86.7 (R2 = 0.9968) (1)

The theoretical straight-line (dotted line in Fig. 3) is:

HB = −0.896%H + 89.6 (R2 = 1)

The agreement between the behaviour of the two series of sam-
les (physical mixtures and binary systems prepared in the DSC
an) indicates that neither the preliminary treatment of the pure
amples neither the mixing in turbula is responsible for the poly-
orphic transition. We believe, on the contrary, that a limited

xtent of H phase formation is due to heating during DSC run.
ndeed it has been observed that the major deviation from the
xpected enthalpy occurs with measurements performed at low
eating rate. Such measurements had to be performed on samples
ith low H content in order to succeed in the separation of the
olymorphs melting peaks. As B form undergoes melting (128.9 ◦C)
he solid particles of H form grow from the melt and the H con-
ent of the system increases and this in turn causes the greater

elting enthalpy of the H form with respect to the expected value.
wing to this behaviour, the H form content cannot be determined

rom its melting peak but from that of B modification. In particu-
ar, the quantification of the polymorph H in mixture with the B

orm can be performed through the calibration straight-line (Eq.
1)) obtained from the melting enthalpy values measured for the
olymorph B and its nominal content in systems of known compo-
ition. The method is able to accurately determine the presence of
% impurity of H in a binary system.

[

[
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4. Conclusions

Experimental evidences have determined that the grinding of
samples containing both solid forms of nateglinide induces the
transition from polymorph B to H. The enrichment of the binary
systems with H form is caused also by heating. The quantification
of H polymorph in mixture with B can be performed by means of
DSC through the calibration straight-line obtained from the melt-
ing enthalpy values of B polymorph and the H nominal content in
mixtures of known composition.
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