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Outline of Research and Development

In recent years, the use of in vitro fertilization (IVF) has increased rapidly as the childbearing age has become older. In
vitro fertilization is a treatment in which cultured fertilized eggs are implanted into the uterus using a catheter. However, the
success rate in achieving pregnancy is only about 30%, and this places a heavy burden on women in terms of their physical
and mental health, finances, and career. One of the reasons for this is the inability to control the position of the embryo in the
uterus. In IVF, the embryo implanted in the uterus is in a floating state, and whether or not it can come into contact with an
area suitable for implantation is probabilistic. If the embryo after implantation can be kept in a highly implantable area on the
endometrium for a certain period of time, the implantation rate can be improved. Therefore, we have developed an
innovative embryo transfer microrobot that transports the embryo to the optimal position in the uterus and controls the position
of the embryo in the uterus for a certain period of time until implantation. We have already completed a prototype in the
ACT-MS project, and demonstrated vaginal introduction and intrauterine position control in an obstetric model. In this project,
we verify the effects of this new treatment method on the mother and child, and verify the safety of this treatment method.

Firstly, in order to study the introduction and fixation method of the microrobot in detail, we measured the distance from
the surface of the abdomen to the inner wall of the uterus in 46 subjects. As a result, it was found that this treatment could be
applied to more than 85% of patients if the microrobot could be positioned and controlled within a distance of approximately
8 cm. Based on these results, we fabricated a prototype set consisting of a microrobot, a transport catheter, and a fixed magnet.
This complete set was mounted on a model of a human lower abdomen, and vibrations of the maximum acceleration (3G) in
daily life were applied to demonstrate that the microrobot could maintain its position.

Secondly, in order to verify the effect of magnetic field on the development of embryos, we prepared culture plates that
generated a magnetic field equivalent to the magnetic flux density at the center of the microrobot (200 mT), and cultured
embryos under the magnetic field. As a result, the embryos placed under the magnetic field did not show any difference in
appearance during culture compared to the control group. There was also no significant difference in the blastocyst arrival
rate and oocyte degeneration rate. When the resulting blastocysts were transferred to the mothers, the conception rate was
100%, and there were no morphological or behavioral abnormalities in the offspring.

Thirdly, in order to study the effect of magnetic field on the process from gestation to delivery, a magnetic field device was
implanted under the skin of the left side of the abdomen in two female rabbits. Since rabbits have a pair of uterus on each
side, the right side of the uterus without the magnet can be regarded as a control. After 10 days of implantation, there was no
inflammation at the implantation site and no change in health status, so the rabbits were mated with male rabbits. The first
rabbit had five pregnancies on both the magnetic field side and the non-magnetic field side, and the second rabbit had five
pregnancies on the magnetic field side but none on the non-magnetic field side. The rabbits gave birth on the 30th day after
mating, and the first rabbit had 6 litters and the second rabbit had 4 litters. All of them were of normal weight and underwent
a normal developmental process, and we also confirmed the pregnancy of the grandchild generation.

Lastly, we verified the validity and visibility of the microrobot introduction operation in monkeys, which, like humans, are
animals with a single uterus. Using deceased individuals, we inserted an embryo transfer robot into the uterus and observed
it using an ultrasound system. As a result, we found that the position of the robot could be confirmed by halos caused by the
magnet of the microrobot. We also confirmed that the microrobot could be inserted near the bottom of the uterus as aimed in
each individual.

In conclusion, we improved the prototype developed in the ACT-MS project and completed a set of treatment devices with
mass production specifications. In addition, in vitro and in vivo safety tests were conducted, and the primary goal of
demonstrating the safety of the new treatment was largely achieved. Furthermore, we demonstrated that the microrobot can
be introduced, visualized, and retrieved vaginally in a monkey with a single uterus of the same shape, although the size differs

from that of humans.
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