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Recent approaches in insulin delivery

- Oral delivery of Insulin: degraded by strongly acidic environment in the stomach, by proteolytic enxymes in the interstinal tract and presresystemic elimination in the liver.

*Entrapment in liposomes: prepared from phosphatidylcholin and cholesterol

*Encapsulation in azopolymer coating: coating insulin with polymers having azoaromatic groups and form an impervious film to protect the orally administered insulin from degradation, when azopolymers-protected insulin reaches the large intestine, microflora reduceds the azo bondes to relsease insulin in the colon for absorption.

- Buccal Insulin patch: bypass liver, sodium glycocholate as absorption promoter. 

- Nasal delivery of Insulin: with absorption enhancers

- Rectal delivery of insulin: coadministation of absorption-promoting adjuvants, such as sodium glycocholate. 

- Pulmonary insulin delivery (by inhalation)

Lung is a logical target for non-invasive drug delivery
- Innovations in biotechnology and recombinant techniques have led to a large increase in the number of macromolecule drugs over the last several years. Due to their large size and susceptibility to digestive enzymes, macromolecules typically have been delivered by injection.

- For many years, medical science has searched for alternatives to injection for the non-invasive delivery of macromolecules such as peptides and proteins. Due to their large sizes, therapeutic amounts of most macromolecule drugs cannot naturally pass through the skin or nasal membranes without the use of penetration enhancers, such as detergents or electrical impulses. Oral delivery of macromolecules does not work because proteins are digested before they reach the blood stream.

- Research has shown that many molecules are absorbed through the deep lung into the bloodstream naturally with high drug absorption and without the need for enhancers used by other non-invasive routes. This high bioavailability makes the lung a natural target for peptides, proteins and small molecules that would benefit from pulmonary delivery. 

- In addition, the lung itself is a robust organ. According to the American Conference of Governmental Industrial Hygienists, a person can inhale approximately 30 mg per day of nuisance dusts into the lung day after day for years in industrial settings without effect. Further, there is no evidence that inhaling autologous (self) proteins presents any immune response issues. Therefore, the bioavailability and the robustness of the lung itself make it a logical target for systemic drug delivery.

- Lung takes inhaled breaths of air and distributes them deep into the tissue to a very large surface, alveolar epithelium, which is approximately 100 m2 in adults.  

Advantages of Inhaleables

- inhaleables provide a non-invasive method of delivering drugs into the bloodstream for those molecules that currently can only be delivered via injection. These include peptides and proteins, such as, insulin for diabetes, interferon beta for multiple sclerosis, alpha-1 proteinase inhibitor for emphysema etc. 

- inhaleables enable effective targeting of the lung for certain respiratory tract diseases such as emphysema or asthma. This direct delivery often results in a better treatment outcome while using less drug than if given systemically either orally or by injection. 

- inhaleables provide for very rapid onset, typically quicker than is achieved with either oral delivery or subcutaneous injections. 

Advantages of powders

- Most peptide and protein drugs, for example, are far more stable in the solid rather than liquid state. Delicate proteins often significantly degrade within hours when held at room temperature in the liquid state.

- More drugs can be contained in powders than in liquid forms. In contrast to aqueous aerosols, where only 1% to 2% of the aerosol particle is drug (the rest is water), powder aerosol particles can contain up to 50% to 95% of pure drug. This means that therapeutic doses of most drugs can be delivered as a powder aerosol in one to three puffs. Powder aerosols can carry approximately five times more drug in a single breath than metered dose inhaler (MDI) systems and many more times than liquid or nebulizer systems. 

- The risk of microbial growth, which can cause serious lung infections, is greater in liquids than solids. And, during patient use, devices delivering liquids have a greater chance of growing microbes than those delivering powders

- To be delivered to the deep lung, the particle size needed for inhalation of drugs is far smaller (1-5 microns) than that traditionally produced for pharmaceutical products. A major challenge is to produce these fine powders at a high enough yield and without degrading a delicate macromolecule.  

A Sweet Way to Keep Proteins Safe (Science Vol 281, 1998)

- In 1987, the plant physiologist Carl Leopold at the Boyce Thompson Institute in Ithaca, New York, set out to probe how corn seeds can survive dry storage for as much as half a century, then, after being sprinkled with water, revive suddenly. 

- Leopold found that a dried seed's delicate enzymes and membranes are protected by a kind of glass armor (vitrification) --hardened sugars that melt in water, releasing the seed's protein machinery to crank up the process of germination. 

- In the late 1980s, Felix Franks, a physical chemist and water expert at the University of Cambridge in England, found that certain insects tolerate freezing by forming glassy sugars. When temperatures drop below about -20 degrees Celsius, insects such as Eurosta solidaginis and Epiblema scudderiana convert their reserves of glycogen, into an array of simple sugars and sugar-based alcohols. The sugars then vitrify, preventing bodily fluids from forming damaging ice crystals. In spring, the glass melts, vital proteins regain activity, and the insects revive. 
- Now, drug developers are wielding these same glassy shields to protect fragile protein drugs from the harsh world until they are absorbed by the bloodstream. Inhale Therapeutic Systems, a biotech company in San Carlos, California, has licensed the approach and begun clinical tests of an inhalable insulin encapsulated in sugar. 

- Researchers coat insulin with sugars, then shoot the mixture through nozzles that disperse it into particles, less than 3 micrometers in diameter, that dry immediately. 

- Inhalable insulin is effective for only a few hours at a time, so most patients would need a nightly injection to control insulin levels. 
Efficacy of inhaled human insulin in type 1 diabetes mellitus: a randomised proof-of-concept study. Lancet. 357(9253):331-5, 2001 Feb 3

BACKGROUND: Effective glycaemic control in type 1 diabetes mellitus usually requires two or more insulin injections daily. Inhaled intrapulmonary delivery of insulin offers a potential new way to deliver meal-related insulin, eliminating the need for preprandial injections. 

METHODS: 73 patients with type 1 diabetes mellitus were studied in an open-label, proof-of-concept, parallel-group randomised trial. Patients in the experimental group received preprandial inhaled insulin plus a bedtime subcutaneous ultralente insulin injection. Inhaled insulin doses were taken immediately before meals by use of dry-power insulin formulation and aerosol delivery system. 

The insulin is packaged in individual blisters containing either 1 mg or 3 mg of rh-insulin in 5 mg of powder composed of mannitol, glycine, and sodium citrate. One inhalation of each strength delivers to the systemic circulation the approximate equivalent of 3 and 9 units of sc insulin, respectively. Patients in the control group received their usual insulin regimen of two to three injections per day. Participants monitored their blood glucose four times daily, and adjusted insulin doses weekly to achieve preprandial glucose targets of 5.6-8.9 mmol/L. 

The primary outcome measure was change in glycosylated haemoglobin (HbA1c) after 12 weeks. Secondary outcomes were fasting and postprandial glucose response to a mixed meal; hypoglycaemia frequency and severity; pulmonary function; and patients' satisfaction. 

FINDINGS: Changes in HbA1c were indistinguishable between groups (difference 0.2% [95% CI -0.2 to 0.5]). Changes in fasting and postprandial glucose concentrations, and occurrence and severity of hypoglycaemia were also similar between groups. Inhaled insulin was well tolerated and had no effect on pulmonary function (ie, spirometry, lung volumes, diffusion capacity, and oxygen saturation). 

INTERPRETATION: This proof-of-concept study shows that preprandial insulin can be given by inhalation in individuals with insulin-deficient type 1 diabetes as a less invasive alternative to conventional preprandial insulin injections.

