Preface of the Conference Proceeding of the 2nd International Conference on
Mathematics, its Applications, and Mathematics Education ICMAME) 2024

We are pleased to present the proceedings of the 2nd International Conference on
Mathematics, its Applications, and Mathematics Education (ICMAME) 2024. This esteemed event
was a collaborative effort organized by the Department of Mathematics, Faculty of Science and
Technology, and the Department of Mathematics Education, Faculty of Teacher Training and
Education, Universitas Sanata Dharma, Yogyakarta, Indonesia.

The conference was held on September 21, 2024, at Universitas Sanata Dharma, Indonesia,
under the theme "21*" Century Mathematics and Mathematics Education.” This theme reflects the
urgent need for innovative approaches to mathematics and mathematics education, aligned with
the demands and opportunities of the 21% century. ICMAME 2024 brought together
mathematicians, educators, and researchers to discuss emerging trends and share insights in these
critical areas.

We were privileged to have distinguished keynote and invited speakers who enriched the
conference with their expertise and perspectives. Our heartfelt thanks go to:
e Assoc. Prof. Dr. Wanty Widjaya (Deakin University, Australia)
e Dr. rer. nat. Wolfgang Bock (Linnaeus University, Sweden)
e Dr. Martianus Frederic Ezerman (Nanyang Technological University, Singapore)
e Asst. Prof. Dr. Parkpoom Phetpradap (Chiang Mai University, Thailand)
e Veronica Fitri Rianasari, M.Sc., Ph.D. (Universitas Sanata Dharma, Indonesia)

We extend our deepest gratitude to the organizing committee for their dedication and hard
work, to the authors for their invaluable contributions, and to the reviewers for their diligent
evaluations and constructive feedback. Without their combined efforts, this conference would not
have been possible.

We hope this collection of proceedings, featuring contributions from authors across various
countries (Indonesia, Philippines, Thailand, Japan, etc.), serves as a significant resource for
researchers, educators, and practitioners. May it inspire future innovations, foster collaboration,
and contribute to the advancement of mathematics and mathematics education for the betterment
of our global community.

Thank you for being a part of the 2" ICMAME 2024. We look forward to continuing this
journey together and to exploring new horizons in the fascinating realms of mathematics and
mathematics education.

Yogyakarta, 15 January 2025
Eko Budi Santoso
Chair, The 2" ICMAME 2024



. Web of
e(llr)sclences Journals Books  Conferences & EDPS Account (/-//-conferences

11 OV E SN febli=iclalel=cl  Allissues  Series  Forthcoming  About QSearch = Menu

All issues » Volume 71 (2025)

< Previous issue Table of Contents Next issue ¥

Free Access to the whole issue

ITM Web of Conferences
Volume 71 (2025)

International Conference on Mathematics, its Applications and Mathematics Education (ICMAME 2024)

Yogyakarta, Indonesia, September 21, 2024
Hartono, E. Budi Santoso and H. Pribawanto (Eds.)

Export the citation of the selected articles Export
Select all

Open Access

About the conference
Published online: 06 February 2025
PDF (156 KB)

Open Access

Statement of Peer review
Published online: 06 February 2025
PDF (125 KB)

D Open Access
Analysis of Pedagogical Content Knowledge (PCK) of Mathematics Education Students in Practice Learning Mathematics and
Science Using STEAM Approach 01001
Wayan Maharani and Hongki Julie
Published online: 06 February 2025
DOI: https://doi.org/10.1051/itmconf/20257101001
Abstract PDF (283.6 KB) References

D Open Access
Implementation of Ignatian Pedagogy Paradigm on The Topic of Probability at Seminary Mertoyudan Senior High School
Magelang 01002
Maria Agustina Reforma Putri and Eko Budi Santoso
Published online: 06 February 2025
DOI: https://doi.org/10.1051/itmconf/20257101002
Abstract PDF (809.6 KB) References


https://www.edpsciences.org/
https://www.edpsciences.org/
https://www.webofconferences.org/
https://www.webofconferences.org/
https://www.itm-conferences.org/
https://www.itm-conferences.org/
https://www.itm-conferences.org/component/issues/?task=all&Itemid=121
https://www.itm-conferences.org/component/issues/?task=all&Itemid=121
https://www.itm-conferences.org/series
https://www.itm-conferences.org/series
https://www.webofconferences.org/itm-web-of-conferences-forthcoming-conferences
https://www.webofconferences.org/itm-web-of-conferences-forthcoming-conferences
https://www.itm-conferences.org/about-the-journal/aims-and-scope
https://www.itm-conferences.org/about-the-journal/aims-and-scope
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/contents/contents.html#menu-mobile
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/contents/contents.html#menu-mobile
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/contents/contents.html#menu-mobile
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/contents/contents.html#menu-mobile
https://www.itm-conferences.org/component/issues/?view=issues
https://www.itm-conferences.org/component/issues/?view=issues
https://www.itm-conferences.org/articles/itmconf/abs/2025/01/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/01/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/01/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/01/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/01/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/contents/contents.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/03/contents/contents.html
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_ICMAME2024_About.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_ICMAME2024_About.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_ICMAME2024_Statement.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_ICMAME2024_Statement.pdf
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://doi.org/10.1051/itmconf/20257101001
https://doi.org/10.1051/itmconf/20257101001
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01001.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01001.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01001/itmconf_icmame25_01001.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://doi.org/10.1051/itmconf/20257101002
https://doi.org/10.1051/itmconf/20257101002
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01002.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01002.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01002/itmconf_icmame25_01002.html
https://publications.edpsciences.org/
https://publications.edpsciences.org/
https://www.edpsciences.org/en/books
https://www.edpsciences.org/en/books
https://www.webofconferences.org/
https://www.webofconferences.org/

Open Access

The Relationship Between Mathematical Thinking and Resilience in Number Sequence Lesson Through Ethnomathematics
Among Pre-service Primary School Teachers 01003

Christiyanti Aprinastuti and Maria Agustina Amelia

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101003

Abstract PDF (363.8 KB) References

Open Access

Implementation of Mathematics Teaching Module Based on Reflective Pedagogy Paradigm (RPP) at Taruna Nusantara High
School 01004

Rizky Anwari, Angelin Ica Pramesti and Eko Budi Santoso

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101004

Abstract PDF (534.6 KB) References

Open Access

Ethnomatematics Study on lkat Woven Fabric of The Kwatek Lamalera 01005
Elisabeth Gunu Lyany and Hongki Julie

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101005

Abstract PDF (692.4 KB) References

Open Access

Visual mathematics: An implementation to students in an indigenous community and a sub urban area 01006
Jalina Widjaja, Oki Neswan and Yudi Soeharyadi

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101006

Abstract PDF (966.4 KB) References

Open Access

Implementing The Ignatian Pedagogy Paradigm in Mathematics Learning: Annuity Material at The Vocational School Level
01007

Yuliastuti Dwi Lestari and Eko Budi Santoso

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101007

Abstract PDF (646.6 KB) References

Open Access
Validity Analysis of Digital Puzzle Game Media with a Realistic Mathematics Education Approach on Arithmetic Operations
Material for Early Childhood 01008
Eem Kurniasih and Pukky Tetralian Bantining Ngastiti
Published online: 06 February 2025
DOI: https://doi.org/10.1051/itmconf/20257101008
Abstract PDF (545.8 KB) References

Open Access

The Mathematics of Finance: Pricing Volatility derivatives 01009
Parkpoom Phetpradap and Natkamon Sripanitan

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101009

Abstract PDF (545.7 KB) References

Open Access


https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://doi.org/10.1051/itmconf/20257101003
https://doi.org/10.1051/itmconf/20257101003
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01003.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01003.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01003/itmconf_icmame25_01003.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://doi.org/10.1051/itmconf/20257101004
https://doi.org/10.1051/itmconf/20257101004
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01004.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01004.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01004/itmconf_icmame25_01004.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://doi.org/10.1051/itmconf/20257101005
https://doi.org/10.1051/itmconf/20257101005
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01005.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01005.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01005/itmconf_icmame25_01005.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01006/itmconf_icmame25_01006.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01006/itmconf_icmame25_01006.html
https://doi.org/10.1051/itmconf/20257101006
https://doi.org/10.1051/itmconf/20257101006
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01006/itmconf_icmame25_01006.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01006/itmconf_icmame25_01006.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01006.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01006.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01006/itmconf_icmame25_01006.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01006/itmconf_icmame25_01006.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01007/itmconf_icmame25_01007.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01007/itmconf_icmame25_01007.html
https://doi.org/10.1051/itmconf/20257101007
https://doi.org/10.1051/itmconf/20257101007
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01007/itmconf_icmame25_01007.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01007/itmconf_icmame25_01007.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01007.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01007.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01007/itmconf_icmame25_01007.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01007/itmconf_icmame25_01007.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://doi.org/10.1051/itmconf/20257101008
https://doi.org/10.1051/itmconf/20257101008
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01008.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01008.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01008/itmconf_icmame25_01008.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01009/itmconf_icmame25_01009.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01009/itmconf_icmame25_01009.html
https://doi.org/10.1051/itmconf/20257101009
https://doi.org/10.1051/itmconf/20257101009
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01009/itmconf_icmame25_01009.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01009/itmconf_icmame25_01009.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01009.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01009.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01009/itmconf_icmame25_01009.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01009/itmconf_icmame25_01009.html

Numerical Investigation of S-Amyloid Aggregation Process In Alzheimer's Disease 01010
Zefanya Putri Rida Wibowo and Lusia Krismiyati Budiasih

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101010

Abstract PDF (714.8 KB) References

Open Access

Occupation Times of Fractional Brownian Motion as White Noise Distributions 01011
Herry Pribawanto Suryawan

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101011

Abstract PDF (475.5 KB) References

Open Access

Counting The Number of Arrangements of Tatami Mats in a Rectangular Room of Vertical Length 2, 3and 4 01012
Yoshiaki Ueno

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101012

Abstract PDF (481.7 KB) References

Open Access

Decision-Level Fusion on Healthcare 01013

Astri Ayu Nastiti, Laurentinus Anindito Wisnu Susanto, Desi Natalia Muskananfola and Gusti Ayu Dwi Yanti
Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101013

Abstract PDF (861.3 KB) References

Open Access

Development of an Epidemiological Model with Transmission Matrix to Understand the Dynamics of Tuberculosis Spread
01014

Meliana Pasaribu, Fransiskus Fran, Helmi, Angela Nadya Putri Ditya, Alexander and Tegar Rama Priyatna

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101014

Abstract PDF (584.1 KB) References

Open Access

Application of the XGBoost Algorithm for Predicting the Target Effective Temperature in Closed Broiler Chicken Cage 01015
Hartono

Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101015

Abstract PDF (677.7 KB) References

Open Access
Long Short-Term Memory and Bidirectional Long Short-Term Memory Algorithms for Sentiment Analysis of Skintific Product
Reviews 01016
Laurensia Simanihuruk and Hari Suparwito
Published online: 06 February 2025
DOI: https://doi.org/10.1051/itmconf/20257101016
Abstract PDF (491.1 KB) References

Open Access

On Independent [1, 2]-sets in Hypercubes 01017
Eko Budi Santoso, Reginaldo M. Marcelo and Mari-Jo P. Ruiz
Published online: 06 February 2025

DOI: https://doi.org/10.1051/itmconf/20257101017


https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://doi.org/10.1051/itmconf/20257101010
https://doi.org/10.1051/itmconf/20257101010
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01010.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01010.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01010/itmconf_icmame25_01010.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01011/itmconf_icmame25_01011.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01011/itmconf_icmame25_01011.html
https://doi.org/10.1051/itmconf/20257101011
https://doi.org/10.1051/itmconf/20257101011
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01011/itmconf_icmame25_01011.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01011/itmconf_icmame25_01011.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01011.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01011.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01011/itmconf_icmame25_01011.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01011/itmconf_icmame25_01011.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01012/itmconf_icmame25_01012.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01012/itmconf_icmame25_01012.html
https://doi.org/10.1051/itmconf/20257101012
https://doi.org/10.1051/itmconf/20257101012
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01012/itmconf_icmame25_01012.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01012/itmconf_icmame25_01012.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01012.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01012.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01012/itmconf_icmame25_01012.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01012/itmconf_icmame25_01012.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01013/itmconf_icmame25_01013.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01013/itmconf_icmame25_01013.html
https://doi.org/10.1051/itmconf/20257101013
https://doi.org/10.1051/itmconf/20257101013
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01013/itmconf_icmame25_01013.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01013/itmconf_icmame25_01013.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01013.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01013.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01013/itmconf_icmame25_01013.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01013/itmconf_icmame25_01013.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01014/itmconf_icmame25_01014.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01014/itmconf_icmame25_01014.html
https://doi.org/10.1051/itmconf/20257101014
https://doi.org/10.1051/itmconf/20257101014
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01014/itmconf_icmame25_01014.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01014/itmconf_icmame25_01014.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01014.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01014.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01014/itmconf_icmame25_01014.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01014/itmconf_icmame25_01014.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01015/itmconf_icmame25_01015.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01015/itmconf_icmame25_01015.html
https://doi.org/10.1051/itmconf/20257101015
https://doi.org/10.1051/itmconf/20257101015
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01015/itmconf_icmame25_01015.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01015/itmconf_icmame25_01015.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01015.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01015.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01015/itmconf_icmame25_01015.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01015/itmconf_icmame25_01015.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://doi.org/10.1051/itmconf/20257101016
https://doi.org/10.1051/itmconf/20257101016
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01016.pdf
https://www.itm-conferences.org/articles/itmconf/pdf/2025/02/itmconf_icmame25_01016.pdf
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://www.itm-conferences.org/articles/itmconf/ref/2025/02/itmconf_icmame25_01016/itmconf_icmame25_01016.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01017/itmconf_icmame25_01017.html
https://www.itm-conferences.org/articles/itmconf/abs/2025/02/itmconf_icmame25_01017/itmconf_icmame25_01017.html
https://doi.org/10.1051/itmconf/20257101017
https://doi.org/10.1051/itmconf/20257101017

. Web of
e(J/r)sclences Journals Books  Conferences & EDPS Account (/_/}onferences

11 OV E SN febli=iclalel=cl  Allissues  Series  Forthcoming  About QSearch = Menu

About the journal » Editorial board

About the journal

Editorial board [Indexed in] (Publishing Policies & Ethicsj (Published by]

Editorial board

Chérifa Boukacem-Zeghmouri
Université Claude Bernard Lyon 1, Villeurbanne, France
website

Vladimir Buzek
Slovak Academy of Sciences, Bratislava, Slovakia
website

Heidi Gautschi
Haute Ecole Pédagogique de Lausanne, Switzerland

Jamshed Igbal
University of Hull, United Kingdom
website

Michel Paul Léonard
UNIGE, Switzerland

Paulo Limao-Vieira
Universidade NOVA de Lisboa, Portugal
website

Maria S. Madjarska

Max Planck Institute for Solar System Research, Germany

Space Research and Technology Institute, Bulgarian Academy of Sciences, Bulgaria
Korea Astronomy and Space Science Institute, Daejeon, South Korea

Thierry Maré

Ambassade de France en Indonésie, Jakarta
Université de Rennes 1 /IUT Saint Malo, France
website

Nigel Mason
University of Kent, Canterbury, United Kingdom

Biswajeet Pradhan
University of Technology Sydney, Australia

website

Maria Beatriz Silva


https://www.edpsciences.org/
https://www.edpsciences.org/
https://www.webofconferences.org/
https://www.webofconferences.org/
https://www.itm-conferences.org/
https://www.itm-conferences.org/
https://www.itm-conferences.org/component/issues/?task=all&Itemid=121
https://www.itm-conferences.org/component/issues/?task=all&Itemid=121
https://www.itm-conferences.org/series
https://www.itm-conferences.org/series
https://www.webofconferences.org/itm-web-of-conferences-forthcoming-conferences
https://www.webofconferences.org/itm-web-of-conferences-forthcoming-conferences
https://www.itm-conferences.org/about-the-journal/aims-and-scope
https://www.itm-conferences.org/about-the-journal/aims-and-scope
https://www.itm-conferences.org/about-the-journal/editorial-board#menu-mobile
https://www.itm-conferences.org/about-the-journal/editorial-board#menu-mobile
https://www.itm-conferences.org/about-the-journal/editorial-board#menu-mobile
https://www.itm-conferences.org/about-the-journal/editorial-board#menu-mobile
https://www.itm-conferences.org/about-the-journal/aims-and-scope
https://www.itm-conferences.org/about-the-journal/aims-and-scope
https://www.itm-conferences.org/about-the-journal/editorial-board
https://www.itm-conferences.org/about-the-journal/editorial-board
https://www.itm-conferences.org/about-the-journal/indexed-in
https://www.itm-conferences.org/about-the-journal/indexed-in
https://www.itm-conferences.org/about-the-journal/publishing-policies-ethics
https://www.itm-conferences.org/about-the-journal/publishing-policies-ethics
https://www.itm-conferences.org/about-the-journal/published-by
https://www.itm-conferences.org/about-the-journal/published-by
https://elico-recherche.msh-lse.fr/membres/cherifa-boukacem-zeghmouri-2
https://elico-recherche.msh-lse.fr/membres/cherifa-boukacem-zeghmouri-2
http://www.quantum.physics.sk/rcqi/index.php?x=home_for&for=buzek
http://www.quantum.physics.sk/rcqi/index.php?x=home_for&for=buzek
https://www.hull.ac.uk/staff-directory/jamshed-iqbal
https://www.hull.ac.uk/staff-directory/jamshed-iqbal
https://lcam.cefitec.fct.unl.pt/
https://lcam.cefitec.fct.unl.pt/
https://scholar.google.com/citations?user=C94TTwMAAAAJ&hl=fr
https://scholar.google.com/citations?user=C94TTwMAAAAJ&hl=fr
https://profiles.uts.edu.au/Biswajeet.Pradhan
https://profiles.uts.edu.au/Biswajeet.Pradhan
https://publications.edpsciences.org/
https://publications.edpsciences.org/
https://www.edpsciences.org/en/books
https://www.edpsciences.org/en/books
https://www.webofconferences.org/
https://www.webofconferences.org/

Technical University of Lisbon, Portugal

Jun Sun

Tianjin University of Science and Technology, P.R. China

website

Ming-Jun Zhang

DGUT-CNAM Institute, Dongguan University of Technology, Guangdong Province, P.R. China

website

Zhien Zhang
West Virginia University, Morgantown, West Virginia, USA

ITM Web of Conferences N A
eISSN: 2271-2097

Mentions légales Contacts Privacy policy

A Vision4Press website


https://www.researchgate.net/profile/Jun_Sun7
https://www.researchgate.net/profile/Jun_Sun7
http://dci.dgut.edu.cn/
http://dci.dgut.edu.cn/
https://www.itm-conferences.org/component/rsslist/?task=journal
https://www.itm-conferences.org/component/services/?label=toc_email
https://www.edpsciences.org/
https://www.edpsciences.org/
https://www.itm-conferences.org/mentions-legales
https://www.itm-conferences.org/mentions-legales
https://www.edpsciences.org/en/contact-us/contact-form?subject=ITM%20Web%20of%20Conferences&contactid=5
https://www.edpsciences.org/en/contact-us/contact-form?subject=ITM%20Web%20of%20Conferences&contactid=5
https://www.edpsciences.org/en/privacy-policy
https://www.edpsciences.org/en/privacy-policy
https://www.vision4press.org/
https://www.vision4press.org/
https://www.itm-conferences.org/component/rsslist/?task=journal
https://www.itm-conferences.org/component/rsslist/?task=journal
https://www.itm-conferences.org/component/services/?label=toc_email
https://www.itm-conferences.org/component/services/?label=toc_email

ITM Web of Conferences 71, 01010 (2025) https://doi.org/10.1051/itmconf/20257101010
ICMAME 2024

Numerical Investigation of g-Amyloid
Aggregation Process In Alzheimer’s Disease

Zefanya Putri Rida Wibowo?, and Lusia Krismiyati Budiasih 1*

!Department of Mathematics, Universitas Sanata Dharma, Indonesia

Abstract. The process of p-amyloid (AB) protein aggregation in
Alzheimer's disease can be represented by a mathematical model. The model
is built based on several groups representing the concentrations of a number
of monomer and the concentration of oligomer, which is presented as a
system of nonlinear ordinary differential equations. In this paper, the
extinction and interior equilibrium point are also determined. The model will
be solved numerically by the fourth-order Runge-Kutta method and it is
shown that the solution will lead to the equilibrium point obtained. Some
numerical investigations are done by analyzing the effect of monomer
number that occur. It can be concluded that the greater the number of
monomers considered, the lower the concentration of oligomers, so that it
can reduce the symptoms of Alzheimer's disease. Moreover, for the greater
capacity of the AB protein, the faster monomers aggregation process occurs.

1 Introduction

Degenerative disease is a disease in which the function or structure of tissues or organs
deteriorates over time. The disease is classified into three main groups, namely
cardiovascular, neoplastic, and nervous system. Some degenerative diseases cannot be cured,
even in some countries, degenerative diseases are the main cause of death [1]. These diseases
are caused not by bacteria or viruses but rather by protein abnormalities. Proteins are essential
for the organism because they participate in virtually every process within the cell. Therefore,
if they do not function normally, the consequences can be devastating [2]. One example of a
degenerative disease in the nervous system group is Alzheimer. Alzheimer's disease (AD) is
the most common form of dementia. This disease causes a gradual decline in cognitive
abilities, often starting with memory loss. This disease attacks the elderly who are usually 65
years of age or older, and twice more women than men [3]. Currently, there is no cure for
AD or stop its progression. Many clinical trials of drugs aimed at preventing or eliminating
symptoms of protein aggregation in the brain have failed to show efficacy. For now, the only
treatment for AD is with drugs used to treat the symptoms of AD. This makes the cost of care
and treatment quite large for patients and their families, also for the government, and for
researchers. For example, in 2015, there were more than 5 million people in the United States
with AD and the cost of caring for AD patients in the U.S. was estimated at $226 billion for
2015 [3]. Several factors that trigger the high cost of care and treatment are due to a lack of
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understanding about this disease which results in a lack of resources and training for
caregivers of people with dementia.

AD is characterized by several things, one of which is the abnormal aggregation of A
protein in the brain. This process of aggregation start when Af split and form a single piece
(monomer). Then monomers thought to combine and form Af oligomers, and finally the
oligomers will form insoluble fibrils. These fibrils continue to aggregate and become plaques,
which is one of the causes of the symptoms of AD [4]. Therefore, a clearer understanding of
the this aggregation process of Af is needed, in order to understand the disease and find
alternative treatments to reduce the symptoms of the disease.

The process of this aggregation can be studied with a mathematical model. Hao and
Friedman developed a mathematical model of AD to investigate the effect of drugs in clinical
trials. The model consists of partial differential equations and consider Af aggregation and
hyperphosphorylated tau proteins [3]. Dayeh, et al. proposed a discrete-time mathematical
model for the aggregation of A monomers into oligomers based on chemical kinetics and
population dynamics concepts, and construct a formula to derive the number of monomers
which produce oligomers [5]. Using the same concepts, Ackleh, et al. developed a continues
mathematical model for the aggregation of Af, which consits of ordinary differential
equations and compare the two-discrete time approximation with numerical solutions of the
model [4].

In this paper, we will investigate numerically the continues mathematical model of the
Ap protein aggregation in AD, which only consider the formation of oligomers. The model
is solved using the fourth order Runge-Kutta method. The effect of monomer number on
oligomer formation and capacity of the A protein are investegeted.

2 Governing Equations

The basic continues model of the A protein aggregation considered in this paper based on
some assumptions, as follows: The modeled phase is a slower nucleation phase according to
the structured size, considering the concentration of 1-monomer (M1), 2-monomers (Mz), ...,
6-monomers (Ms); Oligomers are formed from at least 7 monomers; Aggregation (nucleation
and elongation) occurs through the addition of monomers; Dissociation (reduction of
monomers from natural aggregation or drug effects) is ignored; Fibril fragmentation, which
will produce many fibrils and further accelerate their spread, is ignored; Monomer production
is represented by a saturation function which is a logistic differential equation [4]; There is
monomer degradation with rates u;i = 1,2,..,6 and oligomer degradation with rates po; From
these assumptions, the Af aggregation process can be illustrated with diagram as follows:

M TH1M1
oMy (1 -7‘)

l (0 = 6)KsM Mg + (Pa — 0a)KoM; 0

2K1M12 KZMIMZ K3M1M3 K4M1M4 K5M1M5 K6M1M6
Y Y A4 A 4 A 4
M2 » M3 » M4 M5 M6 > 0 ———p
KM M, K3M, My KaMi M, KsMi Ms KoM M, KoM,0

™ le ™ M{ mM,l UsM, 5l IleMel Ho Ol

Fig. 1. The A aggregation process.
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where Kji= 1,2,..,6 denote nucleation rate for i monomers, Kois elongation rate, Oqsand Pgare
average of oligomer and fibril size, respectively, & is the growth rate of monomers and y
denotes the carrying capacity.

From Fig. 1, it can be developed a system of ordinary differential equations, i.e.

e =6M (1 - 7) — 2K M7 — My (KoM, + KsM3 + KMy, + KsMs)
—(0q — 6)KsM Mg — (P, — 0g)KoM10 — g My (1)
%=KM2—KMM— M (2)
dt 1My 2M1Mp — U Mp

dr = KoM M, — Kz3Mi M3 — puzMs 3)
At = KyMiMy — KyMi My, — uaM, “

dMg
ar KsM;Ms — KsMy Mg — pusMs ®)
T KeMiMg — KeM1 Mg — Mg (6)

do
E=K6M1M6—KOM10—;100 (7)

The factors (Oqa— 6) and (Pa— Oq) in Eq. (1) represent the average number of monomers which
is needed Meto form an oligomer ad the average number of monomers which is needed an
oligomer to form a fibril, respectively [4].

3 Existence of Equilibrium Points

Following [4], the existence of equilibrium points of the model is stated in the following
theorem:
Theorem 1. Consider the model stated in Eqgs. (1)-(7).

(1) If 6 — u1 <0, then the model has only the extinction equilibrium.

(2) If 6 — w1 > 0, then the model can also have a unique positive interior equilibrium.

The extinction equilibrium point occurs when the monomer stops aggregating. In this
condition, there is no more oligomer formation or it can be said that the concentration of
oligomer is heading towards zero. Whereas the positive single interior equilibrium point

occurs when there is still growth of monomers that aggregate.
The equilibrium points can be obtained by setting the Eqgs. (1)-(7) as

M
My (1 — 71) — 2K;M? — My (KM, + KsM; + K,M,, + KsMs)

—(0q4 — 6)KsM; Mg — (P, — 05)KoM,0 — p; My = 0 (®)
KiM? — K;M My — pMp = 0 )]

KaMiMy — KsMi M3 — p3Mz = 0 (10)

KaMiMy — KyMiMy — 1My = 0 (11

KsM;Ms — KsM M5 — psMs = 0 (12)

KeMiMg — KsMi Mg — s Mg = 0 (13)

K6M1M6 — KOM10 - H.Oo =0 (14)

Suppose the extinction equilibrium point is E® = (M}, M3, M2, M3, M2, M?2,0°). In the
case of extinction, no more M; is added to the monomer aggregation, so we get that M;= 0.
Substitute the value into Egs. (8)-(14) we can obtained E°= (0,0,0,0,0,0,0). Suppose the
interior equilibrium point is M* = (M7, M5 , M3, M;, M, Mg, 0™) The interior equilibrium
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point indicates a condition where the monomer concentration is heading towards a value
greater than zero. This condition occurs because the monomer continues to increase due to
the aggregation process, but also decreases due to the degradation processes. From Egs. (9),
we can derived the component of interior equilibrium for M, that is

Ky (M;)?
M) = — 7" (15)
27 (Ko M; + pp)
Substitute Eq. (15) into Egs. (10)-(14) we can obtain the component of interior equilibrium
for M3, My, Mz, Mg, 0" as follows

K K,(M})3
M5 = _ 1K (My) _ (16)
(K, M3 +#2)(K3M14+ U3)
K K, K5 (M7
M; = _ 163 *3( 1) _ 17)
(Ko M7 + pp) (K M7 + ug) (KyMy + 1y)
. K Ko K3 Ka(M)®
MS - * * * * (18)
(Ko M7 + ) (KM + ps) (Ko M7 + pa) (Ks M7 + pis)
. K1 K, K3 K, Ks(M7)°
MG - * * * * * (19)
(KoM + pp) (K3 M7 + pg) (KyMy +#4)(K57M1 + us)(KgM7 + pie)
K Ko K3 K KK (My
0 1Ko K3 Ky Ks Ko (M) (20)

(KoM + o) (KoM + 1) (K3 My + ps) (KuM; + ) (KsM; + ps) (KsM; + o)

The value M of can be determined by substituting Egs. (15)-(20) into Eq. (8) and solve it for
M;. Moreover, from those equations, it can be concluded that the component of interior
equilibrium for M3, M3, ..., M; have formula:

KioiMiM;_,

Y e e i e
b Tl (K M+ )

@1

fori=23,..,n.
4 Numerical Simulations and Discussions

4.1 Case of extinction

In this subsection, we will simulate the numerical solution of the mathematical model of A
protein aggregation in AD, in case of extinction. The model solved numerically using the
fourth-order Runge-Kutta method [6]. For this simulation, we use the initial values as
follows: M;(0) = 10,M,(0) = M5(0) = M,(0) = M5(0) = Mg(0) = 0(0) = 0.
Since it is expected that the degradation rate will decrease as the monomer stack size
increases, while the nucleation rate will increase as the monomer aggregation size increases,
to select the values of puiand K, for i =2, 3, 4, 5, 6, the relationship that meets these criteria is
chosen, i.e. ui= pi-1 and Ki= Ki-1+ €, with € > 0 [4]. Consider 6 = 104 €= 1073, K1= 104 Ko
=101, y=75, 0a= 10, Po= 100, u1=10-3, uo= 10-5. The solution of the model can be seen
in Fig. 2.
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Fig. 2. Numerical solution of Af aggregation process, in case of extinction.

From Fig. 2, it can be seen that, with the value of 0 — u; < 0, the concentrations of M) decrease
relatively quickly towards 0. Whereas, the M;i = 1,2,...,6 and O concentration all initially
increase but then go towards 0, which shows that for a long time there will be no more
aggregation of Af protein.

4.2 Case of interior equilibrium

Suppose we set the value 6 = 40, and the other parameter values are the same as those used
in the extinction case. Then & — p1 > 0. The solution graph for this case can be seen in Fig. 3.
Based on Fig. 3(left), concentration of M1 increase rapidly at t = 0 to t = 0.44 and a fairly
slow decrease when t = 0.441 to t = 100. This increase occurs because of the aggregation of
1-monomer with other monomers which will form other aggregation. While the decrease
occurs due to monomer degradation. After sustain an increase, it will then have a decrease
towards the equilibrium point component for the concentration M1, that is M; = 73.9.
Furthermore, from Fig. 3(right) it can be seen that the concentrations of M2—Mgand O increase
until they finally reach their interior equilibrium point, according to Egs. (15)-(20). This
increasing occurs because of the aggregation of 1-monomer with other monomers from each
group. It can also be seen that the longer the aggregation of monomers, the lower it will be.
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Fig. 3. Numerical solution of Af aggregation process, in case of interior equilibrium.

4.3 Number of monomers’s effect

In the A aggregation process, the formation of oligomer depends on number of monomers.
Reixach, et.al. [7] showed that oligomers are formed from the aggregation of at most six
monomers. In this subsection, we investigate the effect of the number of monomers in
oligomers forming. The basic model is modified by reducing differential equations related to
M, — Ms, denotes oligomers are formed from the aggregation of 2-monomers until 5-
monomers, respectively. The effect of the number of monomers can be seen in Fig. 4. The
larger the value of n, the less oligomers will be formed.

0.08

0.07

0.06

0.05

0.04

0.03

concentration of oligomer

0.02

n=2
n=3
0.01 —n=4
n=5
n=6

0L
0 20 40 60 8

time
Fig. 4. Concentration of oligomers with various number of monomers.
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4.4 Capacity of the A protein

In this section, the effect of the capacity of the S-amyloid protein (y) on the monomer
aggregation process will also be investigated. By using several values of y, changes in
monomer concentration can be observed in Fig. 5. It can be seen that for the greater y, it
makes the concentration of M1more higher.
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Fig. 5. Concentration of M with various capacity of the f-amyloid.

5 Conclusion

Numerical investigations were conducted on the model of S-amyloid aggregation in
Alzheimer’s disease. It can be observed that the number of monomers required to form
oligomers will affect the concentration of the oligomers themselves. The more monomers
required, the lower the concentration of oligomers. In addition, the greater the capacity of the
beta amyloid protein, the faster the monomer aggregation process occurs.
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