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� Akadémiai Kiadó, Budapest, Hungary 2009

Abstract This work is part of a systematic study under-

taken to find and optimize a general method of detecting the

drug-excipient interactions, with the aim of predicting

rapidly and inexpensively the long term stability of a

pharmaceutical product and speed up its marketing. Here, in

particular, the compatibility of haloperidol with several

excipients (PVP, magnesium stearate and a-lactose) in

binary and ternary mixtures, both as prepared and ball-

milled, has been assessed by thermal methods, electron

microscopy, IR spectroscopy and X-ray diffraction. The

differences between the experimental behaviour of the

systems and that expected as weighted average of similarly

treated pure components are interaction indicators. The

DSC has proven to be, among the selected analytical tech-

niques, the most sensitive and specific in assessing the

compatibility. A strong interaction has been observed

between PVP and haloperidol. It is favoured by the

mechanical stress and is more evident in the composition

20:80. On the contrary, a-lactose and magnesium stearate

were found to be compatible with the drug.

Keywords Compatibility � DSC � Haloperidol �
Interaction � Thermal analysis

Introduction

In the formulation of a new solid drug, the suitable

excipients are selected on the basis of the technological

properties of the powder, of the required drug delivery

kinetics and of their compatibility with the drug. Com-

patibility studies are, therefore, a key step in accelerating

drug development. Subsequent changes in the formulation

as a result of unexpected stability problems lead to an

increase in the time and in the cost of drug development.

The chance of using a fast and reliable method for the

prediction of drug-excipient interaction remains an open

problem for the pharmaceutical industry [1–7].

In our previous works [8–11], we proposed a method, to

investigate drug-excipient interactions, which makes use of

several techniques: it has been shown that DSC is the best

technique in the search of interaction indicators. Indeed,

with a proper selection of experimental conditions DSC is

able to reveal the thermal changes which can result from an

interaction between the components in solid phase. Thus, it

is possible to detect compatibility directly on the mixtures,

without the time consuming step of annealing under stress

conditions. Furthermore, we [8–11] put into evidence that

the water vapour is an important factor which can induce

an interaction between the powders.

The present work is aimed to test the predictive ability

of the proposed method with a system containing, as a

model drug, haloperidol, an antipsychotic agent. Investi-

gations have been extended from binary to ternary mixtures

and the effects of mechanical activation on the interaction

have been considered.

Experimental

Haloperidol (99% purity) from Sigma-Aldrich has been

used. The commercial grade excipients are PVP (average

molecular mass 50,000 amu), magnesium stearate and

a-lactose monohydrate. All samples and their mixtures
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have been stored in closed plastic containers. Physical

mixtures have been prepared by mixing the components in

a turbula (W. A. Bachofen) at 96 rpm for 20 min. Binary

mixtures have two different compositions: drug:excipient

20:80 and 80:20 by mass. The compositions of ternary

mixtures (drug:excipient1:excipient2) are 20:40:40 and

80:10:10 by mass. Measurements were performed on

samples prepared as described and on samples ball milled

(BM samples) in a planetary mill (Pulverisette 7, Fritsh) for

2 h at 500 rpm (no ball milling was performed on samples

containing magnesium stearate).

Thermal measurements were performed with a TGA

2950 thermogravimetric analyzer and a DSC 2920 appa-

ratus (TA Instruments, USA) both interfaced with a TA

3100 data station. In DSC, standard open pans of alumin-

ium have been used as sample holder and reference.

Samples have been analyzed under a flow (3 L h-1) of dry

nitrogen and of nitrogen bubbled through water at room

temperature (wet nitrogen) with scanning rates (b) of 2 and

10 K min-1. At least three replicates of each measurement

have been performed. SEM micrographs were collected

with a Cambridge Stereoscan 200 on gold-sputtered sam-

ples. Diffuse reflectance FT-IR spectra have been collected

(4,000–400 cm-1) by a FT-IR system (Nicolet) equipped

with a diffuse reflectance cell (DRIFT collector, Spectra

Tech, UK). Each sample has been dispersed in about

500 mg of anhydrous KBr (97% in mass) and the resulting

powder was ground in an agate mortar.

X-ray diffraction (XRD) patterns have been recorded in

air at room temperature with a powder X-ray diffractom-

eter Bruker D5005 connected to a goniometer and a

graphite bent crystal monochromator (CuKa radiation).

Measurements were performed in the angular range

5 - 35�20 in the step scan mode (step width: 0.02�20).

Results

Pure components

Haloperidol

Haloperidol is constituted by flattened particles of roughly

hexagonal form and with the major dimension in the order

of 300 lm (Fig. 1a). The DSC curve (Fig. 2) shows a sharp

endothermic peak due to the melting (onset temperature:

152.3 �C; enthalpy change: 148.4 ± 2.5 J g-1). Such a

peak is unaffected either from the heating rate and from the

relative humidity in the DSC cell. TG measurements show

no mass change from room temperature to 180 �C (maxi-

mum temperature of the measurements) so demonstrating

that haloperidol does not undergo decomposition under the

melting.

When subjected to high energy milling, haloperidol

shows the break-down of most of its particles so that they

loose their hexagonal form. The DSC curve (Fig. 3) shows

an endothermic peak again that, however, shifts to at a lower

temperature (onset temperature: 150.4 �C) and with a lower

associated enthalpy (135.7 ± 4.1 J g-1). The XRD analysis

puts into evidence that both the relative intensities and the

HWHM of the diffraction peaks change even if the relevant

angular position does not appear to be sensibly affected by

Fig. 1 SEM pictures of haloperidol (a), PVP (b), haloperi-

dol:PVP = 20:80 (c) and haloperidol:PVP = 80:20 (d)
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Fig. 2 DSC curves of the system haloperidol:PVP in dry nitrogen at

10 K min-1 (a) and 2 K min-1 (b). Curve I: PVP; curve II: mixture

haloperidol:PVP = 20:80; curve III: mixture haloperidol:PVP =

80:20; curve IV: haloperidol
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Fig. 3 DSC curves of the high-energy milled system haloperi-

dol:PVP in dry nitrogen at 10 K min-1 (a) and 2 K min-1 (b). Curve

I: BM PVP; curve II: BM haloperidol:PVP = 20:80; curve III: BM

haloperidol:PVP = 80:20; curve IV: BM haloperidol
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milling: this fact allows one to conclude that the differences

in the melting peak do not reflect the formation of a new

crystalline phase but simply the partial amorphization of the

powder.

PVP

PVP powder consists of rounded, smooth particles of

diameter up to 100 lm with holes on the surface (Fig. 1b).

It has also to be noted that some of PVP particles are

broken and show quite rough edges. The water content of

PVP measured by TG ranges from 10.5 to 12.5%

depending on the relative humidity of the atmosphere

above the sample, the lowest value being referred to the

measurement performed under dry nitrogen (i.e. with rel-

ative humidity &0%) because some water is lost during

sample handling before recording mass, while the highest

value is obtained in wet nitrogen when the sample re-

hydrates. At &150 �C a slightly sloping trend sets up in

the TG curve that is due to a slow decomposition process

taking place in such a temperature range. Also the broad

endothermic DSC peak associated with water loss changes

with the relative humidity of the atmosphere above the

sample in the DSC cell: so, at 2 K min-1, the peak ends at

60 �C in dry nitrogen, while the same peak only ends at

110 �C in wet nitrogen. Its enthalpy value is not correctly

measurable due to the lack of a long enough baseline

before the peak to perform its integration.

High energy milling of pure PVP causes the break-down

of the original spherical particles and the mass loss recor-

ded in TG increases due to moisture intake during milling.

No significant changes are evident in the DSC trace of pure

milled PVP.

Magnesium stearate

The magnesium stearate powder is constituted by thin

flakes of irregular shape welded in clusters not bigger than

50 lm (Fig. 4a). The DSC curve (Fig. 5) shows, on heat-

ing, the following events: a broad endothermic hump cor-

responding to the loss of a small amount (& -0.5% in

mass from the correspondent TG run) of surface water;

two, partially overlapping, DSC broad peaks corresponding

to the loss of structural water (& -4.0% in mass from the

correspondent TG run); a peak at 110 �C due to the melting

of magnesium stearate followed by a minor endothermic

peak due to the melting of magnesium palmitate (often

present as impurity in commercial lots of magnesium

stearate); melting of pseudo-polymorphs of magnesium

stearate and magnesium palmitate above 140 �C. The

shape of the DSC curve sensibly depends on experimental

conditions such as heating rate and relative humidity in the

DSC cell: namely the temperature and the shape of the

peaks due to the dehydration are both affected by these

parameters. Because of the overlapping of dehydration and

melting phenomena and the consequent complexity of the

thermal traces, we decided to characterize the thermal

behaviour of magnesium stearate by reporting the overall

enthalpy change (in the temperature range 50–140 �C): the

mean value of 237.4 ± 4.1 J g-1 has been obtained inde-

pendently of heating rate and of relative humidity

atmosphere.

Fig. 4 SEM pictures of magnesium stearate (a), haloperidol: mag-

nesium stearate = 20:80 (b) and haloperidol: magnesium stearate =

80:20 (c)
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Fig. 5 DSC curves of the system haloperidol:magnesium stearate at

10 K min-1 in dry nitrogen (a), at 10 K min-1 in wet nitrogen (b), at

2 K min-1 in dry nitrogen (c) and at 2 K min-1 in wet nitrogen (d).

Curve I: magnesium stearate; curve II: mixture haloperidol:magne-

sium stearate = 20:80; curve III: mixture haloperidol: magnesium

stearate = 80:20; curve IV: haloperidol
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a-Lactose monohydrate

The a-lactose powder is constituted by granules with

irregular shape and size (Fig. 6a). TG results show that it

contains 5% in mass of water, which corresponds to the

water content expected for the monohydrate form. Indeed

the DSC curve (Fig. 7) shows a broad endothermic peak,

with a shoulder towards low temperature, that is reasonably

due to such water loss. This peak is followed by an

endothermic–exothermic effect at about 170 �C. The

endothermic component can be assigned to melting of the

unstable form of the anhydrous a-lactose that is the

product, besides the stable form of the anhydrous a-lactose,

of the dehydration of the hydrate crystals. The exothermic

component can be assigned instead to the crystallization of

the b:a-lactose compound (1:1 molar). Clearly the deter-

mination of the melting enthalpy is not possible so that we

decided to characterize the thermal behaviour of a-lactose

monohydrate by reporting the enthalpy change of the

dehydration peak. It is 155.8 ± 7.6 J g-1 with runs at

heating rate of 10 K min-1 and is 176.1 ± 3.6 J g-1 at

2 K min-1. No sensible influence of relative humidity of

DSC cell has to be reported.

After milling, the thermal effects are shifted to low

temperatures, especially when b is 2 K min-1; the dehy-

dration enthalpy values become 141.6 ± 6.3 J g-1 in dry

nitrogen and 168.0 ± 0.3 J g-1 in wet nitrogen atmosphere

at both heating rate.

Binary systems

Haloperidol:PVP system

Haloperidol:PVP = 20:80 Positive indicators of inter-

actions come from both DSC and TG runs. Namely:

(a) the melting peak of haloperidol (Fig. 2) is broader

than in the pure drug and its onset temperature is

lowered, respectively, to 135.3 �C (b = 10 K min-1)

and to 128.9 �C (b = 2 K min-1). Furthermore, a

38% decrease of the mean melting enthalpy is

recorded with respect to the value calculated on the

basis of the melting enthalpy of pure haloperidol

(Table 1);

(b) the sloping trend of the TG baseline that begins, in

pure haloperidol, at 150 �C, can be observed at

130 �C in the TG curve of the physical mixture.

On the contrary no clear-cut interaction evidence has

been obtained from FT-IR, XRD and SEM experiments.

Indeed the FT-IR spectrum of the mixture does not show

clearly the peaks and the bands characteristic of the drug

that are embedded in the spectral features of the excipient.

The XRD peaks of the drug are all present in the pattern of

the mixture: simply there are differences in their relative

intensities with respect to the patterns of pure drug. SEM

micrographs (Fig. 1) do not show any interaction evidence.

Fig. 6 SEM pictures of a-lactose (a), haloperidol:a-lactose = 20:80

(b) and haloperidol:a-lactose = 80:20 (c)
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Fig. 7 DSC curves of the system haloperidol:a-lactose at

10 K min-1 in dry nitrogen (a), at 10 K min-1 in wet nitrogen (b),

at 2 K min-1 in dry nitrogen (c) and at 2 K min-1 in wet nitrogen

(d). Curve I: a-lactose; curve II: mixture haloperidol:a-lac-

tose = 20:80; curve III: mixture haloperidol:a-lactose = 80:20;

curve IV: haloperidol

Table 1 Calorimetric data of the system haloperidol:PVP

Haloperidol:PVP

system composition

DHexperimental/J g-1 DHexpected/J g-1

20:80 18.3 ± 0.5 29.7

80:20 97.0 ± 2.0 118.7
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The melting parameters attributable to haloperidol

change even more in the DSC trace of the milled mixture

(Fig. 3): the onset temperature has become 108.2 �C (at

b = 10 K min-1) and 104.0 �C (at b = 2 K min-1) and

moreover the enthalpy change is only 12% of the expected

value calculated on the basis of the melting enthalpy of the

drug subjected to high energy milling too.

On the contrary, the FT-IR and XRD spectra of the ball-

milled mixture are the sum of the effects typical of the

milled pure components. The SEM pictures show aggre-

gates in which it is not possible to distinguish the particles

of the drug and those of the excipient.

Haloperidol:PVP = 80:20 The melting peak of halo-

peridol shows a low temperature shoulder (Fig. 2). The

onset temperature of such a shoulder corresponds to that of

the peak present in the mixture 20:80. The total enthalpy

change is about 18% lower than expected in case of no

interaction between components (Table 1). The TG anal-

yses do not show any evidence of interaction, i.e. the mass

losses are those expected for the amount of PVP in the

mixture.

The FT-IR spectrum corresponds to the weighted sum of

the signals of the pure components. The XRD pattern

shows all the peaks expected for the drug: however, their

relative intensities are somewhat changed. No interaction

evidence is apparent from SEM micrographs (Fig. 1).

After milling: the low temperature shoulder associated

to the main endothermal effect is significantly anticipated

(Fig. 3); the total enthalpy is about 17% lower than the

value expected for the mixture prepared with milled hal-

operidol. The FT-IR and XRD spectra of the milled mix-

ture present the effects of the milled pure components. The

particles of drug and excipient are no more distinguishable

at the SEM analysis. Thus, it seems that the effect of

milling vanishes in the case of the 80:20 mixture. Here the

drug content of the mixture is higher and plays a deciding

role in absorbing itself the mechanical energy rather than

converting such a mechanical energy to the interaction

process.

Summarizing, clear signals of interaction are found for

the haloperidol:PVP system from thermal measurements.

The interaction is also more evident as a consequence of

milling with the composition 20:80.

Haloperidol:magnesium stearate system

Haloperidol:magnesium stearate = 20:80 In the DSC

curves of the physical mixture the thermal effects of both

pure components are present and the characteristic temper-

atures and the enthalpic change values are those expected in

case of no interaction (Fig. 5; Table 2). A good agreement

between experimental and expected values is obtained also

with the thermogravimetric data. The FT-IR and XRD

spectra look like the sum of the pure components spectra.

SEM pictures (Fig. 4) do not show any interaction evidence.

Haloperidol:magnesium stearate = 80:20 Also for this

composition no evidences of interaction are observed

(Figs. 4, 5; Table 2).

The results put into evidence that haloperidol is com-

patible with magnesium stearate.

Haloperidol:a-lactose system

Haloperidol:a-lactose = 20:80 The calorimetric curve

shows the thermal effects of both pure components in

the respective experimental conditions (Fig. 7). When

b = 10 K min-1, the drug melting and the excipient dehy-

dration partially overlap and the total enthalpic change is

compared with the weighted mean of the DH values mea-

sured for the pure components (Table 3). At 2 K min-1 the

effects are well separated but the melting peak of haloperidol

shows an exothermal return that does not allow a correct

integration. In this case only the dehydration peak can be

considered for a quantitative comparison. Negative quanti-

tative interaction indicators are obtained for both the heating

Table 2 Calorimetric data of the system haloperidol:magnesium stearate

Haloperidol:magnesium

stearate System composition

Magnesium stearate Haloperidol

DHexperimental/J g-1 DHexpected/J g-1 DHexperimental/J g-1 DHexpected/J g-1

20:80 188.1 ± 6.8 189.9 29.7 ± 0.8 29.7

80:20 48.7 ± 1.3 47.5 117.5 ± 1.9 118.7

Table 3 Calorimetric data of the system haloperidol:a-lactose

Haloperidol:a-lactose

system composition

DHexperimental/

J g-1
DHexpected/

J g-1

10 K min-1, melting ? dehydration

20:80 159.8 ± 7.9 154.3

80:20 144.2 ± 4.4 149.9

2 K min-1, dehydration

20:80 144.5 ± 5.6 140.9

80:20 34.5 ± 1.4 35.2
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rates. The mass change measured by thermogravimetry

agrees with the value expected in case of no interaction. FT-

IR, XRD and SEM (Fig. 6) do not suggest interaction.

Thermal, spectroscopic and diffractometric evidences

show that the ball-milling does not cause any interaction

between the components (Fig. 8). The SEM pictures show

aggregates in which it is not possible to distinguish the

particles of the drug and those of the excipient.

Haloperidol:a-lactose = 80:20 For the physical mixture

of this composition, the same remarks shown for mixture

20:80 are true (Figs. 6 and 7).

It can be claimed that in the system haloperidol-a-

lactose monohydrate there is compatibility between

components.

Ternary Systems

Haloperidol:PVP:magnesium stearate system

Haloperidol:PVP:magnesium stearate = 20:40:40 The

SEM picture (Fig. 9a) shows haloperidol and PVP particles

mostly covered by magnesium stearate flakes. The contri-

bution of all the components is identifiable in the

DSC curve of the ternary mixture (Fig. 10). When

b = 2 K min-1, the peak attributable to haloperidol melt-

ing is 10� below the expected value. The measured melting

enthalpies, in all experimental conditions, are lower (Table

4) than the expected ones (by more than 29% for mea-

surements in dry nitrogen and by 36% in wet nitrogen). The

degree of interaction is of about the same order than the

one measured for the binary system haloperidol:PVP.

The peaks of magnesium stearate are reduced by at least

28%. The mass loss recorded is slightly lower than the

expected value. The FT-IR spectrum is similar to that of

magnesium stearate and the peaks of the other components

are not seen. No XRD anomalies are noted.

Haloperidol:PVP:magnesium stearate = 80:10:10 The

SEM micrograph shows the magnesium stearate flakes

attached to the particles of the other components (Fig 9b).

The thermal behaviour of the mixture 80:10:10 is additive

only from a qualitative point of view (Fig. 11). Quantita-

tively the peaks of magnesium stearate are reduced by 30%

and that of haloperidol by 11% in dry nitrogen and by 16%

in wet nitrogen (Table 4). No evidence of interaction

emerges from TG data. FT-IR and XRD are those predicted

by no interaction hypothesis.

Thus, the thermal measurements suggest that the pres-

ence of magnesium stearate does not increase the interac-

tion between haloperidol and PVP, while the presence of

PVP affects the behaviour of magnesium stearate (con-

siderable decrease in its DSC peaks intensity).
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Fig. 8 DSC curves of the milled system haloperidol:a-lactose at

10 K min-1 in dry nitrogen (a), at 10 K min-1 in wet nitrogen (b), at

2 K min-1 in dry nitrogen (c) and at 2 K min-1 in wet nitrogen

(d).Curve I: BM a-lactose; curve II: BM mixture haloperidol:

a-lactose = 20:80; curve III: BM mixture haloperidol:a-lactose =

80:20; curve IV: BM haloperidol

Fig. 9 SEM pictures of haloperidol:PVP:magnesium stearate =

20:40:40 (a) and haloperidol:PVP:magnesium stearate = 80:10:10

(b)
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Fig. 10 DSC curves of the system haloperidol:PVP:magnesium

stearate = 20:40:40 at 10 K min-1 in dry nitrogen (a), at 10 K min-1

in wet nitrogen (b), at 2 K min-1 in dry nitrogen (c) and at

2 K min-1 in wet nitrogen (d). Curve I: mixture haloperidol:PVP:

magnesium stearate = 20:40:40; curve II: magnesium stearate; curve

III: PVP; curve IV: haloperidol
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Haloperidol:PVP:a-lactose monohydrate system

Haloperidol:PVP:a-lactose monohydrate = 20:40:40 The

SEM analysis suggests that the small a-lactose particles are

adherent to those of haloperidol and PVP (Fig. 12a). In

the calorimetric curve of the mixture, the dehydration peak

of a-lactose monohydrate and that of haloperidol melting

partially overlaps (Fig. 13). The total enthalpy of the

resulting signal is compared with the weighted mean of the

enthalpies of pure components. The difference between

the expected and measured values is of the order of 25%

(Table 5). The TG curve records two steps of mass loss:

the first one, caused by dehydration of PVP, ends within

90 �C and the second one, due to a-lactose monohydrate, is

in the 100–160 �C range. The mass changes measured in

both steps are those predicted by the no interaction hypoth-

esis. No evidence of interaction is seen in FT-IR and XRD

data.

As a consequence of milling, the total enthalpy change

measured for the effects of the a-lactose dehydration and

haloperidol melting is reduced by about 30% with respect

to the value expected for the mixture of the milled pure

components (Fig. 14). Negative quantitative interaction

indicators are obtained from FT-IR and XRD. The SEM

pictures show aggregates in which it is not possible to

distinguish the particles of the components.

Table 4 Calorimetric data of the system haloperidol:PVP:magnesium stearate

System composition Magnesium stearate Haloperidol

DHexperimental/J g-1 DHexpected/J g-1 DHexperimental/J g-1 DHexpected/J g-1

20:40:40 57.2 ± 5.3 95.0 21.0 ± 1.1 29.7

80:10:10 16.5 ± 0.8 23.7 105.0 ± 2.9 118.7
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Fig. 11 DSC curves of the system haloperidol:PVP:magnesium

stearate = 80:10:10 at 10 K min-1 in dry nitrogen (a), at 10 K min-1

in wet nitrogen (b), at 2 K min-1 in dry nitrogen (c) and at

2 K min-1 in wet nitrogen (d). Curve I: mixture haloperidol:PVP:

magnesium stearate = 80:10:10; curve II: magnesium stearate; curve

III: PVP; curve IV: haloperidol

Fig. 12 SEM pictures of haloperidol:PVP:a-lactose = 20:40:40 (a)

and haloperidol:PVP:a-lactose = 80:10:10 (b)
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Fig. 13 DSC curves of the system haloperidol:PVP:a-lactose =

20:40:40 at 10 K min-1 in dry nitrogen (a), at 10 K min-1 in wet

nitrogen (b), at 2 K min-1 in dry nitrogen (c) and at 2 K min-1 in

wet nitrogen (d). Curve I: mixture haloperidol:PVP:a-lac-

tose = 20:40:40; curve II: a-lactose; curve III: PVP; curve IV:

haloperidol

Table 5 Calorimetric data of the system haloperidol:PVP:a-lactose

System composition DHexperimental/J g-1 DHexpected/J g-1

10 K min-1

20 :40 :40 71.0 ± 4.0 92.0

80:10:10 105.9 ± 0.5 134.3

2 K min-1

20:40:40 73.3 ± 2.9 100.1

80:10:10 102.1 ± 0.6 136.3
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Haloperidol:PVP:a-lactose monohydrate = 80:10:10 For

the physical mixture of this composition, the same remarks

shown for mixture 20:40:40 are true (Figs. 12b, 15 and 16;

Table 5).

In the milled mixture the difference between the

enthalpy change measured and expected is about 15%.

The study of this ternary system suggests that the

presence of a-lactose does not induce further interaction

with respect to that observed in the binary system

haloperidol:PVP.

Haloperidol:magnesium stearate:a-lactose monohydrate

system

Haloperidol:magnesium stearate:a-lactose monohydrate =

20:40:40 The SEM micrograph shows the haloperidol

crystals covered by the magnesium stearate and a-lactose

monohydrate particles (Fig. 17a).

In the DSC curve of the ternary mixture the effects

typical of pure components overlap (Fig. 18) and the total

enthalpy perfectly agrees with the weighted mean of the

values of pure components (Table 6). The TG data too are

those predicted by the no interaction hypothesis. No evi-

dence of interaction is seen in FT-IR and XRD patterns.

Haloperidol:magnesium stearate:a-lactose monohydrate

80:10:10 For this composition, the same remarks shown

for mixture 20:40:40 are true (Figs. 17b and 19; Table 6).

It can be claimed that haloperidol is compatible with the

concurrent presence of magnesium stearate and a-lactose.
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Fig. 14 DSC curves of the milled system haloperidol:PVP:a-lac-

tose = 20:40:40 at 10 K min-1 in dry nitrogen (a), at 10 K min-1 in

wet nitrogen (b), at 2 K min-1 in dry nitrogen (c) and at 2 K min-1

in wet nitrogen (d). Curve I: BM haloperidol:PVP:a-lac-

tose = 20:40:40; curve II: BM a-lactose; curve III: BM PVP; curve

IV: BM haloperidol
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Fig. 15 DSC curves of the system haloperidol:PVP:a-lactose =

80:10:10 at 10 K min-1 in dry nitrogen (a), at 10 K min-1 in wet

nitrogen (b), at 2 K min-1 in dry nitrogen (c) and at 2 K min-1 in

wet nitrogen (d). Curve I: mixture haloperidol:PVP:a-lactose =

80:10:10; curve II: a-lactose; curve III: PVP; curve IV: haloperidol
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Fig. 16 DSC curves of the milled system haloperidol:PVP:a-

lactose = 80:10:10 at 10 K min-1 in dry nitrogen (a), at 10 K min-1

in wet nitrogen (b), at 2 K min-1 in dry nitrogen (c) and at 2 K min-1 in

wet nitrogen (d). Curve I: BM haloperidol:PVP:a-lactose = 80:10:10;

curve II: BM a-lactose; curve III: BM PVP; curve IV: BM haloperidol

Fig. 17 SEM pictures of haloperidol:magnesium stearate:a-lac-

tose = 20:40:40 (a) and haloperidol:magnesium stearate:a-lac-

tose = 80:10:10 (b)
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Conclusions

A broad range of analytical techniques has been applied to

the study of binary and ternary mixtures containing halo-

peridol as model drug. The analyses have been carried out

on both drug-poor and drug-rich mixtures and on untreated

and ball-milled mixtures in order to investigate the influ-

ence of the system composition and of the mechanical stress

on the interaction between the components. As in our pre-

vious works [8–11], also in this case the DSC has proven to

be, among the selected analytical techniques, the most

sensitive and specific in picking out interaction indicators.

The utility of this technique is related also to its capacity to

provide quantitative indicators in addition to qualitative

indicators. Our measurements put into evidence that PVP

interacts with haloperidol. The interaction is favoured by

the mechanical stress and is more evident in the composi-

tion 20:80. On the contrary, a-lactose and magnesium

stearate were found to be compatible with the drug.
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Fig. 18 DSC curves of the milled system haloperidol:magnesium

stearate:a-lactose = 20:40:40 at 10 K min-1 in dry nitrogen (a), at

10 K min-1 in wet nitrogen (b), at 2 K min-1 in dry nitrogen (c) and

at 2 K min-1 in wet nitrogen (d). Curve I: mixture haloperidol:mag-

nesium stearate:a-lactose = 20:40:40; curve II: a-lactose; curve III:

magnesium stearate; curve IV: haloperidol

Table 6 Calorimetric data of the system haloperidol:magnesium

stearate:a-lactose

Composition DHexperimental/J g-1 DHexpected/J g-1

10 K min-1

20:40:40 176.8 ± 4.2 187.1

80:10:10 156.9 ± 1.8 158.4

2 K min-1

20:40:40 198.8 ± 7.8 195.1

80:10:10 157.9 ± 4.5 160.7
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Fig. 19 DSC curves of the milled system haloperidol:magnesium

stearate:a-lactose = 80:10:10 at 10 K min-1 in dry nitrogen (a), at

10 K min-1 in wet nitrogen (b), at 2 K min-1 in dry nitrogen (c) and

at 2 K min-1 in wet nitrogen (d). Curve I: mixture haloperidol:mag-

nesium stearate:a-lactose = 80:10:10; curve II: a-lactose; curve III:

magnesium stearate; curve IV: haloperidol

Drug-excipient compatibility studies in binary and ternary mixtures 201

123


	Drug-excipient compatibility studies in binary and ternary mixtures by physico-chemical techniques
	Abstract
	Introduction
	Experimental
	Results
	Pure components
	Haloperidol
	PVP
	Magnesium stearate
	 alpha -Lactose monohydrate

	Binary systems
	Haloperidol:PVP system
	Haloperidol:PVP = 20:80
	Haloperidol:PVP = 80:20

	Haloperidol:magnesium stearate system
	Haloperidol:magnesium stearate = 20:80
	Haloperidol:magnesium stearate = 80:20

	Haloperidol: alpha -lactose system
	Haloperidol: alpha -lactose = 20:80
	Haloperidol: alpha -lactose = 80:20


	Ternary Systems
	Haloperidol:PVP:magnesium stearate system
	Haloperidol:PVP:magnesium stearate = 20:40:40
	Haloperidol:PVP:magnesium stearate = 80:10:10

	Haloperidol:PVP: alpha -lactose monohydrate system
	Haloperidol:PVP: alpha -lactose monohydrate = 20:40:40
	Haloperidol:PVP: alpha -lactose monohydrate = 80:10:10

	Haloperidol:magnesium stearate: alpha -lactose monohydrate system
	Haloperidol:magnesium stearate: alpha -lactose monohydrate = 20:40:40
	Haloperidol:magnesium stearate: alpha -lactose monohydrate 80:10:10



	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


