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The uniform distribution of pharmaceutical materials such
as active pharmaceutical ingredient (API), lubricants and
other components is critical in order to achieve optimal prod-
uct performance. A poor distribution of pharmaceutical ma-
terials may lead to many manufacturing problems (e.g. stick-
ing, capping, binding and migration) during formulation de-
velopment. Our current study is focused on the evaluation of
one of these problems, drug migration, in fast-disintegrating
tablets (FD).

FD are becoming popular as novel delivery systems for
drug administration. They are more convenient for children
and elderly patients with swallowing difficulties. Many com-
panies have developed FD that disintegrates easily in the
mouth. The three techniques most commonly applied to for-
mulate FD are freeze-drying, moulding and compaction. Al-
though freeze-drying and moulding often result in a lack of
tablet hardness due to a highly porous tablet structure, com-
paction is a convenient and cheap way to produce tablets
with sufficient structural integrity.1)

In the development of FD, a wet granulation method 
is popular. This method is applied in modified technology 
for moulding and compaction as a direct compression of 
wet granulation method. In the case of the wet granulation
method, a drying process is usually required after tableting of
wet granules that contains API and sugar or sugar alcohol as
main excipients. During this drying progress, manufacturing
problems such as migration are often encountered. In the
case of a migration occurring in FD, there are some problems
such as the change of the disintegration time and the taste in
a mouth, and then the sticking on manufacturing process. Re-
searchers often must develop strategies of overcome the mi-

gration of API of the tablet surface during the drying
process. Although the concept of migration is well-known,
there are few reports regarding drug migration during using
wet granulation method. Only studies investigating the influ-
ence of drying temperature and granulation liquid viscosity
on the drug migration have been reported.2—4) Beyond these
wet granulation studies, there are only a few additional re-
ports about migration in coated tablets and hard capsules.5—8)

Notably, all the studies described above evaluated migra-
tion in only qualitative manner. In other words, there have
been no reports investigating drug migration by quantitative
analysis until now. In the present study, we extend drug mi-
gration from a qualitative concept to a quantifiable phenome-
non.

In this study, we used laser-induced breakdown spec-
troscopy (LIBS) to quantitatively investigate drug migration
in tablets. LIBS is a type of plasma spectrochemistry used
for elemental composition analysis. Two major plasma spec-
trochemistry techniques, inductively coupled plasma (ICP)
and LIBS, are described in the U.S. pharmacopeia. Com-
pared with ICP, LIBS has an advantage that it is not neces-
sary to dissolve the pharmaceutical materials in a sample be-
fore analysis. In LIBS, a solid, liquid, or gaseous sample is
heated directly by a pulsed laser and the volatilized con-
stituents in the sample are analyzed quantitatively. LIBS is
still an emerging analytical technology for pharmaceuticals,9)

thus there are only some reports using LIBS for investigation
of pharmaceutical materials.10—17)

To evaluate drug migration, model tablets containing
nicardipine hydrochloride as API were prepared using a di-
rect compression of wet granulation method with different
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drying temperatures. Since the color of API is pale yellow
and those of excipients are all white, we can observe the de-
gree of drug migration by visual inspection using this model
tablets. Visual inspection, Fourier transform (FT)-IR map-
ping and LIBS analysis were used to evaluate the drug mi-
gration in the tablets. We also evaluated the advantages of
LIBS for sample preparation, data analysis process and
measurement time versus visual inspection and FT-IR map-
ping. Our findings conclude that LIBS analysis is a very use-
ful process analytical technology (PAT) tool for solving the
problem of drug migration.

Experimental
Materials Povidone (Plasdone K-29/30, ISP Japan Ltd., Japan), D-man-

nitol (Merck Ltd., Japan) and ethanol (Anhydrous ethanol, Japan Alcohol
Trading Co., Ltd., Japan) were used in this study. Nicardipine hydrochloride
(Industria Ricerche Chimiche D’albano, Italy) was used as the model drug.

Preparation of Model Tablets Povidone, D-mannitol and nicardipine
hydrochloride were mixed in a mixer (R-8, Nippon Rikagaku Kikai Co.,
Ltd.) for 5 min. After mixing the powders, 55% ethanol aq. solution was
gradually added to the mixture in quantity sufficient to achieve the state of
wet granules. Approximately 280 mg of wet granules were compressed at
0.5 kN force with flat-faced round type punches, in a die of 8.0 mm internal
diameter using a universal testing machine (Autograph AG-5000A, Shi-
madzu Corp., Kyoto, Japan). In this manner, tablets with a thickness of

about 5 mm were prepared. The tablets were then dried at different tempera-
tures ranging from 50 to 80 °C for 4 min.

Visual Inspection of Tablets Surface analysis was carried out by visu-
ally inspecting the surface of tablets. Core analysis was carried out by visu-
ally inspecting the core of the tablets after cutting the tablets with a knife.
The analysis scheme is shown in Fig. 1A.

Fourier Transform (FT)-IR Mapping 2D analysis was conducted
using FT-IR (Spectrum spotlight 300, Perkin Elmer Japan, Co., Ltd., Japan)
in the range of 7800 to 680 cm�1. Surface analysis and core analysis were
performed by scanning and mapping the surface and core of tablets using
principle component analysis (Hyper View, Perkin Elmer). The measure-
ment area for the mapping was 3.6�3.9 mm at 25 mm per pixel and the
measurement time was about 2.5 h. The analysis scheme is shown in Fig. 1B.

LIBS Analysis Depth profiles of the near surface of the tablets were di-
rectly assessed using LIBS (PharmaLIBS250, Pharma Laser, Canada) in the
range between 508.6 and 517.2 nm to detect the carbon double bond (C2) on
the aromatic ring of the API. The pulse lasers of 150 mJ were shot at 7 spots
on the surface of each tablet. Ten shots were repeated at each spot on each
tablet to enable breakdown of the near surface of tablet. The measurement
time was about 1 min. The analysis scheme is shown in Fig. 1C.

Results and Discussion
Drug Migration in Tablets Figure 2 shows a photo-
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Fig. 1. Analysis Scheme of Visual Inspection, FT-IR Mapping and LIBS
Analysis

(A) Surface and core analysis by visual inspection. (B) Surface and core analysis by
FT-IR mapping. (C) Tablet skin analysis by LIBS.

Fig. 3. Results of FT-IR Mapping for 2D Analysis

(A) Analysis of the surface of tablets prepared with different drying temperatures. (B) Analysis of the core of tablets prepared with different drying temperatures.

Fig. 2. Extreme Case of Drug Migration Caused by Excess Ethanol (Ac-
tual Photograph)

Table 1. The Average C2 Intensity during LIBS Tablet Skin Analysis of
Tablets Dried at Different Temperatures

Drying temperature Average of C2 intensity RSD (%) between
(°C) (counts) inter-tablets (n�4)

50 520822 2.0
60 527954 6.2
70 536808 5.0
80 549397 0.5



graph of extreme drug migration in a tablet after drying with
excessive ethanol. Although the surface color of the tablets
was almost white before drying, the surface after drying be-
came pale yellow. This result indicated that the pale yellow
API moved to the surface with ethanol during ethanol evapo-
ration because of its high solubility in ethanol.

Although we could observe this drug migration visually
due to the color difference between the API and excipients in
the above extreme condition, we could not clearly recognize
coloration differences in drug migration in the model tablets
used in this study. Yellow was weak and scattered on the sur-
face and core of the model tablets prepared using drying
temperatures between 50 °C and 80 °C.

In general, visual inspection also could not be used as a
universal method to evaluate the drug migration because the
color of many API is the same white as that of many excipi-
ents.

Two Dimension (2D) Analysis Using FT-IR Mapping
Figure 3 shows the results of FT-IR mapping for 2D analysis.
In the surface analysis results, localized regions of high API
concentration increased as drying temperature increased. On
the other hand, localized regions of high API concentration
in the tablet core decreased as drying temperature increased.
From these results, it was concluded that the degree of drug
migration was scaled with drying temperature.

In this model, we could observe the drug migration quali-
tatively using FT-IR mapping. However, some issues may
prevent validation of 2D FT-IR mapping as a method for
monitoring drug migration. The calculation process requires
complicated statistical methods including chemometrics, and
uneven surface can affect 2D mapping results. The tablet cut-
ting process required to examine the tablet core is inconven-
ient and may lead to these irregular surfaces. Therefore, 2D
FT-IR mapping may not become a universal method for 
migration monitoring.

Tablet Skin Analysis Using LIBS Analysis Table 1
shows a summary of the average C2 intensity of LIBS analy-
sis using 4 tablets with the different drying temperatures. The
results per tablet contain the average of 10 laser shots in 7
spots on the near surface of tablet. In general, the depth of
penetration per a laser pulse is several tens of mm in the coat-
ing and several hundreds of mm in the tablet core. The exact
depth is dependent on the pharmaceutical materials and the
hardness of tablets. In this study, the near surface of tablet
using LIBS analysis is called “Tablet skin analysis.”

As seen in Table 1, the average C2 intensity increased as
drying temperature increased. These results indicate that
tablet skin analysis using LIBS can assess drug migration
quantitatively. The calculated RSD% for 4 tablets at each

drying temperature indicate variability was higher at 60 °C
and 70 °C temperatures than at 50 °C and 80 °C. As migra-
tion was found to scale with temperature, this may indicate
that migration from the tablet core to the surface is nearing
completion at the 80 °C conditions. Greater variability may
thus be observed at intermediate temperatures relative to the
low and high temperature conditions where a small or large
amount of drug migration of the surface may be expected.

Generally, API contains one or more specific element such
as metal, halogen and aromatic ring etc. Therefore, drug mi-
gration would be able to be evaluated using LIBS analysis
targeting these specific elements in the API. Moreover, the
tablet skin analysis using LIBS does not require sample
preparation such as tablet cutting, and the simple, quantita-
tive value provided by LIBS lends itself readily to method
validation and PAT analysis. Consequently, the tablet skin
analysis using LIBS would become a universal method to 
assess drug migration.

Conclusion
In this work, visual inspection, FT-IR mapping and LIBS

analysis were compared to evaluate drug migration using
model FD tablets. The sample preparation, data analysis
process and measurement time of each analytical technology
are summarized in Table 2.

Since drug migration occurs in three dimensions as API
moves from the core to the tablet surface, it was necessary to
evaluate the surface API concentration and core API concen-
tration after cutting the tablet while using visual inspection
and FT-IR 2D mapping. Compared with these techniques,
LIBS Tablet skin analysis could evaluate drug migration di-
rectly without sample preparation owing to its ability to sur-
vey the near surface region of the tablet. Furthermore, we
have shown that Tablet skin analysis could assess the drug
migration quantitatively.

We believe that Tablet skin analysis using LIBS should be
used as a PAT tool to solve the problem of drug migration
and can contribute to formulation development of new FD.
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(quantitative) (only target peak detection)



651—660 (1997).
7) Ruotsalainen M., Heinamaki J., Guo H., Laitine N., Yliruusi J., Eur. J.

Pharm. Biopharm., 56, 381—388 (2003).
8) Missaghi S., Fassihi R., AAPS Pharm. Sci. Tech., 5, 1—8 (2004).
9) Blain A., Yakuzaigaku, 67, 415—420 (2007).

10) Mowery N. D., Sing R., Kirsch J., Razaghi A., Bechard S., Reed R. A.,
J. Pharm. Biomed. Anal., 28, 935—943 (2002).

11) St-Onge L., Kwong E., Sabsabi M., Vadas E. B., J. Pharm. Biomed.
Anal., 36, 277—284 (2004).

12) St-Onge L., Archambault J. F., Kwong E., Sabsabi M., Vadas E. B., J.
Pharm. Sci., 8, 272—288 (2005).

13) Sakai M., Yokoyama M., J. Jpn. Soc. Pharm. Mach. & Eng., 16, 5—9
(2007).

14) Francois R. D., Patrick J. F., Mohamad S., Robbe C. L., J. Anal. At.
Spectrom., 23, 694—701 (2008).

15) George A. Z., Agathi F. O., J. Pharm. Biomed. Anal., 47, 541—546
(2008).

16) Jesus A., Beatriz B., Beatriz M. L., Justiniano C. G., Med. Chem. Res.,
18, 656—664 (2009).

17) Carvalho A., Gustinelli G., Lidiane C. N., Souza P. F., Francisco J. K.,
Thaisa C. A., Dario S., J. Anal. At. Spectrom., 25, 803—809 (2010).

1524 Vol. 58, No. 11


