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Microscopic Laser Raman Spectroscopy and Mapping (MLRSM) technique was used to investigate
the distribution of tulobuterol (TBR) crystals in transdermal tapes. TBR is one of suitable compounds
for the transdermal pharmaceuticals because it has high permeability into skin. In case of TBR trans-
dermal tapes, some commercial products also contain TBR crystals in order to control a release rate
from a matrix. Therefore, the presence of TBR crystals in the matrix is a critical factor for quality
assurance of this type of TDDS tapes. The model tapes prepared here employed two kinds of ma-
trices, i.e., rubber or acrylic, which are generally used for transdermal pharmaceuticals. TBR crystals
in the matrix were observed by MLRSM. Accurate observation of the distribution of TBR in the tapes
was achieved by creating a Raman chemical map based on detecting unique TBR peak in each pixel.
Moreover, differences in the growth of TBR crystals in the two kinds of matrices were detected by
microscopic observation. MLRSM also enabled the detection of TBR crystals in commercial products.
The present findings suggest that Raman micro-spectroscopic analysis would be very useful for verify-
ing and/or assessing the quality of transdermal pharmaceuticals in development, as well as for manu-

facturing process control.

1. Introduction

Tulobuterol (TBR) transdermal tapes are applied in cases
of bronchial asthma as a bronchodilator (f3,-blocker). TBR
suitable for use in transdermal drug delivery because it
has high permeability into the keratin layer (Uematsu
etal. 1993). TBR pharmaceutical products with a Trans-
dermal Drug Delivery System (TDDS) have advantages
such as eliminating the side effects including abdominal
pain and appetite loss (likura et al. 1995), and maintaining
effective blood TBR levels for approximately 24 h (Hori-
guchi et al. 2004). The release rate of TBR from the ma-
trix is controlled by the formation of TBR crystals. The
crystallization of TBR has the possibility of influencing
the TBR blood level profile. Therefore, it is necessary to
characterize not only the release rate of TBR from a ma-
trix, but also to characterize its crystallinity in dosage
form in the matrix. Jn virro penetration testing using
stripped animal skin and in vitro release testing have been
used to evaluate transdermal pharmaceuticals in terms of
penetration and release. Because these evaluation methods
show only one of several alternative physicochemical pa-
rameters (e.g., release rate, rate of penetration rate of an
active substance, etc.), it has remained difficult to clarify
the chemical status and quality of transdermal pharmaceu-
ticals. In case of transdermal tapes containing an active
drug as crystals in a matrix, the active drug is slowly re-
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leased from the matrix into the keratin layer, as crystals
will gradually dissolve in a matrix. Therefore, the crystal-
lization of TBR is an important quality parameter. How-
ever, evaluation of the correlation of release rates between
animal skin and human skin using in vitro penetration test-
ing of animal skin has also remained difficult. Therefore,
it has become desirable to develop analytical methods of
both microscopically and chemically detecting and obsery-
ing crystals of active drugs in a matrix.
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Laser Raman spectroscopy is a method of spectroscopic
analysis of spectra of Raman scattered light obtained by
exposure of a sample to a laser. Raman spectroscopy has
been used for the identification and quantification of poly-
morphs (Deely etal. 1991; Falcon etal. 2004; Ferrari
et al. 2004; Findlay et al. 1998; Hu et al. 2005; Langkilde
etal. 1997; Ono etal. 2004; Schéll et al. 2006; Starbuck
et al. 2002; Wang et al. 2000; Murphy et al. 2005) and for
monitering the crystallization process (Taylor et al. 1998;
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Murphy etal. 2005; Ngrgaard et al. 2005) because it en-
ables the detection of crystals, and in particular, differ-
ences between crystal forms. Therefore, Microscopic La-
ser Raman Spectroscopy/Mapping (MLRSM) was
employed in the present study to microscopically and che-
mically detect TBR crystals in transdermal tapes. The ap-
plicability of this spectroscopic analytical method was ex-
amined both for the purpose of quality control (i.e., t
confirm the crystals of TBR in the matrix), as well as
with the aim of enhancing our understanding of relevant
quality attributes of prototype pharmaceuticals in various
stages of development.

2. Investigations and results

2.1. Determination of a unique wave number range
in the Raman spectrum for TBR in model tapes

A typical Raman spectrum obtained from the TBR refer-
ence standard substance is shown in Fig. 1. Typical spec-
tra of placebo tape (a) and model tape (b) of rubber ma-
trices are shown in Figs. 2 and 3, respectively. To find
characteristic wave numbers of TBR, these spectra were
compared with the Raman spectrum obtained from a mod-
el tape. The peak bending vibration of C—C at 415cm™!
was used as the characteristic peak of TBR, and the inte-
grated values obtained from the wave number range from
420 cm™! to 400 cm™! were used for making the Raman
chemical maps.
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Fig. 1: Typical Raman spectrum of the TBR reference standard. The peak
at 4]15cm™' was chosen as characteristic, because no interfering
peak was observed in the vicinity of this peak

M

0 500 1000 1500 2000 2500 3000 3500

purer L

! f;
b}

A r“ A ’{W‘k /d“&,ﬁ-f‘Ui «,MP\L,/’J
@

% ’\_,_.f il LJJ{L..:'“l a \I&}JLJI-.A‘._‘-_.-_—;;‘/

100 1200, 1000 BOG 600 400 20
Waveriomber (cim*'}

e,

Rainain linensity

Fig. 2: Typical Raman spectra of placebo (a, rubber matrix) and model
tape (b, rubber matrix). The arrow indicates the peak chosen for
the specific detection of TBR. Comparatively strong intensity was
observed
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Fig. 3: Typical Raman spectra of placebo (a, acrylic matrix) and model
tape (b, acrylic matrix). The very similar Raman spectrum of pla-
cebo tape was observed compared with that of the rubber matrix,
because the absorption of supporting boards that were made from
PET was also detected

2.2. Optical micrograph and Raman chemical mapping
of the crystals of TBR in a rubber matrix

Figure 4a shows the micrograph of a 600 x 500 um area
in the R-10 sample. An enlarged micrograph
(200 x 200 pm) is shown in Fig. 4b. Pillar-shaped crystals
(short, 1 pm-2 pum; long, 10 pm-20 um) that formed in
lumps were observed. Figure 4c and d show the three-
dimensional (3D) map and the Raman chemical map that
corresponds with the area in Fig. 4b. In the Raman chemi-
cal map, the distribution of TBR in the matrix corre-
sponded with the distribution of crystals in the optical mi-
crograph. The Raman absorbance intensity corresponded
with the distribution of optically observed TBR.

2.3. Optical micrograph and Raman chemical mapping
of the crystals of TBR in an acrylic matrix

A micrograph of a 600 x 500 um area and an enlarged
micrograph of a 200 x 200 pm area of the A-20 sample
are shown in Fig. 5a and b, respectively. In Figure 5c and
d, the respective 3D chemical map and Raman chemical
map are given that correspond to Fig. 5b. A lump of crys-
tals with radiating branches was observed in the matrix.
The Raman chemical map of TBR corresponding to the
micrograph was obtained. The Raman chemical maps,
which show the distribution of Raman chemical intensity,
indicated trace amounts of crystal growth.

2.4. Shapes of crystals of TBR in two types of matrix

The micrograph of early-stage TBR crystallization in an
acrylic matrix is shown in Fig. 6a. A lump of crystals
with radiating branches was observed. Figure 6b shows
the micrograph obtained approximately at the level of the
top of branch of the crystal. The findings suggest that the
pillar-shaped crystals were successively generated at the
top of branches, and that the branches grew radially from
the core. In case of the rubber matrix, pillar-shaped
crystals that formed individual lumps were observed, as
shown in Fig. 4a and b. No signs of a core were ob-
served, and lumps of pillar-shaped crystals occurred indi-
vidually in the matrix. These findings suggest that the
TBR crystal growth mechanism differs in the two types of
matrix analyzed here. Empirical evidence suggests that
when crystallization was rapid, numerous crystalline
lumps lacking a nucleus appeared in all areas of the ma-
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Fig. 4:

Micrographs and Raman chemical maps ob-
tained from the model tape (R-10). a: Micro-
graph of a 600 x 500 um area, b: Enlarged mi-
crograph of a 200 x 200 pm area, c: 3D
Raman chemical map that corresponds with
that in d, d: Raman chemical map that corre-
sponds with b. The distribution of the TBR
crystals in the matrix was clearly detected by
both methods

Fig. 5:
Micrographs and Raman chemical maps ob-
tained from the model tape (A-20). a: Micro-
graph of a 600 x 500 pm area, b: Enlarged mi-
crograph of a 200x200 ym area, c: 3D
Raman chemical map that corresponds with d,
d: Raman chemical map that corresponds with
b. The mass of the crystals, with radiating
branches, was observed in the matrix. The Ra-
man chemical map of TBR comesponding to
the micrograph was obtained

Fig. 6:

Micrographs of the mass of TBR crystals ob-
tained from A-20. a: Core with radiating
branches, b: Top of the branch. Pillar-shaped
crystals generated successively at the top of
branches were observed microscopically
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Fig. 7: Raman spectra of commercial tape. a: Background, b: The area
where crystals were observed. The characteristic peak (415 cm™")
of TBR was detected

rix, but in cases of slow crystallization, crystals formed
around a nucleus. An empirical understanding of such pro-
cesses would also suggest that the TBR crystals formed
more rapidly in the rubber matrix than in the acrylic ma-
trix. The processes of crystallization in these matrices
agreed with the empirical evidence obtained here. It ap-
pears that new crystals will form around a nucleus, be-
cause surrounding molecules are stimulated to crystallize
by a nucleus, as shown in Fig. 6. Raghavan et al. (2001)
reported that the nucleation process depends in such cases
on the hydrogen-bonding functional groups of not only
the active drug, but also the polymer. Therefore, it appears
likely that differences between the polymer structures of
matrices contribute to differences in the process of crystal
formation in those matrices. Although further study will
still be needed to explain this phenomenon, it appears that
the growth mechanism of TBR crystals in each matrix

(a)

Fig. 8:

Micrographs and Raman chemical maps ob-
tained from the commercial tape (1 mg TBR
in the tape). a: Micrograph of a 570 x 450 um
area, b: Enlarged micrograph of a 100 x
100 pm area, ¢: 3D Raman chemical map that
corresponds with d, d: Raman chemical map
that comesponds with b. TBR crystals were
clearly detected in the matrix
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Fig. 9:

Micrographs and Raman chemical maps ob-
tained from commercial tape (2mg TBR in
tape). a: Micrograph of a 570 x450 um area,
b: Enlarged micrograph of a 100x 100 pm
area, ¢: 3D Raman chemical map that corre-
sponds with d, d: Raman chemical map that
comesponds with b. The crystal distribution
suggested that rubber matnx was used for
these products
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may depend in part on hydrogen bonding between func-
tional groups of TBR and the polymer.

2.5. Analysis of commercial products using MLRSM

MLRSM was used here to detect TBR crystals in commer-
cial products. In these samples, there was a supporting
board made of cloth, and a liner made of a white, plastic-
like material. The tapes were measured after the liner was
removed. Figure 7 shows the Raman spectra of commer-
cial tape. Figure 7a or b were obtained from the area
where crystals were not observed or the area where crys-
tals were observed, respectively. The characteristic peak of
TBR at 415 cm™! was detected. Figures 8 and 9 show the
micrographs (a and b) and the Raman chemical maps (c
and d) obtained from the commercial product, Hokunalin®
tape, examined in 1 mg and 2 mg sizes, respectively. Areas
in which TBR crystals were observed were selected for
obtaining the Raman chemical maps. In both micrographs,
more crystals appeared to be present in the 2 mg tape than
in the 1 mg tape. However, according to the documentation
for this product, several sizes of tape, prepared by cutting
sections from a larger sheet, can yield various products.
Therefore, the TBR content in a particular unit area in sev-
eral types of Hokunalin tapes will remain equivalent. Tt
has been hypothesized that the number of crystals in a
measured area is affected by the area selected for mapping.
Moreover, TBR crystals were also observed that did not
assume the lump-shaped formation in this product. Round,
pillar-shaped crystals ranging in size from 6 x 15 um to
30 x 40 um were also observed. The formation of TBR
crystals in the product was similar to that observed in a
model tape made of a rubber matrix. Helpful information
was provided in the attached documentation regarding the
medical additives (e.g., polyisobutylene, polybutene, and
lipocyclic petroleum resin) used to prepare the rubber ma-
trix. The results of the present study suggest that the crys-
tal formation patterns in a matrix yield useful information
about unique matrix characteristics.

3. Discussion

The application of MLRSM to detect the crystals of an
active drug in transdermal tapes has been studied. In the
case of these TDDS pharmaceutical products, microscopy
and chemical mapping method were useful for evaluating
the quality of these products as non-destructive spectro-
scopic technology. Moreover, MLRSM could be used to
measure products equipped with a liner for the purpose of
quality control during processing, as well as to assess the
crystallization of an active drug during storage. Non-de-
structive spectroscopic methods may be used for analysis
of the chemical state and distribution of an active drug,
not only in the case of transdermal tapes, but also in film-
form products in pharmaceutical development. Further-
more, these methods could be applied as analytical tools
to evaluate various factors affecting product quality in the
manufacturing process.

4. Experimental

4.1. Microscopie Laser Raman Spectroscopy and Mapping (MLRSM)
instrument and measurement conditions

MLRSM measurement was performed using the SENTERRA Dispersive
Raman Microscope (Bruker Optics K.K., Germany). Excitation wave-
length, laser power, integration time, number of scans, spatial resolution
and grating were set at 785 nm, 100 mW, 10s, 1 scan, 2 um and 1200
lines/mm, respectively.
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4.2. Materials

Tulobuterol (TBR, purity > 99.0%) was provided by Hisamitsu Pharma-
ceutical Co., Inc. (Tokyo, Japan). 2-Ethylhexyl acrylate vinylpymolidone
copolymer, isopropyl myristate, polyisobutylene, polybutene, and lipocyclic
petroleum resin for matrices of model patches were used as Japanese Phar-
maceutical Excipients (JPE)-quality products. Hokunalin® Tape (1 mg and
2 mg) (Maruho Co. Ltd., Osaka, Japan) were purchased from a commer-
cial source.

4.3. Preparation of model tapes

Model tapes were prepared by the TDDS Laboratory, Hisamitsu Pharma-
ceutical Co., Inc. (Tsukuba, Japan). In order to identify crystalline lumps
of TBR in the matrix, two types of matrix, rubber and acrylic, were pre-
pared. TBR and other matrix adhesive solution ingredients were mixed and
thoroughly stirred. The mixture was extended on a liner and residual sol-
vents were removed by drying. The matrix was adjusted to a constant
thickness (approximately 50 um) and pasted onto a supponing board. A
polyethylene terephthalate (PET) film was selected for the liner and the
supporting board of the model tapes. Then, the sample was cut to a size of
36 mm diameter. TBR crystals in the model tapes were generated by leav-
ing the sample to stand for one week (a rubber matrix) or one month (an
acrylic matrix).

Model tapes were prepared that contained Ow/w% (R-0, placebo), and
10 w/wS (R-10) of TBR in a rubber matrix that consisted of polyisobutyl-
ene, polybutene, and lipoeyclic petroleum resin. Small white crystals were
seen in all areas of the matrix in the R-10 sample. Model 1apes were pre-
pared that contained 0 w/w% (A-0, placebo) and 20 w/w% (A-20) of TBR
in an acrylic matrix composed of acrylic adhesive polymer and isopropyl
myristate. Due 10 the solubility of TBR, higher TBR concentrations were
necessary to generate crystals in the acrylic matrix than in the rubber ma-
rx.

4.4. Measurement of model tapes and commercial products

The model tapes with the liner were placed on a measurement stand with
the liner side facing up. For the measurement of the model tapes, micro-
graphs were obtained and chemical mapping was performed by microsco-
pically focusing on crystals of interest. For the MLRSM measurements of
the commercial TBR transdermal tapes, the tapes were placed without the
liner on the measurement stand, with the adhesive side facing up.
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TERAHERTZ SPECTROSCOPY AND IMAGING STUDY FOR
QUALITY EVALUATION OF GENERIC DRUGS 1.
CIPROFLOXACIN HYDROCHLORIDE TABLETS

Tomoaki Sakamoto', Alessia Portieri®, Daisuke Sasakura’, Tomoyuki

Matsubara’, Tsuyoshi Miura®, Philip F. Taday®, Donald D. Amone?, Toru

Kawanishi', Yukio Hiyama'
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Kingdom *Bruker Optics K.K. Japan
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Objective
In this work terahertz pulsed spectroscopy (TPS) and imaging (TPI) has been used for quality evaluation
of generic drugs. Tablets of Ciprofloxacin hydrochloride (CPFX.HCI), which is one of the effective
drugs for anthrax infection, were selected. Tablets from the innovator’s and four kinds of generic tablets
were measured for acquiring unique THz spectra as well as imaging information.
Experimental
CPFX.HCI, commercially available, was used as the standard substance to identify the AP] in tablets.
Tablets were crushed and polyethylene pellets were pressed together with the resulting powdered tablets.
These were measured using the TPS Spectra 1000 system (TeraView Lid., Cambridge, UK) and THz
spectra were obtained. The Imaga 2000 system (TeraView Ltd., Cambridge, UK) was also used to
acquire THz images of the intact tablets.
Result and discussions
Unique spectral features between 35¢m-1 and 90cm-1 were observed in the spectra from the five kinds
of tablets in the spectroscopic measurments. These features are deriving predominantly from the AP],
CPFX.HCI, as the same features are present when comparing with the AP substance alone. The
characteristic peaks were observed at 30cm-1, 40cm-1, 80¢m-1, 85cm-1.
THz images of the intact tablets were also acquired. When analyzing the images of the tablets it was
possible to distinguish berween the innovator’s tablet from the generic lablets as the generic tablets all
showed features of in homogeneity and added layers in the coating that that might be due to different
processing methods, un-uniformity of particle size, The B-scan image specifically show for each tablet
that different profiles such as coating thickness and added layers inside the tablets were formed by
different compression methods. These results show that the TPS and/or TP1 are applicable to
discriminate generic lablets from each other as well as from the innovator's tablet and that the
technology is useful to evaluate the quality of generic drugs and to compare the brand drugs.
Furthermore, characteristic THz spectra provide the possibility to screen counterfeit drugs from that of
the legal product.
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Development of quality evaluation method for pharmaceuticals using
terahertz wave - terahertz spectral features in re-crystallization DL mixture
of amino acids and applicability for an optical purity analysis-

Tomoaki Sakamoto', Tadao Tanabe?, Tetsuo Sasaki’ , Yutaka Oyama Junichi Nishizawa’,
Toru Kawanishi', Yukio Hlyama
Dl\«lSlOI’l of Drugs, Natlonal Institute of Health Sciences
*Graduate School of Engineering, Tohoku University
*Center for Priority Area, Tokyo Metropolitan University
tsakamot(@nihs.go.jp

Purpose Authors have studied about quality evaluation techniques of pharmaceuﬁcals using
terahertz (THz) spectroscopy and imaging. As one of our activities for study on applicability of THz
wave for pharmaceutical analysis, amino acids were used to examine distinguishability of chiral
isomers by THz wave. Although the distinction between racemate and enantiomer using THz
spectroscopy could be developed, identification of each enantiomer has not been realized. The purpose
of this study is not only to develop quantitative methods for an optical purity of chiral pharmaceuticals
but also to provide concerning spectroscopic understanding of THz wave region.

Experimental All measurements of THz spectra were performed by a GaP THz signal
generator system equipped with room temperature operated pyroelectric detectors. Re-crystallized D,
L-leucine and their mixtures with several levels of concentration ratio were obtained from water.
These spectra of samples were measured at the wave numbers range of between 33cm™ (1 THz) and
167cm™ (5 THz).

Results and discussion Re-crystallized D, L-leucine mixtures appeared the characteristic
THz spectral features, and the half width of peaks tended to be narrow compared with those of mixture
of them. The peak tops were sifted to lower wave numbers (by 2.5 cm™'- 3.5 em™) (Fig. 1). It was
suggested that this phenomenon was caused by the change of crystal structure due to re-crystallization
of D, L mixtures. Furthermore, the difference of spectral features of THz spectra of re-crystallized D-
and L-leucines between 133 ¢cm’ (4 THz) and 190 cm™ (6 THz) was observed (Fig. 2). Then,
relatively good correlation between the ratios of the optical isomer and the THz transmittance (%) was
also observed. Although further study should be needed to explain detail of this phenomenon,
possibility of optical purity measurement is shown in this study. In this symposium, authors will
present applicability of THz spectroscopy for purity estimation of optical isomers based on differences
of spectral features obtained from several re-crystallization condition of D, L- leucine mixture.
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Abstract

The objective of this work is to develop an evaluation method for crystallization of tulobuterol (TBR) in
transdermal pharmaceuticals using near infrared spectroscopy (NIRS) and near infrared imaging (NIRI). The
unique absorption, the first overtone of secondary amine was used for detection of TBR crystals in the matrix.
More than 30 days of the duration process was needed to complete the crystallization of TBR in tulobuterol
transdermal (TDDS) model tapes. A time-course distribution analysis of TBR crystals in the matrix was
conducted using NIRI.
Keywords: tulobuterol, transdermal tape, TDDS, crystallization

Introduction

An evaluation method for crystallization of tulobuterol (TBR) in transdermal pharmaceuticals using near
infrared spectroscopy (NIRS) and near infrared imaging (NIRI) has been developed. TBR exists as crystal form
in matrices to control its release rate from matrices into skin, because it has highly skin penetration. Although
crystallization of TBR is very important for quality control of TBR Tapes, confirmation of TBR crystals in
products is not possible by a commonly used release testing. Therefore, the end point of the crystallization
manufacturing process depends on information obtained from the development stage of product. In this
symposium, authors will present not only the development of NIRS/NIRI analysis for evaluation of
crystallization process of TBR but also the comparison study of TBR distribution and microscopic investigation
between the brand and generic products.

Materials and methods
Sample

Model tapes were prepared by the tulobuterol transdermal (TDDS) Laboratory, Hisamitsu Pharmaceutical
Co., Inc. (Tsukuba, Japan). Model tapes that contained 0 % w/w (R-0, placebo), and 10 % w/w (R-10) of TBR in
a rubber matrix that consisted of polyisobutylene, polybutene, and lipocyclic petroleum resin, were prepared for
this study. Small white crystals were seen in all areas of the matrix in the R-10 sample. TBR and other matrix
adhesive solution ingredients were mixed and thoroughly stirred. The mixture was extended ona liner and
residual solvents were removed by drying. The matrix was adjusted to a constant thickness (approximately 50
um) and pasted onto a supporting board. A polyethylene terephthalate (PET) film was selected for the liner and
the supporting board of the model tapes. Then, the sample was cut to a size of 36 mm diameter. TBR crystals in
the model tapes were generated by leaving the sample to stand.

Brand and generic products were purchased from commercial source.
Spectral acquisition

The Fourier transform (FT)-NIR spectrometer model MPA (Bruker Optics, Ettlingen, Germany) was used
for spectral acquisition and to make macroscopic (spatial resolution: 3 mm) NIR chemical maps. The VERTEX
70 with the infrared microscope model HYPERION 2000 (Bruker Optics, Ettlingen, Germany) was used for
acquiring NIR chemical images. Resolution, scan numbers were 2 cm'], 64 scans for the MPA, 16 em™', 32 scans
for the VERTEX70, respectively. Measurement range of both analyses was 8000 cm' to 4000 cm’. In case of
macroscopic NIR chemical maps, resolution and scan numbers were set at 4 cm™ and 64 scans, respectively.
Data analysis

Data analysis was performed with OPUS 6.5 software (Bruker Optics, Ettlingen, Germany). The unique
peak at 6450 cm’! based on crystallization and its integrated values were used to detect TBR crystals and to make
chemical images. Relative intensities (%) of TBR absorptions were calculated for estimating of crystallization
rate of TBR.
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Figure 1. Time-course of the unique near infrared  Figure 2. Day-relative peak intensity correlation of
absorbance of tulobuterol (TBS) crystals in tulobuterol (TBS) crystallization.
tulobuterol transdermal (TDDS) model tapes.
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Figure 3. Near infrared chemical image (Left) and Figure 4. Typical macroscopic near infrared map and
microphotograph  (Right) of tulobuterol (TBS)  three dimensional (3D) map of tulobuterol (TBS)
crystals in tulobuterol transdermal (TDDS) model  crystals in commercial tape.

tapes.

Results and discussion

Detecting the unique peak against crystallization provided distribution information of TBR crystals in
matrix (Figure 1). Estimation of the end point of crystallization of TBR in the model tapes was possible by
observing time-course changes of the crystal distribution (Figure 2). Moreover, the growth of bulk of TBR
crystals was traceable chemically using the microscopic NIR chemical imaging technique (Figure 3). The other
hands, a macroscopic NIR chemical mapping by measuring 15 x 15 mm area, which can cover the most of a
commercial tape area, could provide rough distribution information of crystals in commercial tapes quickly. The
macroscopic maps obtained from several commercial tapes which were made from one batch showed un-
uniformly distribution of TBR crystals in each tape (Figure 4). This result suggests the bulks of TBR crystal
were generated irregularly in the matrices. Moreover, this method was applied to detect TBR crystals in 7 kinds
of generic tapes. No any unique peak which shows an existence of crystals were observed in all generic tapes
prescribed by different way to control release rate compared with the brand product. This approach was also
applicable to confirm TBR crystal in commercial tapes. '

Conclusion :
This approach with a combination of the three methods would be useful for not only an end point

estimation of crystallization of an active drug in the manufacturing process development stage but also an
identification of crystals of an active drug in products. Moreover, NIR chemical images used by the
characteristic peak of crystallization of an active drug can be used for analysis of a mechanism of crystallization
of chemicals in polymer. Furthermore, a macroscopic NIR chemical mapping provides information of rough
distribution of TBR crystals in comparatively wide-area with short analytical time. For example, this rapid
macroscopic mapping technique would be used to determine crystalline uniformity of the tapes. This innovative
and non-destructive quality evaluation method using NIRS/NIRI or macroscopic mapping techniques will
contribute to build unique and/or robust quality system for development and manufacturing of TDDS
pharmaceuticals.
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