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In surgery, there are many situations in which organs are joined and closed to prevent the outflow
of body fluids. These are usually done by suturing, but suturing can not completely prevent fluid
leakage. In addition, the risk of infection increases because the needle penetrates the tissue.
If the biological tissue to be joined is small, highly skilled suturing technique is required,
thus the outcome depends greatly on the skill of surgeons. In recent years, minimally invasive

surgery such as laparoscopic surgery has become widespread, but the field of view and operability
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are often limited, which lead to the extension of surgery operation time. Medical staplers and
automatic anastomosis devices have partially solved this problem and have been used as standard
procedures for some organs, but they are expensive and metal staples remain in the body. It is
known that fluid leakage occurs at a frequency equal to or higher than that of hand-sewn sutures
even in a surgical procedure using a medical stapler. Therefore, it is desired that the adhesive
is developed which can join the living tissues and prevent body fluid leakage. However, the
adhesive strength of the current biological tissue adhesive is still insufficient, and it is
practically difficult to bond the biological tissues with the adhesives. Most industrial adhesives
work well under dry conditions, but their bonding strength to wet surfaces is significantly
reduced.

On the other hand, looking at nature, aquatic organisms such as shellfish and sea squirts can
easily bond in this difficult moist environment. Since these organisms are at risk of life if
they are washed away by waves, they have acquired underwater adhesion capability as a survival
strategy over a long evolutionary process. I have been conducting research and development of
biomimetic underwater adhesives focusing on the gallol group, which is an adhesive motif of the
aquatic organism. In this project, we deepened our understanding of the principle of underwater
adhesion of gallol-functionalized polymers and verified whether they can be applied to medical
adhesives.

First, polymers with various molecular weights and gallol contents were designed and synthesized
and their underwater adhesion strengths were evaluated. By observing the fractured surface after
adhesion tests with a scanning electron microscope equipped with an energy-dispersed X-ray
detector, the fracture mode was identified and the physicochemical phenomena behind the underwater
adhesion were discussed. Next, a method for synthesizing a bioabsorbable polymer modified with a
gallol group was established.

Tissue adhesion tests were performed using these polymers. A square (20 x 60 mm in size) pig skin
was cut with scissors and divided into two pieces, place the two pieces of pig skin so that the
sides are in contact with each other, and bond them together. It was pulled at a speed of 10
mm/min. In addition, a 3 mm—diameter hole was made in a piece of tissue (bovine aorta, lung
pancreas, liver, kidney, uterus, intestine, 40 x 40 mm in size) and occluded with adhesives. The
sample was set in a breaking pressure tester, and the pressure at the time of rupture was measured
by flowing a phosphate buffered saline solution. As a result of these tests, it was found that
this adhesive has sufficient bonding strength. Furthermore, the biological safety tests were
conducted.

We elucidated the physical and chemical principles of the seed technology, which is a strong
underwater adhesion inspired by aquatic organisms. The results were published in Nature Commun.
2022, 13, 1892, and featured in several news papers. In addition, by participating to educational
programs provided by the development support team, I learned about intellectual property,
pharmaceutical affairs, commercialization strategies, team building, prototyping, pitch
presentation methods, etc. related to medical device development. In addition, seven doctors,
including a surgeon introduced by the development support team, were interviewed regarding
surgical adhesives, to prepare the needs statement. The target organ and the surgical procedure
were clarified, and the prototype of surgical adhesive was developed. Finally, I presented the
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results obtained at Medtech Academy Pitch Day 2022.



