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a b s t r a c t

The distribution of magnesium stearate (MgSt) in tablet granule has a significant impact on the com-
pression process. A rapid quantitative method for evaluating magnesium stearate content by atomic
absorption was established. The MgSt was extracted from the granule in 0.1 mol/L nitric acid and the
resulting free magnesium ion quantitated by atomic absorption. The total analysis time was significantly
eywords:
agnesium stearate assay

ontent uniformity
tomic absorption
rocess validation

shortened in comparison to the previously used sample ignition method.
This newly established method was evaluated with several drug products and several types of blender.

The analytical method was also applied to tablets with poor compression (rough tablet surface). The MgSt
content in these rough surface tablets was significantly lower than in tablets with smooth surfaces from
the same batch.

From these results, this atomic absorption method is considered to be an accurate and useful method
ibutio
uick quantitation for evaluating MgSt distr

. Introduction

Magnesium stearate (MgSt) is widely used as a lubricant in tablet
anufacturing. It is known that the distribution of MgSt in tablet

ranule has a significant impact on compression properties. A lack
f MgSt uniformity in tablet granule due to insufficient mixing
auses sticking or capping of the tablets during the compression
rocess. On the other hand, over-mixing causes extended disinte-
ration time and/or dissolution time as well as low tablet hardness
ue to the presence of a continuous hydrophobic film around the
ranule [1–6].

However, very few direct quantitative evaluation methods for
gSt distribution have been reported to date. A quantitative
ethod using wet sample ignition has been employed but it is

ime consuming because the ignition process, usually takes sev-
ral hours. Near-infrared spectroscopy (NIR) is now widely used for

uantitative analysis in the pharmaceutical field. NIR can be applied
o on-line monitoring of MgSt distribution during the mixing pro-
ess [7] however, the establishment of the reference spectrum
an be challenging and is highly influenced by the identity and

∗ Corresponding author. Tel.: +81 288 32 1137; fax: +81 288 32 1225.
E-mail address: keiichi.2.sugisawa@gsk.com (K. Sugisawa).

731-7085/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
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n and can be applied to tablet manufacturing process validation.
© 2009 Elsevier B.V. All rights reserved.

concentration of the other ingredients. Recently, St-Onge et al.
[8,10] and Green et al. [9] made a comparison of MgSt assay using
laser-induced breakdown spectroscopy and the widely used NIR
technique. They concluded that the laser-induced breakdown spec-
troscopy method is preferred for short-term investigations because
fewer calibrations are required than that for NIR analysis. Also, Sza-
lay et al. applied an energy dispersive X-ray fluorescence analyzer
to the investigation of MgSt distribution in tablets [11]. These new
analytical methods are able to evaluate the MgSt distribution in
granules and tablets but the equipment is not available in most
pharmaceutical laboratories.

The aim of this work was to establish a rapid quantitative method
for evaluating the uniformity of MgSt distribution in tablet granule
using flame atomic absorption spectroscopy (AAS) system which
can be applied to process validation.

2. Materials and methods

2.1. Materials
The AA-6600 atomic absorption spectrophotometer (Shimadzu,
Kyoto, Japan) was used in flame mode. For the extraction of MgSt in
granules or tablets, AA grade nitric acid (Kanto Chemical, Tokyo,
Japan) was used. Magnesium stearate (Taihei Chemical, Osaka,

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:keiichi.2.sugisawa@gsk.com
dx.doi.org/10.1016/j.jpba.2009.01.004
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apan or Mallinckrodt Japan, Tokyo, Japan), lactose (DMV Japan,
okyo, Japan), starch (Matsutani Chemical, Hyogo, Japan), povi-
one (ISP Japan, Tokyo, Japan), and microcrystalline cellulose (Asahi
asei Chemicals, Tokyo, Japan) were used for the recovery tests
nd the method application studies. Magnesium standard solution
Wako Pure Chemical, Osaka, Japan) was used as the standard for
he quantitation.

.2. Methods

.2.1. Establishment of the analytical method and method
alidation

The extraction method followed the same principle as the iden-
ification test (1) for MgSt in the Japanese Pharmacopoeia. Tablet
ranule or one tablet was dispersed in diluted nitric acid and MgSt
as hydrolyzed using sonication for 15–20 min and shaking for

5 min. After cooling, the solution was centrifuged at 3000 rpm for
0 min and the supernatant quantified by flame AAS at 285.21 nm.

.2.2. Examples of method application
To evaluate MgSt distribution during mixing, samples of powder

t each time point were taken from 6 to 10 locations within the mix-
ng vessel and analyzed. A sample of the mixed powder equivalent
o the weight of one tablet was used for the analysis at each indi-
idual sampling point for products A, C and D. A sample of tablet
ranule equivalent to one-fifth of the weight of the tablet was used
o analyze product B because of the relatively high content of MgSt
n this product formulation.

To evaluate the tablets with rough surfaces, six tablets were ana-
yzed individually. Also, 10 tablets with smooth surfaces taken from
he same manufacturing batch were analyzed at the same time as
he control group.

. Results and discussion

.1. Establishment of the analytical method and its validation

.1.1. Accuracy
Accuracy of the analytical method was investigated by recovery

esting for magnesium in blank products A–D. The formula MgSt
ontent in product A is 0.25 w/w%, in product B is 0.8 w/w%, in
roduct C is 0.25 w/w%, and in product D is 0.22 w/w%. All of
hese products are either lactose (products A, C and D) or micro-
rystalline cellulose (product B) based formulations. Recovery tests
ere conducted from 10% to 200% of the formula MgSt concentra-

ion (e.g. for product A, 0.025–0.50 w/w% of MgSt was added). The
esults show around 100% recovery from 50% to 200% of the formula
gSt concentration. However, results at 10% of the formula MgSt
oncentration have some variation, with between 66% and 144%
ecovery (0.017–0.036 w/w%) because of the low concentration of
gSt. Based on the recovery, it was concluded that the method has

ufficient accuracy for the evaluation of MgSt content uniformity in
he formulation although the recovery of 10% was not consistent.

able 1
pecificity of the MgSt assay (interference from other materials).

MgSt concentration (w/w%)

Product A (0.25 w/w%)a Product

0.0034 0.0728
0.0035 0.0776
0.0035 0.0440

ean 0.0035 0.0648
.D. 0.00006 0.01817
nterference with the assay value (%)b 2.8 8.1

a Theoretical MgSt content of each product.
b Calculated against the theoretical contents (formula MgSt content).
d Biomedical Analysis 49 (2009) 858–861 859

3.1.2. Precision
Precision results show low standard deviation, 0.1–0.7% for six

separate measurements using solutions of each product. This is con-
sidered an appropriate precision for evaluating the distribution of
MgSt in the sample.

3.1.3. Specificity
The AAS absorptions for several products without MgSt are

shown in Table 1. This shows the background stemming from the
other materials. The excipients in products A–D show some inter-
ference at the measurement wavelength. It is assumed that these
absorptions have originated from a minor residue of Mg in the for-
mulated materials. However, it was considered that these readings
(from 2% to 9% of the formula MgSt concentration) are not detri-
mental to the evaluation of MgSt distribution.

This AAS method is not applicable to drug products containing
magnesium in the excipients. Talc (magnesium silicate) or calcium
carbonate has significant background absorption of magnesium
thus the quantitation of MgSt with this method been impossible.

3.1.4. Limit of quantitation
The quantitation limit was determined through assessing the

signal to noise (S/N) ratio (S/N = 10). Appropriate quantitation lim-
its, around 4.5% of the formula MgSt content were observed on each
product.

3.1.5. Linearity
Linearity was investigated using standard magnesium solutions

of 10–200% of the formula MgSt content on each product. Good
linearity (r > 0.999) was observed within the range studied.

3.2. Examples of method application

3.2.1. Influence of MgSt mixing time on tablet granule with
different formulations

The influence of mixing time of MgSt in products with differ-
ent formulations (products B and C) using the same blender (V60)
and blending speeds was evaluated. The dispersion properties of
MgSt in each product were different under the same mixing con-
ditions (Fig. 1). For products B and C, there was no effect from
over-mixing on the compression parameters or dissolution profile
for up to 10 min of total blending time.

This kind of difference on the MgSt mixing has been observed
experimentally (by test compression etc.), but the difference was
not clearly evaluated by the analytical determination of MgSt dis-
tribution.
3.2.2. Influence of batch size and blender type on MgSt mixing
The influence of batch size (small scale: 5 kg, pilot scale: 30 kg

and full scale: 200 kg) and blender type (V5, V60, and Bohle bin
blender) on MgSt mixing time using product B was investigated.
The results are shown in Fig. 2. It was confirmed that there was

B (0.8 w/w%)a Product C (0.25 w/w%)a Product D (0.22 w/w%)a

0.0235 0.0121
0.0235 0.0117
0.0223 0.0114
0.0231 0.0117
0.00012 0.00035
9.2 5.5



860 K. Sugisawa et al. / Journal of Pharmaceutical and Biomedical Analysis 49 (2009) 858–861

F
m
M

n
t
a

t
t
p
V
b

c
b
o
m
t

3

t
i
s
e
a
w

b

Fig. 3. Influence of the origin of MgSt on the mixing time of MgSt using the same

F
r
t

ig. 1. Influence of granule formulation on mixing time of MgSt under the same
ixing conditions. The Y-axis is expressed as the coefficient of variation (C.V., %) of
gSt content from 10 samples taken at each mixing time.

o significant influence on the mixing time when the batch size or
he blender type were changed as studied for product B using this
nalytical method.

Usually, when the scale up of mixing processes is investigated,
he rotation speed of the blender is calculated in order to ensure that
he tangential speed of the mixer is equivalent in the two mixing
rocesses when the blenders are using the same mixing system (e.g.
5 and V60 blender). However, this calculation cannot be applied to
lenders using different systems (e.g. V60 and Bohle bin blenders).

This result is an example which suggests that tangential speed
alculations can be applied for the scale up of product B when
lenders are using the same mixing systems, although application
f the theory is not effective in all cases. Therefore, the analytical
ethod for evaluating the mixing profile of MgSt is useful where

he blender systems are different.

.2.3. Influence of the origin of the MgSt on the mixing properties
The influence of the origin of MgSt on the mixing time was inves-

igated using an animal origin and the two plant origin materials
n granule of product B (5 kg scale, Bohle bin blender). The results
how a difference on the mixing effectiveness among three differ-

nt origins at the beginning of the mixing process (Fig. 3). However,
fter the first 2 min of mixing, the uniformity of MgSt distribution
as considered equivalent under the conditions used.

Recently, widely used animal origin MgSt has been substituted
y material of plant origin because of concern over bovine spongi-

ig. 2. Influence of batch size and blender type on MgSt mixing of product B (small sca
elationship between the blending time and the coefficient of variation of MgSt and the
arget MgSt content is 0.8 w/w%).
blending conditions (product B, 5 kg, Bohle blender). The Y-axis is expressed as the
coefficient of variation (C.V.) of MgSt content from 10 sampling points at each time
point. Note that there was no difference in the uniformity of MgSt from animal and
plant after 2 min of mixing.

form encephalopathy (BSE) and it has been reported that the
functionality of plant origin MgSt is different from the animal ori-
gin material [12]. Differences in the blending properties were only
obvious at the beginning of the mixing process and there was no
noticeable difference after 2 min of mixing. However, the mixing
speed of MgSt in granules was affected by the properties of the
granules to which the MgSt was added. This trend may therefore
differ when using other granules and/or different blenders. Fur-
ther investigations are necessary to understand any differences in
the dispersion properties of animal and plant origin MgSt in other
products.

3.2.4. Relationship between MgSt mixing time and dissolution
speed of tablet

The influence of the MgSt mixing time on the dissolution speed
(dissolution profile) was investigated using product A in a pilot scale
(24 kg, V60 blender) with plant origin MgSt.

After the compression of the tablets at each MgSt mixing time,
the dissolution profiles of the tablets were investigated. As shown

in Fig. 4, the MgSt distribution reached a steady state after 1 min of
mixing and no segregation was observed for up to 7 min (left figure).
However, significant dissolution delay (p < 0.01, Student’s T-test) at
the 10 min time point of the dissolution profile was observed for
tablets at 7 min mixing (right figure). No influence of over-mixing

le: 5 kg, pilot scale: 30 kg and full scale: 200 kg). The figure of the left shows the
figure on the right shows the mean content of MgSt at the same time points (the
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Fig. 4. The influence of MgSt mixing time on the dissolution profile of product A. The left
figure shows the dissolution profile of product A tablets at mixing times of 2 min and 7 m

Table 2
Comparison of the MgSt content in rough surface tablets and smooth surface tablets.

MgSt content (w/w%) in the tabletsa (range)

Rough surface tablets (n = 6) 0.10b (0.09–0.12)
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mooth surface tablets (n = 10) 0.26 (0.25–0.26)

a The target MgSt content is 0.25 w/w%.
b p 0.01 = 33.631 > 2.977 (Student’s T-test).

gSt on the dissolution rate beyond the 10 min time point was
bserved for this product.

The test results suggest that the optimum MgSt mixing time
or product A is around 2 min. Product A shows a relatively rapid
issolution profile, thus the influence of MgSt over-mixing was not

arge but it is speculated that the influence of over-mixing could be
ignificant for products with slower dissolution properties.

.2.5. Relationship between rough surface tablets and MgSt
ontent

A comparison of the MgSt content in tablets with rough and
mooth (normal) surfaces in one full scale batch of product C was
onducted using the analytical method. As shown in Table 2, the
gSt content of tablets with rough surfaces is significantly lower

han that of the smooth surface tablets.
Further investigation revealed that the uniformity of MgSt after

he mixing process was poor in this batch (C.V. 41.7%). Therefore,
he mixing time of MgSt was extended from 2 min to 3 min and it
as found that the uniformity of the MgSt content was improved

o approximately 20% (C.V. 14.3%, 23.9%) on two batches. After this
mprovement, the compression problem seen with product C was
olved.

. Conclusion
The rapid quantitative method for evaluating the uniformity of
gSt distribution in tablet granule or tablets using a conventional

AS system was established and validated. The method can mea-
ure the MgSt contents in granules or tablets in about 30–40 min

[

[

[

figure shows the time course of the MgSt distribution during mixing and the right
in.

for 10 samples once the AAS system has been set up. With this
quick method, the uniformity of MgSt distribution in the tablet
granule can be evaluated without delay to the manufacturing pro-
cess. Moreover, this method uses standard analytical equipment.
Therefore it can be conducted in most pharmaceutical laboratories
equipped with a conventional flame AAS system.

This AAS method could not be applied to formulations which
contain magnesium. Other modern evaluation methods such as
laser-induced breakdown spectroscopy and energy dispersive X-
ray fluorescence analyzer target magnesium therefore have the
same limitation. If the product contains magnesium, then another
approach like NIR or delivertized HPLC method [13], which can
quantify the stearic acid in MgSt, must be considered.

The test results using several different drug products clearly
demonstrate the value of this new analytical method in the investi-
gation of the relationship between the tabletting process and MgSt
distribution in the formulation. This analytical method will be a
useful tool in the detailed investigation of tablet compression issues
related to MgSt distribution in formulations.
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