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Pharmaceutical Quality System (ICH Q10) Conference
A Practical Approach to Effective Lifecycle Implementation of Systems and Processes for
Pharmaceutical Manufacturing
Keio Plaza Hotel (Oogi Ballroom)
Located on 4F South Tower
November 5 — 6, 2012 | Tokyo, Japan

As of October 25, 2012

Monday, November 5, 2012

7:00 a.m. = 5:00 p.m. Qogi Foyer
Registration Open

7:00 a.m. — 8:30 a.m. Oogi Foyer
Continental Breakfast

8:30 a.m. — 8:40 a.m.
Welcome and Opening Remarks from Co-Chair of the Planning Committee
Richard Friedman, Associate Director, OMPQ, CDER, FDA and Co-Chair, Program Planning Committee

8:40 a.m. — 10:10 a.m.
P1: Pharmaceutical Quality System
Moderator: Junko Sasaki, QA Principal, Dainippon Sumitomo and Co-Chair, Program Planning Committee

Session Description: Why is a strong Quality System so fundamental to achieving and maintaining operational

excellence? What can we learn from other industries2 What are the cost benefits of more effective and efficient
manufacturing? In the opening session, senior leaders will discuss how the industry and consumers benefit when science-based
risk management is used throughout the lifecycle to assure a robust state of control. The session will address the tangible
quality-business synergy reaped by "learning organizations" who proactively seek out sources of variability through daily
vigilance and take advantage of contemporary technological solutions to improve product quality.

8:40 a.m. — 9:10 a.m.

Outline of ICH Q10

Kouichirou Koike, Deputy Director, Compliance and Narcotics Division, Pharmaceutical and Food Safety Bureau Ministry of
Health, Labour and Welfare

9:10 a.m. — 9:40 a.m.
Industry Keynote
Anders Vinther, PhD, Vice President, Quality Biologics Operating Unit, Global Quality, Roche

9:40 a.m. — 10:10 a.m.
The Cost of Non-Compliance and Other Industries
G.K. Raju, PhD, CEQ, Light Pharma, Inc.

10:10 a.m. — 10:30 a.m. Oogi Foyer
Refreshment Break

10:30 a.m. — 12:00 p.m.
P2: Pharmaceutical Quality System - Continued
Moderator: Anders Vinther, PhD, Vice President, Quality Biologics Operating Unit, Global Quality, Roche

Session Description: Why is a strong Quality System so fundamental to achieving and maintaining operational

excellence? What can we learn from other industries?2 What are the cost benefits of more effective and efficient
manufacturing? In the opening session, senior leaders will discuss how the industry and consumers benefit when science-based
risk management is used throughout the lifecycle to assure a robust state of control. The session will address the tangible
quality-business synergy reaped by "learning organizations" who proactively seek out sources of variability through daily
vigilance and take advantage of contemporary technological solutions to improve product quality.

10:30 a.m. = 11:00 a.m.
U.S. Regulatory Perspectives
Richard Friedman, Associate Director, OMPQ, CDER, FDA

11:00 a.m. — 11:30 a.m.
Pharmaceuticals Quality Management System (PQS) from the Perspective of Japanese Regulations
Takao Kiyohara, PhD, Advisory Expert, Pharmaceuticals and Medical Devices Agency (PMDA)

11:30 a.m. = 12:00 p.m.
Q&A — Panel Discussion P1 & P2
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Monday, November 5, 2012 — Page 2 (continued)

12:00 p.m. — 1:00 p.m. TBD
Lunch

1:00 p.m. — 2:30 p.m.
P3: Management Responsibility
Moderator: Neil Wilkinson, Senior Partner, NSF-DBA

Session Description: ICH Q10 deliberately brings to the forefront the critical area of management responsibility within a
Pharmaceutical Quality System (PQS). Deming recognized this 50 years ago, and it subsequently became a key part of the
ISO 9000 series of Quality Management standards. ICH Q10 aims to reinforce the importance of management in establishing
and maintaining a companywide quality culture and an effective PQS that assures a state of control and drives

improvement. In this session we will hear how these concepts are used in practice within companies, and throughout their
supply chains for outsourced activities and purchased materials. We will also hear current expectations as to how
management should oversee the PQS.

1:00 p.m. — 1:30 p.m.
What QS Means and How Management Should Oversee the System
Steven Mendivil, Executive Director International Quality External Affairs, Amgen, Inc.

1:30 p.m. — 2:00 p.m.
Case Study: Role of Management to Drive Industry Improvement
Anders Vinther, PhD, Vice President, Quality Biologics Operating Unit, Global Quality, Roche

2:00 p.m. — 2:30 p.m.
Case Study: Use of Management Review to Drive Quality and Business Improvement
Xiao Zhijian, Regional Quality Director, Astra Zeneca

2:30 p.m. — 3:00 p.m. Qogi Foyer
Refreshment Break

3:00 p.m. — 4:30 p.m.
P4: Management Responsibility- Continued
Moderator: Neil Wilkinson, Senior Partner, NSF-DBA

Session Description: ICH Q10 deliberately brings to the forefront the critical area of management responsibility within a
Pharmaceutical Quality System (PQS). Deming recognized this 50 years ago, and it subsequently became a key part of the
ISO 9000 series of Quality Management standards. ICH Q10 aims to reinforce the importance of senior management in
establishing and maintaining a companywide quality culture and an effective PQS that assures a state of control and drives
improvement. In this session we will hear how these concepts are used in practice within companies, and throughout their
supply chains for outsourced activities and purchased materials. We will also hear the regulators current expectations as to
how management should oversee the PQS.

3:00 p.m. — 4:00 p.m.

Case Study: Management of Outsourced Activities and Purchased Materials: Addressing the Interfaces
and Management of Supply Chain (APls and Excipients)

Janeen Skutnik-Wilkinson, Partner, NSF-DBA

4:00 p.m. — 4:30 p.m.
Q&A /P3 & P4 Panel Discussion

4:30 p.m. — 5:30 p.m.
P5: Lifecycle Goals
Moderator: Richard Johnson, President, PDA

Session Description: While the PQS is applicable from development through to product discontinuation, certain elements of
the PQS become more and less relevant over the lifecycle. The principles of Quality by Design can be embraced during
development stage to help assure a product can be successfully commercialized using effective manufacturing and testing
approaches. This session will look at how the elements and the tools of the PQS can be applied to development of drug
substance and drug product, and enhance the potential for smooth technology transfer into commercial launch. Moreover, this
session will look at lessons learned through commercialization and post market surveillance to effect continuous improvement of
the product.

4:30 p.m. — 4:50 p.m.
Technology Transfer
Neil Wilkinson, Senior Partner, NSF-DBA

4:50 p.m. = 5:20 p.m.
Commercial Manufacturing - Integration of PQS into GQP
Tetsuhito Takarada, Advisory Deputy Director/QA, Mochida Pharmaceutical Co., Ltd

5:20 p.m. — 5:30 p.m.
Q&A /Discussion
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Monday, November 5, 2012 (continued) - Tuesday, November 6, 2012 — Page 3

5:30 p.m. — 6:30 p.m. Starlight/Subaru/Comet
Networking Reception

Tuesday, November 6, 2012

7:00 a.m. = 5:00 p.m. Qogi Foyer
Registration Open
7:00 a.m. — 8:00 a.m. Qogi Foyer

Continental Breakfast

8:00 a.m. — 9:30 a.m.
P6: Quality System Enablers: Knowledge Management and Quality Risk Management
Moderator: Barbara Mary Allen, PhD., Senior Director Global Quality Systems, Eli Lilly & Company

Session Description: The lifecycle of a product can extend over many decades and so it is important that product and
process knowledge is acquired, analyzed, stored and disseminated in a systematic manner. Having knowledge enables
confident quality risk management to assure quality. Use of structured, formal risk management methodology facilitates
consistent science-based decision-making related to products and process controls. Speakers at this session will share how
these key topics relate to their quality management system and achievement of quality objectives.

8:00 a.m. — 8:30 a.m.
Case Study: Knowledge Management: An lterative Process
Marty Lipa, Director, Knowledge Management Leader, Global Science, Merck & Co., Inc.

8:30 a.m. — 9:00 a.m.
Regulatory Perspective on QRM and Knowledge Management
Yukio Hiyama, PhD., Visiting Scientist, National Institute of Health Sciences, and Co-Chair, Program Planning Committee

9:00 a.m. — 9:30 a.m.
Q&A /Discussion

9:30 a.m. — 10:00 a.m. Oogi Foyer
Refreshment Break in Exhibit Area

10:00 a.m. — 11:00 a.m.

P7: Establishing and Maintaining a State of Control

Moderator: Yukio Hiyama, PhD., Visiting Scientist, National Institute of Health Sciences, and Co-Chair, Program Planning
Committee

Session Description: As defined by Q 10 a state of control is a condition in which the set of controls consistently provides
assurance of continued process performance and product quality. This session will discuss the effective monitoring and control
systems that can achieve assurance of continued suitability and capability of processes. Featured in this session will be how
effective monitoring can support these goals and how they enable lifecycle approaches to validation, i.e., continued process
verification. This session applies to both conventionally manufactured products and those that feature advanced manufacturing
and control technologies that enable innovations in process validation.

10:00 a.m. — 10:30 a.m.
State of Control Over the Lifecycle and Process Validation (New and Legacy Products)
Richard Friedman, Associate Director, OMPQ, CDER, FDA

10:30 a.m. = 11:00 a.m.

Case Study: Conventional and Modernized Process using Knowledge from Development and Lifecycle Monitoring to
Support Continued Product Verification

Barbara Mary Allen, PhD, Senior Director, Global Quality Systems, Eli Lilly & Company
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Tuesday, November 6, 2012 — Page 4 (continued)

11:00 a.m. = 12:00 p.m.
P8: Pharmaceutical Quality System Elements: Process Performance and Product Quality Monitoring System
Moderator: Richard Friedman, Associate Director, OMPQ, CDER, FDA

Session Description: This session will focus on the ability of a company to drive continual improvement of the lifecycle of a
product through a robust PPPQM system element. Using sound approaches in development form the basis for a quality
product, however implementation of this PQS element captures the rich data and knowledge that is obtained throughout the
lifecycle phases of tech transfer, commercial manufacturing, through product discontinuation. Topics will include traditional
indicators such as batch data, deviations, complaints, CAPAs, and leading indicators such as the product steward model,
evaluating quality across a global network and use of statistical tools. The opportunity exists to provide process capability
measurements to have a true state of control in pharmaceutical manufacturing and support modern day approaches to
lifecycle validation.

11:00 a.m.— 11:25 a.m.
Product Quality Management
Zena Kaufman, Senior Vice President, Global Quality, Hospira, Inc.

11:25 am. — 11:45 a.m.

Case Study: Use of Statistical Process Control Approaches to Detect Process Drift; Using Process Capability Measurement
Takuya Suenaga, Program and Coordination Group, Quality Assurance Department, Chugai Pharmaceutical Co., Ltd. A
member of Roche Group

11:45 a.m. — 12:00 p.m.
Q&A /P7 & P8 Panel Discussion

12:00 p.m. = 1:00 p.m. Hana Room (Main Tower)
Lunch

1:00 p.m. — 2:30 p.m.
P9: Pharmaceutical Quality System Elements: Continual Improvement of the Process (CAPA)
Moderator: David Chesney, Vice President, Strategic Compliance Services, PAREXEL Consulting

Session Description: An effective CAPA system has been an expectation for many years for companies operating to ISO
9000 Quality Management standards, including Medical Devices operating to ISO 13485. The Pharmaceutical Industry has
over last decade put significant effort and resources, in a reactive mode, to managing and investigating deviations, resulting in
corrective actions. However, there has been less focus on proactively undertaking preventative actions within the CAPA

system. ICH Q10 requires an effective CAPA system that identifies areas that need special attention as product and process
understanding expands, and implements and monitors effectiveness of related improvements. It is essential that the CAPA
system does not work in isolation and that there are strong linkages with other aspects of the PQS, including Management
Review. In this session speakers will present real examples of how a CAPA system can be linked within the PQS to contribute
to continual improvement and a reduction in repeat issues.

1:00 p.m. — 1:30 p.m.
CAPA

Steven Mendivil, Executive Director International Quality External Affairs, Amgen, Inc.

1:30 p.m. — 2:00 p.m.
Process Improvement
John Geissler, Head of Group Compliance and Audit, Novartis

2:00 p.m. — 2:30 p.m.
Management Support for Continual Improvement
Susumu Endo, Global Quality Assurance Department, Takeda Pharmaceutical Co., Ltd

2:30 p.m. — 3:00 p.m.
Q&A /Discussion

3:00 p.m. = 3:15 p.m. Qogi Foyer
Refreshment Break
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Tuesday, November 6, 2012 — Page 5

3:15 p.m. — 3:45 p.m.
P10: Change Management
Moderator: Barbara Mary Allen, Senior Director Global Quality Systems, Eli Lilly & Company

Session Description: The management of change is critical in our business, whether it concerns changes to our facilities,
products, processes, equipment, computerized systems, etc. Our change management system has on the one hand to be robust
enough to deal with both major change and small incremental change, but also simple and efficient enough on the other hand
for people to easily understand and apply correctly. While change management systems are generally well understood and
defined, lack of timely and thorough change management can lead to lingering or new quality and compliance issues. This
session will reinforce the importance of carefully managing all changes, even if a change appears to be small.

3:15 p.m. — 3:45 p.m.
Change Management: Enabling Quality Improvement
Janeen Skutnik-Wilkinson, Partner, NSF-DBA

3:45 p.m. — 5:35 p.m.
P11: Continual Improvement of the Pharmaceutical Quality System
Moderator: Richard Friedman, Associate Director, OMPQ, CDER, FDA

Session Description: Throughout the conference participants will have been shown how the key elements that make up a
successful pharmaceutical quality system can be implemented in a practical way including continual improvement of products
and processes. Once the pharmaceutical quality system is established it will need to be maintained and developed. The final
session focuses on continual improvement of the pharmaceutical quality system itself. The session will show how the system
contributes to its own improvement, and will include discussion of the internal and external factors that must be taken into
account to keep the system fit for purpose.

3:45 p.m. — 4:15 p.m.

GMP Compliance Inspection by ICH Q10 & PMDA

Masatoshi Morisue, RPh., MSc., Director of GMP Inspection, Office of GMP/QMS Inspection, Pharmaceuticals and Medical
Devices Agency (PMDA)

4:15 p.m. — 4:45 p.m.
Case Study: How do You Know if Your PQS is a Healthy One?
Zena Kaufman, Senior Vice President, Global Quality, Hospira, Inc.

4:45 p.m. — 5:15 p.m.
Complacency is not an Option
Barbara Mary Allen, Senior Director Global Quality Systems, Eli Lilly & Company

5:15 p.m. = 5:35 p.m.
Panel Discussion

5:35 p.m. = 5:45 p.m.
Closing Remarks from Co-Chair of the Planning Committee
Richard Friedman, Associate Director, OMPQ, CDER, FDA

39




40



ITEFRES

HASSR T B L OBEF IS4 5 IEAXE LR & B0 fas
RGBT EEE b geE ENZER G RENT AT M ILATRE

HAHE R 5 1 SR G O B RAEIC L2 7 3 BE5%  (BLAK - JEYE, BLGBAZE, GMP) O, Mtk - k&
W m T EHERBRE ZH > TN D,

L, TOEMNEEBOFEBEORIZIIF y v 7 RH D L2 ICBEbhs,

LIF OB HOWTOERZIFANICTZT, SBROBERENENLIZNEEZTEY £7,
LLF Ol iT#m o Bts A L U CIRIET 2EAMRBEZ BTV b0 THY | FiEHKSD S
Wk, BAERGTDOEBERZOERZRET LD TIEIHY £H A,

A, BB OB EEND

— A OMER (B : 5 FOEELEAHW, 12 & (A% vy 7HEBEOME) GMP & o (s

TRONY F—a VEERER) I8N, RO OB, 13 SORERE : HE o)k

ULDRE - BEXNHLHEITMNDZENTE D,

— K RDOFTMOMN : AINEMT, MBSBER. BlESM DT A
FHEDOGE . WAIOYE

—EKRTRAORLH _(BER T2 D)

B.&SAER DI - @D

Tk AOME, EELRTOME L

—RERIER AN S OREE b EIT/ER, BRAZEZR TSN THWD DT, [HARTHET
LZbDEMELTND] EDONEGE L STNDLN, BRAZEIZOWTOME (EHFH. BARED

). AMITEROIFNFR, R OMIROMEEME, FLHET e AREHTHLZ LITL - T,

WO R BUEDFR & WD K0 X, [Pz I B FHefon S F RO g2 ft] b o> TL F-T

JAXE

C.GMP 2 _EDRRE L

—RBR G IER T O b O OFR(H A 55 O E I STV D90 B — i 72 51k

ThHH, BT LB TR TOOHRRICKERSEHTED LIZROLRNT LN HHTERY 7 —
va U E DML e FIEIC LD EOBEASEEZREE L TR NERH L5, RH GMP 58t 0 1E)

—J& 07 DFREAR & B SOP L OBH - Xv v 7 (A% v 7RBOMA, A OFRE, FIEDOY

T— 7))

D HiFE - A D O

ERGFEZEESTERICHESE LTHY EFshTunadbo
— R A RETRE (BXOWLY) ([CHEV-QbD & &9
— R e EEDREYE - AR

41



T EFR 6

T v 7 ERRMPFEAEFESOM S Y P

TR 25 2 AV 23 U v 7 EERGBABEZE S LOFEDH A I22 7 —71Thlf, MERY %
1T-o7,
X H v oY . kLT

W OERM, Rz imiliL, >V THICH RGN - BIEBLOBER 2zl Lz, SSICED
7T AT DF—U— K&z AT,

1. &5 (£ 77 7) OIGERREEIZ 232

IR IZBI L C GE BIRBEEOFFZBMONTA LY, RIUC KV | £5L0RITIE B KD GE

B OWTIZi b r— AN D 5,

RV LV | BT —ABBRTE LD, E5LOMEKOEI L, BREEOHKEL R X

%@Df%<@%%m%&7 LERD, ZOREDITIE GE BN O OB REM P LI,
SICRFTZERS. ATBIZER T 2 IR ERm A,

(% U — R) BEROVER O —. DEENERE 7 v 2 DYEE

2. FERFEIR TR A Rk o TR L WL

BEEHMNCTH-TH, IWHERD DL Z ERRERP SN TS, BREHE, "AH OB - &)
BIETZ T CTHR#ES TP, GE BABSHIIMRETHER - BB/ T — 2 2 BICERZ RS 2 LR
Hsknw, —HIGk S S & IERARUAOBGEIXIEFICREEC 25, For, BRED%E (F
0 OS5 LXEME) IZOWTIHBEIMAICAGREICTH L, 380 TWeEWel énborb00, #
EORBNOITHRETH D, X, HNCHET S L LT, WEEZ T vy 7 ShbAlttEb dH 5,
kLT HEO T AEHA L, ZESME LT, BB - B ORERZICK LT
FEBRLRTER LRV, £, &ﬂﬁ%#ﬁﬁﬁ##ég&ﬂ%@o%*@ﬁﬁ@F@J%
IR % ERIREIC TREHARML) Sy & THEUE ) 005 & IR o0 1T D5t 728 & o TR E, THNZHL
ET 5] OBKIE TJ7, REER R D72 D& RITH ISR 2 WIEE T, oY HE
HRIZECHET RETHLILERT) 2EIHY, FlMET7 ey 7352 EBREKTIER
VY,

(F—U—R) BFROMERORFH—. DEENERE T vt ADOYGE, TRHRIEEI D FFE

3. BRAZEHEIZ I A TIRETE20TRBMEL,

Fegk 72 o Hhles. 7 ABRESND Z ERH YV RFBHICH DRV, 1 AL T5DTHIIL,
— AR c RBRICIRET RETH D, X, EEREHICE L I A,
FBEOBAAEHMIIET 200 E x5, EEAOEEL THILUE, RIETRHATEZ S
TIEH DL, SHORMY OEAELIIMEL 257259,

(F—U—F) HARRE T 7 2ADYE

4. KFW & HEAKRMIIBNC & Vb T THMR, ARG EARIECE IR B F%E
THLY oo TH LY,

42



T v 7 ERRMPFEAEFESOM S Y P

R BRI TRRARFIIIHATE L X ICT & TH L, LaL, HFE - KO LTo TH
PURZE ] O & SWEEBROEMEL R IF[ T OFMmIIT T HX&E Th 5.
(A"'r U— ]\) %7&0) i*ﬁ’@muu%%ﬁ#

5. WA 18 OB HBRIT ARRIEICNE SN TV D LDIZRON D DN ?

* YT 5 GMP BELU/IC LV XIENERD 2 ENRZD OO, wEESHERE K CBhE
A T2 v B3 ATRE,

(F—U—F) ROV DR —

6. WHNE—VEDJF T RE & B RITEMERLTTE D BVE S TV DR — L E,

*EEIRAARBRORGITNS - BIREICKREIKFT L LE2RWMLIZ ETOHETH D,
ORFEME 272 LT, BIOFIERHS L0 Ltz

(F—U—F) BROMR ORI —. FRITIENE O &R O 8E

'1%%%%@@&@&%&w%@ﬁ§mtw S8 D FEHE TR LTI R0 D,
717 LDOMRED EE<&D( ST COESNAREE 72 b —A) @ o (kKa)

ABTIXV AT ZEAMEIC (OB Abrnwr—2% /15205, 20X RGEEAREZHOE

i%é@<ﬁ%?%éo

*EAMICEEECA ) LOICTFIEAEF T L2 LIFAREL £2 5, ZASTOERNILETH D
. BREHEBENT S,

(% U — R) FEOMKEORRK—. EETINENEOEE OKE, LRIEEDO K HE

&E%%;U%ﬂwxm%-ﬂﬁwmﬂi ka2 ARTRETHD, X, EELORME LA
2L BETIE ARV, X, KGR ZERWT, FAEMTIIARMY - 5V ONEZ R L T
6t@\$%%m§%WDAw®i9ﬁ% BN & REBARRERIMEDIL D,

*HUE, REI R EAR LW FTHTHLN, ThE&OLILERH DL EEZ D,

(F—U—R) BFROMERORFM—. ERFTIENEOERE O —, JRWRIEEID FFE

9. W7 LFWRRET v~ FOBEICET 21F WM Z L TIZ LY, PMDA OFEBERIZHWED
BN EEREHZ TN ENDH IR MRICAERTE TIIARNVD,

HERWEOME, UEHERORMENRH > TLNDRE TIERVN,

(F—U—F) EREHIEHNEOEE O —, LRGSO FEE

10. FELORD L D NEITEBA =D —DPHBI-HERICTENEDERDDZDZFD L 5 LB %
Mlafo, X, ZOB\BRICEST IS « BEIEEZE - 1T E DICAREDRWVD TRV,

(F—U—F) BEI AT LDOUE

11. —RICH IS MM 2 H - 2 W=, eRIFEKICE TN WA & A K IX

43



T v 7 ERRMPFEAEFESOM S Y P

HEIRICATRH E LTS,
*UESLTIE, FEFHOBNRHMM 25 AV TIZIREEDPKGEHGE SN D 7 — 2RI < v, ZHISHIE
L0, BRI TS EOF AR Y L BN R T 02 2550 L, RS RO MR 2 iR
BHICHET TE DM 2 LT o,

12. IR~ A X —7 7 A VOBRERZIIIRIERA =D =2 XV ZONEN KT By B3 - H#
Ao S ARAN YN AW AN ANy N A VA
(%~U~F)%%VX%A@&§

13. R OEEOTE THIH TE AV WHEY) BEXEE O L TRBESDZ L
Db, ZOXIRAEBFHIZEL TEH LN UOARTRETIER VD, X, BEICITERIEIC
FEN DT ELZRER SN R 5,

(F—T—R) BE5OMEROBHH—. FHRIFTIENFOES OUE, BES AT LOWE

44



VR 24 FEEA TG BFFI LRI &
(B«  BREHEZEL X227 b —¥ A 2 AREPRFER)
SRR R G &

EEMLLE TR

=]
[s]=)

E Y AT MBI B FEm T IC B9 B A g -

SrRTEE EMEXRRRMEENER &R EEFEET KA AR

7T AR ERMEE - REEEFEORKCR OCEERRATICET 2R

WFEEs  mARAL T T~V BRI O BREE 2 L TR R O RGE TR R D E3Ak
53 DIKFI S QWK B A~ Tz, K O F IR H R 2CER LR I 2 W OKFgIc iz L,
BRI X 0 AT A L AT =X —T D ENTE I, ERREAMIC L k)
~ORENEB A T D Z EMH DN eoTz, ZDOWERRNG, R T T~V 5y
JeIERERND Z LI LY, YFFH Sy OFTE R RS TR 2 EE TREEHEE O

BTE R O BRIR O A A e i s 153
MU ISz, K0 e
XHbDOEEZ LN,

BB EEAT D ENTE S, ARICE D B
RS EEE L AT A OB T 7 7 0 —F RRET

WE5E /1%
UL ENZEIES R SRR L
FELATHE  ENZEIES A AR
Ve R BT

AMTEA FRRT

W — PR

BN AL PEERA T e o & —
HEELE  FIERY

Axel Zeitler 777U v RS

Philip F. Taday,

Alessia Portieri,

TI a—
TIT a—
Donald D. Arnone 5 V' o —

A. HHEE®

2= FE 5 DT 7 B PR O A T b DR
IZBWT, BT 1 R O O EEATEE
fRITEZETH D, FrBAFERMIZ IV TR 24
AT 5 ROy O SR 7R & ONT A ol TARIC
BT D 2D OMERA Sy D5y L~V TOEE) &
B2 2 LIE, A5 - AEERGHI B W TH AR
SERFEIC BT A 1A 5 2 213000 TIER <L
FE TRRICHBIT D EECD TN SRR D Z &
W Ccx %, £lo, TNHORMET — X I EFER

45

BEZ I T, BT 27 ORREIRSE 5 7L
DRI 5T D REE D & 5,

%< OO TREI = 3L X —[XBHIL A7 b
IVOFRIMREN AR D = R L X — TR T 5, Lz
D35 C, FRIMEI D ERGE & 77 I35 &
FIPHOZR VX —EWIR L, &Ik
FOIRENEAT D, BT 5 BRI —
DFENZ K0 i 2 B7p 253 F OIRENE R A 15
HTENTE D, BIRSNDEMIE O EITILT
THTFNLOBELNDIHFRITELRY | —ROITIR
SREFREILD 2 ENZVHIRIME Tl DOE
REREOIREN A 925 (CGEYEIRE))  HhoRoMEE
F 0 bR OV RIME TIXERES S D
C-H,N-H, O-H 73 & ® X-H 72 2 sk $ 2 i) (k
HERBOFE G EOME) DR shd, #IZEE
DEVERIN T T~ 58 Tl TR —
NIZHRT D IREIOKFEE A e £ O 51 MHAAE
FICHET 299V —2 T 5 Z LN T
X5, ZNDOEEIARY MUERITWE O
REIESI OO TH Y . 2D ORI BRI fEk
Ze e U T RED o G A BT T 5 2 &
&0 BANZE EN DG OILFERY - ERRTIR
WA LIV TR T 2 Z LI C& 5, K
FEEEIE, FAMERE O T, EE AR



DIT & EOFBILEMII L TREEE S 6,
T — RV (R) /a2 maEd
5T ENTE DRI T T~V FEIR D R
% F O TGS TRIZ IS 2 EEIRS ORERR 77 DK
M OB ORI 21T > T,
ETMEEW E L TRE S EOIERIETH
LDTHT 4 ) UERE LT, T AT 1 U s,
WD E T E LTHO DDA, SRR
Bi T GRS — K IS s 5 =
ERNHBNTWD, T4 7 4 U —KFnid K
W& eI EDE L <KL, BEAl7R Elckun
THEK7) S — KT ~DEEISIZ L DV HEIE)S
FAELT-FHINRH 5, AFFETIE, BhETRICE
WOKEEHT 23R TAIZEH L, ISR TR
DT HT 1 U ORGSR B G A1 R~ oh
F I BRI A VT L=, 7. g
FEEZ D Z LI L DR SRR~ DR
LT, ZNOOFEZ LY YIRS O
FTEE Rk EE TR ST 5 BB TR FE B
DIFTE e VVFEE DRREHIZ RSN T T~ 5
JeiEREMNND Z L THRRIERIMGOND Z &
ol ERHNE L,

2D ORI T 72 AR E D T= O D
TR PR AT D L L b, BIE TR
BT 5 EO—EVE R OBIARRGHZ IS < @7
LSV DSHERF SNUCUV D Z ISR D RMEAUR
Wz bz BN AEEEEE O AT LEMEEL,
FIERT D EICET S EHIfFTE B,

B. #FZGk
B-1. #kt

TAT 4V MK, THT 4 ) KR M
OHPCIIFD AR O rhin 2 A LTz, &
7oy TA 7 4 U UK &L OHPCIZOWTE,
HROFERE AF L, YR ORI T — 2 3
% CTho L MR LT,
B-2. Rkl

TAT 4V K EFEEH] (HPC)DIRAWY)
KN 2 CHIFRIERI 21T\, BBk 2157,
BNCT AT 4 U AKNKREINA ., FIRRCH
R L CIRAREST,

100 umBL T 2Ekr U 7= 8k e ONEA K & %

46

AVENRIER DG B, SIS TR (7
= NITR R A FRE L BZER 2 7S TRIE)
FIFHEIEFIZTIOC, 50 CKRUER (FRZER
) TEMRLT, 2SO HONT, FRE
HFINZREEAT o7, 7236, F|IRITZERIZHBNT
22.5+/-1°C Gl L 7=,

Flo, BUERZEE A 2R AT - T BERIIZ DU T
HE TICTT0°C THef: U IR IIE 24T - 72,

2B, ETORBHNI=RE LR CEEIC/RDET
g L7t Wt Lz,

B-3. IR R OMIESRE

FBFORIE 1T 2R B FAE AR 2R 2 24 L 7=
GaPZEJE T 7 ~ IV G iR 2 -V T 7o
7o MIEHIPHIZ0.6 THZ - 5 THz, EEAT v~
1315 GHZIZRRE L 7=,

B DK DBIEIIMPA 7 — U IS MR
GIEER (TN h— « 7T 4 7 A 2
AT o7z, BEFTILBSSE— FITTIT, JlE
#i[FI£8000 cm™ - 4500 cm™, FEE[ENII32ME], 4y
FRREIZ2 e R LT,
(BRI ~DHELE)

B & FHIRIC R L,

C. WroefER
C-1. 77 4 VARG T A7 1 U —IKFn
WDOT A~ AT KL

THT 4 U K R O KT DJFR D B 15
12T T AR MVER TR LTz, TRERT
MKW 2 BT — KR & = N7, kY
DA, 0.95 THzK UN.60 THZIZ2DD B — 27 7138
L&, — /KR TIEL1.64 THZIC 1 DD E— 7 3
RS-,

C-2. R TR DT 47 1 U o OB Siis
%

THT 4 U K EHPCOIRA W) K OHEL L
T2 B ORI HART-T T~V AT b LA
TNENK 2R LTz, KEMZ DHIOREYT
3, BN AT NVIT AT 4 U RO
FHNOIFENTZ AT RV EERED AT K LoX



HZ—r &L, JEHRHIZIBVCTHPCIZHRT 5
WE72 < TA T 4 U ARHEA 72U~ D1
FIITRD bR o T, HERTORER ) HAF72
AT R VHE51E1.64 THZIZ D HRINBIZR S h
Too LEDFRERNG . @O WT, 747
74 U KK TSR LT D T E D
Mot

C-3. WIS L RS SR B 5

SITHE TT0C ORISR I 1T DR >
SELNTZT T AT N LORRE LA R
U 7=, WESEBHAARF0 73 ORERI D DG D IVIZT T~
SV AT N T IKF) & AR D AR kLo
H— TR LTeid, HEIRBRAATR 15000 L 7= FEkL
WMiNS1RT=T F o~ AT RVTCIE, 1.64 THz

ThoTWINO e — 7 {iElX1.60 THZIZY 7 kL,

F£720.95 THZHT IS HHBL L 7=, Z OfEED
5., T0COHEERESAETIX, 155 LANIZHRRIY)
\ZEENDT AT 4 U /KK s
B Lo Z EAVRIR ST, W 50 CORESAT:
T, 1.64 THzOWIU IRZEBHAR60 7714 F CRERE
MIZ1.60 THzE TV 7 b L, D% (FE§%120
5y) B —ZALEDY 7 ME160 THzOE £ 7 b
FEZ BTz (K4) o LLEDORERN G, 50C
DREIESANT TIIRRBHEAT23053 7> 56053 DI HE
IKPI~OFEFENTE T L, EO%ITHRIZ X D5
LS ST ~ DB TN & DR T T,
HWIETER (225C) OWBESAF T, &R
#1205y F TR D "— 7 (LB I ITRD B
TR TeS, FDH1200% (Q0WFH) F CHkRE L
THEREAT S TG AT BV TIE, 1.64

THzOWIR D & — 7 (g IRE R > 7 R L
(158 THz) . =27 D7 u— Mg sn-
(K5) , —J5, HBECOBITERMHETIE, TR
131.64 THZIZRH SV RIN D B — 7 LB > 7
MIFRD LT, B =7 D7 m— b & WRIGERE
DK TFOSRREICBIER SN, 6001: RFD) 121X
E— 71T & A CBIER SR D, 120001 (3R
B ATITTERITER LTz, 72, 1200312128V T
$0.95 THZAFUT I SWRUR O BRI BIER S e oo 12
(X6) , F&LThHFiEmmE— ReiEd 5iE
RIS T T~V SEIRI T 3T D ARSEIR AR T,

47

FEEWELD B I EA~OIEIZ I\ T, IO+l
MEDSAAND & & BITRINGREE DN 32 2 & vl
EOFRIZE VAL R>TEBY, 2O e
5. BEBRED F T, —KRn b K ~D
BITEZ 67, IEREICEEE L2 L Re S
iz, iz, UEOREENS, X5 THESN:
HZI% 120031808 L 72 BERI )~ B 45 DAV WX
HEEEE~DBFEE R L TN D H D L HEER LT,
F7o. 164 THZ DT OWIIZ> 7 FLTRY, Z
D Z LTI DRt E— ROIRENZHR T2
WART 7 R LTWAZ EEER L., BKIZHEN
fEfaT— RO EZZ T TN D H O LR
LTW5, —F, BEZEEREE T ClE1.64 THzO £ —
JNLEIZ T 7 NBIBITRED BT IS LA
ITLTCWD Z ENE 2 BTz, MsdtcfE TR
ERETHLZ EnD, BAERR TICRIT 2203
TR DHEST & bl LT, JEPHDIRFHR DT L
DIZH &L 2 S D IR o KR L 23
e — RORINTELZ KIE L TV D H O L LR
LCW5, ABIGOMITA%ROBRFRRESE Lz
|

C-4. EZERIIMINT R 5 MR 52

X 7 (R A 12057 D EZEEREE FICHUE %
Z & T DG DI T T~ AR
N VR O % T0°CLT IR U 7= BR O R 7> &
BIeT T~ IV AT NIVORRREEA L Z R T,
BERIO AT hv (B#) CBIZE S 41721.64 THz
ORI TEZEH A IR L, HERETHDH T L
DIREB I ND ART RIS — B R LT3,
70°C DHLIEEBRAAT 55 T1.60 THZ T2 B2 7
— 7 M3, F£720.95 THZATIZ N S 72PN A HEL L
7o TIUD D2 O OWRIGREE I TR 205714 £ TR
RFAVICHE R LTz, Z OFEFITT0°COENT L 0 55384
PR I Z KRG el ZHERE L. 2 DR 03120
DRI T IR~ NE T LT 2 & 2R
THHLDOTHHT, K3DXH—KFwnso
AT & 2 BRI ~DEERE AN 55 TR T LIzD &
AT OIEENE D B BRI~ DA TlE12057 & &
W25 Z E AL MM E 7o Tz,

C-5. AR DOIEHAFZ FICBIT BT 47 4 ) Dl



(DR

THT 4 ) KK ETIN L TE SN
KIBEMDT F~VY 27 kL% 8 IR,
KEBNIANIIARY) & R C AT hug—2 %
LT, KRB %I —/KFd) & RIkED A~
MU RE — B Rm L KR LT Z & DR ST,
Z DIREMZETIOC THIEET 5 £ 1.64 THZzO B —7
A& Z s L72WRi%1.60 THZIC S 7 b L, £720.95
THZIZBRINAHBL L7 (K9) . ZOfERIE,
KiW) DRI & [FRRIC 157 LI 86K\ - PR
L7zZ L AR LTEY ., fEERIOFAEDNIAGEE
\CBE B 2 7200, HDHNITE OB I
Lo rEZ BN,

—J5. MKIEEYOEZEHETIE1.64 THzO E°
—INEIEY T h D 2 L BRI OSE &
[FVRRI WIS S L RIS L, o T L
7o, WRIR O E CORITFERI) DR & L

L CRI0EDRFE 23535 Z E AL E e o7,

F72. 2.0 THZ T SHT72 72 WIS 28442405712
HEBLL, 120053 £ THRLZ: (M10) .
FLZEREIRIZ 31T D BRI L OVKIR AW D7k
DR A 1 1ITR Uiz, BRI HIG72K
1SR OOHIRE &5 O WA RS | TRRRFALZ IR L
120453 LARE ClEZ ORI ITHAR L7z, 1.64 THzfFilE
DT T~V IR ORI L & g5 & 13E
[ URRRHZ L 2 7n L TR 0 %6057 5120
ST DN TE T Ly [FRHZIEEE & 725 T
HZEPHBMNE IS Te, — T KRS
HIFT-OHAE & 1 DR LT b HEIRBHLATL 12047
DONIR A7 h LI COHAE AT O E
THR LT Y BRI & [FERIZ6053 71> 512043 DfF
IZKMNSET LIz b D EHEE SN, T T ~L
I G240 54 2BV C b 2y Tt ST —
RIZHSET 2B STz (K1 2)
ZNHORERND, PKSETRIZIBNT S, FEfh
BT EEm T LW NI EnExbhi-, =
DEGUZ DN T, AR DRFDMEETIEH D23,
MRS CIEFEEFIDFAE LIRNZ L0,
BAKIZE O 22T A7 4 Vo —THT7 4 U 55
TR EERBSER S L, BIE FIZBWTH 20
FEREEDS RO D MERF S A, FRAE L
DEBEZ T - D L HER LTS,

48

D. B
AWFETIE, 7A 74V v E2ETT LA E L
T MR FGERIRF D 7K K OREIRERAT K 2 BiKatife
IZDUWNVT, T T R A FIV TR I A8
LT, Tk % se I CIlE 2 LD
FICL Y, HFRELE— RS TR EER%ED
POEA A EEEPICIET 5 2 N TE, 2
DIFEDOFIFIT LV | JEBFORTALIRSE D2
B2 TH L7 WERT T~ VYR A IE
THZENAREE I oTz, Fo, TRICBITSE
FER ST OB TR B3 D R E A TR~ 2
EMNTE, BRI 2 TARO EEE PIE H
KO OFBROREICA R IERESD 2 L0
T T~ e A VTR D Z LS ETRE T H
HZEERTIENTE T, SIOICTREEREY—
NELTEATDHZ LT, IR O E
DIEREEENCT T~ YLV E= 2 —
TEDAREMZ R T Z N TET,

e o

T T I BN B AT AT MV
ERRATT 5 2 & T, EIRAAERUR Y D5 TG
— R () KEREE 722 E O E/ERIZE
TOHEREDZ ENTED EBEZBND, A,
DT LILTONEIRATE T 5 2 & T, S5
BAZEIC R 2 SRR TR HIE A ORREICH
HTHDIEINY T, TRIZHT 2 RER AR
(ZBIT BIFNIEHD =D DA R RTHERHSH Z &
WAREL 725 b O LHIFFCE, L0 EE Bk
AAHIOFEBUCERT 5 b D EEZ b,

E.

2D OWFFERR R X B AR L6145
(W) . IR VT T~ B ERES
i daravifi, A=A NZ07) [ TarT
o4 T T T~V R BT B ERE A (R R .
AT 133 (Bikr) KOE » Y —7
INHEE R ONE I ERICBET DIER S (7«
TTNT 4T, KE) TREETLELELIC, &
BB F o T2 EWNA O I it ge 3 e OV
FIEANH & Lifim L. A% ORIl T %217
5 L& i, BHIO S EREROERRAIE)R IO



THHRET D Z &N TETZ, £, AFROBED
—ERAE SCHRY A HUSE 7 B R P iR Bl
FE ) N— g U RT MR 2l
A ) _X—=v a7 ) —FeIr— (fam) T
L, R EIRIA BT 2 2 &N TET,

F. HFZERE

1. FSCFER

(1) OT. Sakamoto, A. Portieri, D.D. Arnone, P.F.
Taday, T. Kawanishi, Y. Hiyama, Coating and
density distribution analysis of commercial
ciprofloxacin hydrochloride monohydrate tablets
by terahertz pulsed spectroscopy and imaging, J
Pharm Innov, 7, 87-93 (2012).

(2) OT. Sakamoto, Y. Fujimaki, Y. Takada, K. Aida,
T. Terahara, T. Kawanishi, Y. Hiyama,
Non-destructive analysis of tulobuterol crystal
reservoir-type transdermal tapes using near infrared
spectroscopy and imaging, J Pharm and Biomed
Anal, 74, 14-21 (2013)

2. TRk

(1) BA FARE, e AR, AR T, PHIEER—,
L TRE, FEUE, BEAEZ, 77~ VY 5y
SAE WA TEE R S TR T
DT H T 4 ) v OIRBY NIRRT, B ARG
L6, 4R (2012.9)

(2) T. Sakamoto, T. Sasaki, J. Nishizawa, Y. Hiyama, N.

Katori, H. Okuda, Vibrational spectroscopic
analysis of theophylline in a pharmaceutical
granulation process using near-, mid- and

far-infrared/terahertz spectroscopy, 37th

49

International Conference on Infrared Millimeter and
Terahertz Waves, Wollongong, NSW, Australia
(2012.9)

(3) T. Sasaki, K. Itatani, T. Sakamoto, J. Nishizawa,

Nondestructive sample preparation of
pharmaceutical samples for wide frequency range
THz spectroscopy, 37th International Conference
on Infrared Millimeter and Terahertz Waves
(2012.9)

(4) T. Sakamoto, T. Sasaki, H. Kimura, T. Tanabe, J.

Nishizawa, Y. Hiyama, N. Katori, H. Okuda,
Understanding of pseudo-polymorphism
conversion mechanism of theophylline under a wet
granulation process using terahertz spectroscopy,
International Symposium on Frontiers in Terahertz
Technology, Nara (2012.11)

(5) YIARFNME, Vex AIFER, ARV, HMEEA,

VSR —, M LATRE, FHU, REER, 7
F NIV IEEE O T RS SRR~ e
T AOfENT, AARFEFRE 133 Fa, ik
(2013.3)

(6) T. Sakamoto, T. Sasaki, H. Kimura, T.

Tanabe, Y. Fujimaki, J. Nishizawa, Y.
Hiyama, N. Katori, H. Okuda, Vibrational
spectroscopic analysis of
pseudo-polymorphism conversion of
theophylline during a tableting process,
Pittsburgh  Conference on  Analytical
Chemistry and Applied Spectroscopy,
Philadelphia, PA, USA (2013.3)

G. FEMEMED HRE - BER B

BrZ7a L,



50



ITE R

0s 1.60 TH

i
! —Theophylline anhydride

04 ~—Theophylline monohydrate

°

3

Absorbance

06 08 1 12 14 16 18 2 22 24 26
Frequency (THz)

TA IV EKPE— KNP DBRENE NS5
TINIVIARRTRIL

«— HPC
OO o
O

TP anhydride form

Water
Wet granules

160 THz Share granulation

Absorbance
Absorbance

06 1 14 18 22 26

Frequency (THz) Frequency (TH)

2 EHTEIMRICETETA I RUBEFIRENO
TINIWIARRGR L

@ &8 &

Monohydrate form
Wet granules

Converted to anhydride form
Granules (within 15 min)

70°C

164 TH:

Drying process

Absorbance
Absorbance

06 1 1 18 22 26 06 1 14 18 22 26
Frequency(THi) Frequency (THz)

H3 70 COEIEBEIZH TR MM DB
TFINIVYARGMLDRERFEL

51

B8 DB

Converted to anhydride form
Granules (after 60 min)

Monohydrate form
Wet granules

50 °C

Drying process

'
LeoTH } 164THE
|

164TH

Absorbance
Absorbance

oo nm ae a2 e 06 1 1s 18 22 2s
requency (1)
Frequency (TH)

4 50 °CORZIRREICHITHEH MM S/
FINIVYRRIMLDBREEL

& &8 < &

During a conversion to amorphous form

Monohydrate form
Granules (after 1200 min)

Wet granules (before dryness)
22.5°C (r
164TH:
¢ . o
Drying process

1.58THz 64TH:

Absorbance
Absorbance

06 1 14 18 22 26 06 1 14 18 22 26
Freauency (TH) Frequency (THz)

5 ERTOMBREE FERESTRANIZEITD
FTINIVYRRIMLDBRIFEL

B8 <&

Converted to amorphous form
Granules (after 60 min)

Monohydrate form
Wet granules

Invacuum, r.t. |
—_—

164 THz

Drying process

Absorbance.

Absorbance

06 1 14 18 22 26 06 1 14 18 22 26
requency (1) Frequency (THz)

K6 EZEFBEHICETITINVYARIMLOEREL




1.64 THz (TPMH)
1.60 THz (TPAH), |

:
0.95 THz (TPAH)

After 2hour in vacuum
(Amorphous form)

06 08 1 12 14 16 18 2 22
Frequency (THz)
—O0min ——2hinvacuum —5 min —15min
—30min —60 min 120 min

M7 BEZEiEYE70°CEEICREBLEED
FINIVYRRIEILDOREFEL

OOQQO o O

000

Anhydride form Water

Monohydrate form

160 TH:

164THz
Mixing ¢

Absorbance.

2 26 06 1 14 18 22 26

14 18 . 2
Frequency (THz) requency (TH:)

K8 FA I EKMBEUMKEEDTINIVYRRIML

o O o O
oo 000
009

000

Monohydrate form Anhydride form

70°C o
L6ehe

Drying process

Absorbance.
Absorbance

0
06 1 14 18 22 25

6 1 14 18 22 26
Frequency (THa)

Frequency (TH:)

®9 70°CBEBICTA I ) —KMPERELI-FFD
FINIYRRIILDZEL

52

] )
OOO © Ooo &
000 o000

Monohydrate form Amorphous form
In vacuum, r.t. .
ﬁ —omin |
Drying process —somin

——210min

Absorbance

Absorbance

06 1 14 18 22 26
Frequency THe)

Frequency (THe)

B10 EZEREICTA 74— KMNMERELI-FD
TINIVIRRGM L OREREL

164THz

» Monohydrate form was converted to
amorphous form after 120 min.

Absorbance

W o
In vacuum, ™

Drying process
Granules ving p

(TPMH+HPC)

o028
002

001
» NIR absorption (O-H combination) disappeared
after 120 min.

» Dehydration was also completed after 120 min.

¥
o014

5500 5300 W:‘:‘umb::(:cm«]ﬂmn &
1 EEHRICBETABHFPDOTA I —om

——écomin ——120min
™

DT IAIWIZRYLEKFIKDIEEEE "

» Monohydrate form was converted to
amorphous form after 1200 min.

Absorbance

OOQOO In vacuum, r.t.
000

TPMH

Drying process

» NIR absorption (O-H combination) disappeared
after 120 min.

» Dehydration was also completed after 120.miti.

oo, st S,
E12 BEEHRISETETAT1U—Kim "
DTINILY ARG ILEKFIKDIEREZEL ™

o
700

Smin
s0min
Tomk

15
120mh




TER L s AT R
SMEFRATRCER & Z DRRIZHONT
FrEsc [N SR R i BT FE T

ot
A

L0/ v TP NI 51

1. EMBER

B Y R— Z SR R O 25 eI B B [E B AR 2 TR AR S B AT
TR B SR AR AT RICB I AR EE2 R EKTDH L& bIC, 2
SINE & Y E BB T Dk 2 ATV, SR OMED FafhiT 217 - 72,

2. RITHER

Hf2 Hi 3t Tl 75 Hh R4
3/16 & H =

3/16 = T477 W4T

3/16 RV =T BHREEES
3/21

3/22 TATTWIAT | 2

3/22 =t A vA

3/23 YA n/h Y

3. B4

RV =TEHBEEEY (FA28, XUV AR=TMN T4 TFTT N T 4 T)

4. AR

JEA G R A SE B A Bh A gE (H23- [ 3K-—f%-010) T L TV AT —
<IZB L C. BIE £ TOWMIERL A % Pittsburgh Conference on Analytical
Chemistry and Applied Spectroscopy CHE L CTHMEF LFEaEITHI & & DI,
AT B DS R MBL DS NN D3 2 WG LA B OHTFED T AT D7D D
e T o T, EILFEIFIEE & ERESE COMGIR R A E 2 5% O
DD FIZET L AT 21T 7,

53



54



MIER 2 ERFERRREE
By Y R—= T R R OISR ER R R R E E

Vibrational spectroscopic analysis of pseudo-polymorphism conversion of theophylline during a
tableting process

Tomoaki Sakamotol, Tetsuo Sasakiz, Hiroko Kimuraz, Tadao Tanabe3, Yasuto Fujimaki4, Jun-ichi
Nishizawaz, Yukio Hiyamal, Noriko Katoril, Haruhiro Okuda'

" Division of Drugs, National Institute of Health Sciences, Tokyo 158-8501, Japan

% Research Institute of Electronics, Shizuoka University, Shizuoka 432-8561, Japan

? Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Miyagi
980-8577, Japan

* Tokyo Metropolitan Industrial Technology Research Institute, Tokyo 135-0064, Japan

A pseudo-polymorphism conversion of theophylline (TP) during a pharmaceutical tableting process
was investigated. In the THz spectrum obtained from theophylline granules before drying, one of
two major absorptions of theophylline anhydride at 0.95 THz disappeared. The waveform which has
single absorption at 1.6 THz in the frequency range below 2 THz showed the same waveform pattern
as theophylline monohydrate. In case of the drying process in vacuum circumstance, the intensity of
the absorption at 1.6 THz observed in both forms decreased gradually with the passage of time, and
disappeared at 120 min after the drying process was started. The absorption at 0.95 THz had not
appeared through the drying process under ambient atmosphere at room temperature. However, in
case the temperature was set at 70 °C, the absorption was already observed at 15 min after the drying
process was started. This phenomenon indicates that temperature is the important factor to convert
its pseudo-polymorphism from a monohydrate form to an anhydride form. In case of vacuum
circumstance, the absorption at 1.6 THz disappeared gradually with the passage of time. We guess
this observation would be based on conversion from monohydrate form to amorphous form during a
dehydration process. These results suggest that a binder would affect pseudo-polymorphism
conversion and a dehydration of theophylline during a wet granulation process for a tableting. We
will present and discuss about these phenomena using not only THz spectroscopy but also near-,
mid-infrared and Raman spectroscopy.
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Vibrational spectroscopic analysis of pseudo-
polymorphism conversion of theophylline during a
tableting process

Tomoaki Sakamoto!, Tetsuo Sasaki?, Hiroko Kimura2, Tadao Tanabe3, Yasuto
Fujimaki?, Jun-ichi Nishizawa®, Yukio Hiyama?, Noriko Katori, and Haruhiro Okuda®

1Division of Drugs, National Institute of Health Sciences, Tokyo 158-8501, Japan
2Research Institute of Electronics, Shizuoka University, Shizuoka 432-8561, Japan
3Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Miyagi
980-8577, Japan

4 Tokyo Metropolitan Industrial Technology Research Institute, Tokyo 135-0064, Japan
“Sophia University, Tokyo 102-8554, Japan

The Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy, 17-21 March 2013,
Pennsylvania Convention Center, Philadelphia, PA USA

Introduction

Theophylline tablets contains an anhydride form of
theophylline (TP) as an active pharmaceutical ingredient
(API). It is known that theophylline anhydride (TPAH) will
convert to monohydrate under a high humidity environment.
In this study, a pseudo-polymorphism conversion which
affects physico-chemical property such as a dissolution
property during a tableting process was focused on.
Moreover, time-dependent changes of characteristic
absorptions of TP during a wet granulation process and
TPMH during drying processes were investigated using a
near-infrared, mid-infrared and far-infrared/terahertz electro-
magnetic wave.

GaP Terahertz generation system

different frequency generation off-axis
paraboloidal

reflectors

o

—— Trans.
Bocs } DTGS
> bem E::I

splitter Y Sample
or PE
double beam method

dryN,

Beam
purged

combiner 2P

-Excited light: Nd:YAG laser

-Incident light: Cr:Forsterite laser

-Detector: DTGS detector

*Measurement area:0.6 -5 THz (20 cm™" - 165 cm-')
*Measurement step:15 GHz (0.5 cm™")
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Analytical condition

Near-infrared measurement
Instrument: MPA FT-NIR Spectrometer (Bruker Optics)
Measurement Range: 12500 cm' — 4000 cm!
Resolution: 2 cm"!
Scan Number: 32
Measurement Mode: Diffuse reflectance

Mid-infrared measurement
Instrument: FT-IR 6300 Spectrometer (JASCO)
Measurement Range: 4000 cm-' — 400 cm™’
Resolution : 2 cm!
Scan Number: 64
Measurement Mode: ATR (Single)

Experimental design
(Granulation and drying processes)

Theophylline anhydride (TPAH)
(Active pharmaceutical Ingridient (API))

Binder:
Hydroxypropyl celluloce

r— = -~
TPAH + HPC
(10:3)
Cho +H,0 )
v Share granulation process Share granulation process

Mixture (Powder)

Se-—a Drying process

In vacuum
At22.5°C

= = = = Dried granules

Drying process

Sampling
at 0 min (before drying),
15 min, 30 min, 60 min,
120 min, 240 min and
(1200 min)

Drying process

Under ambient atmosphere
at 70 °C (or 50 °C)

05
—Theophylline anhydride

04 ‘—Theophylline monohydrate

903

£

2

3

<02
01

06 08 1 12 14 16 18 2 22 24 26
Frequency (THz)

Terahertz spectra of theophylline anhydride (TPAH, a blue line)
and theophylline monohydrate (TPMH, a red line)
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C-H combination vibrations (C-H stretching plus
C-H bending) of Theophylline monohydrate

4432 cm™: v,(CH) + 5,(CH)
4418 cm: v,(CH) + 5,(CH)
4351 cm™: v4(CH) + 85(CH)
4334 cm™: v4(CH) + 85(CH)
4308 cm™: v4(CH) + 8,(CH)
4270 cm™: v,(CH) + 5,(CH)

14

5,(CH); 8,(CH):
1244 cm 1200 cmt

8,(CH): 54(CH):
1314 cmt 1163 ot

W

1230 cm!

-0.05
1350 1300 1250 1200 1150 1100 1050 1000
TP —TPMH  Wave numbers (cm)

Mid-IR spectra of C-H aromatic in-plane bending region
for theophylline anhydride and monohydrate

15

0.045

V4(CH):
3103 cm! 0,035

V5(CH)

3122 om 0028

0015
0.005
0005

0015

- 0025
3400 3200 3000 2800 2600 2400

TP —TPMH Wave numbers (cm')

Mid-IR spectra of C-H stretching region for
theophylline anhydride and monohydrate
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164 THz (TPMH)
1.60 THz (TPAH), |

v
0.95 THz (TPAH)

After 2hour dryness in vacuum
(Amorphous form)

06 08 1 12 14 16 18 2 22
Frequency (THz)
—0min ——2hinvacuum —5 min —15min
—30min ——60 min 120 min

Time-dependent change of THz waveforms of granules during a
drying process at 70 °C after 2hours dryness in vacuum
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Conclusion-1

1. Terahertz spectra show that pseudo-polymorphism
conversion of TPAH to TPMH occurred during a wet share
granulation process.

2. A monohydrate was quickly re-converted to its original form
at 70 °C under atmospheric pressure condition.

3. The THz spectrum of granules obtained in vacuum
suggests that TPMH converted to amorphous form.

4. According to near- and mid-IR spectroscopic information, a
time-dependent changes of the absorption derived from an
aromatic in-plane bending (C-H) during drying processes
were observed. These observations suggest that an C-H in
aromatic ring will be affected by dehydration.

18

Conclusion-2

5. The range of peak shift on C-H combination of granules
(with HPC) was wider than that of the mixture (without
HPC), though the tendencies of time-dependent changes
of crystal water obtained from both samples were almost
similar. This observation suggests that the HPC will affect
an anharmonic oscillation of an aromatic in-plane bending
of C-H during dehydration.

6. The waveform which shows an amorphous form after 2
hours dryness in vacuum was changed to the waveform
which shows an anhydride form by heating at 70 °C. This
observation suggests that a molecular structure in
amorphous form was converted to anhydride form by
thermal energy.
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Understanding of pseudo-polymorphism conversion mechanism of theophylline under a
wet granulation process using terahertz spectroscopy

Tomoaki Sakamoto!, Tetsuo Sasaki2, Hiroko Kimura2, Tadao Tanabe3, Jun-ichi
Nishizawa2, Yukio Hiyama!, Noriko Katori!, Haruhiro Okuda!

1 Division of Drugs, National Institute of Health Sciences, Tokyo, Japan

2 Research Institute of Electronics, Shizuoka University, Shizuoka, Japan

3 Institute of Multidisciplinary Research for Advanced Materials, Tohoku University,
Miyagi, Japan

A pseudo-polymorphism conversion of theophylline (TP) under a wet granulation and dryness
processes in vacuum circumstance or under an ambient atmosphere was investigated. An attachment
(jig) was made to obtain suitable spectrum of the granules, and the granules with the particle size
which was below 100 um were used for measurements. The terahertz (THz) spectrum of the
granules made from TP anhydride and the binder was changed to the different waveform compared
with that of the original or a converted form (monohydrate) during the dryness process in vacuum
circumstance. However, the THz spectrum obtained from mixture of TP anhydride and water without
the binder was changed to that of monohydrate form and was re-changed to the waveform of the
original form with the passage of time. The THz spectra obtained from the granules were re-changed
to the original waveform after conversion to monohydrate form at 70 °C under an ambient
atmosphere, but the time-dependent change of the spectra of the TP granules dried at room
temperature showed no re-conversion from monohydrate form to the original form. We will present
and discuss about the mechanism of pseudo-polymorphism of TP based on a vibrational
spectroscopic study.
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Understanding of pseudo-polymorphism conversion mechanism of theophylline

under a wet granulation process using terahertz spectroscopy

Tomoaki Sakamoto!, Tetsuo Sasaki2, Hiroko Kimura2, Tadao Tanabe3, Jun-ichi Nishizawa?, Yukio Hiyama®,
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Introduction % % Conclusion
Theophylline tablets contains an anhydride form of . Pseudo-polymorphism conversion of TPAH to TPMH

Converted to anhycide form occurred during a wet share granulation process.

theophylline (TP) as an active

ingredient (API). It is known that t i TP s i 15 i) 2. Amonohydrate was quickly re-converted to its original form

anhydride (TPAH) will convert to monohydrate under o . 70°C | e at 70 °C under both atmospheric pressure conditions.

a high humidity environment. In this study, a [rep—"" 3. The lowering of the dryness temperature from 70 °C to 50
3 °C under an ambient atmosphere prolonged the re-

conversion time to the original form. However, the lowest
ess  temperature (225 °C ) under an ambient
atmosphere or in vacuum made TPMH converted to

pseudo-polymorphism  conversion which  affects
physico-chemical property such as a dissolution
property during a wet granulation process was

focused on. Moreover, time-dependent changes of ) amorphous form.
characteristic  absorptions of TP during drying TR s ‘m;“:m«‘»w;t 2 4. Dryness temperature is important factor about re-conversion
processes under several dryness conditions were from monohydrate to anhydride.
4 Pseud conversion of
using terahertz 2 P 705 undh B atmoapho 5. Although the amorphization of TPMH with HPC quickly
2 dyness process & under an amblent '“°Sp ere progressed with a incomplete dehydration, that of TPMH
without HPC progressed slowly with a complete dehydration.

from TPMH to an amorphous form in vacuum.

GaP Terahertz generation system This means that a binder such as HPC prevents smooth
ofa and conversion

s v Mooyt form
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-Measurement area:0.6-6THz
*Measurement step:15GHz

dryness process at 50 °C under an ambient atmosphere
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amorphous form after 60 min.
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anules (efoe dryness) " e
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Vibrational spectroscopic analysis of theophylline during a wet—granulation process
using terahertz spectroscopy
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Fig. 2 Typical terahertz spectrum obtained from granules before a drying process.
H converted (o its pseudo-polymorph form (TPMH) during a wet share.
granulation process.
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Fig. 3 Terahertz spectra obtained from granules during a drying process under an
ambient atmosphere at 70 °C.
TPMH was re-converted 1o its original form within 15 min.

Fig.6 a drying process in
vacuum(A: with HPC, B: without HPC).
A polymorphism conversion process of TPMH to an amorphous form was
affected by HPC
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Fig. 4 Terahertz specra obtained from granules during a drying process under
°C (A)or at
TPMH was converted to an amorphous form under a room temperature.
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Fig. 7 Terahertz spectra obtained from a mixture during drying processes.
(A: under an ambient atmosphere at 70 °C, B: in vacuum at r.t)
process of TPMH t
slowly progressed in vacuum.

Non-destructive measurement of granules

Attachment (Jig)

87 Jocerame
THe
plsicplaie spaeer
medeurement
area e 100 um

Fig. 5 Terahertz spectra obtained from a mixture of TPAH and water (without
HPC) during a drying process under an ambient atmosphere at 70 °C.
A pseudo-polymorph form was re-converted o its original form within 15
min at 70 °C irrespective of the existence of HPC.

Fig.8 o obtained
from the granules and mixture during drying processes in vacuum at room
temperature. (A: granules, B: mixture)

Adehydration process of TPMH without HPC was completed within 240

AEXDIEERFECIER, 2012489 19A~21H, £ RAZHB/HF >/

67

NP2 IERE R 2




68



WS ENFEREEST S
HAS A H13MESREES
T T~V Gy SEE R AW T EMUURE SRS 7 1 A D fiEAT

SRR L, e AT 2 AHBEF 2, BB/ o, FRIE— o, WILTTHE ', BRULT 1,
SR 1
R S S AR, 2 BRI S RUIER, ¢ BK

[ BrO] B3RS AELE TRICHB W TR 2 0 152 T3k 5 O KT E 721X MK 5% o S LU L
R IX, IR EWrE Db &5 i Z A REMEN H 0 | BB 5 K OMLE TR IC B W
TEE@ HIEHD 1 DThHbd, €T, HELIFT A7 4V K Z HWTHK (82
W) S0 & GRS RISV TR H L. 7 7~ 0 E I TS L DT 217
277,

(L] 747 1 U L okFn & HPC OIREGFERI L YT 47 4 U K 2 )T (i)
TXi%r%%WhhmffmC wCXiém)T%@L IR ME%ﬁotoﬁﬁ

PEERI L (100 um BAF) | R EICE AL CHIE Lz, =IEEMEOEERR HER 2 2 L
71%%?3AW?&%%%$¢%%%%(06ﬂhNSH&@ﬁlsz7FW%wEL
776

[FER I OEL] WIET 70°COMERSM T, IRATER Y N OUKFIM & b IR M6 14

57C 0.95 THz FFUTIZINABEE S, BKMIZER L2 Z EBbho T, ﬁzkﬁskmﬁﬁi
50COYAE TIL, IBEFRIZ I\ THEAKMIZFFER 22N OFE RN 60 43 LAREIRIZIE—7E
&@D\ﬁm%&&otﬂ\mﬁ@ﬁ?ﬁi@ﬁm%kﬁéif@ﬁﬁﬂﬁ<ké &M
BRINZ, LoLans, |iE (225 C) OWEREE T, 1.6THz fiTIc@Bizs SN 5%
@m&&mﬂﬁﬁm D~hML@ﬁ%ﬁ%L #%Ek&ot_&#rwémtoé

\Z— K Fni) % SRR CIUTE R L7235 T, IRB TR DOGA & ik L CRDICIESR
fl:ifiiﬁﬁﬁ“é ZEMHBEMNEIR T,

[iFERE] ARMFITITEAE SR P B &I - EREREL X2 h) -1 =
VAREMRHEEFED L LT b D TH D,

69



70



ARIEDHE1BBER R A Z —FERAE

FINIVYDIEER VRS R TG
TOtXDE

ORAME, £ REHP2, AFMEF?, HBESS,
FEE—, LT, AT, REER!

\EIEEARBERBEVRRN, JFHEAKE CRILKRE « LEXE

#E

TAI4) 2V FEEERET TR —KINWIH

LR BEB T HIEAMOENTINS, KINF DY

REREMEBIBABELEOYEICEEEEZHIEN

HY. . EEGOMBELEREGERERDVEDOTH S,
AESTETAI IV ERW-RETREICE 5

PRERMBEBETINVY D REERVTHETZT

=DTHET 5,

GaP Terahertz generation system

off-axis
paraboloidal
reflectors

different frequency generation

ary N,
purged

Beam
combiner

GaP

beam
splitter YOS Gample
or PE

double beam method

+Excited light: Nd:YAG laser
*Incident light: Cr:Forsterite laser
+Detector: DTGS detector
*Measurement area:0.6-6THz
*Measurement step:15GHz
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Experimental design
(Granulation and drying processes)

Theophylline anhydride (TPAH)

B‘Tj:;e”“loce (Active pharmaceutical Ingridient (API))
y YP!
(HPC) -

-
-

TPAH + HPC
(10:3)

| H0 ;tho i
Share granulation process are granulation process

Mixture (Powder)
1

Drying process
. 1
Drying process 1

1
Under ambient atmosphere
at70 °C, 50 °C and 22.5 °C

Sampling
at 0 min (before drying),
15 min, 30 min, 60 min,

In vacuum
At22.5°C
120 min, 240 min and

y (1200 min)

— — — — Dried granules

Drying process

05
—Theophylline anhydride

04 —Theophylline monohydrate

903

2

2

3

<02
01

06 08 1 12 14 16 18 2 22 24 26
Frequency (THz)

Terahertz spectra of the reference substances of theophylline anhydride
(TPAH, a red line) and theophylline monohydrate (TPMH, a black line)

«— HPC

87 % &

Water

Wet granules

TP anhydride form

. 05
Share granulation

Absorbance

Absorbance

22 26 06 1 14 18 22 26
Erequency (TH)

14 18
Frequency (THz)

Pseudo-polymorphism conversion of theophylline
during a share granulation process
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Monohydrate form
Wet granules

Converted to anhydride form
Granules (within 15 min)

70°C T160TH

LeoTHat!

Drying process

02
—omin
—15min
o
o5 1 14 18 22 26 06 1 14 18 22 26
requency ) Frequency (THz)

Time-dependent change of THz spectra of granules
during a drying process at 70 °C

@ & 9

Converted to anhydride form
Granules (after 60 min)

Monohydrate form
Wet granules

50 °C
—_—>

Drying process

.
Lot ) 164THE

164TH

Absorbance

Absorbance

06 1 14 [15} 2 26 06 1 1s 18 22 2s
requency (1)
Frequency (TH)

Time-dependent change of THz spectra of granules
during a drying process at 50 °C
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@ & & &

Monohydrate form Converted to amorphous form
Wet granules Granules (after 60 min)

In vacuum, r.t. |

164 THz

Drying process

Absorbance

Absorbance

06 1 14 18 22 26
frequency (1)

Frequency (THz)

Time-dependent change of THz spectra of granules
during a drying process in vacuum

B & & &

During a conversion to amorphous form
Granules (after 1200 min)
11.64THz

Monohydrate form
Wet granules (before dryness)

22.5°C (r

164TH ”
Drying process

158THz

Absorbance
Absorbance.

2 26 06 1 14 18 22 26
Frequency (THe)

06 1 14 18
requency (THs}

Time-dependent change of THz spectra of granules
during a drying process at 22.5 °C
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0.95 THz (TPAH)

<l
After 2hour in vacuum
(Amorphous form)

06 08 1 12 14 16 18 2 22
Frequency (THz)
—0min ——2hinvacuum —5 min —15min
—30min ——60 min 120 min

Time-dependent change of THz waveforms of granules during
adrying process at 70 °C after 2hours in vacuum

12

Polymorphism conversion of theophylline during
a wet granulation and drying processes

Wet granulation
TPAH TPMH
Binder: HPC
Drying process 22.5°C(in vacuum)

70°C o o (after 120 min)
50°C 225°C
(within 15 min) (after 60 min), (over 1200 min
L P
Amorphous form Amorphous form
70°C
(after 5 min),
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o O ()
000 5%0
000 000

Anhydride form

Monohydrate form

Water

164THz

160 THz -
' Mixing 04

Absorbance.

Absorbance

06 1 14 18 22 26
Frequency (THe)

Frequency (THz)
Time-dependent change of THz spectra of theophylline (without HPC)
during a mixing

14
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Polymorphism conversion of theophylline monohydrate
during a drying process

Mixing
TPAH TPMH
Water
Drying process
22.5°C(in vacuum
70 °C_ (aﬂer(1200 min) )
(within & min)

i3

Amorphous form

+

New absorption

) )
§%O ﬁ%ﬁ
000 000

Monohydrate form Anhydride form
o .
o 70°C o emd
164TH
o4 H Drying process 04
go3 go3
3 13
202 202
01 01
o o
25 05 1 14 18 22 25

06 1 14 18 22
Frequency (TH:)

Time-dependent change of THz spectra of theophylline (without HPC)
during a drying process at 70 °C

Frequency (TH)

15

)
6930

®
o e
000

® @
000

Monohydrate form Amorphous form

In vacuum, r.t. .

164THz
i Drying process

Absorbance.
Absorbance

06 1 14 18 22 26 06 1 14 18 22 26
Frequency (THe)

Freaquency THe)
Time-dependent change of THz spectra of theophylline (without HPC)
during a drying process at 22.5 °C in vacuum
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> Monohydrate form was converted to
amorphous form after 120 min.

Absorbance

In vacuum,

06 1 14 18

Drying process
Granules ving p
(TPMH+HPC)

» NIR absorption (O-H combination) disappeared

after 120 min.
» Dehydration was also completed after 120 min.

Lo,
S0 500 S0 a0 a0
Wavenumbers (cm)

Smin

——30min
——120min
™

17

18

» Monohydrate form was converted to
amorphous form after 1200 min.

Absorbance

OOOOO In vacuum, r.t. o M
000

TPMH

Drying process ~

» NIR absorption (O-H combination) disappeared

after 120 min.
» Dehydration was also completed after 120 min.

—omin

——30min

5500 5300 5100 4900 4
‘Wavenumbers (cm)

Smin
6amin

0005

15min
120min
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Dehydration of theophylline monohydrate with HPC in vacuum

" TP
Granules (with HPC) 720 moy | Amorphous form

Dehydration =)

120 min
(4 > ™
TPMH ) 1200 min | Amorphous form
Dehydration ~ E========) +
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Fig. 1 NIR Spectra of Clarithromycin
Solid : Wako, Dot : LKT Lab.

11

105

0.95|

Absorbance

0.9

0.85

O_ 8 M

| | L L | L | |

4000 4500 5000 5500 6000 6500 7000 7500

1
Wavenumber (cm )

Fig. 2 NIR Spectra of Magnesium Stearate
Solid : Wako(manufacturing grade), Dash : Wako(first grade), Dot : Sigma(tech grade)
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Fig.3 NIR Spectra of Additives in Innovator’s Product
a) Cornstarch , b) CMC-Na, ¢) HPC, d) Povidone, ¢) SiO,
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Fig. 4 NIR Images and Its Loading Plot Generated by PCA
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Evaluation of pharmaceutical dosage forms using Near-Infrared Chemical Imaging System-Effect of particle sizes

of ingredient on measurement
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Figure 1 NIR chemical Images on the surface (left) and section (right)
of the tablet of ascorbic acid.
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