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Chapter 4

Delivery of bioencapsulated

proteins
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4.1 Introduction

Proteins and peptides are multifunctional biomolecales that
are involved in varions biochemical reactions in the body,
steering inflammatory responses, regulating cell muluphi-
cation and differentiation, and controlling metabolic and
signaling pathways (Moreira er al., 20213 The increasing
vanous medical conditions concerning endogenous prodein
functions has driven the application of proteins and pep-
lides as therapeutic biological agents. Proleins and peptides
are large molecules with multiple active sites and func-
fion specifically on targeted site. thus, makes it preferred
as therapeutic agents than the small molecule drugs. The
complexity and specificity of the protein function is not
reproducible by other compounds (Moreira en al., 2021
Among proteins that are currently used as therapeutic bio-
logical agents are enzymes, hormones, coagulation factors,
srowth Factors, cyvlokines, monoclonal antbodies, antibody-
drug conjugates, and fusion proteins. The diverse biological
functions perfodmed by proteins in the body has ihitated
Lhe development of therapeutic protemns for treatment of di-
abetes, cancer, AIDS, genetic disorders, myocardial infarc-
tion, autcimmune diseases, and many others (Kupikowska-
Stobha et al., 2021).

The clinical application of protein and peptide as thera-
peutic agents are restrained doe to a few setbacks related w
its formulation and administration methods, Alihough the
oral delivery of protein drug allows sell-administration and
high patient comphance, the degradation in gastroimtestinal
tract leads o low systemic bioavailability of the protein, The
nature of profeins which are high molecular weights and
uswally display several oniszhle groups shows difficalty in

Bmard M rlals or Hi ol bom. D30 g
Coparighe 51 25 Flsevier I AL A ghes reasrued

crossing biological membranes such as the intestinal epithe-
lum. Consequently, these therapeutic agents have to be wl-
ministerad through parental injections. This approach how-
cver exposes prodeins to the risk of cradication by immune
cells, liver, or kidneys, depending on their physicochemical,
and structural charactenistics, therefore shorteming their half-
livies, Other than that, protein drog administration also faces
the problem of structural changes, due to several factors
like hydrolysis, proteolysis, endocytosis, endosomal entrap-
ment, amd exocyiosis of the remaining entrapped proteins
or molecules (Kupikowska-Stobba et al., 2021; Gilleron
ct al., 2013}, These modifications could affect the protzin
sirecture and integrity, resuliing in denaturation, misfolding
or aggregation which ultimately causes hioactivity loss, im-
muncgenicity, and higher toxicity (Butreddy et al,, 2021).
The decrease in bicavailability of these therapeutics thus
forces the requircment of higher and more regular doscs
which subsequently reduce patient accepiance and the emer
gence of other detrimental side effects. Another 1ssue 15 the
protein stability, for which it is susceptible to denaturation
during processing, storage, and distribution. To maintan s
stubility, maintenance i cold temperature (near °C) from
manufacirer to end consumer is necessary and this results
i significant economic and logiste burden. Constdering all
the impediments in the admimstration of protein and peptide
therapeutics, there is an uwrgent need for a new delivery sys-
tems that are capable to not only preserve protein hosctivity
and protect against degradation, ot also provide sustained
relense. These could reduce the applied dose or minimee
the regulanty of administration and improve the biosctivity
of the profein

orgf 1010 1R TS 0. 08 118 T 00
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The efficacy of protein drugs is determined by its sta-
hility and intersction with targeted molecules in the cell.
Administening oral drugs as capsules or whlets has been
a commeon approach that is well accepied by most pa-
tients. However, these capsules and tablets only confer
macroscale protection. For the particular control of drog
release on a molecular scale, the active therapeutic pro-
tein reguires additional lavers of encapsulation that permits
controlled diffusion into the environment and targeted de-
livery site (Schwestka and Stoger, 2021). The encapsula
tion of protein drugs into nanoparticles, microparticles or
polymer-based carriers is essential to protect them from
environmentil elfects, stomach acid, and digestive eneymes
reactions, as well as avoiding off-target effects. Among
the advantages of thiz encapsulation include protection.
controlled release, targeted delivery, adjuvant properties,
and multivalent antigen display (Schwestka and Stoger,
20200,

4,2 Protein bioencapsulation
development

Encapsulation is a method of enclosing bicactive materials
into capsules prior te delivery into a system. Encapsulation
can be categonized according o particle siee, Tor which
microencapsulation ranges from 3 pm o #00 pm and na-
noencapsulation ranges from 10 pm to OO0 pm. Encap-
sulation protects the bioactive materials from unfavorable
surrounding, thus preserving its bioactivity unil it is de-
livered 1w the toreeted site (Reque and Brandell:, 2021,
Aside from that, encapsulation also enhances the oxidative,
thermal amd photo stability, enables sustained and controlled
release, and increases euse of hundling of the of the bioactive
agents (sharif et al., 20200, The encapsulated materials then
can be released from the capsule by several mechanisms.
for instance, changes of temperature and pH, hiodegrada-
tion, medium solubility, mechanical rupture, and diffusion
(Razavi e al., 2021).

Steps in the encapsulation involve the incorporation of
biactive compounds in a matrix, preparaticn of microcap-

sules, and stabilization of the microcapsules. Encapsulation
matrix can be liquid or solid, During preparation, liguid
matrix 15 dispersed while solid matrix 15 spray-dried. Sta-
hilization process can be done through a physical, chem-
cal, or physical-chermcal process (Reque and Brandells,
20021). Capsule sizc varics depending on the encapsulation
technique. Spray drying produces 5150 pm capsule, spray
cooling produces 20-200 wm capsule, sprav coating pro-
duces 5 pm-1 mm capsule, coacervation produces | pm—1
mim capsule, emulsification produces 200 pm- 1 mm capsule
and extrusion produces 300 pm—3 mm capsule (Reque and
Brandelli, 20217,

Solvent evaporation and extraction, coacervation, poly-
electrolyte complexation/ionotropic pelation, and spray diy-
ing ure the common protein encapsulation technigues em-
ploved. Recently, electrohydrodynamic (EHD) technique
shows a prowing attention for protein drug delivery, This
technigque produces highly surface area fibers or particles
using an electric field during polymer solidification. For
instunce, electrospinning that produces nano- or roierofibers
and clectrospraying that gencrates nand- or microparticles
(Moreira e al., 2021: Rostamabadi et al.. 2021). Although
EHD techmigues demonstrate huge potental in the drog
delivery and rissue engineering fields, extensive medical and
operational research is imperative belore clinical application
takes place.

The nanocarrier systems have been quickly and popu-
larly developed owing 1o 1ts superionty i improving the
bicavailability of encapsulated materials by providing high
surface-to-volume rato. This results in greater tendency
fior the microcapsule to attach o the intestinal mucosa and
interact with enzyvmes and other metabolic factors, Due o
ils manoscale siee, nunoencapsulation enables entrunce and
permeation into living tissues and cells, thus providing target
delivery of the protein therapeutcs oo the intracelular
compariments {(Noor et al, 2021; Reque and Brandelli,
2021 Nanotechnology has improved drug delivery svstems
in terms of enhancing thermal stability, oral bioavailability,
and water solubility of the bioactive compounds (Moor et al.,
20210 MNanocarrier systems such as liposomes, nanosis-
pensions, and nanoemulsions ane umong nanoencapsulation
iechniques that have been sindied in designing nanocap-
sules. Among mclusion complexes wsed for nanoencapsu-
laticn are amylose and cyclodextring, nanotransporters like
veast cells, nanogels, nanofibres. and panosponges fabri-
cited from polyvsaccharndes and lipids (Noor et al, 2021).
Research on nancmaterials and its application in pharma-
ceutical has been intensively growing. However toxicolog-
icul effect when administered to human body is still & big
comcern when it comes o drug delivery application {Beque
and Brandell, 2021).

4.3 Challenges in protein and peptides
bicencapsulation

The production of therapeutic agenis and different metabo-
lites could be more effective with the emergence of protein
and peptide bioencapsulation technology, However, there
are various challenges that musi be addressed uniil this
methed s wruly ready for chinical application, for example
protein stability, matrix sclection, retention or release prop-
erties, absorption, and storage condition (Fig. 4.1).

The selection of a suitable matrix to encapsulate protein
and peptide is crocial. According to MoClements (20118),
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