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Detection of tulobuterol crystal in transdermal tapes using Terahertz Pulsed
Spectroscopy and Imaging

Tomoaki Sakamoto,! Alessia Portier1,?2 Philip F. Taday,? Daisuke Sasakura,?
Takaaki Terahara,* Tsuyoshi Miura,» Naruhito Higo,* Donald D. Arnone,? Yukio
Hiyama!

IDivision of Drugs, National Institute of Health Sciences

2TeraView Limited

3Bruker Optics K.K

4“TDDS research laboratory, Hisamitsu Pharmaceutical Co. Inc.

Objective. Tulobuterol (TBR) transdermal tapes are used to cure bronchial asthma as a
bronchodilator (B2-blocker). TBR is one of the most suitable compounds for systemic
transdermal formulation because it has very high permeability into keratin layer. The release
rate of TBR from the matrix is controlled by the formation of crystals in TBR. For this reason,
the chemical state of TBR in matrix is an important factor to assure the quality of this tape.
This study deals with an applicability of the THz spectroscopy (TPS) and imaging (TPI) for
detection of TBR crystals in transdermal tapes.

Experimental. The model tapes that contain 10w/w%, 20w/w% or 30w/w% of TBR
were prepared. The solubility of TBR in the matrix was such that crystals of TBR
were formed in the matrix. The TPI 1000 system (TeraView Ltd., Cambridge, UK)
has been used for the measurements. The instrument was operating in a rapid
scan mode. Terahertz maps were obtained by raster scanning the terahertz beam
across the sample, which was mounted at the focus position. The scanned area
which corresponds to 120 x 120 pixels at 100um of spatial resolution was 12mm x
12mm. The total measurement time was approximately 30 min.

Result and discussions. The crystals of TBR in the model tape were clearly
detected. The characteristic THz waveform of TBR was observed in the wave
number range from 35cm! to 70cm ! by TPS measurement, and the absorption of
this wave number region was used to compare the spectrum obtained in
reflection. Although oscillations appear when measuring the tapes,, the different
reflective index shows the contrast due to the presence of the crystal. These
results suggest that the TPS and TPI technology are going to be applicable to
detect the chemical state of API in transdermal pharmaceuticals.

37



(BATEEN L MM RITRCEE  BIRE R 2)

FERI VBT T~V BERR 220075 A 2= A b Wit X

Detection of Tulobuterol Crystal in Transdermal
Tapes using Terahertz Pulsed Spectroscopy and
Imaging

Tomoaki Sakamoto,' Alessia Portieri,” Philip F. Taday,” Daisuke Sasakura,’ Takaaki Terahara,*
Tsuyoshi Miura,” Naruhito Higo,* Donald D. Arnone,” Yukio Hiyama'

'Division of Drugs, National Institute of Health Sciences, *TeraView Limited, *Bruker Optics K.K,
‘TDDS research laboratory, Hisamitsu Pharmaceutical Co. Inc.

Abstract— Applicability of the terahertz pulsed spectroscopy (TPS) and the terahertz pulsed imaging (TPI) to
detect tulobuterol (TBR) crystal in transdermal tape has been investigated. The TBR crystal was identified by
comparison between spectrum of tapes and TBR reference standard. The TBR crystal in patch matrix was
successfully detected by the TPS and TPIL These results indicate that the TPS and TPI are applicable to identify an
active substance in patch matrix for quality control.

I. INTRODUCTION

Tulobuterol (TBR) transdermal tapes are used to cure bronchial asthma as a bronchodilator (B,-blocker). TBR
is one of the most suitable compounds for systemic transdermal formulation because it has very high
permeability into keratin layer. The release rate of TBR from the matrix is controlled by the formation of crystals
of TBR. For this reason, the chemical state of TBR in matrix is an important factor to assure the quality of this
tape. Recently, the THz technology has been applied in pharmaceutical industrial field. Optical-delay analysis
using THz pulse is also possible to measure the thickness of the layer of a sample that has multi-layers structure
by using the time delay of THz pulse. These advantages of this technology have been applied to acquire depth
chemical image of layers in the multilayer tablets, and to measure a coating film thickness in coated tablets. This
study deals with an applicability of the THz spectroscopy (TPS) and imaging (TPI) for detection of TBR crystals
in transdermal tapes.

II. PROCEDURE
The model tapes that contain Ow/w% (placebo, A-0), 10w/w% (A-10), 20w/w% (A-20) or 30w/w% (A-30) of
TBR were prepared. The TPI 1000 system (TeraView Ltd., Cambridge, UK) has been used for the measurements.
Terahertz maps were obtained by raster scanning the terahertz beam across the sample, which was mounted at
the focus position. The scanned area which corresponds to 120 x 120 pixels at 100pm of spatial resolution was
12mm x 12mm. The total measurement time was approximately 30 min.

III. RESULTS AND DISCUSSION

A. TH: pulsed spectrum of TBR obtained from TPS instrument

Fourier-transformed THz waveform of TBR tablet was observed compared with that of the polyethylene
reference (Fig. 1). It seemed that unique absorbance range, from 35cm™ to 70cm’™, is available to detect TBR
absorbance from total waveform of tapes specifically.
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Fig 1 Typical Fourier-transformed THz waveforms of the TBR
tablet (solid line) and the PE tablet (reference, broken line)

B. Fourier transformed spectrum of placebo model tape and TBR model tape

The THz pulsed waveforms obtained from the A-0 and A-20 are shown in Fig. 2. The absorbance that would
be specific waveform of TBR from 45¢m™ to 70em™ was observed from waveform of sample.

C. Detectability of TBR in crystal area and outside crystal area in matrix

The THz image of A-20 in 12mm x 12mm of area is shown in Fig. 3 (A). The aggregation of TBR crystal that
is pointed by arrow in matrix was clearly identified. Fig. 3 (B) shows the waveforms obtained from model tapes.
The characteristic absorption of TBR that was shown inside range between two broken lines, from 45cm™ to
60cm™ was detected from the pixels that were located not only inside crystal but also outside crystal. This
observation suggested that the TBR also existed at the outside of crystal in matrix.

absorption {(au )

Wave number (cm')

Fig. 2 Typical Founer-transformed THz waveforms of the model
tape (A-20, blue line) and the placebo model tape (A-0, red line)
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Fig. 3 Typical THz image and Fourier-transformed THz waveforms of
the model tape (Blue line: inside crystal, Red line: outside crystal)
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D. Crystal size of TBR in matrix

The THz image obtained from the A-30 is shown in Fig. 4. Several sizes of TBR crystal lump were observed
in two scanned areas. The size of observed crystals was from 0.5mm to 3mm in longer diameters and from
0.1mm to 0.2mm in shorter diameters.

E. Detection of TBR crystal using refractive index

Despite the THz image of the TBR crystal was clearly identified in the acrylic matrix, it was difficult to detect
the unique absorption of TBR was observed (Fig. 5 (A), (B)). This phenomenon was presumably because
characteristic waveform of TBR became broad by oscillation generated when measuring a sample using quartz.
The depth THz imaging in the area where the crystal was observed showed the change in thickness of the tape in
the sight (Fig. 5 (C)). This result suggests that the change in the thickness of the tape by the existence of the
crystal is detected by refracting the terahertz pulsed laser light from this on the edge of the crystal. Therefore the
crystal of TBR in matrix could be detected as the image by the contrast of the refractive index.

Peak intensiy
o5 o5
3 «
S &0 c -
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3 ] 80
8 & : 75
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Fig 4 The THz pulsed images obtained from the A-30s
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Fig. 5 The THz pulsed images (A), the Fourier-transformed waveforms
(B} and the depth THz image obtained from the A-30

IV. CONCLUSIONS

It was shown that the TPl and TPS technology was useful for the detection of the crystal of an active
substance in transdermal tapes. A depth image that could be obtained from pharmaceutical sample would be very
useful to understand quality of pharmaceuticals profoundly. Although approximately 100um of spatial resolution
in the THz pulsed image would be hinder to detect minute particles that are smaller than the spatial resolution,
reflective index of the THz pulsed wave may provide other useful information. This technology has good
advantage as an analytical tool for not only pharmaceutical quality analysis but also process control in
pharmaceutical manufacturing.
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[Objective]

Tulobuterol (TBR) transdermal tapes are used to
cure bronchial asthma as a bronchodilator (B2-
blocker). TBR is one of the most suitable
compounds for systemic transdermal formulation
because it has very high permeability into keratin
layer. The release rate of TBR from the matrix is
controlled by the formation of crystals of TBR. For
this reason, the chemical state of TBR in the matrix
is an important factor to assure the guality of this
tape. This study deals with an applicability of the
THz spectroscopy (TPS) and imaging (TPI) for
detection of TBR crystals in transdermal tapes.

[Chemical structure of tulobuterol]

H
H. OH
N /'\/\ 3 f“l _ _~-CH3
» - o e
L R
A HsC CHa

[Experimental]
* Model Tapes
Acrylic matrix. O(placebo, A-0), 20(A-20), 30wiw%(A-30)
Rubber matrix: 0{placebo, R-0), 5(R-5), 10w/w%(R-10)
* Instruments
: TPS Spectra 1000 (TeraView Ltd.)
. TPI Imaga 1000 (TeraView Ltd)
+ Measurement Conditions
: TPS 120cm’ -2em-'(Measurement range)
1.5cm ' (resclution), 1800 scan
: TPl Rapid scan mode
Scanned area 12mm x 12mm
{120pixele x 120pixels at 10Cum epatial resolution)

Tabie. The list of the prepared modsl tapes that wera usad ir this study

Matrix e
R-0 Rubber 0
R-5 Rubber 5
R-10 Rubber 10
A0 Acrylic 0
A-20 Acrylic 20
A-30 Acylic 30

[Preparation of model tapes]

e BIERS Drying
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Figure. THz electric field records (A) and Fourier-transformed THz
waveforms (3) of the TBR tablet and reference (PE tablet). The
unigque absorbance range, from 40cm ' to 70 cm'', is available to
detect TBR absorbance characteristically
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Figure. THz spectra of model tape (20w/w%, A-20) and placebo tape
(Ow/w% TBR) obtained with quartz. The characteristic THz epectral
range of TBR (from 45 cm ' to 70 cm ') would be best observed if
etaloning effects were not dominating the range due to the sample being
80 thin
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Figure. THz images of model tapes (0 and 10w/w% TBR). Athough, a
lot of small white crystals should exist in R-10, these wara not
detectad In the scanned area. In these cases the crystals might be
smaller than the spatial resolution (100 ym) of TP, Further studies wil
need to be carried out to investigate differences in the samples
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Figure. THz image of T BR crystals in matrix obtained using TPI 1000
(without quartz}. Several sizes of TBR crystals were datected in scanned
area (the longer diamatars: 0.5mm to 3 mm, the shorter diameters.
0.1mm to 0. 2mm)
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Figure. The THz image of TBR crystal (A) and Fouriertransformed
waveforms of pixels at the inside and the outside crystals (B), obtalned
from A-20. The aggregation of TBR crystal pointed by the arrow wes
clearly identifiad (A). The characteristic spectrum of TBR({from 45cm ' to
60cm ') would be observed from both pixels located at inside and outside
of crystal. but again etaioning effects are dominating the spectra

(A)

Figure. Different waveforms from inside and outside of the crystal (A)
THz image of TBR crystal and depth THz image of matrix (8). The depth
THz image in the scanned area where the cryetal is observed shows the
change in thicknees of the tape in the sight
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[Conclusions]

« The characteristic THz spectrum of TBER was obtained.

+ Specific detection of TBR in TDDS matrix was possible
using fingerprint-like waveform range of TBR.

+ Refractive index showed the contrast where the crystal of
TBR was present, though detection of characteristic
waveform of TBR was difficult due to etaloning.

= Depth THz image in the area where the crystal showed
the change of thickness of the tape.

« Detected size of crystal was from 0.5mm to 3mm in longer
diameters and from 0.1mm to 0.2mm in shorter diameters.
The detectable size of shorter diameter depend on the
spatial resolution of TPI.

+ TPS and TPI technique would be useful to detect crystal in
tapes or films.,
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