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Development of diabetes treatment device based on next generation type of artificial pancreas
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Background and Purpose

Since diabetes is caused by an absolute or relative lack of action of insulin, insulin
therapy remains to be a fundamental option for the treatment of diabetes. The most
common modality of this treatment is the patients’ self-administration, termed “open-loop”
insulin delivery. However, this method inevitably suffers from inaccuracy of the dose control,
where the overdose must be strictly avoided, otherwise causing acute and fatal
hypoglycemia. Although a tight glycemic control is effective to prevent cardiovascular
complications such as myocardial infarction, frequent hypoglycemia rather worsens the
prognosis. As a result of avoiding this acute and serious risk of hypoglycemia, glycemic
control is still inadequate in practice. We have previously established an autonomous
insulin supply technology using a phenyl boronic acid (PBA)-containing polymer gel without
using any bio-derived materials or machines / electronics. A glucose-dependent shift in the
equilibria of PBA (between uncharged and anionically charged), when integrated with
optimally amphiphilic acrylamide gel backbone, could induce a reversible, glucose-
dependent change in hydration of the gel. The resultant abrupt and rapid change in
hydration led to the formation of a gel surface-emerging, microscopically dehydrated layer,
so-called “skin layer”, providing a mode that is able to effectively switch the release
(diffusion) of the gel-loaded insulin. Being synthetic, our system is highly stable, free from
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immunotoxicity issue and, owing to the diffusion control mechanism by the skin layer,
represents so far the only known mechanism establishing both the weekly durability and

the quickness of response being a matter of tens of seconds.

Research achievement

First, we established a catheter-combined device that is suitably scaled for mouse model
experiments. Subcutaneous implantation of the device in healthy and diabetic mice
established a closed-loop system composed of “continuous glucose sensing” and “skin layer”—
regulated insulin release. As a result, glucose metabolism was controlled in response to
interstitial glucose fluctuation under both insulin-deficient and insulin-resistant conditions
with at least 3-week durability. We then prepared a hemodialysis (semipermeable) fiber-
combined device by installing a thin coat of the gel throughout the fiber surface but not
within, thereby achieving both a dramatically increased diffusion-active surface area (as
compared to the catheter-combined type) and a smooth supply of insulin. A mathematical
model was developed to characterize such device concept and to provide a quantitative basis
for the scaling. We successfully obtained a 10-fold scale-up in the power of the device which
was suitable for treating rats, who weigh roughly ten times greater than mice. The
chemical-structure of the gel was further optimized in order for the temperature-
independent performance, which proved to be critical for the safety in vivo. Furthermore,
both the mathematical model and in vitro investigation uncovered the excellence of our
device in responding to acute patterns of glucose. In accordance, we could demonstrate in
vivo a marked benefit of our device in coping with the glucose spike-like symptom over
timescale of a day, to our knowledge, for the first time using an electronics-free system.

Perspective

Currently, more than 80% of the expenditure for medical care of diabetes is made in
developed countries. However, in developing countries where 80% of people with diabetes
will soon live, not enough funds are spent to provide even the least expensive life-saving
treatments, largely due to limited access to an adequate health care infrastructure. In this
regard, the electronics-free feature of our device could potentially aid in the design of more
user-friendly technology, which may facilitate its widespread use not only in developing
countries but also by those patients who otherwise may not be strongly motivated, such as
the elderly, infants, patients in need of nursing care, patients averse to electrical and
mechanical medical devices, and so on. Further studies are required to apply our “smart gel”
technology to clinical practice, such as production of the device for clinical use, confirmation
of biocompatibility, and precise analysis of insulin pharmacokinetics. Nevertheless, a new
paradigm aiming to develop inexpensive (disposable), more robust (tolerant of
unconditioned environment), easy-to-access and easy-to-spread (even to developing regions)
type of technology may eventually better address the well-recognized unmet medical needs
in diabetes, that is, long-term glycemic management, avoidance of hypoglycemia, and
improvement of patients’ QOL.
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