
GETTING THE BEST
OUT OF
CYCLODEXTRINS
Cyclodextrins as APIs



Cyclodextrins as antidotes

Outline

• Retinoid intoxication

• Sugammadex (Bridion®)

• LMWH antidotes

• Poison antidotes

Cyclodextrins as classical APIs

• Neurodegenerative (NPC, Alzheimer’s,
Parkinson’s)

• AMD treatment

• Cancer

• Cardiovascular

• Infectious



Cyclodextrin-assisted detoxification

Pioneering role of an eminent NIH scientist: Josef
Pitha

Proof of his concept: first clinical life saving
action: rescue from retinoid intoxication in
1987

J. Pitha and L. Szente: Rescue from
hypervitaminosis A or potentiation of retinoid
toxicity by different modes of cyclodextrin
administration, Life Sci., 32 (7), 719-23, 1983.

J. Pitha and Carpenter T.: Hypervitaminosis A in
Siblings, J. of Pediatrics 111 507, 1987.

Father of CD-based clinical detoxification



Sugammadex – Bridion®

The API is a cationic aminosteroid, with approx. 1.6 nm x
0.9 nm size

To form a highly stable non-covalent complex:
• The gamma-CD cavity size is OK, nice fit

• Cavity height is not enough→ should be extended

• Need a negative charge on the CD surface to have
electrostatic interaction besides inclusion

Removal of neuromuscular blockade induced
by rocuronium



Sugammadex – Bridion®

Pipecuronium Rocuronium Vecuronium

The 1st selective relaxant binding molecules to reverse neuromuscular blocking agents (NMBA)
induced paralysis of skeletal muscles

Approved in the EU (2008) and US (2015)

One of the strongest fits among CDs and guests – thus rocuronium is unavailable to bind to the
receptor
Reduced/eliminated adverse effects compared to neostigmine (no systemic side effects)
(Lower) affinity for vecuronium, pipecuronium and pancuronium, yet still of clinical significance



Sugammadex – Bridion®

Molecular mass: 2178.01



Normal neuromuscular function

Clinical efficacy of Sugammadex

Normal neuromuscular blocade

Common antidote: Neostigmine

Sugammadex reversal

Neostigmine has systemic side effects, while
Sugammadex is excreted in the urine



CycloLab developed a new family of cyclodextrins having huge affinity for different
types of low molecular weight heparins

Antidotes - LMWH

Interaction studies

NMR TLC
CE ITC

Dynamic Light Scattering
Ex vivo human blood



Application-1
Sensors in bedside detection of heparin levels

Antidotes - LMWH

Application-2
Heparin traps, as reversal agents for surgical procedures

• Promising market size, as heparins are the second most prescribed drugs after insulin
• The effective and selective universal heparin antidote would address an unmet clinical need
• Affinity of CDs towards several LMWHs is in the same range as that of other drug candidates
• The designed CD family has excellent toxicological profile and it is well tolerable
• Capability of highly selective binding and this kind of „antagonizing” effect of cyclodextrins has already

been proven (Sugammadex)



Antidotes - LMWH

Whole blood experiments on antagonizing Fondaparinux
(3 cyclodextrins shown)



Antidotes - universal reversal agent for anticoagulants

Reversing the effects in vitro of all direct oral anticoagulants and vitamin K
antagonists, such as warfarin and platelet aggregation inhibitors, such as

clopidogrel

• Concentration dependent reversing effect
• developed as a ready-to-use solution for

injection so eliminating a time-consuming
preparation step
• Under clinical develompment by Alveron
Pharma (Phase I)

Joost C.M. Meijers, Kamran Bakhtiari, Alex Zwiers, Stephan L.M. Peter: OKL-1111, A modified cyclodextrin as a potential universal reversal agent for anticoagulants.Thrombosis Research 227. 2023, 17-24. https://doi.org/10.1016/j.thromres.2023.05.003



Antidotes - tetradotoxin

Selective and efficient antidotes could be developed for a wide variety of
toxins

Cyclodextrins have shown great safety profile for all types of administration

Unique CDs can be designed for each toxin with a selective binding



Antidotes – conotoxin, box jellyfish poison



Neurodegenerative

The Nobel Prize in Physiology or
Medicine 1985 was awarded jointly to
Michael S. Brown and Joseph L.
Goldstein "for their discoveries
concerning the regulation of
cholesterol metabolism”



Is cholesterol the therapeutic target in the therapy of NPC?

Aqueous solubility of Cholesterol in the presence of 10% HPBCD of different DS

Malanga, M., Szemán, J., Fenyvesi, É., Puskás, I., Csabai K., Gyémánt Gy., Fenyvesi, F., Szente, L.
“BACK TO THE FUTURE”: A NEW LOOK AT HYDROXYPROPYL BETA-CYCLODEXTRINS
Journal of Pharmaceutical Sciences, Volume 105, Issue 9, 2921–2931 (2016)



Neurodegenerative

The success of NPC therapy opened up a lot of
opportunities for other diseases like Alzheimer’s,
lysosomal and several neurodegenerative
diseases

Ongoing clinical trials for NPC treatment:
Mallinckrodt (VTS-270)
Cyclo Therapeutics (Trappsol)



AMD – Lipofuscin removal

Cyclodextrins have been shown to efficiently
remove lipofuscin (bisretinoids) from the eye and
thus treat lysosomal storage diseases, like age-
related macula degeneration



Cardiovascular diseases - atherosclerosis

Cyclodextrin dimers against 7-ketocholesterol (7-KC)
• 7-KC is the major oxidation product of cholesterol, and one of the most toxic metabolites is
associated with several diseases, like cardiovascular diseases, age-related macular degeneration,
and Alzheimer’s disease. 7-KC can be found in high amount in human atherosclerotic plaque.

• A custom-tailored cyclodextrin dimer was designed to specifically bind 7-KC. Several studies were
preformed to better understand the complex of CD and 7-KC.

Ghazaiel et al. 7-Ketocholesterol: Effects on viral infections and hypothetical contribution in COVID-19. The Journal of Steroid Biochemistry and Molecular Biology 212, 2021,
105939. doi: 10.1016/j.jsbmb.2021.105939

https://doi.org/10.1016/j.jsbmb.2021.105939


Anticancer agent



Antiviral
HIV, HSV, Zika, Dengue



Antibacterial effect

The use of cyclodextrins is possible in inhibiting
quorum sensing by binding the signal molecules,
thus preventing microbes to reach the population
density



Antibacterial effect

The cell wall has negative charge due to the dissociation of acidic groups such as carboxyl and phosphate.
Chemicals with positive charge can penetrate into the cell wall disturbing its functions (amino- and thiadiazole
CDs showed broad spectrum or narrow spectrum antibacterial activity).

Per- 6-(4-methoxylbenzyl)-amino-6-deoxy-beta-CD HCl salt combined with methicillin showed 30–60-time
enhancement in efficacy against MRSA (reduced MIC values) compared to the drug alone or to its HPBCD
complex.



Inducing autophagy

• Autophagy (cellular self-eating) is a highly conserved, lysosome-mediated, self-degradation process of
essentially all eukaryotic cells.

• Defects in autophagy can lead to various degenerative diseases, such as cancer, neuronal demise, tissue
atrophy and fibrosis, and immune deficiency, as well as an accelerated rate of aging

• Cyclolab explores the effect of selected cyclodextrins and cyclodextrin derivatives, which have the potential
to be widely used in the pharma industry as delivery compounds of drugs and other active substances, on
autophagic activity.
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CycloLab service portfolio and pipeline programs
related to NCE development

Early phase drug
development

Customization of CD
enabled formulations

Investigation of changes
in
physico-chemical
properties

Analytical
services

In vitro
bioequivalence
studies

Design in vitro studies to
support
bioequivalence of a CD
enabled formulation.

Method development,
validation

HPLC, GC, CE, UV, MS, NMR,
IR

Stability studies

CD-guest interaction studies

Assay, impurity tests

IP services
and consultation

Antivirals (SARS-CoV-2, Zika,
Dengue), protective gear
Lysosomal storage diseases
(Niemann Pick C)
Neurodegenerative diseases
(Alzheimer’s)
Antibacterials (Quorum quenching)
Sugammadex (technology, analytical
support and impurity supply)

PIPELINE FOR PARTNERING



CycloLab service portfolio

Feasibility study

Running a short feasibility study with your molecule
free of charge

Proof of concept to consider CD based
formulations

CycloLab Grant

CycloLab offers a unique possibility to collaborate on
creating novel and interesting cyclodextrins under the terms
of the CycloLab Grant

The proposal after application is thoroughly evaluated by
CycloLab

If the application is approved, the cyclodextrin is provided
free of charge for the beneficiary



GLOBAL FOOTPRINT OF CYCLOLAB

DEXOLVETM: BETADEX SULFOBUTYL ETHER SODIUM (SBECD)
2016 - 2022 NUMBER OF EXECUTED R&D PROJECTS: 201

HUNGARY
CYCLOLAB

HEADQUARTER

NORTH AMERICA
Executed R&D projects: 48
Key market for Cyclolab’s
Dexolve,
DMF in U.S. and Canada

48

SOUTH-AMERICA
Executed R&D projects: 9
Emerging market for
Cyclolab’s Dexolve

9
AFRICA
Executed R&D projects: 1
Emerging market for
Cyclolab’s Dexolve

1

AUSTRALIA
Executed R&D projects: 2
Emerging market for Cyclolab’s Dexolve

2

EUROPE
Executed R&D projects: 97
Key market for Cyclolab’s Dexolve

97

ASIA
Executed R&D projects: 44
Key market for Cyclolab’s
Dexolve,
DMF in China, South Korea

44



COMPANY CONTACTS CONTACT PERSON

CYCLOLAB CYCLODEXTRIN
RESEARCH & DEVELOPMENT
LABORATORY LTD.

Budapest, P.O. Box 435, H-1525 Hungary
Location: Illatos út 7., Budapest, H-1097- Hungary
Tel: (+36) 1-347-60-70
E-mail: info@cyclolab.hu
Web: http://www.cyclolab.hu

Getting the best
out of cyclodextrins

István Puskás
Scientific Director
E-mail: istvan.puskas@cyclolab.hu
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