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"Long-acting"
• Prolonged antimicrobial effect

• Not equal: "long-life" or "prolonged half-life"

• Physiology

– Protein binding & chemical structure

– Enzymatic modifications

• Rifampin-induced metabolism: timing and duration

– Produgs

• Pathology

– Renal failure

– Liver failure



Historical Perspective

• Evolution & Eras of anti-microbial drugs

– Great antiquity

• Natural plant products

– Synthesis 

• Prontosil (sulphonamido-chrysoidin)

• 1932 by Klarer and Mietzsch

– Natural plant product and synthesis

• First discovered Long-acting antimicrobial

• G-benzatyn penicillin



Penicillin: Tasks & Achievements

• Extracting labile substance from culture fluids

– Examine its action and toxicity

– Prove its systemic efficacy

• Enough quantity of a substance 

– Excreted with unexplained rapidity

• Several years needed

– Penicillin fully purified

– Structure ascertained

– Large-scale production achieved



Adaptation of Existing Drugs

• Alteration for better pharmacological properties

– Procaine penicillin → less soluble → longer acting

• Synthetic manipulation of penicillin

• Question of changing anti-bacterial activity

• Properties of Beta-lactams for long half-life

– Ionization 

– Polarity

– Flexibility 

– Increasing protein binding → decreased renal CL

Smith PW et al. ACS Infect Dis 2018;4(10):1439-1447



Pharmacokinetics of β-Lactam Antibiotics: 
Clues from the Past for the Future

Smith PW et al. ACS Infect Dis 2018;4(10):1439-1447



Azythromycin Example of 
Concentration-dependent

Bader JC et al JAC 2018;73(S1):i44-i50



Dalbavancin
Dunne MW et al Drug Saf 2015

• Features:

– Terminal half-life of 14.4 days

– No metabolization

– No interaction with cytochrome p-450 enzymes

– Elimination by both hepatic and renal routes



The 7-week 

daptomycin plus 

ceftriaxone regimen 

without valve 

replacement could 

not be a successful 

therapy for our 

inoperable case of 

MRCoNS PVE.



Mean Dalbavancin Plasma Concentrations 

Day 1 (a) & Steady State (b)

Michael W. Dunne et al. AAC 2015;59:1849-1855



Dalbavancin & Oritavancin Pharmacology
Chambers HF et al, NEJM 2014; 370:2238-2239

• New pharmacologic features

– Terminal half-lives for both are approximately 2 weeks

– Serum free-drug concentrations exceed MICs for >1 week

• Concentration-dependent killing

– AUC / MIC correlates with in vivo efficacy

• Clinical trials designed accordingly

– Administration of one or two large, pulse doses

– Not smaller, closely spaced, multiple doses



Perspectives

• «One Health» Approach

• Antibacterials

• Anti-malaria agents

• Antifungals



Pharmacokinetics of Short- and Long-acting
Intramuscular Oxytetracycline in Chickens

• Injectable of short- and long-acting formulations

– Same pharmaceutical company were administered

– Healthy 6-week-old broiler chickens

– Short-acting: 10 mg/kg IM q24h for 4 days

– Long-acting: 20mg/Kg im single dose

• PK analysis by EIA:

– 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, 10, 24 hours & q24h up to 120 h

• Both dosing

– Respectful of recommended dosing intervals

Gberindyer AF et al.  J Avian Med Surg 2015;29(4):298-302



Aerosolized Liposomal Amikacin

• Liposomal amikacin for inhalation (LAI; Arikayce™) 
– Amikacin sulfate encapsulated in liposomes

– Maximization of the dose and delivery to the lungs by a nebulizer

– Infected patients by P. aeruginosa or M. abscessus (ongoing study)

• Small liposome particles 
– Penetration and diffusion through sputum into the bacterial biofilm

– Deposit drug close to the bacterial colonies 
• Meers, et al., 2008; Clancy, et al., 2013

• Clinically achievable local doses of LAI formulations:
– Can effectively increase the half-life of the drug in the lungs

– Can decrease the potential for systemic toxicity

https://clinicaltrials.gov/ct2/show/NCT03905642?term=liposomal+amikacin&draw=2&rank=3



Liposomal antibiotic drug





Long-acting Formulations & Latent Tuberculous Infection: 
Opportunities and Challenges

Swindells S et al Int J Tuberc Lung Dis. 2018;22(2):125-132



Tafenoquine: First Global Approval

• Long-acting analogue of primaquine
– Orally-active 8-aminoquinoline anti-malarial drug

– Activity against pre-erythrocytic (liver) and erythrocytic (asexual) forms & 
gametocytes of Plasmodium spp. that include Plasmodium vivax and P. falciparum

– (Krintafel™, Arakoda™)

• Developed by GlaxoSmithKline (formerly SmithKline Beecham) 
– → Radical cure of P. vivax malaria 

• Developed by 60 Degrees Pharmaceuticals
– → Prophylaxis of malaria

• Exact mechanism(s) of action unknown
– Possible effect by inhibiting haematin polymerization

– Possible induction of mitochondrial dysfunction→ apoptotic-like death

Frampton JE. Drugs. 2018;78(14):1517-1523



Tafenoquine: First Global Approval

Frampton JE. Drugs 2018;78(14):1517-1523



There is no 
evidence for 
neurologic, 

ophthalmic, and 
cardiac toxicities!



Long-acting Antifungal Drugs…



New Promising Targets for Antifungals

• Homoserine transacetylase

• Methionine synthase

• ATP sulfurylase

• Transcription factor protein
(MET4)

• Homocysteine synthase

• Aspartate kinase

• Homoserine dehydrogenase

• Homoserine kinase

• Threonine synthase

• Acetolactate synthase

• ROS production

• Biofilm formation

• Sulfite transporter

• Phosphopantetheinyl
transferase

• Mitochondrial phosphate
carrier

• Bromodomain

Su H et al J Antibiot (Tokyo) 2018 



Potential Targets for the Development of New Antifungal Drugs

Su H et al J Antibiot (Tokyo) 2018 



CD 101: Long Acting Echinocandin

• Echinocandins:
– Long half-lives that allow for once-daily dosing

– Low toxicity profile (Denning, 2003)

• CD 101 = Rezafungin
– Further improvement of this drug class

• Advantages:
– Enhanced pharmacokinetic properties

– Once-weekly intravenous therapy

– Improved safety profile relative to other echinocandins
(Ong et al., 2016; Ong et al., 2017; Sandison et al., 2017)

Berkow EL DMID 2018; Denning DW Lancet 2003; Ong V AAC 2017; Sandison AAC 2017



We Can Do Better: 
A Fresh Look at Echinocandin Dosing

Bader JC et al JAC 2018;73(S1):i44-i50
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We Can Do Better: 
A Fresh Look at Echinocandin Dosing

• Anidulafungin and micafungin
– Unlikely therapeutic exposures sufficient to treat highly resistant isolates

• Day 1 probabilities of PK/PD target attainment
– 5.2% and 85.1%, respectively, at the C. glabrata MIC90 (0.12 mg/L) and 

MIC97 (0.06 mg/L)

• Rezafungin
– High probabilities of target attainment over 4 weeks of therapy (100%) 

after administration of a single-dose regimen at the MIC90 of 0.06 mg/L

• Conclusions on achievable drug exposure:
– Existing therapies are not optimal to treat resistant organisms

– More potent new echinocandins may be on the horizon

Bader JC et al JAC 2018;73(S1):i44-i50
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Long-acting "Pan-Infective Agents"

• Current Status:
– Clinical needs 

• Lineless Antimicrobials

• Stewarship interventions

– Pharmacoeconomic approaches

• Perspectives:
– Chemistry vs. modality of administration

– q24h or q7d definition of concentration-dependent?

– Effect on microbiome

• Future challenges:
– Long-acting anti-biofilm efficacy



Anti-Biofilm Strategies

Su H et al J Antibiot (Tokyo) 2018 



Future Perspectives
with Past Drugs…



Drug Repurposing: Antimicrobial and Antibiofilm Effects of 
Penfluridol against Enterococcus faecalis

Zeng X et al Microbiologyopen. 2020 Dec 20:e1148

• Penfluridol (PF): oral long-acting antipsychotic FDA-approved
– E. faecalis growth inhibition of planktonic cells with the MIC and MBC of 

7.81 µg/ml and 15.63 ~ 62.50 µg/ml, respectively

– Significant prevention of the biofilm formation of E. faecalis at the 
concentration of 1 × MIC

– Significant eradication of 24 h pre-formed biofilms of E. faecalis in a dose-
dependent manner: concentration range, 1 - 8 × MIC

• Partial synergistic antibacterial effects with PF
– Through the checkerboard method

– Genta, amika, penicillin


