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THE AUTOSYNTHETIC AND SOLID EXTRACTION METHOD
DEVELOPED ON [F-18]FLUMAZENIL RADIOSYNTHESIS

Jenn-Tzong Chen, Yen-Hong Dou, Wuu-Jyh Lin

Division of Isotope Application, Institute of Nuclear Energy Research Atomic Energy
Council, Taiwan, E-Mail Address: jezon@iner.gov.tw

Radioactive GABA/BZR receptor antagonist, fluorine-18 labeled flumazenil,
[*|F]FMZ, behaves as a potential PET imaging agent for evaluation the cortical
damage of brain in stroke, alcoholism and for Alzheimer disease investigation. In all
the flumazenil radioactive derivatives, the fluorine in phenyl group replaced by
fluorine-18 exhibits as a natural analog than the alkylated compounds such as
[**F]FEFMZ, [**F]FFMZ, and longer half-life than C-11 labeled flumazenil.

The straightforward carrier-free nucleophilic radiofluorination method requires an
on-line semipreparative radio-HPLC for purifying the product to reach high purity
grade in order to apply in brain PET imaging studies. However, this purification
method needs a lot of validation works to meet GMP compliance. This study
represents an automatic synthetic method based on Nuclear Interface fully automatic
[*|*F]FDG synthesizer with direct labeling of flumazenil by nucleophilic displacement
with activated 18F-fluoride on nitro-flumazenil precursor. Solid extraction
purification method has been applied in this article which is developed to replace the
semi-preparative HPLC unit describe in the first study of Karolinska Institute in
Sweden. It is a fast and convenient way to produced [**F]FMZ and will be much
easier to meet GMP compliance than HPLC separation method.

Nitro-flumazenil, precursor of direct radiofluorination of [**F]JFMZ, purchased from SYMCOM,
dissolved in anhydrous DMSO was added to the synthesizer to react with TBA'®F. TBA'F was ion
exchanged in the *®F/H,™®0 unit of the [**F]FDG synthesizer and the exchange efficiency is 95+3%.
Undecay corrected radiofluorination yield is about 10% which is measured after removing salt by
elution with Waters Alumina-N column. Final product was collected after absorbed by solid
extraction column and eluted with ethanol to obtain 46.8% yield. The radiochemical purity of the
product is higher than 95% which represent the imaging potential in comparing animal brain studies
with [*®F]FDDNP in transgenic mice.



Key word : flumazenil, [**F]FMZ
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Auto-synthesizer of Fluoro-18-FDDNP on Alzheimer’s research

Kang-Wei Chang; Jenn-Tzong Chen, Shih-Ying Lee, Wuu-Jyh Lin, Chia-Chieh Chen

Division of Isotope Application, Institute of Nuclear Energy Research Atomic Energy
Council, Taiwan
E-Mail Address: kwchang@iner.gov.tw

Alzheimer’s disease (AD) is one of the epidemic neurodegeneration disease in older.
The characteristic pathology of AD is large numbers of neurofibrillary tangles and
deposition of beta-amyloid (AB) protein in the brain. Since 2001 Dr. Barrios had
reported the aminonaphthalene backbone [*°F]-FDDNP
(2-(1-{6-[(2-[**F]fluoroethyl)(methyl)amino]-2-naphthyl} ethylidene)malononitrile)
as the biomarker for mapping AB. In the article, we modified the protocol on an
auto-synthesizer and wish to use those radiopharmaceuticals in the future study.

In the report, we made the higher quality product by in-house-labeling [**F]FDDNP.
(95%, identified by radioHPLC). Partition coefficient was measure the ratio between

the aqueous buffer (PBS) and organic buffer (octanol) and get the result about 1.93 +

0.10, means lipophilic ability to penetrate the blood brain barrier (BBB). In vitro
competitive study used transgenic mice (Tg2576, Tg) brain section co-incubation
with or without radio-free pharmeuticals (2.5mg) brain section for the assay. The
result showed that high selectivity and specificity in Tg2576 brain region (selectivity
between hippocampus and frontal cortex were 2.10 £ 0.34 and 1.90 £ 0.17,
respectively, specificity between hippocampus and frontal cortex were 4.62 = 1.58
and 7.27 £ 5.53, respectively.) We wish to exploitative the platform using transgenic
mice in vivo imaging by microPET and diagnosis AD in the future.

Key word : Alzheimer’s disease, FDDNP



LABELLING OF PEPTIDE DERIVATIVE WITH IN-111
FOR RECEPTOR IMAGING

Hung-Man Yu, Mei-Hui Wang, Jenn-Tzong Chen and Wuu-Jyh Lin

Institute of Nuclear Energy Research, jezon@iner.gov.tw

Cells express on their cellular membranes a variety of receptor proteins with a high
affinity for regulatory peptides such as somatostatin and gastrin-releasing prptide.
The application of radiolabelled small bioactive peptides for diagnostic imaging is
rapidly gaining importance in nuclear medicine. This study describes a method for
increasing the specific radioactivity of In-111 labelled receptor imaging ligands. The
radiolabelling reaction parameters studied were substrate amount, pH of buffer,
reaction temperature, and reaction time to optimize the conditions for the labelling of
peptide and to obtain a high specific activity of the **In-DTPA-peptide. Using 1.46

« g of DTPA-peptide as substrate, 37 MBq of In-111, 0.1M citric buffer (pH 2.1) at

60°C for 30 min, a radiochemical yield of "*In-DTPA-peptide >99% was obtained.

The specific activity of **'In-DTPA-peptide was 17.4 TBg/mmol.

1. D. Kwekkeboom, E. P. Krenning and M. Jong, J. Nucl. Med. 2000, 41,
1704-1713.

2. A. Signore, A. Annovazzi, M. Chianelli, F. Corsetti, C. Van de Wiele, R. N.
Watherhouse and F. Scopinaro, Eur. J. Nucl. Med. 2001, 28, 1555-1565.

3. W. A. P. Breeman, M. Jong, J. L. Erion, J. E. Bugaj, A. Srinivasan, B. F. Bernard,
D. J. Kwekkeboom, T. J. Visser and E. P. Krenning, J. Nucl. Med. 2002, 43,
1650-1656.

4. A. Capello, E. P. Krenning, W. A.P. Breeman, B. F. Bernard and M. Jong, J. Nucl.
Med. 2003, 44, 98-104.



Analysis of Pharmaceutical and Biotechnology Collaborations A Model of R&D
Innovation Capability

Ming-Hsin Li, Jenn-Tzong Chen  mhli@iner.gov.tw

Institute of Nuclear Energy Research, Isotope Application Division, Longtan,
Taoyuan, 32546, Taiwan.

Aims:

In the knowledge society innovation plays a key role in determining a firm’s
competitive advantage. Simultaneously inter-organizational R&D collaborations have
grown over the last decade. These two factors combined place alliance’s contribution
to the innovative capabilities of the firm as an important question within competitive
advantage studies. The effects between the governance structure of R&D alliance and
its innovative performance is, however, not well understood.

Methods:

Through a review of the literature | develop a contingency model from combing the
transaction cost economics (TCE), real option (RO), resource-based view (RBV) and
knowledge based view (KBV) for research purposes. The purpose of this study is to
find the factors influcing inter-firm innovative performance and the relationships
among these factors. The data collecting from global radiopharmaceutical alliance
and patent database (1976~2006) were used in exploratory and confirmatory phases
to evaluate the instruments and test the hypotheses.

Results and Conclusions:

The conclusions are listed as below:

1. The effect of the level of inter-firm organizational interdependence in an
international R&D collaboration will be nonlinear; their jointly innovative
performance will increase up to an optimal level beyond which higher levels of
inter-firm organizational interdependence will lead to a decline in innovative
performance.

2. Firms that collaborate with science-based knowledge organizations have better



innovative performance than those that collaborate with non-science-based
knowledge organizations.

3. An increase in the level of the interfirm’s organizational interdependence will
increase the joint innovation value.

4. Firms that collaborate with science-based knowledge organizations have lower
inter-organizational interdependence than those that collaborate with
non-science-based knowledge organizations.

5. The inter-organizational interdependence in an international R&D collaboration
Is inversely related to the level of intellectual property rights protection in the
home country of its partner.

6. The level of inter-organizational interdependence in an international R&D
collaboration is positively related to the level of suitability of social institution in
the home country of the partner.

7. Greater resource co-specialization increases the likelihood that more
interdependent inter-organizational governance forms will be used.

8. Higher technological uncertainty reduces the likelihood that inter-organizational
governance forms will be interdependent.

9. Higher innovation stage uncertainty increases the likelihood that more
interdependent inter-organizational governance forms will be used.

[1] Drucker, P. (2002). The discipline of innovation, Harvard Business Review, 80(8),
95-101.

[2] Fornell, C. and Larcker, D. F. (1981). Evaluating structural equation models with
unobservable variables and measurement error, Journal of Marketing Research, 18(3),
39-50.

[3] Fukuyama, F. (1995). Trust: The Social Virtues and the Creation of Prosperity,
New Century Publishing Company.

[4] Gold, A. H., Malhotra , A. and Segars, A. H. (2001). Knowledge management: An
organizational capabilities perspective, Journal of Management Information
Systems,18(1), 185-214.



[5] Grant, R.M. and Baden-Fuller, C. (1995). A knowledge-based theory of inter-firm
collaboration, Academy of Management Journal Best Papers Proceedings, 17-21.



A model of innovation and technology appropriability
regimes: an analysis of international pharmaceutical firms

Ming-Hsin Li, Jenn-Tzong Chen = mhli@iner.gov.tw

Institute of Nuclear Energy Research, Isotope Application Division,
Longtan, Taoyuan, 32546, Taiwan.

Objectives:

Radiopharmaceuticals discovery and development process need to permit novel drug
targets to be identified, clinical trial testing to be made more efficient, and efficacious
therapeutics to be approved and made widely available. Patent is one of the most
important of all intangible assets in this industry, and thus cornerstone of a firm's
competitiveness and its knowledge management strategy in radiopharmaceutical
industry. It is necessary to review the various patenting strategies that
research-intensive firms can pursue so as to build a sustainable competitive advantage
upon the foundation of technological intangible assets and to protect their R&D
process outcomes. The claim strategy of patent is important, due to the complexity
and systemic dimension of modern technologies and its different legal foundations.
We try to explore the main technological domain within headquarters (HQ) and its
subsidiary R&D emphasis through patent analysis. And then understand the
subsidiary role as a type of the center of excellence in different appropriability
regimes.

Methods:

A model of patent analysis (figure 1) can divide the technology portfolio into clusters
of R&D emphasis, and name as the center of excellence, similar technology, as
defined by the International Patent Classification (IPC) used within the patents to
describe the technology. The patent portfolio analysis also comprises the center of
excellence of HQ with subsidiary each other relating to complementary or substitute
innovation. It can also help to identify inter-unit knowledge inflow where
complementary technology can be inflow from HQ or from other subsidiaries. These
analyses are an essential part of assessing the competitive positioning and
appropriability regimes of radiopharmaceutical firms’ innovative competencies and



holdings. Finally, we are implemented in a sample of US international
radiopharmaceutical firms within US patents.

Results:

We find that increases in the effectiveness of patent protection increases forming
propensity of the new center of excellence when subsidiaries required to bring new
technologies (complementary patents) to HQ are absent. In contrast, for decreases in
the effectiveness of patent protection increases forming propensity of the same as
HQ’s center of excellence when subsidiaries required to implements technology
development (substitute patents) to HQ are present. Countries with higher levels of
intellectual property protection will have higher levels of foreign direct investment,
all else being equal.

Conclusions:

We thus present systematic cross-national empirical support for the proposition that
the cross-national R&D strategies analyse patents as barriers to entry, and a firm's
strategies to either explore new innovative advantages or to continuously perform
innovation processes in different technology appropriability regimes.
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The impact of regulatory stringency on the R&D governance of global

pharmaceutical industries

Ming-Hsin Li, Jenn-Tzong Chen, mhli@iner.gov.tw

Institute of Nuclear Energy Research, Isotope Application Division, Longtan,

Taoyuan, 32546, Taiwan.

Objectives:

This paper studies the degree to which country differences in regulatory stringency,
including both the intellectual property rights (IPRs) government protection and drug
approval regulations (DARs) government control, the trade-off relation affects the
choice of partners for a particular mode of international inter-firm R&D partnering
within the radiopharmaceutical industry.

Methods:

We used the ReCap.com database to select companies that formed inter-firm R&D
collaborations in the radiopharmaceutical industry. We are also linking regulatory
stringency measures to the countries of these R&D collaborations.

Results:

We developed theoretical propositions departing from innovation and network
theories. We argue that the preference of radiopharmaceutical companies for an
interdependent spectrum from an equity joint venture to a contractual partnership.
Besides, the higher R&D collaborative interdependence a radiopharmaceutical firm
has with other partner is inversely related the stage of technological innovation.

Proposition 1 : The more inter-organizational interdependence in an international
R&D collaboration is inversely related to the level of intellectual property rights
protection in the home country of its partner.

Proposition 2 : The more inter-organizational interdependence in an international
R&D collaboration is positively related to the level of regulatory stringency of drug



approval systems in the home country of its partner.

Conclusions:

Taking the radiopharmaceutical industry as a case study will draw attention to
highlight the crucial necessity of assessing regulations before and after
implementation. Cross-national regulatory differences in safety, price and intellectual
property protection are inherent feature of the operating environment of the global
radiopharmaceutical firm. Institutional, transaction cost theories assume that
regulation represents a cost to the firm; therefore firms ‘vote with their feet’ and
avoid investment in stringently regulated markets.
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PHARMACOKINETIC EVALUATION OF RADIOLABELLED
HYALURONIC ACIDS: APOTENTIALAGENT FOR THE EARLY
OSTEOARTHRITIC THERAPY

Hao-Wen Kao® Chi-Jen Chan?, Sung-ching Chen®, Shain-Jy Wang®, Ming-Hsien
Lin®¢, Wuu-Jyh Lin%, Jenn-Tzong Chen® and Hsin-EIl Wang**

 Department of Biomedical Imaging and Radiological Sciences, National
Yang-Ming University, Taipei, Taiwan,

> Biomedical Engineering Research Laboratories, Industrial Technology Research
Institute, Hsinchu, Taiwan

“Taipei City Hospital Zhongxiao Branch, Department of Health, Taipei City
Government
% Institute of Nuclear Energy Research, Taoyuan, Taiwan

Viscosupplementation treatment is now a generally accepted therapeutic modality for osteoarthritis
(OA). Intra-articular (i.a.) injection of hyaluronic acid (HA) provides pain relief by lessening the
frictional resistance of the cartilage and improving joint function. In this study, HAs with various
molecular weight were labeled with iodine-131 and the pharmacokinetics were evaluated in an
osteoarthritis rabbit model. HA22/HA142 (molecular weight 0.22/1.42 x10° dalton) were
conjugated with tyramine by carbodiimide/active ester-mediated coupling reaction to give Tyr-HAs
with a molar ratio (Tyr-to-HA) of about 1/3.5 confirmed by *HNMR. Tyr-HAs (25~150 ug) were
labelled with 1-131 (3.7~37 MBq) at 50 by chloramine-T method and purified by size permeation
filtration to afford the final products *!I-Tyr-HAs. The radiochemical yields were 30~40% and the
radiochemical purities were ~ 90%. The shelf lives of **!I-Tyr-HAs were longer than 72 h. The left
knee joint of mature New Zealand White rabbit (body weight 2.5+0.2 kg) was surgically induced
osteoarthritis at six weeks after transection of anterior and posterior cruciate ligaments. After i.a.
administration of **!I-labelled HAs into the OA and normal knee joints, the whole-body distribution
of radioactivity was longitudinally monitored using scintigraphic imaging. Most of the
radioactivities were found retained in the synovial joints. A small amount of radioactivity was
accumulated slowly in the liver and bladder, indicating that HA, after running off synovial joints,
might be degraded or metabolized in liver and excreted in the urine. The pharmacokinetics was
evaluated using one-compartment model based on the radioactivity of ROI derived from the images.
Results of the pharmacokinetics evaluation revealed that the higher molecular weight HA
(**'1-Tyr-HA142) enjoys longer distribution half-life in normal and OA knee joints than that of



lower molecular weight HA (**'1-Tyr-HA22). Our study demonstrated that **'I-labelled

tyramine-conjugated HA allowed a non-invasive long-term pharmacokinetic evaluation of HA in an

osteoarthritis rabbit model.

Combining docking, molecular dynamics and MM/PBSA methods to identify the
binding modes of Thioflavin T and Congo red towards amyloid protofibrils

Jian-Hua Zhao®, Hsuan-Liang Liu *°, Kung-Tien Liu®, Jenn-Tzong Chen®

*Department of Chemical Engineering and Biotechnology National Taipei University
of Technology 1 Sec. 3 ZhongXiao E. Rd. Taipei, 10608, Taiwan
®Graduate Institute of Biotechnology National Taipei University of Technology 1 Sec.
3 ZhongXiao E. Rd. Taipei, 10608, Taiwan
‘Chemical Analysis Division Institute of Nuclear Energy Research 1000, Wunhua
Rd., Longtan Township Taoyuan County, 32546, Taiwan
YIsotope Application Division Institute of Nuclear Energy Research 1000, Wunhua
Rd., Longtan Township Taoyuan County, 32546, Taiwan, E-mail Address:
jezon@iner.gov.tw

Thioflavin T and Congo red have been commonly used to identify amyloid fibrils in tissues for
more than 80 years (Figure 1). Their derivatives have been developed as positron emission
tomography (PET) tracers, such as [*C]PIB, ["'C]SB-13, [**FJFDDNP, helped to detect and
visualize amyloid plaques and neurofibrillary tangles in living subjects.* However, the specificity
and the stabilities of these binding modes and their roles in amyloid fibril detection remain elusive.
It is clear that obtaining a molecular level of understanding of binding is essential in order to
interpret binding experiments as well as for the design of better dyes for clinical purposes. In this
study, molecular docking, molecular dynamics (MD) simulations and binding free energy
calculation were used to explore the nature of the molecular form in which the amyloid dye binds
the fibril and the binding locations on the fibril. We have identified and characterized three specific
binding modes of Congo red molecules to a protofibril formed by an amyloidogenic fragment
(GNNQQNY) from the yeast prion protein Sup35 (Figure 2A).% Our analysis, consistent with recent
MD simulations results, showed that Congo red binds to a regular groove involved in the first three
residues (GNN) of the B-strands along the B-sheet extension direction.” Due to the ubiquitous long
grooves on the amyloid fibril surface, we propose that this binding interaction could be a general
recognition mode of amyloid fibrils by Congo red, Thioflavin T, and other long flat molecules. To
examine the generality of the conclusions, we further explored the binding of Thioflavin T to a
protofibrillar oligomer of AB(9-40) peptide (Figure 2B)> and the results reveal multiple binding
sites on AB(9-40) protofibril surface, which are also consistent with the previous experimental



observations.®®
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Figure 1. The structures of two amyloid dyes that are known to bind amyloid fibrils. (A)
Thioflavin T and (B) Congo red.

(A) GNNQONY (B) ABi9-40)

Side view

Figure 2. The top and side view of two protofibril structures. (A) Amyloidogenic fragment
GNNQQNY and (B) AB(9-40).
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Micro-reactor (microfluidics) for PET: Different
shapes, sizes & construction materials

(A) Lu et al, Lab Chip, 2004,
4, 523,

(B)&(C) Steel et al, JLCR,
2007, 50, 308

(D) Lee et al, Science,
2005, 310, 1793
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Target Max Yield Yield “6-Day Ci” Spec. Activity
(Cilweek) (Ci/week) (Ci/week) (Cilg)
Tc-99 ~300 ~20-100 ~4-20 80,500
Ru-102 ~180 ~12-60 ~2-12 c.f.
Nat-Ru ~60 ~4-20 ~1-4 ~C.f.

o T U Sk 5 5100 [ BT

57 62 Fl




FLT-Lite Hot Runs

Date Beam Duration of | Activity FLT Corrected | Precursor
Bombardment | (mCi) | Activity Yield
(Minutes) (mCi)
10.02.2009 | Single 18 61 15,2 25 mg
Single 198 1256 106 11,7 25 mg
Single 168 3155 493 21,4 25 mg
13.04.2009 | Single 50 852 153 24,8 20 mg
15.04.2009 | Dual 88-91 3587 493 19,1 25mg
16.04.2009 | Dual 128 - 77 4290 531 17,9 20 mg
17.04.2009 | Single 90 2509 235 12,9 20 mg*

"The precursor was dissolved the previous day and kept in a fridge
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