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Abstract

Differential scanning calorimetry with the support of X-ray powder diffractometry was used as a screening technique for

testing the compatibility of picotamide (4-methoxy-N,N0-bis(3-piridinylmethyl)-1,3-benzenedicarboxamide) in the dehydrated

form with various pharmaceutical excipients for solid dosage forms. The effect of dry grinding, wet grinding (i.e. kneading)

and ageing on drug-excipient blends in the 1:1 (by weight) ratio on physicochemical and chemical stability of the drug was

investigated. Chemical compatibility was in general observed with exception of combinations with tartaric and ascorbic acid,

where acid/base interactions induced by heating were responsible for the drug degradation evidenced by the profound

modi®cation of the thermal effects of individual components. Analogous modi®cations (i.e. loss of melting peak of the drug)

in mixtures with polyvinylpyrrolidone were due to amorphization of picotamide with no substantial alteration of its chemical

integrity. Physical compatibility was seen in the systems with microcrystalline cellulose, corn starch, hydroxypropylmethyl-

cellulose and hydroxyethylcellulose where dehydrated picotamide was stable except under wet grinding conditions. In

combinations with sodium carboxymethylcellulose, veegum and arabic gum solid-state phase transformation of dehydrated

picotamide to monohydrate occurred also by simple blending, probably because of the weak interaction between excipient and

the associated water. # 1998 Elsevier Science B.V.

Keywords: Picotamide; Monohydrate; Compatibility; Pharmaceutical excipients; Differential scanning calorimetry; X-ray
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1. Introduction

Chemical and physicochemical interactions in the

solid-state between the active ingredient(s) and exci-

pients in pharmaceutical formulations can strongly

in¯uence the stability, dissolution rate and bioavail-

ability of solid dosage forms (tablet, capsules, gran-

ules or powders). Preformulation studies aimed at

pointing out possible drug-excipient interactions

are, therefore, essential to the development of fully

effective solid dosage forms. Differential scanning

calorimetry (DSC) is a useful technique to investigate

the physicochemical compatibility between an active

principle and pharmaceutical excipients [1±3].

Though DSC cannot replace chemical methods for

quantitative determination of drug concentration in

long-term stability tests, it gives fast and adequate data
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to classify acceptable and unacceptable excipients

through the appearance, shift, or disappearance of

endothermic or exothermic peaks, as well as variations

in the relevant enthalpy values, in DSC pro®les of

drug-excipient combinations [4±6]. In a preformula-

tion study aimed at developing tablet dosage forms of

4-methoxy-N,N0-bis(3-piridinylmethyl)-1,3-benzene-

dicarboxamide (picotamide), a ®brinolytic and

platelet antiaggregant agent given by mouth as mono-

hydrate [7] (Plactidil1), DSC was used as a screening

tool for the compatibility of this drug in the dehy-

drated state with some excipients commonly used in

solid pharmaceutical dosage forms. They were corn

starch, arabic gum, hydroxypropylmethylcellulose

(methocel), veegum, sodium carboxymethylcellulose,

microcrystalline cellulose (avicel), hydroxyethylcel-

lulose (natrosol), polyvinylpyrrolidone K30, polyvi-

nylpolypyrrolidone, tartaric acid and ascorbic acid.

DSC curves of the drug and individual excipients were

compared with those of each drug-excipient blend in

the 1:1 (by weight) ratio, which was chosen to max-

imize the likelihood of an interaction [2,8]. The effects

of intimate mixing, which was accomplished by dry

grinding or by slurring with ethanol (kneading), as

well as of ageing for 3 weeks at 608C, were also

investigated. X-ray powder diffraction analysis at

room temperature was used to complement and sup-

port the DSC results.

2. Experimental

2.1. Materials

Commercially available picotamide was twice

recrystallized from water±ethanol 8:1 (v/v) and dried

in an oven at 808C for 24 h to obtain the dehydrated

form (PICO), Tpeak,fus�135.5�0.48C, �Hfus�74.4�
2.2 J gÿ1 (7 runs). The excipients examined (polyvi-

nylpyrrolidone K30 (PVP K30)), polyvinylpolypyrro-

lidone (PVPXL), tartaric acid, ascorbic acid (Merck-

Schuchardt, D-Munchen); hydroxypropylmethylcel-

lulose (methocel), hydroxyethylcellulose (natrosol)

(Aqualon Italia, I-Castelmaggiore); sodium carboxy-

methylcellulose (NaCMC), microcrystalline cellu-

lose, (avicel) (Dow Chemical, Cincinnati, USA);

veegum F (Bayer-Italia, I-Milano); arabic gum, corn

starch (Carlo Erba, I-Milano)) were used as received.

2.2. Preparation of samples

Each material was sieved and the respective 75±

150 mm fraction was used. Physical mixtures

(300 mg) were prepared by blending equal amounts

of PICO and each excipient in an agate mortar with a

spatula. The blends were considered homogeneous

when the DSC traces of three samples from the same

preparation were superimposable within the limit of

experimental error. Co-ground mixtures were

obtained by triturating 100 mg of blend in the mortar

with a pestle for 10 min. Kneaded mixtures were

prepared by slurring 100 mg of blend with the mini-

mum amount of ethanol (1±2 ml) and triturating as

above to obtain a paste which was dried in a desiccator

(over P2O5 at room temperature and 20 mm Hg) to a

constant weight. The effect of ageing the drug-exci-

pient blends over a period of 3 weeks at 608C in an

oven was also evaluated.

2.3. Differential scanning calorimetry

Weighed samples (5±10 mg, Mettler M3 Microba-

lance) of the individual components or drug-excipient

combinations (75±150 mm sieve fraction) were

scanned in Al pans pierced with a perforated lid at

10 K minÿ1 in the 30±2008C temperature range under

static air, using a Mettler TA4000 apparatus equipped

with a DSC 25 cell.

2.4. X-ray diffractometry

X-ray powder diffraction patterns were obtained

with a Philips PW 1130 diffractometer (Cu Ka radia-

tion), at a scan rate of 28 minÿ1 over the 10±408 2�
range.

3. Results and discussion

On extended exposure to ambient conditions of

relative humidity (�50%) and temperature (�258C),

the dehydrated form of the drug tested (PICO) (see

Fig. 1, curve a) gave a solid-state phase transforma-

tion to monohydrate (PICO.H2O) with a decrease in

the aqueous solubility at 258C from 0.11 to

0.094 mg mlÿ1 [9]. PICO.H2O, the thermodynami-

cally stable modi®cation at room temperature, gave
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a DSC endothermal effect at 123.0�2.48C with an

associated dehydration enthalpy of 156�13 J gÿ1 (7

runs) and can be restored easily to PICO by heating in

an oven at 808C for 24 h (see Fig. 1, curve b). The

`dehydrated hydrate' [10] PICO retains the X-ray

diffraction pattern of the hydrate from which it was

derived (Fig. 2), so that the nature of a `pseudopoly-

morphic hydrate' for PICO.H2O according to the

classi®cation of Byrn [11] can be assumed. Except

for tartaric acid and ascorbic acid, all other excipients

examined exhibited a shallow, broad DSC endother-

mic effect in the 70±1408C temperature range due to

water loss (Table 1). Thermal parameters calculated

from DSC curves of individual components and drug-

excipient combinations, that is from freshly prepared

and aged blends and dry ground and kneaded (i.e. wet

ground) mixtures, are presented in Tables 1 and 2,

respectively. The anhydrous state of the drug was

maintained by blending and dry grinding with avicel

(Fig. 3(a)), corn starch, methocel or natrosol, indicat-
Fig. 1. DSC curves of (a) dehydrated picotamide (PICO), (b)

picotamide monohydrate (PICO.H2O) obtained from solid-state

phase transition of PICO under ambient conditions of relative

humidity (�50%) and temperature (�258C) and (c) PICO/

PICO.H2O mixture (i.e., sample of partially transformed PICO).

Fig. 2. X-ray diffraction patterns of (a) dehydrated picotamide

(PICO) and (b) picotamide monohydrate (PICO.H2O) obtained

from solid-state phase transition of PICO under ambient conditions

of relative humidity (�50%) and temperature (�258C).

Table 1

Thermal parameters of dehydrated picotamide (PICO) and

excipients tested

Sample Tpeak Tonset �fusH �dehydH

(8C) (8C) (J gÿ1) (J gÿ1)

PICO 135.3 130.7 75.6 ±

Corn starch 107.4 59.0 ± 246.5

Arabic gum 102.2 54.7 ± 267.4

Methocel 99.7 61.8 ± 101.0

Veegum 130.7 60.8 ± 121.4

NaCMC 101.0 56.8 ± 293.4

Avicel 115.7 72.0 ± 267.4

Natrosol 107.7 65.1 ± 137.8

PVP K30 105.6 66.8 ± 329.6

PVP XL 106.7 68.3 ± 303.2

Tartaric acid 171.9 169.9 215.4 ±

Ascorbic acid 192.0 190.4 210.3 ±
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ing compatibility of PICO with these excipients. Wet

conditions, i.e. kneading, were necessary to bring

about the solid-state transformation to PICO.H2O.

In the systems with NaCMC (Fig. 3(b)), veegum

and arabic gum, instead, hydration of the drug

occurred simply by blending. It can be attributable

to the mobility of water bound to these excipients as

re¯ected by the onset temperature of water loss which

for NaCMC, for example, was distinctly lower than for

avicel (Table 1). Phase transformation to PICO.H2O

was reversible because of the easy conversion to PICO

by heating at 1008C for 10 min (Fig. 3(b), curve 2b).

In freshly prepared and aged blends with polyvinyl-

pyrrolidone, PICO remained in the anhydrous state,

whilst in ground mixtures distinct interactions were

revealed by DSC (Fig. 4). In particular in the combi-

nation with PVP-XL, the dehydration peak of

PICO.H2O at about 1248C emerged (Fig. 4(b)) indi-

cating hydration of the drug which probably occurred

with the same mechanism assumed for avicel. In the

combination with PVP K30, instead, a profound mod-

i®cation of thermal effects with loss of the PICO

melting endotherm was seen (Fig. 4(a)). X-ray pow-

der diffraction patterns of the PICO-PVP K30 ground

mixtures kept at room temperature or at higher tem-

peratures (100, 110, 1208C) for 10 min revealed the

presence, respectively, of crystalline or amorphous

PICO (Fig. 5). This demonstrated the role of heating

Fig. 3. DSC curves of 1:1 (by weight) dehydrated picotamide

(PICO)/avicel (a) and PICO/sodium carboxymethylcellulose

(NaCMC) (b) combinations. Key: 1, excipient; 2, blend; 2b, blend

kept at 1008C for 10 min in an oven; 3, coground mixture; 4,

kneaded mixture; 5, aged blend. Curves (a) representative for the

systems of PICO with corn starch, hydroxypropylmethylcellulose

(methocel) and hydroxyethylcellulose (natrosol); curves (b)

representative for the systems of PICO with veegum and arabic

gum.

Fig. 4. DSC curves of 1:1 (by weight) dehydrated picotamide

(PICO)/PVP K30 (a) and PICO/PVP-XL (b) combinations. Key: 1,

excipient; 2, blend; 3, coground mixture; 4, kneaded mixture; 5,

aged blend.
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in promoting the amorphization of PICO dispersed

within the amorphous polymer. Such an effect has

been already described for other drugs such as

naproxen [12] and ketoprofen [13]. Since the chemical

integrity of the drug in the combinations with PVP was

not adversely affected, these interactions are not detri-

mental from pharmaceutical point of view [14] despite

the dramatic alteration of the thermal behaviour

pointed out by DSC. In the presence of acid excipients,

drug stability seemed to be seriously affected, when

the marked broadening and downshift of thermal

effects of individual components, followed by

exothermic or endothermic decomposition, present

even in DSC traces of freshly prepared blends, is

considered (Fig. 6). Acid±base interactions were

probably responsible for excipient incompatibility.

The salt formation with tartaric acid (pKa 2.99±

4.34) is in fact known [15] and it can be analogously

hypothesized with ascorbic acid (pKa 4.2). X-ray

diffraction showed, however, the absence of signi®-

cant interactions at room temperature not only in

freshly prepared blends but also in both aged and

mechanically treated samples (Fig. 7). Heating was

then the driving force of the decomposition process

between PICO and the partner of acidic character.

Fig. 5. X-ray diffraction patterns of dehydrated picotamide (PICO)

and 1:1 w/w mixed systems of PICO with PVP K30. Key: PICO

(a); PVP K30 (b); physical mixture (c); coground mixture (d);

PICO-PVP K30 coground mixture after 10 min heating at 1008C
(e) and 1208C (f).

Fig. 6. DSC curves of 1:1 (by weight) dehydrated picotamide

(PICO)/ascorbic acid (a) and PICO/tartaric acid (b) combinations.

Key: 1, excipient; 2, blend; 3, coground mixture; 4, kneaded

mixture; 5, aged blend.
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Transformation of powder PICO-ascorbic acid mix-

tures into rubbery non-pulverisable masses can, there-

fore, be ascribed to physical incompatibility rather

than to salt formation.

4. Conclusions

The results demonstrated the suitability of DSC as a

quick screening tool of candidate excipients at the

early stages of a formulation design. Although thermal

effects recorded at elevated temperatures must be

interpreted cautiously and may not be always relevant

at ambient conditions, DSC provides useful indica-

tions of the potential problems, so that an excipient

can be rejected, or if it is considered indispensable, the

nature of interactions with the active ingredient can be

investigated in depth.

In the case of PICO, compatibility with various

cellulose derivatives, corn starch, veegum and arabic

gum was demonstrated, as well as a facile transforma-

tion of dehydrated PICO to monohydrate in some

mixtures. On the other hand, drug stability was

strongly affected by the presence of tartaric and

ascorbic acids, as re¯ected by the profound modi®ca-

tions of thermal pro®les in the respective mixtures.

The marked interaction in ground mixtures with PVP

resulting in loss of melting endotherm of PICO, was

due to a heating-induced drug amorphization rather

than to chemical degradation, as con®rmed by the

X-ray diffraction patterns. X-ray powder diffractome-

try is, therefore, a valuable technique to support the

DSC results in preformulation studies.
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