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ABSTRACT 

Patients usually choose to take medicines orally due to its convenience. 

Currently, oral administration of biologics is not possible. The 

gastrointestinal tract performs various activities in the body, which 

provide challenges for the absorption of complex macromolecules 

ingested into the body. Biologics are highly susceptible to the harsh 

conditions of the digestive system and face significant barriers in 

traversing the intestinal mucosa. Currently, biologics provide 

significant promise in the treatment of metabolic illnesses, aging, and 

inflammatory disorders. Administering these medications orally has 

long been recognized as a crucial objective for chronic disorders. 

Despite extensive research conducted over numerous years, the 

administration of biologics through oral means is only now beginning 

to demonstrate its feasibility. There has been significant discussion 

over the challenges associated with the administration of biologics. An important function of 

the intestine is to prevent the passage of undesirable substances through it. Nevertheless, on a 

daily basis, various quantities of biological agents, ranging from macroscopic to microscopic, 

traverse the intestinal cell membrane. This paper initially discusses the primary physiological 

challenges associated with administering biologics orally, as well as several research 

strategies aimed at improving or enabling oral delivery of biologics. Additionally, it explores 

the normal functioning of the gastrointestinal tract. Subsequently, the document enumerates 

the primary biological mechanisms that have been effectively employed thus far to 

accomplish oral absorption, along by a thorough examination of the advantages and 
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disadvantages associated with each approach. The text provides many instances of distinct 

biologics employed, along with pertinent information regarding the outcomes of recent 

clinical studies. Additionally, it explores the potential applications of these biologics in real-

world scenarios and speculates on the future prospects of this sector. 

 

KEYWORD: Oral delivery, biologics, absorption enhancers, gastrointestinal barriers, 

insulin, microneedle pill, intestine, receptor-mediated uptake, paracellular transport, 

transcellular transport. 

 

INTRODUCTION
[1,19]

 

Biologics — medicines that include products from living organisms, like recombinant 

proteins, peptides, and vaccines, have changed the way many diseases are treated, including 

cancer, rheumatoid arthritis, and inflammatory bowel disease (IBD). They have been used in 

medicine for a long time—almost 100 years in the case of insulin—but their creation and use 

have grown a lot in the last twenty years. This is because of progress in biotechnology and a 

better understanding of how biology and disease work. It was found that seven of the ten 

best-selling drugs in the world in 2023 were biologics. 

 

Biologics are not the same as "conventional" drugs made from chemicals in a lot of ways that 

affect how they are made, how they are given, how well they work in the body, and how 

much they cost. Small-molecule drugs, like aspirin, have a much lower molecular weight than 

biotherapeutics. They also have a structure that is naturally not uniform. Because biologics 

are made up of large, complicated molecules, they are very sensitive to the physical and 

chemical conditions in the gut (GI) tract. Because of this sensitivity, biologics are mostly 

given by injection at this point. 

 

On the other hand, oral administration is the most convenient and preferred method of drug 

administration. If you take insulin by oral instead of injecting it, it has some extra benefits. 

For example, insulin taken by oral works more like insulin produced by your pancreas, which 

lowers insulin levels in your body and reduces the risk of hypoglycemia and weight gain 

problems. In addition, oral administration of insulin also reduces cost and needle-related 

complications. 

 

This review specifically examines the intestine as the location where activity and absorption 

occur. Administration through the "oral route" is understood as the process of ingesting 
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something, which then travels through the esophagus and stomach before reaching the 

intestinal tract, where it exerts its effects. The process of traversing the stomach can be easily 

accomplished by employing pharmaceutical coatings, known as 'enteric coatings'. These 

coatings consist of polymer films that are applied to the exterior of a capsule, tablet, or pellet. 

They are designed to resist breakdown when exposed to the acidic environment of the 

stomach, but dissolve when they encounter the higher pH environment of the intestinal 

lumen. Companies such as Capsugel, ACG, and Gelita have recently developed capsules that 

possess these qualities without the need for coatings. It is noteworthy that humans have a 

greater ability to protect themselves against stomach acidity compared to animals. This is 

because the difference between the acidity levels in the stomach (ranging from 1 to 3) and the 

acidity levels in the intestines (5 and above) is larger in humans than in other mammals, 

including primates. In normal situations, the stomach pH of these mammals often reaches 5 

or higher. 

 

PHYSIOLOGICAL BARRIERS TO ORAL DELIVERY OF BIOLOGICS
[1,19]

 

An important obstacle to successfully delivering biologics through the oral is overcoming the 

various natural barriers in the gastrointestinal tract (GIT). These barriers are specifically 

designed to prevent the absorption of foreign substances, such as harmful pathogens or their 

byproducts, from the external environment. 

 

One significant obstacle is the breakdown of proteins into individual amino acids, dipeptides, 

and tripeptides due to changes in pH. The biochemical barriers consist of proteolytic enzymes 

present in the gut lumen (such as pepsin, trypsin, and chymotrypsin), proteolytic enzymes 

located at the brush border membrane (known as endopeptidases), and an efflux pump. P-

glycoprotein. 

 

Upon oral ingestion, the uptake of biologics into the bloodstream is restricted by many 

physiological obstacles, such as gastric acid and enzymes (not depicted). In addition, mucus 

impedes the dispersion of large molecules. Hydrophilic macromolecules typically cannot pass 

through the intestinal epithelium. The presence of the extracellular matrix-based basement 

membrane and capillary endothelium can create additional obstacles for the absorption of 

biologics in the intestines. 

 

However, the primary obstacle that significantly hinders the uptake of biologics is the 

intestinal epithelium. The cells of this structure are organized in a manner that creates a 
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nearly unbroken cell membrane barrier facing the lumen, despite being just one cell layer 

thick. In addition, the mucus layer, which has different thicknesses in different parts of the 

digestive tract, can also function as a barrier, impeding the movement of biologics towards 

the underlying epithelium. Basement membranes, positioned as delicate and specialized 

sheets of extracellular matrix between the epithelia and connective tissue, might impede the 

infiltration of macromolecules into the area beneath the epithelium, hence restricting systemic 

absorption. These variables greatly contribute to the oral bioavailability of 

biopharmaceuticals being less than 1%. 

 

STRATEGIES FOR ENHANCING ORAL DELIVERY OF BIOLOGICS
[1,19] 

Protect the biologic from acid and enzymatic degradation 

A method that can increase the bioavailability of biologic medications is minimizing acid 

degradation. Delivery within enteric-coated systems, which are widely used in clinical 

practice, can accomplish this. 

 

Concomitant administration of protein and peptide medications alongside protease inhibitors 

can shield biotherapeutics from the proteolytic enzymes found in the gut environment. It is 

feasible to alter the chemical compositions of certain biologics, specifically peptides, to 

enhance their stability in gastrointestinal fluids.  

 

Certain biologics exhibit greater inherent physicochemical stability against enzymatic 

breakdown in the gastrointestinal tract (GIT) and may have the potential for oral 

administration. Examples encompass antibody fragments generated from sharks and llamas, 

with particular focus on the latter for their potential use as oral delivery anti-tumour necrosis 

factor-alpha biologics in the treatment of inflammatory bowel disease (IBD). 

 

It is vital to emphasize that safeguarding the biologic medicine against acid and enzymatic 

degradation is a crucial necessity. Therefore, any approaches aimed at enhancing the oral 

administration of biologics, as described below, must also fulfill this criterion. 

 

Increase the contact time of the biologic with the absorptive epithelium 

The objective of this method is to hinder the loss of the drug within the intestines and deliver 

it in concentrated form to the absorptive epithelium, considering the length of the intestines. 

 

Mucoadhesive materials are generally polymers that can interact with mucus through both 

ionic and non-ionic interactions. These interactions can extend the amount of time that 
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medicine stays at the absorption site, resulting in improved absorption. Natural mucoadhesive 

polymers encompass chitosan, pectin, gelatine, sodium alginate, guar gum, and xanthan gum. 

On the other hand, synthetic mucoadhesive polymers consist of cellulose derivatives, 

poly(acrylic acid) polymers, poly(ethylene glycol), poly(ethylene oxide), poly(vinyl 

pyrrolidone), and poly(vinyl alcohol). Several of these materials have been examined for the 

purpose of administering biologics orally, yielding diverse outcomes. 

 

The mucoadhesive 'transdermal patch-like' approach enhances the oral administration of the 

therapeutic polypeptide, salmon calcitonin (sCT), by utilizing mucoadhesive polymers - 

carbopol 934, pectin, and sodium carboxymethylcellulose - delivered through gastro-resistant 

hard gelatin capsules. This technique has shown a substantial improvement in the absorption 

of intestinal sCT in living organisms. Gupta et al. have examined analogous mucoadhesive 

patches for the oral administration of exenatide and insulin. Implantation of these devices in 

the rat jejunum led to a 42% reduction in blood glucose levels, whereas the control group 

treated with insulin solution did not exhibit any such impact. The relative bioavailability of 

insulin and exenatide exhibited a significant increase as compared to intestinal injections, 

with a 13-fold and 80-fold increase, respectively.  

 

Although mucoadhesive systems have shown promise in facilitating the oral administration 

of biologics in laboratory and live animal experiments, there are certain obstacles that need to 

be addressed. One of the main issues is the limited effectiveness, especially when dealing 

with bigger biologics such as monoclonal antibodies. Mere extension of the duration that the 

biotherapeutic remains at the absorptive surface may not be enough to generate a meaningful 

enhancement of bioavailability in clinical terms. This may be comprehended due to the 

restricted capacity of hydrophilic medicines, which have a molecular weight significantly 

above 500 Daltons, to pass through the intestinal epithelium. The impact of intestinal mucus 

turnover on the functioning of these systems is uncertain. Moreover, there could be possible 

challenges in implementing such systems in disorders linked to mucus abnormalities, such as 

Inflammatory Bowel Disease (IBD). 

 

Make the mucosal barrier more permeable 

The following tactics are frequently studied to enhance the oral bioavailability of biologics, 

as they can modify both the intestinal mucus barrier and the epithelial barrier. 
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Enhancing the permeability of the mucus barrier can be achieved by employing mucolytic 

drugs, such as N-acetylcysteine, which have the ability to break down mucus. This can lead 

to an improvement in the dispersion of large molecule biologics. Nevertheless, as the 

epithelium is normally the primary limiting factor, rather than the mucus, it is generally more 

beneficial to modify the former. Chemical absorption enhancers, such as surfactants and other 

substances, can modify the epithelial barrier by opening tight junctions in the epithelium. 

 

SURFACTANTS
[1,19]

 

These substances possess both a water-attracting and water-repelling component, allowing 

them to adhere to the boundaries of a system and modify the energy and tension at these 

boundaries. This leads to the fluidization of the plasma membrane of the intestinal 

epithelium, as well as the temporary opening of tight junctions in the epithelium, so enabling 

the passage of large molecules. 

 

The primary contenders being employed in the advancement of oral peptide formulations are 

surfactants derived from medium-chain fatty acids (such as sodium caprate, sodium 

caprylate, and N-[8-(2-hydroxybenzoyl)amino]caprylate [SNAC]), bile salts, and 

acylcarnitines. Current clinical trials are evaluating technologies like as the 'gastro-intestinal 

permeating technology' and the 'eligen' technology, both developed by Novo Nordisk, which 

make use of these materials. A recent report indicated that a formulation of SNAC was used 

to orally administer semaglutide, a long-acting GLP-1 analogue developed by Novo Nordisk, 

for the treatment of type 2 diabetes mellitus. This formulation successfully completed the first 

phase IIIa trial. The trial, consisting of 703 participants, successfully met its main goal by 

showing significant enhancements in HbA1c levels for three different dosages of orally-

administered semaglutide (3mg, 7mg, and 14mg) as compared to a placebo. Furthermore, 

high-dose SNAC-containing vitamin B12 tablets are currently available in the market. 

 

The efficacy of Mycapssa (Chiasma) capsules is currently being evaluated in three worldwide 

phase III trials, showing promising prospects. Chiasma, an Israeli biopharmaceutical 

business, created the 'transient permeability enhancer' (TPE) technology that is currently 

employed in the Mycapssa capsule formulations. These capsules are used for the maintenance 

therapy of adult patients with acromegaly. The active ingredient in this formulation is the 

peptide octreotide, which is an analogue of somatostatin. The utilization of TPE technology 

can increase the oral bioavailability of octreotide due to the synergistic effect of 



www.wjpr.net      │     Vol 13, Issue 3, 2024.      │     ISO 9001:2015 Certified Journal        │ 

 

 

 

Darji et al.                                                                           World Journal of Pharmaceutical Research 

 

 

1223 

pharmaceutical excipients. This combination forms an emulsion of hydrophilic particles in a 

hydrophobic matrix. 

 

Octreotide, along with sodium caprylate and other additives, is dissolved in the hydrophilic 

component. The surfactants used in this formulation induce the transient widening of tight 

junctions, enabling the medication, which is shielded from digestive enzymes, to penetrate 

the intestinal epithelial membrane and enter the circulation. 

 

TIGHT JUNCTION-OPENING PERMEATION ENHANCERS
[22]

 

Numerous substances with the ability to disrupt epithelial tight junctions, such as surfactants, 

have been discovered through extensive study conducted over several decades. Epithelial 

tight junction-opening is a promising strategy to enhance the permeability of the intestinal 

epithelium. This allows the medicine to bypass the epithelial cells and instead be absorbed in 

a cytoplasmic milieu that is rich in enzymes. 

 

The procedure entails expanding the gap between neighboring epithelial cells (known as the 

paracellular space), which is typically too narrow to contain biologics. Nevertheless, it is 

crucial for tight junction-opening to be reversible in order to preserve the epithelium's 

physiological function as a secure barrier. Chitosans are the chemicals that have been 

extensively studied for their ability to reversibly open epithelial tight junctions, however 

there are other materials that have also demonstrated this property. These substances are 

obtained from the organic compound chitin, which is present in the cellular structures of 

fungi and the outer coverings of arthropods, including crustaceans and insects. Multiple 

iterations of chitosans have been examined; yet, similar to other substances that promote 

permeation, the lasting consequences of repeatedly opening tight junctions in the intestinal 

epithelium remain uncertain and necessitate additional investigation. 

 

It is important to acknowledge that drug delivery methods that utilize chemicals to alter the 

mucosal barrier, namely absorption enhancers like surfactants and tight junction-opening 

agents, depend on the concentration-dependent impact on the permeability of the barrier. 

Hence, the clinical significance of this approach may pertain to the possible variations in 

absorption due to fasting or eating, as well as the amount of water used when swallowing 

solid medications. Furthermore, the lasting consequences of repeatedly changing the 

permeability of the gastrointestinal tract (GIT) are currently uncertain and necessitate 

thorough assessment. 
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Make the biologic drug or drug delivery system more permeable 

By employing chemical modification, it is feasible to modify the structure of the biologic in 

order to enhance its ability to permeate epithelial barriers. Additionally, it is feasible to 

enhance the biotherapeutic's capacity to traverse the intestinal epithelium by conjugating it 

with another molecule that possesses this capability. Usually, this substance that facilitates 

transportation moves through the layer of cells lining the intestines by binding to a particular 

receptor found in those cells. The two entities can be linked together either by chemical 

conjugation or through fusion technologies facilitated by biotechnology. Transport-enabling 

molecules encompass peptides or proteins that exploit biological transport mechanisms to 

traverse the epithelium. 

 

Researchers have not only modified the biologic to enhance its ability to pass the intestinal 

barrier, but they have also integrated biotherapeutics into drug carrier systems capable of 

traversing the intestinal barrier. Biological carriers used for this purpose are usually in the 

nanometer range and are made of biodegradable polymeric nanoparticles, which offer several 

benefits. For instance, several nanoparticles provide safeguarding for the medicinal medicine 

against the acidic environment and enzymes found in the gastrointestinal tract (GIT). 

Furthermore, the precise administration of drugs can be accomplished by targeting specific 

receptors present on the outer layer of intestinal epithelial cells. Similarly to large molecule 

biologics, nanoparticle carriers are generally not efficiently absorbed by the intestinal 

mucosa. Nanoparticles have limited diffusion within the intestinal mucus and lack the ability 

to traverse the intestinal epithelium. Nanoparticle-based drug carriers for oral delivery of 

biologics are designed with unique surface materials that function as ligands for biological 

transport receptors found in intestinal epithelial cells. Various research groups have 

investigated delivery strategies, such as nanoparticles that utilize the intestinal epithelial 

transport channels of immunoglobulin G (IgG) and vitamin B12. 

 

Although nanomedicine-based solutions show promise and offer prospective benefits during 

preclinical research, their advancement is hindered by various challenges: 

1. Nanoparticle carriers may have limited capacity to hold therapeutic substances, especially 

larger biologics like monoclonal antibodies.  

2. The ability of these systems to deliver substances may be hindered by the low transport 

capacity of the biological pathways they utilize.  
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3. The intricate nanocarriers may experience significant degradation or modification in the 

gastrointestinal tract, particularly in the presence of highly complex intestinal biofluid. The 

primary concern lies in the attachment or adsorption of substances that are often found in the 

intestinal biofluid, such as peptides and proteins, onto the surface of nanocarriers. This 

interaction affects the nanocarriers' capacity to effectively target biological receptors and 

utilize these systems for transporting substances across the epithelial barrier. 

 

Overcome the mucosal barrier using smart ingestible devices 

Furthermore, ingestible 'smart' devices not only shield therapeutic substances from the 

adverse conditions of the gastrointestinal tract (GIT), but also improve the absorption of 

biologics in the intestines using various methods such as ultrasound and microneedles. Rani 

Therapeutics, a business based in the United States, is currently developing the microneedle 

oral delivery technology. According to the company, the ongoing preclinical research has 

yielded promising outcomes. 

 

The technology utilizes a specially engineered capsule that remains intact within the stomach. 

Once it reaches the small intestine, the capsule administers the drug by injecting it into the 

wall of the intestine (see to Figure 1). The absence of pain receptors in the intestinal mucosa 

makes this method painless. Furthermore, it has demonstrated remarkable insulin 

bioavailability, which is comparable to or even superior than subcutaneous injections. This 

method offers the benefit of delivering not only low-to-medium molecular weight biologics 

but also bigger biologics, including antibodies. 

 

The capsules are originally covered with a pH-responsive coating to facilitate swallowing. 

Once the tablet has reached the intended place in the gastrointestinal tract (GIT), the coating 

disintegrates, thereby releasing the microneedles. In systems including hollow microneedles, 

the drug reservoir undergoes compression by peristalsis, resulting in the release of the drug 

through the needles. In systems employing solid microneedles, the medicine is incorporated 

into the microneedles themselves. These microneedles pierce the tissue and detach from the 

pill, allowing the needle to gradually release the drug in a regulated manner, determined by 

the composition of the needle. Following the release of the medicine, the microneedles 

remain firmly embedded in the gastrointestinal tissue until they undergo biodegradation. 
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Fig. 1: Therapeutic use concept of hollow and solid microneedle pills in the 

gastrointestinal tract. 

 

Potential for clinical translation of oral biologics delivery strategies 

Oral delivery devices for biologics are displaying considerable promise, while research in this 

field is still in its early stages. Although several medication delivery techniques mentioned 

earlier have demonstrated promising outcomes and potential in both in vivo and in vitro 

settings, their application in patients has not been implemented yet. Regrettably, the 

administration methods mentioned before frequently prioritize either safety or efficacy, 

making it improbable for these tactics to advance to the clinical stage. Moreover, it is widely 

recognized that the permeation enhancers utilized in current oral peptide clinical trials are 

responsible for causing harm to the epithelial lining of the small intestine. While tissue 

damage is typically transient and fixable, it is uncertain if persistent administration of these 

absorption enhancers could override the body's repair systems. 

 

An alternate approach that could enhance the intestinal absorption of biologics by utilizing 

biological transport systems to achieve delivery without causing tissue damage may offer 

increased safety. However, it is important to note that these methods may have limited 

capacity and may be most effective for highly potent biologics. These gadgets must 

convincingly prove their safety when used multiple times in humans; it appears that their 

effectiveness is not a concern. Moreover, the expenses associated with these technologies are 

now uncertain, but are expected to be substantial in the near-to-mid-term. Therefore, it is 

crucial to meticulously evaluate the choice of the biologic, disease area, and patient group for 

the implementation of these drug delivery systems. 
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RECEPTOR-SPECIFIC APPROACHES—BIOLOGICAL METHODS OF ENTRY
[22,86]

 

This method involves harnessing the body's systems that facilitate the movement of certain 

molecules over the intestinal wall, but instead using them to transport a targeted therapeutic 

payload. 

 

Vitamin B12/Intrinsic Factor  

This serves as the quintessential model for the transportation of macromolecules across the 

gut through receptor-mediated mechanisms. In this case, enterocytes internalize intrinsic 

factor, a sizable protein. Therefore, the only requirement is to affix another protein to Vitamin 

B12, which already binds to intrinsic factor. All other components of the transcellular 

pathway should already be present. 

 

In the duodenum, intrinsic factor (IF) attaches to Vitamin B12 (also called cobalamin) and 

carries it to a receptor called cubilin on the membrane of epithelial cells in the ileum. Intrinsic 

factor is a protein with a molecular weight of around 60 kilodaltons. It is composed of alpha 

and beta domains that are connected by a flexible linker. IF forms a complex with cobalamin 

by sandwiching the vitamin between its two domains, resulting in the creation of a novel 

epitope that is recognized by cubilin. The mutated IF is internalized within the cell by its 

binding to cubilin, along with the membrane protein amnionless. Cobalamin possesses a 

greater quantity of functional groups that can be utilized for the conjugation of medicines and 

proteins. Although most of these components are concealed when the vitamin is trapped 

within the crevice between the alpha and beta domains, certain sections of the molecule 

remain visible in the IF/cobalamin complex. One notable exposed area is the nucleoside 

hydroxyl group, which allows for the attachment of biologics without disrupting the binding 

of cobalamin to IF or the binding of the IF/cobalamin complex to cubilin, and subsequent 

internalization. After being transported into the lysosomal vacuole, the intrinsic factor (IF) is 

broken down by cathepsin L, a cysteine protease that specifically targets aromatic residues. 

The degraded IF is then transferred to transcobalamin (TCII), which facilitates its exocytosis. 

Fortunately, the cobalamin has a binding mechanism to TCII that closely resembles that of IF. 

This allows agents to be linked to the cobalamin in a manner that does not disrupt the transfer 

process. It is important to note that the interior of the vacuole has a proteolytic environment. 

Therefore, it is necessary to ensure that the biological substance to be given is not vulnerable 

to the effects of cathepsins. Additionally, it is important to mention that once the vitamin 

enters the bloodstream, it remains attached to TCII. Therefore, it may be necessary to take 
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measures to separate the biological component from the cobalamin before the TCII is 

absorbed by its intended cell. 

 

The Russell-Jones group conducted significant research on utilizing Vitamin B12 transport 

for delivering biologics. They successfully proved the uptake of several compounds such as 

GCRF, EPO, and LHRH antagonists. However, it was evident that the system's capabilities 

were restricted due to the limited density of the cubilin receptor in the ileum. This density 

only allowed for the absorption of approximately 2 micrograms of Vitamin B12 each day. 

This is comparable to a maximum of 100 micrograms of peptide or protein, depending on its 

molecular weight. In order to address this issue, researchers examined the conjugation of 

Vitamin B12 to microparticles that encapsulate the protein of interest. This approach 

significantly increased the ratio of protein to ligand, while simultaneously providing 

protection against protease degradation in the intestinal lumen. Success was attained by 

utilizing insulin enclosed within dextran nanoparticles measuring 150-300 nm. In 

streptozotocin-treated rats, a minimum of 5 ug of insulin was absorbed from the 

gastrointestinal tract, resulting in a 70% decrease in plasma glucose levels. This outcome 

serves as evidence that the insulin was in a biologically active state. Although it shows 

promise as a delivery method, it is uncertain whether a cost-effective way to administer 

enough insulin can be achieved. While the overall bioavailability seems to be around 30%, 

there may be difficulties in manufacturing, especially in managing and understanding the 

chemical processes involved. This technique could be applied to peptides that are more potent 

than insulin, requiring fewer quantities for absorption, and where daily fluctuations in the 

quantity of Vitamin B12 receptors are not a concern. To obtain a comprehensive overview of 

the transportation of both small and large compounds using Vitamin B12, refer to the study 

conducted by Clardy et al. 

 

Biotin  

Another gastrointestinal receptor that has been identified as a potential pathway for delivering 

biologics is the receptor for biotin. Biotin, similar to Vitamin B12, is a necessary component 

for various biochemical activities in the body. However, mammals cannot produce biotin on 

their own, therefore they must obtain it from their diet or rely on commensal bacteria in the 

large intestine to produce it. Regardless of the situation, the receptor responsible is the 

sodium-dependent multivitamin transporter (SMVT), which is located in the apical 

membranes of enterocytes, as well as hepatocytes and other cell types. Geho et al. have 
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developed an insulin delivery system that utilizes biotin as a targeting agent. This system 

effectively transports insulin through the intestinal cell wall and specifically to the liver cells. 

The fundamental function of insulin in this context is to regulate glucose levels. The 

composition is a liposome-like particle, however it remains uncertain whether the insulin is 

enclosed within the phospholipid envelope or attached/cross-linked to its outside. Significant 

efficacy was observed in both animals and humans, indicating an uptake rate of 50% or 

higher. However, accurately determining the level of bioavailability is challenging due to the 

presence of chromium ions and biotin in the oral formulations used, in addition to insulin. 

Both chromium ions and biotin are known to enhance the effectiveness of insulin in 

regulating glucose. 

 

The specific process by which the insulin/biotin combination is taken up is challenging to 

comprehend. Unlike Vitamin B12, the conjugation of agents to biotin through its free 

carboxyl group actually hinders the binding and internalization of biotin by enterocytes. The 

uptake mechanism likely involves a generic process of vacuolation due to the crosslinking of 

the SMVT on the membrane. This is followed by exocytosis when the vacuole is transported 

across the enterocyte. The mechanism by which the insulin-coated particle engages with 

receptors on the hepatocytes' surface remains unknown. 

 

A more significant issue is that biotin not only targets hepatocytes, but also has a tendency to 

bind to tumors, especially to nascent tumor cells, due to the up-regulation of the biotin 

receptor in these cells. The potential promotion of cancer is a risk associated with targeting 

insulin, a well-established growth factor. This could explain why the promising results were 

not further pursued. To mitigate this potential issue, it would be necessary to develop a 

method that facilitates the swift separation of the carrier molecule from biotin in the 

bloodstream. However, it is possible that the current approach may have usefulness in 

delivering other substances orally, specifically cancer treatments targeted at the liver. 

Furthermore, it is important to mention that the SMVT receptor, apart from biotin, can also 

function as a carrier for other lipidic substances including pantothenic acid and lipoic acid. 

Consequently, it is plausible to consider these molecules as potential targeted ligands for 

traversing the intestinal barrier. 

 

Bile Salts  

Unlike biotin and Vitamin B12, the transportation of bile salts across enterocytes is a constant 

and rapid process. An adult typically absorbs an average of 18–20 grams each day. The 
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absorption primarily takes place in the ileum as part of the enterohepatic recycling process. In 

this process, bile salts, which have completed their role of dissolving fats and lipids in the 

diet, are transported across the intestinal wall into the portal system. From there, they quickly 

enter the liver and are directed to the gall bladder for subsequent release into the intestine. 

This aids in the next cycle of the digestion process. 

 

The Apical Sodium-dependent Bile acid Transporter (ASBT) is the receptor located on the 

upper surface of enterocytes, responsible for binding bile acids. On the other hand, the 

secretion of bile salts occurs at the lower surface of enterocytes through the action of OST. 

ASBT exhibits a wide range of selectivity towards commonly found bile salts. It seems that 

tiny medication molecules can be attached to either the 3-OH position or the carboxyl group 

at C-24 without compromising their ability to bind or be taken up. This also applies to 

peptides, as long as they are extremely short and lipidic. Typically, bigger peptides that have a 

greater affinity for the receptor are not internalized, despite their ability to bind to it. It is 

possible to hypothesize that the absorption of bile salt occurs through a mechanism called 

flip-flop, where it moves across the membrane, rather than through vacuolation like Vitamin 

B12. This process is hindered by the steric hindrance caused by conjugation with big 

molecules. Morrison et al. demonstrated successful absorption of a long peptide by attaching 

gastrin-34 to cholic acid at the C24 position using an amide linkage. They also observed the 

peptide's biological activity in rats in vivo. The peptide dosage was significantly elevated, 

although it remains uncertain if the percentage of uptake was adequate to provide a 

commercially feasible product. 

 

One further concern that must be resolved is the quick separation of the bile salt from the 

peptide. This is necessary because ASBT is also present on hepatocytes, which could cause 

the peptide to be redirected to the gall bladder if the two substances are not separated. 

 

Transferrin  

Transferrin is a high molecular weight glycoprotein (with a molecular weight of 79.5 kD) that 

is taken up by several types of cells by receptor-mediated endocytosis. This mechanism helps 

in the absorption of iron into tissues, where it is utilized for intra-cellular metabolic reactions. 

Transferrin receptors, including TfR1 and TfR2, serve as two distinct types of receptors for 

transferrin. TfR1 has high affinity, while TfR2 has low affinity. Researchers have utilized 

transferrin fusion proteins to specifically target these receptors, aiming to facilitate the 

delivery of therapeutic biologicals into cells or across cell membranes. The receptors are 
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excessively expressed in specific types of tumor cells, and the receptor's capacity to facilitate 

the transportation of transferrin-antibody fusion proteins across the blood-brain barrier has 

been documented. 

 

There is a disagreement among researchers over the existence of transferrin receptors in the 

intestine. Some writers propose that these receptors are exclusively located on the basolateral 

surface of enterocytes, rather than the apical surface. In the case of inflammatory bowel 

disease (IBD), the receptor may undergo up-regulation or relocation. If transferrin does really 

have a function in the intestinal tissue, it appears that, unlike in other areas of the body, its 

activity is not related to the absorption of iron. Instead, it seems to assist in the regulation of 

immunological tolerance in the intestines. 

 

Transferrin, originally designed for a specific purpose in the intestine, has been examined as a 

potential vehicle for delivering therapeutic biological substances. This has been done by 

creating fusion proteins with insulin, pro-insulin, or human growth hormone (GH), all of 

which have been tested on rats. In the subsequent investigation, the growth hormone (GH) 

maintained its functionality in the fusion protein as long as it was connected to transferrin 

across a lengthy helical spacer consisting of 50 amino acids. Following oral treatment, 

hypophysectomised rats exhibited a slight increase in body weight, indicating that around 2% 

of the protein was absorbed into the bloodstream. The scientists hypothesized that the growth 

hormone was being degraded by intestinal proteases, specifically trypsin and chymotrypsin. 

They suggested that the presence of protease inhibitors could increase the levels of delivery 

of the growth hormone.  

 

Cholix Cholix is an exotoxin produced by Vibrio cholera that specifically attaches to the 

lectin mannose-binding protein 1 (LMAN-1) found on the outer layer of enterocytes. Applied 

Molecular Transport in the United States is actively promoting the use of Cholix to facilitate 

the absorption of siRNA and proteins. Translocation of fusion proteins containing a 

shortened, harmless segment of Cholix that maintains its ability to bind to ligands has been 

demonstrated to occur from the top to the bottom surface of cells via vesicles that contain 

Rab7+ and Rab11+. The transportation of hGH has been proven through histologic 

localization and the discovery of an increase in IGF-1 levels in hypophysectomized rats. 

However, there is currently little information available regarding the efficiency of uptake. 
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Immunoglobulin Fc  

The body contains many Fc receptors that primarily aid immune cells like B cells and 

dendritic cells in presenting antigens by attaching immunoglobulin molecules to their surface. 

The receptors are classified as members of the Ig superfamily and have a molecular weight 

ranging from 50 to 80 kD. In humans, the receptor for IgG is encoded by genes situated on 

chromosome 1. Another receptor for Fc exists, which mostly aids in the transportation of IgG 

between polarized cells, such as those found in the kidney, placenta, and intestines. The Fc 

receptor in question is distinct from other receptors, as it belongs to the MHC family. It has a 

molecular weight of 41 kD and is found on chromosome 19 in humans. The bacterium was 

initially obtained from the intestines of newborn rats, where it serves the purpose of 

transporting maternal IgG antibodies from the intestinal wall into the circulation. This is a 

crucial step in providing immunity to infants through the consumption of breast milk. The 

receptor was designated as the neonatal receptor (FcRn), despite its widespread presence in 

adult individuals. 

 

The FcRn is located in the apical membrane of enterocytes, where it is associated with beta-2 

microglobulin. Two FcRn molecules bind to the Fc part of IgG, causing it to be taken up into 

endocytic vesicles. These vesicles then carry the IgG to the basolateral surface. Under certain 

circumstances, IgG can move bidirectionally, resulting in a recycling mechanism where 

antigens in the gut lumen are transported to the lamina propria. This transfer aids in the 

development of a systemic immune response. The expression of the receptor on intestinal 

cells can be influenced by agents such as TNF alpha or gamma interferon, resulting in either 

an increase or decrease in its activity. However, the receptor is consistently present in 

significant amounts. In normal individuals, it is possible for milligram quantities of IgG to be 

transferred from the lumen within a day. 

 

Low et al. demonstrated the utilization of this receptor for transporting biologics by creating 

fusion proteins of the Fc segment with the alpha and beta chains of FSH. The absorption of 

biologically active protein into the bloodstream was evidenced by the observed rise in the 

weight of the ovaries/testes in rats, as well as the levels of inhibin in primates. The study did 

not provide information on the relative bioavailability. However, it did highlight a significant 

increase in the half-life of the FSH fusion protein compared to FSH alone. In rats, the half-

life of the fusion protein was 69 hours, whereas for FSH alone it was 11.4 hours. In primates, 

the half-life of the fusion protein was over 200 hours, whereas FSH alone had a half-life of 
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approximately 24 hours. The presence of FcRn in the kidney serves to inhibit the quick 

excretion of IgG into the urine, so maintaining its circulation within the bloodstream. This 

action is also seen in other proteins that include the Fc fragment. It provides an additional 

advantage of administering a biologic orally by utilizing FcRn as a transporter across the 

intestinal epithelium. 

 

It is important to note that FcRn possesses a specific location for interacting with albumin, 

enabling it to transport albumin fusion proteins in a similar manner as it does with Fc. These 

proteins would also gain advantages from the absorptive function of FcRn in the kidney, as it 

contributes to the extended lifespan of albumin in the bloodstream. Nevertheless, this 

technique has a drawback in that it results in an enlarged size of the biologic, a payload to 

carrier ratio of 1:1, and potential interference with the biologic's activity due to the direct 

fusion of the carrier (Fc or albumin). To address these limitations, researchers have explored 

the integration of biologics into nanoparticles. 

 

Two investigations have shown that biologics can be effectively delivered by using Fc-coated 

PLGA nanoparticles as encapsulation agents. Pridgen et al. examined the impact of insulin, 

whereas Shi and colleagues investigated the influence of exenatide in nanoparticles that 

closely resembled those used by Pridgen. Both groups observed decreases in blood glucose 

levels, suggesting that the proteins were fully absorbed, and the extent of the response was in 

line with an absorption rate of approximately 10%.  

 

Accurate comparisons were challenging due to the significant differences in the 

pharmacodynamics and pharmacokinetics of ingested particles and injected free protein in 

both cases. Shi's imaging data indicated that the presence of Fc coating on the particles 

resulted in a longer retention time in the intestine, ranging from approximately 6 to 12 hours, 

compared to 4 to 6 hours without the coating. The exact mechanism by which the particles 

were retained in the intestine is uncertain, but it is possible that they were either attached to 

the outer surface of the intestinal cells, held within the enterocytes, or trapped in the intestinal 

lymphatics. It is likely that a combination of these factors contributed to the observed 

retention. The small size of the particles (100 nm) renders it improbable for them to swiftly 

go into the portal vein. In contrast, the findings from Pridgen shown that the particles 

released 50% of their insulin within a time frame of less than two hours. Additionally, the 

particles exhibited a maximum decrease in glucose levels starting at 4 hours for exenatide and 

7-10 hours for insulin, compared to only 1 hour for either peptide when given intravenously. 
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This strategy appears to be a viable delivery mechanism for biological substances in general. 

However, it may not be the preferred route for delivering insulin, as it is crucial to prevent 

excessive amounts of insulin in the bloodstream and instead directly introduce it into the liver 

through the portal vein. 

 

NON-RECEPTOR-SPECIFIC CHEMICAL METHODS OF ENTRY
[22,86]

 

Numerous oral delivery systems have been developed that do not rely on specific interactions 

with membrane transport mechanisms. Instead, these systems affect the environment or cells 

(typically enterocytes) as a whole, causing significant changes that enable the passage of 

biologics through the intestinal barrier. Due to the ease of processing these compounds using 

conventional pharmaceutical methods, several of them have advanced to the final stages of 

clinical studies. 

 

Muco-Adhesion  

An approach that has been used is to utilize materials that do not directly interact with the 

cells of the intestine, but instead interact with the layer of mucus that covers the surface. The 

idea behind this approach is that by increasing the amount of time the drug stays in the 

intestine, especially near the gut wall, it allows more time for the drug to be released and 

diffuse through the mucus layer. This ultimately increases the concentration of the therapeutic 

agent that is available to cross the cellular barrier. 

 

Several diverse agents have been identified as potential muco-adhesins, which aligns with the 

complex characteristics of mucin. These characteristics include regions with high 

concentrations of negative charge, sugar residues, and hydrophobic regions. Shaikh et al. 

offer a comprehensive overview of the fundamental principles that govern muco-adhesive 

interactions. Chitosan, a cationic amino-saccharide polymer, is frequently employed as an 

adhesin. It has the ability to bind to surfaces that carry a negative charge. Additionally, 

chitosan can be prepared as carriers in the form of microparticles. However, it is important to 

exercise caution with this method because chitosan is recognized as an effective immune 

adjuvant. While this is not a problem when using small-molecule medications, it becomes an 

undesired characteristic when trying to deliver biologics. Many polysaccharides obtained 

from food have the property of being able to stick to mucus. The tomato lectin, which was 

initially suggested as a substance that can stick to the membranes of intestinal cells, also has 

the potential to attach to mucin. 
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The success of a calcium phosphate particle produced by Biolaxy is attributed to its muco-

adhesive qualities. The administration of insulin, enclosed within the particles, resulted in a 

decrease in glucose levels in patients with type II diabetes, indicating a biopotency ranging 

from 1% to 5%. 

 

Zhou et al. have recently devised a method to create nanoparticles using cysteine-derivatised 

alginate. The unbound sulfhydryl groups increase the ability to stick to mucin and 

subsequently aid in the opening of tight junctions through their effects on F-actin and ZO-1 

protein. The particles were employed to encapsulate insulin and glucose oxidase (GO), with 

the aim of achieving glucose-responsive release of insulin from the polymer by creating a 

low-oxygen environment through the action of GO in combination with 2-nitro-imidazole. 

Although a decrease in glucose levels was observed in diabetic rats following the oral 

administration of particles, it is important to note that a high dose of insulin (75 iu/kg) was 

used. Furthermore, it remains uncertain if the release of insulin in the body was responsive to 

changes in glucose levels. 

 

A key contradiction surrounding the muco-adhesive method for delivery of biologics is that 

muco-adhesins immobilise the vehicle on the upper surface of the mucin layer, keeping it 

away from the cell surface, rather than improving contact with the enterocytes. Under typical 

conditions, the unaided diffusion of big molecules across the mucus layer is highly restricted. 

Furthermore, the mucus layer consistently sheds mucin, along with the carrier, and is 

replenished by newly generated mucin from goblet cells. As a result, the planned retention at 

the surface of the intestinal wall may not be as long-lasting. To harness the beneficial muco-

adhesive qualities of compounds like the ones mentioned above, it is necessary to include 

them as supplementary components in formulations that utilize other processes to improve 

uptake. Illustrations of this phenomenon can be observed in the subsequent section. 

 

Paracellular Transport  

Paracellular transport involves the loosening of tight connections between enterocytes, 

enabling medicines to be transported through water channels that connect the lumenal and 

serosal compartments. Although certain agents, such as C perfringens toxin, have been 

mentioned earlier for their ability to open tight junctions by binding to claudin-9, there are 

numerous other agents that have been extensively studied and act in a less specific manner. 

Surfactants, for instance, can interact with phospholipid membranes, leading to increased 
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permeability. This interaction may potentially affect calcium levels in the cytoskeleton, 

thereby weakening the interaction between tight junction proteins. 

 

Oramed has completed several clinical trials using a formulation consisting of fish oils that 

contain highly unsaturated fatty acids with fluidizing properties. They claim that this 

formulation can effectively open tight junctions. The study demonstrated reductions in initial 

blood glucose levels in individuals with type 1 diabetes who were administered 8 mg of 

insulin three times daily. Ongoing research is being conducted to advance this formulation for 

commercialization in patients with type 2 diabetes. 

 

The abundance of highly unsaturated fatty acids may lead to stability concerns due to the 

potential for oxidation effects. Enclosing hydrophilic proteins within a hydrophobic oil phase 

is a difficult task, and the method used may resemble the one proposed by New et al. or Wang 

et al. If insulin remains bound to lipids during its journey to the bloodstream, there is a 

possibility that it will be retained in the lymphatic system and reach the peripheral circulation 

through the lumbar duct, instead of directly interacting with the liver. Chiasma has taken a 

similar strategy by incorporating the short peptide octreotide into an oily surfactant 

composition. Humans have exhibited biological activity, specifically a decrease in IGF-1 

levels, when given a high dosage of at least 40 mg per day. 

 

Several alternative compositions using surfactants as primary constituents have been 

evaluation in clinical trials. Sodium caprate has long been recognized as a substance that 

improves permeability. It was included in the initial oral insulin formulation created by 

Merrion and showed significant results in trials involving type 2 diabetes individuals 

conducted by Novo Nordisk. Despite the trial yielding favorable results, Novo's oral insulin 

program was ultimately terminated, reportedly due to economic reasons. 

 

Geranic acid, a type of short-chain fatty acid, has been utilized as a permeation enhancer in 

transdermal and oral delivery. It is combined with choline as a counter ion, forming a "ionic 

liquid" known as 'CAGE'. Insulin has demonstrated favorable stability at room temperature 

when in a dry solid state. However, it should be noted that animal trials utilized capsules 

containing an aqueous solution, which is not a suitable long-term formulation method. The 

authors proposed that rats might reach a bioavailability of 50% or higher compared to 

subcutaneous injection. Additionally, they presented evidence of paracellular transport via 

Caco-2 cells. The precise contribution of the geranyl content of the formulation to the 
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observed absorption is uncertain, as is the significance of its presentation as an ionic solution 

referred to as a 'deep eutectic solvent'. To access a recent analysis on ionic liquids and their 

impact on live cells, refer to the study conducted by Kumari et al.. It has yet to be determined 

if the positive outcomes observed in research conducted on small animals can be replicated in 

humans. 

 

Unigene (now Enteris) was the first to develop a formulation that included acyl carnitines and 

citric acid. The purpose of citric acid was to maintain the pH of the intestines at 3, which in 

turn reduced protease activity. The PeptelligenceTM technology shown notable absorption of 

calcitonin in phase 2 trials, utilizing a daily dosage of 1 mg. Nevertheless, the supplied 

capsule is of considerable size (size 0) and contains around 1 gram of formulation excipients. 

Notably, both the active and placebo capsules had significant gastrointestinal effects, most 

likely attributed to the presence of citric acid, which is known to produce such effects. 

 

Transcellular 

Lipidic Pathways  

The behavior of amphiphiles in the intestine is a complex and uncertain topic, as their 

methods of action often extend beyond simply altering membrane fluidity. At lower 

concentrations, sodium caprate can cause the opening of tight junctions. However, at greater 

concentrations, it can also facilitate the transport of biologics through the enterocyte plasma 

membrane. The mechanism behind this phenomenon remains rather ambiguous. One 

potential explanation is that the amphiphile forms a non-covalent bond with the peptide, 

which enhances the peptide's hydrophobic properties. This allows the peptide to integrate 

itself into the lipid core of the cell membrane and subsequently enter the cell's interior 

through a flip-flop mechanism. Indeed, Emisphere has put forth a technique utilizing its 

'Eligen' technology to promote a certain process in a range of compounds. This involves the 

use of molecules with acronyms like SNAC, CNAC, and CNAB. These molecules are 

amphiphiles composed of a substituted aromatic core connected through a peptide bond to the 

omega-end of a short-chain fatty acid, in the form of its sodium salt. Various variations are 

utilized, each having a distinct peptide. Regarding semaglutide, which was investigated by 

Novo Nordisk and includes SNAC as an absorption-enhancing agent, a supplementary 

mechanism for uptake has been suggested. This mechanism involves transcellular uptake in 

the stomach, which is facilitated by altering the pH or the local microenvironment. The 

comparison of biological effectiveness with a subcutaneous control indicates that the level of 
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absorption ranges from 1% to 2.5%. The FDA has previously granted approval to this 

formulation.  

 

Arisgen, a different company, has developed amphiphiles in the shape of crown ethers that 

attach to the polar surfaces of proteins, enhancing their hydrophobic properties. Projects 

using the oral/buccal administration of leuprolide and exenatide are currently being pursued. 

Biocon likely achieves a comparable outcome by utilizing a technique initially created by 

Nobex, which has been recently utilized for administering insulin. In this case, the 

amphiphilic molecules are linked to the protein through direct chemical conjugation. The 

initial patents utilized short-chain fatty acids, which were connected to lysine side-chains and 

featured a PEG chain at the omega terminus. In subsequent patents, the arrangement of the 

lipidic and polar components is reversed, resulting in the protein being connected to a lengthy 

hydrocarbon chain through a PEG spacer. Furthermore, the lipid chains not only provide 

protection for the protein against protease assault, but also promote contact with the lipid 

component of the cell membrane. The covalently-attached hydrocarbon chains have the 

potential to attract the protein through the lipid-processing pathway by interacting with fatty 

acid receptors. This can result in vesicular transport across the cell and subsequent secretion 

with chylomicrons. 

 

The uptake of insulin is highly efficient in both preclinical and human trials. An elevated 

peak is observed in the serum, prompting speculation about potential reduction in binding to 

insulin receptors due to chemical changes. The medicine is being marketed as a prandial 

insulin, specifically designed to mitigate spikes in glucose levels during meal times, as 

opposed to exerting a prolonged effect on basal levels. The active ingredient, being a 

modified form of insulin, is considered a novel chemical compound and is therefore subject 

to strict regulatory standards. However, the clinical trials conducted thus far have not 

revealed any safety concerns. 

 

The lipid-processing route can be targeted by different vehicles, such as the cholestosome, 

which aims to integrate medicines and proteins into chylomicrons using a liposome-like 

vesicle made of cholesterol esters. 

 

Endocytotic Pathway  

Diabetology Ltd. has created a formulation that combines a natural bile salt with other 

excipients that are considered safe for consumption. This formulation has three different 
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effects that help biologics pass through the intestinal wall. Firstly, it temporarily inhibits 

proteases to prevent the breakdown of the formulated biologics in the gut. Secondly, it has a 

mucolytic action that allows better access to cells by breaking down the mucin layer. Lastly, it 

stimulates cells, causing them to take up proteins through a process called fluid-phase 

vacuolation. This uptake mechanism is a natural process that allows the absorption of 

digested nutrients. Normally, it is inactive when a person is fasting, but it can be enhanced by 

the formulation excipients to enable the intake of intact proteins that have not been broken 

down by proteases. 

 

The formulation is a desiccated powder, provided in an enteric-coated capsule, which 

disintegrates in the duodenum to release its contents that quickly dissolve in the watery 

lumenal fluid. Preclinical investigations have demonstrated that protein levels in peripheral 

blood exhibit a bioavailability of approximately 10%, but concentrations in the portal vein are 

considerably greater, thereby confirming it as the primary point of entrance into the body. An 

investigation using clamps to evaluate the effects of oral insulin in individuals with type 2 

diabetes has revealed a prolonged duration of 9-14 hours during which glucose excretion is 

influenced. These trials showed that the levels of insulin in the peripheral region did not 

increase beyond the initial level. This suggests that the liver absorbed all of the insulin before 

it could reach the outer circulation. The formulation exhibits long-term stability at ambient 

temperature, and no instances of hypoglycemia have been reported in treated individuals. The 

product is presently undergoing phase 2b clinical studies. 

 

CONCLUSION
[1,22]

 

Despite tremendous advancements, research on the oral administration of biologics has not 

yet had a substantial influence in clinical settings. The limited success in translating 

therapeutic applications in this field, which is partly due to the formidable physiological 

barriers in the gastrointestinal tract (GIT), is sometimes attributed to concerns about the 

safety of drug delivery methods. Nevertheless, the growing understanding of physiological 

obstacles, together with remarkable recent advancements in materials, are driving progress in 

this field and are expected to enable the practical use of oral administration for biologics.
[1] 

 

The oral administration of large peptides and proteins has reached a mature stage. Several 

clinical trials have demonstrated efficacy, indicating that items will likely be available in the 

market over the next few years. The main obstacles to their availability will be economic and 

logistical, rather than technical. The expenses associated with the mass production of 
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biologics have significantly decreased in recent years. The issue of only a fraction of the 

payload being delivered through the gut is no longer a concern. Biopotency levels as low as 

10% are now adequate to produce economically viable products. Although it may be 

challenging for delivery purposes, the significant proteolytic activity in the gastrointestinal 

tract ensures that any substance that is not absorbed is quickly degraded into harmless 

constituents, hence eliminating any safety concerns. The focus now shifts to the 

characteristics of the vehicle, which can frequently have a far greater significance compared 

to the API, ranging from 10 to one thousand times. Clearly, excipients that are inexpensive, 

designated as Generally Recognized as Safe (GRAS) or included in pharmacopoeias, stable, 

and have a proven track record of safety are highly beneficial. Biologics currently have a 

significant impact on disease treatment, particularly in the fields of diabetes (insulin, GLP-1), 

osteoporosis (sCT and PTH), and rheumatoid arthritis (TNF blockade). The introduction of 

new techniques for administering these medications orally will soon revolutionize the 

treatment of these chronic conditions, as well as others.
[22] 
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