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New injectable gels toughen up after entering
the body

November 15 2012, by Anne Trafton

Gels that can be injected into the body, carrying drugs or cells that
regenerate damaged tissue, hold promise for treating many types of
disease, including cancer. However, these injectable gels don't always
maintain their solid structure once inside the body.

MIT chemical engineers have now designed an injectable gel that
responds to the body's high temperature by forming a reinforcing
network that makes the gel much more durable, allowing it to function
over a longer period of time.

The research team, led by Bradley Olsen, an assistant professor of
chemical engineering, described the new gels in a recent issue of the
journal Advanced Functional Materials. Lead author of the paper is
Matthew Glassman, a graduate student in Olsen's lab. Jacqueline Chan, a
former visiting student at MIT, is also an author.

Olsen and his students worked with a family of gels known as shear
thinning hydrogels, which have a unique ability to switch between solid-
like and liquid-like states. When exposed to mechanical stress—such as
being pushed through an injection needle—these gels flow like fluid. But
once inside the body, the gels return to their normal solid-like state.

However, a drawback of these materials is that after they are injected
into the body, they are still vulnerable to mechanical stresses. If such

stresses make them undergo the transition to a liquid-like state again,

they can fall apart.
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"Shear thinning is inherently not durable,” Olsen says. "How do you
undergo a transition from not durable, which is required to be injected,
to very durable, which is required for a long, useful implant life?"

The MIT team answered that question by creating a reinforcing network
within their gels that is activated only when the gel is heated to body
temperature (37 degrees Celsius).

Shear thinning gels can be made with many different materials
(including polymers such as polyethylene glycol, or PEG), but Olsen's
lab is focusing on protein hydrogels, which are appealing because they
can be designed relatively easily to promote biological functions such as
cellular adhesion and cell migration.

The protein hydrogels in this study consist of loosely packed proteins
held together by links between protein segments known as coiled coils,
which form when two or three helical proteins coil into a ropelike
structure.

The MIT researchers designed their hydrogel to include a second
reinforcing network, which takes shape when polymers attached to the
ends of each protein bind together. At lower temperatures, these
polymers are soluble in water, so they float freely in the gel. However,
when heated to body temperature, they become insoluble and separate
out of the watery solution. This allows them to join together and form a
sturdy grid within the gel, making it much more durable.

The researchers found that gels with this reinforcing network were much
slower to degrade when exposed to mechanical stress and were
significantly stiffer.

Another advantage of these gels is that they can be tuned to degrade over
time, which would be useful for long-term drug release. The researchers
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are now working on ways to control this feature, as well as incorporating
different types of biological functions into the gels.
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