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Protein therapeutics are amazing,
out the need for injection limits impact.




Oral delivery is patient-friendly, but not protein-friendly.
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Tight junctions between cells are the
major barrier preventing protein transport.
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Can we identify a potent,
non-toxic permeation enhancer?
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Fruits and vegetables were processed for cell culture.
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Most fruits & vegetables were non-toxic,
and some enhanced intestinal permeability.
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What compound in strawberry is
responsible for permeation enhancement?




Red fruits and vegetables preferentially
enhanced permeability.
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Red, but not white, strawberries improved
intestinal permeability.
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Red color in fruits and vegetables comes from
polyphenols.
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The active component in strawberry is the
anthocyanidin molecule, pelargonidin.
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Does pelargonidin enhance
protein delivery in vivo?



We delivered capsules containing pelargonidin
and insulin to mice.
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Oral pelargonidin-insulin outperforms

subcutaneous injection.

1.2-

1.0 controls

»
‘ ‘ T €I
T S

Relative
Blood
Glucose 0.

Y insulin + pelarg

0.67 S.C. injection

|| | || | 1
0 2 4 6 8 10
Time (h)

Lamson et al., PNAS 2022

200~

1504

Bioactivity (%) 100+

50+

n.s.

0

SC Inj Pel+ins

1 U/kg

Controls




Fruity summary

1. Fruits contain permeation enhancers.

2. The active component of strawberry
is pelargonidin.

3. Pelargonidin enables especially potent
oral insulin delivery.
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4. Effects are transient & non-toxic.




Stray observation:
Smoothie colloidal size might be important.




We examined silica nanoparticles.

Sizes: 20nm —1.2 um
el ool pihle Zeta: -40 mV



Small silica nanoparticles increased permeability
of intestinal cell monolayers.
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Does nanoparticle chemistry also matter?



Only anionic particles enhance permeability.
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Can silica nanoparticles enable oral delivery
of a therapeutic drug?



Silica nanoparticles facilitated oral insulin delivery
with ~35% bioactivity.
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Silica nanoparticles sustainably increased insulin
blood concentrations.
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How do the particles work?



Particles act through the integrin pathway.
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Silica nanoparticles did not cross intestinal monolayers.
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Particle summary

1. Small & negative nanoparticles enable 3. Silica binds integrin receptors to open
oral protein delivery. tight junctions.
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2. Silica facilitates oral insulin delivery 4. Effects are transient & do not damage
with high bioactivity. the intestine.
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Smaller silica nanoparticles caused greater
reductions in TEER on Caco-2 monolayers.
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Small silica nanoparticles increased permeability
In mice.

Oral Particles Oral Dextran, Blood Draw
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Diffusion of 20 nm particles is hindered by mucus.
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Particle effects on permeability were dose-
dependent.
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20 nm silica particles bind mucus,
limiting efficacy in mice.
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Only anionic particles are effective
oral permeation enhancers in mice.
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Silica nanoparticles enabled intestinal insulin
absorption in mice.
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Insulin delivery was nanoparticle

dose-dependent.

Insulin dose of 1 U/kg
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Pharmacodynamics were insulin dose-
dependent.

Particle dose of 100 mg/kg
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Particle treatment rearranged
intestinal tight junctions.
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Capping anionic surface groups
removes particles’ in vitro efficacy.
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Capping anionic surface groups also
removes particles’ in vivo efficacy.

*
2 *
E ‘
<)
2
c
&
>
)
a 1-
E=)
<)
S
m
0-
Control Unmodified Full Cap
Diameter (nm) 54.0 54.4

Zeta Potential (mV) -33 -13



Anionic nanoparticles improve transport only of
small macromolecules.
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Nanoparticle efficacy is dictated by
neither osmosis nor charge balance.
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Are effects reversible and non-toxic?



Silica nanoparticles induced transient intestinal
permeability.
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Particles did not induce inflammation or change
intestinal architecture.
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Strawberry polyphenols increase
permeability of intestinal cells in culture.

10+
-
Relative
Calcein
Permeability 5|
-
oL I

Control Non-PPH PPH Crude
5 5 15 Conc (mg/ml)



The ef

‘ect of pelargonidin on intestinal cells is

dose-c

ependent.
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How does pelargonidin work?



Pelargonidin induces Z0O-1 rearrangement in
Caco-2 cells.
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The protein MLCK plays a critical role in
pelargonidin effect.
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How large of a macromolecule
can pelargonidin deliver?



We used dextrans as model oral drugs.
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Pelargonidin enables oral delivery
of macromolecules.
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Pelargonidin effects reverse within 1 hour.
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s pelargonidin safe?



One month of daily treatment did not change
baseline intestinal permeability.
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One month of daily treatment did not cause

inflammation.
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One month of daily pelargonidin treatment did
not cause gross toxicity.
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