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ABSTRACT 

Proteins and peptides are essential biomacromolecules that play a number of physiological and 

biological roles in the body. These macromolecules are thought to provide attractive platforms 

for the delivery of medications and genes because they are biocompatible and biodegradable. 

However, peptides and proteins have significant drawbacks that hinder their efficient transport, 

including as enzymatic breakdown, brief circulation half-lives, and poor membrane permeability. 

In addition to measures for improving bioavailability and lipid nanocarriers as potential systems 

for peptide and protein medication delivery, this article briefly examines the inherent difficulties 

in peptide and protein distribution. 
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INTRODUCTION: 

Peptides and proteins are vital macromolecules that perform numerous biofunctions in the body’s 

major physiological and biological processes [1]. Proteins can be employed for therapeutic 

delivery as unique biocompatible and biodegradable macromolecules with low toxicity and serve 

as a platform for delivery of small molecule drugs and genes. Recent advances in synthetic and 

chemical biology have led to the creation of tailor-made or engineered protein materials for 

delivery. For example, human antibodies, chimeric proteins, and new protein scaffolds for 

effective therapies of several ailments including cancer, diabetes, infection, and inflammatory 

diseases [2]. Human insulin, approved by the US Food and Drug Administration (FDA) in 1982, 

was the first commercially available recombinant therapeutic protein, and has since become the 

major therapy for diabetes mellitus type I and type II [3]. Recently, proteins and peptides have 

gained much attention as potential treatments for dreadful and traditionally incurable diseases 

such as cancer, AIDS, dwarfism and autoimmune disorders and also as diagnostics. This 

prompted scientists to synthesize these bioactives in laboratories employing diverse techniques 

[4-8]. Most commonly, therapeutic peptides and proteins are administered via invasive parenteral 

routes that have many drawbacks including painful delivery, higher costs and possible toxicity 

[9]. Research efforts are underway for finding more effective, easier and safer alternative non-

invasive routes such as oral, buccal, transdermal, nasal, pulmonary, ocular, and rectal for 

administering proteins and peptides with only limited clinical success [10]. Despite enormous 

therapeutic potential, peptides and protein macromolecules suffer from several drawbacks which 

pose major challenges in delivery of these macromolecules. Extensive research efforts are being 

directed toward developing various strategies such as permeability enhancement, enzyme 

inhibition, protein structure modification and protection by encapsulation to overcome these 

obstacles [11]. Also, recent nanotechnological advancements have led several formulations to 

clinical consideration [12].  

INHERENT PROBLEMS AND DELIVERY CHALLENGES OF PEPTIDE AND 

PROTEIN BIOMACROMOLECULES 

Since the late 20th century numerous therapeutic proteins and peptides have emerged in the 

market. Although peptide and protein therapeutics possess high impact in the health industry, 

delivery of these macromolecules is limited due to several factors such as large molecular size, 

hydrophilic nature, and enzymatic cleavage. Compared with the conventional small-molecule 

drugs that continue to dominate the overall pharmaceutical market, protein therapeutics offer the 

advantages of higher specificity, greater activity, and lower toxicity [13]. The high specificity of 

proteins often requires maintenance of structural complexity of these molecules, making them 

difficult to modify and/or formulate. 

Additionally, the susceptibility to enzymatic degradation, short circulation half-lives, and poor 

membrane permeability pose significant barriers for effective delivery of many therapeutic 

proteins. These unfavorable intrinsic characteristics of proteins need to be counter balanced by 

designing appropriate delivery strategies or platforms for achieving high therapeutic performance 

[14]. Inappropriate formulation design can cause degradation, denaturation, and/or aggregation 
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of the protein molecules, causing both immunogenic side effects after administration and 

eventual loss of pharmacological activity [15]. From a therapeutic perspective, proteins are 

highly potent with specific mechanisms of action. The chemical structures of protein allow them 

to perform specific reactions in the body, increasing efficacy and decreasing undesirable side 

effects [12]. Despite these advantages, products of protein therapeutics must overcome the 

hurdles posed by high molecular weight, short half-lives, instability, and immunogenicity. 

Therefore, employing proteins for therapeutic purposes face in vivo consequence like short 

plasma half-life, which requires repeat administrations, chemical and physical instability, rapid 

degradation in the stomach and intestinal environment, and retention by the impermeable 

mucosal tissues in the intestine that hinder oral protein administration. Biotechnology-enabled 

peptide and protein drugs can be produced relatively economically, however, they face 

physiochemical and biological barriers leading to low bioavailability, limiting their use as 

therapeutic agents [16]. Challenges and requirements of peptides and proteins in delivery of 

therapeutic agents are presented in Figure 1. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Challenges and requirements of peptide and protein delivery 

BIOAVAILABILITY ENHANCEMENT STRATEGIES 

Several strategies have been employed to improve current limitations and enhance therapeutic 

efficacy of therapeutic peptides and proteins which including use of penetration enhancers, 

enzyme inhibitors, encapsulation, chemical modification, and altered administration routes [17]. 

Furthermore, while nearly all existing biologic drugs were developed against cellular or 

extracellular targets, the ability for biologic drugs to enter cells and intracellular compartments 

can significantly broaden their utility for a vast number of existing targets [18]. Therefore, efforts 

of scientists focus on improving protein properties by exploring ways to protect proteins from the 
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effects of enzymes in the biological environment, and thus prolonging in vivo half-life, increase 

absorption and decrease metabolic rate [19]. 

Permeation Enhancers 

Permeation enhancers are used to promote the passage of a pharmacologically-adequate quantity 

of peptide or protein through the mucosal membranes [20]. Although the mechanism of 

penetration enhancement remains ambiguous, the literature report three different mechanisms: (i) 

reduction of the barrier functions of mucosal membranes by altering the structure or properties of 

mucosal membranes; (ii) changing the thermodynamic activity of proteins and peptides; (iii) 

protecting peptides and proteins from proteolytic activity. Most penetration enhancers function 

by causing a perturbation of membrane integrity [21]. The medium-chain C8, C10 and C12 fatty 

acids like caprylate, caprate and laurate, respectively and lectins are widely used permeation 

enhancers that aids to increase the absorption of peptides and proteins [22]. Co-administration of 

cell penetrating peptides (CPPs) can enhance oral absorption of insulin due to due resistance of 

amino acids to proteases [23]. Surfactants like sodium dodecyl sulphate causes altered cell 

morphology and irreversible damage to cell membrane [24] whereas bile salts like sodium 

cholate could cause cellular damage after long term use, which disfavored their application as 

permeation enhancer [25]. 

Enzyme Inhibitors 

The enzymes are considered to be one of the dominant factors in controlling bioavailability of 

given proteins and peptides due to their high sensitivity to different types of enzymes present in 

the body [26]. A suitable enzyme inhibitor is chosen according to the type of interest and the site 

of protein distribution. Many protease inhibitors have been investigated and used for peptide and 

proteins delivery [27]. However, long-term use of enzyme inhibitors is not desirable as it may 

disrupt the protein absorption system and leads to the absorption of unwanted proteins, disturb 

the digestion of nutritive proteins, and incite the secretion of protease in the body as a result of 

feedback regulation [28]. Soybean trypsin inhibitor (FT-448), which is a potent and specific 

inhibitor of chymotrypsin, plays some role in enhancing the absorption. Examples of enzyme 

inhibitors are aprotinin which inhibits trypsin, chymotrypsin, and plasmin; puromycin that 

inhibits serine and metallopeptidases; bacitracin which inhibits trypsin and pepsin, 

aminopeptidase N; and Nacetylcysteine that inhibit aminopeptidase [17]. 

Chemical Modification 

Chemical modification is commonly used strategy to enhance the bioavailability of protein and 

peptide drugs by employing the usage of direct structural modifications, which include 

cyclization, amino acid substitution, conjugation to polyethylene glycol (PEG) polymer chains 

(PEGylation), glycosylation, and lipidization [29]. Among these, PEGylation and glycosylation 

have shown improved absorption through biological membranes, along with conferring structural 

stability, increased systemic stability, increased efficacy, improved safety profile, reduced 

immunogenicity and thereby enhanced bioavailability of proteins and peptides. 

Approved PEGylated interferon products including peginterferon alfa-2a (Pegasys, Genetech) 

and peginterferon alfa-2b (PEGIntron, Merck) for hepatitis C, and peginterferon beta-1a 
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(Plegridy, Biogen Idec) for multiple sclerosis prove commercial successes of PEGylation 

approach [30]. PEGylation can also be used to develop prodrugs. Prodrugs, being 

pharmacologically inactive and metabolized into active drugs under suitable physiological 

conditions after administration, provides an alternative strategy to circumvent poor solubility, 

improving pharmacokinetics and minimizing toxicity of protein and peptide-based drugs [31]. 

Advanced PEGylation technologies allow PEG to be readily engineered in various shapes and 

sizes, with high site-specificity and purity; thereby reducing immunogenicity and protein 

deactivation during conjugation. Additionally, peptide stapling has shown advantages in 

increasing a peptide’s stability, cellular penetration, and binding affinity by locking the 

conformation of the peptide through multiple, synthetic, hydrocarbon backbones. Rapid 

elimination of proteins from the blood circulation and their degradation by enzymes limit their 

routine use as a drug. Fast protein elimination may be owing to the rapid renal clearance of 

proteins having a low molecular weight of 40 kDa or less. This means increasing the molecular 

weight of low molecular weight therapeutic molecules to over 40 kDa may reduce elimination 

rate. This principle was utilized by some researchers through conjugating proteins with water 

soluble polymers, which in turn slowed reduced renal clearance, thereby prolonging the survival 

of the drug in the bloodstream [32]. The in vivo short half-life of proteins may result from the 

immune response mechanism. Further, the structural modification employing combination of 

proteins and polymers may hinder opsonin and antigen processing cells from recognizing these 

proteins. Therefore, the expulsion of proteins from the general circulation by phagocytosis is 

prevented. Interestingly, polymers that conjugate with proteins creates a steric barrier that 

impedes the protein degradation by clashing its binding with the active sites of proteases. 

Various polymers have been used for increasing protein stabilization. Among all, the most 

preferred is PEG because it is biocompatible, inexpensive and approved by regulatory 

authorities. 

Encapsulation 

Protecting proteins and peptides in polymeric reservoirs or carrier systems is promising approach 

for protein delivery [33]. These particulate drug delivery systems provide several advantages, 

such as protecting the encapsulated protein against the effect of enzymes and controlling the site 

and speed of protein release which help in avoiding undesirable side effects. Different techniques 

have been investigated and used for encapsulating therapeutic proteins, especially via use of the 

lipid-based or polymer-based nanocarriers. 

Altered Routes of Administration 

Most commonly, therapeutic proteins and peptides were delivered by subcutaneous (SC), 

intramuscular (IM), and intravenous (IV) injections. However, using intravenous injection for 

protein administration raises many problems as it is painful, uncomfortable and expensive for the 

patients. In addition, therapeutic proteins are rapidly cleared from the blood stream which 

necessitates repeating doses that may lead to toxic effects [33]. Protein administration via 

subcutaneous injection may lead to complete bioavailability that may be in fact, quite lower 

depending on many factors, such as drug molecular weight, injection site, muscular activity and 
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pathological conditions. Relatively higher patient non-compliance with invasive injectable routes 

have led research efforts toward finding more effective, easier and safer alternative routes for 

protein and peptide administration, thus the concept of peptide and protein administration via 

non-invasive routes such as oral, buccal, nasal, pulmonary, transdermal, ocular, and rectal routes 

emerged. Till date, there has been extensive research efforts for the delivery of various peptide 

and protein therapeutics through various routes employing numerous strategies and techniques, 

however, the oral, nasal and pulmonary routes have been the primary non-invasive routes of 

protein delivery investigated so far. The field of protein delivery research gained increasing 

interests despite the fact that the bioavailability of peptides and proteins have been still very low 

in most of the non-invasive routes tested. The high cost of many of these complex molecules also 

may limit the number of protein drugs that would be economically feasible to deliver via these 

non-invasive routes. The route of administration of a drug has a significant impact on its 

therapeutic result. Major challenges to the non-invasive delivery of these macromolecules are 

summarized in Table 1. 

Table 1: Non-invasive routes of peptide and protein administration and associated 

challenges 

Non-invasive 

route 

Major delivery challenges 

Oral 
Epithelial cell barrier, protease degradation, degradation in extreme pH 

conditions, low bioavailability 

Buccal 
Limited retention of dosage form in buccal pouch, presence of drug 

metabolizing enzymes like oxidases, reductase, cyclooxygenases, 

peptidases at the delivery site 

Transdermal 
Presence of stratum corneum as primary barrier, degradation by 

protease, limited surface area 

Pulmonary 
Epithelial cell barrier, degradation by protease, presence of alveolar 

macrophages, delivery of only limited amount of protein per dose 

Ocular 
Influenced by tear turnover, degradation by protease, protein binding, 

possible corneal irritation, low patient acceptance 

Nasal 
Low bioavailability, degradation by protease, variable absorption, 

possible irritation of 

nasal mucosa 

Rectal 
Elimination of drug during bowel movements, limited surface area, 

low patient compliance 

 

LIPID-BASED NANOCARRIERS FOR PEPTIDES AND PROTEIN DELIVERY 

Liposomes 

Since their discovery in 1964, liposomes have been one of the most successful lipid-based 

nanocarrier with several FDA-approved liposomal products and many more under clinical 

development for various human diseases. Liposomes are defined as vesicles with an aqueous 
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inner core surrounded by one or more bilayers of amphiphilic phospholipids with size range from 

20 nm to few microns [34]. The schematic of drug-loaded liposome is illustrated in Figure 2a. 

Among the wide variety of lipids, amphiphilic lipids that are able to self-assembly, such as 

phospholipids, phosphatidylglycerol derivatives and both saturated and unsaturated fatty acids, 

are the most commonly used for producing liposomes. Additionally, the inclusion of polymers 

and surfactants into their structure is also possible [35]. Recently, the use of special lipids has led 

to the formation of nanostructures named as archeosomes i.e. diether or tetraether lipids and 

niosomes i.e. polyoxyethylene alkyl ethers were developed to facilitate the entrapment of 

peptides and proteins therapeutics [36]. 

Solid Lipid Nanoparticles 

Solid lipid nanoparticles (SLNs) were developed in mid 1990s as an alternative nanocarrier 

system to overcome some drawbacks of liposomes and other carriers. As SLNs prepared either 

with physiological lipids or lipid molecules with a history of safe use in human medicine, attract 

increasing attention as colloidal drug carriers. Under optimized conditions they can be produced 

to incorporate lipophilic or hydrophilic drugs as illustrated in Figure 2b to fulfil the requirements 

for an optimum particulate carrier system [37]. Advantages of SLNs includes the use of 

physiological lipids, the avoidance of organic solvents, a potential wide application spectrum 

(dermal, oral, intravenous) and the high pressure homogenization as an established production 

method. Additionally, improved bioavailability, protection of sensitive drug molecules from the 

outer environment (water, light and even controlled release characteristics) were claimed by 

incorporation of poorly water soluble drugs in the solid lipid matrix. Common disadvantages of 

SLNs are lipid polymorphism, unpredictable gelation tendency, unexpected dynamics of 

polymorphic transitions and their inherent low encapsulation due to the crystalline structure of 

the solid lipid [38]. A lectin-modified and insulin-coated SLN was found to deliver insulin after 

administration to the small intestine [39].    

    

        

 

 

 

 

 

 

 

 

 

 

Fig. 2: (a) Typical structure of liposome; (b) Typical structure of SLN. 
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Nanostructured Lipid Carriers 

A new generation of nanostructured lipid carriers (NLCs) consist of a lipid matrix with a special 

nanostructure that possesses improved drug loading while firmly retaining the drug during 

storage. NLCs can be produced by mixing solid and liquid (oil) lipids using high-pressure 

homogenization and the process can be modified to yield lipid particle dispersions with solid 

structure, enabling better drug accommodation from 30–80% [40]. The NLC system minimizes 

or avoids some potential problems associated with SLNs; the major advantage being its ability to 

incorporate large quantities of drugs as a result of formation of a less ordered lipid matrix with 

many imperfections. NLCs have been mainly used for topical, oral and parenteral administration. 

NLCs have advantages over liposomes and nanoemulsions in terms of ease of preparation, high 

drug loading capacity, lower water content and sustained drug release properties. Three types of 

NLCs have been described: (i) imperfect crystal: small amounts of chemically different liquid 

(oil) lipids mixed with solid lipids. This incompatibility leads to imperfections in the crystal 

order inside the lipid core allowing higher drug loading as illustrated in Figure 3 [41]. (ii) 

amorphous: The particles are solid but in an amorphous state. Crystallization upon cooling is 

avoided by the addition of lipids with a special structure e.g. hydroxyl-octacosanyl-

hydroxystearate and isopropylmyristate thereby preventing consequent drug expulsion during 

storage. (iii) multiple: also referred as multiple Oil in Fat in Water (O/F/W) carriers. The 

solubility and dispensability of many lipophilic drugs in a liquid lipid are higher than in a solid 

lipid. Therefore, an excess amount of oil is mixed with the solid lipid. Above the solubility, a 

phase separation occurs with the formation of oily nanovesicles within the solid lipid matrix 

while the drug dissolve in the oil and is protected by the surrounding solid lipids. The methods 

used to produce NLCs for the delivery of peptides and proteins are W/O/W double emulsion and 

the hot high pressure homogenization technique [42]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Types of NLCs. (i) imperfect crystal, (ii) amorphous, (iii) multiple 
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Lipid Nanocapsules 

Lipid nanocapsules (LNCs) range between 20 and 100 nm, are biomimetic and synthetic 

nanocarriers used in drug delivery bioimaging [43]. The typical LNCs contain a oily (lipid) core 

composed of medium-chain triglycerides, surrounded by a surfactant shell made of lecithin and 

PEGylated surfactants (Figure 4). The oily phase is composed of triglycerides of capric and 

caprylic acids like Labrafac® WL 1349. The hydrophilic surfactant, Kolliphor®HS 15 is a 

derivative from a mixture of free PEG 660 and PEG 660 hydroxystearate. The aqueous phase 

consists of deionized water containing sodium chloride. Another surfactant, Lipoid® S75-3 

composed of 70% of phosphatidylcholine soya bean lecithin, is also added to significantly 

increase LNCs’ stability. The choice of the oily phase and the surfactant can be modulated 

according to the properties of the encapsulated drug [44]. All components mentioned above are 

FDA approved for oral, topical and parenteral administration. The preparation of LNCs involves 

a phase inversion temperature process, which is a solvent free and low energy process. Initially, 

the components are mixed together; the emulsion is then heated and cooled several times 

between 90 °C and 60 °C to obtain reversible emulsion phase inversions. Higher temperatures 

lead to W/O emulsions following the dehydration of the polar surfactant heads while lower 

temperatures lead to classical O/W emulsions. After several temperature cycles, rapid dilution 

with cold water or simple rapid cooling without dilution is performed at temperature 

corresponding to the phase inversion zone which further elaboratesand fix the final LNC 

dispersion. The last formulation steps lead to an instantaneous and irreversible dispersion of the 

bicontinuous system which characterizes the “Phase Inversion Zone”. The development of 

‘Aqueous-Core Lipid Nanocapsules’ provides an additional tool to encapsulate hydrophilic 

peptides and protein drugs [45]. The incorporation of hydrophilic molecules can be performed in 

either by incorporating hydrophilic molecules in the internal aqueous phase of the W/O normal 

emulsion or by injecting a small volume (2% v/v or less) of a very concentrated aqueous solution 

at the phase inversion temperature, after the temperature cycling and before the oil dilution. In 

this way, the degradation of molecules, due to the exposure to the temperature during the 

process, can be avoided. LNCs provide drug protection against biological degradation with an 

efficient drug loading while exhibiting sustained release to the site of action. Moreover, the 

PEGylated surface of the LNCs displays a stealth effect with inhibitory effect on Pglycoprotein. 

All these benefits including their structural flexibility according to the drug to be encapsulated, 

make the LNCs attractive carriers for peptides. Recent works have emerged a new generation of 

LNCs providing an interesting alternative to encapsulate hydrophilic drugs with a relatively good 

yields yet requiring longterm toxicity studies to ensure safety of LNCs. 

 

 

 

 

 

 



PEPTIDE AND PROTEIN DEVLOPMENT USING LIPID NANOCARRIER DELIVERY SYSTEM 

 

Section A-Research paper 

14036 
Eur. Chem. Bull. 2023, 12(Special Issue 4), 14027-14041 

   

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: A typical LNC with oily core 

Microemulsions and Nanoemulsions 

Microemulsions are thermodynamically stable transparent isotropic dispersions having low 

viscosity. Microemulsions consist of oil and water stabilized by an interfacial film of surfactant 

molecules, typically in conjunction with a co-surfactant. Usually, the inner phase, either oil (o/w 

emulsions) or water (w/o emulsions) as shown in Figure 5. These emulsions range upto 10-100 

nm in size. Microemulsions have been proposed to enhance the oral bioavailability of drugs, 

including hydrophilic peptides and protein that can be successfully incorporated into the 

dispersed aqueous phase of w/o microemulsion droplets where it affords some protection against 

enzymatic degradation when administered orally [30]. Neoral®, an oral microemulsion, is an 

immunosuppressant medicine used to prevent organ rejection after a kidney, liver, or heart 

transplant and to treat severe psoriasis or severe rheumatoid arthritis. It is a microemulsion 

preconcentrate containing a surfactant, lipophilic and hydrophilic solvents and ethanol. The 

presence of a surfactant, and in some case a cosurfactant, and medium chain diacylglycerols can 

be related to the increase of membrane permeability, thereby increasing the drug uptake [46]. 

Considerable dosage form development activity has focused on the formulation of lecithin-based 

microemulsions as lecithin is a naturally occurring biological surfactant and a major component 

of membrane lipids which is non-toxic and safe to use [47]. Nanoemulsions are fine o/w 

dispersions, having droplets of size range 100-400 nm. Nanoemulsions were introduced during 

the 1950s for the parenteral nutrition using fatty vegetable oils like soy oil or middle chain 

triacylglycerols as lipid phase typically constituting 10–20%, phospholipids as stabilizers in 0.6–

1.5%, and glycerol as osmolarity regulation in 2.25% [48]. Later on, these systems recognized as 

potential carriers for lipophilic drugs with commercial success, for example, etomidate 

(Etomidat-LipuroR) and diazepam (Diazepam-LipuroR). However, an important drawback 

related to nanoemulsions is the limited controlled release properties, due to the small size and the 

liquid state of the carrier. For most drugs, a rapid release will be observed. It has been estimated 

that retarded drug release requires very lipophilic drugs, i.e. the Ko/w should be larger than 

106:1 [47]. Particular examples of nanoemulsions are the self-nanoemulsifying drug delivery 
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system (SNEDDS), defined as isotropic mixtures of an oil, surfactant, cosurfactant and drug, 

which form fine o/w nanoemulsions when introduced into aqueous media under mild agitation. 

The digestive motility of the stomach and intestine provides the agitation required for self-

emulsification in vivo. Factors controlling the in vivo performance of SNEDDS include their 

ability to form small droplets of oil and the polarity of the oil droplets to promote faster drug 

release into the aqueous phase. Since a relatively high concentration of surfactants is generally 

employed in the SNEDDS formulation, toxicity of the surfactant being used should be 

considered. Peptides and proteins associated to microemulsions and nanoemulsions include 

cyclosporine A, immunoglobulin G insulin, and fusion protein vaccine [10].  

   

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Typical o/w and w/o microemulsion and nanoemulsion. The orientation of 

surfactant molecules depends on dispersed and continuous phase. In w/o emulsion, the 

polar head of the surfactant molecule orient to face dispersed/internal water phase and 

non-polar tails of surfactant molecule orients to face the continuous/external oil phase, and 

vice-versa for the o/w type of emulsion 

MARKET FORECAST OF PEPTIDE AND PROTEIN THERAPEUTICS 

The global peptide therapeutics market is valued at 28500 million USD in 2020 and will reach 

41900 million USD by the end of 2025, growing at a CAGR of 5.0% during 2021-2025 [49]. 

According to the report of alliedmarketresearch.com, the global oral proteins and peptides 

market accounted for $643 million in 2016, and is anticipated to reach $8,233 million by 2028, 

registering a compound annual growth rate (CAGR) of 11.7% from 2022 to 2028. "Oral Proteins 

and Peptides Market (3
rd

 Edition, 2018-2030" report added to ResearchAndMarkets.com's 

provides an extensive study on the current market landscape of orally administrable 

protein/peptide-based therapeutics, featuring a comprehensive discussion on the future potential 

of this evolving market [50]. While more than half of these pipeline candidates are in the 

discovery/preclinical stages, around 28% of drug candidates are presently in advanced stages of 

evaluation i.e. phase II and above [51]. 
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CONCLUSION 

Development of novel approaches and techniques to enhance bioavailability of peptides and 

proteins for non-invasive delivery remains an active field of research. Further, the nanocarrier-

based systems have advanced the research efforts in this field. Despite significant progress, the 

rationale design approaches that efficiently entrap, appropriately release and sufficiently preserve 

the structural integrity of the peptides and proteins are still underway. The use of advanced 

nanocarriers as delivery platforms can be foreseen as prospective strategy in developing future 

peptide and protein products for non-invasive administration. However, extensive studies are still 

required to develop novel targeted nanocarrier-based peptide and protein formulation for site 

specific and sustained delivery via non-invasive routes for their successful clinical translation. 
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