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Annual healthcare 

costs for heart attacks

Heart attacks 

annually in the US

Therapies to treat heart 

attack inflammation

>$20B

1M

0
https://www.cdc.gov/heart-disease/data-research/facts-stats/index.html



Goal:

Deliver the drug 

to the tissue

in the cells

to modify a function

Nardo D et al. Nanomat for Clin Applic. 2020 159-211.

Liposomal Drug Delivery



DOXIL – PEGylated Liposomal Delivery

Alza Oncologic Drugs Advisory Committee Meeting June 8, 1999

Extended circulation and 

accumulation in tumors



Non-PEGylated Liposomal Delivery

Kierstead et al. J Control Release. 2015 1-9.
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Immune cells remove formulations from circulation



Tissue regeneration

Wound healing

Anti-inflammatory mediators

- IL-10, Arg1

Macrophages are a target for post-MI therapy

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).
Immune suppression can be fatal

Cell recruitment

Clearance of dead cells

Inflammatory mediators

- TNFα, IL-12, IL-1β

Days post MI



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. 



Azithromycin (AZM) 

Macrolide antibiotic used by >40 million 

patients annually

Treatment for upper and lower reparatory 

tract infections

Binds 50S subunit of bacterial ribosome
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Azithromycin-based immune modulation

Azithromycin (AZM) shifts macrophage polarization toward repair

to minimize the extent secondary injury

AZM

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

Zhang, et al. J Neuroinflamm, 2015

Gensel, et al. Sci Rep 2017

Al-Darraji, et al. Plos One 2018

Gensel, et al. J Neurotrauma, 2019

Kopper et al. Front Cell Neurosci, 2019

Haydar et al., J Immunol, 2019



Azithromycin has potential and risk
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Issued warning regarding the 

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



Rational iterative design of 48 formulations
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Masud et al. 2022, Front Drug Deliv, 2, 908709 Oh et al. 1995, Antimicrob Agents Chemother, 39, 2104-2111



Saturated lipids improve AZM activity
Serum stability (50% FBS)

Masud et al. 2022, Front Drug Deliv, 2, 908709



Improved manufacturing

Masud et al. RSC Pharmaceut. In Review.

Formulation component (charge) Charge

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

PF1 1 1 1 0.25 1:0.5

PF2 1 1 1 0.50 1:1.0

PF3 1 1 1 0.75 1:1.5

PF4 1 1 1 1.00 1:2.0

PF5 1 1 1 2.00 1:4.0



Improved manufacturing

Masud et al. RSC Pharmaceut. In Review.
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Formulations exhibit long term stability

Masud et al. RSC Pharmaceut. In Review.
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Murine heart attack model

Liu et al. 2020, Sci Rep. 10, 5983.



Liposomal Azithromycin
after heart attack

US 62/826,821

Liposomal compounds and methods of use thereof
Filed 03/30/2020

lesion

Mortality

Cardiotoxicity in mice is reduced with L-AZM

Free AZM after a heart attack:

Reduces heart rate

Associated with mortality

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



Liposomal Azithromycin
after heart attack

US 62/826,821

Liposomal compounds and methods of use thereof
Filed 03/30/2020

lesion

Cardiotoxicity in mice is reduced with L-AZM

Free AZM after a heart attack:

Reduces heart rate

Associated with mortality

Mortality

L-AZM after a heart attack:

Maintains heart rate

Reduces mortality

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



L-AZM improves survival in mice

Liposomal Azithromycin
after heart attack

US 62/826,821

Liposomal compounds and methods of use thereof
Filed 03/30/2020

lesion

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



L-AZM reduces scar size

Liposomal Azithromycin
after heart attack

US 62/826,821

Liposomal compounds and methods of use thereof
Filed 03/30/2020

lesion

Al-Darraji et al. 2020, Sci Rep. 10, 16596.
20% improved ejection fraction



Naked formulations accumulate in the heart

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

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

Al-Darraji et al. 2020, Sci Rep. 10, 16596.
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Digital spatial profiling of treated mice

Unpublished
L-AZM Sham Mouse L-AZM MI Mouse

Right 
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Digital spatial profiling of treated mice

Unpublished L-AZM MI Mouse



Naked L-AZM reduces inflammation

Unpublished
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Immune markers are 

reduced with L-AZM

Fibronectin levels are 

unchanged with L-AZM 



Summary

survival

repair

inflammation

L-AZM treatment



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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