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ABSTRACT: This study investigated the influence of moisture and heat on the stability
of mebendazole polymorph C in tablets. The polymorphic forms of mebendazole display
significant differences in solubility and therapeutic efficacy and form C is preferred
clinically due to its optimal bioavailability and reduced toxicity. An accelerated
stability study of the polymorphs revealed that the Johnson–Mehl–Avrami–
Erofeyev–Kolmogorov (JMAEK) model best described the kinetics of the solid-state
transformation of form C to A. Rate constants obtained using this model was used to
calculated half-lives and shelf lives of products stored under ICH conditions of
308Cþ 65% RH and 408Cþ 75% RH. Results showed that form C was converted to
the thermodynamic stable, least soluble form A with increased temperatures and
moisture, and at constant temperature and relative humidity this transformation
was significantly increased when trace amounts of form A was present in the tablets.
Four out of the seven products tested contained trace amounts of form A. In some
tablets, the transformation to form A was so quick that it reduced the shelf life to less
than 1 month. The tablet dissolution of these products was reduced to such an extent
that it did not comply with USP and FDA specifications. � 2009 Wiley-Liss, Inc. and the
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INTRODUCTION

It is estimated that more than 3 billion people
are infected by worms in the world today.1,2
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Especially, the infections caused by nematodes
are among the most prevalent communicable
diseases, affecting more than 1 billion individuals.
Children are particularly susceptible and in
developing countries, parasitic nematodes are
one of the major causes of childhood malnutrition,
physical growth retardation, and deficits in
cognitive and intellectual development. For exam-
ple, a recent analysis of the association between
hookworm and anemia in school-age children
CH 2010



EFFECT OF MOISTURE ON MEBENDAZOLE POLYMORPHS 1139
in Zanzibar suggested that 25% of all anemia
cases, 35% of iron-deficiency anemia cases, and
73% of severe anemia cases could be attributed
to hookworm infection.3 Iron-deficiency anemia
can affect the mental and motor development of
children.4

For these reasons the WHO recommends the
mass treatment of all children with anthelmintic
drugs when the prevalence of infection with
intestinal worms is greater than 50%.5 The four
anthelminthic drugs recommended for treatment
of intestinal worms are albendazole, mebendazole,
levamisole, and pyrantel.6 Among these the
benzimidazole, mebendazole, is especially useful
because several studies that examined its use in
children aged from 6 to 59 months reported no
incidence of serious adverse experiences, and side
effects were negligible.7,8

Mebendazole can exist as polymorphs and
solvates in the solid state.9–11 Of particular
importance is the differences in the physicochemi-
cal properties of the three known polymorphs A,
B, and C.10,12,13 For example, the difference
in solubilities of these polymorphs in physio-
logically relevant media is B>C>A. However,
due to the increased toxicity of the highly soluble
form B, form C is clinically preferred because
its solubility is sufficient to ensure optimal
bioavailability.14–17 This is important because
polymorph A has no anthelminthic activity alone
or when present above 30% in polymorphic
mixtures.15,17

Evans et al.18 in a letter published in the South
African Medical Journal asked that regulating
authorities require testing to ensure that all
batches of mebendazole raw material and tablets
contain crystal polymorph C. However, such a test
is still not required in any of the world’s major
pharmacopeia. In fact, the toxic form B and
ineffective form A are still found in raw materials
Table 1. Physicochemical and Spectral Properties of the T

Form

IR (cm�1) XRPD (82u) Solu

–NH >C––O Unique 100% I/I0 0.1 M H

A 3370 1730 7.67 7.67 0.02� 0
B 3340 1700 5.84 19.07 0.07� 0

C 3410 1720 4.93 19.80 0.04� 0

For IR identification the stretching frequencies of the carbonyl
measured in 0.1 M HCl and the USP dissolution medium for meben
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and products.19–20 If one assumes that manufac-
turers of mebendazole raw materials and
products always use the active crystal form then
one reason for the occurrence of the unwanted
forms could be crystal transformations that occur
postmanufacturing. To test this hypothesis this
study looked at the stability of mebendazole
polymorphs both as powders and in commercially
available tablets.
EXPERIMENTAL PROCEDURES

Materials

Mebendazole polymorph C (batch number:
F10958, Rolab, Pretoria, South Africa) and poly-
morph B (batch number: MWB/M-007/2006,
Exim-Pharm International, Mumbai, India) were
identified among raw material batches obtained
from various manufacturers.19 Polymorphs A, B,
and C were also prepared as described ear-
lier.11,13,21,22 Physicochemical and spectral prop-
erties of the three mebendazole polymorphs are
listed in Table 1. Commercially available meben-
dazole tablets were obtained from seven manu-
facturers in South Africa and randomly
numbered, products 1–7, to conceal product
identity. Table 2 provides a summary of the
properties of the products.

The total moisture content of the various
products was below 5% as determined by Karl
Fisher titration. The total % water-soluble exci-
pients (WSEs; %, w/w) in each product were
determined. The initial mass of a tablet was
determined (m0). The tablet was then transferred
into a glass beaker containing 100 mL of distilled
water and sonicated for 10 min to allow the WSEs
to dissolve in the water. The solution was filtered
and the dried mass of the water-insoluble matter
hree Mebendazole Polymorphs

bility at 308C (mg/mL) DSC

Cl 0.1 M HClþ 1% SLS Tm (8C) DH (kJ/mol)

.005 0.11� 0.006 244 232

.004 0.14� 0.007 223 181
235 87

.003 0.12� 0.008 212 58
240 172

(carbamate) and amine N–H stretch are listed. Solubility was
dazole tablets that contains sodium lauryl sulfate (SLS).

RNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010



Table 2. The Properties of the 100 mg Mebendazole Tablets, Including the Percentage of Water-Soluble Excipient
(WSE) and Water-Insoluble Excipient (WISE)

Product

Mebendazole
Content
(mg/tab) Polymorph

Moisture
Content
(%, w/w)

Average Tablet
Weight (mg) Filler

WSE
(%, w/w)

WISE
(%, w/w)

1 105.5 C (traces A) 4.37 288.7 Microcrystalline cellulose 3.62 59.85
2 103.5 C 3.89 298.0 Microcrystalline cellulose 1.34 63.93
3 99.9 C (traces A) 2.50 302.3 a-Lactose monohydrate 12.15 54.79
4 101.5 C 4.19 317.0 a-Lactose monohydrate 12.02 55.95
5 100.4 C (traces A) 1.82 301.7 Unknown 13.29 53.41
6 101.0 C (traces A) 2.66 313.4 Microcrystalline cellulose 0.52 67.27
7 101.9 C 3.93 350.6 a-Lactose monohydrate 16.01 54.92

Based on tablet weight and content analysis, the mebendazole occupied about 30–37% of the tablet weight.
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(mi) was determined. The total % WSE in each
product was calculated using the following
equation:

%WSE ¼ m0 � mi

m0
� 100 (1)

The mebendazole content, %WSE, and % water-
insoluble excipients (%WISE) for the products are
listed in Table 2. The mebendazole content of each
product was determined using the HPLC analysis
method described in the USP.23
Polymorph Identification and Quantification

X-ray powder diffraction analysis (XRPD) was
used to identify and quantify the three poly-
morphs of mebendazole.22 XRPD patterns were
recorded at ambient conditions using a Bruker D8
Advance Diffractometer (Bruker, Frankfurt, Ger-
many). Approximately 200 mg of the powdered
samples were transferred into aluminum sample
holders, taking care not to induce a preferential
orientation of crystals. The measurement condi-
tions were: target, Cu; voltage, 40 kV; current,
30 mA; divergence slit, 2 mm; antiscatter slit,
0.6 mm; detector slit, 0.2 mm; monochromator;
scanning speed, 28/min (step size, 0.0258; step
time, 1.0 s). XRPD patterns of the polymorphs are
shown in Figure 1. The characteristics peaks used
to identify and quantity the three forms are listed
in Table 1. The intensities of the characteristic
peaks were used to calculate the relative amounts
of the polymorphs in the samples.

In addition to XRPD analysis, infrared spectro-
scopy (IR) was also used to identify and quantify
the polymorphs. IR has emerged as the preferred
method to identify the mebendazole polymorphic
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010
forms in powders and products.9,10,19,24–26 In this
study IR spectra of powder samples were recorded
on a Nicolet Nexus 470-FT-IR spectrometer
(Nicolet, Madison, WI) over a range of 400–
4000 cm�1. The diffuse reflectance method was
used with KBr as the background material. In
Table 1, the characteristic absorption bands that
were used to identify and quantify polymorphs A,
B, and C are listed. The AUC at the characteristic
absorption bands were used to calculate the
relative amounts of the polymorphs in the
samples. Examples of DRIFT-IR spectra showing
the conversion of form C to A are shown in
Figure 2.
Accelerated Stability Testing

First, a simple method was devised to establish
the interconversion between the polymorphs
when exposed to changes in temperature and
moisture. To do this approximately 500 mg of the
metastable mebendazole polymorphs (i.e., forms B
and C) was transferred into amber glass bottles
with tight-fitting caps. Water was added to half of
these bottles and both the wetted and dry samples
were tightly sealed. The samples were divided into
three temperature groups: 5� 3, 50� 3, and
100� 28C. The wetted samples and five dry
samples were stored at each temperature for
75 h. Two bottles (one dry sample and one wet
sample) were removed from each incubator at
predetermined intervals. The wetted samples
were filtered and the mebendazole residues were
allowed to dry at ambient conditions for 12 h.
XRPD and DRIFT-IR analysis were performed on
all samples. The method described above was used
for the investigation of the polymorphic stability
DOI 10.1002/jps



Figure 1. XRPD patterns of mebendazole polymorphs A, B, and C with the charac-
teristic peak positions indicated.

EFFECT OF MOISTURE ON MEBENDAZOLE POLYMORPHS 1141
of mebendazole polymorphs C and B. HPLC
analysis showed that this treatment did not cause
any chemical decomposition of mebendazole.

To determine possible polymorphic changes
in the tablets; the various products were stored
in controlled climate rooms at conditions in
accordance with ICH stability guidelines for
intermediate and accelerated stability testing at
30� 28C/65� 5% RH (climatic zones III and IV)
and 40� 28C/75� 5% RH.27 This guideline pro-
vides recommendations on stability testing pro-
tocols including temperature, humidity, and trial
DOI 10.1002/jps JOU
duration. Furthermore, the revised document
takes into account the requirements for stability
testing in climatic zones III and IV in order to
minimize the different storage conditions for
submission of a global dossier. Tablets were
stored in the original packaging. In addition,
tablets of product 2 were removed from the
packaging and stored in an open Petri dish.
Products were tested when received and then
every month for up to 6 months. XRPD and
DRIFT-IR were used to evaluate the polymorphic
composition of the products.
RNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010



Figure 2. Characteristic stretching frequencies (cm�1) and the areas thereof in the
DRIFT-IR spectra mebendazole polymorphs C and A in product 3 at 0 (top), 3 (middle),
and 6 (bottom) months when stored at 408C and 75% RH.
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Dissolution Testing

Dissolution testing were performed on the tablets
according to the USP method for mebendazole
tablets without adding sodium lauryl sulfate
(SLS) to the 0.1 M HCl dissolution medium.23

Swanepoel et al.13,21 suggested this change to the
USP dissolution medium because it enables
distinguishing between the active and favored
polymorph C and nonfavored and inactive meben-
dazole polymorphs B and A. In this medium, the
percentage dissolved versus time profiles follows
the order C>B>A, whereas in the USP medium
the order is C¼B¼A.

Dissolution profiles were compared by deter-
mining the similarities between the dissolution
profiles of a product after storage to that of
the product at 0 months. A model-independent
approach using a similarity factor first described
by Moore and Flanner28 and then adopted by
the FDA29 was used to compare profiles. This
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010
similarity factor ( f2) is a logarithmic reciprocal
square root transformation of the sum of squared
error and is a measurement of the similarity in the
percent (%) dissolution between a reference and
test dissolution curve calculated by

f2 ¼ 50

� log 1 þ 1

n

� �Xn

t¼1

wtðRt � TtÞ2

" #�0:5

�100

0
@

1
A
(2)

where n is the number of time points, Rt is the
dissolution value of the reference sample at time t,
and Tt is the dissolution value of the test sample at
time t. The value of f2 is 100 when the test and
reference mean profiles are identical. Values of f2

between 50 and 100 ensure sameness or equiva-
lence of the two curves and, thus, of the
performance of the test and reference products.
DOI 10.1002/jps



Figure 3. XRPD overlays of mebendazole poly-
morph C: (a) dried and (b) wetted samples stored at
1008C.

EFFECT OF MOISTURE ON MEBENDAZOLE POLYMORPHS 1143
RESULTS AND DISCUSSION

Properties of Mebendazole Polymorphs and Tablets

In Table 1, the important physicochemical and
spectral properties of the three mebendazole
polymorphs are listed. These properties can be
measured to identify the polymorphs in raw
materials and tablets. Other methods including
Raman spectroscopy are also used to identify
mebendazole polymorphs.30 In this study XRPD,
Figure 1, and DRIFT-IR analysis, Figure 2, were
primarily used to identify the three polymorphs in
raw materials and tablets. The characteristic
peaks in the XRPD patterns of the three
polymorphs, Figure 1, proved to be especially
useful in following the stability of the polymorphs
as shown in Figure 3. The solubilities of the
mebendazole polymorphs at 308C in 0.1 M HCl,
with and without added SLS, are also listed in
Table 1. As reported earlier for the dissolution of
mebendazole polymorphs the addition of SLS
disguised the differences in solubility of the
polymorphs.13,21 Based on these observations
the dissolution test performed on the tablets were
not done in the USP dissolution medium for
mebendazole tablets, but instead in 0.1 M HCl.
Melting point (Tm) and heat of melting (DH)
values for the polymorphs in combination with
tablet excipients obtained by DSC, and listed in
Table 1, were different from that reported
before.22 The significant variability meant that
DSC was not useful in identifying mebendazole
polymorphs, especially in tablets.

For this study, commercially available 100 mg
mebendazole tablets from seven manufacturers
with the longest possible time to expiration were
obtained from local pharmacies in South Africa.
Average tablet weights, mebendazole content, and
moisture content (measured by Karl Fischer
titration) are listed in Table 2. These results,
and the results from USP dissolution testing,
confirmed that the seven products complied with
all pharmacopeial requirements for mebendazole
tablets. XRPD diffraction analysis confirmed that
all the products contained the active polymorph C.
However, trace amounts of the inactive poly-
morph A were detected in products 1, 3, 5, and 6.
Since the drug occupied around 30% of the tablets
weight, roughly two-thirds of the tablets were
composed of excipients, the majority most prob-
ably being the tablet diluent. For this reason
XRPD analysis, Figure 4, was performed on
crushed tablets and the diffraction patterns
DOI 10.1002/jps JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010



Figure 4. XRPD patterns of (a) product 3, product 4, product 7, and a-lactose mono-
hydrate; and (b) product 1, product 2, product 6, and microcrystalline cellulose.
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compared to that of commonly used tablet
diluents. As seen in Table 2, except for product
5, the tablets contained either microcrystalline
cellulose (MCC) or a-lactose monohydrate (Fig. 4).
On average, the water-insoluble content of the
tablets containing MCC was higher. After these
initial tests the products were stored in controlled
climate rooms in accordance with ICH stability
guidelines.27 The tablets were stored in the
original blister packaging and the stability of
the mebendazole polymorphs was investigated,
using XRPD and DRIFT-IR, initially then
monthly for up to 6 months. Tablets of product
2 were removed from the blister packs and stored
under the same conditions.
Effect of Temperature and Moisture on the Stability
of Mebendazole Polymorphs

Himmelreich et al.9 first reported the stability of
the crystal forms to be in the order B<C<A.
DRIFT-IR and XRPD results showed that the
exposure of mebendazole polymorph B to 5, 50,
and 1008C, without moisture, for 75 h did not
induce any polymorphic transitions. The position
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010
of the –NH stretch and >C––O band was detected
at 3340 and 1700 cm�1, respectively, which is
characteristic of mebendazole polymorph B
throughout the study. In addition, no traces of
forms A or C were detected in any of the samples
by XRPD analysis. Similarly, exposure of form C,
Figure 3a, to these conditions did not induce a
polymorphic transition. This correlated with the
observation made earlier that form C remains
stable between room temperature and �1798C.22

To approximate the effect of moisture on the
stability of the mebendazole polymorphs, suspen-
sions of the crystal forms in water were stored at 5,
50, and 1008C.26 DRIFT-IR and XRPD analysis
revealed that the suspensions of form B stored
at 58C for 75 h did not show any polymorphic
transition. The DRIFT-IR spectra of the sus-
pended form B exposed to 508C revealed that this
crystal form remained unchanged during the
first 6 h of the study, and minor shoulder peaks
appeared after 25 h at 3401 and 1716 cm�1,
respectively, which suggested that a fraction of
the form B transformed into form C. The XRPD
patterns of the suspended samples stored at 508C
confirmed that no polymorphic transformations
occurred during the first 6 h of the study but traces
DOI 10.1002/jps



EFFECT OF MOISTURE ON MEBENDAZOLE POLYMORPHS 1145
of C were detected in the samples after 25 h.
The relative intensities of the Bragg peak present
at 4.93� 0.182u increased from 5.5% to 6.9%
during the period 25–75 h (Fig. 1). At the end of
the 75-h study, the sample consisted primarily of
form B but contained traces of C (due to the
presence of the small peak at 4.93� 0.182u). At
1008C XRPD analysis confirmed the presence of
polymorphs C, B, and A in the samples after 6 h
and no traces of form B traces were detected in
the 50- and 75-h samples. The XRPD pattern of
the sample at 75 h resembled only that of
mebendazole form A.

No changes were observed in the DRIFT-IR
spectra and XRPD patterns when aqueous sus-
pensions of form C samples were exposed to
5 and 508C for 75 h. However, as shown in
Figure 3b polymorphic transformation occurred
when the suspensions were stored at 1008C for
75 h. DRIFT-IR spectra of the samples revealed
significant changes during the 75 h in the 3550–
3150 cm�1 (–NH stretch) region. Initially, the
sample revealed a sharp absorption peak at
3403 cm�1, which indicated that the sample
contained form C. After 1 h, the spectrum revealed
a sharp absorption peak at 3403 cm�1 and minor
peak broadening in the 3420–3440 cm�1 region,
which indicated the presence of surface moisture
in the sample. The commencement of the poly-
morphic transformation was observed after 6 h,
with the appearance of a shoulder peak at
3370 cm�1 that indicated that the sample con-
tained traces of mebendazole polymorph A. After
25 h the intensity of the 3403 cm�1 peak decreased
significantly and the intensity of the 3370 cm�1

peak increased. These observations were mirrored
by changes in the >C––O band (1780–1700 cm�1)
region and by XRPD analysis (Fig. 3b). Both
DRIFT-IR and XRPD analysis showed that the 50-
and 75-h samples were comparable and resembled
that of form A. When suspended in water, form C
transformed to form A and this change was
observed at 1008C after only 6 h, and resulted in
complete transformation to form A after 50 h.
Figure 5. Fraction (a) of individual polymorphs
present in powder samples suspended in water and
stored at 1008C. (a) Polymorph C; (b) polymorph B;
and (c) polymorph C containing increasing amounts
of polymorph A.
Kinetics of Mebendazole Polymorph Transformation

The fractions (a) of the individual polymorphs
present in the samples suspended in water and
stored at 1008C as a function of time are shown in
Figure 5. For the purpose of this study the
polymorph a relative to the total polymorph
content present in the samples were calculated
DOI 10.1002/jps JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010



Table 3. Accelerated Stability Parameters
Calculated Using the JMAEK Model to Estimate
Mebendazole Polymorph Conversions When Suspended
in Water and Kept at 1008C

Polymorph

JMAEK Stability Parameters

k (� 10�2 h�1) t0.5 (h) t90 (h) n r2

C decline 3.8 18 2.8 2.2 0.983
A growth 2.8 25 3.8 2.4 0.984
B decline 14.0 5.0 0.8 2.0 0.992
C formation 10.7 6.5 1.0 2.1 0.994
A growth 2.7 26 3.9 2.1 0.938
Cþ 1% A 6.7 10 1.6 1.8 0.972
Cþ 5% A 16.2 4.3 0.7 1.9 0.961
Cþ 10% A 35.7 2.0 0.3 1.8 0.965
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from the intensities (i) of the characteristic peaks
in the XRPD patterns, Figure 1, and DRIFT-IR
spectra, Figure 2 (e.g., form A a¼ iA/S(iA, iB, iC). As
seen in Figure 5a the decrease in form C and the
increase in A followed sigmoidal paths. However,
with time form B, Figure 5b, transformed to
C before converting to A complicating the kinetics
of this conversion. Most equations used to describe
the kinetics of transformation are grouped accord-
ing to the shape of the isothermal extent of
transformation (a) versus time curves as accel-
eratory, sigmoid, or deceleratory. In the case of
sigmoidal a–time curves, two equations have been
derived and are commonly used to describe the
kinetics of such polymorphic transformations.31 If
the rate of the polymorphic transformation is
assumed to be controlled by linearly growing
nuclei that branch into chains and are terminated
more rapidly as the number of nuclei increase,
then the kinetics of transformation can be
described by the Prout–Tompkins equation.32,33

Another very popular kinetic model applied
to solid-state transformations has been the
Avrami model, developed independently by sev-
eral workers and thus referred to as the Johnson–
Mehl–Avrami–Erofeyev–Kolmogorov (JMAEK)
model.34–39 The data in Figure 5 were fitted to
both these models and overall the JMAEK model,
Eq. (3), describe the kinetics of transformation
better

a ¼ 1 � expð�ktnÞ (3)

This equation summarizes transformation
kinetics for any case where a! 1 as t!1. Once
crystallization started the characteristics of
the kinetics is that of a ‘‘S-curve,’’ that is, slow
at first, then accelerating, then decelerating.
Values of k and n are diagnostic of the crystal-
lization mechanism. A useful way to analyze the
kinetics of transformation is to plot the quantity
�log(1�a) versus time on a double logarithmic
plot. The slope of the line is then the exponent n
and the y-intercept is the log of the Avrami rate
constant, k. To do this the Avrami equation can be
linearized to40

ln½ � lnð1 � aÞ� ¼ ln k þ n ln ðtÞ (4)

In this study, the average value of n was
2.01� 0.27 (Tabs. 3 and 4). The relationship
between the JMAEK equation and n¼ 2 has been
reported and represents a system dominated by
random nucleation and two-dimensional growth
of nuclei.40 Since JMAEK kinetics are a convolu-
tion of nucleation and growth kinetics it was not
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010
possible to obtain any information about indivi-
dual processes. However, it did allow calculation
of the rate, k, of mebendazole polymorph trans-
formation as shown in Tables 3 and 4. Rate
constants were used to calculate half-lives (t0.5)
and shelf lives (t0.9).
Crystal Transformation of Polymorphs

In Table 3 the accelerated stability parameters
calculated using the JMAEK model to estimate
mebendazole polymorph transformations when
suspended in water and kept at 1008C are listed.
Some of the transformations had an induction
time and for all the transformations, except for
the intermediate growth of polymorph C from B,
a approached 1 (Fig. 5). This means that in all
these cases the polymorphic transformations were
almost completed within the time the tests
were performed. At 1008C when suspended in
water, form C rapidly transformed to form A with
t0.5¼ 18 h and t0.9 only 3 h. For this transforma-
tion, the induction period was less than 2 h and it
took about 42 h for the conversion to be completed.
The growth of form A from C closely mirrored the
decay of C but the growth rate was slower with
t0.5¼ 25 h for the formation of A. The t0.5 for the
decrease in form B when suspended in water at
1008C was only 5 h. Under these conditions, form
B was 3.5 times less stable than form C. For form
B, no induction period was observed but the
time necessary for completion of the conversion
was longer at around 50 h. Although form B
disappeared quickly, the formation of form A from
B was slow with a t0.5¼ 26, very similar to the
DOI 10.1002/jps



Table 4. Accelerated Stability Parameters Calculated Using the JMAEK Model for the Mebendazole Polymorph C
to A Conversion in Commercially Available Tablets

Product Storage Conditions

JMAEK Stability Parameters

k (� 10�2 Month�1) t0.5 (Months) t90 (Months) n r2

1 408C and 75% RH 2.67 26 4 1.8 0.966
2 408C and 75% RH 0.32 217 33 2.3 0.975
2 (open) 408C and 75% RH 1.58 44 7 2.4 0.960
3 308C and 65% RH 6.89 10 2 1.7 0.969
3 408C and 75% RH 8.48 8 1 1.8 0.994
4 408C and 75% RH 0.11 630 96 2.3 0.907
5 408C and 75% RH 2.58 27 4 1.8 0.942
6 408C and 75% RH 2.40 29 4 1.8 0.929
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half-life of the transformation of form C to A. The
reason for this was that form B transformed to C,
which then transformed to A. The initial rate at
which form C appeared in the samples, 0.011 h�1,
was similar to the rate at which form B dis-
appeared, 0.014 h�1. Initially, the amount of form
C increased but after about 24 h, it decreased and
eventually no C was detected. This could explain
why the transformation of form C is a bell-shaped
curve.

Initial analysis of the tablets, Table 2, indicated
that some products contained trace amounts of the
unwanted polymorph A. To better understand the
effect that small quantities of form A have on the
transformation of form C, mixtures of the poly-
morphs were also studied (Fig. 5c). The rate of
Figure 6. The effect of an increase in the residual
content of form A on the conversion of form C to form
A when exposed to high temperatures and relative
humidities.

DOI 10.1002/jps JOU
transformation of form C to A in aqueous
suspensions stored at 1008C increased with an
increase in the initial content of form A from 1% to
10%. A plot of the logarithm of the rate constants,
k, versus concentration of form A was linear,
slope 0.093%�1 and r2¼ 0.965, indicating that the
increase in k was first order with respect to the
concentration of form A available initially (Fig. 6).
This means that the addition of 1% form A doubled
the rate of conversion of C to A and that the
conversion rate was four times faster when adding
5% A and nine times faster when adding 10% A.
Although there was on average a 11-fold reduction
in the rate of transformation this same first-order
increase in k, slopes 0.093%�1 versus 0.108%�1

(r2¼ 0.980), was observed for samples stored at
40� 28C/75� 5% RH (Fig. 6). When powder
samples were stored at 40� 28C the initial rate
of C!A conversion when compared to samples
stored at 75% RH was about 230 times slower,
t0.9¼ 11 months, for samples that did not contain
A. However, with an increase in the content of
form A the first-order increase in k was much
faster for samples stored in the absence of
moisture as shown by the difference in the slopes,
0.108%�1 versus 0.329%�1 (r2¼ 0.991), of the
fitted lines in Figure 6. In fact, for samples
containing 10% A, k was not significantly different
from that of samples stored at 408Cþ 75% RH
(Fig. 6). This indicated that under controlled
storage conditions the concentration of the
unwanted thermodynamically most stable, least
soluble, and therapeutically inactive, form A, had
the greatest effect on the solid-state stability of
the therapeutically active form C. Since some
products contained trace amounts of form A,
Table 2, this could adversely change the stability
of these tablets.
RNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010



Figure 7. Plots showing the increase in the fraction
of form A as a function of time. Lines represent the best
fit of the JMAEK model, Eq. (3), with n¼ 1=2 for each
data set.40 Kinetic parameters calculated from these fits
are listed in Table 4.
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In Figure 7, the increase in the fraction of form A
in the tablets is plotted as a function of time. These
lines represent the best fits according to Eq. (3)
with n¼ 1=2.

40 This model was also used to
calculate the rate constants, half-lives, and shelf
lives listed in Table 4. Data for product 7 are not
shown because within the time frame of this study
form A was not detected in the tablets. Although
initially form A was not detected, over time some
small amounts of form A was found in products
2 and 4. At 408Cþ 75% RH these two products
were stable in their blister packs with shelf
lives ranging from 3 to 8 years. When tablets of
product 2 were removed from the packaging the
rate of conversion of form C!A increased fivefold
reducing the shelf life to only 7 months, Table 4.
This demonstrated the effect that moisture had on
the polymorph transformation. Initially, products
1, 5, and 6 contained about 4–8% form A, and this
significantly decreased the stability of form C in
these products, t0.9¼ 4 months, when compared
JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010
to products that did not contain form A. Product
3 contained more than 10% form A and this
reduced its shelf life at 408Cþ 75% RH to 1 month.
When this product was stored at 308Cþ 65% RH
its shelf life increased to 2 months. These results
show that the major factor determining the
stability of polymorph C at higher temperatures
in blister packs is the concentration of form A
present in the tablets because relatively small
amounts of form A significantly reduced the
stability of mebendazole tablets. These results
coincided with the conclusions drawn from the
accelerated stability study of the crystal forms
(Tab. 3).
Tablet Dissolution

The influence of the mebendazole polymorphic
transitions on the dissolution behavior of the
mebendazole tablets was investigated. The dis-
solution profiles were measured monthly for up to
6 months, when stored at 308Cþ 65% RH and
408Cþ 75% RH. Examples of the dissolution
profiles are shown in Figure 8. The similarity,
f2, between the various dissolution curves (at
time¼ t) and that of the initially procured product
(at time¼ t0) were calculated using Eq. (2). The
change in the f2 values as a function of time
is shown in Figure 9. Tablet dissolution was
measured according to the method of the USP
without adding SLS to the dissolution med-
ium.13,21,23 Initially, even without adding 1%
SLS, the seven products complied with the USP
tolerance of not less than 75% (Q) of the labeled
amount of mebendazole dissolved in 120 min.
Mean Q¼ 86� 8%, min¼ 75 (products 3 and 4)
and max¼ 95 (product 2). Although the Q for
product 7 was only 80% dissolved in 120 min both
at 308Cþ 65% RH and 408Cþ 75% RH this
product showed the most consistent dissolution
as seen in Figure 8a. The mean f2 values, Figure 9,
for this product were 94� 5 at 308C and 93� 4 at
408C.

Although dissolution was decreased the f2 of
products 1, 2, 4, 5, and 6 remained >50 at 308C
while that of products 1, 2, 4, and 6 remained >50
at 408C. Products 2, 4, and 7 did not contain any
trace amounts of form A initially, and this could
explain the good dissolution properties. Among
these products, the dissolution of product 2 at both
30 and 408C and product 5 at 408C was reduced
the most. After 1 month the f2 values for product
2 range from 50 to 56, very close to the acceptable
DOI 10.1002/jps



Figure 9. Reduction in f2 values showing how the
conversion from the more soluble polymorph C to the
least soluble form A lead to tablets not meeting dissolu-
tion specification, f2< 50. (a) Tablets stored at 308C and
75% RH and (b) tablets stored at 408C and 75% RH.

Figure 8. Dissolution profiles in 0.1 M HCl of meben-
dazole tablets stored at 408C and 75% RH: (a) product 7;
(b) product 2 open; and (c) product 3.
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limit while that of product 5 dropped <50 after
4 months at 408C. When tablets of product 2 were
removed from the packaging the dissolution of
mebendazole was significantly reduced as shown
in Figure 8b and the f2 values dropped <50 within
3 months at both 308Cþ 65% RH and 408Cþ 75%
RH (Fig. 9). Product 3 contained mostly form A
initially and was the least stable (Tab. 4). The
dissolution properties of this product was also the
worst as shown in Figure 8c for tablets stored at
408Cþ 75% RH. After 2 months at 308C and
DOI 10.1002/jps JOURNAL OF PHARMACEUTICAL SCIENCES, VOL. 99, NO. 3, MARCH 2010
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1 month at 408C, the f2 values dropped <50
(Fig. 9).

A survey of package inserts and registration
files available online indicated that several
commercially available mebendazole tablets,
including products 1, 6, and 7 used in this study,
contain the surfactant SLS. The addition of this
surfactant to tablets could mask the poor solu-
bility of form A in products.13,21 Still overall
dissolution results indicated that those products
that contained trace amounts of form A, which
accelerated the transformation of form C to form
A, was not only the least stable but also had the
worst dissolution behavior. Especially, when the
amount of form A was above 10% initially, product
3, it caused the tablets to fail the dissolution test.
In addition, taking tablets that did not contain
trace amounts of form A from a blister pack
and exposing it to moisture rapidly led to a
reduction in dissolution below acceptable limits.
This showed that moisture combined with trace
amounts of the thermodynamically stable poly-
morph A not only reduce the stability of form C in
tablets but also adversely reduce dissolution and
potentially the therapeutic activity of mebenda-
zole. A problem often cited in the literature.10,14–18
CONCLUSION

Mebendazole is a WHO essential drug available as
tablets produced by many manufacturers all over
the world. Several reports indicate that many of
these products fail therapeutically. One reason for
this is the presence of the inactive polymorph A
in these tablets. In this study, we found that four
out of seven products available in South Africa
contained trace amounts of form A. At tempera-
tures typically found in countries located in ICH
climatic zones III (hot and dry) and IV (hot and
humid) trace amounts of form A in tablets
significantly accelerated the transformation of
the clinically active polymorph C to form A. This
transformation significantly reduced the shelf
lives and the dissolution of these tablets.
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