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EERESL (EX)  Hyperdry human amniotic membrane is useful material for tissue
engineering. : Physical, morphological properties, and safety as
the new biological material.
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WFZER RO (3530) : Human amniotic membrane (AM) has been used widely as graft
biomaterial for a variety of clinical applications. But, there are some persistent problems
related to the preparation, storage, and sterilization. To resolve these problems, we
developed hyperdry AM (HD-AM) using far-infrared rays, depression of air, and
microwaves and then sterilized by g-ray irradiation. To elucidate the benefit of HD-AM as
biological materials, compare with the histological and physical properties of HD-AM with
a freeze-dried AM (FD-AM) as typical freeze-dry methods, evaluate the safety of HD-AM in
vivo experiment used nude mice, and demonstrate the feasibility of HD-AM transplant in
pterygium. HD-AM has kept the morphological structure of epithelium and connective
tissues. The water permeability and the sieving coefficient of HD-AM were significantly
lower than that of FD-AM. At 18 months after transplanted, single and multilayers of
HD-AM in the intraperitoneal cavity was degraded without any infiltrated cells. For
clinical treatment, recurrence of pterygium and regrowth of the subconjunctival fibrosis
were not observed during the 6-month follow-up periods after the surgery. It was proposed
that HD-AM was a safe and effective new biological material for clinical use including
treatment for recurrent pterygium.
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FIGURE 1. Protocol of the hyperdry
method. AM samples were dried by the
hyperdry device (Sakura Seiki Co.
Tokyo) and subjected to repeated
pressurization and decompression from
0.4 to 4.6 kPa several times with rest
intervals. During the rest intervals,
the samples received 0. 1-kW microwaves
for 1-3 min repeatedly. Far—infrared
rays (0.4 kW) maintained the temperature
at 50°C and dried up the AM samples. The
sublimation temperature under the
pressure of 4.50 kPa was 30°C. With the
hyperdry method, the AM samples do not
freeze. The microwaves and
far—infrared rays give kinetic energy to
the water of the AM samples, and the
water evaporates due to the decrease in
pressure.
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FIGURE 2. Aqueous permeability of HD—AM
and FD-AM. A, Scheme of measurement
method for  permeability. Aqueous
permeability: The primary column and the
second column were filled with water
that flowed across the membrane, and we
measured the aqueous quantity that moved
to the second column by changing the
liquid level and changing the pressure
of the primary column. Sieving
coefficient of creatinine and BSA: The
second column (the dashed line part) was
removed and we measured the density of
creatinine or BSA solution that passed
through the amniotic membrane from a
primary column.
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FIGURE 2. Aqueous permeability of HD-AM and FD—AM. B,
Aqueous permeability of HD-AM and FD-AM with pressure
change. Open circles:FD-AM. closed circles: HD-AM.
HD-AM had significantly lower water permeability
compared to FD-AM. The values are mean6standard error
of the mean (SEM) of triplicate assays. C, The
creatinine sieving coefficient of HD-AM was lower
than that of FD-AM. The values are mean &= SEM of
triplicate assays. D, The BSA sieving coefficient of
HD-AM was significantly higher than that of FD—AM. The
values are mean®SEM triplicate assays.
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FIGURE 3. The morphological characteristics of fresh
human amniotic membrane (fAM), hyperdry human
amniotic membrane (HD-AM), and freeze-dried human
amniotic membrane (FD-AM). A, Morphology shown by
dissecting microscopy. FD-AM was whiter than HD—AM
and had white powder on the surface. B, Light
micrographs of HE-stained AM samples. HD—AM kept the
morphological structure of epithelium and connective
tissue. C, SEM photographs of the AMs. HD-AM kept the
ultrastructure of epithelium and connective tissue

Left column: fAM. Middle:HD-AM. Right: FD-AM.
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FIGURE 4.
transfected in the
intraperitoneal cavities of nude mice. A, Amultilayer
of HD-AM was transplanted in subcutaneous tissues.
Note that some material is present (arrow). B, A single
layer of HD-AM was transplanted in the subcutaneous
tissues. No residual materials were observed after 18

Single and multiple layers of HD-AM
subcutaneous tissues and

months. C, The paraffin-embedded samples of (A)
stained with H-E. They were surrounded by thin
connective tissues after 18 months. No infiltration
cells remained around the HD-AM.
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Recurrent Pterygium

= A

HD-AM was placed on the exposed scléra and
exténded on the scera and became dear

FIGURE 5.
recurrent pterygium treated with an HD-AM patch. A,

Clinical application. Photographs of

Before treatment. Note the subconjunctival
fibrosis; it covered the front of the patient’ s
cornea. B, The subconjunctival fibrosis was
controlled by attaching HD-AM; this photograph was
taken at 6 months after the surgery.
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