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Abstract :  Proteins and peptides (PPs) have increasingly gained popularity as beneficial particles because of their great selective 

ability and adequacy with hardly any adverse consequences than tiny atomic medications. Parenteral treatment is frequently 

employed to treat restorative PPs because of the poor soundness and confined porousness of the GI tract and epithelia. The oral 

route of medicine delivery is still favored, especially in comparison to parenteral courses.  

            Long-lasting metabolic disease diabetes mellitus necessitates routine subcutaneous insulin infusions. In any event, this 

organizational method may be linked to patient discomfort and adjacent tissue contamination. Given that oral insulin administration 

is more likely to be consistent and comfortable for patients, and that it is also more affordable, it has been viewed as a more effective 

technique for treating diabetes. In any case, different organic hindrances obstruct the clinical interpretation of oral insulin.  

           As an alternative to such infusions, MIT engineers have worked with researchers from Novo Nordisk to create a new 

pharmaceutical capsule that can administer insulin or other protein sedatives while shielding them from the harsh environment of 

the gastrointestinal tract. Today when the case arrives at the small digestive system, it separates to uncover dissolvable microneedles 

that append to the gastrointestinal divider (intestinal wall) and delivery drug for take-up into the circulation system.  

         Massachusetts Institute of Technology (MIT) researchers invented a distinct capsule framework suitable for delivering 

framework containing intact microneedles (MN). These systems have the potential to facilitate the transportation of a range of 

medications with the help of a preferred part of the digestive system.  

 

 

IndexTerms - Proteins and peptides (PPs); Diabetes mellitus; subcutaneous injections; Epithelia; Gastrointestinal (GI); 

Microneedle (MN) 

I. INTRODUCTION 

   With fast progression of biotechnology, an ever-increasing number of proteins furthermore, peptides (PPs) have been developed 

to treat a variety of diseases. The PPs have emerged as one of the choices for small atomic drugs due to their remarkable specificity 

and persuasiveness but minimal harmfulness, which rekindles the attention of the pharmaceutical business. [Quangang Zhu et 

al.,2011] 

 

    Oral medication organization stays the favored course for patients and medical services suppliers. Macromolecule conveyance 

across this path remains difficult despite the obstacles the vehicle forces across the intestinal epithelium and its ever-changing and 

degradative environment. [Chen Wei et al.,2022] 

 

    Dr. Frederick Banting and Dr. Charles Best discovered insulin in Canada in 1921 later, scientists in the US and Europe 

developed it. Only one year later, in 1922, the primary effort of oral insulin delivery was directed, opening the door to promote oral 

PP details. Unfortunately, the results of the initial efforts were unfavorable, making clear the fundamental oral protein delivery 

problems. In this manner, it is important to utilize new conveyance advancements for the work with the oral retention of PPs. [ 

[Quangang Zhu et al.,2011] It ought to be noted, nonetheless, that some peptide underlying properties can have a solid effect on 

their soundness in the GI lot and oral assimilation. [ Soheil Haddadzadegan,2022] 

 Insulin is normally controlled by the subcutaneous course, which altogether diminishes bleakness and mortality; be that as it may, 

roughly 60% of patients neglect to accomplish long haul glycemic control. This might be because of unfortunate patient consistence 

inferable from the utilization of needles and the intricacy of the insulin treatment routine, the late stage at which insulin might be 

recommended, and anxiety toward hypoglycemia episodes and weight gain. To defeat such issues, unique courses of insulin 

organization are being tried. The oral course stays the favored decision for drug organization on account of its harmless nature. 

[Pedro Fonte et al.,2013] 

 

 Transdermal delivery in pharmaceutical and personal care goods has been implemented by microneedle-based technology. 

Microneedles can beat the primary boundaries thwarting medication retention, like layer corneum in transdermal 
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conveyance Likewise, by adjusting the needle length to the right size, microneedles can penetrate the actual block to advance drug 

entry while causing no injury to the tissue or nerves. Hence, microneedle is an aggravation free organization innovation. As of late, 

microneedles have steadily utilized in other mucosal conveyance courses, like visual, oral and vaginal. [Quangang Zhu et al.,2011; 

KangJu Lee et al.2020] 

 

In this review, we aim to examine recent studies employing MNs for delivery method being created that blends non-physical 

(enhancer) and physical (microneedle) techniques for medicine delivery modification for a macromolecule in a massive creature 

model. [Chen Wei et al.,2022] 

 
 

II. WHAT IS MICRONEEDLE PILL? 

Microneedles can conquer the fundamental hindrances ruining drug retention, like layer corneum in transdermal conveyance. 

Furthermore, by altering the needle length to the right size for the tissue or nerves, microneedles can access the actual barrier to 

develop medication admission while causing no injury. [Quangang Zhu et al.,2011] Microneedles have for quite some time been 

utilized in surface level techniques; however, they offer many benefits for the conveyance of antibodies and drugs as well, with 

the COVID-19 pandemic. [Dawn Connelly,2021] 

 

 Microneedles are commonly ordered into five types: 

1) Solid 

2) Coated 

3) Hollow 

4) Dissolving 

5) Hydrogel 

 

Figure No.1: Types of microneedles [Anne Trafton,2019] 

 

1. The "poke and patch" method of solid microneedle delivery involves two steps: first, MN exhibits are used to create skin holes, 

and then a normal drug is delivered using a transdermal medication fix. [Ahmed Saeed Al-Japairai K et al.,2020; Vandervoort 

J et al.,2008; Tuan-Mahmood TM et al.,2013] 

 

2. Coated microneedles use the "coat and patch" method; in this case, a treatment regimen is painted on the microneedles before 

being injected into the skin. The drug is then stored inside the skin when infiltration into the skin causes the covering to split. 

[Ahmed Saeed Al-Japairai K et al.,2020; Vandervoort J et al.,2008; Pamornpathomkul B et al.,2017] 

 

3. Using the hollow microneedle approach, the medicine can be injected into the hollow space in the needle's tip, and the 

microneedle is then added directly into the epidermis or higher dermis layer of the skin. This can be summed up as "poke and 

flow" [Ahmed Saeed Al-Japairai K et al.,2020; Vandervoort J et al.,2008; Pamornpathomkul B et al.,2017] 

 

4. Dissolving microneedles are composed primarily of biodegradable or dissolving polymers, and their application is a simple 

one-venture process. [Ahmed Saeed Al-Japairai K et al.,2020; Vandervoort J et al.,2008; Tejashree Waghule et al.,2019] 

5. The hydrogel-forming microneedles that enlarge by retaining large amounts of water in their polymeric organization. "Poke 

and release" refer to the component of dissolving and hydrogel-framing MN drug conveyance that does not require special 

disposal procedures for the needle and does not run the risk of accidental reusing of the microneedles. [Ahmed Saeed Al-

Japairai K et al.,2020; Vandervoort J et al.,2008] 

 

6. The best polymeric microneedles should be mechanically durable, immune-neutral, biocompatible, and capable of safely 

delivering huge, complex medications. [ Ahmed Saeed Al-Japairai K et al.,2020] 

 

TYPES OF 
MICRONEEDLES 

Solid 
Microneedle:

Utilized as Skin 
pretreatment to 

upgrade 
transdermal 
medication 
conveyance

Hollow 
Microneedles:

Loaded up with 
immunization or 
medication which 

is conveyed 
through opening in 

the tip

Coated 
Microneedles:

A coating of 
immunization or 

medication is 
applied to the outer 

layer of 
microneedles

Dissolving 
Microneedle:

Comprised of 
biodegradable 
polymers that 
embody the 

antibody and 
medication

Hydrogel 
Microneedle:

Comprised of super 
expanding 

polymers that 
encapsulate the 

medication and act 
as rate controlling 

film 
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III. STRUCTURE OF MICRONEEDLE PILL 

 There are two kinds of capsules created by various organizations Rani Therapeutics found a small "Robotic Pill" while 

Massachusetts Institute of Technology (MIT) specialists found "Needle Pill"[ Suzanne Hodsden,2015] 

 Needle Pill involves Stainless steel as material for microneedle and Robotic Pill involves Sugars or polymer as material for 

microneedles. [ Suzanne Hodsden,2015] 

 The microneedle pill shows the utilization of hollow needles and solid needles produced using sugars or polymers. In both 

instances, a pH-responsive coating initially covers the capsule's needles to aid in swallowing (left). 

 The covering of the tablet dissolves when it reaches the right spot in the GI tract, exposing the microneedles (center). The 

medicine repository is compressed by peristalsis, sending the medication through the needles, due to empty microneedles 

(top right). 

 Strong microneedles (base right) allow the drug to be inserted into the needles. [Massachusetts Institute of 

Technology,2014; Anne Trafton,2014; Kevin Ita,2017] 

 To permit the capsule to arrive at the small digestive tract and play out these micro needles, the specialists covered it with 

a polymer that can endure the acidic climate of the stomach, which has a pH of 1.5 to 3.5. At the point when the container 

arrives at the small digestive tract, the higher pH (around 6) triggers it to break. [ Anne Trafton,2019] 

 The capsule is studded with little treated steel needles estimating 5mm long which are implanted in an acrylic shell. The 

needles are concealed in a pH-delicate covering that doesn't break down until the pill shows up in the stomach. The whole 

pill is roughly two centimeters in length, somewhat longer than a penny. [ Anne Trafton,2014]  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure no.2: Structure of Microneedle Pill [Soheil Haddadzadegan,2022] 

IV. MECHANISM OF DELIVERY OF PROTEINS(INSULIN) 

           Most medications are consumed through the small intestine, to some extent as a result of its incredibly huge surface region 

250 square meters, or about the size of a tennis court. Pain receptors are deficient in this piece of the body, possibly empowering 

pain free miniature infusions in the small intestine for conveyance of medications like insulin. To permit their container to arrive 

at the small intestine and play out these miniature infusions, the specialists covered it with a polymer that can endure the stomach's 

acidic environment, which ranges in pH from 1.5 to 3.5.[ Anne Trafton,2019] 

 

           MIT specialists have uncovered a pill that has hollow treated steel microneedles studding a central tube. The thought is to 

get helpful specialists made of huge protein particles into a patient's framework before they get separated in the stomach or by 

other normal guards. The needle array idea includes a dissolvable capsule covering that safeguards drugs until they arrive at the 

expected conveyance region somewhere down in the body. Each needle is around 0.2 inches long. The researchers imagine drug 

supplies at the tips of the container that are just barely gotten by typical smooth muscle contraction in the GI tract. This administers 

the restorative through the needles as they make small cuts in the gastrointestinal coating. This can allow patient to avoid receiving 

a drug by imbuement or subcutaneous administration. [Emily Matchar,2019] 

           The capsule has two chemical chambers that are each filled with sodium bicarbonate and citric acid. When a capsule breaks 

down in the stomach-related system, barriers between the two chemicals are removed, allowing them to combine and create a 

synthetic reaction that propels microscopic sugar needles beyond the capsule's outer layer and into the lining of the small digestive  

tract. When the sugar remains intact, drugs can be placed inside the sugar needles to be transferred into neighboring veins. The 

patient feels nothing during conveyance because the tiny digestive organs lack sensitive areas. [Suzanne Hodsden,2015] 

 

V.ADVANTAGES OVER OTHER DELIVERY SYSTEMS 

Microneedles are effortless, less obtrusive than customary infusions, simple to self-direct and don't need cold capacity. 

 Different benefits include [Dawn Connelly,2021]: 

 

1. Long-enduring resistance: A lengthy conveyance profile can be accomplished by regulating various immunization 

portions through microneedles, bringing about a dependable insusceptible reaction contrasted and infusions 
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2. Cold chain: An immense benefit for immunization conveyance by means of microneedles is that the virus chain can be 

killed in light of the fact that they needn't bother with to be put away in the refrigerator or cooler, something that has been 

very difficult during the carry out of at present endorsed COVID-19 antibodies 

 

3. Dose saving: Significant portion saving has been exhibited with the conveyance of different immunizations by means of 

microneedles, with some microneedles utilizing just 4% of a subcutaneous portion to invigorate a comparable safe 

reaction. 

Table 1: Comparison of drug delivery methods using hypodermic needles, transdermal patches, topical creams, and microneedles 

[Tejashree Waghule et al.,2019] 

 

 

VI. DRAWBACKS CONCERNING ORAL INSULIN ADMINISTRATION 

 Oral conveyance of insulin has a few constraints, which remember low bioavailability because of insulin corruption for the 

gastrointestinal lot (GIT) by proteolytic chemicals and serious pH physiological circumstances as well as unfortunate 

porousness through the digestive epithelium. [Pedro Fonte et al.,2013; Mat, Damien J.L. et al.,2018] 

 

 Concerns with high dosages of the growth hormone insulin in the GI tract, where the activation of insulin receptors may cause 

unfavorable cell development, are also related to toxicological considerations. [Pedro Fonte et al.,2013; Mat, Damien J.L. et 

al.,2018] 

 

 

VII. STRATEGIES TO ENHANCE INSULIN ABSORPTION VIA THE ORAL ROUTE 

         Regardless of various methodologies to build the oral assimilation of PPs, the essential standards depend on three viewpoints 

including adjustment, bodily fluid infiltration or grip, and penetration enhancer. These methodologies are usually coordinated into 

one conveyance framework together. 

1. Stabilization: According to physiological and essential parameters, the pH and catalysts in the GI tract have the most effects 

on the solidity of PPs following oral organization. Furthermore, peptides' dependability is impacted by their design.  

[ Quangang Zhu et al.,2011] 

 

 

Topical 

lotion 

Transdermal 

patch 

Hypodermic 

needle 
Microneedle 

Description 

about 

formulation 

Emulsion/ 

cream/ ointments 

The sticking of an 

adhesive patch to the 

skin 

A tiny hole is typically 

found at the end of a 

fine, hollow tube. 

On the surface of a 

tiny patch, needles 

attached at the scale of 

microns. 

Onset of 

action 
Gradual Gradual Rapid Rapid 

Suffering 
No suffering 

occurs 

No suffering 

occurs 
More suffering occurs 

No suffering 

occurs 

Bioavailability Poor Insufficient Sufficient Sufficient 

Patient 

compliance 
Less Good Less Good 

Self-

administration 
Possible Possible Not possible Possible 

Mechanism of 

drug delivery 

Entry via the 

skin's pores. 

Drug has to penetrate 

the stratum corneum 

barrier, which causes big 

molecules to diffuse 

weakly. 

Swiftly injecting a 

drug into the dermis 

Bypassing the stratum 

corneum and delivering 

the medication straight 

to the epidermis or 

dermis, the permeability 

is improved. 
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2. pH adjustment: The parietal cells in the gastric organs of the stomach secrete gastric acid, a digestive fluid that contains 

hydrochloric acid, which results in a very acidic environment (pH-1.2). [Xiao, Y.et al,2020, Hersey, S. et al.,1995] Oral PPs 

are adulterated by GI proteins, but these proteins must function at an optimum pH to have any effect. For instance, pepsin can 

quickly cut a variety of proteins or peptides in an acidic environment, but once the pH is balanced, pepsin starts to lose its 

effectiveness. In light of this, PPs can potentially be safeguarded against deterioration in the stomach on the off chance that 

we can change the pH of the microenvironment to 5. [Quangang Zhu et al.,2011; Mat, Damien J.L. et al.,2018] 

 

3. Compound inhibitors: The major approach for preventing chemicals from interacting is using compound inhibitors, which is 

different from pH adjustment. Protein inhibitors reversibly or irreversibly confine to a specific region of the catalyst to 

inactivate the target chemicals [Quangang Zhu et al.,2011;24]. Compound inhibitors can divide into many categories, such as 

non-amino acids, amino acids and adjusted amino acids, peptides, and altered peptides. [Quangang Zhu et al.,2011; Chang 

Liu Et al.,2014; Vikas Agarwal et al.,2000] 

 

4. Mucus penetrating and mucoadhesive frameworks: 

 Mucolytics have primarily been employed in mucus-piercing frameworks to relieve bodily fluid blockage. The mucolytics are 

typically inserted in pneumonic diseases like chronic obstructive pulmonary disease (COPD) to clear odd body fluid while 

being prepared to temporarily lower the bodily fluid obstruction for solid mucosa. N-acetyl-L-cysteine (NAC), for instance, 

is a commonly used mucolytic. [Quangang Zhu et al.,2011; Jung Soo Suk et al.,2011] 

 

 To radically progress future improvement, mucoadhesive polymers must be used. For instance, mucoadhesive microspheres 

with a width of 680–850 mm created by copolymers of fumaric and sebacic corrosive showed the potential to essentially 

extend maintenance duration in the rodent GI tract when compared to non–adhesive polymers. [Quangang Zhu et al.,2011; 
Chickering, Donald E. et al.,1997] For instance, mucoadhesives typically use N-trimethyl chitosan (TMC). [Quangang Zhu 

et al.,2011; Fu Chen et al.,2008] 

 

VIII. EVALUATION TESTS USED FOR CAPSULE 

According to the literature survey we collected data about evaluation tests used microneedle pill testing. Following listed are 

some of them: 

 

1) Dimensional evaluation:  

Several techniques are evaluated using the microneedle's calculation and measure its tip span, length, and level. Microscopy 

techniques that are typically used are optical or electrical. Analyzing a 3D image provides a superior representation of mathematical 

needlework and aids in quality control. For this purpose, scanning electron microscopes (SEM) and confocal laser microscopes 

have been used. By utilizing an engaged light emission that interacts with the test particles while filtering and producing various 

signals, SEM creates an image of the test that provides information about, for instance, surface geology and synthesis. High-quality 

images are produced using confocal laser magnifying lenses. [Tejashree Waghule et al.,2019; Karmen Cheung et al.,2014; Bangtao 

Chen et al.,2008] 

 

2) In-vitro skin permeation studies:  

Diffusion cell technology is used to monitor drug saturation through the skin. Most frequently, pig ear skin, positioned between 

the receptor and contributor compartments, is used in the trial. Analysis is done on the cumulative permeation profiles of skin that 

has been microneedled and skin that has not. [Tejashree Waghule et al.,2019; Uppuluri, Chandra Teja et al.,2017] 

3) Drug loading process and 3D layer-by-layer assembly: 

 This is mentioned according to  kevin Mchugh et al. and  Khanh Tran et al. demonstration. 

a) The center shell microneedle approach combines the production technology for central processing units with our 

previously revealed SEAL technology with careful lithography and an optimized sintering procedure.The recently 

organized central pharmaceuticals are first placed inside the center shell microneedles and adjusted using the adjusting 

tool. Second, the dirt layer should be removed using the aforementioned technique with solvents such as water and 

CH3)2CO. 

b) The centre shell microneedles and appended coverings are relocated onto the supporting cluster in the recent progress. 

The capturing form of the centre shell microneedles is removed, exposing detachable centre shell microneedles on the 

supporting display that can fully penetrate the skin.FEI Teneo SEM was used to conduct the SEM images.SEM imaging 

.The optical images of the microneedles are captured using an AmScope ME300TZC-2L8M and an AmScope Mu800 

computerised camera.[ kevin Mchugh et al.,2017; Khanh Tran et al.,2020, ] 

 

4) Microneedle insertion testing 

The penetration of the microneedles into the swine-excised small intestine was observed using optical microscopy and a 1.3 m 

wavelength optical coherence tomography (OCT) system was developed at MIT. For this, several microneedle arrays were 

manually applied ex vivo into the tissue, and OCT was utilized to assess the depth of penetration and rate of breakdown. This is 

mentioned in Abramson, A.et al. demonstration. [Alex Abramson et al.,2019] 

 

5) Capsule organization:  

The capsule was designed to start working once it entered the duodenum and left the stomach. An Eudragit L 100-55 (poly 

(methacrylic corrosive co-ethyl acrylate)) coating that was created to dissolve at a pH of 5.5 (a level found in the duodenum but 

not the stomach35) when placed in the environment of the small intestine gets disintegrated, exposing two openings towards one 

side of the capsule. The Capsules were placed in cradles of increasing pH, starting at pH2, to test the viability of the pH-delicate 

coating in vitro. Container activation took place within two hours after being in the small digestive system in vivo, according to X-
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beam imaging. Abramson, A.et al. and Fallingborg J. et al. had done research about it in their work.  [Alex Abramson et al.,2019; 

Fallingborg J,1999] 

 

 

IX. CONCLUSION 

This leads us to the conclusion that Microneedle Pill Technology is an innovation with a bright future in the treatment of diabetic 

patients, which will eventually reduce the death rate of diabetic patients. 
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