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> 2 B Annual healthcare
costs for heart attacks
1 I\/I Heart attacks
annually in the US

Therapies to treat hear
attack inflammation

https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html
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Liposomal Drug Delivery
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Goal:

Deliver the drug

to the tissue

In the cells

to modify a function
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DOXIL — PEGylated Liposomal Delivery

Extended circulation and
accumulation in tumors

Gamma Scan of Kaposi’s Sarcoma Patient
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Non-PEGylated Liposomal Delivery
Immune cells remove formulations from circulation
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Kierstead et al. J Control Release. 2015 1-9.
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Macrophages are a target for post-Ml therapy

Cell recruitment

Clearance of dead cells

Inflammatory mediators
- TNFa, IL-12, IL-1B
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Days post Ml

Frantz, et al. FASEB Journal 27, 871-881, (2013).

Heidt, et al. Circ Res 115, 284-295, (2014).
Dutta & Nahrendorf. ATVB 35, 1066-1070, (2015).
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Tissue regeneration

Wound healing

Anti-inflammatory mediators
- IL-10, Argl

Immune suppression can be fatal
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Our Premise

Non-PEGylated (‘Naked’) formulations administered
after acute injury are rapidly taken up by trafficking
Immune cells to modulate inflammation at the site of injury.

' Monocytes from

bone marrow Uptake in circulation by
trafficking immune cells

Immune modulation

2 at acute injury

CRS ==

NEXT-GENERATION
ANNUAL MEETINé PHILADELPHIA, PA DELIVERY INNOVATIONS
& EXPOSITION JULY 13-18, 2025 4

//




Azithromycin (AZM)

.'.'f,ﬂ"cﬂ\éz\gc“s Macrolide antibiotic used by >40 million
0 0] CH, .
ocH, patients annually

CH,
b OH

o Treatment for upper and lower reparatory
tract infections

V] DIN (2212021
3 ZITHROMAX

AZITHROMYCIN DIHYDRATE

TABLETS

DIHYDRATE D'AZITHROMYCINE

EN COMPRIMES

250 mg = Binds 50S subunit of bacterial ribosome
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Contents lists available at ScienceDirect

International Journal of Antimicrobial Agents

journal homepage: www.elsevier.com/locate/ijantimicag

Antimicrobial
A

gents

Hydroxychloroquine and azithromycin as a treatment of COVID-19:
results of an open-label non-randomized clinical trial *

@ DIN 02212021

e g!r:rmﬂﬁgm Philippe Gautret®"?, Jean-Christophe Lagier®<*, Philippe Parola“"b, Van Thuan Hoang>"4,
E_»'\%ggimmmmmm_ Line l_VIeddeba, Morgane Mailhe?, Barl?ara Doudier?, Johan Courjon®Fe, N
ENCOMPRIMES Valérie Giordanengo", Vera Esteves Vieira?, Hervé Tissot Dupont®, Stéphane Honoré'/,
250 mg sz Philippe Colson?<, Eric Chabriére®, Bernard La Scola?, Jean-Marc Rolain?

Philippe Brouqui®, Didier Raoult®%*
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Azithromycin-based immune modulation

Azithromycin (AZM) shifts macrophage polarization toward repair
to minimize the extent secondary injury

Phase -| Phase -ll
Inflammatory Reparaiive
. :
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Murphy, et al, J Antimicrob Chemother 2009

Feola, et al, Antimicrob Agents Chemother 2010

Cory, et al. J Antimicrob Chemother 2013
Cory, et al. J Cyst Fibros, 2014
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Gensel, et al. Sci Rep 2017
Al-Darraji, et al. Plos One 2018
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Zhang, et al. J Neuroinflamm, 2015
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Gensel, et al. J Neurotrauma, 2019
Kopper et al. Front Cell Neurosci, 2019
Haydar et al., J Immunol, 2019
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Azithromycin has potential

LPSZZZZ
TLR4
—% \

1L1B
TNFa
IL12p40
IL6
iINOS

Murphy, et al, J Antimicrob Chemother 2009 _
Feola, et al, Antimicrob Agents Chemother 2010  Zhang, et al. J Neuroinflamm, 2015 Gensel, et al. J Neurotrauma, 2019

Cory, et al. J Antimicrob Chemother 2013 Gensel, et al. Sci Rep 2017 Kopper et al. Front Cell Neurosci, 2019
Cory, et al. J Cyst Fibros, 2014 Al-Darraji, et al. Plos One 2018 Haydar et al., J Immunol, 2019
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Azithromycin has potential and risk

LPSﬁg
TLR4
s ' a

1L1B

TNFa Issued warning regarding the
IL12p40

IL6 risk of irregular heart rate
INOS Ray et al. NEJM, 2019. 1881-1890.

Murphy, et al, J Antimicrob Chemother 2009 _
Feola, et al, Antimicrob Agents Chemother 2010  Zhang, et al. J Neuroinflamm, 2015 Gensel, et al. J Neurotrauma, 2019

Cory, et al. J Antimicrob Chemother 2013 Gensel, et al. Sci Rep 2017 Kopper et al. Front Cell Neurosci, 2019
Cory, et al. J Cyst Fibros, 2014 Al-Darraji, et al. Plos One 2018 Haydar et al., J Immunol, 2019
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Rational iterative design of 48 formulations

A fe, °
2 ] °
20m= %, ] ; °
g,_ 0.5--mmmemmmmmmemneeenoeess ‘ """" 0T
R7) ] :
L 15= i . i o L
a S ] =
5 o J ) ] ®
o - ]
S 10= L ereeeererneennanneetnteeatnanaaraarnraraaas 0.0 | E |
% 0 5 10 15 20
N AZM/Lipids ratio (x100
N5 p (x100)
0-
T OW—OANMMOOMSSANOONOO MO0 OOMAN—TWO<TOWMNUDO<TITTFOOO MO ODONO
A d It J_ 1M _ I~ O NN 1M~ ANN I _ 1M~ M~ M<tONIONN <+~ M—c— Mt
— — —1 A 1_1_1 R [ | A 1 1 1 1 _J_ 1 _J_J_J_J_J_ 1 _J_J1_J1_J1_J1_1_1_1
Formulation Number
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Saturated lipids improve AZM activity

Serum stability (50% FBS)
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Masud et al. 2022, Front Drug Deliv, 2, 908709
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ek -1.0
Formulation component (charge) Charge —_—

S

! = ., Log o

DSPC (0) DSPG (-1) CHOL(0) AZM (+2) Ratio (-/+) £ 300- 5

PF1 1 1 1 025  1.05 P -0.6 %_
PF2 1 1 1 0.50 1:1.0 I EZOO' L0.4 §
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PF5 1 1 1 200 140 [N 0- 00 ©
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Masud et al. RSC Pharmaceut. In Review.
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Improved manufacturing
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Formulations exhibit long term stability
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Masud et al. RSC Pharmaceut. In Review.
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Murine heart attack model

@ (b)

LAD Coronary
Artery Ligation

Area of Infarct

Liu et al. 2020, Sci Rep. 10, 5983.
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Cardiotoxicity in mice

Mortality
1day: 13/20
3day: 17/20
*%k%
Free AZM after a heart attack: g 9007 _— —
=
Reduces heart rate g 400
Associated with mortality % 200-
2
o 0 :
Pre Post
AZM

Al-Darraji et al. 2020, Sci Rep. 10, 16596.

CRS ==

ANNUAL MEeTine PHILADELPHIA, PA
& EXPOSITION JULY 13-18, 2025

NEXT-GENERATION
DELIVERY INNOVATIONS




Cardiotoxicity in mice is reduced with L-AZM

Mortality
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Al-Darraji et al. 2020, Sci Rep. 10, 16596.
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L-AZM improves survival in mice

Suvival post-Mi
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Al-Darraji et al. 2020, Sci Rep. 10, 16596.
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L-AZM reduces scar size

Suvival post-Mi
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Naked formulations accumulate in the heart

bright field |fluorescent

Sham
Surgery

Al-Darraji et al. 2020, Sci Rep. 10, 16596.
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Naked formulations accumulate in the heart

bright field |fluorescent In macrophages

Sham
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Al-Darraji et al. 2020, Sci Rep. 10, 16596.
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L-AZM promotes a reparative phenotype

Cardiac
Tissue
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Blood 3
Al-Darraji et al. 2020, Sci Rep. 10, 16596. . D:ys
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Digital spatial profiling of treated mice
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Digital spatial profiling of treated mice

Unpublished
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Naked L-AZM reduces inflammation

Day 1 Day 3 Day 7
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Immune markers are
reduced with L-AZM

Fibronectin levels are
unchanged with L-AZM
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Summary

L-AZM treatment

Uptake in circulation by 1 linflammation
trafficking immune cells
~ @ ® (o0 = repair
‘ \\ \ } ( \{ 1
= - ® 4
survival
Immune modulation 1
at acute injury
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Conclusions

Natural phagocyte activity helps deliver nanoparticles to acute injury.
L-AZM reduces inflammation, promotes repair, and improves survival.
‘Naked’ delivery offers a unique approach to treat sterile inflammation.

Ongoing studies focus on elucidating the mechanism of delivery,
biodistribution and pharmacokinetics, and large animal efficacy studies.
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