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Chiral analysis of amino acids using terahertz spectroscopy

Tomoaki Sakamoto', Tadao Tanabe?, Tetsuo Sasaki’, Yutaka Oyamaz, Jun-ichi Nishizawa®,
Toru Kawanishi', Yukio Hiyama'

'Division of Drugs, National Institute of Health Sciences, Tokyo 158-8501, Japan
’Graduate School of Engineering, Tohoku University, Sendai 980-8579, Japan
3Center for Priority Area, Tokyo Metropolitan University, Tokyo 192-0397, Japan

Purpose

Electric-magnetic wave of terahertz (THz) region (100 GHz to 10 THz, 3 cm’ to 333 cm™)
provides information about inter-molecular force such as hydrogen bond, and crystal structure
of organic samples. In the pharmaceutical and chemical industries, discrimination of
polymorphs, detection of finger-print waveforms of several active drugs, illegal drugs and
explosives has been reported by THz spectroscopy. However, fundamental THz spectroscopic
properties have not been achieved yet. The authors will report about our research results
concerning applicability of THz spectroscopy for pharmaceutical quality evaluation.
Experimental

Measurements of THz spectra were performed by a GaP THz signal generator system
equipped with a pyroelectric detector. Re-crystallized D, L-leucine, D, L-alanine and their
mixtures with several levels of concentration ratio were obtained from water. These samples
were measured in the range from 33 cm™ (1 THz) to 167 cm™ (5 THz).

Results and discussion

Re-crystallized D, L-leucine mixtures characterized the characteristic THz spectral features,
and the half width of peaks tended to be narrower compared with those of mixture of them.
The absorption peaks shifted to the lower (approx. by 3 cm™). It was suggested that this
phenomenon was caused by the change of crystal structure due to re-crystallization of D,
L-mixtures. In case of alanine, peak separation of the range from 70 cm” (2.1 THz) to 93 cm™
(2.8 THz) demonstrated the different peak intensity between D- and L-enantiomers. Although
further study should be needed to explain detail of this phenomenon, possibility of chirality
discrimination is shown in this study. In this symposium, authors will present applicability of
THz spectroscopy for chirality analysis of the two amino acids.
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Introduction

m Electric-magnetic wave of terahertz (THz) region
(100 GHz to 10 THz, 3 cm* to 333 cm-') provides
information about inter-molecular force such as
hydrogen bond, and crystal structure of organic
samples. In the pharmaceutical and chemical
industries, discrimination of polymorphs, detection
of finger-print waveforms of several active drugs,
illegal drugs and explosives has been reported by
THz spectroscopy. However, fundamental THz
spectroscopic properties have not been achieved
yet. We report about THz spectroscopic
investigation using re-crystallized D-, L-Leucine
and alanine, and their mixtures.



Terahertz (far-infrared) region

frequency 1MHz
(10%)

[ MW

1PHz 1EHz
(10%) (10

wavelength 300m 300mm 300 pum 300nm 34

radio waves

Terahertz area

light waves

+ Organismic moleculars (such as protein) change their forms in room

temperature(300K)

-Room temperature (300K) corresponds 6 THz(=200 cm-')

Terahertz vibration t

GaP-THz generation system

different frequency generation

Cr:Forsterite
2cH * laser
Q-sw
Nd:YAG
laser piCr:Forsterite

laser

+excited light: Nd:YAG laser
+Incident light: Cr:Forsterite laser
+detector. DTGS detector
*measurement area:0.6-6THz
*measurement step:15GHz

Sample:

T ittance(%) =

Polyethylene:

Amino acids used in this study

[ 763;‘.{54_]
+2n smallest amino acid
Lform: sweet

«chirality
D form: sweet

[==_ |

+essential amino acids

e L form: bitter
«chirality

D form: sweet

hydrogen bonding
van der Waals' force

off-axis VN,
paraboloidal oo in
reflectors purg
IR cut
filter
Trans.
DTGS DTGS
beam
splitter  STYOSt Y sample
or PE

double beam method

el
=T x100 E]]

molecular formula:
C;H,NO,
molecular weight:
89.09 g/mol

Alanine

molecular formula:
CeHy;NO,
molecular weight:

Leucine 131.17 g/mol
O hydrogel trogen
carbon oxygen



"

Experimental
Alanine and Leucine % polyethylene powder
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1ton l

Amino acid ; ” 2min
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Analysis of THz absorption
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Optical rotation of re-crystallized leucine mixture

L100% 15.576+0.013
L75%-D25% 0.116£0.009
L50%-D-50% 0.1020.020
L25%-D-75% -0.058+0.011
L0%(D100%) -15.738+0.016

Isomerization in the aqueous solution and thermoisomerization of
the enantiomer was not observed.

Chirality and hydrogen bond

D (Dextro-rotatory)
form

There are 3 types

characteristics of chirality

symmetry mirror of molecular structure
Same: molecular weight
physical and chemical nature

ex. boiling point , density

L (Levo-rotatory)
form

Difference: medicinal effect
(Pharmacological and physiological effect)

@ : D-form
: L-form

D-form

Hypothesis of hydrogen bond network

of alanine racemate

e
L-Alanine H/N\H &
H
fT C\\—OO'
'_H’ :< DL-Alanine (Racemate)
P H Hopso,
f\T C%O' " :.< ..........
H <:< ks H
H M
Taulbee et al., Anal.Chem, ’O—//C\< H
2664-2667 (2009) o
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Conclusions

® THz spectroscopy provide information about production-
related difference which might be derived from crystalline
structural changing.

® Difference of THz spectral feature between the purchased
D- and L-alanine was detected.

@ Change of hydrogen bond network between adjacent
molecules based on the racemization of enantiomers
would be detected by THz spectroscopy.

® THz spectroscopy would be applicable to investigate a
status of hydrogen bond network in crystalline compounds.
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Coating evaluation of commercial tablets using Terahertz Pulsed
Spectroscopy and Imaging

Tomoaki Sakamoto, Toru Kawanishi and Yukio Hiyama
National Institute of Health Sciences, 1-18-1, Kami-yoga, Setagaya-ku, Tokyo 158-8501, Japan

Alessia Portieri, Philip F. Taday and Donald D. Arnone
TeraView Limited, Platinum building, St. John's Innovation Park, Cambridge CB4 OWS, United Kingdom

Daisuke Sasakura, Tomoyuki Matsubara, Tsuyoshi Miura
Bruker Optics K.K., Takara Building 6F, 1-6-4, Taito, Taito-ku, Tokyo 110-0016, Japan

Abstract— In this study the authors have investigated coating thickness variations in film- and
enteric-coated commercial tablets by means of Terahertz Pulsed Spectroscopy and Imaging (TPS/TPI).
Unique THz images of density distribution in these commercial tablets were also obtained. Coating thickness,
and its distribution, density of components by compression, and defects on the surface of these tablets, could
be observed by TPS/TPI technique.

1. INTRODUCTION

Time-Domain THz Spectroscopy and Imaging (TDS / TDI) can be used to acquire structural and
physical information such as an existence of layers and a change of density by delayed reflectance derived from
a change of refractive index of THz pulse. The time-function obtained from TDS/TPI also provides information
such as a thickness of coating layer. In this study, CPFX.HCI film-coated tablets and ASP enteric coated tablets,
which are important and widely used, were selected. In both tablets, the coating has very important role to
protect degradation of API by light and/or humidity for the former tablet and to prevent disintegration of tablet in
a stomach for the latter tablet. The authors examined applicability of THz Pulsed Imaging technique to analyze
the coating status and the density of components inside tablet and to evaluate its distinguishability among several
kinds of commercial tablets which have same clinical application.

II. EXPERIMENTAL
A. Materials

Four kinds of CPFX.HCI tablets and three kinds of ASP tablets were purchased from commercial source.
Polyethylene (< 80um) that was used to prepare the sample pellets was purchased from Induchem AG
(Volketswil, Switzerland).

B. Instruments and Measurement conditions
THz images of tablets were obtained using TPI imega 2000 system “Coating Scan” (TeraView Limited,
Cambridge, UK). The rapid scan mode was used and images were constructed at 100pum of spatial resolution.

III. RESULTS AND DISCUSSIONS

A. Ciprofloxacin hydrochloride Film-coated tablets

1) Plane THz images at 260um depth: Figure 1 shows the THz images of distribution of
relative refractive index changes in the plane of 260 um depth from the surface of the tablets. In the
images of the tablets A and D, the changes of refractive indices at the center of the tablets were larger than the
edge of the tablets. And the tablet B showed comparatively large change of refractive indices through the wider
area of tablet. In the image of the tablet C, the small areas which had comparatively small change of refractive
indices were observed in the center of the tablet. Then, the area which had relatively higher refractive indices
was observed at the edge of the tablet. These observations indicate that physical or mechanical status, such as



uneven distribution of various particle sizes of granules or uneven penetration of compression force in a mortar
derived from the manufacturing process will change a density of tablet components.

®TabletA = | ®TabletB

@Tablet C

Fig.1 THz images of four kinds of the commercial tablets
(at the 260pm depth from the surface)

2) In depth images: The depth (B-Scan) THz images obtained from the commercial tablets A-D are
shown in Fig. 2. The thickness of the coating layers in these tablets are approximately 100 pm. The left side and
the right side of the bold line represent an air, and the inside of the tablet, respectively. The echoes which show
several layers formed by compression are observed. The definite layers up to 1 mm-depth and up to 0.5
mm-depth were observed in the Tablet A and C, respectively. The fuzzy echoes were observed in the Tablet D.
On the other hand, no definite but layer-like echoes were observed in the Tablet B. And those observations
suggest that the force of compression was unevenly penetrated into the tablet.

®TabletA ®Tablet B

(8)

Visible ray image

Ol

THz image on the surface area

@Tablet C - @Tablet D focm

J-‘

a8

Treten

) ) . Fig. 3 THz images of ASP tablet A
Fig.2 Depth (B-Scan) THz images of four kinds of the (A, Left: distribution of coating thickness, Right: depth images B the visible
commercial tablets ray image (Left) and the THz image on the tablet surface (Right))

(The right side from the bold lines represents inside tablsts)

B. Aspirin Entero-coated tables

Figure 3 (A) shows the THz images concerning distribution of the coating thickness on the ASP tablet. The
depth THz images which are shown in the right side of Fig 3 (A) represent the vertical planes against y-direction
at the suitable x-points located in the broken circles which are seen in the images. The coating thicknesses in the
circle in the above B-scan image distribute homogeneity, and the range of the coating thickness is from 95 um to
100 um. On the other hand, the circle in the below B-Scan image is shown the area which has comparatively
high coating thickness, more than 110 um. The visible ray image and the THz image on the tablet surface area
obtained from the ASP Tablet are also shown in Fig.3 (B). The surface of the tablet is very smooth, and no
protuberance on the surface at the high coating thickness area is observed. Moreover, the above B-scan image
indicates an existence of hollow on the surface of the plain tablet (Fig.3 (A)). The below B-scan image shows the
flat coating layer. These results suggest that the hollow on the surface of the plain tablet was buried by sprayed
coating liquid and then additional sprayed coating liquid made flat coating layer and smooth surface on the
tablet.

IV. CONCLUSION

Coating thicknesses and their distribution, a density of components by compression, and hollows on a surface
of tablet, which are based on detecting the delayed reflection of THz pulse can be observed by THz imaging
technique. Detection of a coating status and a physical status change of tablet inside would contribute not only



for identification of manufacturing quality but also for qualitative confirmation of commercial tablets including
fake and/or defective products. THz pulsed spectroscopy and imaging technique will be useful as a
non-destructive analytical tool for quality control of commercial tablets.
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Introduction

Time-Domain THz Spectroscopy and
Imaging (TDS / TDI) can be used to
acquire structural and physical information
such as an existence of layers and a
change of densily by delayed reflectance
derived from a change of refractive index
of THz pulse. The time-function obtained
from TDS/TPI also provides information
such as a thickness of coating layer. In
this study, CPFX.HCI film-coated tablets
and ASP enteric coated tablets, which are
important and widely used, were selected.
In both tablets, the coating has very
important role to protect degradation of
API by light and/or humidity for the former
tablet and to prevent disintegration of
tablet in a stomach for the latter tablet.
The authors examined applicability of THz
Pulsed Imaging technique to analyze the
coating status and the density of
components inside tablet and to evaluate
its distinguishability among several kinds
of commercial tablets which have same
clinical application.

Tablet

7

THz Pulse
In

Fig.1 Reflection of THz pulse due to a
surface layer of tablet and a foreign
materials inside tablet
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Aosorpion (au )

PR EEE LT
Wamnrtas i)

Fig.2 THz spectra of CPFXs

Asmopion ()
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Varnrtes @)

Fig.3 THz spectra of the powdered
commercial CPFX.HCI Tabs

Fig. 7 THz images of the coating thickness distribution and
histograms of the coating thickness of CPFX.HCI Tabs

Materials and Instruments Conclusion
Commercial Tablets: @ Differences of the density distribution and the
Ciprofloxacin Hydrochloride tablets masses of the components of tablets were
_(CPFXHCI Tab): Film-coated Tab. clearly detected due to the refractive index
Aspirin Tablets ) changes.

(ASP Tab}: Enteric-coated Tab. © Distinction of the same kinds of commercial
Instramenits: tablets from different manufacturers by THz
TPS Spectra 1000 (TeraView Ltd., UK) ifmiges Wete possible;

Measurement range: 120cm™-2cm ©® The depth THz images provided visual

Resoilition 1.56m-. Sean niiber:-1300 information of density changes of tablet
TPI Imaga 2000 system ((‘,{'Jaling Scan) components based on the echoes of THz pulse.

(TeraView Ltd., UK) ©® Two peaks of the coated layer thicknesses
Scan mode: Rapid distribution were observed in the commercial
(at 100um spatial resolution) tablet (CPFX.HCI Tablets).

©® The depth THz images of ASP tablet presented
a hollow of the surface of the core tablet.

@ Coaling analysis using THz imaging can detect
some defect of not only tablet coating but also
a core lablet on the commercial tablets non-
destructively.

® |t would be possible to distinguish about

differences of physical properties between a
legal and an illegal tablets (such as counterfeit
drugs) by THz image because it can provide
unique physical properiies based on their
production processes.

Fig.4 Photograph of THz radiation and detector port.
(A tablet is attracted at the top of the vacuum arm)

TabA TabB
= THz image of the suface area
i AN . N
I l 1y % ,‘ b P \
: ? ‘ |
TabC TabD
|

B E . R

Fig.5 THz images of four kinds of the commercial
CPFXHCI Tabs
(Left surface images, Right: plane images ala depth of 260,m)

TabA TabB
l Fig.8 THz images of ASP Tab A
| (Left: Images of the coating thickness distributon, Center: THz Depth images,
i Right: THz electric field records)
TabC TabD

Fig.6 THz B-Scan (Depth) images of four kinds of
the commercial CPFX.HCI Tabs

Fig.9 THz images of the coating thickness distribution
(upper) and histograms of the coating thickness (lower) of
ASP Tabs B
(Left: Tab 1, Right: Tab 2)

TN |

Fig.10 THz images of the coaling thickness disiribution
(upper) and histograms of the coating thickness (lower) of
ASP Tabs C
(Left: Tab 1, Right: Tab 2)

(The upper images: TabA, The bwer images: Tab D)

The International Workshop on Terahertz Technology 2009, Osaka University Nakanoshima Center, Osaka, Japan
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