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New pill can deliver insulin
Capsule that releases insulin in the stomach could replace injections for patients with 
type 1 diabetes. Watch video here on YouTube.

Anne Trafton | MIT News Office

An MIT led research team has developed a drug capsule that 
could be used to deliver oral doses of insulin, potentially 
replacing the injections that people with type 1 diabetes have 
to give themselves every day.

About the size of a blueberry, the capsule contains a small 
needle made of compressed insulin which is injected after 
the capsule reaches the stomach. In tests in animals, the 
researchers showed that they could deliver enough insulin to 
lower blood sugar to levels comparable to those produced by 
injections given through skin. They also demonstrated that 
the device can be adapted to deliver other protein drugs.

“We are really hopeful that this new type of capsule could 
someday help diabetic patients and perhaps anyone who 
requires therapies that can now only be given by injection or 
infusion,” says Robert Langer, the David H. Koch Institute 
Professor, a member of MIT’s Koch Institute for Integrative 
Cancer Research, and one of the senior authors of the study.

Giovanni Traverso, an assistant professor at Brigham and 
Women’s Hospital, Harvard Medical School, and a visiting 
scientist in MIT’s Department of Mechanical Engineering 
where he started as a faculty member in 2019, is also a senior 
author of the study. 

The first author of the paper, which appears in the Feb. 7 issue 
of Science, is MIT graduate student Alex Abramson. The 
research team also includes scientists from the pharmaceutical 
company Novo Nordisk.

Self orientation
Several years ago, Traverso, Langer, and their colleagues 
developed a pill coated with many tiny needles that could 
be used to inject drugs into the lining of the stomach or the 
small intestine. For the new capsule, the researchers changed 
the design to have just one needle, allowing them to avoid 
injecting drugs into the interior of the stomach where they 
would be broken down by stomach acids before having any 
effect.

The tip of the needle is made of nearly 100 percent compressed, 
freeze dried insulin, using the same process used to form 
tablets of medicine. The shaft of the needle, which does not 
enter the stomach wall, is made from another biodegradable 
material.

Within the capsule, the needle is attached to a compressed 
spring that is held in place by a disk made of sugar. When 
the capsule is swallowed, water in the stomach dissolves the 
sugar disk releasing the spring and injecting the needle into 
the stomach wall.

An MIT-led research team has developed a drug capsule that could be used to deliver oral doses of insulin.                       Image: Felice Frankel
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0 ne  of the most  promis ing techno log ical  
applications for increasing the competitiveness 
of the taxi industry is the development of new 
mobile e-hail applications for all taxicabs as well 

as for- hire vehicles. These applications will attempt to "level the 
playing field" created by lopsided laws favoring Transportation 
Network Companies (TNCs). 

There are a number of publicly initiated projects by 
transportation regulators, as well as private industry efforts 
underway, to institute so called "universal taxi apps." The 
law firm of Windels Marx Lane 6 Mittendorf, LLP, in a partial 
pro bono or volunteer engagement with the City of Montreal, 
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conducted a comprehensive survey and analysis of all 
pending projects. The firm assisted the Montreal "Innovation 
Committee" with recommendations for policy making. 

The full report can be accessed at: 

http://www.windelsmarx.com/resources/documents/ 
Study%20for%20a%20Central ized%20Appl icat ion% 
20for%20Taxis%20in%20Montreal%20-%20April%2020l 6.pdf. 

It will be showcased at the annual conference for the 
International Association of Transportation Regulators (IATR) 
in San Francisco (September 22-25, 2016) at a "universal taxi 
app workshop" for regulators. 

https://www.youtube.com/watch?time_continue=3&v=w7UTwEPYD4M&feature=emb_logo
http://news.mit.edu/
https://ki.mit.edu/people/faculty/langer
http://meche.mit.edu/people/faculty/cgt20@mit.edu
http://meche.mit.edu/
http://news.mit.edu/2014/microneedles-drug-delivery-capsule-1001
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The stomach wall has no pain receptors, so the researchers 
believe that patients would not be able to feel the injection. 
To ensure that the drug is injected into the stomach wall, the 
researchers designed their system so that no matter how the 
capsule lands in the stomach, it can orient itself so the needle 
is in contact with the lining of the stomach.

“As soon as you take it, you want the system to self-right so 
that you can ensure contact with the tissue,” Traverso says.

The researchers drew their inspiration for the self orientation 
feature from a tortoise known as the leopard tortoise. This 
tortoise, which is found in Africa, has a shell with a high, steep 
dome, allowing it to right itself if it rolls onto its back. 

The researchers used computer modeling to come up with 
a variant of this shape for their capsule, which allows it 
to reorient itself even in the dynamic environment of the 
stomach.

“What’s important is that we have the needle in contact with 
the tissue when it is injected,” Abramson says. “Also, if a person 
were to move around or the stomach were to growl, the device 
would not move from its preferred orientation.”

Once the tip of the needle is injected into the stomach wall, 
the insulin dissolves at a rate that can be controlled by the 
researchers as the capsule is prepared. In this study, it took 
about an hour for all of the insulin to be fully released into the 
bloodstream.

Easier for patients
In tests in pigs, the researchers showed that they could 
successfully deliver up to 300 micrograms of insulin. More 
recently, they have been able to increase the dose to 5 
milligrams, which is comparable to the amount that a patient 
with type 1 diabetes would need to inject.

After the capsule releases its contents, it can pass harmlessly 
through the digestive system. The researchers found no adverse 
effects from the capsule which is made from biodegradable 
polymer and stainless steel components.

Maria José Alonso, a professor of biopharmaceutics and 
pharmaceutical technology at the University of Santiago de 
Compostela in Spain, describes the new capsule as a “radically 
new technology” that could benefit many patients.

“We are not talking about incremental improvements in 
insulin absorption, which is what most researchers in the 
field have done so far. This is by far the most realistic and 
impactful breakthrough technology disclosed until now for 
oral peptide delivery,” says Alonso, who was not involved in 
the research.

The MIT team is now continuing to work with Novo 
Nordisk to further develop the technology and optimize the 
manufacturing process for the capsules. They believe this 
type of drug delivery could be useful for any protein drug that 
normally has to be injected, such as immunosuppressants 
used to treat rheumatoid arthritis or inflammatory bowel 
disease. It may also work for nucleic acids such as DNA and 
RNA.

“Our motivation is to make it easier for patients to take 
medication, particularly medications that require an 
injection,” Traverso says. “The classic one is insulin, but there 
are many others.”

The research was funded by Novo Nordisk, the National 
Institutes of Health, a National Science Foundation Graduate 
Research Fellowship, Brigham and Women’s Hospital, 
a Viking Olaf Bjork Research Scholarship, and the MIT 
Undergraduate Research Opportunities Program.
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