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Abstract: Pickering emulsion is a new type of emulsion which is stabilized by the adsorption of solid particles
on the interface of emulsion droplets. In recent years, its applications in pharmacy have attracted more and more
attention because of its higher resistance to coalescence and better safety than traditional surfactant emulsions. The
Pickering emulsion was first used for topical administration to reduce skin irritation of surfactants and promote
transdermal absorption of drugs. Recently, new oral and injectable Pickering emulsions have also been reported,
which can promote oral absorption of insoluble drugs, improve stability of drugs, control drug release, targeted-
delivery drugs, and serve as the carrier for novel immunological adjuvants. All these studies show Pickering emul-
sion a promising drug delivery system. However, its development in pharmacy is still in its infancy. There are
many factors influencing the preparation of Pickering emulsions. But there is no systematic analysis of these factors
up to now. In this review, we gave an overview of Pickering emulsions from their application in pharmaceutical
field, preparation and evaluation, focusing on the effects of solid particles, oil phase, preparation technology and
interaction of various factors on the fabrication of Pickering emulsions. The challenges and future directions of
this exciting and rapidly expanding research area were further commented on, in order to provide reference for the
in-depth study of Pickering emulsion drug delivery systems.
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Table 1

Representative Pickering emulsion drug delivery systems

Model drug

Solid particle

Type of
emulsion

Route of
administration

Main characteristics

Caffeine

Retinol

Methyl salicy-

late

Econazole ni-
trate

Rutin

Retinol

Bupivacaine

Minocycline

Aspirin

Ampbhotericin B

Tbuprofen

Hydrophobic silica
HDK® H20

Hydrophobized fumed
silica HDK® HKS D

Starch modified by octenyl
succinic anhydride

Cyclodextrin

Self aggregated chitosan
particles

Block copolymer
nanoparticles of poly
(lactide)-block-poly
(ethylene glycol)

Cyclodextrin

Aluminum starch
octenylsuccinate

Silica nanoparticles
possessing 50% silanol
groups

Starch CAPSUL®

Mg(OH), nanoparticles

W/O

Oo/wW

Oo/wW

Oo/wW

Oo/wW

Oo/wW

Oo/wW

Oo/wW

0/0

Oo/wW

Oo/wW

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Topical

Oral cavity

Oral

The pseudo-steady state flux and cumulated amount of caffeine after
24 h exposure for Pickering emulsion were 3 and 2.1 times those of
classical emulsion, respectively. After 24 h exposure, caffeine in the
receptor fluid, dermis and epidermis was 12.7%, 0.8% and 0.3%,
respectively”..

High storage of retinol inside the stratum corneum was favored by the
Pickering emulsion, showing Pickering emulsion a promising drug
penetration vehicle either for targeting the stratum corneum or aiming
at slow release of drug from stratum corneum which could be used as
a reservoir to the deeper layers of skin!'".

The type of oil affected the cosmetic and rheological properties of the
emulsion but did not affect the transdermal diffusion in vitro. The
pseudo-steady state flux of methyl salicylate across pig skin from
emulsions prepared with miglyol, paraffin and sheanut oil were all
about 8 g- (cm? h)!, which was double that of drug solution!'".

The rheological behavior showed that Pickering emulsion remained
compatible for topical applications. The Pickering emulsion loaded
econazole nitrate was able to inhibit fungus and bacterial growth (C.
albicans and S. aureus), thus being expected to be used for epidermal/
dermal skin targeting!'),

The release of rutin from Pickering emulsion was almost 100% within
24 h. The sustained release of rutin in a solubilized form as well as
the synergistic effect of other components of the prepared Pickering
emulsion increased wound healing effect compared with the control
group, which made the rutin-loaded Pickering emulsion be an effec-
tive pharmaceutical formulation for the cutaneous wound healing!'*\.

Loading drug inside both oil droplets and block copolymer nanoparti-
cles enhanced skin absorption of drugs. More accumulation of retinol
in the stratum corneum, epidermis and dermis were observed for the
Pickering emulsion compared with the surfactant-based emulsion and
an oil solution!"!.

Bupivacaine in Pickering emulsion was released over an extended
period with a releasing ratio of 12.2% - 23.1% after 48 h. Pickering
emulsion could regulate the target site of skin depending on various
types of oil used. Ring-structured oil allowed the highest permeation
amount through skin and linear chain oil showed the highest skin-
retaining amount after 24 h of exposurel'®.

Although Pickering emulsion could not prompt drug to permeate
through the entire skin layer, it provided a prolonged minocycline
release, always above its minimum inhibitory concentration against
Staphylococcus aureus, which made it effective against superficial
infections caused by S. aureus through topical administration!'”.

The special non-aqueous Pickering emulsion could be used for
transdermal formulations and exhibit high drug loading capacity. In
addition, the presence of silica nanoparticle layer around oil droplets
could limit the in vitro release of the aspirin with a cumulative aspirin
release of 46.8% after 8 h!'®,

The antifungal activity of amphotericin B in Pickering emulsion

was enhanced upon incubation with a-amylase, which showed that
Pickering emulsion had a potential to deliver hydrophobic antifungal
compounds to treat oral candidiasis”).

Pickering emulsion could not only protect patients from the side
effects of acid medicines but also could contribute to the increase of
the bioavailability of these drugs, because Mg(OH), had an advantage
of being solubilized in an acid medium leading to the destabilization
of Pickering emulsion and the release of ibuprofen orally”.
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Continued

Type of

Model drug Solid particle

Route of
emulsion administration

Main characteristics

p-Carotene Pea protein isolate O/W Oral

Caffeine Magnesium oxide W/O Oral

nanoparticles

Curcumin Fe,0,@ cellulose O/W Oral

nanocrystals

Silybin Silybin nanocrystals Oo/W Oral

Puerarin Puerarin nanocrystals O/W Oral

Antigen PLGA nanoparticles O/W

Oseltamivir Molten glycerol W/O

phosphate monostearate

nanoparticles

Injection

Injection

Gel-like Pickering emulsion could be formed at oil fractions (¢) of
0.6, which exhibited a low release of f-carotene, and high stability
towards degradation during the digestion®'!.

Pickering emulsion afforded sustained release of caffeine within 48 h
following zero order kinetics. It also showed good growth inhibition
of hepatocellular carcinoma (HepG2) and elicited significant hepato-
protection. So this formula could act as an economical approach to
multiple therapy and afford safe effective sustained level for
caffeinel??).

Pickering emulsion could increase stability of curcumin by 40 folds
compared with the solution and prolong release of curcumin, totally
53.30% over a 4-day period. It effectively inhibited the human colon
cancer cells growth down to 18% in the presence of external magnetic
field and resulted in 2-fold reduction on the volume of the 3-D multi-
cellular spheroids of HCT116 as compared to the control sample,
suggesting that the special Pickering emulsion could be a promising
yet effective drug delivery system for magnetic-triggered release of
bioactive and therapeutics!?*).

Pickering emulsion of silybin could be stabilized by nanocrystals

of silybin itself. The AUC of Pickering emulsion was increased by
3.8-fold and 1.4-fold compared with silybin coarse powder and
nanocrystal suspension, respectively®*.

Puerarin nanocrystals could stabilize Pickering emulsion of Ligusticum
chuanxiong essential oil without any other stabilizers. The relative
bioavailability of Pickering emulsion to puerarin coarse powder
suspension, nanocrystal suspension, and surfactant-based emulsion
were 262.43%, 155.92%, and 223.65%, respectively’).

Pickering emulsion enhanced the recruitment, antigen uptake and
activation of antigen-presenting cells, potently stimulating both
humoral and cellular adaptive responses, and thus increasing the
survival of mice upon lethal challenge, which may provide an
effective and safe strategy to enhance adaptive immunity against
infections and diseases®").

Oseltamivir phosphate encapsulated in Pickering emulsions displayed
a near linear release profile over 30 days, which significantly reduced
cell viability in the human PANC-1 pancreatic cancer cell line for up
to 30 days”.
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