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Drug formulation at the ETH

‘ Colloids ‘ Gels and microparticles

Disease

Parenteral sustained
release formulations

Targeted delivery of drugs
and nucleic acids

Basic research on biomaterials
and their biological fate

‘ Proteins ‘ Small molecules
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Inactivation of toxic Treatment of intoxications

exogenous proteins to drugs and metabolites



Biodetoxification

Nano/microvesicles




Specific antidotes

HO
0 * N-acetylcysteine
Used to counter paracetamol overdose.

HS HN Hepatotoxicity caused by N-acetyl-p-benzoquinoneimine
upon depletion of glutathione.

 Naloxone

u-opioid receptor competitive antagonist.
Used to counter opioid overdose (heroin, morphine).




Specific antidotes

®

Xenobiotic
(e.g., digoxin)

Antibody
antidote

Aptamer o Complementary
drug ‘\»_J/‘ aptameric nano-antidote

Coagulation factor [Xa
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Cyclodextrin

Aminosteroid drug

Forster V and Leroux JC. Sci Transl Med 7 (2015) 290ps14.




Specific antidotes

Polymer stabilization B Liposome stabilization
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Non specific treatments

Activated charcoal

Gastric emptying

Whole bowel irrigation

Hemodialysis & hemoperfusion

Corrections of electrolyte disturbances

Breathing assistance, etc.



Large spectrum antidotes

Lipid emulsions pH-gradient liposomes
D = Bupivacaine D = Verapamil
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Polymer
coating

® ‘/;olymeric nanoparticles
D = Amitriptyline

Forster V and Leroux JC. Sci Transl Med 7 (2015) 290ps14.



Large spectrum antidotes

B CASE REPORTS

Anesthesiology 2006, 105:217-8 o 2006 American Socety of Anesthesiologisss, Inc. Uippisoott Willams & Wilkins, Inc

Successful Use of a 20% Lipid Emulsion to Resuscitate a Patient
after a Presumed Bupivacaine-related Cardiac Arrest
| Meg A Rosenblatt, M.0.,* Mark Absl, M.D.,t Gragory W. Fischer, M.D.,1 Chad J. tzkovich, M.D. 1 James B. Eisankraff, M.D.§

Anaesthesia, 2007, 62, pages 516-518 doi:10.1111/].1365-2044.2007.05065.x

CASE REPORT
Levobupivacaine-induced seizures and cardiovascular
collapse treated with Intralipid®

G. Foxall," R. McCahon,? J. Lamb,? J. G. Hardman®* and N. M. Bedforth?®

1 Fellow in Regional Anaesthesia, 2 Spectalist Registrar, 3 Consultant Anaesthetist, Departuient of Anaesthesia,
4 Associate Professor and Reader in Anaesthesia, University Department of Anaesthesia, Queen’s Medical Centre,
Nottingham NG7 2UH, UK



Large spectrum antidotes
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Forster et al. Biomaterials 33 (2012) 3578-3585.
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Screening of formulations

Uptake of diltiazem in 50% FBS

ILE (Intralipid®) [_H
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Pharmacokinetics

Liposomes 275 mg/kg i.v.
140 nm

Diltiazem 5 mg/kg i.v.

Plasmatic DTZ concentration (ng/mL)

Plasmatic DAD concentration (ng/mL)
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Bertrand N et al. ACS Nano 4 (2010) 7552-7558.



Uptake of drug and metabolite
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Pharmacokinetics of verapamil

Sprague-Dawley adult rats. Treatment (i.v.) 1 h after intoxication (VP 50 mg/kg, p.o.)

—V— Normal saline (n = 7)

- - A-- Liposomes 250 mg/kg (n = 7)
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Treatment of verapamil intoxication

A Treatment
Verapamil sa%e
-120 Baseline 0 60 or 180 24h
Time (min) ( >3 >3 >3 PN
) I
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B
------- Normal saline, n = 11
104} — Liposomes 250 mg/kg,n =6
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Treatment of verapamil intoxication

Verapamil 50 mg/kg p.o.

. -Saline, n=11
400 | [ ]ILE 250 mg/kg, n=9
300 - [ ]Liposomes 150 mg/kg, n = 6
/) Liposomes 250 mg/kg, n = 6
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Detoxifying capacity - 3 h post oral dosing

Verapamil 50 mg/kg p.o.

400 4 [ B Normal saline, n = 6
. [ ]Liposomes 250 mg/kg, n =7
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Peritoneal dialysis

= Toxin (poison,
drug, metabolite)
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Peritoneal dialysis with lipesomes

I —A—Small liposomes - ©PD Il:aSLg; irsn:g .
2.0 - —v—Large liposomes A
s
E 15 =
U
c
S o
o 2.3% of total dose
£ 1.0 -
o
Q
© -
2
g |
0.5 =

0.2% of total dose

.
."
X
S
(=3
\.It
‘

iy

Time (h)

19
Forster et al. Sci Transl Med 6 (2014) 258ral41.



Drug detoxification

Verapamil LSPD or control PD Withdrawal of PD fluid
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\ersatility

15 =

10 —

Drug dialysate conc. (ug/ml)

0.10 =
0.05 —
0.00

N.D.

nl

Verapamil Propranolol Amitriptyline Haloperidol Phenobarbital
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Stability of transmembrane pH-gradient

(A, = 540/485)

F ratio

Time (h) .
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Uptake off ammonia
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Hyperammonemia — congenital disorders

» Main cause: urea cycle disorder m /}%\4
4)
. .. \%G|uhmlne
« Congenital enzyme deficiency L
e ~1:12°000 live births . \ \
o) e N
Glutamate =’ —Q—b /7{;«\)

» Symptoms

» Severe neurologic damages, death

—— kil Urea «=—p URINE
54
. /‘\( ATP (\‘m\
« Mortality rate 60-85% Aspartate N— »
W4

Fumarate
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Hyperammonemia — liver failure

Healthy liver : Liver failure

: Toxic accumulation
of ammonia '

--------------------------------------------------

Urea

Hyperammonemia
- brain toxicity i

“ Ammonia

Kidneys a )
[ /

Coma & death

Jalan and Lee. Gastroenterology 136 (2009) 2048-2051. 25



Treatment of hyperammonemia

Livers @ ‘
NH, Z N
G:u NH
| n/ H,
Urea GIn
@ kl—b—b—b
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NH, Ammonia Poly(ethylene glycol) I ‘
NH; Ammonium \’ pH-gradient liposome “ “
4 Pro-orantibiotic (., Glutamine synthetase 1

‘ Glutaminase @ Amino acids and derivatives ,

» Glutaminase inhibitor b Phenylacetate and derivatives

{73 Urease-producing bacterium @y Glycine cleavage system ,
O Activated carbon microsphere I\ Sodium benzoate "
« Non-absorbable disaccharide
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Industrial development

ETH - Spin-off

Optimization of composition

Manufacturing process — scale up

Completion of prelinical studies

Clinical studies (Acute on chronic)

V& vEzSANTIS

www.versantis.ch
27



New developments

Treatment of alcohol overdose

1- 10 um

L 2
L 2

CH,CH,OH + O, ©— CHCHO+H.O,

2H,0, e Ho+0;

. Alcohol oxidase (AO)
‘ Catalase (CAT)

28
Pratsinis A et al. (unpublished data)
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