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Why oral AMPs fail
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❑Proteolysis 
❑Acid degradation 
❑Burst release 
❑Poor intestinal targeting 
❑Electrostatic destabilization 
❑Loss of bioactivity before reaching site

Most delivery systems 
treat AMPs as passive 

cargo.

Aim:
We investigated whether the AMP itself could become a structural component of 
the matrix.
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Strategy A — Protected encapsulation
(core-shell double coating)

Strategy B — Electrostatic peptide integration
(self-assembled nano-in-micro structures)



Core: Peptide

Micro/Nanoparticles

Core: Drug/Bioactive compound Core: Drug/Bioactive compound
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Knowing the systems 

•Alginate = ionic gelation 
•Chitosan = mucoadhesion 
•HPMCAS/HPMCP = enteric protection 

or HPMCP
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Why double coating?

•protect AMP in gastric environment 
•release in intestine
•low release at gastric pH 
•higher release at intestinal pH 

pH-responsive 
coating intestinal-

triggered release 

The system delayed 
premature peptide 

exposure.
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❑ antimicrobial activity preserved 
❑ peptide survives GI simulation 
❑ intestinal pathogen control 

Biological outcome

Encapsulation preserved 
functionality but limited immediate 

interaction with the environment.

Salmonella Typhimurium (F98)
Salmonella Enteritidis (P125109)
Salmonella Heidelberg
Salmonella Infantis
Escherichia coli (ATCC 25922)

Time (min)

https://www.sciencedirect.com/topics/food-science/escherichia-coli
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Electrostatic self-assembly concept
❑ cationic peptide 
❑ anionic alginate/pectin 
❑ spontaneous nanoassembly

Peptide became part of matrix organization 

What if the peptide is not only protected… but 
structurally integrated?



Self-assembly mechanism

Possible driving forces
❑ electrostatic interactions 
❑ hydrophobic interactions 
❑ hydrogen bonding 
❑ polymer chain rearrangement 

The AMP altered diffusional behavior of the matrix.

Resveratrol is pH-, light-, and heat-sensitive.
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Microparticle architecture The peptide reorganized the colloidal 
environment before spray drying

Zeta potential shifts 
suggested peptide–
polymer 
nanoassembly prior 
to spray drying
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Anti-inflammatory and antimicrobial effects

❑sustained activity 
❑prolonged modulation 
❑in vivo reduction of inflammation 
❑bacterial load reduction 
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Why graft the peptide?

The AMP no longer behaves as cargo, but as a 
functional nanointerface.

A third possibility: surface-exposed AMPs
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NP core:
❑rifampicin delivery 

Chitosan:
❑cationic destabilization 

NAC:
❑biofilm-related modulation
 
Surface AMP:
❑membrane interaction 
❑receptor interaction 
❑possible efflux modulation 

Multiple attack concept
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Conceptual convergence

❑Peptide localization matters 
❑Matrix interactions shape bioactivity 
❑Electrostatic integration alters diffusion 
❑Self-assembly modulates biological output 
❑Nano-in-micro systems enable sustained AMP action 
❑AMP–matrix interactions are an overlooked design parameter 
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