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Summary

During a preformulation programme the effect of atmospheric moisture on pyridoxal HCI (PL) was investigated. A complete
moisture sorption isotherm was derived for PL at 25 ° C. In addition, PL samples were stored at 11 and 75% relative humidity (RH)
for 2 weeks. Changes in the samples were detected by differential scanning calorimetery (DSC), infrared spectroscopy (IR) and
scanning electron microscopy (SEM). DSC and IR studies provided strong evidence of two polymorphic forms of PL. In addition,
DSC thermograms of the samples stored at 75% RH showed changes indicative of a partial polymorphic transformation; further,
these changes in crystal habit were observed in the SEM study. The moisture sorption isotherm shows an abrupt decrease in
moisture content in the region of 57-68% RH. This may correspond to the formation of the less hygroscopic, stable polymorph. PL
is physically unstable at elevated levels of moisture, however, exposure to certain levels of RH may enhance its stability due to

transformation of polymorphs.

The goals of the preformulation program are
to establish the necessary physicochemical pa-
rameters of a drug substance, its kinetic rate
profile, physical characteristics and compatibility
with common excipients. Physicochemical studies
are usually associated with great precision and
accuracy and would include pK (if it is an acid or
base), solubility, melting point and polymorphism,
vapour pressures (enthalpy of vaporisation), sur-
face characteristics and hygroscopicity. Hygro-
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scopicity is, of course, an important characteristic
of many pharmaceutical substances and it can be
shown that solubility and heat of solution play an
important role in what is conceived as ‘hygro-
scopicity’ (Van Campen et al., 1983a—c).

Studies of the hygroscopic nature of a solid
drug are important as solids containing residual
moisture exhibit significant changes in many
physicochemical properties relative to their dry
state (Zografi and Kontny, 1986). A possible
mechanism whereby moisture can cause such
changes is through the promotion of polymorphic
transformations. Changes in the crystal lattice
structures of drugs and excipients may also pro-
duce alterations in the solubility, chemical stabil-
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ity, physicomechanical properties and dissolution
characteristics of solid dosage forms. Conse-
quently, these changes may influence the bio-
availability and therapeutic efficacy of the drug
(Thoma and Serno, 1984). Furthermore, the pres-
ence of moisture is very important if a compound
exhibits polymorphism, as the various crystal
forms can show significant differences in hygro-
scopicity (Miyazaki et al., 1974; Imaizumi et al.,
1980).

Thus, identification of such hygroscopic differ-
ences during preformulation is important as
moisture is considered to be the most deleterious
environmental factor causing instability in solid
dosage forms (Monkhouse, 1984). During a pre-
formulation investigation of pyridoxal HCI (PL),
strong evidence indicative of at least two poly-
morphic forms of PL emerged. This evidence is
presented here together with a study of the equi-
librium hygroscopicity of PL and the effect of
moisture on the two physical forms of PL.

PL as supplied (Fluka AG, Buchs) was exam-
ined by differential scanning calorimetry (DSC)
(Mettler TA 3000 system), thermogravimetric
analysis (TGA) (Dupont 9900 system) and in-
frared (IR) spectroscopy (Nicolet FDX spec-
trophotometer). To obtain DSC thermograms,
samples of PL (2-5 mg) were hermetically sealed
in standard aluminium pans and heated from 30
to 200° C at a rate of 7°C/min. Hermetic seal-
ing is essential as this suppresses the pyrrolytic
degradation which normally accompanies the
melting of PL. For IR spectroscopy, PL was in-
corporated in a KBr pellet and analysed over the
wavenumber range 400-4600 cm™'. TLC was em-
ployed to ascertain whether PL decomposition
had occurred during DSC scanning. Silica gel
HF60 (Merck) chromatoplates, chloroform :
methanol (75:25) as mobile phase and visualisa-
tion by UV light (254 nm) were used.

Moisture sorption studies were carried out as
follows; nine controlled humidity environments
were created by equilibrating various saturated
salt solutions in hygrostats at 25°C. Samples of
PL (predried at reduced pressure over phospho-
rus pentoxide for 24 h) in open glass vials were
equilibrated at the various relative humidity (RH)
levels for 12 days. Percentage moisture content
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Fig. 1. DSC thermograms of PL as supplied (a) and heated to
175° C, solidified and reheated (b).

was then measured by Karl Fischer titration
(Mettler DL 18 titrator). Additional samples were
stored at 11 and 75% RH at 25 and 40°C, respec-
tively, and analyzed by DSC as described above.
The samples were also studied for surface charac-
terisation by SEM (Jeol JSM 840 scanning elec-
tron microscope).

Fig. l1a shows the DSC thermogram of PL (as
supplied). An additional sample of PL was heated
to 175°C, its approximate exothermic peak tem-
perature, and then solidified by cooling. Upon
reheating of the solidified sample, only one peak
corresponding to the second endothermic peak of
the initial thermogram (Fig. la) appeared (Fig.
1b). Such thermograms are characteristic of
monotropic polymorphic transformations involv-
ing the melting of the metastable form II (endo-
thermic) and crystallisation of the stable form I
from the melt (Giron-Forest, 1984). The second
endothermic peak in Fig. 1 indicates the melting
of form 1. Decomposition reactions and oxidation
could be discounted as causes of the exothermic
peak. This was confirmed by TLC analysis of
samples heated to 175°C in hermetically sealed
pans indicating no decomposition products.
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Fig. 2. (a) TGA and (b) first derivative DTGA trace of PL.

Transformations of this nature have also been
previously reported for sulphamethoxypyridazine
(Maury et al., 1985), carbamazepine (Krahn and
Mielck, 1987) and a dibenzoxazepine compound
(Gibbs et al., 1976). The presence of pseudopoly-
morphism was ruled out as no weight loss indica-
tive of desolvation occurred before melting as
illustrated by TGA analysis (Fig. 2). The rapid
weight loss coinciding with melting can be at-
tributed to the pyrrolytic decomposition accom-
panying the melting process, in agreement with
published reports (Windholz et al., 1983). Slight
differences between PL (as supplied) and heated
and resolidified PL (form I) can also be discerned
from the IR spectra (see Fig. 3).

)
T T 777 T
2200 1800 800 600
Wavenumbers (cm-?)

Fig. 3. IR spectra of PL as supplied (a) and resoliditied PL
(b).
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Fig. 4. Moisture sorption isotherm of PL at 25°C. (n =3,
P <0.1).
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Fig. 5. DSC traces of PL (a) as supplied; (b) stored at 25°C,

11% RH; (c) stored at 25°C, 75% RH; (d) stored at 55°C,

11% RH and (e) stored at 55°C, 75% RH. Peak temperatures

and ratio of the enthalpies for these traces are presented in
Table 1.
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Fig. 6. Electron micrographs of PL: (A) stored at 11% RH and (B) 75% RH for 2 weeks demonstrating changes in crystal habut.

The results of moisture sorption isotherm stud-
ies were interesting and showed a discontinuity
between 60 and 68% RH (Fig. 4). The sorption
isotherms were subjected to repeated analysis to
evaluate method performance, which was found
to be acceptable. The coefficient of variation of
the assay procedure was 3.6%. Isotherms of this
nature have previously been reported for amor-
phous systems which transform into energetically
more stable, less hygroscopic, crystalline systems
when exposed to moisture (Makower and Dye,
1956; Umprayn and Mendes, 1987). Although hy-
groscopicity is highly order dependent (Hut-
tenrauch, 1977), even small changes in crystal
structure can lead to significant differences in

hygroscopicity. This has been exemplified by the
marked differences in hygroscopicity of the poly-
morphs of indomethacin (Imaizumi et al., 1980)
and chlortetracycline (Miyazaki et al.,, 1974). It
should be noted that metastable polymorphs have
energetically unstable molecular arrangements
and can therefore be regarded as activated sys-
tems relative to their stable form. Consequently,
metastable polymorphs can be expected to be
more hygroscopic.

In the present report, a moisture-induced tran-
sition from the predominantly metastable state
(ID) to a more stable, less hygroscopic form is
evident from the DSC thermograms and electron
micrographs of PL stored at 75% RH (Figs 5 and

TABLE 1
Peak temperatures (T, in °C) and enthalpies (AH, in J/g) of PL obtained from the DSC thermograms under various storage
conditions
Sample Storage conditions Peak I1 Peak 1 AH/AH®
T AH T AH
a No storage 170.3 87.8 185.0 91.2 0.96
b 25°C, 11% RH, 14 days 171.7 81.6 184.6 88.1 0.93
c 25°C, 75% RH, 14 days 172.3 759 185.2 944 0.80
d 40°C, 11% RH, 14 days 172.2 78.1 1824 76.6 1.01
e 40°C, 75% RH, 14 days 172.3 721 187.3 91.2 0.79

2 The ratio of the enthalpies of melting corresponding to the two endothermic peak areas (I and 1I).
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correspond to the enthalpies of melting of the
metastable form I and the stable form 1 is ob-
served (see Fig. 5 and Table 1). The decrease in
the melting peak of the metastable form suggests
a partial conversion to the stable polymorph. This
correlates well with the observed moisture sorp-
tion isotherm (Fig. 4) and scanning electron mi-
crographs, where partial conversion to thin,
plate-like crystals with large faces and well de-
fined edges is evident at 75% RH (Fig, 6).

In conclusion, there are strong indications that
PL exists in at least two polymorphic forms.
Transformation to the stable form can be achieved
by melting and resolidification and appears to be
monotropic. However, the less hygroscopic form
can also be induced by exposure to elevated mois-
ture levels. The stable polymorphic form of PL is
of interest as its lower hygroscopicity may en-
hance its chemical stability, while the concurrent
expected decrease in its solubility is unlikely to be
significant as PL is highly water soluble.
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