
CPQ Medicine (2021) 11:5 
Mini-Review

Nano Particles for Insulin Delivery to Control Diabetes Mellitus
Joseph Francis, P. J.1*, Irene Joseph2 & Firdous Jahan3

*Correspondence to: Dr. Joseph Francis, P. J., Department of Biochemistry, College of Medicine and 
Health Sciences, National University of Science and Technology, Al Tareef, Sohar, Sultanate of Oman.

Copyright

© 2021 Dr. Joseph Francis, P. J., et al. This is an open access article distributed under the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited.

Joseph Francis, P. J., et al. (2021). Nano Particles for Insulin Delivery to Control Diabetes Mellitus. CPQ 
Medicine, 11(5), 01-04.

CIENT PERIODIQUE

Received: 27 March 2021
Published: 12 April 2021

Keywords: Nanoparticles (NPs); Insulin-Gold Nanoparticles (INS-GNPs); Polylacticacid-Polyethyl-
eneglycol Nanoparticles (PLA-PEG NPs); Poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) Nanoparti-
cles (PHBHHxNPs); Insulin-Polylactate Nanoparticles (INS-PLC-NPs); Cyclodextrin-Modified-Glucose 
Oxidase (CD-GOD)

Abstract

Nanoparticles have superior properties due to their size, volume and charge. The increased surface 
area enables the nanoparticles to function effectively in the delivery of biochemical substances. When 
insulin is coated with certain nanoparticles like gold nanoparticles or polylactate nanoparticles their 
bioactivity became more adjustable. Comparing to free insulin the activity is three times greater for 
Insulin-Polylactate nanoparticles and Insulin-gold nanoparticles. The coating is found to prevent 
the fast degradation by the insulin degrading enzyme. This paper explores the applications of 
nanoparticles for the insulin delivery to control diabetes mellitus, a metabolic disorder.
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Normally pancreatic beta cells produce insulin in presence of carbohydrates or sugar. When our body lacks 
the ability to regulate body glucose by releasing sufficient or releases no insulin then we suffer from Diabetes 
[1].

There are several ways to consume drugs. The most widely used way to deliver the drug is through injections. 
Many patients refrain from injecting insulin as it causes bruises and requires frequent injections. Orally 
these drugs have to be taken in large amounts as in small amounts they are not effective, causing a lot of side 
effects in patients. So many patients refuse to take insulin through oral pathway. Also protein structure of 
insulin is destroyed by enzymes and less absorption takes place through this pathway.

INS-GNP Nanoparticles

Introduction

There 2 types of diabetes type 1 diabetes and type 2 diabetes. Type 1 is caused due to lack or production 
of low amount of insulin [2]. Insulin replacement therapy is used to treat this. But this method should be 
employed life long. And type 2 diabetes is caused due to the lack of proper working insulin due lack of 
sensitivity of liver [3].

Diabetes is a very dangerous disease. It is also expensive to cure it anywhere. Initially diet control and exercise 
are used to treat the disease. When these methods prove futile then only medicines are employed [4-6].

Both type 1 and type 2 diabetes can be treated through oral pathway to deliver insulin. Oral pathway is the 
most comfortable way. To prevent the problems from occurring insulin is delivered efficiently in a steady 
manner using nano carriers [10-11]. After several experiments in mice and rats, ways to deliver insulin using 
nanoparticles have been found through oral and subcutaneous injections. This method has shown increase 
in the medicine’s effectiveness, its absorption and the insulin’s protein structure has been well protected. But 
this method also has cons.

For an ideal insulin solution, it is necessary that it possesses a long effective period. This avoids the problem 
of forgetting insulin injections and the inconvenience of periodical injections. To enable and introduce such 
features special insulin plus nanoparticles like INS-GNPs are employed. INS-GNPs are insulin coated with 
gold nanoparticles. They effectively release, enhance and protect insulin from degradation. The best and the 
most preferred method of delivery of insulin is through oral pathway.

PLA-PEG and PHBHHx Nanoparticles

Similarly, PLA-PEG NPs is effective for more than 7 days. Unlike common nanoparticles they are non 
toxic. Studies conducted show that nanoparticles introduced insulin worked 3 times better than the normal 
injected insulin. Experiments done on laboratory bred mice show that injection of 50nm INS-GNPs is 
more effective than 20 and 70nm INS-GNPs. In experimental conditions like in vitro, PHBHHx NPs show 
long term insulin effect and is efficient up to 90%. As the insulin is well attached to the nanoparticle and 
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For example Qi et al reported microcapsules composed of glutaraldehyde cross-linked glucose oxidase 
(GOD) and hemoglobin layer by layer. As the pH of the medium decreases on the production of gluconic 
acid, the capsule dissolve and releases insulin. Even mesoporous silica nano-device capped with cyclodextrin-
modified-glucose oxidase (CD-GOD) can also be used to control glucose levels.

The experiments show that for controlling the high blood glucose levels insulin-gold nanoparticles are three 
times efficient than the traditional insulin injections which badly affect the quality of life of the patient. It was 
shown that Polylacticacid-Polyethyleneglycol nanoparticles (PLA-PEG NPs), and Poly(3-hydroxybutyrate-
co-3-hydroxyhexanoate) nanoparticles (PHBHHxNPs) can be effectively used for optimum drug release 
of insulin. Insulin-Polylactate nanoparticles also are highly useful for the prolonged release of insulin in the 
living system. Cyclodextrin-modified-glucose oxidase can be widely used as biosensors for glucose due to 
the electrochemical oxidation of hydrogen peroxide in the enzymatic reaction.

because of INS-PLC44. Taking a batch of diabetic rats and injecting them with INS-PLC-NPs gave back 
highly effective, stable, efficient result up to three days

Glucose Responsive Insulin Delivery

The Different Systems and Their Mechanism of Action

So, it showed a better effect than free insulin. We can make the body release insulin by injecting substances 
that act as a stimuli for release of insulin. This way of controlling the glucose level of patients is called 
glucose-responsive insulin delivery system method. In this method, pancreatic β-cells release insulin in 
response to high glucose level in patients. The method uses various glucose sensitive substances which are 
fitted with insulin. These substances change their structure and lead to release of insulin when the glucose 
level in the environment gets beyond a certain point.

There are different ways based on the type of system used, that is glucose oxidase-based system, glucose 
binding protein-based system, glucose binding molecule-based system and modified insulin-based system. 
The glucose-responsive systems employ glucose oxidase to lower the blood glucose. Glucose oxidase has 
high sensitivity towards glucose. In presence of glucose oxidase glucose is converted to gluconic acid and 
hydrogen peroxide. A hydrogen ion is released from gluconic acid makes the medium acidic. It reduces the 
pH of the medium. This acidic medium reacts with the hydrogen peroxide which causes the walls of the 
substance to break leading to release of insulin.

Studies have developed a glucose-responsive system, nanocapsules of GOD and CAT are introduced with 
insulin. A self-regulating valve system is used here. Insulin is released only when required. Like explained 
above glucose is converted into gluconic acid. The amino acids are protonated by the gluconic acid. This 
in turn increases the charge of the matrix. This causes the release of insulin. When hydrogen peroxide 
accumulates, GOD is inhibited and abnormal growth can happen.

Conclusion
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