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INTRODUCTION 

Proteins are chains of amino acids, each joined to it 

neighbor by a specific type of covalent bond. The 

polymerization of L-α-amino acids by peptide bonds 

forms the structural framework of proteins. The term 

protein is used for molecules composed of over 50 amino 

acids. The term peptide is used for molecules composed 

of less than 50 amino acids.
[1]  

The chemical and 

structural complexities involved demand an effective 

delivery system in which the physicochemical and 

biologic properties, including molecular size, 

conformational stability, solubility, sensitivity to light, 

moisture and heat, biological half-life, immunogenicity, 

dose requirements, susceptibility to break down in both 

physical and biological environments, requirement for 

specialized mechanisms for transport across biological 

membranes are to be considered.
[2] 

 

Recombinant technology has allowed the production of 

many potential protein drugs at an acceptable cost, 

allowing the treatment of severe, chronic and 

lifethreatening diseases, such as diabetes, rheumatoid 

arthritis, hepatitis, etc. Currently, over 160 protein drugs 

are available on the world market, and several hundreds 

more are in clinical trials. The total protein drug market 

already exceeds 30billion, and is expected to rise by at 

least 10%a year. One of the biggest opportunity areas in 

the Protein market will be in the field of Biogeneric, 

which is expected to create a multi-billion market I 

future.
[3]

 
 

Peptide and Protein Structure
[4]

 
It is essential to have an idea about structure of protein 

and peptide in order to deal with various problems 

encountered while developing drug delivery system. The 

proteins are relatively large molecules with complex 

structure. The peptide chains in peptides and proteins are 
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ABSTRACT 

Protein and Peptide drug delivery system are the Novel drug Delivery System. Proteins and peptides are the most 

abundant components of biological cells. They exist functioning such as enzymes, hormones, structural element 

and immunoglobulin. Peptide and protein drug are commercially available as therapeutics and are prepared by 

various biotechnology processes. As they lack drug stability during their delivery, so protein structures are 

modified to maintain pharmaceutical properties of proteins. The twenty different naturally occurring amino acids 

join with each other by peptide bonds and build polymers referred to peptides and proteins. Although the 

distinction between peptides and proteins are peptide contains less than 20 amino acids, having a molecular weight 

less than 5000, while a protein possesses 50 or more amino acids and its molecular weight lies above this value. 

As they lack drug stability during their delivery, so protein structures are modified to maintain pharmaceutical 

properties of proteins. Various approaches for delivery of protein and peptide drugs are used for proper 

formulation of drugs. In addition, various advancements in protein and peptide drug delivery have try to overcome 

the issues during delivery of these therapeutics like increased stability, low toxicity level and increased resistance 

to proteolytic inactivation, bioavailability, efficiency and improve circulation period. The alternate routes that 

have been tried with varying degrees of success are the oral, buccal, intranasal, pulmonary, transdermal, ocular 

and rectal. In this review, the aim is to focus on the various routes and approaches for delivery of Peptide and 

protein drugs. 

 

KEYWORDS: Protein and peptide, drug delivery system, Pharmaceutical approaches, Immunoglobulin’s, 
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seldom linear and adapt a variety of specific folded three 

dimensional patterns and conformations. 

 

All peptides and proteins are polymers of amino acids 

connected via amide linkages referred to as peptide 

bonds.  

 Primary structure: It denotes the number and 

specific sequence of amino acids.  

 Secondary structure: Arrangement of individual 

amino acids along the polypeptide backbone. 

 Tertiary structure: Three dimensional arrangement 

of a single protein molecule. 

 Quaternary structure: Proteins that contain two or 

more polypeptide chains associated by noncovalent 

forces 

 

 
Fig 1. Four type of protein structure. 

 

 
Fig 2. Structure of peptide bond. 

 

FUNCTIONS OF PROTEIN AND PEPTIDE DRUG 

DELIVERY SYSTEM  

 Transport and storage of small molecules and 

biological molecules.
[5]  

 Coordinated motion via muscle contraction.
[6]

 

 The Mechanical support from fibrous protein.
[7] 

 

 Generation and transmission of nerve impulses.
[8]

  

 Enzymatic catalysis in biochemical reactions.
[9] 

 

 The Immune protection through antibodies.
[10]

  

 The Control of growth and differentiation via 

hormones.
[11]

 

 

NEED OF PROTEIN AND PEPTIDE DRUG 

DELIVERY SYSTEM  

 The proteins and peptides are very important in 

biological cells.
[12]

  

 Lack of proteins and peptides causes diseases like 

diabetes mellitus.
[12]

 

 Diabetes mellitus is caused due to lack of protein 

called ―INSULIN‖.
[13]

  

 Now a day’s R-DNA technology and hybridoma 

techniques also used in protein and peptide-based 

pharmaceuticals.
[14]

 

 

PHYSICOCHEMICAL PROPERTIES OF PEPTIDE

S AND PROTEINS
[3]

 

Solubility and partition coefficient: Aqueous solubility of 

peptide is strongly dependent upon pHpresence of 

metallic ion, ionic strength and temperature. At 

Isoelectric point the aqueous solubility of peptide is 

minimal where the drug is neutral or has no net charge. 

Peptides are very hydrophilic with a very low 

octanolwater partition coefficient, so to improve the 
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absorption of peptides by passive diffusion, their 

lipophilicity should be increased. 

 

Aggregation, self-association and hydrogen bonding 

Selfaggregation tendency of peptides modifies their 

intrinsic properties. Human insulin was found tobe more 

selfaggregating than bovine insulin. Additions of 

additive like non ionic surfactants (Pluronic F 68) 

stabilize the peptide formulation against, self-

aggregation. Intermolecular hydrogen bonding with 

water decreases the permeability of protein in lipid 

membrane. 

 

 

 

 

Table 1. Physicochemical Properties of Peptides And Proteins. 

SR.NO. 
Degradation pathways 

Physical Instability 
Mechanism 

1. Denaturation 

Nonproteolytic modification of a unique structure of a native protein that affects 

definite change in physical, chemical and biological properties. Several examples 

Denaturating agents are urea, alcohol, acetic acid, Sodium dodecyl sulphate, 

polyethylene glycol. 

2. Adsorption 
Ampiphilic nature of protein causes adsorption at 

various interfaces like air‐water and air solid.  

3. 
Aggregation and 
Precipitation 

The denatured, unfolded protein may rearrange in such a manner that hydrophobic 

amino acid residue of various molecules associate together to form the aggregates. 

If aggregation is on macroscopic scale, precipitation occurs.    
Chemical Instability 

1. Deamination 
The hydrolysis of the side chain amide linkage of an amino acid residue leading to 

the formation of a free carboxylic acid.   

2. Oxidation and Reduction 
Oxidation occurs during isolation, synthesis and storage of proteins. Temperature, 

pH, trace amount of metal ion and buffers influence these reactions. Glucagon is an 

exception as it retains biological activity even after oxidation. 

3. Proteolysis 
It may occur on exposing the proteins to harsh conditions like prolonged exposure 

to extreme of pH or high temperature or proteolytic enzyme. 

4. Disulfide exchange 
A peptide chain with more than one disulphide can enter in to this reaction and 

thereby change in conformation.   

5. Racemisation It is alteration of L‐amino acids to D, L‐mixtures. Racemization form peptide bonds 

that are sensitive to proteolytic enzymes. 
 

BARRIERS TO PEPTIDE AND PROTEIN 

DELIVERY
[15]

 

The successful delivery of peptide and protein based 

pharmaceuticals is primarily determined by its ability to 

cross the various barriers presented to it in the biological 

milieu. Various barriers encountered are-  

 Enzymatic Barriers.  

 Intestinal Epithelial Barriers.  

 Capillary Endothelial Barrier.  

 Blood Brain barrier (BBB). 

 

ADVANTAGES OF PROTEIN AND PEPTIDE 

DRUG DELIVERY SYSTEM  

 Erythropoietin is mainly used for production of 

RBC.
[16]

 

 The protein Tissue plasminogen activator is used for 

Heart attack, Stroke.
[17] 

 Oxytocin is used in management of labor pain.
[18]

 

 Bradykinin increases the peripheral circulation.
[19]

  

 Somatostatin decrease bleeding in gastric ulcer.
[20] 

 

 Gonadotropin induces ovulation.
[21]

  

 Insulin maintains blood sugar level.
[22]

 

 

Table 2. Examples of Target Peptides. 

S.N Cell Peptide Chain 
1 Transported to the nucleus (NLS) -Pro-Pro-Lys-Lys-Lys-Arg-Lys-Val 

2 
Transported to the secretory pathway (plasma 

membrane of prokaryotes and endoplasmic reticulum of 

eukaryotes) 

H2N-Met-Met-Ser-Phe-Val-Ser-Leu-Leu-Leu-

ValGly-Ile-Leu-Phe-Trp-Ala-Thr-Glu-Ala-Glu-

GlnLeu-Thr-Lys-Cys-Glu-Val-Phe-Gln 
3 Retention to the endoplasmic reticulum Lys-Asp-Glu-Leu-COOH 

4 Transported to the mitochondrial matrix 
H2N-Met-Leu-Ser-Leu-Arg-Gln-Ser-Ile-Arg-PhePhe-

Lys-Pro-Ala-Thr-Arg-Thr-Leu-Cys-Ser-SerArg-Tyr-

Leu-Leu 
5 Transported to the peroxisome (PTS1) -Ser-Lys-Leu-COOH 
6 Transported to the peroxisome (PTS2) H2N-----Arg-Leu-X5-His-Leu 
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PROPERTIES OF PROTEINS AND PEPTIDES  

The proteins are the most abundant biological and 

organic molecule they are soluble in water and it can be 

formed a colloidal solution with water. Protein and 

peptides are the physicochemically and metabolically 

stable system. In case of oral administration in protein 

and peptide drug delivery system several properties can 

affect the rate of absorption of protein and peptide in oral 

drug delivery system.
[22]

  

 

The properties such as absorption properties includes 

molecular weight and size of the particle, conformational 

studies, steriospecification of three dimensional 

arrangements in space and immunogenicity of drug 

molecules affected the rate of absorption of protein and 

peptide in oral drug delivery systems. Another one is 

physicochemical properties such as, solubility and 

Lipophilicity of drug is major criteria of absorption of 

drug. The aggregations and hydrogen bonding of drug in 

oral administrations.  

 

The physiochemical properties are the major criteria for 

the drug absorption in oral drug delivery systems, the 

drug absorption oral drug delivery system it an mainly 

arises two main problems are the metabolic degradation 

of various forms protein and peptides by interaction with 

the various proteolytic enzymes, and it is having less 

membrane penetration abilities. This all is required for 

determination of various problems associated in oral 

administration and has to be present basic idea on the 

basis properties to the prevent the problems in drug 

administration in oral protein and peptide in oral drug 

delivery systems.
[23,24] 

 

ADVANTAGES OF PROTEIN AND PEPTIDES IN 

DIFFERENT ROUTES 

Protein and peptides delivery of drugs provides several 

advantages when drug delivered by various routes, some 

of the mentioned below: 

Buccal route 

When the drug delivered via buccal routes it provides 

much less pain, irritation in case of long term of 

treatment. It can be easily attached and removed without 

any discomfort and easily accessible and acceptable by 

patients.
[25]

 

 

Nasal route 

Nasal route is simple, convenient and provide rapid onset 

of drug action and also avoid the first pass 

metabolism.
[26,27] 

 

Rectal route 
A large dose of drug can be administered by rectal route, 

drugs can be target to lymphic system, it avoids 

presystemic or first pass metabolism and suitable for 

drugs that cause nausea/vomiting and irritation in GI 

tract on oral administration.
[28] 

 

 

 

Pulmonary route 

Pulmonary route of drug administration provides direct 

route to the circulation, safe route for drug entry even in 

patient with lung disease. Less dose required, less pain or 

discomfort and improves patient compliance.
[29-31] 

 

Transdermal route 

Transdermal route provides controlled and sustained 

release of drugs. Self-administered and improve patient 

compliance due to its convenience and ease of use. 

Reduced side effects and avoid the hepatic first pass 

effect and gastrointestinal breakdowns of drug. Quick 

terminations of drug effect by easily remove the delivery 

system from the skin surface.
[32,33] 

 

PHARMACEUTICAL APPROACHES   

The protein and Peptides are having Four Approaches 

they has Follows:  

1. CHEMICAL MODIFICATION  

2. ENZYME INHIBITORS  

3. PENETRATION ENHANCERS  

4. FORMULATION VEHICLE  

5. MUCOADHESIVE POLYMERIC SYSTEM 

 

1. CHEMICAL MODIFICATION (PRODRUG 

APPROACH)
[34-36]

 
The Chemical Modification of Protein and Peptide Drug 

Delivery System of Drugs is Important to Improve the 

Enzymatic Stability as well as Membrane Permeations. It 

is Applicable for the reducing the Immunogenicity. 

 

The Chemical Modification is Includes in Two Types of 

Modifications as Follows:  

1. Amino acid Modification   

2. Hydrophobization 

1. Amino acid Modifications: The Modification of 

amino acid is one of the important approach in which the 

Substitution of the D- amino acid and L- amino acid is 

important to alter the Physiological Properties of Protein 

and Peptide Drug Delivery Systems.  

 

Description of Example: Desmopressin and 

Deaminovasopressin are the two important analogs of 

vasopressin; former involves deamination of first amino 

acid and replacement of last Larginine D-arginine to give 

Deaminovasopressin.  

 

Application: The Amino acid modification is important 

to enhance the Membrane Permeability and Maintain the 

Enzymatic Stability.          

   

2. Hydrophobization: It is having an important 

approach for the Lipophilic Moieties.   

 

Example: NOBEX INSULIN by the Palmitoylatios.  

 

Description of Example: Conjugation of the Insulin 

Molecule to the 1, 3- dipalmitoylglycerol containing a 

free amino acid groups of glycine, Phenylalanine and 

Lysine molecule to from mono and insulin is important 
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to facillated the transfer the insulin across the mucosal 

membrane of the large intestines. It is important to 

improve the Stability against the enzymatic degradations.  

 

2. ENZYME INHIBITOR
[37]

 

Various enzyme inhibitors have been employed to 

achieve successful delivery of peptide and protein based 

drugs.  

 

Examples: Metalloprotease inhibited by EDTA, Enzyme 

aminopeptidases are inhibited by Bestain & Bacitracin, 

Enzyme metalloendoproteases inhibited by 

Phosphoramidon.   

This approach has been used successfully for the 

delivery of insulin and vasopressin.   

Insulin with enzyme inhibitor (Aprotinin, bacitracin, 

betatin) which result in significance reduction in insulin 

digestion and improve in its intestinal absorption profile.      

 

3. PENETRATION ENHANCERS
[37,38]

 
Penetration enhancers these are the formulation 

components that are important to disrupt the mucosal 

barrier to improve the permeation of large 

macromolecular substance like protein and peptides. 

Commonly used components are: Surfactants –

Polysorbate, SLS Chelating agents –EDTA Fatty acids –

sodium caprate. Mucoadhesive polymers –thiomers 

cellular derivatives Phospholipids-pc. 

 

Use of Penetration Enhancers  

Peptide/protein drug moieties, due to their molecular 

size, often require penetration enhancers to achieve 

therapeutically significant levels of luminal absorption. 

Mechanism of absorption of protein and peptide drug is 

via Trans cellular & Para cellular route. 

 

4. FORMULATION VEHICLE
[39,40,41,42]

 

FORMULATION VEHICLES  

The Protein and Peptide Drug Delivery system is 

important for the Oral Delivery of Protein and Peptides 

can be successfully achieved by using various carrier 

systems are like  

1. Dry Emulsion  

2. Microspheres  

3. Liposomes  

4. Nanoparticles  

 

1. Dry Emulsion: It is important application in drug 

delivery systems to prevent the instabilities of the long 

term storage of multiple emulsions. The novel approach 

at which multiple emulsion is replaced by dry emulsions. 

Dry Emulsion is prepared by the Spray drying, 

Lyophollization and evaporation Techniques. In dry 

emulsion preparation application of the PH responsive 

polymers like HPMCP, is important for the emulsions 

are the enteric coated and site specific achieved.  

 

2. Microspheres: The uniform distribution of drug in 

oral drug delivery in Protein peptides drug are known as 

Microspheres. The PH responsive microspheres are the 

mainly used in oral delivery for the protection of the 

stomach from proteolytic degradations and Protection 

upper portion of small intestine from proteolytic 

degradations.  

 

3. Liposomes: Liposomes are the small microscopic 

vesicles in which aqueous volume is entirely enclosed by 

the membrane composed lipid molecules. Liposomes in 

drug delivery system, the encapsulation of the insulin 

with sugar chain portion of mucin and PEG completely 

suppressed the degradation of the insulin molecules in 

intestinal fluid. The uncoated from of liposomes are 

suppressed it on partially surface coating of the 

liposomes molecules in PEG or mucin gained resistances 

against dagestion by salts and increased the stability of 

GI tract.  

 

4. Nanoparticles: Nanoparticles are Nano sized colloidal 

structure having size is 10-1000nm. The particles in 

nanometric sized range of the particles are absorbed 

intact by the intestinal epithelium and they are the less 

prone towards the enzymatic degradations. The particle 

size surface charges are the influencing the uptake of 

nanoparticle system in GI tract. 

 

5. MUCOADHESIVE POLYMERIC SYSTEM
[43]

 
Most mucoadhesive delivery systems are formulated by 

using mucoadhesive polymers. Mucoadhesive polymers 

are multifunctional macromolecules, which in addition to 

their mucoadhesive properties increase the permeability 

of the drug candidates across epithelial membranes and 

simultaneously inhibit peptidolytic enzymes. These 

polymers make close contact with the mucosal layer and 

therefore exert their effects within a limited area of the 

intestinal mucosa. Some of the mucoadhesive 

polymer/copolymers that have shown excellent 

bioadhesive properties include sodium 

carboxymethylcellulose, polyacrylic acid, tragacanth, 

polymethyl vinyl ether-co-maleic anhydride, 

polyethylene oxide and methylcellulose. Mucoadhesive 

delivery systems have increased the residence time of the 

system at the absorptive mucosal membrane leading to 

increased time available for absorption to occur and 

hence improved absorption of protein and peptides. 

 

Examples: Thiomers, polyacrylic acid derivatives and 

cellulose derivatives. The stronger mucoadhesive 

properties of thiomers are believed to be based on 

covalent bonds between thiol groups of the thiomer and 

cystein- rich domains of mucus glycoproteins. (Higher 

amount of thiol groups is responsible for the stronger 

mucoadhesive properties).
[44] 
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Table 3. Mucoadhesive Polymeric System.  

 

INCORPORATION INTO DRUG DELIVERY 

MATRIX  

The drug incorporate in the protein and peptide drug 

delivery system undergoes three methods.
[45-50]

 

 Emulsification 

 Extrusion and spray drying  

 Polymerization 

 

Emulsification 

In this process water soluble drugs are first dissolved in 

the aqueous (water solution) and it is soluble in organic 

solvent. The two solutions are mixed with the 

appropriate proportion to produce W/O emulsion. This 

prepared primary emulsion is emulsified into aqueous 

solution containing emulsifier to produce w/o/w 

emulsion. Finally, the organic solvent is mainly removed 

from emulsion by evaporation of solvent under reduced 

pressure by the filtration and increasing the temperature.  

 

Extrusion and Spray Drying 

The extrusion and spraying are employed to from 

microspheres and the core material, incorporated as 

solution and the particulate is mainly ejected from the 

orifice of fine tubes, syringe to form micro droplets. The 

size of droplet is mainly depends upon the properties of 

liquid (melt, solution and suspension) and orifice 

diameter to jet velocity. 

 

Polymerization 

In this hydro gel having a polymeric drug delivery 

system preparation by the mixing of monomer with the 

drug an initiator and a cross linking agents. The 

intravascular delivery of the protein via hydro system 

that is photo polymerized in situ on the inner surface of 

blood vessel. The γ- radiation are producing deleterious 

effect on integrity of protein molecules one of the 

drawbacks of protein and peptide drug delivery systems. 

 

PEPTIDE AND PROTEIN DRUGS –BRIEF 

OVERVIEW AND DELIVERY PROBLEMS 

Many proteins and peptides acquire biological activity 

that makes them potent therapeutics. The enzymes 

represent an important and, probably, the best 

investigated group of protein drugs
[50-52] 

the insulin 

peptide hormones used most likely than that of other 

hormone. To the treatment of pituitary and 

gastrointestinal (GI) tumors, somatostatin analogs 

peptides such as lanreotide, octreotide and vapreotide 

become available in the clinics.
[53]

 Antibodies against 

certain cancer-specific ligands can also be considered as 

protein anti-cancer drugs.
[54-55]

 Still, the use of proteins 

and peptides as therapeutic agents is hampered by the 

whole set of their intrinsic properties associated with 

their nature as complex macromolecules, which are, as a 

rule, foreign to the recipient organism. 

 

Stability of protein may vary at different condition of 

physiological pH and temperature, most of the peptide 

especially protein show low stability at normal 

physiological pH and temperature. Due to receptor 

interaction most of the protein and peptide and 

antibodies exert their action extracellularly. Many others, 

however, have their targets inside the cell. In the latter 

case, low permeability of cell membranes to 

macromolecules often represents an additional obstacle 

for the development of peptide-based and protein-based 

drug formulations.
[56] 

 

STABILITY ASPECTS
[57-60]

 

In stability of protein and peptide is determined by the 

Protein degradations Pathways In This drug delivery 

system under two Pathways of degradation of Protein 

and Peptide Molecules They has Follows:  

1. Physical Degradation Pathways (Instability 

Aspects)  

Approach Example Outcome 

Absorption enhancers: 

Detergents, bile salts, fatty acids, chitosans, 

acylcarnitine, alkanoyl choline, N-acetylated 

α‑amino acids, N‑acetylated non‑α‑amino acids.  

Temporarily disturb intestinal barrier to 

improve the permeation. 

Enzyme inhibitors 
Trypsin, chymotrypsin, carboxypeptidases, 

aprotinin, pancreatic inhibitors. 

Protects from degradation by enzymes in 

stomach and intestine. 

Chemical modifications 

Amino acid modification 

Lipidization: 

Conjugation with polymer PEG or ligands like 

transferring 1, 3-dilpalmitoylglycerol. 

Affects receptor binding capacity and 

decreases rate of clearance from systemic 

circulation Benefit to trans cellular passive 

or active absorption. 

Mucoadhesive polymer 

systems  

Types: Anionic, cationic, non-ionic, amphoteric, 

thiomres, dendrimers, synthetic glycol polymers, 

etc., ex: chitosan. 

Longer transit time and decreases diffusion 

barriers. 

Formulation vehicles: 

 

Biphasic systems 

Microencapsulation 

Nanotechnology  

Vesicles 

S/O/W emulsion (surfactant - insulin complex is 

dispersed into oil phase) Microspheres of poly 

(methacrylic-g-ethylene glycol) Polystyrene, 

chitosan, PLA-PGA PEGylated liposomes, and 

mucin containing liposomes. 

Chemical and enzymatic breakdown 

protection in lumen Protects over the 

influence of the PH variability through the 

stomach to intestine Less sensitivity to 

enzymes Resistance against digestion by 

bile salts.  
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2. Chemical Degradation Pathways (Instability 

Aspects)  

The chemical degradation Pathways the Native or 

original structure of protein is changes by the 

modification of their Primary Structure of Protein 

Molecules. The Physical Degradation Pathways the 

Native or original structure of Protein is Changes or 

Modified to from Higher order Structure of Proteins 

(secondary, tertiary or quaternary structure).  

 

1. Physical Degradation Pathways (Instability 

Aspects)  

In case of Physical Degradation the Primary Sign of 

Physical instability of the Protein Molecules. In case of 

globular Protein, the hydrophobic residues are buried in 

the interior and the hydrophilic residues. It is having 

interaction with the aq. Solvents. The denaturation of 

Protein Molecule refers to the loss or damage of the 

globular structure of protein molecule leads to protein 

unfolding. The physical denaturation is may be caused 

the changes in the environment of protein molecules 

such as temperature, pH, introduction of hydrophobic 

surfaces or by introduction of interfaces by the addition 

of organic solvents. 

 

2. Chemical Degradation Pathways (Instability 

Aspects)  

The chemical instability of the protein and Peptide can 

causes following four types of reactions.   

1. Oxidation  

2. Deamination   

3. Peptide bond hydrolysis  

4. Disulphide exchange   

 

1. Oxidation: Oxidation is one of the most important 

chemical instability of Protein and peptide molecules. 

The Amino acid side chain of the protein and peptide are 

susceptible to oxidation, the oxidation is arises by the 

atmospheric oxygen molecule, various types of the metal 

ions like copper or iron, several reagents such as 

Hydrogen Peroxides.  

 

Example: The Methionine residues under acidic 

conditions are especially prone to oxidation by reagents 

like hydrogen peroxide, producing methionine sulfoxide. 

(Hydrogen peroxide is used to sterilize formulation 

vessels or the formulation area).  

 

2. Deamination: In this type of Instability is arises in 

hydrolysis of amide side chain of certain amino acid 

residue are mainly includes Glutamine and Aspargine, is 

known has Deamination. Some conditions are like 

changes in Temperature and PH are mainly shown to 

Facillated the Process of Deamination’s of Biological 

Therapeutic Protein and Peptides.  

 

3. Peptide bond Hydrolysis: In this Peptide bond 

Hydrolysis Process the aspartic acid residues are heated 

at 90-1000 C, in PH 4 (acetate), the hydrolysis of the 

Asp-X bonds are leads to loss of the Biological activity.  

4. Disulphide exchange: The Therapeutics Protein 

contain cystein residues that from disulfide bonds. These 

formed bonds are important components of the structural 

integrity of the Proteins. The incorrect linkage of peptide 

bonds lead to changes in the three dimensional structure 

of Protein Molecules and their biological activity. 

 

INCORPORATION INTO DRUG DELIVERY 

MATRIX
[61-66]

 

The drug incorporates in the protein and peptide drug 

delivery system undergoes three methods:   

1. Emulsification  

2. Extrusion and spray drying  

3. Polymerization  

 

1. Emulsification 

In this process water soluble drugs are first dissolved in 

the aqueous (water solution) and it is soluble in organic 

solvent. The two solutions are mixed with the 

appropriate proportion to produce W/O emulsion. This 

prepared primary emulsion is emulsified into aqueous 

solution containing emulsifier to produce w/o/w 

emulsion. Finally, the organic solvent is mainly removed 

from emulsion by evaporation of solvent under reduced 

pressure by the filtration and increasing the temperature.  

 

2. Extrusion and Spray Drying 

The extrusion and spraying are employed to from 

microspheres and the core material, incorporated as 

solution and the particulate is mainly ejected from the 

orifice of fine tubes, syringe to form micro droplets. The 

size of droplet is mainly depends upon the properties of 

liquid (melt, solution and suspension) and orifice 

diameter to jet velocity. 

  

3. Polymerization 

In this hydro gel is having a polymeric drug delivery 

system preparation by the mixing of monomer with the 

drug an initiator and a cross linking agents. The 

intravascular delivery of the protein via hydro system 

that is photo polymerized in situ on the inner surface of 

blood vessel. The γ- radiation are producing deleterious 

effect on integrity of protein molecules one of the 

drawbacks of protein and peptide drug delivery systems. 

 

RECENT ADVANCES IN PROTEIN PEPTIDE 

DRUG DELIVERY 

System Biotechnology advancement has led to the 

production of proteins and peptides drug systems 

economically. Following are advances in protein peptide 

drug delivery system. 

 

1. Macroflux transdermal technology
[67]

 
Macroflux transdermal patch technology carries drugs 

along with proteins and peptides in a controlled fashion 

that brings comfort to the patient with efficiency. It 

integrates titanium micro projection and fixes it to a 

polymeric adhesive back. Micro capillaries absorb this 

drug for systemic distribution.  
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2. PEGylation
[68-72]

 
PEGylation is a Recent Advancement of Protein and 

Peptide Drug Delivery systems, PEGylation is a process 

of attaching the strands of the polymer PEG to most 

typical peptides fragments that can help to meet the 

protein and challenges of improving the safety and 

efficiency of many therapeutic macromolecules such as 

Protein and Peptides. It is widely used for the 

modification of proteins and peptides, antibody 

fragments and oligonucleotides. PEG are the Non-toxic. 

And non –immunogenic, it is having a specified 

Hydrophilicity and it is having high Flexibility. 

PEGylation is important to increases the Bioavailability, 

it is applicable for the optimized Pharmacokinetics, it is 

important for Decreasing Immunogenicity, It is 

important to Decreases the Frequency of administration. 

The PEGylation is important Mechanism for increasing 

the molecular weight of the molecules, it can increases 

the drug solubility and it is applicable for the protection 

against Proteolytic degradations, it is having an 

important mechanism to reducing the dosing frequency 

and maintain therapeutic activity. 

 

Table 4. Marketed Preparations and Applications of Pegylation. 

PEGylated interferon alpha -2a:                                        In Hepatitis B Treatment. 

PEGylated interferon alpha-2b:                                         In Hepatitis C Treatment. 

PEGylated liposome containing doxorubicin:                  In Cancer Treatment. 

 

3. Depo-Foam technology
[67]

 
A variety of categories of liposomal formulations have 

been developed as drug delivery carriers for control 

release of proteins and peptides. This technology can 

load high amount of drug with a higher recovery along 

with encapsulation efficiency. Injectable drugs are 

substituted for persistent drug release formulation; 

employed for smaller/ larger molecules. 

 

APPLICATIONS  

 CVS acting drugs protein and peptides (angiotensin 

2 antagonist, Bradykinin, Captopril) is important for 

the lowering blood pressure and improving and 

improving peripheral circulation for heart failure 

management.
[73]

 

 CNS active Protein and Peptides (Cholecystokinin, 

Β-endorphin) is important for the Suppressing 

appetite and Relieving pain.
[74]

 

 GI- active protein and peptides (gastrin antagonist, 

pancreatic enzymes) is important for the reducing 

the secretion of gastric acid and it is important for 

digestive supplement.
[73]

 

 Immunomodulation of the Protein and Peptides 

(Bursin, Cyclosporine, and Interferon) is important 

for Selective B-cell differentiating hormone Inhibits 

functions of T-lymphocyte Enhancing activity of 

killer cells.
[75]

 

 Metabolism modulating Protein and Peptides 

(Insulin, Vasopressin) is important for treating 

diabetes mellitus and treating diabetes insipidus.
[76]

 

 

COCLUSION 

The peptide and protein based pharmaceutical are rapidly 

becoming very important class of therapeutic agents and 

are likely to replace many existing organic based 

pharmaceuticals in the very near future. He peptide and 

protein drugs are the main stay in the therapy and 

diagnosis of diseases. Delivering proteins and peptides 

by the oral route is extremely challenging the very nature 

of digestive system is desired to break down these 

polypeptides into amino acids prior to absorption. Their 

need in the clinical & therapeutic regions has intensified 

the investigation for their convenient & effective 

delivery through noninvasive system. 

 

REFERENCES 

1. Chaudhari SP, Ratnaparkhi MP, Peptides and 

proteins in pharmaceuticals, International Journal of 

Current Pharmaceutical Research, 2011; 3: 1-9.  

2. Gary Gellerman, YosiGilad, Review Recent 

Innovations in Peptide Based Targeted Drug 

Delivery to Cancer Cells, Biomedicines, 2016; 4:    

2-24. 

3. Parkhi et al. peptides and proteins in pharmaceutical

s, Int J Curr Pharm Res, 2011; 3(2): 19. 

4. Carol S Lim, Benjamin J Bruno, Basics and recent 

advances in peptide and protein drug delivery, 

Therapeutic Delivery, PubMed, 2013; 4: 1443–1467. 

5. United States Dairy Export Council (1999) 

Reference Manual for U.S. Whey Products 2nd 

Edition.   

6. Walberg, J.L., Leidy, M.K., Sturgill, D.J., Hinkle, 

D.E., Ritchey, S.J. and Sebolt, D.R. Macronutrient 

content of hypoenergy diet affects nitrogen retention 

and muscle function in weight lifters. International 

Journal of Sports Medicine, 1988; 9: 261-266.  

7. Zieve, D. (2009, May 2). In Protein in diet: 

MedlinePlus Medical Encyclopedia. Retrieved June 

1, 2010, from http://www.nlm.nih.gov/ 

medlineplus/ency/article/002467.htm  

8. Centers for Disease Control and Prevention, (2009, 

Nov. 9). In Nutrition for Everyone: Basics: Protein. 

Retrieved June 1, 2010, from 

http://www.cdc.gov/nutrition/everyone/basics/protei

n.html  

9. Osterweil, N. (2004). In The Benefits of Protein. 

Retrieved June 1, 2010, from 

http://www.webmd.com/fitness-

exercise/guide/benefitsprotein  

10. Narashimhan B, Mallapragada SK and Peppas NA. 

Release kinetics, data interpretation. In: 

Encyclopedia of Controlled Drug Delivery. John 

Wiley and Sons, Inc, 1999; 921–935. 54.  

11. Higuchi T. Mechanism of sustained-action 

medication. J Pharm Sci., 1963; 52: 1145– 1149. 



Patil et al.                                                                        European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 8, Issue 3, 2021.           │          ISO 9001:2015 Certified Journal         │ 

 

400 

12. Maloney CM et al. The rectal administration of MS 

contin: clinical implications of use in end stage 

therapy cancer. Am. J. Hosp Care., 1989; 6(4):     

34-35.  

13. Batul N et al. Pharmacokinetics of two novel rectal 

controlled release morphine formulations. J. Pain 

Symptom Manage, 1992; 7(7): 400-405.  

14. Warren DE. Practical use of rectal medications in 

palliative care. J. Pain Symptom Manage, 1996; 

11(6): 378-387.   

15. Rui Zhao Yanyan Huang, Yulong Jin, A peptide-

based pHsensitive drug delivery system for targeted 

ablation of cancer cells, Chemical Communications, 

5, 2015, 1445414457. 5. Jain A, Gulbake A, Peptide 

and protein delivery using new drug delivery 

systems, Critical Reviews in Therapeutic Drug 

Carrier Systems, PubMed, 2013; 30: 293-329. 

16. Sarwar, G. The protein digestibility-corrected amino 

acid score method overestimates quality of proteins 

containing antinutritional factors and of poorly 

digestible proteins supplemented with limiting 

amino acids in rats. Journal of Nutrition, 1997; 127: 

758-764.  

17. Schaafsma, G. The protein digestibility-corrected 

amino acid score. Journal of Nutrition, 2000; 130: 

1865S-1867S.  

18. Sellmeyer, D.E., Stone, K.L., Sebastian, A. and 

Cummings, S.R. A high ratio of dietary animal to 

vegetable protein increases the rate of bone loss and 

risk of fracture in postmenopausal women. 

American Journal of Clinical Nutrition, 2001; 73: 

118-122. 

19. St. Jeor, S.T., Howard, B.V., Prewitt, E., Bovee, V., 

Bazzarre, T. and Eckel, R.H. A statement for 

healthcare professionals from the nutrition 

committee of the council onnutrition, physical 

activity, and metabolism of the American Heart 

Association. Circulation, 2001; 104: 1869-1874. 

20. Tarnopolsky, M.A., Atkinson, S.A., MacDougall, 

J.D., Chesley, A., Phillips, S.M. and Schwarcz, H. 

Evaluation of protein requirements for trained 

strength athletes. Journal of Applied Physiology, 

1992; 73: 1986-1995.  

21. Tarnolpolsky, M.A., MacDougall, J.D. and 

Atkinson, S.A. Influence of protein intake and 

training status on nitrogen balance and lean body 

mass. Journal of Applied Physiology, 1988; 64:   

187-193.  

22. Tikkanen, M.J., Wahala, K., Ojala, S., Vihma, V., 

and Adlecrerutz, H. Effect of soybean phytoestrogen 

intake on low density lipoprotein oxidation 

resistance. Proclamations of the National Academy 

of Science, 1998; 95: P3106-P3110. 

23. wok WY, Kiparisider C, Yuet P, Harris TJ and 

Goosen MFA. Mathematical modeling of protein 

diffusion in microcapsules: a comparison with 

experimental results. Can J Chem Eng 68, 1990.  

24. Carslaw HS and Jaeger JC. Conduction of Heat in 

Solids. Oxford: Clarendon Press, 1959. [23]. 

Okhamafe AO and Goosen MFA. Modulation of 

membrane permeability. In: Kuhtrelber WM, Lanza 

RP and Chick WL(Eds.). Cell Encapsulation 

Technology and Therapeutics. Birkhäuser Boston 

Inc, 53–62.  

25. Bummer PM, Koppenol S, Chemical and physical 

considerations in protein and peptide stability; In: 

Protein formulation and delivery, Drugs and the 

pharmaceutical sciences, McNallyEJ, Marcel 

Dekker, New York, 2000, 1999, 15-18. 

26. Chein YW. Novel drug delivery systems, second 

edition, 1992; 50: 637-679.  

27. Chien YW, Chang SF. Intranasal drug delivery for 

systemic medication. Crit. Rev. Ther. Drug. Carrier. 

Syst., 1987; 4: 67194.  

28. Banga AK, Chein YW. Systemic delivery of 

therapeutic peptides and proteins. Int. J. Pharm., 

1988; 48: 15-50.  

29. Wieriks J. Resorption of alpha amylase upon buccal 

application. Arch. Int. Pharmacodyn. Ther., 1964; 

151: 126-135.  

30. Tregear RT. The permeability of skin to albumin, 

dextrans and Polyvinylpyrrolidone. J. Invest. 

Dermatol, 1996; 46: 2427.  

31. Menasche. Pharmacological studies on elastin 

peptides (kappa-elastin). Blood clearance, 

percutaneous penetration and tissue distribution. 

Pathol. Biol., 1981; 29: 548-554.  

32. Brunette BR, Marreco D. Comparison between the 

iontophoretic and passive transport of thyrotropin 

releasing hormone across excised nude mouse skin. 

J Pharm. Sci., 1986; 75: 738743. 

33. Siddiqui O, Sun Y, Liu JC, Chein YW. Facilitated 

transdermal transport of insulin. J Pharm. Sci., 1987; 

76: 341-345. 

34. Okhamafe AO, Amsden B, Chu W and Goosen 

MFA. Madulation of protein release from chitosan-

alginate microcapsules using the pH-sensitive 

polymer hydroxypropyl methylcellulose acetate 

succinate. J Microencapsul, 1996; 13: 497–508.  

35. C. O. Tacket, M. B. Sztein, S. S. Wasserman, G. 

Loson-sky and K. L. Kotloff, ―Phase 2 Clinical 

Trial of Attenu-ated Salmonella Enterica Serovar 

Typhi Oral Live Vector Vaccine CVD 908-htrA in 

U.S. Volunteers,‖ Infection and Immunity, 2000; 

68(3): 11961201. doi:10.1128/IAI.68.3.1196-

1201.2000   

36. G. P. Li, Z. G. Liu, B. Liao and N. S. Zhong, 

―Induction of Th1-Type Immune Response by 

Chitosan Nanoparti-cles Containing Plasmid DNA 

Encoding House Dust Mite Allergen Der p 2 for 

Oral Vaccination in Mice,‖ Cellular & Molecular 

Immunology, 2009; 6(1): 45-50. 

doi:10.1038/cmi.2009.6 

37. P.Muralidhar*, S.Babajan, E.Bhargav, C. Sowmya., 

Int. J. Pharm. Sci. Rev. Res., January - February 

2017; 42(1): Article No. 29, Pages: 169-178. 

38. Narasimha R. B et al / Int. J. of Pharmacy and 

Analytical Research, 2019; 8(1): 93-98. 



Patil et al.                                                                        European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 8, Issue 3, 2021.           │          ISO 9001:2015 Certified Journal         │ 

 

401 

39. PEVION, ―Virosomes Are the Only VLP 

Assembled in Vitro, Not by Host Cell,‖ 

http://www.pevion.com/index.php?page=723   

40. M. R. Kumar, U. Bakowsky and C. M. Lehr, 

―Preparation and Characterization of Cationic 

PLGA Nanospheres as DNA Carriers,‖ Biomaterials, 

2004; 25(10): 1771-1777. 

doi:10.1016/j.biomaterials.2003.08.069   

41. Y. Yue, F. Jin, R. Deng, J. Cai and Z. Dai, ―Revisit 

Com-plexation between DNA and 

Polyethylenimine—Effect of Length of Free 

Polycationic Chains on Gene Transfec-tion,‖ Journal 

of Controlled Release, 2011; 152(1): 143-151. 

doi:10.1016/j.jconrel.2011.03.020 

42. J. L. Italia, A. Sharp, K. C. Carter, P. Warn and M. 

N. V. R. Kumar, ―Peroral Amphotericin B Polymer 

Nanoparti-cles Lead to Comparable or Superior in 

Vivo Antifungal Activity to That of Intravenous 

Ambisome® or Fungizone™,‖ PLoS One, 2011; 

6(10): 8. doi:10.1371/journal.pone.0025744   

43. Vyas SP, Venugopalan P, Sood A, Mysore N. Some 

approaches to improve the bioavailability of 

peptides and proteins through oral and other 

mucosal routes, 1997; 52: 339-45. 

44. R. Rupp, S. L. Rosenthal and L. R. Stanberry, 

―VivaGel (SPL7013 Gel): A Candidate 

Dendrimer—Microbicide for the Prevention of HIV 

and HSV Infection,‖ Interna-tional Journal of 

Nanomedicine, 2007; 2(4): 561-566. 

45. C. S. Maia, W. Mehnert and M. Schäfer-Korting, 

―Solid lipid Nanoparticles as Drug Carriers for 

Topical Glucocorticoids, ‖ International Journal of 

Pharmaceutics, 2000; 196(2): 165-167. 

doi:10.1016/S0378-5173(99)00413-5  

46. H. Chen, X. Chang, D. Du, W. Liu and J. Liu, 

―Podo-phyllotoxin-Loaded Solid Lipid 

Nanoparticles for Epi-dermal Targeting, ‖ Journal of 

Controlled Release, 2006; 110(2): 296-306. 

doi:10.1016/j.jconrel.2005.09.052  

47. M. Rother, E. J. Seidel, P. M. Clarkson, S. 

Mazgareanu and U. Vierl, ―Efficacy of 

Epicutaneous Diractin (ketoprofen in Transfersome 

gel) for the Treatment of Pain Related to Eccentric 

Muscle Contractions, ‖ Journal of Drug Design, 

Development and Therapy, 2009; 3: 143-149.  

48. A. Rolland, N. Wagner, A. Chatelus, B. Shroot and 

H. Schaefer, ―Site-Specific Drug Delivery to 

Pilosebaceous Structures Using Polymeric 

Microspheres, ‖ Pharmaceu-tical Research, 1993; 

10(12): 1738-1744. doi:10.1023/A:1018922114398  

49. B. Mahe, A. Vogt, C. Liard, D. Duffy and V. 

Abadie, ―Nanoparticle-Based Targeting of Vaccine 

Compounds to Skin Antigen-Presenting Cells by 

Hair Follicles and Their Transport in Mice, ‖ Journal 

of Investigative Dermatology, 2009; 129(5):        

1156-1164. doi:10.1038/jid.2008.356   

50. Vogt, B. Combadiere, S. Hadam, K. M. Stieler and 

J. Lademann, ―40 nm, but not 750 or 1500 nm, 

Nanoparticles Enter Epidermal CD1a+ Cells after 

Transcutaneous Application on Human Skin, ‖ 

Journal of Investigative Dermatology, 2006; 126(6): 

13161322. doi:10.1038/sj.jid.5700226 

51. Wolf M, Ransberger K. Enzyme-therapy. Vantage 

Press, 1972.  

52. Holcenberg JS, Roberts J. (ed.) Enzymes as Drugs, 

Wiley, 1981.  

53. Torchilin VP. (ed.) Immobilized Enzymes in 

Medicine, Springer-Verlag, 1991.  

54. Froidevaux S, Eberle A N. Somatostatin analogs 

andradiopeptides in cancer therapy. Biopolym, 

2002; 66: 161–183.  

55. Baselga J, Albanell J. Mechanism of action of anti-

HER2monoclonal antibodies. Ann. Oncol, 2001; 

12(1): S35–S41.  

56. Marshall H. Anti-CD20 antibody therapy is highly 

effective in thetreatment of follicular lymphoma. 

Trends Immun, 2001; 22: 183–184.  

57. Varga CM. Receptor-mediated targeting of gene 

deliveryvectors: insights from molecular 

mechanisms for improved vehicle design. 

Biotechnol. Bioeng, 2000; 70: 593–605. 

58. F. F. Larese, F. D'Agostin, M. Crosera, G. Adami 

and N. Renzi, ―Human Skin Penetration of Silver 

Nanoparticles through Intact and Damaged Skin,‖ 

Toxicology, 2009; 255(1-2): 33-37. 

doi:10.1016/j.tox.2008.09.025   

59. H. Maeda, J. Wu, T. Sawa, Y. Matsumura and K. 

Hori, ―Tumor Vascular Permeability and the EPR 

Effect in Macromolecular Therapeutics: A Review,‖ 

Journal of Controlled Release, 2000; 65(1-2): 271-

284. doi:10.1016/S0168-3659(99)00248-5 

60. H. Sarin, ―Recent Progress towards Development 

of Ef-fective Systemic Chemotherapy for the 

Treatment of Ma-lignant Brain Tumors,‖ Journal of 

Translational Medi-cine, 2009; 7: 77. 

doi:10.1186/1479-5876-7-77 

61. S. Maia, W. Mehnert and M. Schäfer-Korting, 

―Solid lipid Nanoparticles as Drug Carriers for 

Topical Glucocorticoids, ‖ International Journal of 

Pharmaceutics, 2000; 196(2): 165-167. 

doi:10.1016/S0378-5173(99)00413-5  

62. H. Chen, X. Chang, D. Du, W. Liu and J. Liu, 

―Podo-phyllotoxin-Loaded Solid Lipid 

Nanoparticles for Epi-dermal Targeting, ‖ Journal of 

Controlled Release, 2006; 110(2): 296-306. 

doi:10.1016/j.jconrel.2005.09.052  

63. M. Rother, E. J. Seidel, P. M. Clarkson, S. 

Mazgareanu and U. Vierl, ―Efficacy of 

Epicutaneous Diractin (ketoprofen in Transfersome 

gel) for the Treatment of Pain Related to Eccentric 

Muscle Contractions, ‖ Journal of Drug Design, 

Development and Therapy, 2009; 3: 143-149.  

64. A. Rolland, N. Wagner, A. Chatelus, B. Shroot and 

H. Schaefer, ―Site-Specific Drug Delivery to 

Pilosebaceous Structures Using Polymeric 

Microspheres, ‖ Pharmaceu-tical Research, 1993; 

10(12): 1738-1744. doi:10.1023/A:1018922114398  

65. B. Mahe, A. Vogt, C. Liard, D. Duffy and V. 

Abadie, ―Nanoparticle-Based Targeting of Vaccine 

Compounds to Skin Antigen-Presenting Cells by 



Patil et al.                                                                        European Journal of Biomedical and Pharmaceutical Sciences 

  

 

www.ejbps.com            │         Vol 8, Issue 3, 2021.           │          ISO 9001:2015 Certified Journal         │ 

 

402 

Hair Follicles and Their Transport in Mice, ‖ Journal 

of Investigative Dermatology, 2009; 129(5):        

1156-1164. doi:10.1038/jid.2008.356  

66. Vogt, B. Combadiere, S. Hadam, K. M. Stieler and 

J. Lademann, ―40 nm, but not 750 or 1500 nm, 

Nanoparticles Enter Epidermal CD1a+ Cells after 

Transcutaneous Application on Human Skin, ‖ 

Journal of Investigative Dermatology, 2006; 126(6): 

13161322. doi:10.1038/sj.jid.5700226 

67. Saima Naz*, Saba Saeed, Mavra Irfan et al., P J M 

H S, APR – JUN 2020; 14(2): 257-263. 

68. Engerman R, Bloodworth JM, Nelson S. Diabetes, 

1977; 26: 760-769.   

69. Engerman R, Kern TS. Diabetes, 1987; 36: 

8088812.   

70. Wildmg R, Coupe AJ, Davis SS. Adv Drug Deliv 

Rev., 1991; 7: 87-117.   

71. Atchison JA, Grizzle WE, Pillion DJ. J Pharmacol 

Exp Ther., 1989; 248: 567-572.   

72. Manosroi KH Batter. Drug Dev Ind Pharm, 1990; 

I6: 1521-1538.  89 

73. National Diabetes Data Group, Diabetes in America: 

Diabetes Data Compiled 1984. Bethesda Md. NIH., 

1985; 85: 146X. 

74. Calceti, P. et al. Development and in vivo evaluation 

of an oral insulin-PEG delivery system. Eur. J. 

Pharm. Sci., 2004; 22: 315–323. 

75. Wang, J. et al. Reversible lipidization for the oral 

delivery of salmon calcitonin. J. Control. Release, 

2003; 26: 369–380.  

76. Kipnes, M. et al. Control of postprandial plasma 

glucose by an oral insulin product (HIM2) in 

patients with type 2 diabetes. Diabetes Care, 2003; 

26: 421–426. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


