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1. Hommage a’ Pioneers a journey back (| follow Szejtli's concept):.
e Discovery Period (1891-1936)

 Exploratory Period (1936-1970)

o Utilization Period (1970-to date)

2. Overview of Significant Achievements .

Focus on:

 Pharmaceuticals, Biotechnology, Medical/Therapeutic Uses

* Analytical chemistry, Diagnostics, Separation Scien ce & Technology
 Nano- & Sub-nanotechnology

3. Overview of Surprises: things that happened, though not
expected

4. Overview of “Disappointments” things that were expected but
did not happen

5. Future outlook: the future is bright!!
(our children will have a lot to do on CDs)
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Discovery period (1891-1936)
No Industrial Background

Frech Villiers discovers
“cellulosine” in 1891

Austrian Schardinger
identifies cyclic/dextrin in
1903

German F. Lange files the
very first Patent in 1925

In USA: Tilden & Hudson lay
CD-enzymology basics that
remains valid for over 45
years!

REICHSPATENTAMT

PATENTSCHRIFT

— M 442963 —

KLASSE 89k GRUPPE 5
(F 57877 1V[8gk)

. G. Farhenindustrie Akt.-Ges. in Frankfurt a. M.*).
Verfahren zur Gewinnung von Polyamylosen.

Patentiert im Deutschen Reiche vom 25.Januar 1925 ab.

ser Bakterien, insbesondere des Bazillus
macerans, zum Teil zu den sogenannten
Polyamylosen (den kristallisierten Dextrinen
Schardingers) abgebaut werden. Die Ab-
trennung dieser Polyamylosen von den nicht
kristallisierbaren Starkeabbauprodukten er-
folgte bisher durch die Darstellung der Addi-
tionsprodukte der Polyamylosen mit gewissen
organischen ILdsungsmitteln, wie Benzol,
Toluol, Xylol, Ather, Chloroform, Petrol- |
dther.

Dr. Frit; Lange m Elberfeld.
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“‘“""ﬂb Hommage a’ Pioneers and Chronology

ll. Exploratory Period with  Growing Industrial
Interest (1936-1970)
The great German trio Freudenberg, Cramer, Henglein
o First purified parent CDs available (1948-50)

e Suggested Structure of CDs and complexes: “  the
Einschlussverbindung’ period”

« CD Complexes in the solid state and solution first
mentioning non-covalent host/guest interactions

 “American French” Dexter French: first review on CDs
title “The Schardinger Dextrins”  ADV. CARB. CHEM. 12 189. 1957.
Predicts real practical utility of Cyclodextrins
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““‘““5 Hommage a’ Pioneers and Chronology

1. Utilization Period (1970-2010) with Industrial Background
“pioneers Homo ludens who made Tool from Toy ”

Europe: 1973, J. Szejtli made innovation from invention , international harmonizer,
founder of CD Symposia (1981, Budapest)

 Chinoin, Wacker and Roquette , the first CD manufacturers in Europe
 European parent CDs, HPBCD, HPGCD, RAMEB, etc.

 In France: D. Duchene Pharma field, J. Mane Flavor/CDmanufacturing,
» |talians: Chiesi Farmaceutici, great Univ. Labs., Casu Ins. Ronzoni

Japan: Horikoshi-Kitahata enzymology, Hirai-Komiyama et al CD chemistry ,
Nagai-Uekama et al pharmaceutical uses, Harada supramols, rotaxanes
Hashimoto Industry

USA: American pioneers in 1970’s Myron Bender, Ronald Breslow
o J. Pitha/NIH : “ American” HPBCD,
« V. Stella/Cydex : HPBCD analog sulfobutylBCD
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Hommage a’ Pioneers: “from toy to tool”
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Original Construction and Technology Design
Documents for CD-Complex Manufacturing Plants
in 1979

Photo: CycloLab’s Archive The “designer”:

Jozsef Szejtli



“Once Upon a Time”: beta-cyclodextrin in 1975

Fhe Cyclodexirnn Company

S-3503: the beta-cyclodextrin from Si
35 year-old sample from CycloLab archive:

Only Complexed Schardinger- /Aglextrin was available (1 gram)



Cverolan
j:-ul""l-"I
Al e Cyclode s trn Compainy

Overview of Significant
Achievements

Focus on Pharmaceutical,
Biotech, Diagnostics, Analytics,
Separation Science, Nanotech
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Invention and Innovation
R and D and Industrial Use

In Cyclodextrin Science and
Technology



Creiolag Science (Inventions) vs. Innovation (Industrial
o uses) of Cyclodextrins in recent years

Yl Fhe Cyclodexirnn Company

Distribution of 43000 CD relevant abstracts
published by 2010 (CYCLODEXTRIN NEWS
database)

9400 ton CD in 2009, industrial segments

@m Pharmaceutical Industry O Food & Cosmetic Industry
@ Cell Biology 0O Agrochemical Industry

O Chemical & Biochemical Industry @ Analytical Chemistry

m Chemistry of CDs

Trends in CD
science and Industry

@ Chemistry of CD Complexes

6%

4% 2%

B Food Industry O Others @ Chemical Industry

0O Pharmaceutical Industry m Cosmetic+Toiletry Industry




Creiolag Overview of Significant Achievements
g Focus on Pharmaceuticals
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Cyclodextrins were considered

(literature statistics based on over 43.000 items)
Between 1973- 2005
» CDs as excipients (solubilization, stabilization)
e CDs as capsules (molecular entrapments)
« CDs create new solid phase (old drugs in new coat, LCM)
 Water-activated forms (fragrance, flavours, agro-chemicals etc.)

 Results: 30 years ~ 40 marketed drug products and hundreds of food
cosmetic, household etc. products

Between 2005-2010

« CD became delivery, drug targeting, vectorizing  agents

« Membrane-CD interactions recognition and proofs

« Some CDs cross the membranes ,Heureka” or ,S.0.S.”?
« Some CDs themselves can have biological effect

« lipid-CD interactions and their consequences

* Not yet understood how CDs work on cell membrane!

11



_ Significant Achievements: one of the first
@ TSR successes Chiesi’s Brexin




. Significant Achievements . Alprostadil from the
B e ouelly. Utilization period (Schwarz Pharma)

Complexation with  HBD enables accurate dosage on microgram
scales (667.1 & lyophilisate in ampule, with 555 & alphaCD)

13



_ Significant Achievements: First HPBCD -based
E.._:b product: Sporanox®

I The Cyclodextrio Company

HYDROXYPROPYLBETADEX

Hydroxypropylbetadexum

%

R= [GHE-CH{GH3 Ol,H n=012.

SPORANOX ®: HPBCD-Itraconazol (Janssen
Cilag, J. & J.)

HPBCD provides 10 mg/mL !! solubility 4



>-gamma-CD -containing Eye drop on the market

i Conmpainy

hmunb Significant Achievements
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HPGCD-Assisted Life Cycle Management of the old Vol taren

eye drop 15



e dependent solubllity by Javelin Pharma

Yl Fhe Cyclodexirnn Company

m? HPBCD-based Diclofenac bolus injection: no pH

READY TO GO Dyloject 2

DICLOFENAC SODIUM 75mgf2 mi SOLLTION FOR INJECTION

No buffering. No dilution. No slow infusion.
Simply administer an IV bolus in seconds.

16
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Significant Achievements
Captisol®-based Pharmaceutical products*

Fihve Cyclode s brin Coampainy

amiodarone HCI)
i i Injection

(*Pictures taken from Cydex Co.’s catalog)

17



Cyclodextrins for Smoking Cessation and
protecting Smokers’ Health

18



Significant Achievements

Novel manufacturing method for Cyclodextrin Complexes:

In 2008, Pierre Fabre introduces a proprietary indu  strial
complexation method:

FORMUPLEX® technology
supercritical CO ,-based green chemistry

« High yield

e Higher solubility for API
Mild, solvent-free conditions

 Low environment impact
Reduced energy costs

19



Significant Achievements in Biotechnology

Dimethyl-beta-cyclodextrin enabled
biotech medium for vaccine production

Sanofl Aventis Pasteur

20



Significant Achievements in Drug
Solubllization

Multi-component (ternary) complex
formation with superior
solubllization potency

(a fruitful Chiesi-CycloLab  Collaboration)

21



Volume of solutions with 10 mg Domperidone single do se

No cyclodextrin

Traditional
cyclodextrin

E solubilization
T 'l|_..
-l S—
)
62 mL
2000 mL 15 % HPBCD
dist. water solution

(9000mg HPBCD)

HN-{

&

Salt
formation

12 mL

3.5 mg
tartarate

}»NH
HVN ,f )
Cl

Ternary complex
formation

0.3 mL!
3.5 Mg tartarate
+ 30 mg!! HPBCD

22



Significant Achievements in Analytical Chemistry

The most dominating enantio -
separation technique is the
application of Cyclodextrins:

-In stationary phase
-iIn mobile phase

Out of 43.000 papers in May 2010

2500 papers have been dedicated to
this field (from 1982 to date)

23



Significant Achievements in Analytical Chemistry:
Gamma-CD to hunt for life on Mars

24



Gamma-Cyclodextrin to help hunting for life on
Mars

Urey Lab. Unit on the Mars should be able to distinguish between the two
enantiomeric forms of a given amino acid by the way they react with another
chiral molecule, gamma-cyclodextrin

State-of-the-art instruments for detecting extraterrest rial life
By Jeffrey L. Bada Scripps Institution of Oceanography

PNAS | 2001 | vol. 98 | no. 3 | 797-800
25



Overview of

Surprises
of the last 40 Years



Surprises

Can Cyclodextrin form Aggregates
when dissolved ?

It has not been thought for decades that
CDs can self-associate forming aggregates

 Coleman (1988) postulated, explained
 Szente (1989) suffers from it isolates, identifies

. Loftsson (2002) studied in detail, extended for host-guest

complexes, too

27



Surprises

Cyclodextrins and Lipid
Rafts (from 1998)
Cholesterol “Mobilizing”

Cyclodextrins induce biological
effects



Some Cyclodextrins would agree with Mark Twain:

Jtis lovely to live on araft ,
lipid rafts are cell surface targets for
HPBCD MeCD
(A. Alchorn, Lawrence Livenmore Natl. Lab.) M. Twain: Adventures of Huckleberry

Finn 29



Cyclodextrin and Lipid Rafts: concepts of antiviral
and MDR reversal field

AFM images on metyl-betaCD treated lipid rafts
Frankel et al Biophysical Journal 90. 2006. April 2  404-2413.

30



Dr. J. Hildreth : ,cholesterol affine CDs
have antiviral effect”

Invention of the concept to prevent HIV
Infection by using HPBCD ALONE

31



Cyclodextrins as Anti-Viral Agents

VIRALSHIELD

FHARMACEUTICALS, INC,

Viral Shield Pharmaceuticals, Inc.
Preventing the Spread of Viruses Around the World

The technology is based on the discovery that the
2-hydroxypropyl beta-cyclodextrin ALONE!

Is a safe and effective tool to kill envelope viruses by
destroying lipid rafts vital to the membranes of these
viruses.

Topical products have been formulated for prevention and
treatment of Herpes Labialis and Herpes Genitalis

32



Surprises with similar concept

Chemically -Tuned Cyclodextrin
as Antimicrobial agent:

Novel Concept in Fighting Bacteria by
targeting their toxin (V. Karginov )

Bacillus anthracis

33



CDs as Antibacterial Agents: the

Cyclodextrin Tailored for entrapment of Anthrax Lethal f

Karginov
concept

actor: “ CD In

the pore” concept for fighting bacterial toxins (V.Karginov et al 2006.)

Company involved: Innovative Biologics, Inc.

34



Surprises

Tailored, Extremely Drug Specific
L D-Derivative

Revolutionalizes Clinical
Anesthesia

(2002-2008):

the Sugammadex/Bridion ® success

(AKZO-Organon Biosciences
Schering Plough)

35



Surprises: A drug -specific CD ALONE has

Sugammadex = Bridion®
(Organon/Shering-Plough)
Product approved in 2008-2009

pharmacological effect

Rocuronium/Sugammadex
complex with extreme binding
constant: K ... = 10.0000 M-
(picture L. Jicsinszky)

M. Zhang et al 2002.
36



Surprises continue

CD-based Nanoparticle Drug
Delivery for Patient- Friendly
Tumor Targeting

Cyclosert® concept

(2002-2009)



Surpises: CD -based Nanoparticle drug Delivery
Cyclosern®

First Efficient Tumor Targeting (2003-2009)

Cyclosert® is the first nanoparticle drug transport platform used for
the systemic transport of cytostatics to targeted tumor sit es.

Cyclosert® promotes the ability of cytotoxic drugs to inhibit the
growth of cancer while remaining non-toxic at therapeutic dos es.

Inventor: Prof. Mark Davis at Caltech

Companies involved:
Insert Therapeutics, Calando, Arrowhead

38



Mark Davis’ concept works: early human trials

Great Achievement in Cyclodextrin-based Cancer Therapy

Preliminary Human trials: successful, in the treatmen t of Advanced Solid
Tumors

(Cerulean Pharma, Inc., April 2010)
ClinicalTrials.gov Identifier: NCT00333502

IT-101 is a conjugate of camptothecin and a linear, cyclodextrin-based
polymer (Cyclosert®) .

IT-101 is designed to increase the exposure of tumor cells to the
chemotherapeutic drug while minimizing the systemic toxic side effects,
drug release in tumor tissues

39



Surprises: Nanotechnology in Stochastic Sensing

Stochastic sensing of Organic
Analytes by a Pore-forming Protein
Containing a

Molecular Adapter Cyclodextrin

H. Bayley’s
“*holes In pores”
Concept
(1999-2009)

40



CD-Based Nanopore technique for single
nucleotide sensing

Prof. H. Bayley and his DNA
array chip prototype

“Pore in the Hole” serving DNA
sequencing for 1000 USD per run

Source: Nature Vol. 456./6 Nov.2008

41



Overview of
Disappointments:

(there I1s not much to report )

42



Overview of Disappointments

Somewhat disappointing Is:
After 40 years of R & D we still have no:

Clear picture on how CDs act on cell membranes
Clear evidence if CDs cross or not BBB In vivo
Mechanism on how CDs affect glucose metabolism
Insulin receptors, autophagy, aging

Feasible method for preparative scale chiral
separation of enantiomers

Industrial use of CD -based asymmetric syntheses
Marketed multicomponent complex -based products
More than 45 approved pharmaceutical products

43



Overview of Disappointments

Somewhat disappointing Is:
After 40 years of R & D we still have no:

More controlled-release agrochemicals in use
CD-based technologies treating contaminated water
Industrial scale soil remediation

CD-based industrial air filters installed

ldea on how CDs improve lipid storage disorder
(Nieman-Pick type C disease)

No clear evidence that some CDs may prevent
Alzheimer

Does still the CD price or IP protection
matter?

44



Future Outlook

“There's Plenty of Room
at the Bottom ”
(R. Feynman )

45



Future outlook: Let's Extrapolate!
Publication Frequency during 40 Years

No of CD-related publications in a 5-year sum

from the beginning:  steadily increasing 46



| would like to thank all the
Pioneers for their Dedication
and for their Seminal Works

and
for your Attention!



