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Table 1 Objectives

o Globally consistent implementation of Q8, Q9 and Q10
+ Maximum benefit from the interaction between the guidelines

Final Concept Paper , ICH IWG on Q8, Q9 and Q10, November1, 2007
http://'www.ich.org/LOB/media/MEDIA4457 . pdf

Table 2 Background

Table 4 Q IWG operation

o In Brussels 2003 a new quality vision was
agreed on. emphasising a risk and science-
based approaches to pharmaceuticals in an
adequately implemented quality system.

¢ As a consequence, Pharmaceutical Develop-
ment (Q8),Quality Risk Management(Q9)

o and Pharmaceutical Quality System(Q10)
were drafted.

» Because concepts and principles are rather
new, it is important to provide clarity/further
explanation and to remove ambiguities and
uncertainties.

Table 3 History

Quality Strategy Meeting, Fall 2006 Chicago

Quality Strategy Meeting, Spring 2007

Brussels

Quality Satellite Roundtable, Fall 2007

Rockville

Informal Q-TWG, October 2007 Yokohama

- Final Concept Paper endorsed by Steering
Committee

First Q-IWG Meeting, June 2008 Portland

— Three breakout sessions on Knowledge
Management, Quality by Design, Pharma-
ceutical Quality System/Inspection.

Second Q-IWG Meeting, November 2008

Brussels

- More than 40 Q&A’ s agreed by IWG.
Feedback collected.

o Teleconference on March 11, 2009

- 30 Q&A’ s adopted

Third Q-IWG Meeting, June 2009 Yokohama

L]
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THRAMHIZIOHDOQ&A ZIRLELE. Z0Q
& A 13 ICH & web site IZ18# XN TV FE 4 (Table
5).
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o Areas of Topics
- Quality by Design, Knowledge Manage-
ment, Pharmaceutical Quality Sys-
tem/Inspection
» Outcome/Product from IWG
- Q&As
- White papers
- Examples and Case studies
- Training, Workshops
+ Work processes/Collaborations
- Within IWG
- Proposals to IWG at the following ICH Q-
IWG web site
(http:/iwww.ich.org/cache/html/5050-272:
1.html)
- Collaborations with non-profit organiza-
tions

Table 5 Progress in and after Brussels
meeting

More than 40 draft QA’ s were agreed
Regional review of draft QA’'s

30 QA’s were adopted at telecon on March
11, 2009 (http/fwww.ich.org/LOB/media/
MEDIA5290.pdf)

9 (Table 6).

Batch release &\ OB D HER ORI
72¥Wr T, Real Time Release Testing %172 %,
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Batch release 317 9. BZIZIZ, GMP T T
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HY ETH, Real Time Release Testing DE5 11,
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BOEFEBBIL GMP 2R - TIEERTbh .
Tithb, —DOHA K54 v THELEZ &4,
i@ practice IV HTEEERITLEST. 20
Bt GMP T COMRIZHET M TTH b6, &
DEIEQEAZH L THELERGE NS 2 &
T,
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Table 6 2. Quality by Design: 2.2 Real Time Release Testing

Q 01: How is batch release affected by employing real time release testing?
A: Batch release is the final decision to release the product to the market regardless

whether RTR testing or end product testing is employed. End product testing involves
performance of specific analytical procedures on a defined sample size of the final prod-
uct after completion of all processing for a given batch of that product. Results of real
time release testing are handled in the same manner as end product testing results in
the batch release decision. Batch release involves an independent review of batch con-
formance to predefined criteria through review of testing results and manufacturing re-
cords together with appropriate GMP compliance and quality system, regardless of
which approach is used.

Table 7\ ZIEERFPEL XF LOEA IZBT 5
Q&A %, Table 8 {Z1%, GMP HEZE~ MDA »/%7 b
ZBT 50D Q&A D—HERL 9.

Table 943, ICH Q8, Q9 R QL0 DFIZ LV
HBFEOEEELHFOLHREDIIICEDL LD,
HAENREDE I ED - T=DH, EVWHERTT

QIO 2, HEEFHOEENIE XN, TS,
BETov 2, RUBREMOBEREES, S5
RE, GRITAHIDOERNERVAALIEINT
WEJ. FERFEIHLVLEATE RS, Q8 Q9
RUQICREMCEHOSTEETT. L7, QLo
T, R DWW 5 enhanced approach, Quality

Table 7 3. Pharmaceutical Quality System

Q 01: What are the benefits of implementing a Pharmaceutical Quality System (in accor-
dance with ICH Q10)?

A: The benefits are:

- Facilitated robustness of the manufacturing process, through facilitation of continual
improvement through science and risk-based post approval change processes.

- Consistency in the global pharmaceutical environment across regions

- Enable transparency of systems, processes, organisational and management responsi-
bility.

- Clearer understanding of the application of a Quality System throughout product life-
cycle.

- Further reducing risk of product failure and incidence of complaints and recalls there-
by providing greater assurance of pharmaceutical product consistency and availability
(supply) to the patient.

- Better process performance.

- Opportunity to increase understanding between industry and regulators and more op-
timal use of industry and regulatory resources. Enhance manufacturer’ s and regula-
tors’ confidence in product quality.

- Increased compliance with GMPs, which builds confidence in the regulators and may
result in shorter inspections.

Table 8 4. ICH new quality guidelines’ impact on GMP inspection practices

Q01: How will product-related inspections differ in an ICH Q8, Q9 and Q10 environment?
A In the case of product-related inspection (in particular pre-authorisation) depending on
the complexity of the product and/or process, there could be a need for greater collabora-
tion between inspectors and assessors for example for the assessment of development
data. The inspection would normally occur at the proposed commercial manufacturing
site and there is likely to be greater focus on enhanced process understanding and un-
derstanding relationships e.g. Critical Quality Attribute (CQAs), Critical Process Pa-
rameters (CPPs). It will also extend into the application and implementation of quality
risk management principles, as supported by the Pharmaceutical Quality System (PQS).

Pharmaceutical Regulatory Science Vol. 40 No. 12 (2009)
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Table 9 5. Knowledge Management

Q 01: How has the implementation of ICH Q8, Q9, and Q10 changed the significance and

use of knowledge management?

A: Q10 defines knowledge management as:

‘Systematic approach to acquiring, analyzing,

storing, and disseminating information related to products, manufacturing processes

and components’.

Knowledge management is not a system; it enables the implementation of the concepts

described in ICH Q8, Q9 and Q10.

Knowledge Management is not a new concept. It is always important regardless of the
development approach. Q10 highlights knowledge management because it is expected
that more complex information generated by appropriate approaches (e.g. QbD, PAT,
real-time data generation and control monitoring systems) will need to be better cap-
tured, managed and shared during product life-cycle. . In conjunction with Quality Risk
Management, Knowledge Management can facilitate the use of concepts such as prior
knowledge (including from other similar products), development of design space, control
strategy, technology transfer, and continual improvement across the product life cycle.

by Design, # % I3 process analytical technology
FEA LSS OHEERL, KVEMLARER
IDT, JVHBEROBEEEN LD EEETIE
B EThET,

$ & b & Knowledge Management it Q10 C/Egs
SN, BHINTHE TN, QQoFTChvbhTh
% enhanced approach # EEBOWIGTCERT L &
Z{Z, enhanced approach D% & D &2 IZ 8%
LT, DL isite ZHEBLTHW L hEREID
HRLTHDET.

4. BESHETOQ-IWG OFR
BETEAZ L ST CE>0EBTERITHI
F L7

QEA LYW TITAMSERIN, ZTOEE 10
HO Q&A BF BRI N E L.
WL<BAINEZWVHEO—D2EBAMILET
(Table 10). ZHIZBEFI T3, & A BHIBI%
DEFRPLLEVLENE WY ERMTT. EHEMR

EHEE, HRMMATCRECE 2 RETHIRE
T BABAR, S A SERIL, BEH D VRS
ERICNELBEELER D, MESFICEAT
FHREICRThE RV ERZEINTWE T,
TDZEPEWBEEZ R ST DRI D LT
WET

Case Studies Z#IRT 722, SR TE
review LCEIHT A2, 2L OB BB EE
BrzhlrAELE L Z2RIZbY, IWG BH At
Tk & #£ [\ C Position Papers X White Papers
HE T &I, Task force Z1EY, SERYE
HEJ (Table 11).

FU—Z V73, Q8, Q9 KU Q10 @ implemen-
tation Z AP T > HICEBLET. QIWG
BNEGE I T -7y 2y TORMERREL, E
EERRTEREINE L/, Table 127 -2
ay TORRBEZRLET. Q8 QIRUQLO &
Q&A ZVAAL, BREOTA 794 7 VIZAbYE
bl Chv—ov s - Farss sxflE

Table 10 2. Pharmaceutical Quality System

Qxx: What information and documentation of the development studies should be available
at a manufacturing site?
A: Pharmaceutical development information (e.g. supporting information on design space,
chemometric model, risk management,---) is available at the development site.
Pharmaceutical development information which is useful to ensure the understanding of
the basis for the manufacturing process and control strategy, including the rationale for
selection of critical process parameters and critical quality attributes should be available
at the manufacturing site.
Scientific collaboration and knowledge sharing between pharmaceutical development and
manufacturing is essential to ensure the successful transfer to production.

Pharmaceutical Regulatory Science Vol. 40 No. 12 (2009)
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Table 11 Case Studies (Articles / Position
Papers)

Q-IWG findings
- Many publications, workshops etc. avail-
able
- Q-IWG will not endorse existing articles
+ Resource intensive! reviewing, decision,
maintenance ete,
+ Potential regulatory concerns
- Q- IWG will initiate, encourage and col-
laborate on paper development consistent
with Q8, Q9, Q10 guidelines and Q&A
How can this be achieved?
- Task force within Q-IWG
+ Identification of topics and potential col-
laborators
+ Establish process for outside contribu-
tion
+ Recommend the topic and potential col-
laborators to Q- IWG
- Q-IWG to assign topic cordinator(s) among
its members
- Final review and approval by entire Q-
IWG (e.g. by telecon)

Table 12 Training / Workshops: Goals and
objectives

Enhanced harmonised implementation
training to industry and regulators at the
three ICH regions

Conducted by ICH experts, who developed
the guidelines and members of the ICH
Quality Implementation Working Group (Q-
WG '
The only workshops endorsed by the ICH Q-
IWG and conducted by the same faculty in
all three ICH regions.

The training will cover the integrated use of
the ICH Q8, Q9 and Q10 guidelines and
Q&A across the product life cycle, from de-
velopment to manufacturing and commer-
cialisation

Table 183 Proposed additional activities

o Identifying the need of revision / update of
existing ICH Quality guidelines in the con-
text of ICH @8, Q9, Q10 and pending Q11

¢ Other evolving topics impacted and stimu-
lated in the light of the new paradigm to be
identified for avoiding potential dis-
harmonisation

¢ Proposal to revise the Q- IWG mandate will
be presented in ICH St. Louis

BTY. - OMBRIICERREIZT TR
%<, fTROBREREROELE X EHTUTOFTE
T7.

FHEOMER, #Eef8, o84% 18,
VT4 XDy aEPEASHBOWOIERK?2 HOE
EHRELTWET. BERINE, BONIE 2010 F0>
TT oy wEFEIT, BATH 2010 FROBIESFH
Bz, 77XV TCHZEORBZVEFELTHET

5. &b VYIC (Table 13)

Sk, QBH QI FTHEATHIET, B
D Quality A NS4 VI BrE2 37 LI0kY,
ZDHEDE D BMBESRAET H0E8TL, F
HBTERTIDTETT.

Flo, S OERPBELHNHETL B5DT,
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Applicability of a Terahertz Pulsed Spectroscopy (TPS) and a Terahertz Pulsed Imaging (TPI) for
detection of tulobuterol (TBR) crystals in transdermal patches was investigated. Because TBR has
high permeability in dermis, crystalline TBR in patch matrices contributes to controlling the release
rate of TBR from a matrix. Therefore, crystalline TBR is one of the important factors for quality control
of TBR transdermal tapes. A model tape that includes 5 w/w%, 10 w/w%, 20 w/w% or 30 ww% of
TBR was measured by TPS/TPI. TBR crystals in the matrices were successfully detected by TPI.
Identification of TBR in an image of a crystal-like mass was done by comparison between the spectra
of tapes and a TBR standard substance. These results indicate that TPS and TPI are applicable to

identifying crystalline lumps of an active drug in tapes for quality control.

1. Introduction

Terahertz (THz) time-domain spectroscopy gives an elec-
tric field record of time delay due to the presence of mate-
rial in a beam path with a higher refractive index when
compared to a reference. Fourier-transformed waveforms
from an electric field show a characteristic relationship
between frequency and absorbance. Fourier-transformed
waveforms provide information about not only intra-mole-
cular vibration and lattice vibration, but also intermolecu-
lar forces and hydrogen bonds.

In the pharmaceutical industry, applications of TPS and
TPI for discrimination of polymorphs (Taday et al. 2003;
Walther et al. 2003; Strachan etal. 2004, 2005; Zeitler
et al. 2005, 2006, 2007, Day et al. 2006) and for detecting
unique waveforms of APIs have been reported. Thus,
these technologies are expected to be used for qualitative
and/or quantitative analysis (Taday et al. 2003; Upadhya
et al. 2003; Ueno et al. 2006; Zeitler et al. 2006). In parti-
cular, THz spectroscopy has been used for detecting for-
eign materials in samples and for measuring the thickness
of coatings (Fitzgerald et al. 2005; Zeitler et al. 2006; Ho
et al. 2007).

Tulobuterol ((R,S)-2-tert-butylamino- 1-(2-chlorophenyl)
ethanol, TBR) transdermal tapes are used to cure bron-
chial asthma as a bronchodilator (3,-blocker). TBR is one
of the suitable compounds for systemic transdermal for-
mulation because it has very high permeability into the
keratin layer. The release rate of TBR from the matrix is
controlled by the formation of lumps of TBR crystals. For

Pharmazie 64 (2009) 6

this reason, crystallization of TBR in a matrix is an impor-
tant factor assuring the quality of this tape. However, ver-
ifying the crystallization of an active drug is difficult be-
cause TDDS tapes (or patches) generally have a
sandwich-like structure with a matrix between a liner and a
supporting board. Although release testing is often used to
evaluate “releasability”, which is one of the physico-chemi-
cal properties of an active drug in transdermal pharmaceuti-
cals, releasability is not a suitable parameter for evaluating
crystallization of an active drug. In order to compensate for
this disadvantage, development of an altemative method by
which to observe crystallization of an active drug in a ma-
trix through a liner and/or a supporting board is needed.
This manuscript describes the applicability of one of the
innovative non-destructive analytical techniques, TPS and
TPI, for quality evaluation of TDDS tapes.

]

Tulobutero!

2. Investigations, results and discussions

2.1. THz pulsed spectrum of TBR obtained by TPS in-
strument

Fig. 1(A) shows the typical THz electric field records ob-
tained from the TBR pellet and reference (PE pellet) by

361
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Fig.2: THz spectra of model tape (20 w/w%, A-20) and placebo tape
(0 w/w% TBR) obtained with quartz. The characteristic THz spec-
tral range of TBR (from 45cm™' to 70cm™") is best observed
when etaloning effects are not dominating the range due to the
thinness of the sample, as was the case here

the TPS 1000. The THz electric field record of the TBR
pellet was shifted compared with that of the reference and
the unique Fourier-transformed THz waveform of TBR
was observed compared with that of the PE reference
(Fig. 1(B)). This unique absorbance range, from 70 cm™!
to 45 cm™!, seemed to be available to detect TBR absor-
bance from the total waveform of tapes.

2.2. THz image and spectra of TBR crystal in matrix

Fig. 2 shows the Fourier-transformed THz spectra of the
placebo tape (the red line, an acrylic matrix) and the mod-
el tape (the blue line, 20w/w% TBR in an acrylic matrix,
A-20). The fingerprint-like waveform of TBR from
70 cm~! to 45 cm™! was observed in the THz spectra ob-
tained from the A-20. This observation suggests that che-
mical information of TBR can be detected in a tape. A
lump of TBR crystals was detected at the top left of the
image (Fig. 3(A)). The TPI contrast derives from refrac-
tive index differences. Therefore, it was presumed that the
edge of the lumps of the TBR crystals contributed to mak-
ing the definite contrast of shift of the refractive index.
However, the image that is made from the shift of a re-
fractive index would not provide chemical information
about the lumps of TBR crystals. In order to identify the
origin of the lumps of crystals, the THz spectra obtained
from pixels which are located inside the lumps or outside
the lumps were compared. Both spectra are shown in
Fig. 3(B). The waveform indicated as the blue line repre-
sents the THz spectrum obtained from the pixel that is
located inside the lump of crystals. The red line indicates
the spectrum obtained from a pixel that is located outside
the lump of crystals. The THz spectrum from the crystal
shows a characteristic waveform range from 70 cm™! to
45 cm~!, almost the same as that of TBR standard sub-
stance. This observation strongly suggests that an image
could be obtained from the crystal formed from TBR.

A-20

,Crystal of TBR 1.2

/

‘ Peak Intensity

y-direction {mm)
ahserption (a.u)

0.21 — inside crystal

— oulside crystal

X-direction (mm)

Fig. 3:

THz image of TBR crystal (A) and Fourier-
transformed waveforms of pixels inside and
outside of the crystals (B), obtained from A-
20. The aggregation of TBR crystals which
the arrow points to was clearly identified (A).

5 25 15

wave numbers (em)

It should be possible to observe the character-
istic spectrum of TBR (from 45cm™' to
60 cm™") from both pixels located inside and
outside of the crystal, but etaloning effects are

65 8S

again dominating the spectra
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Fig. 4:

THz image of TBR crystals in matrix obtained
using TPI 1000. Several sizes of TBR crystals
were detected in the scanned area (the longer
diameters: 0.5 mm to 3 mm, the shorter dia-
meters: 0.1 mm to 0.2 mm)
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Fig. 5:

THz images of model tapes (0 and 10 w/w%
TBR). Although there should be many small
white crystals in R-10, only some were de-
tected in the scanned area. In cases where the
white crystals cannot be observed, the crystals
might be smaller than the spatial resolution
(100 um) of TPI. Further studies need to be
carried out to investigate differences in the
samples
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2.3. Size of crystals and spatial resolution of TPI

Fig. 4 shows the THz image obtained from the model tape
B0 w/w% TBR, an acrylic matrix, A-30). Both model
tapes were obtained from the same batch. Several sizes
(short: 0.1 mm~-0.2 mm, long: 0.5 mm-3 mm) of crystals
were observed in these images.

The THz images obtained from the placebo tape (a rubber
matrix, R-0) and the model tape (10 w/w% TBR, rubber
matrix, R-10) are shown in Fig. 5. The image on the right
side was obtained from R-10. Although small white crys-
tals can be observed through a liner or a supporting board,
no image of the lumps was observed in the THz image.
This suggested that the sizes of the TBR crystals were
smaller than the spatial resolution of TPI (approximately
100 pm). According to our study using Microscopic Laser
Raman Spectroscopy/Mapping, the size of the TBR crys-
tals was estimated to be from 6 um to 40 pm (Sakamoto
et al. 2006, 2007).

2.4. Depth image of crystals in TDDS tape

The THz image of A-30 and its depth image are shown in
Fig. 6. The thickness of the lump of crystals in the matrix
increased. The refractive index of the THz pulse was
shifted due to the edges of the lumps of TBR crystals.
This suggested that a comparatively big shift of a refrac-
tive index provides a definite image.

In conclusion, it was shown that THz spectroscopy/ima-
ging technology was useful for detecting lumps of crystals
of an active drug in transdermal tapes. THz spectroscopy/
imaging can provide unique physical (and/or certain kinds
of chemical) information compared with near infrared and/
or mid infrared spectroscopy/imaging. In particular, ob-
taining a depth image from a pharmaceutical sample
would be very useful for gaining an in-depth understand-
ing of the quality of pharmaceuticals.

Although approximately 100 pm of spatial resolution in
the THz pulsed image would hinder the detection of min-

y-direction (mm)

Fig. 6:
THz image of TBR crystal and depth THz im- -5
age of matrix (A). The depth THz image in
the scanned area where the crystal is observed
shows the change in the thickness of the tape
that can be seen (B)

(A) Peak Intensity

x-direetion (mm)

Duepth THz image

-6.0 -40 -20 0.0

20 40
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Fig. 7:

Flowchart showing preparation of model tapes.
Residual solvents were removed by heating, and
1 the mold was used to produce a sheet of model
tape with a constant thickness and area

ute particles that are smaller than the spatial resolution, a
reflective index of the THz pulsed wave may provide
other useful information. Moreover, it would be able to
detect problems caused by the manufacturing process,
such as mixing of air bubbles and heterogeneity of active
substances in the matrix. Therefore, this technology would
be useful as an analytical tool not only for pharmaceutical
quality control, but also for process control in pharmaceu-
tical manufacturing.

Table: Prepared model transdermal tapes in this study

TBR level Acrylic matrix Rubber matrix
0 wiw% A-0 R-0
(Placebo)

10 w/w% - R-10

20 w/w% A-20 —

30 w/w% A-30 —

Fig. 8: Photograph of the metallic arm used when measuring the sample
with a reference mirror
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3. Experimental

3.1. Materials

TBR (purity > 99.0%) and model tapes were supplied by Hisamitsu Phar-
maceutical Co Inc (Tokyo, Japan). Polyethylene (PE) powder of particle
size < 80 pm was supplied by Induchem.

3.2. Model tapes

The model tapes were prepared by TDDS Laboratory, Hisamitsu Pharma-
ceutical Co Inc (Tsukuba, Japan). In order to identify crystals of TBR in
the matrix, two kinds of matrices, rubber and acrylic matrices, were pre-
pared. The flowchart for preparing the model tapes is shown in Fig. 7.
TBR and other ingredients of the adhesive solutions were stirred in the
mold adequately. The mixture was extended on the liner and residual sol-
vents were removed by drying. When the thickness of the matrix (the ad-
hesive layer) became a constant (approximately 50 um thickness), a sup-
porting board was pasted on the matrix after removing the mold. A
polyethylene terephthalate (PET) film was selected as a liner and as a sup-
porting board, for both the model and the placebo tape. And then these
tapes cut to a size of 36 mm diameter. TBR crystals in model tapes were
generated by leaving the tapes to crystallize for some time.

The model tape that contained 0 w/w% (R-0, placebo), 5 w/w% (R-5) or
10 w/w% (R-10) of TBR in a rubber matrix consisted of polyisobutylene,
polybutene and lipocyclic petroleum resin. Small white crystals were seen
in all areas of the matrix in the A-10 through a liner or a supporting
board. The model tape that contained 0 w/w% (A-0, placebo), 20 w/w%
(A-20) or 30 w/w% (A-30) of TBR in an acrylic matrix consisted of acryl
adhesion polymer and isopropyl myristate. On the A-30 samples, small
white crystals were seen in all areas of the matrices. A higher TBR con-
centration was needed to generate the crystals in the acrylic matrix com-
pared with the rubber matrix because of the solubility of TBR. The pre-
pared model tapes are shown in the Table.

3.3. Apparatus and measurements
3.3.1. Transmittance measurement of tablet by TPS

In order to identify a THz spectrum of TBR, a pellet containing approxi-
mately 10 w/w% of TBR was prepared by compressing at 2t for 3 min
with a press machine. The pellet was measured using a TPS 1000 spectro-
meter (TeraView Limited, Cambridge, UK). Each sample was measured
covering the spectral range from 120cm™ to 2 em™" at 1.5 cm™" of spec-
tral resolution. Spectra were obtained averaging 1800 scans.

3.3.2. Transmittance-reflectance measurements of tapes by TPI

A reference mirror was first measured, and then the samples were mounted
to the mirror and adjusted horizontally against the measurement window of
the TPI Imaga™ 1000 instrument (Fig. 8); subsequently, THz radiation
was focused onto the samples to gain maximum sensitivity. Placebo tapes
were used as a background for all measurements.

A TPI imaging system, TPI Imaga 1000 (TeraView Ltd., Cambridge, UK),
was used for the reflectance measurement, which was operated in the rapid
scan mode. Terahertz images were obtained by raster scanning the tera-
hertz beam across the sample, which was mounted at the focus position.
The scanned area was 12mm x 12 mm, which corresponds to 120 pix-
els x 120 pixels at 100 pm spatial resolution. The total measurement time
was approximately 30 min.
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Abstract: Distinguishability by terahertz absorption between D- and L-amino acids and a change in
terahertz absorption based on the re-crystallization condition was examined. Terahertz spectra which
were obtained from the re-crystallized each enantiomer or mixtures of D- and L-leucine or alanine
were compared with those of the purchased reagents. The peak tops of the re-crystallized L- and D-
leucine mixtures were shifted toward low frequency side and the half width of the peak at 3.7 THz
became narrow to approximately half of that of the reagent. Difference of spectral features from 2.1
THz to 2.8 THz in the THz spectra between D- and L-alanines was observed. According to the result
of peak separation against these spectra, distinction between the purchased D- and L-alanine was
possible to compare the intensities of the sub-peaks. Moreover, changes of the integrated values of the
peaks obtained trom L- or D-form-rich mixture of leucine were observed. These results suggested that
feasibility of chiral analysis of enantiomers using terahertz spectroscopy would be shown.

Keywords: Terahertz spectroscopy, polymorphs, enantiomers, crystals

Introduction

Terahertz (THz) electro-magnetic region (0.1 THz
to 10 THz, 3.3 cm? to 333 cm™) detects a weak
inter-molecular energy such as a hydrogen bond, and a
crystal lattice vibration. In the pharmaceutical and the
chemical industries, detection of polymorphs (1-8) and
unique  THz spectra obtamed from active
pharmaceutical ingredients (APIs), illegal drugs and
explosives have been reported (1, 3, 6). The hydrogen
bond and van der Waals force, which contribute to
form the function-able structure of protein and amino
acids, would be sensitively detected in THz region.
Thus, absorption on THz electro-magnetic region
would be expected to provide useful information for
investigation of the function and the dynamics of these
compounds. Amino acids which are components of
protein are used as not only a supplement for keeping
health but also a medication for certain diseases.
Amino acids have hydrogen bond network in their
crystals. Thus, an investigation concerning property of
hydrogen bonds and intermolecular interactions would
be useful to understand the functions of these
compounds. Moreover, amino acids exist as L-form in
nature, and their biological function is different by
stereo- configuration. In study about an optical
isomerism by THz spectroscopy, distinction between
racemate and enantiomer by THz peaks has been
reported (9, 10). However, distinguishability between
both enantiomers has not been established yet. The
authors examined the THz spectral change of the
re-crystallized amino acids, leucine and alanine using
THz electro-magnetic wave.

Materials and Methods

L-, D- and DL-leucine (racemate), and L-, D-, and
DL-alanine (racemate) were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan).
Polyethylene powder for making pellets was purchased
from THz Laboratory Co., Ltd. (Akita, Japan).

Re-crystallization of these compounds was
performed with water. Sample powder was dissolved
in water at around 90 °C and cooled down to room
temperature. Then, this solution was put into a
refrigerator at 4 °C. Re-crystallized sample was filtered
and washed with iced water, and dried in a desiccator
under reduced pressure. The mixture of L- and
D-amino acids which contains 25 % or 75 % of
L-enantiomer was re-crystallized to make D- or
L-form-rich mixed sample. The re-crystallized sample
was diluted to concentration of 0.25 mol/l with
polyethylene powder and then the mixture was
compressed at 9.8 kN for 2 min to make pellets for
transmittance measurements.

Measurements of THz spectra were performed by
the Gallium-Phosphorus (GaP) THz signal generator
system equipped with a pyroelectric DTGS detector.
This THz generator system has been developed and
constructed by Nishizawa et al (11-19). The optical
system of this instrument is shown in Fig. 1. The
spectra were measured from 1 THz (33 em™) to 5 THz
(167 cm™) at 15 GHz measurement steps.
Measurements of optical rotations of the re-crystallized
D-, L-amino acids and their mixtures were performed
using DIP-360 polarimeter (JASCO, Tokyo, Japan).
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Figure 1: Schematic diagram of GaP-THz spectrometer via differential frequency generation

Results and Discussion

The baseline corrected THz spectra obtained from
the purchased D-, L-, and leucine racemate are shown
in Fig. 2(A). The peak at 3.7 THz was observed in both
enantiomers. However, this single peak was shifted to
3.6 THz in racemate and the half width of the peak
height of the enantiomers (0.7 THz) was narrowed to
0.4 THz. The baseline corrected THz spectra obtained
from the re-crystallized mixtures are shown in Fig.
2(B). The intensity (a relative absorption coefficient)
of D-leucine was approximately 20 % higher than that
of DL-leucine. On the other hand, L-leucine showed
20 % lower intensity than that of racemate. No
significant difference was observed about the
waveforms, the peak position, and the half width of
peak height at 3.7 THz between D- and L-leucine. In
case of the mixtures, the peak positions were shifted to
lower side of frequency, and the half width of peak
height at 3.7 THz also became narrow as well as the
purchased leucines. In order to investigate the THz
peaks, the peak separation by Gaussian function was
carried out. The single peak at 3.7 THz was separated
to one main peak and 2 sub-peaks. Figure 3 shows the
correlations between the spiked amount of L-form and
the peak positions or the integrated values of peaks.
Although the peak positions of the main peak were
same in all mixtures, the peak positions of the
sub-peaks of L- or D-form-rich mixture came up to
that of the racemate. These results suggest that the
existence of the other enantiomer would affect the
phonon of crystallized leucine molecules. On the other
hand, the correlation between the integrated values and
the spiked amount of L-leucine shows the integrated
values of the main peak were smallest on the D- or
L-form-rich mixture resulting in a W-like pattern. The

highest integrated value of the low sub-peak was
observed in the D- or L-form-rich mixture, and shows
an inverted W-like pattern. Moreover, the integrated
value of L-leucine was comparatively higher than that
of D-leucine. The peak integrated value of D-form-rich
mixture of the high sub-peak was small, but it became
bigger as the D-form content was increased.
Furthermore, the integrated value in L-enantiomer
remarkably increased and the value doubled compared
with that of D-enantiomer. These results suggest that
those values of D- or L-leucine were influenced by the
existence of the other enantiomer, and the value of the
high sub-peak at 4.1THz had correlated with the spiked
content of D- or L-leucine in the re-crystallized
mixture. The baseline corrected THz spectra obtained
from the purchased D-, L-, and DL-alanine (Racemate)
are shown in Fig. 4(A). Each optical isomer shows 2
peaks at 3.2 THz and 3.4 THz, racemate has the single
peak at 3.1 THz. After re-crystallization, the two peaks
on the THz waveform on D- or L-enantiomer were
shifted to 4.2 THz and 4.4 THz. Moreover, the single
peak of racemate was shifted to 4.1 THz on the THz
wave obtained from L-form-rich or D-form-rich
mixture (Fig. 4(B)). These results suggest that
crystalline forms were changed from those of the
purchased alanines because the distributor of these
reagents would have done a different purification
process from the re-crystallization method which was
used in this study. In the THz waveform of the
re-crystallized racemate, an increase of the relative
molar absorbance was observed as the spiked content
of D-enantiomer increased. In the THz waveform
obtained from the purchased D- and L-alanine, small
differences were observed at the frequency range from
2.1 THz to 2.8 THz.
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Figure 2: THz spectra of leucines (A: D-, L-, and DL-leucine (racemate) as purchased B: four kinds of

re-crystallized D- and L-mixture)

In order to characterize the small differences, the
curve separation was employed. Figure 5 shows the
calculated D- and L-alamne waveforms by the
Gaussian function. The three main peaks at 2.25 THz
(No.1), 2.45 THz (No.2) and 2.6 THz (No.3) and the
sub-peak at 2.7 THz (C) were calculated from the
waveform of D-enantiomer. In case of L-enantiomer,
the intensity of the peak No.2 became smaller
compared with that of D-enantiomer. Moreover the two
sub-peaks at 2.2 THz and 2.35 THz appeared and then
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the sub-peak C which was observed in D-enantiomer
disappeared. While no significant differences between
both enantiomers about the peak positions and the
integrated values of peaks were observed, the peak
intensities at the peak No.2 and No.3 of L-enantiomer
were smaller than D-enantiomer. Although further
study is necessary to explain the detail of these
observations, the purchased D- and L-alanine may be
distinguishable using THz spectroscopy.
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Figure 5: Fitted THz peaks of alanine and calculation results of three evaluation parameters

While comparative large two peaks (from 4.1 THz
to 4.6 THz) were observed in D- or L-leucine, only
single peak was detected in racemate and the
re-crystallized mixtures. The authors are thinking that a
hydrogen bond network of racemate which has a
crystal structure formed by distributing of D- and
L-enantiomer alternately is different from a hydrogen
bond network in a crystal structure of each enantiomer.
For example, a hydrogen network in three-dimensional
structure of D- or L-enantiomer can be illustrated as
Fig. 6 based on the ecrystalline structure of
L-enantiomer (20).

On the other hand, a hydrogen bond network of

racemate is formed by distributing both enantiomers
alternately. Then a single molecule in crystal formed
from D- or L-form molecule may construct a hydrogen
bond network ([-O --- H-N-]) between adjacent two
molecules. In case of racemate, D- or L-form molecule
may construct two hydrogen networks between the
other L- and D-form molecules (Fig. 7). The authors
predict that inter-molecular vibration modes detected
in THz spectra are correlated with an infra-red activity
mode. Symmetry of crystal structure between
enantiomer and racemate is different. Then, an
infra-red active inter-molecular mode in enantiomer
might change into an inactive mode in racemate. And
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the opposite changing may be also observed. Of course
further investigation 1s necessary to test this
hypothesis; a difference of configuration to take
high-density and/or stable crystal structure may affect
THz spectral features.

Figure 6: The image of a hydrogen bond between
L-leucine and an adjacent one (Only one
hydrogen bond is shown here.)

The different spectral feature between D- and
L-alanine was observed in the range from 2.1 THz to
2.8 THz. In the calculated three peaks, the intensity of
the peak No.2 was significantly decreased. Moreover,
different calculated sub-peaks pattern between D- and
L-enantiomer was observed as described in the
paragraph 3.2. D- and L-enantiomer has the identical
physical properties except an optical rotation. Although
there is a possibility that an impurity derived from a
different purification process between D- and
L-leucine may cause spectral differences, it also has
possibility that THz spectroscopy can sensitively detect
small differences concerning a hydrogen bond network
or a crystal lattice vibration.

A difference of spectral features between D- and
L-leucine was not observed, but the differences of the
integrated values of the peaks (shown in Fig. 5)
obtained from the two sub-peaks between racemate
and L- or D-form-rich mixture were observed. The
optical  rotation  of  re-crystallized mixture,
L0%-D100%, L25%-D75%, L50%-D50%,
L75%-D25% and 1.100%-D0% were -15.74 + 0.02°,
-0.06 £ 0.01°, 0.10 £0.02°, 0.12 £ 0.01° and 15.58 +
0.01°, respectively. An isomerization in the aqueous
solution and a thermo-isomerization of enantiomer was
not observed. According to these results, According to
these results, these re-crystallized mixtures did not
include whole spiked amounts of L- or D-enantiomer.
Most of these mixtures were formed by racemate, and
a portion of excess L- or D-enantiomer was distributed
in these crystals. Furthermore, no significant difference
of the optical rotation between L50% and L75%
mixtures was calculated. Thus, it is presumed that a
racemization of D- and L-leucines in the solution was
first progressed and then a portion of excess D- or
L-enantiomer was taken in the racemate crystals.
Although investigation of crystal structure of these
mixtures is necessary to explain this observation, each
D- or L-form-rich mixture showed the characteristic
THz spectral features.
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racemate

Conclusion

In this study, distinguishability of chiral
compounds by THz spectroscopy was examined.
Characteristic spectral differences between
enantiomers and mixtures were observed by detailed
analysis of spectral features. Because THz
electro-magnetic wave can detect small but meaningful
differences of crystal structure, more applications of
THz electro-magnetic wave to analyze and to evaluate
crystalline state and physical properties will be
expected in the future.
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