
Toll‐like receptors (TLRs) play a critical role in innate immune
responses to intestinal pathogens. In inflammatory bowel disease
(Ulcerative Colitis and Crohn’s Disease), epithelial TLR expression is
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• Oral bioavailability of peptides and
proteins is limited by pre‐systemic
degradation and low intestinal
permeation.

• Hydrophilic macromolecules do not
passively diffuse across the intestinal
epithelium, requiring formulation as
invasive injectables1.

• Delivery systems that improve
intestinal permeation can enable
reformulation of marketed injectable
products and promote development
of new therapeutic peptides 2.

• The objective of this study was to combine a transient structural
modification with formulation optimization to improve intestinal
uptake.

• This involved incorporating lipophilic peptide salts into self
emulsified drug delivery systems (SEDDS) and co‐delivery with an
intestinal permeation enhancer (Fig. 1).

Fig. 1: Prototype oral drug delivery system for hydrophilic macromolecules

Fig. 3: Non‐coulombic 
electrostatic HIP formation 
between vancomycin and 
sodium docusate (pH 5).

Fig. 2: Preparation of vancomycin HIP, solubilisation in self‐emulsifying drug 
delivery system and combination of a permeation enhancer

Results

Fig. 4: Reduced aqueous solubility 
was observed when HIP was 
performed with vancomycin and 
selected anionic amphiphilic 
counterions: DOC (sodium docusate), 
UDCA (ursodeoxycholate), (sodium 
dodecyl sulfate), DDS (sodium 1‐
dodecane sulfonate)

E‐resource: Self‐
emulsification of 
SEDDS in SIF (1 in 
100 dilution)

• Hydrophobic Ion pairing of peptides with amphiphilic counterions
increases lipophilicity and permits loading in SEDDS. This may
reduce enzymatic degradation and improve intestinal permeation.

• Trehalose esters are a novel PE series with enhancement action
that is comparable to sodium caprate in Caco‐2 monolayers.

• Ongoing work includes assessment of vancomycin permeation in
prototype formulations across Caco‐2 monolayers and isolated rat
intestinal mucosa mounted in Ussing chambers.

.

Fig. 6: 1H‐NMR spectra for A) 
vancomycin dodecane 
sulfonate, B) vancomycin 
docusate, C) vancomycin 
native indicating band shifts 
for HIP complexation

Table 1: Size, PDI 
and Zeta potential 
for SEDDS loaded 
with/without 
vancomycin 
docusate 

Fig. 8: TEM of 
unloaded SEDDS

HIP between vancomycin and amphiphilic 
counterions increased peptide lipophilicity 

Self‐(nano)emulsifying drug delivery system loaded 
with a lipophilic peptide salt

Enhancement action of trehalose esters

Fig. 10: Trehalose esters increase intestinal permeation in Caco‐2 monolayers. A) 
Papp values for a homologous series of trehalose esters (caprylic, caprate, laurate, 
myristate, palmitate), B) Papp values for trehalose caprate, C) % TEER for sodium 
caprate (positive control), D) % TEER for trehalose caprate

• A self‐emulsifying drug delivery system
(SEDDS) was developed with 30% Cremophor
EL, 60% CapryolTM 90 and 10% Transcutol®
HP. DLS and TEM characterisation was
conducted on dispersions with grading of
emulsions for selection.

Fig. 9: TEM of SEDDS loaded 
with 10 mg/mL vancomycin 
docusate

• A homologous series of novel fatty‐acid
conjugated trehalose esters (caprylate –
palmitate) were assessed for
permeation enhancement action on
Caco‐2 mono‐layers and compared to
known PEs (incl. sodium caprate, SNAC).

• PE’s were assessed using apparent permeability (Papp) of FD4
and transepithelial electrical resistance (% TEER)

• HIPs were characterised by % precipitation (yield), LogP
(lipophilicity), % dissociation (pH stability) and 1H‐NMR
(structure).

A) B)

C) D)

Fig. 7: Salts of vancomycin 
dissociated to different 
degrees in varying pH 
conditions:
pH 3
pH 5             
pH 7.4.

• Two approaches are used to increase oral bioavailability:
i. transient structural modification and
ii. formulation optimisation

Step 3: Permeation enhancer (PE)

Step 2: SEDDS

Step 1: Hydrophobic ion pairing (HIP)

Preparation of prototype drug delivery system.
Fig. 5. HIP increased 
lipophilicity of vancomycin to 
varying degrees with 
counterions as measured by 
LogP.


