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Abstract:

Nanomedicine, an emerging field at the intersection of nanotechnology and medicine, holds great promise for
revolutionizing healthcare by enabling targeted diagnostics and treatments at the molecular level. However, due to its
complex nature, understanding nanomedicine concepts and applications can be challenging for healthcare
professionals, researchers, and the general public. To bridge this knowledge gap and promote awareness, a mobile
application was developed to enhance the understanding of nanomedicine, and named it "MyNanoRia". The
MyNanoRia was developed by initially designing suitable content, compiling information and creating the apps using
Unity platform, specifically for the Android operating system. The MyNanoRia provides users with readily available
knowledge about nanomedicine's concepts, methods, and applications as an interactive educational tool. Specific
facets of nanotechnology, nanomedicine, nanomaterials, and cancer are covered in this app. MyNanoRia also includes
definitions for particular keywords. This app's creation required consulting and validation by subject-matter specialists,
such as chemists, biologists, and medical scientists. The development of MyNanoRia is challenging since
nanotechnology is a multidiscipline topic that indeed emphasizes scientific understanding, but the intended users are
those who know little to nothing about it. Creating the MyNanoRia app for understanding nanomedicine seeks to close
the knowledge and awareness gap between science and the general public, enabling researchers, healthcare
professionals, and the general public to fully value nanotechnology's potential in healthcare.
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1. INTRODUCTION

Nanotechnology is an emerging technology that affects our daily life and will be more prominent in the future (1).
Nanotechnology is a technology related to tiny particles, materials or phenomena 10-° m which are smaller than bacteria
or viruses (2). Nanotechnology also usually refers to the application of nanomaterials for various purposes, such as for
medicine, referred to as nanomedicine (3). Because of their tiny size, the nanomaterials possess unique properties different
from their bulk material, such as high surface area and smaller particle size (4). Figure 1 shows the size range of examples
of nanomaterials (carbon, quantum dots and liposome) as compared to other biomolecules. The size of the nanomaterials
is higher than that of the atom but lower than that of bacteria and eukaryotic cells (5). Many recent review papers reported
on the application of nanomaterials in various fields, such as wastewater treatment (6), biomedical and sensing applications
(7), antibacterial agent (8) and drug delivery systems for anticancer drugs and cancer biomarkers (9).

The nanomaterials market has grown substantially in recent years, and many innovations have been created based on
nanomaterials (10). According to a report published on www.alliedmarketresearch.com, the global nanomaterials market
was valued at $16.3 billion in 2021 and is expected to reach $62.8 billion by 2031, rising at a compound annual growth
rate (CAGR) of 14.6 percent from 2022 to 2031. Nanomaterials, which are distinguished by their unique properties at the
nanoscale, have found significant application in a variety of industries, including electronics, healthcare, energy, and
aerospace (9, 11, 12). These materials are desirable for modern technological breakthroughs because of their improved
mechanical, electrical, and thermal qualities. The market for nanomaterials is driven by increased demand for lightweight
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and durable materials, rising research and development (R&D) spending, and a growing emphasis on sustainable
solutions. The need for nanomaterials will likely expand as nanotechnology advances, providing enormous opportunities
for existing companies and startups to profit from this quickly growing industry.
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Figure 1. Comparison of nanomaterials’ sizes and examples of nanopatrticles.

Nanomedicine has emerged as a promising field in the fight against cancer, revolutionizing how we approach diagnosis,
treatment, and prevention. Nanopatrticles and nanoscale devices are being extensively researched and developed to target
cancer cells, specifically, delivering therapeutic agents directly to tumors while minimizing damage to healthy tissues (13).
This targeted approach increases drug efficacy, reduces side effects, and improves patient outcomes. Nanomedicine for
cancer encompasses a wide range of applications, including drug delivery systems (14), imaging agents (15), and
diagnostic tools (16). Nanoparticles can be engineered to carry chemotherapy drugs, gene therapies, or
immunotherapeutic agents, enhancing their stability, solubility, and bioavailability. As research and development in
nanomedicine continue to advance, integrating nanotechnology into cancer care holds immense potential to improve the
effectiveness and personalization of cancer treatment strategies (17). Therefore, there will be an increased prospect of the
application of nanotechnology in treating cancer; hence, understanding the basic knowledge of nanomedicine is very
important nowadays.

One way to make the public understand this new and complex knowledge is by developing a mobile app and
disseminating this app to specific groups. Mobile apps have revolutionized how information is accessed, making it
convenient and accessible anytime, anywhere (18). These apps provide platforms for interactive learning, offering
engaging and immersive experiences that aid in comprehending intricate concepts. Educational apps designed specifically
for understanding new and complex knowledge employ multimedia elements, such as videos, animations, simulations, and
quizzes, to enhance learning. With the continuous advancement of technology, the development of mobile apps to
understand new and complex knowledge will continue to shape the education landscape, making learning more engaging,
accessible, and effective (19, 20). Hence, using the mobile app to disseminate knowledge and information about
nanotechnology and nanomedicine is important because of emerging nanotechnology applications in our daily lives.
Therefore, this paper reports on the development of a mobile app that can be used for understanding the application of
nanotechnology in the medical area, specifically for treating cancer.

2. MOBILE APPS DEVELOPMENT

Designing suitable content for understanding nanotechnology applications for cancer management is quite challenging
because it is complex knowledge that involves multi- and inter-disciplinary disciplines. The disciplines include chemistry,
physic, biology and medicine. Furthermore, transferring this complex knowledge to the public is challenging because
people with limited knowledge must understand this nanotechnology information. Therefore, the development of the mobile
apps should be based on these three objectives:

1. Design appropriate mobile app content that relates to knowledge of nanomedicine.
2. Gather and compile information on the fundamentals of nanotechnology, nanomaterials, nanomedicine, and
cancer.
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3. Create an app for the general population that will help them comprehend nanomedicine.

Figure 2 shows the mobile app development flow diagram to ensure the public can easily understand the complex
knowledge.

* Engaging subject matter experts
* Designing suitable content

* Compiling information
* Terms and basic principles

* Change the contentinto images
* Creating the mobile app

Figure 2. Process of developing mobile apps for understanding nanomedicine.

Developing the mobile app started with the engagement with subject matter experts, including chemists, biologists,
material scientists and medical scientists. This step is needed to ensure that the contents are related, starting from
understanding the basic principles of nanotechnology and its application for cancer treatment. Afterwards, each subject
matter expert gathered and drafted the information based on the topics. At this stage, the experts used their results from
previous research related to nanomaterials.

The developer needs to collate and revise the information and materials from the subject matter experts in the second
stage to ensure it is appropriate for the mobile app. The info consists of basic principles of nanotechnology and
nanomedicine, examples of research done by the subject matter experts, the application of nanotechnology, the definition
of the term and other helpful information. For the user to comprehend the text more naturally based on the illustration, the
written information must finally transform into appropriate images and infographics. The expert and developer design and
compile the images to create interactive content for mobile apps.

The mobile app MyNanoRia was developed using the Unity platform, specifically for the Android operating system. The
development process extensively involved programming with the C# language through Microsoft Visual Studio. The
interface (Ul) and user experience (UX) were designed using CorelDRAW, ensuring a visually appealing and intuitive
design. The choice of Unity as the development platform provided a range of robust features and functionalities for creating
a dynamic app. Considerable attention was given to the UI/UX aspects of MyNanoRia. CorelDRAW, a comprehensive
graphic design software, meticulously designed Ul elements, including buttons, menus, icons, and backgrounds. The goal
was to ensure visual coherence and a seamless user experience, maintaining consistency with the overall theme and
purpose of the app. Careful consideration was given to the app's flow and interaction patterns to enhance the user
experience. Emphasis was placed on intuitive navigation, logical information hierarchy, and user-friendly interactions. By
prioritizing usability and accessibility, the aim was to create an app that users could effortlessly navigate and readily
understand its functionalities.

The implementation of core features and gameplay mechanics was achieved through the utilization of the C#
programming language. Microsoft Visual Studio was an effective development environment, facilitating seamless
integration with Unity. This enabled efficient code management, optimization, and the implementation of complex
algorithms to ensure the smooth and responsive functionality of the app. Extensive testing and debugging were carried out
throughout the development process to ensure the stability and reliability of MyNanoRia. Various testing methodologies
were employed to identify and address issues or bugs, including functional, performance, and compatibility. Testing
involved running the app on different Android devices with varying screen sizes and resolutions to ensure optimal
performance across various devices.

The content of the MyNanoRia app was validated by the subject-matter experts who represent the important and related
fields in nanotechnology and nanomedicine, including experts in inorganic chemistry, physical chemistry, material science,
biology, biomedical science and cancer. In addition, an expert in the education field validated the content of the MyNanoRia
that is suitable for secondary school students.

3. FEATURES OF MOBILE APPS

The mobile app, naming as MyNanoRia, encompasses three elements which are "My", referring to Malaysia, "Nano",
referring to nanotechnology, nanoscience and nanomedicine and lastly, "Ria", meaning happiness or joy in this mobile
app. The symbol and initial pages of the MyNanoRia can be seen in Figure 3. It was designed so that it can be interesting
to be used for secondary school students and also the public. The contents of MyNanoRia are divided into two sections:
information and definition. Because of the complex knowledge of nanotechnology applications in medicine, it is crucial to
understand the description of each term in the information section.
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Figure 3. Symbol and initial section of mobile app MyNanoRia.

Figure 4 shows the page for the definition section and its example. The terms include nanotechnology, surface area,
thin film, nanomaterial, nanostructure, liposome, nanomedicine, transmission electron microscopy (TEM), dendrimer,
cancer, field emission scanning electron microscopy (FESEM), and chemotherapy. The definition is given in two languages
which are English and Malay. The app users can go to each definition if the users do not understand a term that appears
in the information section.
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Figure 4. Section for definition of related terms to nanotechnology and nanomedicine.

The information section (Menu) has four main sections: nanotechnology, nanomaterials, nanomedicine and cancer
(Figure 5). Since this mobile app is used specifically for cancer treatment using nanotechnology and nanomaterials, the
user must understand the basic principles of each discipline. Nanomaterial is one specific part of nanotechnology,
encompassing various materials useful for medical applications. An example of the data from the subject matter expert's
research is given in Figure 6. The figure shows the image of silver nanoparticles and silica aerogels nanopatrticles prepared
in the laboratory. The image clearly shows that the particles are nanosized (less than 100 nm) and helpful for biomedical
applications. i.e. antimicrobial agent (silver nanoparticles) and bone-implant (silica aerogels). This example is important to
increase the awareness of the user on future prospect of the nanomaterials in medicine design.
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Figure 6. Example of results reported on subject matter expert's research.

It is expected that MyNanoRia can be a valuable tool for the target audience, students from secondary schools, to
understand the basic concepts of nanotechnology and its application in medicine. Although science students learned the
nanotechnology topic in the syllabus, the content does not relate to nanotechnology applications in medicine. However,
the application of this app needs to be assisted by science teachers and subject matter experts because some of the
contents need to be comprehensively explained in scientific ways. This is also important so that there is a correlation
between nanotechnology and nanomaterials topic with cancer treatment. For example, the nanomaterial can be used as
a drug delivery system for cancer treatment. In this case, the nanomaterials need a high surface area and pore with the
suitable size of the cancer drug to accommodate the drug molecules and then release it into the affected area in the patient
body.

The development of MyNanoRia is quite challenging since it involves several scientific fields, including chemistry,
physic, biology, material and medicine. The information must be connected, and hence, the basic principles of all related
topics must be clearly understood. The current MyNanoRia is at the preliminary stage, and many improvements must be
made to ensure the app is exciting and easily understood by the user. Additional improvements on the contents, feedback
and other suitable tools are needed to improve this mobile app. Interactive quizzes and gamification elements should also
be added to this app. These elements enhance user engagement, motivation, learning, social interaction, behaviour
change, and personalization. By incorporating game elements like challenges, rewards, and leaderboards, mobile apps
can captivate users, keep them engaged, and encourage them to spend more time interacting with the app. These elements
elevate the app experience, driving user retention and achieving desired objectives. It is hoped that the public can
understand nanotechnology for medical applications in the future through this MyNanoRia app.

Understanding nanomedicine for cancer treatment is crucial for the public, school teachers and students, and medical
doctors. For the public, awareness of nhanomedicine enables informed decision-making and fosters hope while dispelling
fears and promoting support for emerging technologies. School teachers and students benefit from incorporating
nanomedicine into education, as it encourages critical thinking and interdisciplinary exploration and inspires future scientific
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innovators. Understanding nanomedicine empowers medical doctors to provide personalized, effective care, utilizing
targeted therapies, advanced diagnostics, and real-time monitoring. Overall, promoting understanding of nhanomedicine
among these groups facilitates decision-making, inspires future scientists, and enhances patient outcomes in the fight
against cancer. As stated by Pautler and Brenner (21) in their review paper regarding the promises and challenges of
nanomedicine for the future public health, various innovations in nanomedicine, such as the treatment of heart disease
and cancer demonstrate excellent potential to reduce rates of morbidity and mortality.

4. CONCLUSION

MyNanoRia, a mobile app, has been successfully developed by various subject matter experts, including chemists,
biologists, material scientists and medical scientists, to share basic information about the application of nanotechnology in
medicine. The MyNanoRia encompasses relevant information about nanotechnology, nanomaterial, nanomedicine and
cancer. It is expected that the MyNanoRia can be used by secondary school students and the public to comprehend the
basic knowledge of nanomedicine.

ACKNOWLEDGMENT

The authors would like to acknowledge the financial support from Universiti Teknologi Malaysia and Universitas Negeri
Malang, Indonesia, for the Matching Grant Scheme (R.J130000.7309.4B684 and Q.J130000.3009.03M46).

CONFLICT OF INTEREST

Authors have no conflict of interest to declare.

REFERENCES

(1) Malik S, Muhammad K, Waheed Y. Nanotechnology: A revolution in modern industry. Molecules. 2023; 28(2):661.
https://doi.org/10.3390/molecules28020661.

(2) Szczyglewska P, Feliczak-Guzik A, Nowak I. Nanotechnology—general aspects: A chemical reduction approach to the
synthesis of nanoparticles, Molecules. 2023; 28:4932. https://doi.org/10.3390/molecules28134932.

(3) Haleem A, Javaid M, Singh RP, Rab S, Suman R. Applications of nanotechnology in medical field: A brief review. Glob
Health J. 2023, 7(2):70-77. https://doi.org/10.1016/j.glohj.2023.02.008.

(4) Khan I, Saeed K, Khan |. Nanoparticles: Properties, applications and toxicities, Arab J Chem. 2019; 12(7):908-931.
https://doi.org/10.1016/j.arabjc.2017.05.011.

(5) Helmlinger J, Sengstock C, GroR3-Heitfeld C, Mayer C, Schildhauer TA, Kéller M, Epple M. Silver nanoparticles with
different size and shape: Equal cytotoxicity, but different antibacterial effects. R Soc Chem Adv. 2016; 6:18490-18501.
https://doi.org/10.1039/C5RA27836H

(6) Saravanan A, Kumar PS, Hemavathy RV, Jeevanantham S, Jawahar MJ, Neshaanthini JP, Saravanan R. A review
on synthesis methods and recent applications of nanomaterial in wastewater treatment: Challenges and future
perspectives. Chemosphere. 2022; 307:135713. https://doi.org/10.1016/j.chemosphere.2022.135713

(7) Kailasa SK, Joshi DJ, Kateshiya MR, Koduru JR, Malek NI. Review on the biomedical and sensing applications of
nanomaterial-incorporated hydrogels. Mater Today Chem. 2022; 23:100746.
https://doi.org/10.1016/j.mtchem.2021.100746

(8) Malek NANN, Shamsuddin M, Matmin J, Jemon K, Abd Samad A, Hassan MHA, Susanto H. Antibacterial wound
healing application of bio-Inspired green silver nanoparticles: A review, J Mater Life Sci. 2023; 2:147-153.
https://doi.org/10.11113/jomalisc.v2.43

(9) Ghalkhani M, Kaya SI, Bakirhan NK, Ozkan Y, Ozkan SA. Application of nanomaterials in development of
electrochemical sensors and drug delivery systems for anticancer drugs and cancer biomarkers. Crit Rev Anal Chem.
2022; 52(3):481-503. https://doi.org/10.1080/10408347.2020.1808442

(10) sahu MK, Yadav R, Tiwari SP. Recent advances in nanotechnology. Int J Nanomater Nanotechnol Nanomed. 2023;
9(1):015-023. https://doi.org/10.17352/2455-3492.000053

(11) Pomerantseva E, Bonaccorso F, Feng X, Cui Y, Gogotsi Y. Energy storage: The future enabled by nanomaterials.
Science. 2019; 366(6468):eaan8285. https://doi.org/10.1126/science.aan8285

(12) Marques C, Leal-Junior A, Kumar S. Multifunctional integration of optical fibers and nanomaterials for aircraft systems,
Materials. 2023; 16(4):1433. https://doi.org/10.3390/ma16041433

(13) Kemp JA, Kwon YJ. Cancer nanotechnology: Current status and perspectives. Nano Converg. 2021; 8(1):34.
https://doi.org/10.1186/s40580-021-00282-7

(14) Dang Y, Guan J. Nanoparticle-based drug delivery systems for cancer therapy, Smart Mater Med. 2020; 1:10-19.
https://doi.org/10.1016/j.smaim.2020.04.001

(15) Siddique S, Chow JC. Application of nanomaterials in biomedical imaging and cancer therapy, Nanomaterials. 2020;
10(9):1700. https://doi.org/10.3390/nan010091700

(16) Goel M, Mackeyev Y, Krishnan S. Radiolabeled nanomaterial for cancer diagnostics and therapeutics: Principles and
concepts. Cancer Nanotechnol. 2023; 14(1):1-36. https://doi.org/10.1186/s12645-023-00165-y

(17) Xu M, Han X, Xiong H, Gao Y, Xu B, Zhu G, Li J. Cancer nanomedicine: Emerging strategies and therapeutic
potentials, Molecules. 2023; 28(13):5145. https://doi.org/10.3390/molecules28135145

. . https://www.humentech.utm.my
© 2024 Penerbit UTM Press. All rights reserved https://doi.org/10.11113/humentech.van1.63

20


https://doi.org/10.3390/molecules28020661
https://doi.org/10.3390/molecules28134932
https://doi.org/10.1016/j.glohj.2023.02.008
https://doi.org/10.1016/j.arabjc.2017.05.011
https://doi.org/10.1039/C5RA27836H
https://doi.org/10.1016/j.chemosphere.2022.135713
https://doi.org/10.1016/j.mtchem.2021.100746
https://doi.org/10.11113/jomalisc.v2.43
https://doi.org/10.1080/10408347.2020.1808442
https://doi.org/10.17352/2455-3492.000053
https://doi.org/10.1126/science.aan8285
https://doi.org/10.3390/ma16041433
https://doi.org/10.1186/s40580-021-00282-7
https://doi.org/10.1016/j.smaim.2020.04.001
https://doi.org/10.3390/nano10091700
https://doi.org/10.1186/s12645-023-00165-y
https://doi.org/10.3390/molecules28135145

Nik Malek et al. /Journal of Human Centered Technology 3: 1 (2023) 15 — 21

(18) Stocchi L, Pourazad N, Michaelidou N, Tanusondjaja A, Harrigan P. Marketing research on Mobile apps: Past, present
and future, J Academy Marketing Sci. 2022; 50:195-225. https://doi.org/10.1007/s11747-021-00815-w

(19) Arumugam P, Talib CA Aliyu F. Teaching and learning chemistry using smartphones, Innov Teach Learn J. 2021;
4(1):18-28. https://itli.utm.my/index.php/itlj/article/view/44

(20) Timotheou S, Miliou O, Dimitriadis Y, Sobrino SV, Giannoutsou N, Cachia R, Monés AM, Loannou A. Impacts of digital
technologies on education and factors influencing schools' digital capacity and transformation: A literature review.
Educ Inf Technol. 2023; 28(6):6695—6726. https://doi.org/10.1007/s10639-022-11431-8

(21) Pautler M, Brenner S. Nanomedicine: promises and challenges for the future of public health. Int 3 Nanomed. 2010;
5:803-809. https://doi.org/10.2147/1IN.S13816

. . https://www.humentech.utm.my
© 2024 Penerbit UTM Press. All rights reserved https://doi.org/10.11113/humentech.van1.63

21


https://doi.org/10.1007/s11747-021-00815-w
https://itlj.utm.my/index.php/itlj/article/view/44
https://doi.org/10.1007/s10639-022-11431-8
https://doi.org/10.2147/IJN.S13816

