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Virtual Reality

3D-Printing Augmented Reality

Molecular
Dynamics Molecular Dynamics simulations studies, 

executed at supercomputer centers

 Isothermal Titration Calorimetry (ITC): 
experiments and analyses

 Software development for immersive 
visualization of molecules in Augmented 
and Virtual reality 





WHAT THE EYES DOESN´T SEE…THE COMPUTER DOES!

Atomic resolution
Explicit solvent
 Structural‐dynamic 
information

 Supercomputer dependence



Partners of

WHAT THE EYES DOESN´T SEE…ITC CAN MEASURE!



Proteins and peptides

Carbon nanotubes

Nanocarriers
Lipid membranes

DNA and RNA

Polymers

EXCIPIENTS
(Cyclodextrins)

Sugars



WHAT ARE CYCLODEXTRINS?

~1 nm~10 cm

Cyclodextrins (CDs) are excipients which can influence the
properties (such as toxicity, stability, solubility or skin
penetration) of the active substance and other medicines.



Almost any drug in the market has gone, at
least in any step of its development, through a
computational modelling process, saving to
this sector a lot of money and time in their
R&D process.

Typical for protein + drug... but what happens to cyclodextrins?

Virtual screening

Docking

MD

Computational tools are scarcely used in

cyclodextrin industry…! …despite the elements implied in
the process (receptor + ligand = CD + guest), are analogous to
those typically implicated in the pharmaceutical industry.

THE “CYCLODEXTRIN PARADOX”



MOLECULAR DYNAMICS SIMULATIONS WITH CYCLODEXTRINS

http://cyclo-lib.mduse.com/
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MOLECULAR DYNAMICS SIMULATIONS WITH CYCLODEXTRINS
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THE LORD OF THE NANORINGS:
cyclodextrins and the battle against SARS‐CoV‐2

III. Using the ring as a direct weapon
Modified CDs as antiviral drugs

II. Collaborative weapons
Stabilizers or co‐drugs

I. The encapsulating Army
Excipients for antiviral drugs

IV. Sentinels to prevent invasions
CDs in antiviral vaccines

V. Trying to break the enemy’s borders
Cholesterol trappers to damage the viral 
capsid membrane

VI. Intercepting messages of the enemy
CD in RNA therapies

VII. Blood on the battlefield
CDs as anticoagulant agents

Garrido, P. F.; Calvelo, M.; Blanco‐González, A.; Veleiro, U.; Suárez, F.;
Conde, D.; Cabezón, A.; Piñeiro, Á.; Garcia‐Fandino, R., “The Lord of the
NanoRings: Cyclodextrins and the battle against SARS‐CoV‐2”,
International Journal of Pharmaceutics 2020, 588, 15, 119689.



CICLODEXTRINAS EN LA FORMULACIÓN DEL REMDESIVIR

Piñeiro, A.; Pipkin, J.; Antle, V.; Garcia‐Fandino, R. “Do the substitution pattern of modified cyclodextrins affect the encapsulation of 
drugs? A case study using sulphobutylether‐b‐cyclodextrin and remdesivir” sent to International Journal of Pharmaceutics 2020
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CAPTISOL + REMDESIVIR: AN ORTHOGONAL STUDY
Molecular Dynamics simulations

Captisol:Remdesivir (10:1 to 30:1)

Neutral remdesivir Protonated remdesivir



CAPTISOL + REMDESIVIR: AN ORTHOGONAL STUDY
Molecular Dynamics simulations

UP

DOWN

Potential of Mean Force
calculations



CAPTISOL + REMDESIVIR: AN ORTHOGONAL STUDY
Molecular Dynamics simulations



CAPTISOL + REMDESIVIR: AN ORTHOGONAL STUDY
Molecular Dynamics simulations



Cyclodextrin Neutral Protonated

UP DOWN UP DOWN
SBE7 30 40 2.0∙104 8.2∙103

SBE6 24 13 2.3∙104 4.0∙103

SBE5 13 11 2.3∙103 2.1∙103

CAPTISOL + REMDESIVIR: AN ORTHOGONAL STUDY
Molecular Dynamics simulations

Neutral remdesivir Protonated remdesivir

Mathematical development to 
obtain affinity constants from PMFs



Parameter Value std dev

KA (M‐1) 6562 72

DH (cal/mol) ‐678 2

rC 1.905 0.009

Syringe: Captisol 1 mM
Cell: Remdesivir 0.1 mM

Syringe: Captisol 1 mM
Cell: Remdesivir 0.1 mM

Syringe: Captisol 1.5 mM
Cell: Remdesivir 0.1 mM

Syringe: Captisol 2.5 mM
Cell: Remdesivir 0.1 mM

Syringe: Captisol 5 mM
Cell: Remdesivir 0.1 mM

CAPTISOL + REMDESIVIR: AN ORTHOGONAL STUDY
ITC experiments



CAPTISOL + REMDESIVIR: AN ORTHOGONAL STUDY
Molecular Dynamics simulations

Aggregation studies



A NEW WAY TO SEE…WHAT THE EYES CANNOT SEE
Augmented Reality
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A NEW WAY TO SEE…WHAT THE EYES CANNOT SEE
Augmented Reality



A NEW WAY TO SEE…WHAT THE EYES CANNOT SEE
Virtual Reality

mduse.com/coronavruscoaster/



Open your eyes…
…to the molecular world

info@mduse.com


