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Abstract

The early prediction of drug—excipient incompatibility is vital in the pharmaceutical industry to avoid costly material wastage
and time delays. We report here on the use of high sensitivity differential scanning calorimetry (HSDSC) to examine the
compatibility between an experimental drug (Drug A) and common pharmaceutical excipients. Short-term HSDSC experiments
(up to 25 h) indicated that Drug A was stable in the presence of moisture and was compatible with both lactose monohydrate and
magnesium stearate in the dry state, but showed degradation in the presence of magnesium stearate and water in combination
These results agreed with conventional stability studies, in which extensive degradation was observed in the Drug A-magnesium
stearate system after storage at@075% RH for 4 weeks but not under other conditions. These results indicate that HSDSC
may be used to examine the compatibility of experimental drugs with conventional excipients and, in particular, illustrate the
importance of incorporating humidity as an experimental variable in order to fully establish the stability profile of the material
under test.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction ever, there is a paucity of reliable methods by which
early screening can be achieved and in practice most
companies rely on real-time methods, albeit under ac-

celerated storage conditions such as elevated humidity

The early prediction of excipient incompatibility
with drugs has remained a persistent difficulty within

the pharmaceutical industry. In particular, the low
availability of drug and the time constraints associated
with the early stages of formulation development have
made such predictability particularly desirable. How-
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and temperature. Nevertheless, the development of ap-
proaches whereby even gross incompatibilities could
be detected in a matter of hours rather than weeks
would be of considerable benefit. There have been sev-
eral studies utilising thermal methods, either involv-
ing temperature ramping programmedeifkataram

et al.,, 1995; Mura et al., 1995, 1998; Botha and
Lotter, 1989 or isothermal microcalorimetryschmitt
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et al., 200). Both approaches have strengths and certainly be simpler than for a system whereby degra-
weaknesses. Ramping methods lack the sensitivity of dation may take place on a molecular basis without
microcalorimetry, while the latter is not easily utilised the involvement of macroscopic changes.

at elevated temperatures, hence if the incompatibil- In this investigation, we examine the use of related
ity is energetically weak at room temperature the HSDSC approaches with a more realistic system, in
response may not be detected. order to examine whether the method may be of use

We recently reported a method whereby the tech- in practical situations. An experimental drug (Drug
nique of high sensitivity DSC (HSDSC) could be A) was utilised, with spray-dried lactose monohydrate
used as a means of detecting the interaction be- and magnesium stearate as model excipients. In-house
tween a model drug and an excipiekitiésing et al., studies had indicated that there was a long-term sta-
2000. In particular, we explored the use of step-wise bility issue with the latter, particularly at elevated
temperature programming whereby a mixture of the humidities, but no evidence of incompatibility was
two materials could be examined isothermally for a found with the former. The objective of the study
given period of time, followed by heating to a higher was therefore to examine the applicability of the
temperature whereupon the sample was again heldHSDSC method as used for the aspirin—-magnesium
isothermally. In this manner we argued that the tem- stearate system and to explore ways in which the
perature flexibility of DSC could be combined with approach may be modified in the light of findings to
the isothermal sensitivity of microcalorimetry. Any study a wider range of more energetically discrete
change in the system studied, e.g. chemical degra-incompatibilities.
dation, dissolution, temperature re-equilibration, etc.
can be seen on the HSDSC trace as a deviation of
the heat flow from its baseline value. Temperature 2. Materials and methods
re-equilibration peaks are sharp peaks seen at the start
of each isothermal period, whereas heat flow devia- 2.1. Materials
tions due to chemical changes are seen as broad peaks
with a somewhat ‘rough’ outline during the isothermal Drug A (low molecular weight, aqueous solubility
period. >300 mg/ml, melting point 147 8C) was used as re-

In our earlier work Wissing et al., 2000 we also ceived from the suppliers (Merck Sharp and Dohme
proposed a model whereby the heat flow so measuredResearch Laboratories, Hoddesdon, UK). Thermo-
(dH/dt) could be related to the rate of degradation gravimetric analysis indicated that the material had

via negligible water levels on receipt. Magnesium stearate
was supplied by Mallinckrodt (St Louis, MO, USA)
dH _ V32 2%k . while spray-dried lactose monohydrate (Fast Flo) was
de — \ rot¥?2 2 supplied by K & K Greeff Ltd. (Croydon, UK).

wherek is a constant relating the thickness of the re- 2.2. Conventional stability studies

actant layer on a cylindrical tablet with radiug at

time t and ¢ is a constant relating the heat flow to For the conventional stability studies, binary com-
the concentration of degradant. However, an acknowl- pacts were prepared by mixing 5% (w/w) drug and
edged limitation of our approach was that we chose 95% (w/w) excipient (magnesium stearate or lactose
aspirin and magnesium stearate as a model systemmonohydrate) in a mortar and pestle and then com-
This represents a well-known incompatibility that is pressing 100 mg of the powder mix between 6.5 mm
also energetically profound. Previous studies have in- diameter punches at a force of 1ton. The binary com-
dicated that the reaction occurs via a reduction in melt- pacts were then stored for up to 6 weeks under the fol-
ing point of the aspirin, thereby generating a liquid lowing conditions: $C/50% RH, 40°0C/20% RH and
layer in which degradation is acceleratdr¢so et al., 40°C/75% RH. Samples were then assayed for intact
1982. Given the phase change involved in this reac- drug and degradant levels using a proprietary HPLC
tion, its detection using thermal methods will almost method.
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2.3. HSDSC studies Table 1
Degradant levels observed in binary compacts of Drug A and mag-

nesium stearate or lactose (5% (w/w) drug/95% (w/w) excipient),

A previously-calibrated Settaram Micro DSC Il stored Under various conditions

was used for all HSDSC studies. In all studies, a heat-

ing rate of 1°C/min was used. Storage condition Excipient
For the ‘dry’ HSDSC studies, both powder sam- Magnesium Lactose
ples and compacts were studied. Powder samples of stearate (%) (%0)
Drug A, magnesium stearate and lactose monohydrate5°C/50% RH (6 weeks) <0.1 <01
were used as received. Binary compacts were prepared*0 ¢/20% RH (6 weeks) <01 <0.1
y P prep 40°C/75% RH (4 weeks) 5.8 0.3

by mixing 50% (w/w) drug and 50% (w/w) excipi-
ent (magnesium stearate or lactose monohydrate) on a

roller mixer and then compressing 75 mg of the pow-

der mix between 5 mm diameter punches at a pressure For the ‘wet’ HSDSC studies, slurries were pre-
of 1ton. (Smaller compacts were required for the HS- pared by mixing the individual ingredients and 50:50%
DSC studies than for the conventional stability studies, (w/w) drug/excipient mixes with water in a weight ra-
due to the small volume of the HSDSC cell.) The sam- tio of 2:1 water to solid. The ‘wet’ samples were used
ples were loaded into the sample cell and subjected toimmediately after preparation and subjected to the fol-
the following heating/holding programme: 4510, lowing heating/holding programme: 30-90, with
with 1 h holding times every &C. 2 h holding times every &C. Finally, ‘wet’ samples

80 0.10
Temp (°C)
Heat flow (mW)

\

60 - + 0.05

~ 50+ .
o =
o &
g a0 fM (v/\/\d\w 1 0.00 %
8 S
g 8
Lo o=
& 30
20 + -+ -0.05
10
0 T T T T T T '0'10
0 1 2 3 4 5 6 7
Time (hours)

Fig. 1. HSDSC profiles for dry compacts of Drug A and magnesium stearate (50:50%; w/w) held for 1 h é@rjotal sample size
circa 75 mg).
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were held at 20C for 2 h after preparation, heated to continuity in the heat flow could be detected for the

70°C and held there for 2 h. Drug A-magnesium stearate system but not for the
All experiments were performed at least twice, with drug alone, the excipients alone or the drug-lactose
excellent reproducibility found between runs. monohydrate system. Both powder mixes and binary

compacts were studied under a series of different
conditions, but no discontinuity corresponding to
3. Results and discussion degradation was observed in any sample, even with
holding times of 10h at each temperature. This is
The results from the conventional stability study are illustrated inFig. 1 for holding times of 1 h. Clearly,
given in Table 1 While there was no evidence for the greater subtlety of the incompatibility for this
extensive degradation under low humidity conditions, real-life system compared to the considerably more
degradation was seen for the samples stored at 75%energetic aspirin—-magnesium stearate system has re-
RH, with considerably more extensive drug degrada- sulted in the conventional ‘dry’ step-wise approach
tion being seen in the presence of magnesium stearatebeing inappropriate. However, it should be empha-
than lactose monohydrate. sised that the Drug A—magnesium stearate incompat-
Initial HSDSC studies focused on utilising a simi- ibility was seen in the conventional stability studies
lar approach to that used for the aspirin-magnesium only at elevated humidities. It was therefore decided
stearate systenV\(issing et al., 2000 In this method, that the experimental conditions used for the HS-
the sample was heated at@ increments between 45 DSC studies should incorporate humidity as a design
and 70°C, with a view to establishing whether a dis- factor.
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Fig. 2. HSDSC profiles for Drug A-magnesium stearate—water slurries (16.7:16.7:66.6% (w/w), total sample size 120 mg), showing thermal
events at 35 and 8% (held for 2h every 5C).
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To this effect, slurries of the powder samples
(drug alone, excipients alone and the 50:50% (w/w)
drug:excipient mixtures) were prepared using a
water-to-powder ratio of 2:1. The materials were
then subjected to the following heating programme:
30-90°C, with 2h holding times every &C. In this

239

behaviour, the experimental conditions were then op-
timised so as to maximise the differentiation between
the various systems. It was found that in this case,
heating the system to 7€ and holding isothermally
allowed the discontinuity to be observed rapidly
and reproducibly. This is shown iRig. 3, whereby

case, discontinuities in the heat flow were clearly seen the response of the drug—water slurry, the magne-
for the Drug A—magnesium stearate system at 35 and sium stearate—water slurry and the drug—magnesium
85°C (Fig. 2), but not for any other ‘wet’ system. It  stearate—water slurry are compared. Clearly, the last
was suggested that the low temperature discontinuities of these shows a heat flow response over and above
may be due to drug dissolution in the aqueous phase ofthe temperature re-equilibration. Equivalent studies
the slurry. In order to test this hypothesis, the system using lactose monohydrate did not show this response,

was held at 20C for 2 h prior to the experiment in
order to allow sufficient time for the drug to dissolve.

The deviation from the baseline at low temperatures

reflecting the lower degradation seen for Drug A with
this excipient, even at high humidities.
Overall, therefore, the HSDSC approach does ap-

was found to be considerably reduced under these cir-pear to be able to rapidly detect incompatibilities
cumstances, hence lending support to the hypothesisthat are only seen at long time periods at elevated

that this event represents a dissolution process.

humidities. In particular, the use of aqueous slurries

Having established that the use of an aqueous as a means of simulating a long-term humid environ-

slurry may lead to a more discernible degradation

ment appears to have some merit for those responses
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Fig. 3. HSDSC profiles for slurries of Drug A—water, magnesium stearate—water; Drug A—magnesium stearate—water (67% solid:33% (w/w)
water, total sample size 120 mg) (held for 2h at@).
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