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Current Status and Issues of Healthcare Professionals
with Physical Disabilities Working in Hospitals
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Abstract

Objective: To reveal the current status and issues of healthcare professionals with physical
disabilities working in hospitals nationwide.

Methods: A nationwide survey was conducted targeting hospitals with at least 150 beds re-
garding healthcare professionals with physical disabilities. The survey collected data on the
number of healthcare professionals with disabilities, their job roles, types of disabilities, em-
ployment types, and the difficulties in providing reasonable accommodations.

Results: Responses were received from 470 facilities, encompassing a total of 708 health-
care professionals with physical disabilities. The most common type of disability among
them was motor impairment, and the most common job role was nursing. Many of these
healthcare professionals were employed in the same full-time positions as their able-bodied
counterparts. Reasonable accommodations were provided, such as “always having a sign
language interpreter available” for those with hearing impairments and addressing concerns
for those with visual impairments.

Discussion: The survey revealed that many healthcare professionals with physical disabili-
ties were working in the same capacity as able-bodied individuals. However, those with visu-
al or hearing impairments who required reasonable accommodations faced difficulties in
their employment. To increase the number of employed individuals with physical disabilities,
it is crucial for hospitals to enhance their understanding of these issues and for the govern-

ment to provide economic support.

Key words: healthcare professionals, physical disabilities working,

survey of hospitals nationwide
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Examination of the Effects of ALPS-Treated Water Discharged
into the Ocean on Food and the Effects of its Ingestion

1) 2) 1) 1)
Hikaru Matsuyama, Emu Yamamoto, Tadamasa Nobesawa, Masato Imahana

1 1) 1 D
Shinichi Kato, Kyoko Saito, Norihiko Akiba, Mayumi Otani
3) 3) 4) D
Masayuki Ogawa, Yoshiaki Taguchi, Masashi Imao, Jun Kuwayama
1) Department of Radiological Technology, Faculty of Health Sciences,
Nihon Institute of Medical Science
2) Faculty of Health Sciences, Komazawa University
3) Department of Radiological Sciences, Chuoh College of Medical Technology

4) School of Radiological Sciences, Faculty of Health Science, Gunma Paz University

Abstract

The discharge of ALPS-treated water into the ocean by TEPCO Holdings, Inc. has
prompted concerns about the potential for radioactive contamination of the ocean and marine
products residing in it. This has become an international issue, with the Chinese Customs
General Administration suspending all imports of Japanese marine products due to concerns
about internal exposure of the human body from the consumption of marine products from
nearby waters. This study examined the effects of ALPS-treated water on marine products by
measuring the radioactivity of marine products and familiar foods. No gamma ray emitting
radionuclides in ALPS-treated water were detected from the gamma ray spectra. The radio-
activity of Fukushima-grown green seaweed was found to be lower than that of banana chips
and Chinese green seaweed. This suggests that the impact of gamma ray emitting radionu-
clides from the ALPS-treated water on the green seaweed collected in the ocean (Fukushima
prefecture) in the vicinity of the ALPS-treated water discharge is minimal, and that there is

no cause for undue concern regarding the potential for internal exposure.

Key words: ALPS-treated water, gamma ray emitting nuclides, energy spectrum,

radioactivity, internal exposure
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Leaf 42A = 0.050 [Leaf 42B = -0. Leaf 42A = -0.011 |Leaf 42B= 0.011
Leaf 43A= 0.050 [Leaf 43B= -0. = =0.011 |Leaf43B= 0.011
Leaf 44A = 0050 |Leaf44B= -0. = -0.011 |Leaf 44B= 0.011
Leaf 45A = 0.050 [Leaf 45B = -0. = -0.011 |Leaf 45B = 0.011
Leaf 46A = 0.050 [Leaf 46B= -0. = -0011 [Leaf 46B = 0011
Leaf 47A = 0050 |Leaf 47B= -0. = -0.011 |Leaf 47B = 0.011
Leaf 48A = 0.050 |Leaf 48B= -0. = -0.011 |Leaf 48B= 0.011
Leaf 49A = 0.050 |Leaf 49B= -0. = -0.011 |Leaf 49B= 0.011
Leaf 50A = 0.050 [Leaf 50B = -0. = =-0.011 |Leaf 50B = 0.011
Leaf 51A = 0.050 [Leaf 51B= -0. Leaf 51A = -0.011 |Leaf 51B= 0.011
Leaf 52A = 0.050 [Leaf 52B = -0. = -0011 |Leaf52B = 0.011
Leaf 53A = 0.050 [Leaf 53B= -O0. = -0.011 |Leaf 53B = 0.011
Leaf 54A = 0.050 [Leaf 54B= -0. Leaf 54A = -0.011 |Leaf 54B = 0.011
Leaf 55A = 0.050 [Leaf 55B = -O0. = -0.011 |Leaf 55B = 0.011
Leaf 56A = 0.050 |Leaf 56B = -0. = -0.011 |Leaf 56B = 0.011
Leaf 57A = 0.050 ([Leaf 57B= -0. = -0.011 |Leaf 57B = 0.011
Leaf 58A = 0.050 [Leaf 58B = -0. = =0.011 |Leaf 58B = 0.011
Leaf 59A = 0.050 |Leaf 59B = -0. = -0.011 |Leaf 59B= 0.011
Leaf 60A = 0.050 |[Leaf 60B = -0. = =0.011 jleaf 60B = 0.011
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B4 HARE (OPF &Scp) *=

Z{fhE B Hcm) 4 5 6 7 8 10 12 15 20 25 30 35 40
Sc 0.947888| 0.961286| 0.971044| 0.980995| 0.987257 1 1.0075( 1.014927] 1.022985] 1.030898] 1.037888| 1.043932| 1.049248
Scp (OPF) 0.915017| 0.937573] 0.953828] 0.967672| 0.980183 1] 1.015488] 1.032949] 1.053587{ 1.068783| 1.082682] 1.093933| 1.101987
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R AIREL (TMR) &=

&5

10MV-X§§
2.2444] 28055 3.3666] 5.611 6.1721 6.7332{  7.2043 10.6609 11,222
1 1 1 1 1 1 i 1 1
0.997 0.998 0.999 0.997 0.997 0.997 0.996 0.996 0.996
0.975 0.977 0.979 0.979 0.98) 0.981 0.981 0.98 0.98
0.948 0.951 0.954 0.957 0.958| 0.959 0.96 0.961 0.962
0.92 0.924 0927 . . 0.934 0.936] 0.938 0.939 0.942 0.943
0.89 0.896 0.902 0.905 0.906 0.908 0912 0.915 0.916 0917 0.923 0.924
0.862 0.868 0.874 0.879 0.882 0.885 0.888 0.89) 0.892 0.894 0.901 0.903|
0.835 0.841 0.848 0.853 0.856 0.86 0.865 0.868 0.871 0.873 0.881 0.883]
0.808 0.815 0.822 0.829 0.832 0.837 0.841 0.844 0.846 0.849 0.861 0.863|
0.781 0.788 0.796 0.804 0.807 0.812 0.817 0.82 0.824 0.828 0.84 0.842
0.756 0.763 0.771 0.779 0.783 0.788 0.793 0.798) 0.801 0.805 0.808 0.81 0813 0.815 0818 0.82) 0.822
0.731 0.738 0.746 0.754 0.758 0.764 0.77 0.775] 0.778 0.782 0.786 0.7884 0.792 0.795 0.797 0.799 0.801
0.706 0.713 0.722 0.731 0.735 0.741 0.748 0.753] 0.757 0.761 0.764 0.767 0.77 0.773 0.775 0777 0.78
0.683] 0.691 07 0.71 0.714 0.719 0.725 0.729| 0.733 0.738 0.743 0.745 0.748 0.751 0.754 0.757 0.76)
0.661 0.668 0.677 0.686] 0.691 0.697 0.703 0.709] 0.713 0.718 0.722 0.725 0.727 0.73 0.733 0.736 0.739
0.639 0.647 0.656 0.665| 0.67 0.675 0.681 0.687| 0.692 0.697 0.703 0.706! 0.708 0711 0.714 0.717 0.72
0.618} 0.624 0633 0642 0.648] 0.654 0.66] 0.666] 0.871 0.676 0.682 0.685 0.688 0.691 0.694 0.697 0.7
0.598 0.604 0.613 0.623 0.628] 0.634 0.64 0.647] 0.652 0.657 0.662 0.665 0.669 0.673 0.676 0.679 0.682
0.578 0.583 0.592 0.602| 0.607 0.613 0.62 0.626 0.632 0.637 0.642 0.646] 0.65 0.653| 0.657 0.66 ohﬂ
0.558 0.564 0.572 0.581 0.587 0.594 0.601 0.607 0.612 0.617 0.623 0.627 0.631 0.635 0.638 0.641 0.644
0.539 0.545 0.554 0.563 0.57 0575 0.583 0.589, 0.594 0.599 0.604 0.609 0.613 0.616 0.62 0.623 0.627
0.522 0.526 0.536 0.546 0.552 0.557 0.563 0.57 0576 0.581 0.586 0.591 0.595 0.598 0.601 0.605 0.608
0.506 0.51 0.518] 0.527 0.534 0.539 0.546 0.552 0.557 0.562 0.568 0.573} 0577 0.58 0.584 0.588 0.591
N 0.489 0.494 0.502] 0.511 0.518] 0.523 0.529| 0.535 0.541 0.546 0.55 0.555 0.559 0.563 0.567 057 0.574
! 0472 0.4717 0.486] 0.495 0.502 0.506 0512] 0.518 0,523 0.529 0.534 0.539 0.543 0547 0.551 0.555 0.558
0.458 0.462 047 0.479] 0.485 0.489 0.495( 0.502| 0.508 0513 0.518 0.523 0.527 0.531 0.535 0.53% 0.542
0.443 0.447 0.454 0.463| 0.469 0.474 0.481 0.486 0.491 0.496 0.502 0.507 0.511 0515 0.518 0.522 0.525
0.428| 0.432 0.439 0.447| 0.454 0.459 0.465 0.471 0.476 0.481 0.487 0.492) 0.497 0.501 0.504 0.508 0.511
c.ﬁm._ 0.419 0425 c..alm_ 0.44 0.445 0.451 0.457 0.462 0.467 0.472 0.477 0,482 0.486 0.49 0494 0.497]
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Tablel FEHEMRIIICLIHERELDR
0EAM 90 E /M
A/Pi& A/Pe ik Scp+A/Peik | A/PE A/Pe ik Scp+ A/Pe ik
Ceq - - 6.6122 - - 6.3352
Seq - - 5.30 - - 5.10
SEfIE T 4.5869 5.30 - 4.4704 5.10 -
Sc - - 0.9771 - - 0.9744
Sp - - 0.9774 - - 0.976
Scp - - 0.9550 - - 0.9510
OPF 0.9283 0.9425 - 0.9256 0.9392 -
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MU (%) | 3.6064 1.4887 0.1603 4.4645 2.1677 0.9000
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An Attempt to Introduce Manual Calculation Verification and
Software Verification into “MU Independent Verification”

— Introduction to MU Verification and Learning Effects —

1) 2) 1) b
Hiroshi Sato, Yousuke Sato, Shinich Kato, Jun Kuwayama

1) Department of Radiological Technology, Faculty of Health Sciences,
Nihon Institute of Medical Science

2) Cancer Institute Hospital, Department of Radiation Therapy

Abstract

As part of the radiotherapy work, there is “MU independent verification”.

“MU independent verification” is to calculate the MU value by a method different from
the normal calculation method. In general, the MU value is calculated from the radiotherapy
planning device. In other words, it is necessary to verify whether the reference value is cor-
rect. As an experimental theme in the field of radiotherapy, we have adopted “MU indepen-
dent verification” by manual calculation. Therefore, in this paper, we introduce the “MU In-
dependent Verification” by our university’s original manual calculation.

Next, we purchased the verification software of “MU Independent Verification” from the
2023 university budget. This verification software was used to perform MU verification. In
order to evaluate the learning effect using verification software, a questionnaire survey was
conducted on the students, and they were evaluated by a certification t-test. As a result, a sig-
nificant difference was obtained in the “Clarkson method”, and it was found that the use of
MU verification software was effective for MU verification. In the future, we would like to

increase the number of materials and improve the accuracy of the t-test.

key words: MU independent verification, A/P, A/Pe, Scp, Clarkson method
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Practice and Validation of Data Science Education
in Clinical Engineer Training Schools

Tetsuya Ohya, Kaori Umezawa, Ayumi Wada, Michinobu Nakao

Department of Clinical Engineering, Faculty of Health Sciences,

Nihon Institute of Medical Science

Abstract

In recent years, data science has played an important role in many fields, and the Cabinet
Office’s “Al Strategy 2019” recommends that all university students learn the basics of
mathematics, data science, and Al. However, in medical universities that train clinical engi-
neers and other allied health professionals, passing the national examination is the main goal,
which may lead to insufficient data science education. In this study, we conducted a data sci-
ence lecture for students at a clinical engineer training school and analyzed changes in their
understanding and interest using a questionnaire. The results showed a significant improve-
ment in both understanding and interest, with the introduction of regression analysis into the
lecture producing the most notable change. The analysis also suggested areas for improving
the lecture content, which should be applied to future data science education. This study fo-
cused on students at clinical engineer training schools who are studying engineering, and it is
necessary to consider educational materials and lecture content tailored to the needs of other

medical students as well.

keywords: data science education, data literacy, medical university students, clinical engi-

neer training schools
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Generating Monoclonal Antibodies for C-phycocyanin Recognition
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Summary

C-phycocyanin (C-PC) is known to have antitumor activity. However, its basic mechanism has not been fully elucidated.
Therefore, as a means of tracking C-PC, we generated monoclonal antibodies against C-PC in mice by a combination of En-
zyme-linked Immuno-sorbent Assay (ELISA) and limiting dilution method, and established a hybridoma producing monoclo-
nal antibodies that react with C-PC. As a result, hybridomas producing monoclonal antibodies that react with C-PCs were es-
tablished. The properties of the antibodies were subsequently analyzed by immunohistochemistry, Western blotting, and other
methods. In addition, Western blotting was combined with liquid chromatography-tandem mass spectrometry (LC-MS/MS) to

identify the epitope of the antibody. The results showed that the antibody was IgM (kappa), reacted with C-PC.

Key words : Spirulina, C-phycocyanin, phycocyanobilin, medicinal food, monoclonal antibody

I . Introduction tion, and chemotherapeutic treatments are available
for these cancers, the optimal treatment options remain

Currently, many cases of stomach and pancreatic elusive.

cancers with poor prognosis have been reported be-
cause of the lack of appropriate biomarkers and thera-
peutic agents, with high consequent mortality each

b}
year. Although various state-of-the-art surgical, radia-

Cyanobacteria and red algae possess light-harvest-
ing structures, phycobilisomes arranged on the outer
membrane of the thylakoid membrane for photosyn-

thesis. Phycocyanin (PC), which is the component of

@:EFEL HAE
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TEL : 049-294-9000 FAX : 049-294-9009
Nihon Institute of Medical Science 1276 Shimogawara, Moroyama-machi, Iruma-gun, Saitama, 350-0435 Japan
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this structure, is classified as C-phycocyanin (C-PC)
and R-phycocyanin (R-PC), respectively. Moreover, a
PC with exclusive phycocyanobilin content is named
C-P(ZJ) . C-PC is abundant in Spirulina (Arthrosapirilg.

C-PC is composed of an o and a f§ subunit, which
respectively correspond to a 19.5 kDa band and a 21.5
kDa band, as revealed by SDS-polyacrylamide gel
electrophoresis (PAGE). The a-subunit has one phyco-
cyanobilin attached to cysteine 84, and the [-subunit
harbors two phycocyanobilins attached to cysteines 84
and 155, respectively. Phycocyanobilin is an open-
chain tetrapyrrolg.

Some nutritional supplements derived from algae
and plants, such as phycocyanin, have anticancégr).
They also have immunomodulatory and probiotic
effel?,:?s). However, the molecular mechanisms that un-
derlie these effects remain unclear. If these molecular
mechanisms are determined, the drug could be used
medicinally, with fewer side effects, in combination
with typical chemotherapeutic agents such as conven-
tional cisplatin and vincristine.

To date, monoclonal antibodies against C-PC have
been produced to quantify or detect C-PC in foocig.
However, their use in medical and pharmaceutical do-
mains has not yet been reported.

Therefore, we generated the monoclonal antibody
against C-PC as a molecular probe to investigate the
mechanisms underlying its anticancer properties and
anti-proliferative effect. The antibody is expected to

reveal the dynamics and receptors of phycocyanin in

cells and organisms.
I . Materials and Methods
1. Materials

C-Phycocyanin (C-PC) was provided by Professor

Osamu Hayashi of Kagawa Nutrition University and

56 <<

DIC Corp. (Chiba, JAPAN). Spirulina (Arthrospira)
platensis National Institute for Environmental Studies
(NIES)-46 was a gift from the DIC Corp. (Chiba, JA-
PAN). The strain was inoculated into 50 mL of SOT
medium in a 50 mL glass test tube, as previously re-
portez(q. Spirulina platensis NIES-46 were cultured in

SOT medium at room temperature near the window

under indirect sunlight.

2. Production of monoclonal antibody

Five female BALB/c mice, 6-8 weeks old, were
purchased from Saitama Experimental Animal Supply
Co.Ltd. (Saitama, Japan). Immunization methods have
been previously describezél). The mice were injected intra-
venously four times at 3-week intervals with micelles
consisting of Freund’s adjuvant and C-PC. Spleno-
cytes isolated from immunized animals were fused
with the myeloma cell line Ag8 (Dainippon Seiyaku;
Osaka, Japan), and clonal specificity for C-PC was de-
tected by immunological screening of the culture su-
pernatant against the C-PC-coated plate as previously
descriﬁézg. Positive clones were further subcloned us-
ing limiting dilution to ensure monoclonality. Based
on its specific western blotting pattern and ELISA, the
hybridoma clone producing the monoclonal antibody
against C-PC was used for detailed characterization in
the following. Isotyping of the monoclonal antibody
was performed using an Isostrip (Roche; Mannheim,
Germany). The experimental protocol was approved
by the Ethics Committee for the Care and Use of Lab-
oratory Animals for Biomedical Research of Saitama

Medical University (Nos. 3258 and 3259) and the Ni-
hon Institute of Medical Science (No. 2022002).



3. ELISA to determine if the antibody pro-
duced by the hybridomas reacts well with
C-PC

Each well of the 96-well ELISA plates (Costar; Ac-
ton, MA, USA) received 50 pL of the C-PC solution

(1 pg/mL) diluted in 50 mM carbonate bicarbonate

buffer. After incubation at 4°C overnight, the wells

were washed with Tris-buffered saline containing

0.05% Tween 20 (TBS-T) and blocked with 200 pL of

TBS containing 5% bovine serum albumin (blocking

solution) for 1 h at 37°C. The ELISA plate was pro-

25)
cessed as described previously.

4. Protein quantification for Western blotting
using C-PC, including sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis
(SDS-PAGE)

Briefly, protein quantification was performed using

a 2D Quant kit (Amersham Biosciences; Tokyo, Ja-

pan), as per the manufacturer’s instructions. Cells

were washed three times with phosphate-buffered sa-
line (PBS) and lysed with Laemmle’s SDS-sample

buffer. The lysis solution was passed five times with a

tuberculin syringe and centrifuged at 14,000 x g for 30

min. The supernatant was used for protein quantifica-

tion, SDS-PAGE, and Western blotting.

5. Immunohistochemistry of Spirulina with the
monoclonal anti-C-PC antibody and Micros-
copy
Live Spirulina platensis (NIES 46) gifted by DIC

was placed on a glass slide using a disposable pipette,

observed, and photographed under an inverted micro-
scope CK30 equipped with the digital camera (NY-

SP350) (Olympus; Tokyo, Japan).

We confirm that the monoclonal antibody reacts

with Spirulina using immunohistochemistry. Briefly,

Spirulina was cultured in Lab-tek 8-well permanent®

chamber slides (cat#:177445; Nalge Nunc Internation-
al; Naperville, IL, USA). It was washed twice slowly
with PBS, fixed with 4% paraformaldehyde in PBS for
10 min, and processed for immunohistochemistry as
described previouslz;). Goat anti-mouse IgG conjugated
with Alexa Fluor 488, which was used as a secondary
antibody, was purchased from Thermo Fisher Scientif-
ic KK (Tokyo, Japan). Fluorescence was examined un-
der an immunofluorescent microscope MZ-9000 (Key-
ence; Osaka, Japan) or confocal laser microscope
LSM 710 (Zeiss; Tokyo, Japan). The specificity of all
antibody immunoreactions was confirmed by compar-
ing with the control sections processed with primary

antibodies.

6. SDS-PAGE or western blotting of C-PC or
endo-proteinase Arg-C-treated C-PC with
monoclonal antibody
We confirm that the monoclonal antibody reacts

with C-PC using western blotting. For enzyme diges-

tion, C-PC was treated with or without endo-proteinase

Arg-C overnight at 37°C according to the manufac-

turer’s instructions. Treated or untreated phycocyanin

was mixed with Laemmli SDS-sample buffer and sub-
jected to SDS-PAGE only, or western blotting follow-
ing SDS-PAGE, as described previouslz;). C-PC pro-
teins and endo-proteinase Arg-C-treated C-PC were
subjected to SDS-PAGE (5-20% linear gradient) and
tricine-containing SDS-PAGE (15% constant gel),
respectively, and the proteins on the gel were electro-
transferred onto a nitrocellulose membrane. The mem-
brane was processed for immunodetection. The prima-
ry antibody used was the monoclonal antibody, and
the secondary antibody used was goat anti-mouse IgG
conjugated with horseradish peroxidase. Finally, im-

munoreaction was visualized using EzyWest (Atto;
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Figure 1

Detection of hybridomas secreting antibodies against C-PC by ELISA.

This result of ELISA was presented as typically visualized results. Each well was coat-
ed with C-PC. Myeloma cells’ culture supernatants as control supernatants were put
into B2, B3, B8, B9, C2, and C9 wells. On the other hand, the potent hybridoma’s
supernatants were put into B4, B5, B10,B11,C4,C5,C10,C11,D4, D5, D10,
D11,E4,E5,E10,E11,F8,F9,F10,F11, G8, G9, G10, and G11 wells. As a
positive control, anti-phycocyanin sera diluted with blocking solution (TBS (pH 7.4) in-
cluding 0.5% BSA) were put into D2, D3, E2, E3, D8, D9, E8, and E9 wells. Pos-
itive wells showed yellow. Yellow means anti-C-PC antibodies-containing culture su-
pernatants.

Figure 2

The monoclonal antibody, KY recognized Spirulina platensis (NIES-46).

Immunohistochemistry of Spirulina platensis (NIES-46) indicated that the monoclonal
antibody KY recognized Spirulina, including C-PC. The Spirulina was fixed with 4%
paraformaldehyde in PBS (pH 7.4) and processed for immunohistochemistry as de-
scribed in the material and methods. The immunofluorescence was observed under a
fluorescent microscope BZ-9000 equipped with a computer. Fluorescent yellow-green
(A) showed that Spirulina has C-PC. Panel B indicates phase contrast. Panel C indi-
cates an overlay of A and B. Living Spirulina (D) has a spiral form in medium. Before
fixation by 4 % paraformaldehyde, the form of spirulina was the same as Panel D. Scale

bars indicate in each panel.



Tokyo, Japan) according to the manufacturer’s instruc-

tions.

7 . In-gel digestion and LC-MS/MS analysis

To identify the epitope of C-PC that reacted with the
monoclonal antibody, we conducted liquid chromatog-
raphy-tandem mass spectrometry (LC-MS/MS) com-
bined with western blotting. LC-MS/MS analysis was
processed as previously reportég. Briefly, protein
bands on SDS-PAGE stained with coomassie brilliant
blue R250 (Nacalai tesque; Kyoto, Japan) were pro-
cessed for LC-MS/MS to identify the amino acid se-
quence of each peptide band. In-gel digestion and LC-
MS/MS analysis were performed as previously
reportég. In detail, the stained bands were excised and
soaked in 50 mM Tris-HCI, pH 8.0, containing 50%
acetonitrile for 30 min. The gel was dried in a Speed-
Vac (Savant) and incubated in 50 mM triethylammoni-
um bicarbonate containing proteomics grade trypsin
(Sigma-Aldrich; Tokyo, Japan) at 37°C for 20 hr. The
digests were extracted from the gel with 100-200 pl of
0.1% TFA containing 60% acetonitrile. These extracts
were evaporated in a Speed-Vac and stored at —80°C
until assayed. The sample was resuspended in 0.1%
formic acid and introduced into a nano-flow HPLC
system, EASY-nLC 1200 (Thermo Fisher Scientific
Inc.; Waltham, USA). A packed nano-capillary column
NTCC-360/75-3-123 (0.075 mm [.D. x125 mm L, par-
ticle diameter 3 um, (Nikkyo Technos Co., Ltd.; To-
kyo, Japan) was used at a flow rate of 300 nl/min with
a 2-80% linear gradient of acetonitrile for 80 min.
Eluted peptides were directly detected with an ion trap
mass spectrometer, QExactive HF (Thermo Fisher Sci-
entific Inc.; Waltham, USA). For ionization, a spray
voltage of 2.0 kV and capillary temperature of 250°C
was used. The mass acquisition method consisted of

one full mass spectrometry (MS) survey scan with an

Orbitrap resolution of 60,000 followed by an MS/MS
scan of the most abundant precursor ions from the sur-
vey scan with an Orbitrap resolution of 15,000. Dy-
namic exclusion for the MS/MS was set to 30seconds.
An MS scan range of 350-1800 m/z was employed in
the positive ion mode, followed by data-dependent
MS/MS using the HCD operating mode on the top 15
ions in order of abundance. The data were analyzed
with Proteome Discoverer (Thermo Fisher Scientific
Inc.; Waltham, USA), Mascot software (Matrix Sci-
ence Inc.; Boston, USA), and Scaffold software (Pro-
teome Software, Inc., Oregon, USA). Swissprot and

GenBank databases were used.

II . Results

1. Antibody detection and establishment of the

monoclonal antibody KY

Monoclonal antibodies were developed against
C-PC by screening culture supernatants from hybrid-
omas that fused mouse spleen cells and myeloma cell
line Ag8 using ELISA (Figure 1). During the estab-
lishment of the hybridomas, we developed a stable hy-
bridoma that secretes the monoclonal antibody, and
the secreting monoclonal antibody was named KY.
Isotyping of the monoclonal antibody KY revealed

that the monoclonal antibody was IgM (kappa).

2. The monoclonal antibody KY recognized
Spirulina platensis (NIES-46) and C-PC
Immunohistochemistry of Spirulina platensis

(NIES-46) indicated that the monoclonal antibody KY

recognized Spirulina, including C-PC (Figure 2).

Western blotting showed that KY recognized both a

and [3 subunits of C-PC (Figure 3).
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Figure 3

SDS-PAGE of C-PC (C-phycocyanin) and Western blotting of C-PC with the monoclo-
nal antibody, KY.

Left panel: 10 ug C-PC proteins were applied on SDS-PAGE (from 5% to 20 % gradi-
ent gel). After electrophoresis, the gel was stained with Coomassie brilliant blue R250.
Right panel: Western blotting, that is, after electrophoresis under the same condition
above, proteins in the gel were electroblotted on a nitrocellulose membrane, and then
the membrane was processed for immunoblotting. Con: the culture supernatant of Ag8
myeloma cell line culture was used as a control supernatant. KY: the supernatant of
hybridoma culture which secretes the monoclonal antibody, KY. Finally, immunoreac-
tion was visualized using EzyWest. M.W.M, molecular weight markers.
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Figure 4
Western blotting of C-PC treated with or without endo-proteinase Arg-C.
Western blotting of C-PC treated with or without endo-proteinase Arg-C by the
monoclonal antibody KY and horseradish peroxidase-conjugated goat anti-mouse IgG.
The gel was made of 15% Tricin-acrylamide-gel. Lane 1: M.W.M (molecular weight
markers); Lanes 2: Arg-C-untreated C-PC; Lanes 3: Arg-C-treated C-PC. Arrowheads 1,
2, and 3 indicate three major immunoreactive bands for the monoclonal antibody KY.
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Figure 5
Identification of three immunoreactive bands of C-PC with LC-MS/MS, which are

recognized by the monoclonal antibody, KY.

C-PC proteins treated with or without endo-proteinase Arg-C were applied on Tricine-
SDS-PAGE (15% gel) to prepare the samples for LC-MS/MS. After electrophoresis,
the gel was stained with Coomassie brilliant blue R250. Three peptide bands indicated
with arrowheads were cut out for trypsin digestion. Each gel, including peptides, was
digested in trypsin and applied on LC-MS/MS as described in the materials and
methods. The results of LC-MS/MS analysis showed that bands 1, 2, and 3 were S
subunit, a subunit, and A a (fragment of a ), respectively.

3. The epitope determination using LC-MS/MS

combined with Western blotting

The monoclonal antibody KY reacted with C-PC
treated with or without endo-proteinase Arg C (arrow-
heads 1, 2, and 3 in Figure 4).

The LC-MS/MS analysis combined with Western
blotting revealed that bands 1, 2, and 3 were found to
be [} subunit, o subunit, and a fragment of o subunit,

respectively (arrowheads 1,2, and 3 in Figure 5).

Eleven peptides, I-MFDAFTK-7, 1-MFDAFTKV-
VSQADTR-15, 8-VVSQADTR-15, 16-GEMLS-
TAQIDALSQMVAESNK-36, 16-GEMLSTAQID-
ALSQMVAESNKR-37, 17-RLDAVNR-43, 44-ITS-
NASTIVSNAAR-57, 58-SLFAEQPQLIAPGG-

NAYTSR-77, 85-DMEIILR-91, 92-YVTYAVFAG-
DASVLEDR-108, 115-ETYLALGTPGSSV-
AVGVGK-133, derived from C-phycocyanin beta
chain were identified from band 1. These peptides cor-
responded to 1-133, suggesting that these peptides
covered almost the entire region of the C-phycocyanin
beta chain.

Ten peptides, I-MKTPLTEAVSIADSQGR-17,
3-TPLTEAVSIADSQGR-17, 18-FLSSTEIQVAF-
GR-30, 36-AGLEAAK-42, 36-AGLEAAKA-
LTSK-47, 48-ADSLISGAAQAVYNK-62, 63-
FPYTTQMQGPNYAADQRGK-79, 87-DIG-
YYLR-93, 121-TFELSPSWYIEALKYIK-134,
138-ANHGLSGDAATEANSYLDYAINALS-162, and
11 peptides, 1-MKTPLTEAVSIADSQGR-17,
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3-TPLTEAVSIADSQGR-17, 18-FLSSTEIQVAF-
GR-30, 33-QAKAGLEAAK-42, 36-AGLEAAK-42,
36-AGLEAAKALTSK-47, 48-ADSLISGAAQA-
VYNK-62, 63-FPYTTQMQGPNYAADQRGK-79,
87-DIGYYLR-93, 121-TFELSPSWYIEALK-
YIK-134, 138-ANHGLSGDAATEANSYLDYAIN-
ALS-162, derived from C-phycocyanin alpha chain
were identified from band 2 and 3, respectively. These
peptides corresponded to almost the entire region of

C-phycocyanin a chain.

IV. Discussions

We developed the monoclonal antibody KY specific
for C-PC using a simple monoclonal antibody produc-
tion methozzl). The monoclonal antibody KY established
recognized Spirulina (Figure 2), although the structure
of Spirulina (Figure 2B was partially broken due to
4% paraformaldehyde fixation. LC-MS/MS combined
with Western blotting suggested that the monoclonal
antibody KY recognizes the pigment that binds to the
o and [} subunits of C-PC.

We tried to identify the minute epitope of C-PC
against the monoclonal antibody KY using LC-MS/
MS combined with Western blotting of PC treated
with endo-proteinase Arg C (Figures 4 and 5). The
monoclonal antibody KY recognized both a subunit
and 3 subunit of C-PC (Figures 4 and 5), but each
amino acid sequence of o subunit and [ subunit is
quite different. Therefore, the epitope of C-PC against
the monoclonal antibody KY would be a open-chain
tetrapyrrole of phycocyanobilin. Our conclusions dis-
cussed here had been partially presented at the annual
meeting of the American Association of Cell Biolog3§l/).

Taken together, we established a novel and useful

monoclonal antibody KY that recognizes an open-

chain tetrapyrrole of C-PC. It would be useful for fur-

62 <K

ther research on the molecular mechanisms underlying
the anticancer and anti-inflammatory properties of

C-PC.
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Summary

Hesperetin is rich in citrus fruits and known to have anti-cancer effects. However, its molecular mechanism is not well re-
vealed. Therefore, in this study, we investigated the effects of hesperetin on tumor cells. After treatment of cancer cells with
hesperetin, an increase in iNOS (inducible nitric oxide synthase) was observed, a decrease in cell number was observed,
changes in cell cycle, and the translocation of GAPDHs (glyceraldehyde-3-phosphate dehydrogenases) from the cytoplasm to
the nucleus in some of the cancer cells were observed. Taken together, our results suggested that hesperetin induced GAPDH

of tumor cells from the cytoplasm to the nucleus via upregulation of iNOS expression.

Key words : hesperetin, antiproliferation effect, INOS, GAPDH, apoptosis

I . Introduction

Cancer is a serious condition that greatly affects the
health and standard of living in persons with this dis-
ease. According to statistics obtained from Japan’s Na-
tional Cancer Center, cancer caused approximately
380,000 deaths in Japan in 2028 . Given the number of

cancer-associated deaths, advances in cancer treatment

are of national and individual interest.

Hesperetin (Figure 1) is abundant in citrus species
such as oranges. It is a phenolic compound belonging
to the flavonoid family and is well known for its blood
circulation—stimulating effectzs). It is also known to
possess antioxidalft), anti—inﬂammator;/), anti—canc‘ggl;,

10-12) 13)

anti-viral, and anti-angiogenic properties. However,

the molecular mechanisms underlying these effects
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Figure 1

Chemical structure of hesperetin

remain unclear; that is, how hesperetin exerts cells is
not clear enough. Therefore, in this study, we aimed to
determine the potential anticancer effects of hesperetin
especially. Therefore, we examined the molecular
mechanisms underlying its antiproliferative effects on
cancer cells, that is, intracellular evince of the cells
stimulated with hesperetin. The results of this study
have been partially presented in the form of oral or
poster presentations at international and national con-

14-18)
ferences.

I . Materials and Methods

1. Materials

Hesperetin, fetal calf serum, BD Cycletest™ Plus
DNA Kit, and Lab-Tek 8-well permanox™ chamber
slides (Cat No#: 17445) were obtained from Wako
Pure Chemicals (Tokyo, Japan), BioWest (Riverside,
MO, USA), BD Biosciences (San Jose, CA, USA),
and Thermo Fisher Scientific (Rochester, NY, USA),
respectively. Hesperetin was diluted with the appropri-
ate buffer after dissolving it in dimethyl sulfoxide
(DMSO) (Wako Pure Chemicals; Tokyo, Japan). Rab-
bit anti- iNOS (inducible nitric oxide synthase) and
mouse anti-GAPDH (glyceraldehyde-3-phosphate de-
hydrogenase) antibodies were obtained from Cell Sig-
naling Technology (Danvers, MA, USA). Goat an-
ti-mouse IgG conjugated with Alexa Fluor 488 and
goat anti-rabbit IgG conjugated with Alexa Fluor 546

were obtained from Thermo Fisher Scientific
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(Waltham, MA, USA).

2. Cells

Neuroblastoma cell line GOTO and osteosarcoma
cell line U20S (HTB-96) were purchased from Dain-
ippon Seiyaku (Osaka, Japan) and ATCC (Washington
DC, USA), respectively. Normal human astrocytes
were obtained from ScienCell Research Laboratories,

Inc. (Carlsbad, CA, USA).

3. Culture of tumor cell lines and normal hu-
man astrocytes

Briefly, GOTO and U20S cells were cultured in an
RPMI-1640 medium, and high glucose-based DMEM
supplemented with 10% fetal calf serum containing
antibiotics, respectively. Normal human astrocytes
were cultured in a special medium purchased from
ScienCell (Carlsbad, CA, USA). All cells were cul-
tured at 37°C in a humidified atmosphere containing

5% CO,.

4 . Observation of anti-proliferative effect on tu-
mor cell by hesperetin under an inverted mi-
croscope

GOTO cells were cultured in an 8-well permanox™

Lab-Tek Chamber or a 10 cm culture dish and ob-

served under an inverted microscope CK30 (Olympus;

Tokyo, Japan) equipped with a digital camera Olym-

pus SP-350 (Tokyo, Japan). GOTO cells were cultured

in the presence of various hesperetin concentrations

(0, 100 and 200 uM) and observed under an inverted

microscope CX30 at predetermined time points (12,

24, and 48 h). Moreover, after incubation of GOTO

cells with 0, 100, and 200 pM hesperetin for 120 h, the

cells were observed under an inverted microscope

CX30.



5. Determination of the Number of Viable Cells
at indicated concentrations and for incuba-
tion times of hesperetin by Trypan blue
Briefly, the GOTO cells were treated with (100,

200, and 300 uM) or without hesperetin for 48h on a

10 cm culture dish, and then the cells were washed

three times with phosphate-buffered saline (PBS, pH

7.4) and removed from the plates with 0.25% tryp-

sin-EDTA solution (Sigma Aldrich; Tokyo, Japan). Af-

ter the cells treated with trypsin were neutralized with
fetal calf serum. After the cells were centrifuged for

700 G for 10 min, the pellet was resuspended with

PBS. 100 pL of the cell suspension for counting cells

was mixed with the same volume of 0.4% trypan blue

(Sigma-Aldrich; Tokyo, Japan), and then the aliquot of

the mixed cell sample was put into the hemocytometer

chamber and counted all unstained cells (viable cells)
and all stained cells (nonviable cells) under inverted

microscope CX30.

6. Flow cytometric analysis of cell cycle

Cell cycle analysis was performed using the BD Cy-
cletest™ Plus DNA Kit. U20S and normal astrocytes
were cultured in 10 cm culture plates and incubated
under the conditions described above. Briefly, the cells
were incubated with the indicated hesperetin concen-
trations (300 uM) for 48 h, removed from the culture
dish, and centrifuged. Hesperetin control was used in
the buffer solution at a final concentration of 0.1%
DMSO. Next, the cell pellet was washed with phos-
phate-buffered saline (PBS), then fixed in ice-cold
70% ethanol, and stored at —20°C for 2 h. Subsequent-
ly, the cells were washed with PBS and then incubated
for 30 min at room temperature in the dark in a stain-
ing solution consisting of PBS with 20 pg/mL propidi-
um iodide, 0.1% Triton X100, and 200 pg/mL RNase

A (Sigma-Aldrich). Finally, the stained cells were ana-

lyzed using a BD FACS Canto II Flow Cytometer
(San Jose, CA, USA). Each experiment was performed

in triplicate.

7 . Immunocytochemistry of GOTO and U20S
cells using an immunofluorescent micro-
scope or confocal laser microscope

Immunocytochemistry was performed as previously
reporte]zl). Briefly, GOTO cells (exposed to 0, 100, and

200 pM hesperetin, followed by in incubation for 72

h) and U20S cells (exposed to 0 and 200 uM hespere-

tin, followed by in incubation for 72 h) were seeded

on an 8-well permanox chamber slide and processed
for immunocytochemical analysis using mouse an-
ti-iNOS antibodies (to GOTO and U20S cells ) or rab-
bit anti-GAPDH antibodies (to U20S cells), followed
by goat anti-mouse IgG conjugated with Alexa fluo-
ro488 or goat anti-rabbit IgG conjugated with Alexa

Fluor 546, respectively. Immunofluorescence of iNOS in

GOTO and U20S cells was observed using a confocal

laser microscope equipped with a computer (Axiolm-

ager 72, LSM710) (Carl Zeiss; Oberkochen, Germa-
ny) or a fluorescent microscope BZ-9000 or BZ-700

(Keyence; Osaka, Japan). The laser intensity of a con-

focal laser microscope equipped with a computer was

controlled to maintain the same constant intensity for
each sample. Each experiment was performed in tripli-

cate, and reproducibility was confirmed.

8. Statistical analysis

The results were expressed as the mean (SD). Statis-
tical significance was determined using a one-way
analysis of variance (ANOVA) and Student’s #-test for
paired data. A P value of < 0.05 was considered statis-
tically significant. The calculations were performed
using BellCurve for Excel (version 2.15) (Social Sur-

vey Research Information Co., Ltd, Tokyo, Japan).
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200 pM

12 h

Figure 2
Hesperetin inhibits the proliferation of the neuroblastoma cell line, GOTO.
Morphological changes of GOTO cells were cultured in a 10 cm culture dish and
treated with control (O uM; Con), 100, and 200 uM hesperetin for 12 h (left panel),
24 h (middle panel), or 48 h (right panel). Scale bars indicate 20 um.

140

120

100 [ Figure 3

* Hesperetin appears to decrease
the cell number in a dose-depen-
dent manner.

& The GOTO cells were treated with
40 1 various concentrations (0 uM;
Control, 100, 200, and 300 uM)
of hesperetin for 48 h. Results rep-
resent the means (SD) of three
contpl A0 i 2RISR SO0 Herpepe] replicates. *P < 0.05.

GOTO cell number (x10%)

Control 100 uM

Figure 4
The GOTO cells treated with 200 uM hesperetin for 120 h were strongly reduced.
The GOTO cells were treated with various concentrations (O uM; Control, 100, and
200 pM) of hesperetin for 120 h. Scale bars indicate 20 um.
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Figure 5

Effects of hesperetin on U20S cell cycle distribution (A) and normal astro-

cyte cycle distribution (B).

Values on the vertical axis indicate the percentage of the cell population in
the G,/G, phase, S phase, and G,/M phase of the cell cycle inthe 0 u M
(Control) and 300 uM hesperetin groups. The horizontal axis represents the
cell cycle. Bars indicate means, and vertical lines indicate standard devia-
tions. Cells were exposed to either vehicle (control: 0.1 % dimethyl sulfoxide
in medium) or 300 uM hesperetin, followed by incubation for 48 h. *P < 0.05.

IT . Results

1. Hesperetin inhibited the proliferation of
GOTO cells
The GOTO cells treated with control (0 pM), 100,
and 200 uM hesperetin for 12, 24, and 48 h, appeared
to be aggregated (Figure 2) and showed a decrease of

cell number in contrast with control cells (Figure 3).

Especially, The GOTO cells treated with 200 uM hes-
peretin for 120 h were strongly reduced in the compar-
ison with control cells, that is, the cells without hes-

peretin (Figure 4).
2. Flow cytometric analysis of cell cycle of

U20S cells

When the cell cycle was analyzed after the addition
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Control 100 uM 200 pM
Figure 6
Hesperetin increases the expression of iINOS in GOTO cells in a dose-dependent
manner.

Immunofluorescence analysis of INOS in GOTO cells (exposed to O, 100, and 200
UM hesperetin, followed by incubation for 72 h) was performed using confocal laser
microscopy with constant laser intensity.

iNOS GAPDH
. - -
iINOS GAPDH
- “M- -
Figure 7

Double immunofluorescence of iINOS and GAPDH of U2 0S cells treated with O and
200 uM hesperetin for 72 h.

U20S cells (exposed to 0 and 200 uM hesperetin, followed by in incubation for 72
h) were stained with both anti-INOS (green) and GAPDH (orange) antibodies. Con-
trol (upper panel): The cells were exposed to 0 uM hesperetin, followed by in incu-
bation for 72 h. 200 uM (lower panel): The cells were exposed to 200 uM hesperetin,
followed by incubation for 72 h. Upper panel indicates the typical staining patterns
for INOS and GAPDH. Merge: overlay of expression of iNOS and GAPDH. Asterisks
show that the nuclei were stained for both INOS and GAPDH. Scale bars (red) indi-

cate 50 um.
of hesperetin to tumor cells in culture, the percentage change each phase of the cell cycle of the cells in
of G,/M phase increased significantly in the added cell comparison to control cells (Figure 5B).

group compared to the tumor cell group without hes-

peretin. Therefore, hesperetin may arrest cell prolifera- 3. Immunofluorescence of iINOS of GOTO
tion at the G2/M phase (Figure 5A). In contrast, hes- cells with a confocal laser microscopy
peretin-treated normal astrocytes did not seem to Confocal laser microscopy showed the strong inten-
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sive immunofluorescence of the nuclei of the cells.
generally stained for observation. But the intensity of
immunofluorescence increased in a hesperetin concen-

tration-dependent manner (Figure 6).

4 . Immunocytochemistry of INOS and GAPDH
expression on U20S cells using an immu-
nofluorescent microscope
Double immunofluorescence staining of iNOS and

GAPDH in GOTO cells using anti-iNOS and an-

ti-GAPDH antibodies in the absence of hesperetin

(control) was conducted. In control GOTO cells in ab-

sence of hesperetin, we observed iNOS and GAPDH

expression in the nuclei and cytoplasm, respectively,
on the upper panel (Figure 7. In contrast, in the hes-
peretin-treated GOTO cells, immunocytochemistry re-
vealed that some GAPDHs were translocated from the

cytoplasm to the nuclei following treatment with 200

uM hesperetin for 72 h, on the lower panel (Figure 7).

Asterisks show typical double staining with iNOS

(yellow-green) and GAPDH (orange) (Figure 7).

IV. Discussion

Hesperetin (Figure 1) is known to exhibit anti-
canc:,gr), antiproliferativg, and antiangiogenic proper-
tie]:s); however, the molecular mechanisms underlying
these effects remain unclear enough. Comprehensive
clarification of the mechanisrrzlos) underlying these prop-
erties may highlight hesperetin as a critical drug in
medicine.

In this study, we investigated the hesperetin-mediat-
ed antiproliferative effects on the tumor cell lines
GOTO and U20S. The inhibitory effect on the cancer
cells of hesperetin has been previously describgzl). We
also confirmed that hesperetin inhibited proliferation

of GOTO cells (Figures 2, 3, and 4) and modified the

Hesperetin-mediated signaling pathway

Hesperetin

l
iNOS
}
‘GAPDH — NO-S-GAPDH

In cytoplasm l«

Siah1-GAPDH-S-NO

In nucleus

|
Apoptosis

*: Nitric Oxide -GAPADH-Siah: A Novel Cell Death Cascade
has proposed by Hara R Makoto et al.,>?.

Figure 8
Hesperetin-mediated signaling pathway proposed by us.
Thism)model is mainly based on Hara and Snyder’s
theory, and red arrow indicates the involvement with the
results observed by us.

cell cycle of U20S cells Figure 5).

With regards to cell cycle regulation in tumor and
normal cells, hesperetin shifted the cell cycle of U20S
cells from the GO/G1 and S phases to the G2/M phase
(Figure 5A), whereas this shift was not observed in
normal human astrocytes (Figure 5B). Therefore, hes-
peretin may arrest cell proliferation at the G2/M
phase.

At the beginning of this research, we started to use
the neuroblastoma cell line GOTO cells because we
were interested in neuroblastoma. But GOTO cells had
the property of aggregation. Therefore, we also used
the data on the cell cycle of U20S cells treated with
hesperetin (Figure 5) and the double immunofluores-
cence staining of iNOS and GAPDH of U20S (Figure
7).

Especially, we assessed iNOS expression in GOTO

cells using confocal laser microscopy, since confocal
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laser microscopy can regulate the laser intensity emit-
ted against the object. We observed the expression of
iNOS of GOTO cells treated with hesperetin at the
constant laser intensity. A s a result, the expression of
iNOS of GOTO cells increased depending on the con-
centration of hesperetin (Figure 6). This finding by us
suggested that upregulation of iNOS would induce
more strongly S-nitrosylation on GAPDH, and more
S-nitrosylated GAPDHs will be leaded to the nuclei.
S-GAPDH could trigger the cell deze;fﬁ. For the first
time, we have revealed that the induction of iNOS
with hesperetin could be involved with Nitric Oxide
-GAPDH-Siah1 (Siahl: an E3 Ubiquitin Ligase 1)
(Figure 8). This indicates that iNOS induces S-ni-
trosylation of GAPDH, triggering its translocation
23)

from the cytoplasm to the nucleus. Thus, in this study,

we present that hesperetin would induce cell death.
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Research on the Examination of Chromosome for Introduction
of On-campus Training

Kouki Akaiwa, Shoma Igarashi, Haruka Shimamura, Wataru Yamaguchi

Department of Clinical Laboratory Science, Faculty of Health Sciences,

Nihon Institute of Medical Science

Abstract

The examination of chromosomes is a clinically important analysis used for prenatal diag-
nosis and the diagnosis of malignant tumors. Since the topic of chromosomal abnormalities
also frequently appear in the Japanese national examinations, it is critical to enhance training
for the examination of chromosomes as part of the on-campus training. In the present study,
we examined whether it would be possible to introduce the preparation of chromosome spec-
imens and G-band staining method into the on-campus training.

Peripheral blood lymphocytes were cultured using whole blood samples in heparin tubes.
On day 3 of culture, colcemid solution was added to the culture medium, followed by hypo-
tonic treatment, cell fixation, and spreading to prepare chromosome specimens. Giemsa
staining for G-banding was performed the next day or later. We demonstrated that chromo-
some specimens can be prepared in a condition suitable for analysis, with G-banding result-
ing in distinct bands. This allowed us to develop a protocol that can be integrated into
on-campus training. Although the limited availability of phase contrast microscopes remains
a challenge, we believe that the technical problems can be overcome with additional training.
We demonstrated that training in the preparation of chromosome specimens and G-band
staining method can be incorporated into the on-campus training when there is sufficient

time allocated for training.

Key words: chromosome specimens, G-banding, karyotyping, peripheral blood lymphocyte

culture
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Volunteering during and after the Pandemic: Activity Report for FY2022-2023
of the Volunteer Club of Nihon Institute of Medical Science

D,2) )

1) 1) 1)
Kenta Suzuki, Honoka Toya, Seina Takagi, Ayano Aoki, Chihiro Katano

1) 1) 1)
Kasumi Sugita, Kenshin Tabata, Miharu Yamada

1) Faculty of Health Sciences, Nihon Institute of Medical Science

2) Center Hospital of the National Center for Global Health and Medicine

Abstract

The number of participants in the volunteer club of the Nihon Institute of Medical Science
has been increasing annually as students seek to gain experience and learn the skills neces-
sary to become medical professionals through volunteering. However, from 2020 to 2021,
the COVID-19 outbreak halted all activities. From 2022 onward, activities gradually re-
sumed with infection prevention measures, with the majority of activities resuming in 2023
when COVID-19 was classified as a Category 5 infectious disease. This article presents the
content and results of the volunteer activities conducted by our university’s volunteer club
during the COVID-19 pandemic in 2022 and the post-pandemic in 2023.

Key words: volunteer, activity report, co-medical students, during COVID-19,
post COVID-19
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Key words : peroxidase staining, substrate, fixative, post-staining

DITBEMET, & 5 REHEHI L AT BBk 3 7 [T
2)
HRIETC LA RT L IR D,

I. 3U&IC

RNV I F T F—+¥ (peroxidase: POx) 1I/KZE
HeGAR DK 2 BERAURR I S HETH
0, ZOBALERICLY, AELMEICHT 2
BWEH % %3 5. POxIZBEHMAMBO S B
WERIER (ffrEk, BFERER, GFHEEER) L HIROVY
VY= AWICH BHEET, MMV F 25—
YEXBTHDICITaXVFFTF—BL ]
WAEN S, IE% 73RO S B POx et By & %
TOUE, KA PEOREK L kT, HEkoge
B PER & R T, Zofio ) ¥ XEk
R, RFEGR, BEREGR - M/MCRIZEETH
L. F7z, BREFIREHFEROZ DO TG LD

POx (IR EHAMIBDOE N~ — 1 —Td 5.
BRIRIZ B W CPOx Jefld, AMEHINE D FAB S
BB 5 S EtEa s & St > EE I
IROFRNIAT R CEE LG TH L, AEAIMm
JWOFABHEITIE, BHEATHRD ) HPOx
et B L A33% Ll ETh i, St st
F1 Il % (acute myeloid leukemia: AML) & #
W3 5. 3%KiTHILTEMEY ¥/ H IR
(acute lymphocytic leukemia: ALL) ¥ 721Z AML
OMO, Mba, M6b, M77% EDW MDD 1),
AR~ — 7 — RO Gt & T 5 128
LT BB 5.

@:EEE I AL

T 350-0435 5 LWL A BB ILIT TG 1276 HARERFERY: RIEEFRAE BRI F

TEL : 049-294-9000 FAX : 049-294-9009
Nihon Institute of Medical Science 1276 Shimogawara, Moroyama-machi, Iruma-gun, Saitama, 350-0435 Japan

> 101



A ARERR AR T S 1775

POx %t 13 POx D # FRALIK FAEAE T TR FE it
AR Z AL T AEHZICH L7 HETH 5. KE
e 5 R D128 2 FEO BB IS\ E &2 N2,
POxASfilfit & L T < 2 & T, FHENLMES S
N7RFNZ L) WERILKE S EIE SN TKRE %
L. —), KREZMG LG IIML - EE R
CLTCHEBTS ZORMBIZLY) POXxOFESY
MR 2. WL, Ny F YR T L
A VEEBEAK, 77 b= VEERER, HVN -V
EARPHWSLNT WA, BIE, POx Hefhid fifH
WKWEBTESL)12F Yy MEShTwb, RO
WAL 2 T3 3,3-diaminobenzidine (DAB) % %
95 [DABZ ¥ v b | (REEILSE, R 23
Lol BB HVENTVD, HAREREAS
PRI S E B R R AT A B O VAR A S8 12 B
WO [DABZfF v M) M L7z, AWF%E
TlE, %% [DABZf*x v M| 2L HWwHR
TWVBOPIH~NB 720, [DABYF v | [PO
getn v b (EEEILY, W5, [New PO-K %
¥ v b (RS, R, [NBPOZfhF v
ML, HIX) o4fEoGEFy bRV
TPOxJeth Z9ihs L, Hetalh & BAEDO RIS
DWW - ME L 72

I. W&

REFFEAC IR % 1 & 4172 R SR AR
B S R R S B TR 5 2 AR D2 3
SRS E Lin KBS, HARERRS R
% - WHERSOKRLBTEGLE (RRED

2023010).

Sar

M. K&
IF LY 7 3 IUEERE (ethylenediamine-

tetraacetic acid: EDTA) S&AG & N7 FRIME 12
210G OFIREF 2 H L CIEh 2 # IR 2 SFRIML L,

102 <<

KAY M B ER L 72, JAmz S 9721,
ATEOPOxFef ¥ v b (POZfa ¥ v b, New
POK#:fs % v b, DABZ:fa ¥ v b, NB-PO ¥
¥y ) AL (KD, FEo 70 kanv
WZhE> T2 ER/ L7z, &% v b OBEFIEIZ
DIMIcRe# L, Mk, £E, BEmiZonT
X, EUSFELZ A B, POSEF v b L New
PO-K gt v M IZHE MR SO S [ 2 7E A3
EINTHY, EERIZOVWTHRZEN TV AW
7w, FATHFRABIE L CRRL7. %72 2h
TNORMEF v b OFTERR & PEF R IO W
T, F212F LD,

1. POx%&X v FDOREHE

1) POYtt¥® v b (RIEEILS:, 15642)

OREEERZ GO EEREEARISHET L, 308
RS S 2 72

ORISE % BB O 2580 T L CRA%, 105
M L7z,

QWAKIEL, EoknEREM-7-06, 5%
EM T Sl

@OF L Gets T 155 et L 7-.

®WAKIEL, Ttk SR

2) New PO-K#efa ¥ v I (it 15742)

Onirefif & L RS EER L7z, BIGHIA Y 0
INA T VAT B DZERE K % A~5i# N 2 T
L, INATIVORISHEZERMAT2. 612
WERALKFEKZ L2 CiEERRFIL72b 0 %
Bt & L7z,

QOBEEFEHZ ORISR EZERIHET L, 2T
3RS SH 7z,

@UEAKIE L, Horeky i E -7z

@OF 2 Gt T15 5 Mgt L7z,

AR L, WhEEE, SR L7



OPOLEEF v b

NFHIH—C B

@New PO-KIt 2% » k

NNAXRTE—EREA 2085

@DAB#AX v k

DNAAREERAR WEE
RNFFL T —ERER

20@4%

@ONB-POL X v b

MUTO. BRAND GUARANTEED REAGENT

T Bl 20180
BEXy b+ 30Es =:
nu:-z& 10008 x| SALTATEE (v B &

L3 x1 T
3 1002 x 1 ==
oW =:
RREF (Cogc) [Eamim] =i

M1 4BO~NIVFFIHE—EEREX Y b
[POF&EX Y b (EL), [New PO-K#Ea¥% v ]| (AL), [DABZEX Y b (£TF),
[NB-PO%&Xxy h (BT) Datgs{ERL .

R1 A4FBONIF X L—EREX Y PORER, HFEEBEBICONT

gefn v b I 5 ¥ HE gt

DPO AFIT I a— ) 2, 7 - diaminofluorene F LGt
2, 7 - diaminofluorene
@ New PO-K AFIV T a—) + F LY
p - nitrophenol
3 DAB 25% 7 )V — VT ILTE K 3, 3 - diaminobenzidine F 4Gt
4% FKIVLAT VT R F LY
@HNB-PO + a - naphthol or
%) —) P75 =04t
K2 ABONIVF XD E—EREX Y NORERRB & KSR

gefty o FIT S PR ] Ve EL
OPO 3745 2]
@ New PO-K 2143 2[m]
3®DAB 23457 31

2945 (F 2o Hgetn)
@WNB-PO : 4[]
135 (75 =2 04tn)

> 103



HARBEFRR AR #5175

GFERER BLER

N EAe

M2 4BONILAFIH—EEx Y MOREK
A~DIf [POZEx Y b], E~HIE [New PO-KEfa*xy ], I~LIx [DAB#EX Y b], M~T
& [NB-POEE*x Y b OEEBRERT. BREEICDVTE, A~PRFLYRE, Q~TEH 7
TZLOREEEMLA. FHIK (A E |, M, Q) IZ[5M, T3k B, F, J, N, R) 135
M, BIX (C, G, K, O, S) 3853 M, U /N8 (D, H, L, P, T) ZBEMTH - 7.

104 <<



3) DAB#f¥* v b (REEfLS:, 15712)

O=FERIZE L 72FEER 2 EARICHT L, 158H
B &7z,

@30 HITEARRBE L, w7 %KG2HEM - 72,

@DABERRIEA Y DNAL T IVIZINAL T VD R Y
SRR R RN A 72, S 5I123% MRk
IRFIK %2 L 2 CHBIRA L 72 O % JUGTH
Ll

OFUNME 2 A T L, 35 MRS S 872,

® 30 HIFARIE L, &7 7%KT 2 E M- 72,

®F 2 F et T 1550 M geta L7z,

DFAKIE L, Wik, SR

4) NB-PORt ¥ v b (L5, 15631)
OFEBRAEARICHTL, 19HIS S8,
Q@uARKBEL, HH KT EREI - 7.
@b &7 LB & Rl % FETRE LG
Wam L, 1oMissE7e.
WOIATKTE L, Foakr el & o7z
ORI A EARIZHET L, 59 HKsSE72.
OTAKBEL, B RTEREI S 7.
@75 =04t TlLHMHE, HEHVITF LY
T 155 geta L 7.
®FAKIE L, Wkt SFHRL7.

2. BEREELFPHROBMEE

1) AEWBEmECHE L, AdvanView 1 A —3 ¥
7y 7 b7 RAESHT PV 3
v, W) AHWTHsE L7

2) MRE IO MBEFEARIZOWT, IFHEK
1001 @ 9 © POx Gt b VA B D EI & % F
L, ‘FHEZRD 7.

V. #R

AFEOGt X Y MIBIT A 3ME % X212/ L
72. POt v b (K2A~D) ZBHMERERAYE

frt e\ Lkt i e o720 #FEk (M2A)
FOFEAMEICHBE EArRE ), Hik (K
2C) 3B 2 JERL SRR H 7z, New PO-K 3
wx v b (H2E~H) (EB Bk 2 fk 12 5
T o7z WFERER (M2F) 3Rk v LIkTEE
DR AT b7z, DABREF v + (X
21~L) IE MR HE @ IZ4e E - 72, NB-PO
Jetn v b (2M~T) (3B 1B 255 12
efolz b, ETORGFY MIBWT, #f
HERIIF I, BFERERI SR, HERIZGSRE, )
YRR ORBRERLETH - 72,

TR ERD HAZIRE L SO R 2 A L/
EZh, POt F Y FH96%, FRD Ot F v
FE100% T - 72,

V. BE

AR SR 2k S B 2 B AR 22 0
MR AT T, Bk & LT, POx
b T AT T — Vet kML T, POxHe
{1212, DABE %+ 2 DAB#MF v | %
FH$ A5, DAB# I Manz Ciiilis it
TV BRE DB AR L 3HOREF o b0
et b & FRPEO HE 2 12D\ T ILl - et L7,

BB OGSy P TR S bOO,
WARAEEE P HFOIZEE o7, PORBF Y M
New PO-K v MIE UERENGZEIN TV 5
7o, BRSO b 7 U AZ 7 5 & I LT
72, L2 LEERBIE, PORE T v MdEikmlZ,
New POK Y% v b TR0 E o 72 HFh
BRI H L CBIER A L e =5, PORE
F v MIBWTI%TH-7z. FHICHENL
FABETE RV, MOREF v b 100%T
BotZbhb, POREE v Mdd LRI A
WTTEEPEASE 2 57z, MR O E AL %
DA, %R ) AR L AL, AROHE
COIHI STV B & 5 1 GBBIPE (R C IR A

> 105



A ARERR AR T S 1775

LWiGaEdd o 72,

BB EICFLAFRm 2 FER L, NB-POJ
mExy MIFT 77 =0t b EmLL. FuF
Gett |3 th & AR g E 5720, Mo
ATV T o7z, L2 LAaA 5, New
PO-K %t v MIMhogetn v MR TEE
MR, BOLIZO>TWRER EFTLo2 ) 3§
F 5720, BILREOENVEH L& 2560
Ho7z. NBPOZMF v MaBWTI, %YM
ELTF AV ROOMIIY 7T =¥ Ogufax Fii
L7z, 77 =008k ICHETa2HmE L
T, SR OFHG &G oR Ol L 2
% 72D bR &2 BooF 9 S BERD X ) 2556
PEOMIN b BT HE S = 2 25T X 720, AR
EEICET 2RI E LT, BB EnC s
hiFons (K2).

WINOF vy MIBWTOEIEEICEN, L
B, FRIEETH72. L2LEDNH,
NB-POgsta ¥ v M, WMAKKEDEETAND 5 72
O, 2 THERLPOGE T v b New PO-K g
F v MRS ERRHEMICE L (]K2). F
72, ¥ N OGBBIEIIHI S, L EERIE, F1U
EREEF oL OD, POGfmX v MI1E
SEEIHIRESEDLAT v THH Y, RREEH2H
MBS & 272, BfE, DABH ¥ v b 2%6
#, New PO-KZf ¥ v b2AS2~34], POZf ¥
v MH~28 DY = 7 % 5, NBPOYAILH
FOFASNTVENC EHHE STV,
NB-POZtF v b2 £ D FIH S LT e W
Wol>E LT, FEEEPETHD4% KN A
TUTE FEELID, SODD LI~ ORE
ARO LN DL T2DTIE R\ L HER L 72,

KREBROFERL Y, Gealk, BIEOMMES, 3
BEEICBWTRED R WDABS v b
LT7EPRLEL, MEOVWHERTHo72. £
7z, DABZ: I 3fEo*x v MR, HE

—, EPRMmE e b2 B4 (International Coun-

106 <<

cil for Standardization of Hematology: ICSH) 7%
L TV LIEEETHL I LY, DABHO
VITOEIEIFL WL EEZ LN



1)

2)

3)

4)

5)

(ZEXH)
HEGHE, /NS, i s R RAL
JEOMEARATS: BS2RR, 122-125, [EpkHE
Wbk At, B, 2024.
WEERTP, B — ¢ BRI
WAL SEANL, 145-148, BEZFFEEE, W,
2010.
AR B2 RVE Iy -4 Medical
technology, 46 (4), 319-326, 2018.
IR, AR, Ml vt FT S
—Yhufn, HARMAME SRS 22 (3),
425-433, 2021.
v S, BRZER RIS - SREG o
I & 2 METERERE O350 H2h,
248-250, FACHRR, HH, 1995.

> 107



A ARERR AR T S 1775

Characterization of Peroxidase Staining Kits
Manato Shoji, Daiki Suzuki, Shota Abe, Haruya Imai, Yuta Koike,

Sakura Tazoe, Haruka Shimamura, Wataru Yamaguchi

Department of Clinical Laboratory Science, Faculty of Health Sciences,

Nihon Institute of Medical Science

Abstract

Peroxidase staining is essential for hematological tests to differentiate between acute my-
eloid leukemia and acute lymphoblastic leukemia according to the FAB classification. The
results of the tests are critical for both diagnosis and treatment. In the present study, we char-
acterized PO, New PO-K, and NB-PO staining kits, in addition to DAB staining for in-class
practice.

Despite variations in color for positive granules depending on the substrate, all the kits
gave staining images positive for neutrophils, strongly positive for eosinophils, weakly posi-
tive for monocytes, and negative for lymphocytes. Slightly low sensitivity in PO staining oc-
casionally complicated the assessment of weakly positive images. All the kits were easy to
use without any technical difficulty. However, NB-PO staining required multiple wa-
ter-washing steps, which made it somewhat cumbersome. Thus, we concluded that DAB and

New PO-K staining kits were simple and efficient.

Key words: peroxidase staining, substrate, fixative, post-staining
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Development and Prospects from Community Collaboration Platform Activities
to Joint Research: A Case Study of Nihon Institute of Medical Science

1 2) 2) 2)
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3) 3) 4) 5)
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1) Nihon Institute of Medical Science

2) Physical Therapy Course , Department of Rehabilitation, Faculty of Health Sciences,
Nihon Institute of Medical Science

3) Department of Management, Faculty of Management, Josai University

4) Department of Clinical Dietetics and Human Nutrition, Faculty of Pharmacy
and Pharmaceutical Sciences, Josai University

5) Sakado/Tsurugashima Fire Dept

Abstract

The missions of the university are “education,” “research,” and “contribution to the soci-
ety.” These are the roles that universities should fulfill as stipulated in the “Basic Act on Edu-
cation.” Among these, the needs from the local community for “contribution to the society”
are increasing year by year. Under these circumstances, Nihon Institute of Medical Science
joined the membership of the “The Saitama Tojo and West Area Universities Platform
(TJUP),” and has conducted activities in cooperation with universities, junior colleges, local
governments, businesses, and other organizations in Saitama Prefecture.

Through TJUP’s activities, Nihon Institute of Medical Science, Josai University, and the
Sakado/Tsurugashima Fire Dept came to collaborate on a joint research project on the “de-
velopment of a program to maintain and improve the physical fitness of elderly employees.”

This paper introduces TIUP’s activities at Nihon Institute of Medical Science, the devel-

opment of a joint research project, and future prospects.
Key words: community collaboration platform, community problem solving,

industry-academia-government collaboration, firefighters,

system for extension of retirement
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£R1. BEHREROEEHN/NT A —4 (n=20)

Task Sex VO, VCO, METs HR
1; Male/2; Female (L/min) (L/min)  (mL/kg/min) (beats/min)
1 0.42 (0.11) 0.46 (0.11) 1.91 (0.75) 85.52 (14.84)
2 i AL 2 0.36 (0.26) 0.42 (0.30) 2.13 (1.51) 76.06 ( 4.38)
total 0.39 (0.20) 0.44 (0.23) 2.02 (1.20) 80.79 (11.92)
1 0.89 (0.22) 1.02 (0.26) 3.78 (0.44) 125.75 ( 4.45)
AT vk 2 0.82 (0.18) 1.01 (0.10) 4.90 (0.74) 113.83 (10.07)
total 0.86 (0.20) 1.01 (0.20) 4.34 (0.83) 119.79 (10.13)
1 0.59 (0.17) 0.77 (0.28) 2.55 (0.67) 112.78 ( 6.08)
BEHO 2 0.43 (0.04) 0.62 (0.07) 2.61 (0.44) 100.93 ( 6.00)
total 0.51 (0.15) 0.70 (0.22) 2.58 (0.56) 106.86 ( 8.46)
1 0.91 (0.11) 1.14 (0.20) 3.96 (0.35) 134.28 ( 4.06)
Bk 2 0.74 (0.12) 1.11 (0.20) 4.41 (0.32) 118.60 (15.04)
total 0.83 (0.14) 1.13 (0.20) 4.18 (0.40) 126.44 (13.52)

1: B 2 ok, BEBEO : NeERECOmMBKEEIE BKEEO : /2 K i H < oo i 1 Bk 5 ) 1F
mean (SD), VO, : oxygen uptake, VCO, : carbon dioxide output, METs : metabolic equivalents, HR : heart
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RN L RIERR LAT o 72 IR AW X ) R
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RR), — [l #& & & (tidal volume: LI T,
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equivalents ; L F, METs), [ 4 # (heart
rate ; LT, HR) MR 6N L& THh 5. At
78 Tlx, VO, VCO, METs, HR#ZHIZEEHE &
L7z
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x2. FEHFREEOHEAN (n=20)

Task FAE B TE 5 8o AT
mean  SD F value Bonferroni® % EHILE R E  p  value
A QT 0.39  0.20 ig
B 27Uy k 0.86  0.20 A-D*
VO, (L/min) 17.9 * A<B-D; C<B-D X
C BEEO 0.51 0.15 B-C
B-D
D BkEO® 0.83 0.14 oD
7 L. A_B**
A RN 0.44 0.23 o
B 27Uy k 1.01  0.20 AD**
VCO; (L/min) 20.1 ** A<B:-C-D; C<B-D .
C BEEO 0.70  0.22 B-C
B-D
D BEE® 1.13  0.20 oD
A REIEN 2.02  1.20 ig
B 27Uy k 434  0.83 A-D*
METS 17.7 * A<B-D; C<B-D X
C BKEEO 2.58  0.56 B-C
B-D
D BkEO® 418  0.40 oD
e " AR
A REENL 80.79 11.92 o
B 27Uy 11979 10.13 AD**
HR(beats/min) 37.6 * % * A<B-C-D; C<B-D .
C BEEO 106.86  8.46 B-C
B-D
D BEO® 126.44 13.52 c-D*

% p<0.001, * 3k p<0.05, * * %k p<0.0001, VO,: oxygen uptake, VCO,: carbon dioxide output

METSs: metabolic equivalents, HR: heart rate
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Examination of Metabolic Equivalents
in Jumping Movements on a Care Trampoline

Norihumi Nishida, Masataka Nakamura, Taichi Ogiyama

Occupational Therapy Course, Department of Rehabilitation, Faculty of Health Sciences,

Nihon Institute of Medical Science

Abstract

The implementation of physical activity is known to be essential for the prevention of
lifestyle-related diseases, the mitigation of age-associated decline in daily functioning, and
the maintenance of overall health. This study aims to evaluate the metabolic equivalents
(METs) associated with jumping movements on a care trampoline. The study population
consisted of 20 healthy university students (10 males and 10 females; mean age 21.2+2.2
years). The measured parameters included: (1) jumping with toe contact, (2) jumping with
the soles off the ground, and (3) squatting on the floor. The physiological measurements re-
corded were oxygen consumption (VO,), carbon dioxide production (VCO,), minute ventila-
tion (VE), tidal volume (TVE), and metabolic equivalents (METs). Repeated measures anal-
ysis of variance revealed significant main effects for oxygen consumption [F(3, 16) = 18.3,p
< 0.001] and metabolic equivalents [F(3, 16) = 18.4, p < 0.001]. The findings suggest that
exercise involving a care trampoline provides a moderate-intensity level of physical activity

and can be appropriately utilized considering the fitness levels of the participants.

Key words: metabolic equivalent, disease prevention, physical activity
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The Reality of Sex Education
— From the Survey in University Students Aiming for a Medical Career —

Reiko Hirata, Fuyo Kameda

Department of Nursing, Faculty of Health Sciences,

Nihon Institute of Medical Science

Abstract

This study was aimed at clarifying the reality of sex education of university students aim-
ing for a medical career in the future and, for that, an on-line questionnaire survey was con-
ducted in 1,413 students of our university. The questions asked in the survey were related to
sex education received at educational institutions and from their parents. Consent to the sur-
vey was obtained on line from 517 students (Response rate: 36.6%). For the question “Is sex
education received at educational institutions helpful?”, 313 students answered “Very help-
ful” or “Somewhat helpful”. Among freely-described answers about the most helpful sex ed-
ucation, description about “Contraception” was most frequent. For the question “Have you
ever received sex education from your parent?”, 442 students answered “No”. Meanwhile,
69 students answered “Yes”, and most of the content of their free description about sex edu-
cation received from their parents was “contraception” and “Sexual act”. More than half of
the students consider that sex education at educational institutions is helpful, and the most
helpful sex education they consider are all included in the Ministry’s Education Guidelines
and were related to sex that affects students” own body. On the other hand, it was made clear
that sex education by parent is insufficient because more than 80% of the students had not re-

ceived any sex education from their parents.

Key words: university student aiming for a medical career, educational institution,

parent, sex education, reality
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A Study on Percentage Depth Dose measurements using radiochomic film

1 1) N 1
Sarah Yasuoka, Inooka Yuki, Shinichi Kato, Tadamasa Nobesawa
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Hiroshi Sato, Jun Kuwayama, Keiichirou Kubo

1) Department of Radiological Technology, Faculty of Health Sciences,
Nihon Institute of Medical Science

2) Toho University Omori Medical Center Center Department of Radiology

Abstract

Radiochromic films change color upon irradiation, and the dose distribution can be visual-
ized by reading the color change, which is important for quality assurance in clinical practice
and research due to its high sensitivity and easy handling. PDD is also important data on the
depth profile of dose distribution in radiotherapy, and has been measured using a water phan-
tom and an ionization chamber.

In this study, we focused on PDD measurements using radiochromic films and investigat-
ed methods that contribute to improving the accuracy of radiation measurements. The higher
the energy of the radiation quality and the lower the dose, the larger the error in acquiring
PDDs. The error did not change when the phantom was crimped. The depth scaling factor
showed a reduction in error for the maximum depth value. It is concluded that the accuracy
of X-ray PDDs obtained using radiochromic films can be improved by considering the radia-
tion quality and dose, using red light for reading, and using the depth scaling factor of the

phantom.

key words: radiochromic film, characteristic curve, percentage depth dose, depth scaling

factor
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Abstract

Filtered Back Projection (FBP) is mainly used for image reconstruction in CT for radiation
therapy planning. In rece