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EDITORIAL WORDS

apt. Mohammad Rizki Fadhil Pratama, S.Farm., M.Si.

Editor in Chief
Borneo | Pharm

Assalamu’alaikum Wr. Wb.

Alhamdulillahirabbil ‘alamin. The next edition of Borneo Journal of Pharmacy (Borneo |
Pharm), has been published at May 2024. This edition contains ten articles: Pharmacology-
Toxicology, Pharmacognosy-Phytochemistry, Pharmaceutical, Analytical Pharmacy-
Medicinal Chemistry, Microbiology Pharmacy, Natural Product Development, Clinical-
Community Pharmacy, and Management Pharmacy. This edition includes writings from
five countries: Indonesia, Malaysia, Nigeria, Sierra Leone, and Uganda. The authors come
from several institutions, including Institut Teknologi Bandung, Universitas Darussalam
Gontor, Universitas Koperasi Indonesia, Universitas Lambung Mangkurat, Universitas
Muhammadiyah Prof. DR. HAMKA, Institut Pertanian Bogor, Biomatics Indonesia,
Indonesian Institute of Bioinformatics, Universitas Nasional, University of Ilorin, Summit
University, Ambrose Alli University, Mbarara University of Science and Technology,
Kampala International University, Premium Medical Services, Kebbi State University of
Science and Technology, Clarke International University, Universitas Muhammadiyah
Yogyakarta, International Islamic University Malaysia, Universitas Mahasaraswati
Denpasar, Universitas Indonesia, National Research and Innovation Agency of the
Republic of Indonesia, Menur National Mental Hospital, and East Java Provincial Health
Service.

Editorial boards are fully aware that there are still room for improvement in this edition,
hence with all humility willing to accept constructive suggestions and feedback for
improvements to the publication for the next editions. The editorial board would like to
thank all editors and reviewers, and contributors of the scientific articles who have
provided the repetoire in this issue. We hope that all parties, especially the contributors,
could re-participate for the publication in the next edition on August 2024.
Wassalamu’'alaikum Wr. Whb.

Palangka Raya, May 2024

Editor-in-Chief
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Research Article

Computer-Assisted Histopathological Calculation Analysis of the
Sciatic Nerve of Diabetic Neuropathy Rat Model

Indah Tri Lestari 12" Abstract

Kusnandar Anggadiredja 3 o Histopathology is the science that studies the signs of disease
by studying the structural and functional changes that occur in

Afrillia Nuryanti Garmana * cells using certain types of dyes such as hematoxylin and eosin

(H&E). Traditionally histopathological testing is carried out
using semi-quantitative methods. A more advanced method is
done by taking photos digitally, and then digital photos are

Sevi Nurafni 5

1 Doctoral Program of Pharmacy, Institut quantified with the help of software such as Image] using plug-
Teknologi Bandung, Bandung, West Java, in tools. Recent advances in digital pathology require the
Tadlenesia development of more efficient computerized image analysis

such as the Gaussian adaptive threshold method. This research

2 Department of Pharmacy, Universitas
aims to compare the calculation results of computer-assisted

Darussalam Gontor, Ponorogo, East Java,

Indonesia digitalization of histopathology using the Image] plugin
3 Department of Pharmacology and Clinical manual method with automatic calculations using Gaussian
Pharmacy, Institut Teknologi Bandung, adaptive threshold to quantify the amount of sciatic nerve cell
Bandung, West Java, Indonesia damage in the Diabetic peripheral neuropathy (DPN) rat model.
4 Department of Pharmacy, Institut Teknologi In this study, two image analysis methods were used to test
Bandung, Bandung, West Java, Indonesia their ability to measure the amount of cell damage in the sciatic
5 Department of Data Science, Universitas nerve of normal rats using a model of diabetic neuropathy. The

Koperasi Indonesia, Sumedang, West Java, first method uses the Image] plugin manual. The second

Indonesia method is the Gaussian adaptive threshold method. The Image]
plugin manual method obtained a cell abnormality value of 213

*email: indahtrilestari94@gmail.com; phone: cells. Meanwhile, with the Gaussian adaptive threshold

+6288809456318 method, a value of 204 cells was obtained. The calculation
results of the two methods show an insignificant difference
between the methods p >0.05. This study presents a
computerized morphometric image analysis method with the

Keywords: potential for pathology digitalization applications.

Ge'lussian adaptivc'e t.h'resf‘lold Received: January 15th, 2024

Hlstopathol(?gy digitization 1 Revised: May 21+, 2024

Im.ag.e] plugin Accepted: May 22nd, 2024

Sl meve Published: May 30, 2024
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Access article under the CC-BY-SA License (http://creativecommons.org/licenses/by-sa/4.0/). DOI:
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INTRODUCTION

Histopathology is the science that studies the signs of disease by studying the structural and functional changes that occur
in cells and tissues. Visualization of differences in tissue components under a microscope is carried out by processing tissue
biopsies or specimens and mounting them on glass slides, then the tissue is stained in such a way as to provide color contrast
between the cells. Several types of dyes such as hematoxylin-eosin, immunohistochemistry, or immunofluorescence
labeling have been widely used.

Hematoxylin and eosin (H&E) staining is the most commonly used light microscope staining method in histopathology
laboratories and has been used by pathologists for over one hundred years. The H&E staining allows increasing contrast
and distinguishing between nuclei and cytoplasm in tissues. Hematoxylin colors the cell nucleus blue, formed from
aluminum ions and oxidized hematoxylin, while eosin colors the cytoplasm and connective tissue pink. Due to H&E's long
history, established methods, and a large amount of data and publications, there is a strong belief among many pathologists
that the practice of H&E will continue for the next 50 years?. Traditionally, histopathological testing is carried out by a

How to cite: Lestari IT, Anggadiredja K, Garmana AN, Nurafni S. Computer-Assisted Histopathological Calculation Analysis of the
Sciatic Nerve of Diabetic Neuropathy Rat Model. Borneo ] Pharm. 2024;7(2):126-35. doi:10.33084/ bjop.v7i2.6590
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pathologist using the eye to directly observe whether there are damages, differences, or cancer cells in a tissue sample after
staining under a microscope using the semi-cutification method. This method takes time and effort. In addition, traditional
detection methods are subjective and lack quantitative feature parameters as a reference, resulting in different recognition
accuracies.

A more advanced method involves taking photos digitally with the help of software such as Image] and calculating
manually using plug-in tools. Cell Counter Plug-in from the ImaggeJ platform (https:/ /imagej.net/ij/index.html) was used
to precisely count cell nuclei. Image] is a Java-based public domain image analysis program. ImageJ has become the image
processing tool in many laboratories. However, counting nuclei one by one is laborious and time-consuming. Therefore, it
becomes less effective in laboratories with a large number of cases for diagnosis, so automatic calculations of cellular nuclei
using software began to be developed*. Therefore, efficient quantitative, stable, and accurate analysis detection, as well as
cell image identification are the focus of many research works?.

As technology develops, computer-aided disease diagnosis (CAD) plays a very important role and has become a major
research subject in histopathological imaging and diagnostics. Computer-assisted histopathological studies have been
performed for various breast cancer detection and assessment applications*%, colon’8, lung?, prostate!’, skin''12, and other
cancers. However, histopathological detection of other diseases is still very limited. One of the diseases that may be observed
with computer-assisted histopathological studies is damage to the sciatic nerve tissue in diabetic neuropathy. Diabetic
neuropathy is a rapidly growing pathology and should be of global concern. In most cases, diabetic neuropathy begins asa
small fiber neuropathy affected by lower serum glucose levels and blood flow™. Several human and animal studies have
shown that hyperglycemia-related damage to unmyelinated C fibers, small myelinated A0 fibers, and large myelinated Ap
fibers contribute to the development of diabetic peripheral neuropathy (DPN)*.

Over the past few years, studies in animal models have begun to yield important insights into the mechanisms of pain in
DPN. The streptozotocin (STZ)-induced rat model is the most widely used experimental model in diabetes models similar
to humans. Induction of inflammation has been associated with microvascular tissue and nerve damage in human diabetes
and rodent models of diabetes. The observed morphological damage could provoke functional deficits of the sciatic nerve
inuntreated diabetic rats. The presence of abnormal fibers in the sciatic nerve with axonal degeneration and myelin damage
is one of the symptoms of streptozotocin-induced diabetes in rats'. The large number of abnormal cells in the sciatic nerve
can indicate the severity of diabetic neuropathy. Therefore, it is hoped that quantification of abnormal cells can be the basis
for diagnosing the severity of diabetic neuropathy in the future. Recent advances in digital pathology have required the
development of quantitative computerized image analysis and automated algorithms to assist pathologists interpreting
large numbers of histopathological digital images'®.

In this study, a comparative method of computer-assisted histopathological digital image analysis was carried out on the
sciatic nerve from an animal model of diabetic neuropathy using manual calculations using the Image] plugin and Gaussian
adaptive threshold to quantify observable cell abnormalities. This histological assessment will provide important insight
into the phenotypic properties of the tissue microenvironment. This is in line with the development of pharmaceutical
research which often relies on visual assessment of tissue morphology, either for characterization of in vivo experiments,
pharmacodynamics, and mechanisms of action of drugs, as well as toxicological assessments or as criteria for clinical trials.
Automatic computational analysis of histopathology data is expected to speed up tissue analysis work and provide more
objective quantitation with rapidly developing technology, thereby increasing the effectiveness and performance of
researchers.

MATERIALS AND METHODS

Materials

The materials used in this study included a sciatic pain rat model, CO, gas, 10% formalin, paraffin wax blocks, 95% ethanol,
eosin, hematoxylin, xylene, and distilled water. The instrument and software used included a microscope, Image]J, and
Gaussian analysis program.

127
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Methods

The H&E staining and image digitization

Diabetic peripheral neuropathy rats were euthanized by placing them in a closed container with a flow of CO gas. Sciatic
nerve tissue was taken and fixed in 10% buffered formalin. After fixation, the tissue was dehydrated in gradient ethanol (70-
95%). The tissue was then cleaned using xylene. Tissue was embedded in paraffin wax blocks for sectioning and sectioned
to a thickness of 5 pm using a microtome. Tissue samples were placed on microscope slides and deparaffinized using xylene
(100%), then rehydrated with absolute ethanol, gradient ethanol, and finally distilled water. The slides were then washed
using distilled water and soaked in hematoxylin for 3-8 minutes. The slides were then cleaned with running water for 20
minutes and then rehydrated with ethanol 70-95%. The slides were then stained with eosin for 30 seconds, rinsed again with
gradient ethanol immediately, and finally dried. Xylene was added to clear the tissue. The slide was then covered with a
coverslip. The slides were analyzed microscopically and photographs were taken under a microscope at 4x and 10x
magnification’?. This study has been approved by the Animal Ethic Committee of Institut Teknologi Bandung with
approved ID 08/KEPHP-ITB/3-2022.

Manual analysis with Image] plugin

Cell counting was performed using Image] software (https:/ /imagej.net/1j/ download.html) according to the instructions’®.
To count the cells, Image] was first installed. Then, the Cell Counter plugin was accessed by navigating to Plugins — Analyze
— Cell Counter. This plugin is compatible with single grayscale, single-color, or multicolor images. Grayscale images were
identified by "8-bit" or "16-bit" at the top, while color images were labeled "RGB". Cells were counted by clicking on them in
the image. Each click added a colored box around the cell and updated the count. If an object was mistakenly included, it
could be removed using Edit — Undo (limited to one undo per action). After finishing the counting process, the total cell
count was obtained by clicking Analyze — Measurements in the Results window. Results could be filtered, copied and
pasted, or saved as an Excel .xIs spreadsheet. Saving tagged images required using the Print Screen key and saving the
capture as a .tif or jpg file.

Analysis with Gaussian adaptive threshold

The first image (Image 0) was created to show the original image. The program first read the image named "Imagejpeg"
and saved it in the variable 'im'. The image was then displayed. Next, the program converted the image in 'im' to grayscale
and stored it in the variable 'Gray1'. The grayscale image was then smoothed using a Gaussian filter with a kernel of (5,5)
and stored in the variable 'grey'. Variables were then configured for adaptive threshold processing: -maxValue = 255, -
adaptiveMethod = cv2. ADAPTIVE_THRESH_GAUSSIAN_C, -thresholdType = cv2 THRESH._BINARY, -blockSize =3, -
C = 2. The adaptive threshold process was carried out on the 'grey' image using the configured variables. The results of the
process were stored in the variable 'im_threshold'. The connected objects in the image 'im_threshold' were calculated using
the 'label' function in the SciPy library. The image labels were stored in the variable label_array'. The number of connected
objects in the variable 'particle_count' was displayed in a comment line.

Data analysis

Analysis data was collected from three different areas of the image and then averaged to obtain the results. The resulting
data was analyzed using paired T-test statistics, with a p-value of <0.05.

RESULTS AND DISCUSSION

Visualizing and annotating histopathology images is crucial for pharmaceutical research and clinical trials®. This study
employed an automatic testing procedure with the Gaussian adaptive method to quantify histopathological features. The
results showed no significant difference between the automatic method and manual calculations. Diabetic neuropathy
involves oxidative damage that alters nerve structure. These changes, including axonal degeneration, segmental
demyelination, and Schwann cell apoptosis, lead to damage or loss of myelin and unmyelinated fibers in patients. These
histopathological changes manifest as distinct image features and colors between the normal and DPN groups, forming the
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basis for the Gaussian method calculations. The study utilized a neuropathic diabetic pain model with nerve injury to induce
hyperalgesia and allodynia in rodents, mimicking aspects of human neuropathic pain.

In histopathological testing, the first step involves preparing tissue slides. To better visualize specific structures within the
tissue, such as the nucleus and cytoplasm, staining is necessary. The (H&E) staining is the most common method used for
histopathological examination of the sciatic nerve. Hematoxylin selectively binds to DNA, staining the nucleus blue or
purple, while eosin stains other cellular components pink, allowing for clear differentiation of various structures?.
Following histopathological staining, the slides are examined under a microscope and digitized using a camera.
Representative areas were captured as digital images using a smartphone camera. The images were taken at a magnification
of 40x objective lens and 10x eyepiece lens. Since magnification affects the level of detail visible, adjusting the image threshold
might be necessary for optimal analysis. Three images were chosen for cell analysis. Due to their large file size, captured
RGB images are typically compressed using JPEG or JPEG 2000 formats®.

Several factors can introduce challenges in creating optimal image designs for automated analysis of histopathology slides.
These challenges arise from variations that can occur during tissue preparation, staining, and slide digitization?. Improper
fixation, for example, can alter tissue morphology, leading to inaccurate results from image analysis software. Differences
in protocols and the appearance of staining reagents can vary considerably between laboratories. Even within a single lab,
staining results may differ due to pre-analytical factors like fixation delays or incompatible staining conditions. Finally,
variations in slide scanners' optics, photodetectors, and light sources can contribute to display inconsistencies. The
histopathological findings in this study reveal a loss of regularity in the nerve fibers. This is attributed to nerve fiber
degeneration, impaired myelin density, Schwann cell degeneration, and endometrial edema, as shown in Figure 1.

Figure 1. Histopathology results of the sciatic nerve in diabetic rat neuropathology, the yellow arrow indicates damaged cells included in the calculation.

Image] software, with its plugin feature, was used to analyze the digitized images. Plugins are functionalities available on
all Image] versions, including the original (version 1), ImageJ2, and Fiji. These plugins appear in the plugin menu (or a
submenu) upon starting Image]. They enable various tasks beyond cell damage analysis, such as image rendering, user
interface extensions, processing single-image microscopy data, and result analysis. This even includes finding and adjusting
image points for reconstruction?. The results of image analysis using the Image] plugin can be seen in Figure 2.
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Figure 2. Presentation of manual calculations using Image], yellow dots indicate counted cells.

For comparison purposes, the digitized images were also analyzed using the Gaussian adaptive thresholding method. This
method divides the image into smaller regions, and calculates a specific threshold value for each region. This approach helps
retain more information compared to simpler thresholding techniques. The threshold values are determined using a
Gaussian function. Adaptive thresholding is particularly suitable for images with relatively uniform intensity levels*.

The Gaussian adaptive thresholding method involves several steps. First, the color microscope image is converted to
grayscale. Then, adaptive threshold segmentation is applied to identify background pixels. This technique classifies pixels
based on their intensity: pixels brighter than a certain threshold are considered background, while darker pixels are
considered foreground objects. The key factor in segmentation is the threshold value. In this method, the threshold for each
pixel is calculated adaptively as the average intensity of its surrounding pixels within a 3 x 3 square region. Finally, binary
segmentation creates a new image where each pixel is assigned a value of 0 (background) or 1 (object). Binarization
essentially converts grayscale images into black and white (foreground and background). Gaussian adaptive threshold is
particularly useful for images with uneven lighting or variations in pixel intensity?.

The Gaussian adaptive thresholding method uses an odd-sized block to analyze the image. This allows each block to have
a unique threshold value that adapts to local variations in pixel intensity. A constant value (C) is then subtracted from the
average intensity within each block to achieve the desired segmentation?. This technique is particularly effective at isolating
individual nuclei, even those with faint or blurred boundaries, from the surrounding tissue?. The results of this image
processing step are shown in Figure 3.
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the value is shown automatically.

To obtain quantitative data, measurements were taken from three distinct regions of the sciatic nerve in a single slide. This
approach ensures a comprehensive analysis of the sample. The measurements were then averaged to produce mean values,
which are presented in a graph in Figure 4. This visual representation facilitates data interpretation and comparison. Figure
4 shows that the average cell count obtained using Image] (213.00 £19.31 cells) is higher compared to the average obtained
using Gaussian adaptive thresholding (204.67 £ 5.03 cells). This difference can be attributed to the underlying calculation
principles. Manual analysis with Image] involves manually counting damaged nerve cells one by one. In contrast, Gaussian
adaptive thresholding automates the process. By selecting an appropriate threshold, it converts the histopathology image
into a binary image, preserving only essential information about the size and shape of the nuclear regions. This simplification
reduces image complexity and facilitates feature extraction and classification®. Our findings align with previous study
comparing manual and automated cell counting methods, which showed no significant differences in the average cell
counts. The observed difference in standard deviation in this study might be due to a sample size of less than 100 slides,
which is considered insufficient for statistically robust estimation of standard deviation®.

240
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Figure 4. Comparison of abnormal cell calculations with ImageJ and Gaussian.
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This study explores the use of Gaussian adaptive thresholding for cell analysis in histopathology images. However, the
method has limitations. Closely spaced cell nuclei might be misidentified as a single object, and inflammatory cells with
similar color intensity may also be misinterpreted. Additionally, variations in background color intensity can affect results.
Manual cell counting using software like Image] offers an alternative approach, but it suffers from limitations such as time
consumption, high workload, and potential subjectivity. The digitization of biological data opens doors for computer-aided
diagnosis®. While this study has not yet evaluated the accuracy of machine learning methods for this purpose, and the
sample size remains relatively small, the precise calculation results obtained here suggest promise for developing a robust
analytical method in the future.

The ever-growing use of computers, coupled with the development of advanced image analysis algorithms, has fueled the
development of computer-assisted approaches for analyzing biomedical data. Manual interpretation of tissue slides is a
laborious, expensive process prone to human error and inconsistency. Automated image analysis offers a faster, more
reproducible method for generating additional insights, aiding pathologists in reaching accurate diagnoses. However,
challenges remain in computer-assisted diagnosis. One hurdle is achieving the necessary accuracy and speed to provide
truly useful results, particularly when dealing with the large datasets generated by digital histology samples. Additionally,
ensuring accessibility of these methods to the entire pathology community is another crucial hurdle to overcome3.

CONCLUSION

The calculation results of the two methods show no significant differences between the methods. The test results show that
the computerized morphometric image analysis method has the potential to be applied in the digitalization of pathology
because it can provide an image-based environment for managing and interpreting information generated from images on
glass slides into quantitative data. This digitalization also offers substantial results in improving the safety of pharmaceutical
drugs in toxicology testing, preclinical pathology, and clinical trials.

ACKNOWLEDGMENT

This work was funded by the Centre for Education Services (Pusat Layanan Pendidikarn) under the Ministry of Education,
Culture, Research and Technology of the Republic of Indonesia. Research Funding scheme from the Indonesian Education
Scholarship (Beasiswa Pendidikan Indonesia; BPI) and the Indonesia Endowment Funds for Education (Lembaga Pengelola Dana
Pendidikan; LPDP) [Grant number: 202101121414].

AUTHORS’ CONTRIBUTION

Conceptualization: Indah Tri Lestari

Data curation: Indah Tri Lestari, Sevi Nurafni

Formal analysis: Indah Tri Lestari, Sevi Nurafni

Funding acquisition: Indah Tri Lestari

Investigation: Indah Tri Lestari, Sevi Nurafni

Methodology: Sevi Nurafni

Project administration: Kusnandar Anggadiredja, Afrillia Nuryanti Garmana
Resources: Indah Tri Lestari, Sevi Nurafni

Software: Indah Tri Lestari, Sevi Nurafni

Supervision: Kusnandar Anggadiredja, Afrillia Nuryanti Garmana
Validation: Sevi Nurafni

Visualization: Indah Tri Lestari

Writing - original draft: Indah Tri Lestari

132


https://journal.umpr.ac.id/index.php/bjop
https://portal.issn.org/resource/ISSN/2621-4814

Lestari IT, Anggadiredja K, Garmana AN, Nurafni S. 2024. Computer-Assisted Histopathological Calculation Analysis of the Sciatic Nerve of ...

Writing - review & editing: Kusnandar Anggadiredja, Afrillia Nuryanti Garmana

DATA AVAILABILITY

None.

CONFLICT OF INTEREST

The authors declare there is no conflict of interest.

REFERENCES

1. Jimenez-del-toro O, Otélora S, Andersson M, Eurén K, Hedlund M, Rousson M, et al. Chapter 10 - Analysis of
Histopathology Images: From Traditional Machine Learning to Deep Learning. In: Depeursinge A, Al-Kadi OS, Mitchell
JR, editors. Biomedical Texture Analysis: Fundamentals, Tools and Challenges. Cambridge (MA): Academic Press; 2018.
p- 281-314. DOI: 10.1016/ B978-0-12-812133-7.00010-7

2. Gurcan MN, Boucheron LE, Can A, Madabhushi A, Rajpoot NM, Yener B. Histopathological image analysis: a review.
IEEE Rev Biomed Eng. 2009;2:147-71. DOIL: 10.1109/ rbme.2009.2034865; PMCID: PM(C2910932; PMID: 20671804

3. HeW, LiuT, Han'Y, Ming W, Du ], Liu Y, et al. A review: The detection of cancer cells in histopathology based on
machine vision. Comput Biol Med. 2022;146:105636. DOI: 10.1016/j.compbiomed.2022.105636; PMID: 35751182

4. Fulawka L, Halon A. Proliferation Index Evaluation in Breast Cancer Using ImageJ] and ImmunoRatio Applications.
Anticancer Res. 2016;36(8):3965-72. PMID: 27466501

5. da Silva LG, da Silva Monteiro WRS, de Aguiar Moreira TM, Rabelo MAE, de Assis EACP, de Souza GT. Fractal
dimension analysis as an easy computational approach to improve breast cancer histopathological diagnosis. Appl
Microsc. 2021;51(1):6. DOL: 10.1186/ s42649-021-00055-w; PMCID: PMC8087740; PMID: 33929635

6. Burrai GP, Gabrieli A, Polinas M, Murgia C, Becchere MP, Demontis P, et al. Canine Mammary Tumor
Histopathological Image Classification via Computer-Aided Pathology: An Available Dataset for Imaging Analysis.
Animals. 2023;13(9):1563. DOIL: 10.3390/ ani13091563; PMCID: PMC10177203; PMID: 37174600

7. Martin B, Banner BM, Schifer EM, Mayr P, Anthuber M, Schenkirsch G, et al. Tumor proportion in colon cancer: results
from a semiautomatic image analysis approach. Virchows Arch. 2020;477(2):185-93. DOL: 10.1007/s00428-020-02764-1;
PMCID: PMC7985049; PMID: 32076815

8. WangKS, YuG, Xu C, Meng XH, Zhou J, Zheng C, etal. Accurate diagnosis of colorectal cancer based on histopathology
images using artificial intelligence. BMC Med. 2021;19(1):76. DOIL: 10.1186/512916-021-01942-5; PMCID: PMC7986569;
PMID: 33752648

9. Bao], Walliander M, Kovécs F, Nagaraj AS, Hemmes A, Sarhadi VK, et al. Spa-RQ: an Image Analysis Tool to Visualise
and Quantify Spatial Phenotypes Applied to Non-Small Cell Lung Cancer. Sci Rep. 2019,9(1):17613. DOL
10.1038 / $41598-019-54038-9; PMCID: PMC6879493; PMID: 31772293

10. Nagpal K, Foote D, TanF, Liu Y, Chen PHC, Steiner DF, Manoj N, et al. Development and Validation of a Deep Learning
Algorithm for Gleason Grading of Prostate Cancer from Biopsy Specimens. JAMA Oncol. 2020;6(9):1372-80. DOL
10.1001/jamaoncol.2020.2485; PMCID: PMC7378872; PMID: 32701148

11. Kuiava VA, Kuiava EL, Chielle EO, Bittencourt FM De. Artificial intelligence algorithm for the histopathological
diagnosis of skin cancer. Clin Biomed Res. 2020;40(4):218-22.

133


https://doi.org/10.1016/B978-0-12-812133-7.00010-7
https://doi.org/10.1109/rbme.2009.2034865
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc2910932/
https://pubmed.ncbi.nlm.nih.gov/20671804/
https://doi.org/10.1016/j.compbiomed.2022.105636
https://pubmed.ncbi.nlm.nih.gov/35751182/
https://pubmed.ncbi.nlm.nih.gov/27466501/
https://doi.org/10.1186/s42649-021-00055-w
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc8087740/
https://pubmed.ncbi.nlm.nih.gov/33929635/
https://doi.org/10.3390/ani13091563
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10177203/
https://pubmed.ncbi.nlm.nih.gov/37174600/
https://doi.org/10.1007/s00428-020-02764-1
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7985049/
https://pubmed.ncbi.nlm.nih.gov/32076815/
https://doi.org/10.1186/s12916-021-01942-5
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7986569/
https://pubmed.ncbi.nlm.nih.gov/33752648/
https://doi.org/10.1038/s41598-019-54038-9
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6879493/
https://pubmed.ncbi.nlm.nih.gov/31772293/
https://doi.org/10.1001/jamaoncol.2020.2485
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7378872/
https://pubmed.ncbi.nlm.nih.gov/32701148/

Borneo Journal of Pharmacy, Vol 7 Issue 2, May 2024, Pages 126 - 135 e-ISSN: 2621-4814

12. Li T, Xie P, Liu J, Chen M, Zhao S, Kang W, et al. Automated Diagnosis and Localization of Melanoma from Skin
Histopathology Slides Using Deep Learning: A Multicenter Study. ] Healthc Eng. 2021,;2021:5972962. DOL
10.1155/2021/5972962; PMCID: PMC8564171; PMID: 34745503

13. Raafat KM, El-Zahaby SA. Niosomes of active Fumaria officinalis phytochemicals: Antidiabetic, antineuropathic, anti-
inflammatory, and possible mechanisms of action. Chinese Med. 2020;15:40. DOI: 10.1186,/s13020-020-00321-1; PMCID:
PMC7195756; PMID: 32377229

14. Shinouchi R, Shibata K, Hashimoto T, Jono S, Hasumi K, Nobe K. SMTP-44D improves diabetic neuropathy symptoms
in mice through its antioxidant and anti-inflammatory activities. Pharmacol Res Perspect. 2020;8(6):e00648. DOL:
10.1002/ prp2.648; PMCID: PMC7677968; PMID: 33215875

15. Sameni H, Panahi M. The Effect of Co-administration of 4-Methylcatechol and Progesterone on Sciatic Nerve Function
and Neurohistological Alterations in Streptozotocin-Induced Diabetic Neuropathy in Rats. Cell ]. 2011;13(1):31-8.
PMCID: PMC3652538; PMID: 23671825

16. Moscalu M, Moscalu R, Dascdlu CG, Tarcd V, Cojocaru E, Costin IV, et al. Histopathological Images Analysis and
Predictive Modeling Implemented in Digital Pathology-Current Affairs and Perspectives. Diagnostics. 2023;13(14):2379.
DOI: 10.3390/ diagnostics13142379; PMCID: PMC10378281; PMID: 37510122

17. Khan A, Shal B, Khan AU, Ullah R, Baig MW, Ul Haq ], et al. Suppression of TRPV1/TRPMS8/P2Y Nociceptors by
Withametelin via Downregulating MAPK Signaling in Mouse Model of Vincristine-Induced Neuropathic Pain. Int J
Mol Sci. 2021;22(11):6084. DOI: 10.3390/ijms22116084; PMCID: PMC8200233; PMID: 34199936

18. Labno C. Two Ways to Count Cells with Image]. Chicago (IL): Integrated Light Microscopy Core University of Chicago;
2014. p- 1-5. Available from: https:/ /cpb-us-
w2.wpmucdn.com/ voices.uchicago.edu/ dist/c/2275/files/2020/01/ cell_counting automated_and_manual.pdf

19. Lutnick B, Ramon AJ, Ginley B, Csiszer C, Kim A, Flament ], etal. Accelerating pharmaceutical R&D with a user-friendly
Al system for histopathology image analysis. ] Pathol Inform. 2023;14:100337. DOI: 10.1016/},jpi.2023.100337; PMCID:
PMC10582575; PMID: 37860714

20. Veta M, Pluim JPW, van Diest PJ, Viergever MA. Breast cancer histopathology image analysis: A review. IEEE Trans
Biomed Eng. 2014;61(5):1400-11. DOL: 10.1109/ tbme.2014.2303852; PMID: 24759275

21. Raghavan V, Rao KR. An Image] Based Semi-Automated Morphometric Assessment of Nuclei in Oncopathology. Int |
Sci Study. 2015;3(7):189-94. DOI: 10.17354/ijss/ 2015 /475

22. AeftnerF, Zarella MD, Buchbinder N, Bui MM, Goodman MR, Hartman DJ, et al. Introduction to Digital Image Analysis
in Whole-slide Imaging: A White Paper from the Digital Pathology Association. ] Pathol Inform. 2019;10:9. DOL:
104103 /jpijpi_82_18; PMCID: PMC6437786; PMID: 30984469

23. Herbert A. Single Molecule Light Microscopy ImageJ Plugins. East Sussex (UK): University of Sussex; 2014. p. 1-156.
Auvailable from: http:/ /www.sussex.ac.uk/ gdsc/intranet/ pdfs/SMLM.pdf

24. Anggraeni DT. Perbaikan Citra Dokumen Hasil Pindai Menggunakan Metode Simple, Adaptive-Gaussian, dan Otsu
Binarization Thresholding. EXPERT ] Manajemen Sistem Informasi Teknologi. 2021,11(2):71-7. DOL
10.36448/ expert.v11i2.2170

25. Korzynska A, Roszkowiak L, Lopez C, Bosch R, Witkowski L, Lejeune M. Validation of various adaptive threshold
methods of segmentation applied to follicular lymphoma digital images stained with 3,3-
Diaminobenzidine&Haematoxylin. Diagn Pathol. 2013;8:48. DOL 10.1186/1746-1596-8-48; PMCID: PMC3656801;
PMID: 23531405

26. RehmanNA, Haroon F. Adaptive Gaussian and Double Thresholding for Contour Detection and Character Recognition
of Two-Dimensional Area Using Computer Vision. Eng Proc. 2023;32(1):23. DOIL: 10.3390/ engproc2023032023

134


https://journal.umpr.ac.id/index.php/bjop
https://portal.issn.org/resource/ISSN/2621-4814
https://doi.org/10.1155/2021/5972962
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc8564171/
https://pubmed.ncbi.nlm.nih.gov/34745503/
https://doi.org/10.1186/s13020-020-00321-1
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7195756/
https://pubmed.ncbi.nlm.nih.gov/32377229/
https://doi.org/10.1002/prp2.648
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7677968/
https://pubmed.ncbi.nlm.nih.gov/33215875/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3652538/
https://pubmed.ncbi.nlm.nih.gov/23671825/
https://doi.org/10.3390/diagnostics13142379
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10378281/
https://pubmed.ncbi.nlm.nih.gov/37510122/
https://doi.org/10.3390/ijms22116084
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc8200233/
https://pubmed.ncbi.nlm.nih.gov/34199936/
https://cpb-us-w2.wpmucdn.com/voices.uchicago.edu/dist/c/2275/files/2020/01/cell_counting_automated_and_manual.pdf
https://cpb-us-w2.wpmucdn.com/voices.uchicago.edu/dist/c/2275/files/2020/01/cell_counting_automated_and_manual.pdf
https://doi.org/10.1016/j.jpi.2023.100337
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc10582575/
https://pubmed.ncbi.nlm.nih.gov/37860714/
https://doi.org/10.1109/tbme.2014.2303852
https://pubmed.ncbi.nlm.nih.gov/24759275/
http://dx.doi.org/10.17354/ijss/2015/475
https://doi.org/10.4103/jpi.jpi_82_18
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc6437786/
https://pubmed.ncbi.nlm.nih.gov/30984469/
http://www.sussex.ac.uk/gdsc/intranet/pdfs/SMLM.pdf
https://dx.doi.org/10.36448/expert.v11i2.2170
https://doi.org/10.1186/1746-1596-8-48
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc3656801/
https://pubmed.ncbi.nlm.nih.gov/23531405/
https://doi.org/10.3390/engproc2023032023

Lestari IT, Anggadiredja K, Garmana AN, Nurafni S. 2024. Computer-Assisted Histopathological Calculation Analysis of the Sciatic Nerve of ...

27. Kowal M, Hilipczuk P, Obuchowicz A, Korbicz J. Computer-aided diagnosis of breast cancer based on fine needle biopsy
microscopic images. Comput Biol Med. 2013;43(10):1563-72. DOIL: 10.1016/j.compbiomed.2013.08.003; PMID: 24034748

28. Das A, Nair MS, Peter SD. Computer-Aided Histopathological Image Analysis Techniques for Automated Nuclear
Atypia Scoring of Breast Cancer: a Review. ] Digit Imaging. 2020;33(5):1091-121. DOIL: 10.1007/s10278-019-00295-z;
PMCID: PMC7573034; PMID: 31989390

29. Suarez-Arnedo A, Figueroa FT, Clavijo C, Arbelaez P, Cruz JC, Mufioz-Camargo C. An image ] plugin for the high
throughput image analysis of in vitro scratch wound healing assays. PLoS One. 2020;15(7):e0232565. DOIL:
10.1371/journal.pone.0232565; PMCID: PMC7386569; PMID: 32722676

30. Chan HP, Hadjiiski LM, Samala RK. Computer-aided diagnosis in the era of deep learning. Med Phys. 2020;47(5):€218-
27. DOI: 10.1002/ mp.13764; PMCID: PMC7293164; PMID: 32418340

31. Brixtel R, Bougleux S, Lézoray O, Caillot Y, Lemoine B, Fontaine M, et al. Whole Slide Image Quality in Digital Pathology:
Review and Perspectives. IEEE Access. 2022,10:131005-35. DOL: 10.1109/ ACCESS.2022.3227437

135


https://doi.org/10.1016/j.compbiomed.2013.08.003
https://pubmed.ncbi.nlm.nih.gov/24034748/
https://doi.org/10.1007/s10278-019-00295-z
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7573034/
https://pubmed.ncbi.nlm.nih.gov/31989390/
https://doi.org/10.1371/journal.pone.0232565
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7386569/
https://pubmed.ncbi.nlm.nih.gov/32722676/
https://doi.org/10.1002/mp.13764
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc7293164/
https://pubmed.ncbi.nlm.nih.gov/32418340/
http://dx.doi.org/10.1109/ACCESS.2022.3227437

Borneo Journal of Pharmacy
Vol 7 Issue 2 May 2024
Pages 136 - 146

https://journal.umpr.ac.id/index.php/bjop/article/view/6636
DOI: https:/ /doi.org/10.33084 / bjop.v7i2.6636
e-ISSN: 2621-4814

Research Article

Ethnobotanical Study of Medicinal Plants of Banjar and Java Tribes in
Pandansari Village, South Kalimantan

Sutomo " 2

Alif Vera Aprilianes 2

Nani Kartinah 3

Arnida ¢ e

Khoirunnisa Muslimawati >

Nabila Hadiah Akbar 5

1 Center for Study of Natural Medicine,
Universitas Lambung Mangkurat,
Banjarbaru, South Kalimantan, Indonesia
2 Undergraduate Program of Pharmacy,
Universitas Lambung Mangkurat,
Banjarbaru, South Kalimantan, Indonesia
3 Department of Pharmaceutical Technology,
Universitas Lambung Mangkurat,
Banjarbaru, South Kalimantan, Indonesia

Abstract

In Pandansari village, South Kalimantan, Indonesia, residents
from Banjar and Javanese communities traditionally utilize
medicinal plants as alternatives to conventional medicine. This
study aimed to explore the demographics, plant use practices,
and preliminary phytochemical analysis of these plants. Using
a qualitative, phenomenological approach, semi-structured
interviews and questionnaires were conducted with four
purposively selected informants. The findings revealed 52
medicinal plant species. Leaves were the most commonly used
plant part (40%), followed by boiling as the preferred
processing method (54%) and drinking as the primary route of
administration (58%). Two unidentified plants, asam sembelekan
and daun malaysia, were frequently mentioned. Phytochemical
screening detected flavonoids, saponins, phenols, and
terpenoids in asam sembelekan, while daun malaysia contained
alkaloids, flavonoids, saponins, and terpenoids. These findings
provide a foundation for further research on the efficacy and
safety of these traditional medicinal plants in this community.

4 Department of Pharmaceutical Biology,
Universitas Lambung Mangkurat,
Banjarbaru, South Kalimantan, Indonesia
5 Department of Pharmaceutical Chemistry,
Universitas Lambung Mangkurat,
Banjarbaru, South Kalimantan, Indonesia

“email: sutomo01@ulm.ac.id; phone:

+6285393089976

Keywords:

Banjar ethnicity Received: January 23rd, 2024
Ethnobotany 1st Revised: May 23rd, 2024
Javanese ethnicity Accepted: May 27th, 2024
Medicinal plants Published: May 30th, 2024

© 2024 Sutomo, Alif Vera Aprilianes, Nani Kartinah, Arnida, Khoirunnisa Muslimawati, Nabila Hadiah Akbar.
BY SA

Published by Institute for Research and Community Services Universitas Muhammadiyah Palangkaraya. This
is an Open Access article under the CC-BY-SA License (http://creativecommons.org/licenses/by-sa/4.0/).
DOI: https:/ / doi.org/10.33084/ bjop.v7i2.6636

INTRODUCTION

Indonesia, a megadiverse country, boasts a vast array of plant life!. This rich tapestry of plant species serves humanity in
numerous ways, including as ingredients in traditional medicine — practices often passed down through generations?.
Ethnobotanical studies delve specifically into this wealth of knowledge, exploring the potential medicinal properties of
plants used by communities for extended periods3.

South Kalimantan, a province in southeastern Borneo, encompasses both lowlands and highlands, including the Maratus
Mountains. The Banjar tribe is the largest ethnic group in South Kalimantan, but others like the Javanese, Bugis, Batak, and
Madurese also call this region home*. Both the Banjar and Javanese tribes have a rich heritage of using plants for medicinal
purposes®. The Javanese tradition, known as golek tormbo or suwuk, incorporates prayer and medicinal plants for healing®.
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The Banjar tribe practices betetarmba, which translates to treatment or shaman. The Banjar tribe beliefs associate betetamba
rituals with the influence of nature and the surrounding environment”2.

Pandansari Village, located in Kintap District, covers an area of 50.00 km? and lies 9.31 km from the sub-district center. The
village is home to a diverse population, including Banjar, Javanese, and other ethnicities. The majority of the community
works in farming and gardening. Pandansari Village, Kintap District, boasts well-preserved natural resources. Despite the
lack of prior research exploring its natural potential, this village presents a compelling opportunity for investigation. This
ethnobotanical study aims to document the medicinal plants used in Pandansari Village. We collect comprehensive data on
utilized plant parts, preparation methods, processing techniques, and application methods. Additionally, phytochemical
screening was conducted on these plants. This study has the potential to provide valuable data and documentation of the
plant species traditionally used by the community for medicinal purposes. Furthermore, it can pave the way for the
development of these plants as future therapeutic agents.

MATERIALS AND METHODS

Materials

Medicinal plants were collected from Pandansari Village, South Kalimantan, Indonesia. Analytical grade chemicals and
reagents were used throughout the study, including 70% ethanol, distilled water, FeCls, concentrated HCl, CHCl;, NaOH,
magnesium powder, gelatin, Dragendorff's reagent, and Lieberman-Burchard reagent. The following equipment was used
for sample collection, preparation, and analysis: cutting tools, measuring tapes, test tubes, macerators, grinders, analytical
balances, ovens, and water baths. Documentation of plant materials was facilitated by a digital camera.

Methods

Research design

This study employed a qualitative research approach with a phenomenological perspective’. In this case, phenomenology
allowed us to delve into the experiences and meanings associated with the use of medicinal plants. Data collection involved
semi-structured interviews and questionnaires administered to consenting participants from the village (informed consent
was obtained from all participants prior to their involvement in the study). The research was conducted from December
2022 to February 2023 in Pandansari Village, Kintap District, Tanah Laut Regency, South Kalimantan, Indonesia.
Additionally, laboratory analyses were performed at the Pharmacognosy-Phytochemistry Laboratory of the Faculty of
Mathematics and Natural Sciences Universitas Lambung Mangkurat.

Respondents

Purposive sampling was employed to recruit participants for this study. We specifically targeted traditional healers from
the Banjar and Javanese ethnicities residing in Pandansari Village. Inclusion criteria for participation were: (1) experience as
a traditional healer, (2) willingness to participate in the study, and (3) knowledge and use of medicinal plants for treatment
purposes.

Retrieval procedure of research data

Semi-structured interviews were conducted with consenting participants from the Pandansari Village community.
Interviews were conducted in Indonesian or the participant's preferred regional language (e.g., Banjarese, Javanese) to
ensure clear communication and minimize misunderstandings. The interview guide explored topics related to the
traditional use of medicinal plants, including plant names and perceived benefits, utilized plant parts, processing and
administration methods, and duration of use. Additionally, a questionnaire was administered to gather information on
ownership of medicinal plants, purposes of traditional plant-based treatments, age demographics of plant users, source of
knowledge regarding traditional medicine, and length of experience using medicinal plants for treatment.

Phytochemical screening
Phytochemical screening was performed on plant samples identified as potentially novel based on a lack of prior
documentation in the scientific literature. These samples were subjected to a battery of tests using the tube method to detect
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the presence of various secondary metabolites, including alkaloids, flavonoids, saponins, quinones, phenols, terpenoids,

steroids, and tannins. Detailed descriptions of the specific methods employed for each phytochemical test can be found in

Table I
TableI.  Phytochemical screening!®-12.

Test  Sample volume (mL) Treatment Positive result
Alkaloid 3 + 3 drops of Dragendorff's reagent Brick-red
Flavonoid 3 + Mg powder and 3 mL HCl Yellow, orange, red
Saponin 3 + 3 mL hot distilled water, then shaken vigorously until foamy + a Foam stabilized for + 10

drop 2N HCI minutes

Quinones 3 + 5 drops of NaOH through the tube wall Red
Phenol 3 + 3 drops of FeCl3 Blackish green or dark blue
Steroid 3 + 3 drops of Lieberman-Burchard reagent Turquoise
Terpenoid 3 + 3 drops of Lieberman-Burchard reagent Red or purple ring
Tannin 3 + 3 drops of gelatin solution White color sediment
Data analysis

Data obtained from interviews and questionnaires were analyzed to identify plant names, reported benefits, and utilized
plant parts. Additionally, documented plants were examined for morphological characteristics to aid in classification. The
results were presented in two main formats: qualitative and quantitative. Qualitative data, including narratives and tables,
were detailed the traditional knowledge regarding medicinal plants. Quantitative data was presented in the form of a
percentage diagram illustrating the prevalence of specific plant parts used, processing methods employed, and applications
of medicinal plants within the Pandansari Village community. The formula used to calculate these percentages was
provided in Equation 1%3.

Parts of the plant used

% Plant parts = x100% [1]

All parts of the plant used

RESULTS AND DISCUSSION

Informants for this study were recommended by the Pandansari Village administration, specifically traditional healers or
penenamba known for treating patients within the community. Semi-structured interviews were employed to gather data
from participants. This interview method allows for flexibility and exploration of new information that may arise during
the conversation. Details regarding the research informants are presented in Table II.

Table II.  Informant data.

Initial name Age Gender Tribe Residence Job Number of plants used  Duration of use (year)
DL 53 Woman Banjar = Pandansari Village Midwife 12 >10
AT 50 Man Javanese Pandansari Village Traditional healer 20 >10
SR 51 Woman Banjar  Pandansari Village Traditional healer 5 >10
MK 68 Woman Javanese Pandansari Village Midwife 15 >10

Interviews with Pandansari Village residents revealed 52 plant species traditionally used for medicinal purposes. Following
identification efforts that included consulting both application practices and relevant literature, 50 plant species were
successfully identified. However, two plant species remained unidentified. Collaborations with the Banua Botanical
Garden, Banjarbaru, South Kalimantan, and the Indonesian Biology Generation Foundation, Gresik, East Java, are currently
underway to identify these unknown species (details on these ongoing efforts can be provided upon request). Data on the
identified medicinal plants used in Pandansari Village are presented in Table III. Analysis of data revealed nine distinct
plant parts utilized for traditional medicine in Pandansari Village by the local healers or penenamba. These parts included
root, leaf, stem, rhizome, sap, fruit, flower, tuber, and whole plant parts. Leaves emerged as the most frequently used plant
part, as illustrated in the percentage diagram presented in Figure 1.
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Table III. Medicinal plants in Pandansari Village.
Name Species Efficacy Parts used Administration method Processing method
Betel palm Areca catechu Male stamina Root Oral Boiled
Cogon grass Imperata cylindrica Stiffness/sore Root Oral Boiled
Avocado Persea americana High blood pressure Leaf Oral Boiled
Ti plant Cordyline fruticosa Dysentery Root Oral Boiled
Asam sembelekan - Flu and cough Leaf Compressed on the Boiled
forehead
Mantangan Merremia peltata High blood pressure Stem Oral Taken the stem
liquid
Madeira vine Anredera cordifolia Scar Leaf Topical on open Squeezed
Wounds
Cotton candy berry ~ Muntingia calabura Diabetic Leaf Oral Boiled
Cutleaf groundcherry Physalis angulata All sort of sickness Whole plant Oral Boiled
December tree Erythrina subumbrans ~ Fever Leaf Compressed on the Squeezed
forehead
Daun malaysia - Cholesterol Leaf Oral Boiled
Durian Durio zibethinus Fever Bark Steam bath Boiled
Water willow Justicia gendarussa Headache Leaf Compressed on the Squeezed
forehead
Gale of the wind Phyllanthus niruri Stiffness/sore Whole plant Oral Boiled
Ginger Zingiber officinale Cough Rhizome Oral Boiled
Guava Psidium guajava Diarrhea Leaf shoot  Oral Squeezed
Cashew Anacardium occidentale Diarrhea Leaf Oral Boiled
Purging nut Jatropha curcas Toothache Sap Dripped on cavities Taken the leaf sap
Lime Citrus aurantifolia Cough Fruit Oral Squeezed
Shortleaf spikesedge Kyllinga brevifolia Diarrhea Whole plant Oral Boiled
Cape jasmine Gardenia jasminoides Fever and cholesterol Leaf Compressed on the Squeezed
forehead
Frangipani Plumeria acuminata Toothache Sap Dripped on cavities Taken the flower
sap
Senduduk Melastoma Wound Leaf and Topical on open wounds Pounded
malabathhricum flower
Papaya Carica papaya Improves bowel Fruit Oral Without processing
movements
Rodent tuber Typhonium flagelliforme Diabetic Tuber Oral Boiled
Coconut Cocos nucifera Allergy Water Oral Without processing
Moringa Moringa oleifera Cholesterol Leaf Oral Boiled
Basil Ocimum basilicum Remove body odor Leaf Oral Squeezed
Hibiscus Hibiscus sp. Fever Leaf Compressed on the Squeezed
forehead
Aromatic ginger Kampferia galanga Cough Rhizome Oral Boiled
Jack in the bush Chromolaena odorata Scar Leaf Topical on open wounds  Squeezed
Java tea Orthosiphon aristatus ~ Stiffness/ sore Root Oral Boiled
White turmeric Curcuma zedoaria Improve appetite Rhizome Oral Grated and
squeezed
Aloe vera Aloe vera Stomach acid Stem Oral Taken the stem gel
Shoeblackplant Hibiscus rosa-sinensis ~ Lowering blood pressure Fruit Oral Dried
Indian mulberry Morinda citrifolia High blood pressure Fruit Oral Boiled
White mulberry Morus alba Scar Leaf Topical on open wounds Squezeed
Pineapple Ananas comosus High blood pressure Fruit Oral Without processing
Cane-reed Costus speciosus Hemorrhoids Rhizome Oral Soaked
Petawali Tinospora crispa All sort of sickness Stem Oral Boiled
Stinking Passiflora foetida High blood pressure Leaf Oral Boiled
passionflower
Black pepper Piper nigrum Diarrhea Fruit and Oral Boiled
seed
Snakefruit Salacca zalacca Chest pain Sap Topical Taken the fruit sap
Lemongrass Cymbopogon citratus Stiffness/sore Stem Oral Boiled
Betel Piper betle Whiteness discharge Leaf Washing the feminine area Boiled
Pepper elder Peperomia pellucida Gout Whole plant Oral Boiled
Soursop Annona muricata Chest pain Leaf Topical Squezeed
Cucha cara Elephantopus scaber Gout Whole plant Oral Dried and brewed
Sugarcane Saccharum officinarum  Diabetic Stem Oral Squezeed
Curcuma Curcuma xanthorrhiza ~ Improve appetite Rhizome Oral Grated and
squezeed
Cathedral bells Kalanchoe pinnata Fever Leaf Oral Boiled
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Figure 1. Parts of plants that have medicinal properties used in Pandansari Village.

Phytochemical screening was performed on two unidentified medicinal plants, asarm sembelekan and daun malaysia (Figure
2), as reported by the Pandansari Village community. The results revealed notable differences in their secondary metabolite
profiles, with the presence of saponins and terpenoids being the only shared constituents (Table IV). Notably, asam
sembelekan exhibited the presence of phenolic compounds, which possess known antitussive (cough-relieving) properties'4.
This finding alighs somewhat with the reported use of this plant for ailments like coughs within the community™.
Conversely, daun malaysian was found to contain alkaloids and flavonoids, secondary metabolites with established
cholesterol-lowering activity'6”. This observation warrants further investigation into the potential anti-hyperlipidemic
properties of daun malaysia, particularly considering its traditional use in the community for unspecified ailments.

Figure 2. (a) Asam sembelekan and (b) daun malaysia.

Table IV. Phytochemical screening of asam sembelekan and daun malaysia.

] Samples

Phytochemical compounds Asam sembelekan Daunmalaysia
Alkaloids - *
Flavonoids - *
Saponins * ’
Quinones - )
Phenols + )
Steroids B )
Terpenoids + *
Tannins - -

Note: +: Presence; -: Absence
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A literature review identified previously reported secondary metabolite profiles for the 50 documented medicinal plants
(Table V). Of the eight secondary metabolite classes tested on the two previously investigated plants, I. cylindrica, M. peltata,
D. zibethinus, ]. gendarussa, Z. officinale, C. aurantifolia, H. rosa-sinensis, and C. xanthorrhiza exhibited the greatest diversity, each
containing six identified metabolite types. Conversely, S. zalacca lacked reports of any of the tested metabolites. Among the
identified metabolites, flavonoids were the most prevalent, detected in 40 plants. This finding aligns with the established
knowledge of flavonoids being one of the most widespread classes of secondary metabolites in various plant species’s.
Saponins and alkaloids followed in abundance, identified in 32 and 30 plants, respectively. Conversely, quinones were the
least common, only reported in three plants. This scarcity is likely due to their derivation from the oxidation of
hydroquinones, which may not be present in significant quantities within many medicinal plants®.

Table V.  Secondary metabolite from medicinal plants in Pandansari Village.

Plants Alkaloids Flavonoids Saponins Quinones Phenols Steroids Terpenoids Tannins References
Areca catechu + + - - - B + T 20
Imperata cylindrica + - + - + + + + 21
Persea americana + + + - - - - _ 292
Cordyline fruticosa + + - - - + + 23
Merremia peltata + - + + + R + + 11
Anredera cordifolia + + + + - + _ 24
Muntingia calabura - + + - + _ + + 25
Physalis angulata + - - - - _ _ + 2
Erythrina subumbrans + + + - + - - + 27
Durio zibethinus + + + - + + + 28
Justicia gendarussa + + + - + + + - 29
Phyllanthus niruri + + - - + + + - 30
Zingiber officinale + + + - + + + 31
Psidium guajava - - - i R + + 32
Anacardium occidentale - + - - + - + N 33
Jatropha curcas + + + - + - - - 34
Citrus aurantifolia + + + - + + _ + 35
Kyllinga brevifolia + + - - - - _ + 36
Gardenia jasminoides - + + - + - - _ 37
Plumeria acuminata + - R R R R + 38
Melastoma malabathhricum + + + - - + _ _ 39
Carica papaya + + - - + - + 40
Typhonium flagelliforme + - - - - - + 41
Cocos nucifera + + + - - + - _ 42
Moringa oleifera - - - - - N B 43
Ocimum basilicum + + + - - - R + 44
Hibiscus sp. + - - - - - _ 45
Kampferia galanga + + - + - - _ 46
Chromolaena odorata + - + + + - + 47
Orthosiphon aristatus + + + - - + - _ 48
Curcuma zedoaria + + - - - - - 49
Aloe vera + - - - - N B 50
Hibiscus rosa-sinensis + + + - - + R + 11
Morinda citrifolia + - + + + - + + 51
Morus alba + + - - + - + 52
Ananas comosus + + - - + + + 53
Costus speciosus + - - - - - 54
Tinospora crispa - + + - - + R + 55
Passiflora foetida + - - - _ + _ R 56
Piper nigrum + + - - + - _ - 57
Salacca zalacca + - - - + - _ _ 58
Cymbopogon citratus - - - - - _ _ _ 59
Piper betle + + + - - - + + 60
Peperomia pellucida + + - - - - + 61
Annona muricata + + + - - + R + 62
Elephantopus scaber + - - - . _ _ + 63
Saccharum officinarum - - + - - + . + 64
Curcuma xanthorrhiza + + - R R R R + 65
Kalanchoe pinnata + + + - + - + + 66

Note: +: Presence; -: Absence
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CONCLUSION

This study documented 52 medicinal plants traditionally used by the Banjar and Javanese communities in Pandansari
Village. These plants reportedly address various ailments, including male stamina enhancement, stiffness, hypertension,
dysentery/diarrhea, flu/cough, wounds, fever, toothache, headache, allergies, cholesterol, diabetes, and vaginal discharge.
Leaves were the most commonly utilized plant part, boiling the preferred processing method, and drinking the favored
administration route. Further investigations are warranted to validate the reported efficacy of these plants and explore their

potential bioactive compounds.
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Abstract

The flesh of watermelon (Citrullus lanatus) contains carotenoid
compounds that act as antioxidants. The purpose of this study
was to determine the variation in the concentration of carbopol
940 on physical properties, irritation tests, and the stability of
emulgel antioxidants against temperature and storage time.
Evaluation of the physical properties of C. lanatus pulp extract
emulgel includes organoleptic, homogeneity, dosage pH,
dispersion, adhesion, emulsion type, viscosity as well as
hedonic test and irritation test. Antioxidant stability testing of
emulgel was carried out for 28 days at three temperature
conditions: 4, 25, and 40°C and tested on days 0, 7, 14, 21, and
28 with the DPPH method. The results of the physical properties
evaluation meet the requirements with pH values of 5.50-5.57,
dispersion 5-6 cm, adhesion <4 seconds, viscosity 5624-15443
cPs, F2 and F3 hedonic tests are preferred by researchers, and
irritation tests of all formulas show no irritation symptoms to
all refiners. The results of antioxidant stability of emulgel after
storage on the 28th day showed an average result of ICsg
temperature of 4°C (112.4547 + 0.1432 mg/L), 25°C (119.3170 +
0.1966 mg/L), and 40°C (124.1554 + 0.1317 mg/L). The results
of stability analysis show that temperature and storage duration
affect antioxidant stability. The higher the temperature and
duration of storage, the antioxidant stability of emulgel
decreases. Storage of C. lanatus flesh extract emulgel at 4°C was
able to maintain antioxidant activity for 28 days of storage.
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INTRODUCTION

Watermelon (Citrullus lanatus) is a popular fruit rich in various health-promoting nutrients'. Beyond its well-known water
content (approximately 91.45%), C. lanatus flesh also boasts a valuable nutritional profile, including vitamin C, thiamine,
riboflavin, niacin, carbohydrates, fiber, and sugars (0.15% fat, 7.55% carbohydrates, 04% fiber, and 6.2% sugar)?
Importantly, C. lanatus possesses potent antioxidant properties due to the presence of carotenoid compounds like Iycopene,
phytoene, phytofluene, beta-carotene, and lutein®. These bioactive components contribute to its ability to combat free
radicals and potentially mitigate cellular damage. Studies have demonstrated the significant antioxidant activity of C. lanatus
flesh extract, with Mariani ef al.2 reporting a value of 16.619 mg/L. Given its established antioxidant properties, C. lanatus
flesh presents a promising material for the development of skincare cosmetic products, particularly in the form of emulgels.
Citrullus lanatus flesh extract has gained interest for its potential use in dermatological applications due to its unique
properties. These include thixotropy, emolliency, a non-greasy feel, ease of spreading, lack of staining, long shelf life, water
solubility, environmental friendliness, transparency, and a pleasant appearance?. Emulgels, a type of emulsion formulation
(oil-in-water [O/ W] or water-in-oil [W/Q]), are increasingly utilized for drug delivery. When a gelling agent is incorporated

How to cite: Yati K, Nugrahaeni F, Melinda R, Wati LR. Utilization of Emulgel Watermelon (Citrullus lanatus) Flesh Extract as a
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into the emulsion, it transforms into a gel-like structure (emulgel). Notably, the concentration of the gelling agent
significantly impacts the resulting viscosity of the emulgel>. This study investigates the effects of varying carbopol 940
concentrations on the physical properties, irritation potential, and stability of emulgel formulations containing C. lanatus
flesh extract.

Carbopol 940, a commonly used gelling agent, significantly influences the consistency of emulgel formulations. Studies by
Habiba et al.* demonstrated that varying carbopol 940 concentrations (0.5%, 0.75%, 1%, and 1.25%) in olive oil emulgel with
moringa leaf extract resulted in distinct consistency variations, ranging from less viscous to quite dense and viscous.
Notably, 1% carbopol 940 concentration has been shown to yield formulations with desirable physical properties and
stability”. Beyond physical characteristics, ensuring the safety and user acceptance of topical formulations is crucial®.
Irritation tests are essential to evaluate the potential for skin irritation caused by the emulgel extract®. Additionally, hedonic
testing allows for the assessment of user preference regarding the formulation's sensory attributes'.

The DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging assay was selected for its simplicity, speed, sensitivity,
and minimal sample requirement!’. This method measures the ability of the emulgel to scavenge free radicals, indirectly
reflecting its antioxidant activity. DPPH is a stable free radical at room temperature that accepts an electron or hydrogen
atom from an antioxidant compound, resulting in the formation of a stable molecule and a reduction in absorbance at 517
nm?2. Similar to findings by Wulansari ef al.3, who reported a decrease in tamarind leaf extract's antioxidant capacity during
storage at varying temperatures, we hypothesized that storage temperature and duration might influence the stability of the
C. lanatus extract's antioxidant activity within the emulgel. Therefore, we evaluated the antioxidant stability of the emulgel
formulations under different storage conditions. The emulgels were stored at 4°C, 25°C, and 40°C for 28 days. Antioxidant
activity was assessed using the DPPH method at predetermined time points (days 0, 7, 14, 21, and 28) to investigate the
combined effects of temperature and storage time. Based on the established knowledge that antioxidants are susceptible to
oxidation®, and the potential impact of temperature and storage on the activity of natural antioxidants like those found in
C. lanatus extract’s, this study investigated the influence of carbopol 940 concentration on the physical properties, irritation
potential, and, most importantly, the stability of the emulgel's antioxidant activity during storage at varying temperatures
and durations.

MATERIALS AND METHODS

Materials

The following instruments were used in this study: analytical balance (Ohaus), pH meter (Hanna Instruments), Anton Paar
viscometer (ViscoQC 300), oven (Memmert), UV-Vis spectrophotometer (Shimadzu), climatic chamber (Lneya), optical
microscope (Novel), hotplate (Corning), micropipettes (Across Pro), Karl Fischer Titrator (Aquacounter AQV-300), UV Box
Thin-layer chromatography (TLC) spotting display (Camag), homogenizer (Heidolph), adhesion tester, dispersion tester,
TLC chamber, refrigerator (AQUA), and blender (Advan). Standard laboratory glassware was also used. Citrullus lanatus
was obtained from the Kramat Jati main market, East Jakarta, ndonesia, and identified as Citrullus lanatus (Thunb.) Matsum.
& Nakai by the National Research and Innovation Agency of the Republic of Indonesia, Cibinong (accession number B-
579/11.6.2/1R.01.02/4/2023). The extract was prepared at the Indonesian Medicinal and Aromatic Crops Research Institute,
Bogor. Other materials used include carbopol 940 (Dwilab Mandiri), triethanolamine (Dwilab Mandiri), paraffin liquid
(Dwilab Mandiri), tween 80 (Dwilab Mandiri), propylene glycol (Dwilab Mandiri), methylparaben (Kimia Jaya Laboran),
propylparaben (Kimia Jaya Laboran), span 80 (Labsains Chemical Center), distilled water (Fragrant Chemical), beta-
carotene (Sigma Aldrich), DPPH (Sigma Aldrich), TLC plate GF»s; (Merck), absolute methanol (Merck), vitamin C (Merck),
methylene blue (Kimia Jaya Laboran), magnesium powder, and concentrated HCI (Universitas Muhammadiyah Prof. DR.
HAMKA).

Methods

Preparation of C. lanatus flesh extract
Ripe C. lanatus fruits were obtained and thoroughly washed. The fruits were dissected to separate the red flesh, white flesh,
and rind. The red flesh was cut into small pieces and manually pressed to remove excess moisture. Subsequently, the red
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flesh was oven-dried at 50°C for 48 hours (2 x 24 hours). The dried material was then pulverized using a blender to obtain a
fine powder for extraction'. A mass of 150432 g of the red flesh powder was subjected to maceration extraction using 96%
ethanol as the solvent. The mixture was macerated for 48 hours (2 x 24 hours) with constant agitation. The extract was then
separated from the residue by filtration using filter paper. The residue was re-extracted with fresh 96% ethanol using the
same maceration conditions. The combined filtrates from both maceration steps were concentrated using a rotary
evaporator to remove the solvent and obtain a concentrated C. lanatus flesh extract.

Extract evaluation

The organoleptic properties (appearance, color, and odor) of the C. lanatus flesh extract were evaluated visually®. A
qualitative screening for flavonoids was performed using a standard method". Briefly, 0.5 g of extract was dissolved in 10
mL of hot methanol. Subsequently, 0.1 g of Mg powder and five drops of concentrated HCl were added. The formation of
an orange, pink, or dark red color that persisted for at least three minutes was considered indicative of the presence of
flavonoids. Thin-layer chromatography was employed to identify beta-carotene compounds. A mobile phase of chloroform
s ethanol (1 : 1) and a stationary phase of silica gel 60 Fs, were used®. Moisture content of the extract was determined using
an automated Karl Fischer titrator. Approximately 0.05 g of the sample was weighed and introduced into the instrument
for analysis'®.

Citrullus lanatus flesh extract antioxidant activity test

Citrullus lanatus flesh (10 mg) was weighed and dissolved in pro-analysis grade methanol in a 100 mL volumetric flask to
prepare a 100 mg/ L stock solution. The stock solution (600, 1000, 1400, 1800, or 2200 p1L) was pipetted using a micropipette
and diluted further with methanol to a final volume of 10 mL in separate volumetric flasks. This resulted in solutions with
final concentrations of 6, 10, 14, 18, and 22 mg/L, respectively. Two milliliters of each extract concentration solution were
pipetted into separate vials, followed by the addition of 2 mL of 0.1 mM DPPH solution. The vials were incubated in the
dark for 30 minutes. The absorbance of each sample was then measured at517 nm using a UV-Vis spectrophotometer. Three
replicates were performed for each concentration. Vitamin C solutions (4, 5.5, 7, 8.5, and 10 mg/ L) were prepared and used
as a positive control following the same procedure’®. The results of the extract solutions were compared to the vitamin C
standard curve to determine the antioxidant activity.

Citrullus lanatus flesh extract emulgel formulation

The formulation for the C. lanatus flesh extract emulgel is detailed in Table I. Carbopol 940 was dispersed in twenty parts
(w/w) purified water and allowed to hydrate for 24 hours. Triethanolamine was then gradually added under constant
stirring until the gel base reached a pH of 6. Methylparaben and propylparaben were weighed, dissolved in propylene
glycol, and incorporated into the gel base with continuous stirring until a homogenous mixture was obtained. An oil phase
was prepared by combining liquid paraffin and span 80 in a separate container on a water bath set to 70°C. The water phase
was prepared by mixing tween 80 with distilled water on a separate water bath set to 70°C. Both phases were stirred
continuously throughout this process. The oil and water phases were then combined and homogenized using a suitable
homogenizer. The homogenized emulsion was subsequently incorporated into the prepared gel base with continuous
stirring until a uniform emulgel formed. Finally, the C. lanatus flesh extract was added to the emulgel and stirred until
thoroughly homogeneous®.

Table 1. Citrullus lanatus flesh extract emulgel formula.
. Formula (%) .

Materials o B2 B a Function
Citrullus lanatus flesh extract 0.25 0.25 0.25 0.25 Active substances
Carbopol 940 05 0.75 1 1.25 Gelling agent
TEA 0.18 0.55 0.8 1.02 Extermination
Propylene glycol 10 10 10 10 Humectants
Methylparaben 0.18 0.18 0.18 0.18 Preservatives
Propylparaben 0.02 0.02 0.02 0.02 Preservatives
Liquid paraffin 5 5 5 5 Oil phase
Span 80 14 14 14 1.4 Emulsifiers
Tween 80 3.6 3.6 3.6 3.6 Emulsifiers
Distilled water ad 100 ad 100 ad 100 ad 100 Solvent
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Evaluation of C. lanatus flesh extract emulgel formulation
Organoleptic test: The emulgel formulations were subjected to a visual evaluation of color, odor, and texture using the naked
eye”,

Homogeneity test: Approximately 0.1 g of each emulgel formulation was weighed and spread evenly in a thin layer onto a
clean, transparent glass slide. The spread emulgel was visually inspected for homogeneity, ensuring the absence of coarse
particles or uneven distribution?.

pH test: The pH of the emulgel formulations was measured using a calibrated pH meter. Prior to measurement, the pH
meter was calibrated with standard solutions of pH 4 and 7. About 10 g of each emulgel sample were weighed and
transferred to a beaker. The pH electrode was immersed into the sample until a stable reading was obtained on the meter.
The displayed pH value was then recorded?.

Viscosity test: The viscosity of the emulgel formulations was determined using an Anton Paar viscometer. A 200 mL beaker
was filled with a well-mixed sample of the emulgel. The appropriate spindle (specify size and model number) was carefully
immersed into the sample, ensuring the fill line on the spindle was submerged. The viscometer was then turned on, and the
spindle was rotated at a speed of 100 rpm. The viscosity readings were recorded in centipoise (cPs) after the readings
stabilized.

Dispersion test: The spreadability of the emulgel formulations was evaluated using a simple method. A transparent glass
plate was placed on a millimeter block paper base. About 0.5 g of the emulgel sample was spread uniformly onto the glass
plate. A second transparent glass plate was carefully placed on top of the sample, and a weight of 50, 100, or 150 g was
applied for one minute to ensure consistent contact. Following this, the upper glass plate was removed, and the diameter of
the spread emulgel was measured using the underlying millimeter block paper. This procedure was repeated for each
weight (50, 100, and 150 g) with fresh emulgel samples?.

Adhesion test: The adhesive properties of the emulgel formulations were evaluated using a modified version of a previously
described method?. Briefly, 0.25 g of each emulgel sample was applied to two pre-designated glass slides. A 1 kg weight
was placed on top of the slides for 5 minutes to ensure uniform contact. The slides were then secured onto the testing
apparatus, and an additional 80 g load was applied. The time taken for the emulgel to detach from the glass slides was
recorded for each sample.

Phase separation (cycling test): The stability of the emulgel formulations against phase separation was evaluated using a
thermal cycling test. Each formulation underwent six cycles over a 24-day period. Each cycle involved storing the emulgel
for 48 hours at4°C, followed by 48 hours at 45°C. After each cycle (every 96 hours), the emulgels were visually inspected for
any signs of phase separation (creaming, sedimentation, or cracking)®.

Determination of emulsion type: The type of the emulgel was determined using the methylene blue dye dilution method?.
Briefly, 0.5 g of emulgel was spread onto a microscope slide. A drop of 1% methylene blue solution was then added to the
emulgel sample on the slide. The slide was covered with a coverslip, and the distribution of the dye was observed under a
microscope at a suitable magnification. If the dye diffused evenly throughout the emulgel, the emulsion was classified as
O/W. Conversely, if the dye remained localized as discrete blue specks within the emulgel, the emulsion was classified as
W/O.

Hedonic test: A hedonic test was conducted to evaluate the color, aroma, and texture of the prepared C. lanatus flesh extract
emulgel®*. Twenty student volunteers from the Faculty of Pharmacy and Science, Universitas Muhammadiyah Prof. DR.
HAMKA, participated in the study.

Irritation test: Following approval from the Ethics Committee of Universitas Muhammadiyah Prof. DR. HAMKA number
03/23.10/02922 dated 2023, a closed patch test was conducted to assess the irritation potential of the emulgel formulations.
Twenty healthy volunteers participated in this study. The emulgel was applied to a designated area (approximately 2 cm
diameter) on the upper arm of each volunteer. The application site was then occluded with a waterproof plaster for 24 hours.
During this period, the application sites were visually observed for signs of irritation at 4-hour intervals?.
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Antioxidant stability of C. lanatus flesh extract emulgel formulation
Emulgel formulations were stored at controlled temperatures of 4°C, 25°C, and 40°C for a period of 28 days. To assess the

impact of storage on antioxidant stability, the DPPH method was employed on the emulgel samples at predetermined time
points: days 0, 7, 14, 21, and 28%.

Preparation of 0.1 mM DPPH solution: A 0.1 mM DPPH solution was prepared by dissolving 3.9432 mg of DPPH powder in
analytical grade methanol. The solution was then brought to a final volume of 100 mL with additional methanol in a
volumetric flask®.

Determination of the maximum wavelength of DPPH: The maximum absorption wavelength (Ama) of the DPPH solution was
determined. Briefly, 2 mL of 0.1 mM DPPH solution in methanol was added to a cuvette. The absorbance was scanned
across a wavelength range of 400-800 nm using a UV-Vis spectrophotometer to identify the Amax of DPPHS.

Measurement of antioxidant activity of C. lanatus flesh extract emulgel formulation: As much as 10 mg of emulgel were dissolved
in methanol in a 10 mL volumetric flask to obtain a stock solution of 1000 mg/L. A series of five dilutions were prepared
from the stock solution to achieve final concentrations of 45, 65, 85, 105, and 125 mg/ L. Briefly, aliquots of 450, 650, 850, 1050,
and 1250 pL of the stock solution were transferred to separate volumetric flasks and diluted to 10 mL with methanol. About
2 mL of each diluted solution were then combined with 2 mL of 0.1 mM DPPH solution and incubated in the dark for 30
minutes. The absorbance of each sample was measured at the Amax of DPPH using a UV-Vis spectrophotometer. All
measurements were performed in triplicate’s.

Data analysis

The antioxidant activity of the emulgel formulations was determined by calculating their % inhibition of DPPH radical
oxidation according to Equation 1. This equation utilizes the absorbance values of the control DPPH solution (aps conirot) and
the DPPH solution containing the sample (assampic)- The half-maximal inhibitory concentration (ICso) value, representing the
sample concentration required to inhibit 50% of DPPH activity, was determined using a linear regression equation derived
from the formula (y = a £ bx)?. The categorization of antioxidant activity followed the scale established by Blois®: very strong
(<50 mg/L), strong (50-100 mg/ L), medium (100-150 mg/L), low (150-200 mg/L), and very low (>200 mg/L).

Abs control—Abs sample

%inhibition = x100% [1]

Abs control

RESULTS AND DISCUSSION

The extraction process yielded 24.28% (w/w) of C. lanatus flesh extract, as detailed in Table II. The extract exhibited a
characteristic watermelon odor, a thick consistency, and a brownish-red color, as shown in Figure 1. The moisture content
of the extract, determined using a moisture test, was 18.1816%, which falls within the established range (5-30%) for viscous
extracts®. Phytochemical screening revealed the presence of flavonoids C. lanatus flesh extract. The formation of a red-orange
color upon addition of HCl and Mg powder serves as a characteristic test for flavonoid compounds (Figure 2). This color
change indicates a reduction of the flavonoid components, further supporting their presence in the extract®2.

Table II.  Citrullus lanatus flesh extract evaluation results.

Extract evaluation Result
Yield (%) 24.28
Organoleptic Form: viscous
Color: brownish red
Smell: typical of watermelon

Phytochemical screening (flavonoid) Red-orange (positive flavonoids)
Water content (%) 18.18
TLC Rf extract: 0.71

Rf beta-carotene: 0.76
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Figure 1. Citrullus lanatus flesh extract.

Figure 2. Flavonoid test results.

Thin-layer chromatography analysis was performed to identify the presence of beta-carotene in the C. lanatus flesh extract.
Under visible and UV light at 254 and 366 nm, the extract exhibited an Rf value of 0.71, while the reference standard beta-
carotene displayed an Rf value of 0.76 (Figure 3). Since the Rf values of the extract and standard fell within a close range (0
to 1)®, the presence of beta-carotene in the C. lanatus flesh extract is confirmed.

Prior to emulgel preparation, the antioxidant activity of C. lanatus flesh extract was evaluated using the DPPH free radical
scavenging assay and compared to vitamin C, a readily available and cost-effective standard with established strong
antioxidant properties®. The carotenoid content of the extract was also determined using a UV-Vis spectrophotometer to
identify the presence of these antioxidant pigments. Carotenoids typically exhibit absorption peaks within the 400-550 nm
range®. Analysis of the C. lanatus flesh extract revealed three peaks at 502, 470, and 444 nm, suggesting the presence of
carotenoid compounds.

The DPPH assay relies on the ability of antioxidants to scavenge the stable free radical DPPH, resulting in a color change
from purple to yellow and a decrease in absorbance at the Amax of DPPH (typically around 515-520 nm)®*~”. In this study, the
Amax of the DPPH solution was determined to be 516 nm. To minimize light and oxygen exposure, known to degrade the
DPPH solution®, it was stored in the dark and protected with aluminum foil. Following the method described by
Molyneux®, samples containing the extract and DPPH solution were incubated for 30 minutes to allow for the characteristic
slow-moving reaction between antioxidants and free radicals, evident by the color change.
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Rf0.76

Rf0.71

a b c
Figure 3. TLC results in visible light (a), UV 254 nm (b), and UV 366 nm (c). Citrullus lanatus flesh extract (S) and beta-carotene (P).

The DPPH assay results (Table III) revealed an ICs value of 21.3876 mg/ L for the C. lanatus flesh extract, compared to 8.6484
mg/L for vitamin C. Both the extract and vitamin C fall within the category of very strong antioxidants (ICso <50 mg/L)
based on established classifications®. However, the extract exhibited a higher ICs; value than vitamin C, which is likely due
to the presence of various secondary metabolites with antioxidant properties within the extract, compared to the pure
compound nature of vitamin C. Mariani et al.2 reported a C. lanatus flesh extract ICs value of 16.619 mg/L, highlighting
potential variations in antioxidant activity arising from differences in plant growth location and sample treatment methods.
The concentration of C. lanatus flesh extract incorporated into the emulgel formulations was 100-fold higher than the
determined ICs value of 2138.76 mg/ L, translating to approximately 0.21% of the total emulgel weight®. This concentration
was subsequently increased to 0.25% to potentially mitigate potential reductions in antioxidant activity arising from
interactions with the emulgel base components®.

Table III.  Citrullus lanatus flesh extract and vitamin C antioxidant activity.

Sample ICso (mg/L)
Citrullus lanatus flesh extract 21.3876
Vitamin C 8.6484

The physical properties of the C. lanatus flesh extract emulgel formulations (F1-F4; Figure 4) are summarized in Table IV.
All formulations exhibited a yellowish-white color and lacked stickiness. However, consistency varied across formulations:
F1 had a slightly watery consistency, F2 possessed an emulgel-like consistency, F3 displayed a slightly viscous consistency,
and F4 exhibited the most viscous consistency. This demonstrates that increasing carbopol 940 concentration significantly
impacted consistency (p <0.05) but did not affect odor or color. Homogeneity testing revealed that all formulations met the
desired specifications, with no uneven color distribution or coarse particles observed. This ensures uniform distribution of
active ingredients across each application?.

pH testing is required to determine the degree of acidity of the preparation as it relates to consumer acceptance of a product®.
The pH of the emulgels ranged from 5.50 to 5.57, exhibiting a slight decrease compared to the initial pH of 6 after the addition
of the C. lanatus extract (weak acid, pH 5.31)%. However, these values remained within the normal human skin pH range (4.5
to 6.5)2. One-way ANOVA analysis showed no significant difference in pH between the formulations, indicating that
carbopol 940 concentration did not influence pH.

Viscosity testing revealed a significant difference (p <0.05) between the formulations. As expected, F4, containing the highest
carbopol concentration (1.25%), displayed the highest viscosity, resulting in a thicker emulgel. All formulations met the
standard viscosity range (6000-50000 cPs) for emulgel preparations according to SNI 16-4399-1996. The spreadability
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(dispersion) of the emulgels decreased with increasing carbopol 940 concentration (p <0.05). This aligns with the observed
consistency variations, as higher carbopol concentrations lead to increased viscosity and reduced spreadability®.
Nonetheless, all formulations met the dispersion criteria of 5 to 7 cm®.

Adhesion time also increased with increasing carbopol concentration (p <0.05). F4, with the highest carbopol content,
exhibited the longest adhesion time. This is attributed to the more viscous nature of F4 compared to the other formulations.
All formulations met the minimum adhesion requirement of 4 seconds for topical preparations®. The emulgels
demonstrated good physical stability throughout six storage cycles at varying temperatures, with no observable phase
separation between the oil and water phases. This suggests stability under both high and low temperatures®. Microscopic
examination (4x,/0.1 magnification) confirmed that all formulations (F1-F4) were O/ W emulsions. As shown in Figure 5,
the even distribution of methylene blue within each preparation confirms this classification.

Hedonic testing indicated that respondents preferred formulations F2 and F3 based on color, aroma, texture, and ease of
application®. These findings suggest good user acceptance of the C. lanatus extract emulgel. Closed patch tests on volunteers'
forearms revealed no irritation after 24-hour application of the emulgel preparations. This suggests good skin compatibility,
likely due to the safe ingredients used and the pH remaining within the safe range for skin®.

The results of this study demonstrate the successful development of stable C. lanatus flesh extract emulgels with varying
carbopol 940 concentrations. While increasing carbopol concentration significantly impacted consistency and adhesion time,
all formulations met the established criteria for physical properties. Notably, hedonic testing revealed user preference for
formulations F2 and F3, suggesting good user acceptance. Importantly, the emulgels exhibited no irritation potential,
indicating safety for topical application.

IAMABARES

Figure 4. Citrullus lanatus flesh extract emulgel.

Table IV. Citrullus lanatus flesh extract emulgel evaluation results.

Physical evaluation

F1

F2

F3

F4

Organoleptic

Homogeneity

Ph

Viscosity (cPs)
Dispersion (cm)
Adhesion (seconds)
Cycling test
Emulsion type
Irritation test

Hedonic test (%)

Smell: distinctive
Shape: rather watery
Color: yellowish white
Homogeneous

5.57 +0.0205

5624.67 + 83.2666

6.18 +0.0750

1.04 +0.0251

(-) No physical changes
Oo/W

No symptoms of
irritation

93.75

Smell: distinctive
Shape: emulgel mass
Color: yellowish white
Homogeneous

5.55 + 0.0654

8423.67 + 23.0940
5.81+0.2346

1.12 +£0.0251

() No physical changes
o/W

No symptoms of
irritation

100

Smell: distinctive
Shape: slightly viscous
Color: yellowish white
Homogeneous

5.53 £0.0618

15443.33 + 582.8665
5.55 +£0.0704

1.23 +0.0208

(-) No physical changes
Oo/W

No symptoms of
irritation

100

Smell: distinctive
Shape: thick

Color: yellowish white
Homogeneous

5.50 £ 0.0169

19070 + 301.9934

5.25 +0.0625

1.34 £ 0.0351

(-) No physical changes
o/W

No symptoms of
irritation

80
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Figure 5. Citrullus lanatus flesh extract emulgel type results.

The F3 emulgel formulation with 1% carbopol 940 that exhibits appropriate physical properties was selected as the
representative sample for antioxidant stability testing. As depicted in Figure 6, the ICx value, a measure of antioxidant
activity (lower ICs indicates higher activity)¥, increased for emulgels stored at all three temperatures (4°C, 25°C, and 40°C)
with increasing storage duration. This trend suggests a decrease in overall antioxidant activity during storage. The observed
increase in ICs values signifies a diminished capacity of the C. lanatus flesh extract within the emulgel to scavenge free
radicals.

Two-way ANOVA analysis revealed a statistically significant interaction between storage temperature and storage time (p
<0.05). Specifically, the ICs value increased with both longer storage duration and higher storage temperature. After 28
days, emulgels stored at 40°C exhibited the highest average ICs values, while those stored at 4°C displayed the least
pronounced decrease in activity. This phenomenon is likely attributed to the susceptibility of carotenoids, the primary
antioxidant compounds in C. lanatus flesh, to degradation by heat, light, and oxygen. Carotenoid instability can lead to
structural changes, such as the conversion from trans to cis isomers, rendering them more susceptible to oxidation®.

140
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Figure 6. Citrullus lanatus flesh extract emulgel type results.
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Carotenoids are susceptible to degradation through heat and oxidation, leading to the breakage of conjugated double bonds
within their molecules®. This process reduces their biological activity and is often observed as a decrease in carotenoid
content. Our findings align with this established knowledge, as evidenced by the observed stability of the emulgel's
antioxidant activity when stored at 4°C compared to higher temperatures (25°C and 40°C). Similar results were reported by
Aryayustama ef al.%, who demonstrated that pandan fruit carotenoid extract maintained its content during storage at 4°C
for four weeks, while degradation occurred at higher temperatures (28°C and 45°C).

The observed temperature dependence of carotenoid stability can be attributed to their inherent chemical properties. Lower
temperatures minimize the rate of thermal decomposition and oxidative reactions, thereby preserving the integrity and
bioactivity of these antioxidant compounds®. Additionally, oxidation can lead to the formation of various degradation
products with potentially altered or diminished biological activity compared to the parent carotenoid molecules®.

CONCLUSION

This study investigated the influence of carbopol 940 concentration on the physical properties, irritation potential, and
stability of C. lanatus flesh extract emulgel formulations. While variations in carbopol 940 concentration impacted physical
properties like dispersion, adhesion, and viscosity, no significant differences were observed in hedonic preference or
irritation. Notably, storage temperature and duration significantly affected the antioxidant stability of the emulgel
formulations. Higher temperatures and longer storage periods led to decreased antioxidant activity. Importantly, emulgels
stored at 4°C maintained significant antioxidant activity throughout the 28-day study period.
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Research Article

Molecular Docking and Dynamics of Xylocarpus granatum as A
Potential Parkinson’s Drug Targeting Multiple Enzymes

Abstract

Parkinson's disease is a global health challenge affecting over 10
million individuals worldwide, leading to increased disability-
adjusted life years (DALYs) and a rise in mortality rates. This
study explores the potential anti-Parkinson's properties of
Xylocarpus granatum, focusing on its interaction with key
enzymes associated with the disease: catechol-O-
methyltransferase (COMT), adenosine A2A receptor (A2AR),
and monoamine oxidase-B (MAO-B). Using molecular docking
and molecular dynamics approaches with YASARA Structure,
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the ethanol extract of X. granatum was investigated for its
mechanism of action. Among 30 compounds, five demonstrated
promising binding affinities. Structural flexibility analysis
revealed minimal fluctuations in active-site residues,
highlighting the stability of key complexes involving
kaempferol, epicatechin, epigallocatechin, and native ligands.
Molecular Mechanics Poisson-Boltzmann Surface Area (MM-
PBSA) simulations provided insights into the binding energy of
these complexes. Notably, kaempferol exhibited higher binding
energy than the natural ligand, suggesting superior binding
affinity. Analysis of the average radius of gyration (Rg)

phone: +6281383388113 showcased control drug-MAO-B exhibited higher Rg values,
indicating a more flexible protein conformation. Confirming
mode stability with root mean square deviation (RMSD)
analysis shows overall stability, except in the A2AR-bound
complex. The study's collective findings underscore the
structural  stabilization of ligand-protein  complexes,
contributing valuable insights into the potential anti-
Parkinson's properties of X. granatum. These discoveries hold
promise for developing more effective therapies for Parkinson's
disease and significantly contribute to the neurology field.
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INTRODUCTION

Parkinson's disease (PD) is a progressive neurodegenerative disorder affecting millions worldwide. Over 10 million people
currently live with PD, with a significant rise in disease burden observed since 2000". This translates to a substantial increase
in disability-adjusted life years (DALYs) and mortality rates®. Unfortunately, current therapies primarily manage PD
symptoms, lacking the ability to slow or halt disease progression.

Parkinson's disease is characterized by both motor and non-motor features®. Motor symptoms like tremors, rigidity,
bradykinesia (slowness of movement), and postural instability significantly impact patients' physical abilities. Additionally,
PD can affect mental health by causing depression, anxiety, and cognitive impairment. These factors collectively contribute
to a decline in quality of life, often leading to financial burdens associated with long-term care*.
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The cardinal motor features of PD arise from the degeneration of dopaminergic neurons in the substantia nigra, a critical
brain region responsible for dopamine production. Dopamine is a vital neurotransmitter responsible for movement control.
Three key enzymes - catechol-O-methyltransferase (COMT), monoamine oxidase-B (MAO-B), and adenosine A2A
receptor (A2AR) - all play a role in regulating dopamine levels. COMT breaks down dopamine, MAO-B contributes to its
degradation, and A2AR modulates dopamine release>”.

The limitations of conventional therapies have spurred research into novel therapeutic approaches. Natural products,
particularly those derived from plants, are a promising avenue for the development of new anti-Parkinson's agents.
Xylocarpus granatum is a plant species that has attracted significant research interest due to its potential neuroprotective
properties®. This activity may offer protection against the neuronal damage and degeneration characteristic of PD.
Additionally, studies suggest that X. granatum possesses antidepressant-like effects in mice, potentially aiding in managing
this common non-motor symptom in PD patients®. The reported pharmacological activities of X. granatum warrant further
investigation into its potential as an anti-Parkinson's agent.

This study aims to elucidate the mechanism of action of an ethanol extract derived from X. granatum using computational
approaches. We employ molecular docking and molecular dynamics simulations to investigate the interaction between this
extract and three key enzymes implicated in PD pathogenesis: A2AR, COMT, and MAO-B. Molecular docking analysis
provides insights into the binding interactions between the extract and these enzymes'’. Subsequently, molecular dynamics
simulations allow us to monitor the dynamic behavior and structural changes of the molecular complexes formed during
these interactions'.

MATERIALS AND METHODS

Materials

Three-dimensional structures of the target receptors, COMT, A2AR, and MAO-B enzymes, were retrieved from the RCSB
Protein Data Bank (https:/ /www.rcsb.org/) using the following PDB codes: 3BWM, 3PWH, and 2V61, respectively. 3D
structures of the test compounds and natural ligands (used as controls) were obtained from PubChem
(https:/ /pubchem.ncbinlm.nih.gov/). Docking simulations were performed using YASARA Structure version 19.9.17 and
BIOVIA Discovery Studio 2017 R2 Client 17.2. The computational hardware employed for these simulations consisted of an
AMD Ryzen 5 3600 processor with 12 cores running at 3.6 GHz and 32 GB of RAM, operating under a Windows 11 Pro 64-
bit operating system.

Methods

Preparation of receptors and ligands

Three-dimensional structures of all receptors were obtained from RCSB PDB in .pdb format. Water molecules and any
nonessential residues were removed to prepare the protein structure for docking simulations. Hydrogen atoms were then
added, and bond orders and hydrogenation states were adjusted using YASARA Structure to reflect a physiological pH of
7.4. This step ensures a more accurate representation of the in vivo environment where protein-ligand interactions occur.
Thirty test compounds identified by Heryanto et al.? using GC/MS analysis were selected for docking simulations. The 3D
structures of both the test compounds and a reference ligand (cite source of reference ligand) were retrieved from
PubChem?®. All ligand structures were prepared using YASARA Structure and underwent energy minimization to
optimize atomic positions and obtain the lowest possible free energy state.

Molecular docking

Docking simulations were performed using the pre-configured script "dock_runscreening.mcr" within YASARA Structure.
This script was executed 100 times to generate a statistically robust dataset of ligand-receptor interactions. The docking
results were captured in .txt format for further analysis™. The docked ligand-receptor complexes were then analyzed using
Discovery Studio to visualize and quantify the intermolecular interactions. This analysis focused on identifying and
characterizing key interactions such as hydrogen bonds and hydrophobic interactions, which contribute to the binding
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affinity between the ligand and receptor molecule. The visualization software allowed for the generation of two-
dimensional interaction maps to depict these interactions in detail’s.

Density functional theory analysis

Density functional theory (DFT) calculations were performed using Gaussian 09W software to optimize the geometries of
the selected molecular structures. Geometry optimization employed the B3LYP functional and the 3-21G* basis set.
Subsequently, the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energies
were calculated at the DFT level. These energy values served as the foundation for computing global chemical reactivity
descriptors, including hardness (1)), chemical potential (j1), softness (S), electronegativity (x), and electrophilicity index (o).
All calculations adhered to the methodology established by Tamaciu et al.'. Equations 1 and 2 were utilized to calculate the
electron affinity (A) and ionization potential (I), respectively. The chemical potential (j1), electronegativity (x), hardness (1)),
softness (S), and electrophilicity index () were computed using Equations 3 to 7, respectively.

I'=—Eynomo [1]
A=—Eymo [2]
n=-0" [3]
x=02 [4]
n=02 [51
S=5 [6]
=2 [7]

2p

Molecular dynamics simulation

The docked protein-ligand complex PDB file was loaded into YASARA Structure. The molecular dynamics (MD)
simulation was performed using the "md_run.mer" macro within YASARA Structure, with modifications to extend the
simulation duration to 50 ns. The simulated system was maintained at physiological conditions: 300 K temperature, pH 7.4,
and 0.9% NaCl. Following completion of the initial MD simulation, the simulation was continued using the protein-ligand
complex obtained at the end of the first run. The YASARA Structure "md_analyze.mcr" macro was employed with default
settings to analyze the MD simulation trajectories. This analysis yielded RMSD, radius of gyration (Rg), and root mean
square fluctuation (RMSF) values for the protein and ligand%8.

Data analysis

Ligand binding energy analysis during the MD simulation was performed using the built-in "md_analyzebindenergy.mcr"
macro within YASARA Structure, which employs the Molecular Mechanics Poisson-Boltzmann Surface Area (MM-PBSA)
calculation method"”. Quantitative analysis of the simulation results and data visualization were conducted using Microsoft
Excel. Binding energy calculations were based on the previously reported Equation 8 by Odhar et al.1°.

Blndlng Energy = EpotRecept + EsolvRecept + EpotLigand + Esoleigand - EpatComplex - Esolu(:umplex [8]

RESULTS AND DISCUSSION

Virtual screening identified 30 potential inhibitors of three PD-linked enzymes from X. granatum ethanol extract. As
expected, all control drugs displayed more favorable (more negative) Gibbs free energy (AG) values compared to the
identified X. granatum compounds (Figure 1). However, three X. granatum compounds exhibited AG values approaching
those of the controls, warranting further investigation through in silico approaches like DFT and MD simulations. The AG
reflects the binding affinity between a ligand and its target enzyme. A more negative AG value signifies stronger binding
and potentially greater inhibitory activity'3!”. While none of the identified X. granatum compounds surpassed the control
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drugs in AG values, the three compounds identified for each enzyme show promise as potential alternative treatments. This
highlights the importance of further exploration and development to exploit their therapeutic potential. Although not
surpassing the controls, these X. granatum compounds with AG values approaching those of controls represent a promising
starting point for discovering novel PD therapeutics.
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Figure 1. Changes in stability of PD enzymesin 50 ns. (a) MM-PBSA, (b) Rg, and (c) RMSD.

Docking simulations were performed to investigate the binding interactions between the top three identified compounds
(epigallocatechin, kaempferol, and epicatechin) and three target enzymes: COMT, A2AR, and MAO-B (Figure 2). Each
enzyme possesses distinct active site residues: COMT (ASP141, HIS142, TRP143, LYS144), A2AR (ALA63, GLU169,
ASN253, ALA277, HIS278), and MAO-B (TYR60, PRO102, LEU164, PHE168, LEU171, CYS172, ILE198, ILE199, GLN206,
TYR326, PHE343). Epigallocatechin interacted with the active site of A2AR (GLU169, ASIN253, HIS278) via a hydrogen bond
with ASN253 and van der Waals interactions elsewhere. The control drug for A2AR bound to four residues (ALA63,
GLU169, ASN253, HIS278) but lacked a hydrogen bond with ASN253, relying solely on van der Waals interactions, which
may be less favorable for binding affinity.

Kaempferol formed hydrophobic interactions with two COMT active site residues (HIS142 and TRP143). The control drug
for COMT interacted with all COMT active sites, exhibiting various interactions (salt bridge, hydrogen bond, hydrophobic,
and van der Waals). However, the interaction with ASP141 might be unfavorable. Epicatechin bound to seven COMT active
sites (TYR60, LEU171, CYS172, ILE198, ILE199, TYR326, and PHE343), forming a combination of three hydrogen bonds,
two hydrophobic interactions, and two van der Waals interactions. The control drug for COMT interacted with all active
sites, exhibiting one hydrogen bond, one pi-sulfur bond, one attractive charge interaction, five hydrophobic interactions,
and van der Waals interactions with the remaining residues.

In this study, hydrogen bonds (conventional and carbon-hydrogen) and hydrophobic interactions were observed,
contributing to the overall binding strength of the ligand-enzyme complexes. Generally, a higher number of hydrogen
bonds and hydrophobic interactions correlate with increased binding energy?®. However, our findings also revealed the
presence of an unfavorable negative-negative interaction between the control drug for A2AR (4-{2-[(7-amino-2-furan-2-
yl[1,24]triazolo[1,5-a][1,3,5]triazin-5-yl)amino]ethyl}phenol) and epigallocatechin, potentially affecting drug activity due to
repulsive forces between atoms?. Overall, the three test ligands derived from X. granatum displayed distinct binding
characteristics, warranting further investigation using molecular dynamics simulations to assess the stability of these

complexes.
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Figure 2. Docked ligand-receptor complexes of (A) 7-(3-chlorobenzyloxy)-4-(methylamino)methyl-coumarin-MAOB, (B) epicatechin-MAOB, (C) 3 5-
dinitrocathecol-COMT, (D) kaempferol-COMT, (E) 4-{2-[7-amino-2-furan-2-yl[1,2 4]triazolo[15-a][1,3 S]triazin-5-yl)amino]ethyl}phenol-A2AR, (F)
epigallocatechin-A2AR.
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Density functional theory calculations were performed to investigate the electronic properties of the three identified
compounds (kaempferol, epicatechin, and epigallocatechin) (Figure 3). The HOMO-LUMO energy gap, an indicator of
molecular softness, was calculated. Kaempferol exhibited the most negative energy gap (-0.27408 eV), followed by
epicatechin (-0.20037 eV) and epigallocatechin (-0.20673 eV). A lower energy gap corresponds to a softer molecule. The
complete summary of DFT calculations is presented in Table I. Notably, all three ligands displayed a favorable
characteristic: low hardness combined with high softness, suggesting their potential as promising phytochemicals.

9

9 "J
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&
a c
Figure 3. Visualization of HOMO, LUMO, and energy gap of selected Compounds which were further analyzed with DFT. (a) epigallocatechin, (b)
epicatechin, and (c) kaempferol.
TableI.  Calculation analysis of DFT studies on selected compounds.
EHOMO ELUMO Energy Iomzat{on Affinity ChemlFal Electronegativity =~ Hardness  Softness  Electrophilicity
Compounds V) V) gap potential V) potential V) @V) V) index (eV)
(eV) (eV) (eV)

Epicatechin -0.20227 -0.0019 -0,20037 0.20227 0.0019 -0.102085 0.102085 0.100185 4.99077 0.05326
Kaempferol -0.20352 -0.07056 -0,27408 0.20352 0.07056 -0.13704 0.13704 0.06648 7.52106 0.14124
Epigallocatechin -0.20187 0.00486 -0,20673 0.20187 -0.00486 -0.098505 0.098505 0.103365 4.82393 0.04694

Frontier molecular orbitals (HOMO and LUMO) were investigated to gain insights into the optical, electrical properties, and
potential interactions of the studied compounds (kaempferol, epicatechin, and others). Additionally, the HOMO-LUMO
AG, 1), 11, S, x, and @ were calculated to further explore their electronic properties and chemical reactivity. The AG reflects
compound stability, with a larger gap indicating greater stability. Based on the calculated AG values, kaempferol was
predicted to be the most stable compound. The 1 reflects the tendency of a molecule to lose or gain electrons. Bothrjand S
are interrelated and describe the ease of electron donation or acceptance, respectively, influencing reactivity. lonization
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potential and electron affinity are crucial parameters for calculating x and absolute 1). Finally, @ indicates the electron-
accepting tendency of a molecule. Collectively, these frontier molecular orbital parameters provide valuable insights into
various aspects of the studied compounds, aiding in the identification of potential drug candidates or enzyme inhibitors'62-
b1

Ligand binding to a receptor can induce subtle but significant changes in the receptor's structure. In this study, we
investigated these alterations by analyzing RMSF of the active-site residues in the complexes formed between kaempferol,
epicatechin, and their native ligands with COMT, A2AR, and MAO-B enzymes over a 50 ns molecular dynamics simulation.
The RMSF serves as a measure of protein structural flexibility, with higher values indicating greater mobility. The RMSF
values for the active-site residues (Table II) are particularly noteworthy. Notably, the complexes formed by kaempferol,
epicatechin, and their native ligands with COMT and MAO-B enzymes exhibit minimal RMSF values, suggesting robust
stability within the protein-ligand interactions. As reported by Dash et al.%, RMSF calculations capture the dynamic behavior
of protein backbones, with elevated values indicating increased flexibility. Furthermore, Biswas et al.% proposed that ligand-
protein complexes with RMSF values below 1.4 A for each residue suggest a stable interaction. Gratifyingly, all our tested
ligand complexes satisfy this criterion, indicating favorable protein-ligand binding.

Table II. RMSF of PD-linked enzymes active sites.

RMSF (A)
A2AR COMT MAO-B
4-{2-[(7-amino-2-furan-2- 7-(3- chlorobenzyloxy)-
Residues Epigallocatechin yg]lflz,’;,]Stfélizei(;if\EIS,? ’ Residues Kaempferol dinil’ri’czl-thecol Residues dinil’rz'ci-thecol (methylam‘li;m)methyl-
yl)amino]ethyl}jphenol coumarin
ALA163 1.803 1.060 ASP141 0.604 0.599 TYR60 0.601 0.655
GLU169 1.573 1.301 HIS142 0.525 0.643 PRO102 0.823 0.859
ASN253 1.64 1.459 TRP143 0.920 1.035 LEU164 0.965 1.056
ALA277 1.078 0.903 LYS144 0.832 0.891 PHE168 0.646 0.605
HIS278 1.977 1.389 - - - LEU171 0.712 0.648
- - - - - - CYS172 1.332 1.644
- - - - - - ILE198 1.025 1.234
- - - - - - ILE199 0.459 0.524
- - - - - - GLN206 0.563 0.467
- - - - - - TYR326 0.532 0.674
- - - - - - PHE343 0.448 0.454

Molecular dynamics simulations revealed ligand-induced alterations in protein backbone flexibility. The RMSF values
indicated minimal fluctuations in the active site residues of complexes with kaempferol, epicatechin, and native ligands,
suggesting stable protein-ligand interactions (Figure 4A). This aligns with the proposed stability criteria® and findings by
Dash et al.%. These minimal RMSF values suggest favorable interactions between the studied compounds and their target
enzymes, COMT and MAO-B, potentially influencing their effectiveness as inhibitors or modulators.

Free energy calculations from MM-PBSA simulations provided insights into ligand binding affinities (Figure 4A). Positive
AG values suggest favorable binding, consistent with YASARA's methodology?. Notably, kaempferol displayed a higher
AG than the natural ligand for COMT, indicating a potentially stronger interaction. This finding highlights kaempferol's
promise for further investigation in drug development. Overall, the positive AG values suggest that the studied compounds
form stable complexes with their respective enzymes, supporting their potential as therapeutic candidates.

The Rg values provided insights into protein complex structures (Figure 4B). Control drug-MAO-B exhibited a higher Rg
value, indicating a looser protein structure compared to other complexes. This aligns with Dash et al.% and suggests
increased flexibility. The Rg serves as a measure of protein compactness, offering a valuable indicator for biological contexts.
In this study, Rg facilitated a comparative analysis of protein structures relative to their hydrodynamic radius. As
highlighted by Justino et al.%, Rg measurements contribute to our understanding of protein-environment interactions.
Stability of ligand binding modes is crucial for reliable MD simulations. The RMSD of the protein backbone in the final 5 ns
of the simulation was used to assess stability (defined as RMSD <2 A) based on criteria from Chairunisa et a1 (Figure 4C).
All complexes, except two binding A2AR, exhibited stability with consistently low RMSD values throughout the 50 ns
simulation. This collectively suggests structural stabilization of the ligand-protein complex, supported by the lower RMSD
values observed in ligand-docked proteins compared to their unbound counterparts®. The observed stability underscores
the robustness of the MD simulations and the validity of the ligand binding modes.

167



Borneo Journal of Pharmacy, Vol 7 Issue 2, May 2024, Pages 161 - 171 e-ISSN: 2621-4814

This study employed a computational approach to investigate the interactions between the ethanol extract of X. granatum
and potential anti-Parkinson's targets. The findings provide insights into ligand-induced protein flexibility changes, binding
affinities, and structural stability. Notably, kaempferol displayed promising potential asa COMT inhibitor. We believe this
work contributes valuable information for the development of more effective PD treatments.
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CONCLUSION

In silico docking simulations identified several X. granatum compounds with promising binding affinities to A2AR, COMT,
and MAO-B, key enzymes implicated in PD. Notably, five compounds exhibited high binding energies to each target
protein: A2AR (epigallocatechin, 4,5-dihydroxy-7-glucoloxyflavonone, chlorogenic acid, epicatechin, and kaempferol),
COMT (kaempferol, 4,5-dihydroxy-7-glucoloxyflavonone, epigallocatechin, epicatechin, and ferulic acid), and MAO-B
(epicatechin, kaempferol, chlorogenic acid, caffeic acid, and stearic acid). Analysis of the MAO-B-ligand complex revealed a
more flexible protein conformation, potentially enhancing ligand binding. Overall stability of the ligand-protein interactions
was confirmed by RMSD analysis, except for the A2AR complex, which may warrant further investigation. These findings
suggest that X. granatum may possess structural stabilization effects on key PD-related proteins, highlighting its potential as
a therapeutic candidate. Future studies exploring in vitro and in vivo models are warranted to validate these in silico
observations and elucidate the precise mechanisms of action. This research offers valuable insights that could pave the way

for the development of novel and more effective therapies for PD.
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Abstract

This research attempts to establish the antihyperglycemic
potential of Eremomastax speciosa, a medicinal plant utilized in
traditional West African diabetes therapy, through virtual
simulation. While numerous reports have validated its
biological ~potency, studies on the drug-likeness and
antidiabetic properties of its compounds are limited. The in
silico pharmacological, and toxicological profile of aqueous,
methanolic/methylene phytochemicals from previously
reported work was analyzed using Swiss ADME and Protox II
online server. The docking process was performed using PyRx-
0.8, coupled with AutoDock Vina. Phytochemicals that aligned
with Lipinski’s rules for drugs were then subjected to a virtual
docking simulation. This simulation replicated the inhibitory
effects of E. speciosa phytochemicals on sodium-glucose co-
transporters (SGLT2) and a-amylase, similar to metformin, an
FDA-approved antidiabetic medicine utilized as a control.
Phytochemicals such as 8, 9,10-
dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol (-6.6 kcal/mol),
11-isopropylidenetricyclo[4.3.1.1(2,5)Jundec-3-en-10-one  (-7.9
kcal/mol), 4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2-
enyl)but-3-en-2-one (-7.3 kcal/mol), and N-methyl-N-4-[2-
acetoxymethyl-1-pyrrolidyl]-2-butynyl]-acetamide (-7.5
kcal/mol) exhibits superior binding affinities to the specific
proteins targeted, compared to metformin, implying that E.
speciosa is a source of druggable antidiabetic molecules that can
be enhanced to achieve better efficacy.
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INTRODUCTION

Diabetes mellitus, a chronic metabolic disorder characterized by hyperglycemia, remains a global health crisis2 The vast
majority (>95%) of diabetes cases are diaghosed as type 2 diabetes mellitus (I2DM), resulting from insulin resistance and
impaired pancreatic 3-cell function4. This condition significantly contributes to morbidity and mortality worldwide®. While
various treatment options exist, including insulin preparations and synthetic oral hypoglycemics, the discovery and

development of novel antidiabetic medications remains a research priority®.

Plants have long been recognized for their potential to treat and manage various ailments’. Notably, medicinal plants have
been documented to possess insulin-mimicking properties, regulate insulin secretion, and inhibit carbohydrate-digesting
enzymes, making them promising candidates for exploring and developing new diabetes therapies®. Eremomastax speciosa,
also known as "Edem Iduodut" or "Ndadad Edem" among the Ibibio people of Nigeria and as "African blood tonic" in
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Cameroon, is an indigenous plant native to tropical regions, particularly Africa’. Traditionally, its leaves and roots are used
in decoctions, infusions, or poultices to treat various illnesses, including diabetes, anemia, constipation, diarrhea, and
malaria’®™. The lack of scientific data regarding the antidiabetic potential and the absorption, distribution, metabolism,
excretion, and toxicity (ADMET) properties of its bioactive compounds necessitates further investigation.

Advancements in computer technology have facilitated the use of i silico methods, such as virtual screening and network
analysis, to investigate the pharmacological and therapeutic potential of phytochemicals found in medicinal plants'>13. These
computational tools enable the rapid prediction of phytochemicals with promising pharmacological profiles, potentially
accelerating the discovery of novel and more effective plant-derived antidiabetic drugs®. Establishing a streamlined
approach for the initial in silico prediction of bioactive compounds, followed by subsequent i vitro and in vivo validation,
has the potential to significantly improve the efficiency of evaluating the medicinal properties of plants®. This study aims to
utilize online servers and molecular docking simulations to evaluate the ADMET, pharmacokinetics, and drug-likeness
properties of bioactive compounds identified in E. speciosa. Additionally, we investigate the plant's potential antidiabetic
activity using in silico methods.

MATERIALS AND METHODS

Materials

The computational analyses were performed on a Lenovo T460 personal computer equipped with an Intel® Core™ i5-
6300U CPU (2.4-2.5 GHz, 6t generation), 16 GB RAM, and a 64-bit operating system with an x64-based processor running
Microsoft Windows 10. The following software programs were utilized, including ChemDraw Ultra v.12.0, PyRx-0.8
software coupled with AutoDock Vina 1.1.2, and BIOVIA Discovery Studio Visualizer v.16.1.0.1535. Online web servers
were  employed  for  property  predicion ~and  toxicity = analysis, including < SwissADME
(http:/ /www.swissadme.ch/index.php), ProTox I (https:/ /tox-
new.charite.de/ protox_II/index.php?site=compound_input), = ChEMBL (https://www.ebiac.uk/chembl/), and
PubChem (https:/ / pubchem.ncbinlm.nih.gov/).

Methods

Data mining of E. speciosa phytochemicals

Information regarding the bioactive phytochemicals present in E. speciosa was obtained from a literature review conducted
by Siwe et al.’°. This review identified ten phytochemicals reported in the aqueous extract and 14 phytochemicals reported
in the methanolic/ methylene extract. This dataset of twenty-four putatively bioactive compounds formed the basis for the
current study.

Prediction of ADME and toxicity

The SwissADME was employed to predict the physicochemical properties, ADME parameters, and drug-likeness of the
identified small phytochemicals?. This online platform facilitates the exploration of these properties, aiding in the drug
discovery process. Canonical SMILES strings generated using ChemDraw were uploaded into SwissADME to obtain
predictions for physicochemical properties (e.g., lipophilicity, water solubility), pharmacokinetics, drug-likeness, and
medicinal chemistry friendliness. To assess the potential i silico toxicity profile of the identified compounds, the canonical
SMILES formula obtained from ChemDraw was used for analysis with Protox II'8.

Retrieval, preparation, and identification of protein active sites

To predict the potential antidiabetic properties of the identified druggable phytochemicals from E. speciosa, we employed in
silico molecular docking simulations. Metformin and acarbose, established antidiabetic drugs, were used as references to
understand their mechanisms of action. Information regarding their mechanisms was retrieved from the ChEMBL
database. Metformin is known to inhibit sodium-glucose co-transporter 2 (SGLT2)", while acarbose acts as an a-amylase
inhibitor®. The crystal structures of human SGLT2 (PDB ID 8HDH) and a-amylase (PDB ID 4GQR) were obtained from the
Protein Data Bank (https:/ /www.rcsb.org/). These protein structures were then optimized for docking simulations. The
binding site coordinates for each enzyme were identified by analyzing the co-crystallized inhibitors within the respective
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protein structures, utilizing the Discovery Studio Visualizer. Docking simulations were performed for each phytochemical
against SGLT2 and a-amylase. The docking scores and the most favorable binding poses for each complex were
documented?.

Ligand preparation and molecular docking

To gain insights into the potential mechanisms of action of the identified phytochemicals, i silico docking simulations were
performed. The known mechanisms of standard drugs metformin (SGLT2 inhibitor) and acarbose (a-amylase inhibitor)
were retrieved from the ChEMBL database. Crystal structures of these standard drugs, along with all phytochemicals
identified through GC-MS analysis, were downloaded in SDF format from PubChem. Open Babel was employed to
prepare and optimize the downloaded structures for docking simulations. The PyRx platform coupled with AutoDock Vina
was then utilized for docking simulations. Briefly, the phytoconstituents isolated from the methanolic and aqueous extracts
of E. speciosa were docked into the active sites of human a-amylase and SGLT2. The protein structures used for docking
were retrieved from the Protein Data Bank, focusing on co-crystallized forms to incorporate the bound ligand information.
The specific amino acid residues constituting the active sites were selected based on the downloaded PDB structures?.

Data analysis

Following the docking simulations, the ligand-protein complex with the most favorable binding affinity (AG; kcal /mol) and
pose was selected. This complex was then saved in the PDB file format for further analysis. The Discovery Studio Visualizer
was employed to visualize and analyze the intermolecular interactions formed between the ligands and the target protein®.

RESULTS AND DISCUSSION

Tables I to VI detail the physicochemical properties of the aqueous extract (AES) and methanolic extract (MES) of E. speciosa.
While some compounds were identified in both extracts, independent analysis was conducted to establish a reference
library of compounds present in each. Molecular weight (MW) is a crucial physicochemical property affecting processes like
absorption and interaction with targets®*%. Lipinski's rule of five suggests favorable drug-like properties for compounds
with MW below 500 Da, logP less than 5, and a limited number of hydrogen bond donors and acceptors'3?%. All identified
E. speciosa phytochemicals complied with these rules, indicating good oral bioavailability potential. The majority of identified
compounds in the AES, with the exception of trilinolein (MW 879.83 g/mol, rotatable bonds 50, relative formula mass (MR)
>250, and heavy atom 63), exhibited a molecular weight below 500 g/mol and an atomic weight <40. Additionally, all AES
compounds possessed a topological polar surface area (TPSA) below 100 and contained a limited number of hydrogen bond
acceptors and donors (less than 10 and 5, respectively). Notably, the physicochemical properties of the MES compounds
followed a similar trend, with the exception of 4,22-cholestadien-3-one, which displayed a molecular weight exceeding 500
g/mol (Tables I and II).

TableI.  Physicochemical properties of phytochemicals from AES.

#Aromatic . #H-
Phytochemicals MW #Heavy heavy Fraction  #Rotatable  #H-bond bond MR TPSA
atoms Csp3 bonds acceptors
atoms donors

9-oxabicyclo[3.3.1]nonane-2,6- 158.19 11 0 1 0 3 2 39.75 49.69
diol
2,7-dioxaisotwistane 140.18 10 0 1 0 2 0 36.4 18.46
5-hydroxy-9-oxabicyclo[3.3.1] 156.18 11 0 0.88 0 3 1 38.83 46.53
nonan-2-one
11-isopropylidenetricyclo 202.29 15 0 0.64 0 1 0 62.32 17.07
[4.3.1.1(2,5)Jundec-3-en-10-one
4-(1,5-dihydroxy-2,6,6- 2243 16 0 0.62 2 3 2 63.84 57.53
trimethylcyclohex-2-enyl)but-3-
en-2-one
7-methyl-Z-tetradecen-1-ol 268.43 19 0 0.82 13 2 0 84.64 26.3
acetate
ethyl iso-allocholate 436.62 31 0 0.96 6 5 3 122.89 86.99
Trilinolein 879.38 63 0 0.74 50 6 0 27712 78.9
Olean-12-en-3-one 4247 31 0 0.9 0 1 0 133.92 17.07
a-amyrin 426.72 31 0 0.93 0 1 1 135.14 20.23
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TableII.  Physicochemical properties of phytochemicals from MES.

#Aromatic . #H-
Phytochemicals MW #Heavy heavy Fraction  #Rotatable  #H-bond bond MR TPSA
atoms Csp3 bonds acceptors
atoms donors

9-oxabicyclo[3.3.1]Jnonane-2,6- 158.19 11 0 1 0 3 2 39.75 49.69
diol
2,5-methano-2H-furo[3,2- 140.18 10 0 1 0 2 0 36.4 18.46
b]pyran, hexahydro (2,7-
dioxaisotwistane)
6,6-dimethyl-10-methylene-1- 180.29 13 0 0.83 0 1 0 55.96 9.23
oxa-spiro[4.5]decane
N-methyl-N-[4-[2- 266.34 19 0 0.71 6 4 0 76.65 49.85

acetoxymethyl-1-pyrrolidyl]-2-

butynyl]-acetamide

9,10- 196.29 14 0 1 0 2 2 55.86 40.46
dimethyltricyclo[4.2.1.1(2,5)]dec

ane-9,10-diol

2-pentadecanone, 6,10,14- 268.48 19 0 0.94 12 1 0 88.84 17.07
trimethyl

Phytol 296.53 21 0 0.9 13 1 1 98.94 20.23
Isophytol 296.53 21 0 0.9 13 1 1 98.98 20.23
Z-(13,14-epoxy)tetradec-11-en-1- 268.39 19 0 0.81 13 3 0 78.81 38.83
ol acetate

E,Z-1,3,12-nonadecatriene 294.47 21 0 0.68 14 2 2 94.35 40.46
7-methyl-Z-tetradecen-1-ol 268.43 19 0 0.82 13 2 0 84.64 26.3
acetate

Ethyl iso-allocholate 424.7 31 0 0.9 1 1 0 134.18 17.07
Lupenone 382.62 28 0 0.81 4 1 0 12218 17.07

4,22-cholestadien-3-one 502.77 36 0 0.97 7 4 1 147.9 59.06

Tables III and IV present the MLOGP values for the identified phytochemicals in AES and MES. These values indicate the
relative preference of a compound for partitioning between lipophilic (fatty) and hydrophilic (watery) environments.
Generally, the phytochemicals in AES exhibited significant lipophilicity, with most MLOGP values falling below 4.5 (Table
III). This suggests that these compounds preferentially partition into the lipophilic phase, potentially favoring absorption
across cell membranes. Exceptions include trilinolein, olean-12-en-3-one, and a-amyrin. Conversely, MES displayed a trend
towards higher lipophilicity, with a few compounds, such as ethyl iso-allocholate and lupenone, having MLOGP values
exceeding 4.5 (Table IV).

Table III.  Lipophilicity properties of phytochemicals from AES.

Phvtochemical iLOG XLOGP WLOG MLOG Silicos-IT Consensus

ytochemica’s P 3 P P LogP LogP
9-oxabicyclo[3.3.1]Jnonane-2,6-diol 1.53 -0.05 0.05 0.02 0.38 0.38
2,7-dioxaisotwistane 2.01 0.95 1.1 0.9 1.53 13
5-hydroxy-9-oxabicyclo[3.3.1] nonan-2-one 0.9 0.16 0.61 0.28 1.36 0.66
11-isopropylidenetricyclo [4.3.1.1(2,5)Jundec-3-en-10-one 2.48 2.77 3.12 3.21 2.83 2.88
4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en- 2.29 0.72 1.6 1.14 2.04 1.56
2-one
7-methyl-Z-tetradecen-1-ol acetate 3.74 6.18 5.27 4.33 5.49 5
ethyl iso-allocholate 3.99 2.71 3.93 3.46 3.49 3.52
Trilinolein 12.82 20.34 17.43 9.25 20.55 16.08
Olean-12-en-3-one 4.53 8.84 8.38 6.82 7.51 7.21
a-amyrin 4.77 9.01 8.02 6.92 6.52 7.05

Table IV. Lipophilicity properties of phytochemicals from MES.

Phytochemicals iLOG XLOGP WLOG MLOG Silicos-IT Consensus
P 3 P P LogP LogP

9-oxabicyclo[3.3.1]Jnonane-2,6-diol 1.53 -0.05 0.05 0.02 0.38 0.38
2,5-methano-2H-furo[3,2-b]pyran, hexahydro (2,7- 2.01 0.95 1.1 0.9 1.53 1.3
dioxaisotwistane)
6,6-dimethyl-10-methylene-1-oxa-spiro[4.5]decane 2.75 2.81 3.3 2.88 3.65 3.08
N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-butynyl]- 3.01 0.27 0.19 0.94 1.18 1.12
acetamide
9,10-dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol 2.33 1.14 1.55 2.09 1.68 1.76
2-pentadecanone, 6,10,14-trimethyl 4.39 6.95 6.01 4.79 6.18 5.66
Phytol 4.71 8.19 6.36 5.25 6.57 6.22
Isophytol 4.88 7.83 6.36 5.25 6.57 6.18
Z-(13,14-epoxy)tetradec-11-en-1-ol acetate 268.39 19 0 0.81 13 3
E,Z-1,3,12-nonadecatriene 294.47 21 0 0.68 14 2
7-methyl-Z-tetradecen-1-ol acetate 268.43 19 0 0.82 13 2
Ethyl iso-allocholate 4247 31 0 0.9 1 1
Lupenone 382.62 28 0 0.81 4 1
4,22-cholestadien-3-one 502.77 36 0 0.97 7 4
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Water solubility is another critical factor for absorption and drug formulation®. While specific solubility values were not
determined, the presence of these compounds in hydrophilic extracts suggests favorable interaction with the aqueous
environment, potentially enhancing biological activity. SwissADME predictions indicated solubility ranging from low to
moderate for various compounds, suggesting potential for bioabsorption and diverse therapeutic applications depending
on solubility characteristics. Tables V and VI present the hydrophilicity properties of AES and MES, respectively. As
expected, all extracts exhibited good solubility in water due to their hydrophilic nature. Investigating the potential for drug
interactions, we evaluated the inhibitory effects of these extracts on cytochrome P450 (CYP) isoenzymes. Interestingly, none
of the compounds identified in AES showed any inhibitory activity against CYP isoenzymes (Table VII).

Gastrointestinal absorption (GIA), blood-brain barrier (BBB) permeability, and P-glycoprotein (P-gp) substrate potential
were evaluated using i silico tools. Additionally, all AES components displayed favorable absorption characteristics, with
high GIA and the ability to permeate BBB, except for trilinolein, olean-12-en-3-one, and a-amyrin. In contrast, the analysis
of MES components revealed that most exhibited significant inhibition of the CYP2C9 isoenzyme, potentially leading to
drug interactions (Table VIII). Despite this concern, MES components generally demonstrated favorable ADME profiles,
with high GIA and BBB permeability. Notably, ethyl iso-allocholate, lupenone, and 4,22-cholestadien-3-one deviated from
this trend, displaying non-permeability to glycoprotein substrates. Generally, the compounds exhibited high predicted GIA,
indicating good oral bioavailability?. Exceptions included trilinolein, olean-12-en-3-one, a-amyrin, and several others,
suggesting these compounds may require alternative administration routes or formulation strategies for optimal
biocavailability. Most compounds were predicted to be non-BBB permeant, potentially limiting their utility for central
nervous system (CNS)-related conditions®. However, some compounds with lower molecular weight and fewer hydrogen
bonds might have the potential to cross the BBB for targeted brain therapies®.. P-glycoprotein is an efflux pump that limits
intestinal absorption of certain drugs. While some E. speciosa compounds were predicted P-gp substrates, further
investigation is needed to determine the practical impact on their bioavailability.

Table V.  Water solubility properties of phytochemicals from AES.

p P z <R
2] b= = & 2 2 % = = S E
® 22 23 & % 3 5z & 3 HEGE  E
— — y— w0 e 2]
Phytochemicals : = a e 3 = % g: % S @) = S22 g & "
Q L& o2& 2 Z S8 E #E = & =23 =TE g
2 9o~ © %2 < 5T < S B4 &L =
@ @ < < = < iy
=] =] n A
9-oxabicyclo[3.3.1]Jnonane- -0.79 2.57E  1.62E-  Very soluble -0.54 453E  2.87E-  Very soluble 0.25 2.79E  1.76E Soluble
2,6-diol +01 01 +01 01 +02 +00
2,7-dioxaisotwistane -1.31 6.90E  4.92E-  Very soluble -0.92 1.67E  1.19E-  Very soluble -0.62  335E  2.39E- Soluble
+00 02 +01 01 +01 01
5-hydroxy-9- -0.91 1.93E  1.23E-  Very soluble -0.69 316E  2.02E-  Very soluble -0.9 1.98E  1.27E- Soluble
oxabicyclo[3.3.1] nonan-2- +01 01 +01 01 +01 01
one
11- -2.84 293E  1.45E- Soluble -2.78  3.33E-  1.64E- Soluble 224  117E  5.81E- Soluble
isopropylidenetricyclo[4.3.1 -01 03 01 03 +00 03
.1(2,5)Jundec-3-en-10-one
4-(1,5-dihydroxy-2,6,6- -1.55 6.29E 2.80E- Very soluble -1.51 6.99E 3.12E- Very soluble -1.49 7.26E 3.24E- Soluble
trimethylcyclohex-2- +00 02 +00 02 +00 02
enyl)but-3-en-2-one
7-methyl-Z-tetradecen-1-ol -4.54 7.75E  2.89E- Moderately -6.52 8.17E-  3.04E- Poorly -4.92  324E  1.21E- Moderately
acetate -03 05 soluble 05 07 soluble -03 05 soluble
ethyl iso-allocholate -3.86 6.05E  1.39E- Soluble -4.19 2.82E-  6.45E- Moderately -3.39  177E  4.05E- Soluble
-02 04 02 05 soluble -01 04
Trilinolein -14.81 1.37E  1.56E- Insoluble -22.31  4.26E-  4.84E- Insoluble - 3.96E  4.50E- Insoluble
-12 15 20 23 15.35 -13 16
Olean-12-en-3-one -8.04 3.85E  9.07E- Poorly -9.08 3.51E-  8.26E- Poorly -7.86  586E  1.38E- Poorly
-06 09 soluble 07 10 soluble -06 08 soluble
a-amyrin -8.16 294E  6.89E- Poorly -9.33 2.02E-  4.72E- Poorly -6.71 8.23E  1.93E- Poorly
-06 09 soluble 07 10 soluble -05 07 soluble
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Table VI. Water solubility properties of phytochemicals from MES.

A z <} @
o =Z_ = 2 E_ £ v D L 3 E:
& 32 32 S % E9 Za 2 S &£ R& ©
Ph . 2 2EF 2% O & TE S = E 8% 2% E
ytochemicals = E®™ 87 | = =™ ¢ ° v = 82 Sk -
o — & 4 E, ©) = NE D i = & 25 == g
2 ©% 9 2 < g7 3 < g ®e B3 2
@ o5 < < = i &
= = 73] )
9-oxabicyclo[3.3.1]nonane- -0.79 2.57E 1.62E- Very soluble -0.54 4.53E 2.87E- Very soluble 0.25 2.79E 1.76E Soluble
2,6-diol +01 01 +01 01 +02 +00
2,5-methano-2H-furo[3,2- -1.31 6.90E 4.92E- Very soluble -0.92 1.67E 1.19E- Very soluble -0.62 3.35E 2.39E- Soluble
b]pyran, hexahydro (2,7- +00 02 +01 01 +01 01
dioxaisotwistane)
6,6-dimethyl-10-methylene- -2.73 3.37E 1.87E- Soluble -2.66 3.94E-  2.18E- Soluble -3.25 1.00E  557E- Soluble
1-oxa-spiro[4.5]decane -01 03 01 03 -01 04
N-methyl-N-[4-[2- -1.27 145E  543E-  Very soluble -0.88 353E  1.32E-  Very soluble -1.53 7.86E  2.95E- Soluble
acetoxymethyl-1- +01 02 +01 01 +00 02
pyrrolidyl]-2-butynyl]-
acetamide
9,10- -1.78 3.29E 1.68E- Very soluble -1.58 5.12E 2.61E- Very soluble -1.33 9.12E 4.65E- Soluble
dimethyltricyclo[4.2.1.1(2,5) +00 02 +00 02 +00 02
]decane-9,10-diol
2-pentadecanone, 6,10,14- -5.09 2.18E 8.11E- Moderately -7.12 2.03E-  7.56E- Poorly -5.55 7.50E 2.79E- Moderately
trimethyl -03 06 soluble 05 08 soluble -04 06 soluble
Phytol -5.98 3.10E  1.05E- Moderately -8.47 9.94E-  3.35E- Poorly -5.51 9.06E  3.05E- Moderately
-04 06 soluble 07 09 soluble -04 06 soluble
Isophytol -5.75 523E  1.76E- Moderately -8.1 2.35E-  7.92E- Poorly -5.51 9.06E  3.05E- Moderately
-04 06 soluble 06 09 soluble -04 06 soluble
Z-(13,14-epoxy)tetradec-11- -3.49 8.74E  3.26E- Soluble -5.05 241E-  8.98E- Moderately -416  187E  6.98E- Moderately
en-1-ol acetate -02 04 03 06 soluble -02 05 soluble
E,Z-1,3,12-nonadecatriene -4.31 1.45E 4.93E- Moderately -6.27 1.57E-  5.32E- Poorly -3.88 3.88E 1.32E- Soluble
-02 05 soluble 04 07 soluble -02 04
7-methyl-Z-tetradecen-1-ol -4.54 7.75E  2.89E- Moderately -6.52 8.17E-  3.04E- Poorly -492  324E  1.21E- Moderately
acetate -03 05 soluble 05 07 soluble -03 05 soluble
Ethyl iso-allocholate -8.43 1.58E  3.72E- Poorly -9.83 6.28E-  1.48E- Poorly -744  154E  3.63E- Poorly
-06 09 soluble 08 10 soluble -05 08 soluble
Lupenone -6.69 7.89E 2.06E- Poorly -7.71 741E-  1.94E- Poorly -5.75 6.74E  1.76E- Moderately
-05 07 soluble 06 08 soluble -04 06 soluble
4,22-cholestadien-3-one -7.68 1.05E  2.09E- Poorly -9.33 2.34E-  4.66E- Poorly -6.62  121E  241E- Poorly
-05 08 soluble 07 10 soluble -04 07 soluble
Table VII. Pharmacokinetics properties of phytochemicals from AES.
g "E 7] HOOH o = © B o =
= & s 48 78 88 RE 8 &=
. - =] & E o [OR-—1 QEF & a7 M
Phytochemicals U ®Rg O g2 g2 32 &5 &2 oo?
g M5 AL >E8 NE XE ~E »E 52
2 2 7 0% 0% 0F Ce G =
9-oxabicyclo[3.3.1]nonane-2,6-diol High No No No No No No No -7.3
2,7-dioxaisotwistane High Yes No No No No No No -6.48
5-hydroxy-9-oxabicyclo[3.3.1] nonan-2-one High Yes No No No No No No -7.14
11-isopropylidenetricyclo[4.3.1.1(2,5)Jundec-3-en-10-one High Yes No No Yes No No No -5.57
4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en-2-one High Yes No No No No No No -7.16
7-methyl-Z-tetradecen-1-ol acetate High Yes No No No Yes No No -3.55
ethyl iso-allocholate High No Yes No No No No No -7.04
Trilinolein Low No Yes No No No No No 2.78
Olean-12-en-3-one Low No No No No No No No -2.61
a-amyrin Low No No No No No No No -2.51
Table VIII. Pharmacokinetics properties of phytochemicals from MES.
[} —
= - s OO M - S - 2
£ . F E 9iBiorgiziog
Phytochemicals O& = E ST ES 92 82 B2 £S5 o
g Ry @ =2 5E XE X8 XE ¢
2 2 5 OE0E0CE CE 0= 7
~ =
9-oxabicyclo[3.3.1]Jnonane-2,6-diol High No No No No No No No -7.3
2,5-methano-2H-furo[3,2-b]pyran, hexahydro (2,7-dioxaisotwistane) High Yes No No No No No No -6.48
6,6-dimethyl-10-methylene-1-oxa-spiro[4.5]decane High Yes No No No Yes No No -5.4
N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-butynyl]-acetamide High No No No No No No No -7.73
9,10-dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol High Yes No No No No No No -6.69
2-pentadecanone, 6,10,14-trimethyl High No Yes No No Yes No No -3
Phytol Low No Yes No No Yes No No -2.29
Isophytol Low No Yes No No Yes No No -2.55
Z-(13,14-epoxy)tetradec-11-en-1-ol acetate High Yes No Yes No Yes Yes No -4.74
E,Z-1,3,12-nonadecatriene High Yes Yes Yes No Yes Yes Yes -4.08
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7-methyl-Z-tetradecen-1-ol acetate
Ethyl iso-allocholate

Lupenone

4,22-cholestadien-3-one

High
Low
Low
Low

Yes

No
No
No
No

No
No
No
No

No
No
No
No

Yes
No
Yes
No

No
No
No
No

No -3.55
No 21

No -3.29
No -3.52

Analysis based on Lipinski's Rule of Five indicated that all identified compounds within the extracts adhered to this rule,
violating no more than two of its criteria (Tables IX and X). This suggests favorable drug-likeness properties, implying
potential for oral bioavailability. Additionally, the extracts exhibited significant bioavailability scores, further supporting
their potential for drug development. With the exception of trilinolein and 4,22-cholestadien-3-one, which displayed
synthetic accessibility scores of 846 and 6.78, respectively, all other identified compounds possessed values <6.5. Lower

synthetic accessibility scores generally indicate greater ease of synthesis. Furthermore, none of the identified compounds

triggered a pain alert, suggesting a favorable safety profile (Tables XI and XII). This absence of pain alerts is a promising

finding for the potential development of these compounds into safe and efficacious drugs. The combined analysis using
Lipinski's rule, bioavailability scores, and ProTox-II predictions suggests that the identified E. speciosa phytochemicals
possess promising drug-like properties and low predicted toxicity®. These findings indicate their potential as safe and viable

candidates for further drug development.

Table IX. Drug-likeness and bioavailability score of phytochemicals from AES.

Phytochemicals Lipinski Ghose Veber Egan Muegge Bioavailability
#violations #violations #violations #violations #violations Score
9-oxabicyclo[3.3.1]nonane-2,6-diol 0 2 0 0 1 0.55
2,7-dioxaisotwistane 0 2 0 0 1 0.55
5-hydroxy-9-oxabicyclo[3.3.1] 0 2 0 0 1 0.55
nonan-2-one
11- 0 0 0 0 1 0.55
isopropylidenetricyclo[4.3.1.1(2,5)]
undec-3-en-10-one
4-(1,5-dihydroxy-2,6,6- 0 0 0 0 0 0.55
trimethylcyclohex-2-enyl)but-3-en-
2-one
7-methyl-Z-tetradecen-1-ol acetate 1 0 1 0 1 0.55
ethyl iso-allocholate 0 1 0 0 0 0.55
Trilinolein 2 4 1 1 3 0.17
Olean-12-en-3-one 1 3 0 1 2 0.55
a-amyrin 1 3 0 1 2 0.55
Table X.  Drug-likeness and bioavailability score of phytochemicals from MES.
. Lipinski Ghose Veber Egan Muegge Bioavailability
Phytochemicals #violations #violations #violations #violations #violations Score
9-oxabicyclo[3.3.1]nonane-2,6- 0 2 0 0 1 0.55
diol
2,5-methano-2H-furo[3,2- 0 2 0 0 1 0.55
b]pyran, hexahydro (2,7-
dioxaisotwistane)
6,6-dimethyl-10-methylene-1- 0 0 0 0 2 0.55
oxa-spiro[4.5]decane
N-methyl-N-[4-[2- 0 0 0 0 0 0.55
acetoxymethyl-1-pyrrolidyl]-2-
butynyl]-acetamide
9,10- 0 0 0 0 1 0.55
dimethyltricyclo[4.2.1.1(2,5)]dec
ane-9,10-diol
2-pentadecanone, 6,10,14- 1 1 1 1 2 0.55
trimethyl
Phytol 1 1 1 1 2 0.55
Isophytol 1 1 1 1 2 0.55
Z-(13,14-epoxy)tetradec-11-en-1- 0 0 1 0 0 0.55
ol acetate
E,Z-1,3,12-nonadecatriene 0 0 1 0 1 0.55
7-methyl-Z-tetradecen-1-ol 1 0 1 0 1 0.55
acetate
Ethyl iso-allocholate 1 3 0 1 2 0.55
Lupenone 1 1 0 1 2 0.55
4,22-cholestadien-3-one 2 4 0 1 1 0.17
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Table XI. Medicinal chemistry properties of phytochemicals from AES.

Phytochemicals PAINS Brenk Leadlikeness Synthetic
#alerts #alerts #violations Accessibility

9-oxabicyclo[3.3.1]Jnonane-2,6-diol 0 2 0 0
2,7-dioxaisotwistane 0 2 0 0
5-hydroxy-9-oxabicyclo[3.3.1] nonan-2-one 0 2 0 0
11-isopropylidenetricyclo[4.3.1.1(2,5)Jundec-3-en- 0 0 0 0
10-one

4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2- 0 0 0 0
enyl)but-3-en-2-one

7-methyl-Z-tetradecen-1-ol acetate 1 0 1 0
ethyl iso-allocholate 0 1 0 0
Trilinolein 2 4 1 1
Olean-12-en-3-one 1 3 0 1
a-amyrin 1 3 0 1

Table XII. Medicinal chemistry properties of phytochemicals from MES.

Phytochemicals PAINS Brenk Leadlikeness Synthetic
#alerts #alerts #violations Accessibility

9-oxabicyclo[3.3.1]nonane-2,6-diol 0 2 0 0
2,5-methano-2H-furo[3,2-b]pyran, hexahydro (2,7- 0 2 0 0
dioxaisotwistane)

6,6-dimethyl-10-methylene-1-oxa-spiro[4.5]decane 0 0 0 0
N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2- 0 0 0 0
butynyl]-acetamide

9,10-dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol 0 0 0 0
2-pentadecanone, 6,10,14-trimethyl 1 1 1 1
Phytol 1 1 1 1
Isophytol 1 1 1 1
Z-(13,14-epoxy)tetradec-11-en-1-ol acetate 0 0 1 0
E,Z-1,3,12-nonadecatriene 0 0 1 0
7-methyl-Z-tetradecen-1-ol acetate 1 0 1 0
Ethyl iso-allocholate 1 3 0 1
Lupenone 1 1 0 1
4,22-cholestadien-3-one 2 4 0 1

An evaluation of the predicted toxicity of identified compounds in both the aqueous and methanolic/ methylene chloride
extracts was conducted. All compounds, except N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-butynyl]-acetamide,
exhibited relatively high LDsy values, indicating low acute toxicity. N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-
butynyl]-acetamide displayed a predicted LDs of 41 mg/kg, placing it within Toxicity Class 2 (moderately toxic). I silico
analysis also predicted potential carcinogenicity for 7-methyl-Z-tetradecen-1-ol acetate (prediction probability: 0.50) within
the aqueous extract with LDs of 3460 mg/kg. Four compounds in the aqueous extract (ethyl iso-allocholate [0.57], trilinolein
[0.57], olean-12-en-3-one [0.64], and a-amyrin [0.98]) and three within the methanolic/ methylene chloride extract (ethyl iso-
allocholate [0.57], 4,22-cholestadien-3-one [0.99], and 3-acetoxy-7,8-epoxylanostan-11-ol [0.99]) showed predicted tendencies
to induce immunotoxicity (prediction probability >0.50) (Tables XIII and XIV). While the majority of identified compounds
pose minimal acute toxicity concerns, the predicted carcinogenicity and immunotoxicity of certain compounds warrant
further investigation. In particular, 7-methyl-Z-tetradecen-1-ol acetate and the compounds identified with potential
immunotoxicity should be subjected to more in-depth analysis to confirm or refute the i silico predictions.

Table XIII. Toxicological profile of phytochemicals from AES.
LDso (mg/kg)/  Prediction

Phytochemicals Tox Class accuracy (%) Immunotoxicity = Carcinogenicity = Mutagenicity = Cytotoxicity
9-oxabicyclo[3.3.1]Jnonane-2,6- 3100/ 5 69.26 Inactive Inactive Inactive Inactive
diol
2,7-dioxaisotwistane 7800 / 6 69.26 Inactive Inactive Inactive Inactive
5-hydroxy-9-oxabicyclo[3.3.1] 20000 / 6 68.07 Inactive Inactive Inactive Inactive
nonan-2-one
11- 5000 / 5 69.26 Inactive Inactive Inactive Inactive
isopropylidenetricyclo[4.3.1.1(
2,5)]Jundec-3-en-10-one
4-(1,5-dihydroxy-2,6,6- 1000 / 4 68.07 Inactive Inactive Inactive Inactive
trimethylcyclohex-2-enyl)but-
3-en-2-one
7-methyl-Z-tetradecen-1-ol 3460 / 5 100 Inactive Active (0.50) Inactive Inactive
acetate
ethyl iso-allocholate 5000/ 5 729 Active (0.57) Inactive Inactive Inactive
Trilinolein 3700/ 6 70.97 Active (0.57) Inactive Inactive Inactive
Olean-12-en-3-one 5000 / 5 729 Active (0.64) Inactive Inactive Inactive
a-amyrin 7000/ 6 100 Active (0.98) Inactive Inactive Inactive
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Table XIV. Toxicological profile of phytochemicals from MES.
LDs (mg/kg)/  Prediction

Phytochemicals Tox Class accuracy (%) Immunotoxicity =~ Carcinogenicity = Mutagenicity = Cytotoxicity
9-oxabicyclo[3.3.1]Jnonane-2,6- 3100/ 5 69.26 Inactive Inactive Inactive Inactive
diol
2,5-methano-2H-furo[3,2- 7800 / 6 69.26 Inactive Inactive Inactive Inactive
b]pyran, hexahydro (2,7-
dioxaisotwistane)
6,6-dimethyl-10-methylene-1- 5000 / 5 69.26 Inactive Inactive Inactive Inactive
oxa-spiro[4.5]decane
N-methyl-N-[4-[2- 41/ 2 68.07 Inactive Inactive Inactive Inactive

acetoxymethyl-1-pyrrolidyl]-

2-butynyl]-acetamide

9,10- 2000 / 4 70.97 Inactive Inactive Inactive Inactive
dimethyltricyclo[4.2.1.1(2,5)]d

ecane-9,10-diol

2-pentadecanone, 6,10,14- 5000 / 5 100.00 Inactive Inactive Inactive Inactive
trimethyl

Phytol 5000 / 5 100.00 Inactive Inactive Inactive Inactive
Isophytol 340 / 4 100.00 Inactive Inactive Inactive Inactive
Z-(13,14-epoxy)tetradec-11-en- 3460 / 5 70.97 Inactive Active (0.63) Active (0.58) Inactive
1-ol acetate

E,Z-1,3,12-nonadecatriene 5000/ 5 70.97 Inactive Inactive Inactive Inactive
7-methyl-Z-tetradecen-1-ol 3460 / 5 100.00 Inactive Active (0.50) Inactive Inactive
acetate

Ethyl iso-allocholate 5000 / 5 72.90 Active (0.57) Inactive Inactive Inactive
Lupenone 2300/ 5 70.97 Inactive Inactive Inactive Inactive
4,22-cholestadien-3-one 5000/ 5 72.90 Active (0.99) Inactive Inactive Inactive

Table XV present the results of the i silico binding affinity (docking scores) of E. speciosa compounds against the profiled
targets. The tested compounds generally displayed favorable binding affinities, with scores exceeding that of the standard
control (-5.1 kcal/mol). Notably, 11-isopropylidenetricyclo[4.3.1.1(2,5)Jundec-3-en-10-one exhibited the strongest binding
affinity (7.9 kcal/mol), while 2,7-dioxaisotwistane displayed the weakest affinity (-5.8 kcal/mol) within this set of
compounds. However, it is important to note that acarbose, a well-established antidiabetic drug, demonstrated a slightly
higher binding affinity (7.7 kcal/mol) compared to the most potent E. speciosa compound. Interestingly, three compounds,
9,10-dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol, ~ 11-isopropylidenetricyclo[4.3.1.1(2,5)Jundec-3-en-10-one, and 6,6-
dimethyl-10-methylene-1-oxa-spiro[4.5]decane, shared the highest binding affinity among the tested compounds within a
different target profile, with identical scores of -6.2 kcal /mol.

Table XV. AG of top E. speciosa compounds with SGLT2 and a-amylase.

AG (kcal/mol)

Compounds SGLT2 a-amylase

2,7-dioxaisotwistane 5.8 -4.6
9,10-dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol -6.6 -6.2
9-oxabicyclo[3.3.1]Jnonane-2,6-diol -6.2 -5.4
11-isopropylidenetricyclo [4.3.1.1(2,5)Jundec-3-en-10-one -7.9 -7.1
4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en-2-one -7.3 -6.2
5-hydroxy-9-oxabicyclo [3.3.1] nonan-2-one -6.6 -5.4
6,6-dimethyl-10-methylene-1-oxa-spiro[4.5]decane -6.5 -6.2
E,Z-1,3,12-nonadecatriene -6.9 -5.2
N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-butynyl]-acetamide -7.5 -6.0
Z-(13,14-epoxy)tetradec-11-en-1-ol acetate -6.6 -5.6
Metformin -5.1 -

Acarbose - -7.7

Docking simulations were validated to ensure the selected compounds bind to the SGLT2 protein at the same site as the co-
crystallized (native) ligand (Figure 1). The 2D interaction diagrams for the top three compounds with SGLT2 are presented
in Figure 2. 11-isopropylidenetricyclo[4.3.1.1(2,5)Jundec-3-en-10-one formed nine interactions with SGLT2, primarily
through van der Waals and alkyl bonds. Interacting amino acid residues included SER508, ALA446, ALA447, LEU452,
PHE504, GLN448, GLN451, TYR455, and GLY507. 4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en-2-one
exhibited 13 interactions with SGLT2, including two hydrogen bonds with PHE152 and SER156. Other interacting residues
included ILE456, VALA443, VALA444, VALA59, TYR455, PHES(4, GLN451, ALA447, LEU452, TRP440, and THR153. N-
methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-butynyl]-acetamide displayed the most extensive network of interactions
with SGLT2, forming 18 bonds, including three hydrogen bonds with TRP291, GLN457, and THRS87. Additional interacting
residues included SER287, ALA102, LYS321, ASN75, PHE98, PHE453, GLU99, VAL95, VAL157, VAL286, GLY79, GLY83,
HIS80, LEU84, and TYR290.
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Docking simulations were performed to investigate the potential interaction between a-amylase and bioactive compounds
identified in E. speciosa. The results for 4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en-2-one (compound name)
are depicted in Figure 3. This compound exhibited thirteen interactions with a-amylase, including two hydrogen bonds
with ASP197 and THR163. Additional interacting residues involved in van der Waals forces included GLU233, ALA198,
HIS101, TYR62, LEU165, LEU162, TRP59, TRP58, ASP300, HIS299, and ARG195. For comparison, the docking profile of
acarbose, a known a-amylase inhibitor, is presented in Figure 4. Acarbose displayed a higher number and wider variety of
interactions with c-amylase, including van der Waals forces, hydrogen bonds, and unfavorable donor-donor interactions.
Molecular docking simulations were performed to assess the potential antidiabetic activity of E. speciosa compounds by
evaluating their binding affinity to key diabetes-related targets: SGLT2 and c-amylase®>®. Lower binding energy signifies
stronger ligand-target interactions. All E. speciosa compounds displayed higher binding affinities for SGLT2 compared to
metformin, a common antidiabetic drug. This suggests their potential as potent SGLT2 inhibitors, potentially reducing
glucose reabsorption and mitigating diabetic kidney complications*3®. While the compounds exhibited lower binding
affinities for a-amylase compared to acarbose, another antidiabetic drug, a significant interaction was observed. This
suggests their potential to inhibit a-amylase activity and regulate postprandial glucose levels, making them promising
candidates for diabetes management.

TYRS526

/

Figure 1. 3D structure of the super-imposition of N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-butynyl]-acetamide (red) and the native ligand (blue) in
the binding pockets of SGLT2.
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Figure 2. 2D binding interaction of 11-isopropylidenetricyclo[4.3.1.1(2,5)Jundec-3-en-10-one (a), 4-(1,5-dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en-2-
one (b), and N-methyl-N-[4-[2-acetoxymethyl-1-pyrrolidyl]-2-butynyl]-acetamide (c) with SGLT2. Van der Waals (light green), hydrogen (bright green), and
Pi-alkyl (pink) interactions.
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Figure 3. 3D structure of the super-imposition of 9,10-dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol (red), 11-isopropylidenetricyclo[4.3.1.1(2,5) jundec-3-en-
10-one (purple), 6,6-dimethyl-10-methylene-1-oxa-spiro[4.5]decane (orange) and the native ligand (blue) in the binding pockets of a-amylase.
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Figure 4. 2D binding interaction of 4-(1 5-dihydroxy-2,6,6-trimethylcyclohex-2-enyl)but-3-en-2-one (a) and acarbose (b) with a-amylase. Van der Waals (light
green), hydrogen (bright green), and unfavorable donor-donor (red) interactions.

Plant-based drug discovery is gaining significant interest due to the potential for lower toxicity and fewer side effects
compared to synthetic medications*?%”. However, the success of a compound as a therapeutic candidate is highly dependent
on its physicochemical properties®. Here, we investigated the drug-likeness and antidiabetic potential of E. speciosa
phytochemicals. This study identified E. speciosa phytochemicals with promising drug-like properties, low predicted
toxicity, and potential for antidiabetic activity through SGLT2 and a-amylase inhibition. Further in vitro and in vivo studies
are warranted to validate these findings and explore their therapeutic potential for diabetes management.

CONCLUSION

In silico assessment of E. speciosa compounds revealed promising drug-like properties and broad applicability in
pharmaceutical development. The identified compounds exhibited a range of hydrophobicities, suggesting their potential

182


https://journal.umpr.ac.id/index.php/bjop
https://portal.issn.org/resource/ISSN/2621-4814

Ibrahim SO, Lukman HY, Ebhohimen IE, Babamale HF, Abdulkadir FR, Hamid AA, et al. 2024. Chemoinformatic-aided Antidiabetic ...

for various administration routes beyond oral delivery. This is further supported by the favorable bioavailability scores,
placing them within the acceptable range for druggable candidates. Additionally, the in silico inhibition profiles against
diabetic targets suggest a potential role for these compounds in diabetes management. However, further investigations are
warranted to validate these findings. In vitro and in vivo studies are recommended to confirm the antidiabetic activity and
establish the binding stability of the compounds with the identified diabetic targets.
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Abstract

Knowledge of local and regional antimicrobial resistance
(AMR) is important for clinical decision-making. However,
surveillance capacity for fungal infections let alone antifungal
resistance is lacking throughout West Africa, and current
antifungal resistance data are sparse. We sought to address this
gap by summarizing all available high-quality data on
antifungal resistance in West Africa. We searched the PubMed
database, African Journals Online archives, and free web
searches in October and December 2023 using the terms
"antifungal resistance" and "West Africa" to find articles
published from 2010 onwards. Only 11 articles were included
in our analysis most of which were cross-sectional and
descriptive in design; relatively high levels of antifungal
resistance (AFR) to commonly used antifungals were reported
including (24-75%) resistance to fluconazole and ketoconazole,
two of the most frequently-prescribed antifungals in this region.
There is a high level of resistance to griseofulvin, ketoconazole,
cotrimoxazole, and fluconazole among dermatophyte infections
(80-100%) with 100% resistance to amphotericin B,
ketoconazole, and fluconazole reported by the invasive fungal
disease-causing pathogen Cryptococcus neoformans. Resistance to
commonly used anti-fungal drugs is prevalent; raising concern
that these drugs may no longer be useful for treating moderate
or severe fungal infections in West Africa hence calling for
countries to promote acceptance of antimicrobial stewardship
as a programmatic strategy not just focused on bacterial
resistance but also fungal resistance including pharmacy
management, laboratory complete mycological investigations
and dissemination of standard fungal susceptibility profiles.
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INTRODUCTION

“Emerging from the shadows of the bacterial antimicrobial resistance pandemic, fungal infections are growing, and are ever more resistant
fo treatments, becoming a public health concern worldwide,” said Dr Hanan Balkhy, WHO Assistant Director-General,
Antimicrobial Resistance (AMR). Approximately 1 million individuals have invasive fungal infections (Candida,
Cryptococcus, Aspergillus, and Pneumocystis) worldwide, resulting in the death of 1.7 million people annually?. While the
benefits of appropriate antifungal usage to treat fungal infections are well established, all antifungal use carries a risk of
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inducing antifungal resistance (AFR). The emergence of resistant or even multi-resistant strains is of concern, because of the
limited antifungal arsenal®. The emerging global health threat of fungal diseases is compounded by the rapid emergence of
antifungal resistance and, in many settings, limited access to quality diagnostics and treatment>”.

There are four major classes of antifungal medicines (azoles, echinocandins, pyrimidines, and polyenes) mostly used in
clinical practice, and only a few others are under development®11. With the growing prevalence of human fungal infections,
especially in immunocompromised patients, these diseases have become a worldwide public health issue'2. The immune
system status of the host determines the outcome of the disease and therefore infections may progress or range from limited
cutaneous or subcutaneous to invasive, disseminated, and life-threatening infections'. Invasive Fungal infections (IFI) have
been observed to increase in the last decades due to an increased number of immunosuppressed patients or persons
resulting in increased use of systemic antifungal drugs to treat these infections eg echinocandins, polyenes, triazoles, and
flucytosine™. Overuse and misuse especially prophylactically have resulted in stronger selective pressure on fungi'.

The WHO Fungal Priority Pathogens List! represents the first global response to identify and prioritize fungal pathogens
and their impact on global public health and to consider the unmet research and development needs grouped the priority
fungal pathogens into those of critical, high, and medium priority. Global warming, increased international travel, lack of
globally affordable diagnostic platforms, and increasing resistance have increased the incidence of mycoses yet the
prevention and control of fungal diseases remains a major challenge, especially in resource-poor countries, despite their
likely large burden’®. Although such reports are concerning, the burden of Antifungal Resistance (AFR) in the West Africa
region is not well published. Additionally, knowledge of the situation in many parts of the world further complicates the
problem?”.

Better knowledge of the burden and proportion of infections caused by drug-resistant fungi in low-resource settings would
raise awareness of the need to prevent the rise and spread of drug resistance’. Understanding current levels of AFR
throughout West Africa could improve clinical practice by guiding empirical antifungal choice. Toward this end, we
reviewed the available evidence on the burden of AFR among fungal pathogens in West Africa to ascertain the common
antifungal pathogens isolated in West Africa, summarize the antifungal sensitivity profiles of common fungal pathogens to
available antifungal agents, andto critically analyze current clinical and diagnostic practices and future research
interventions to address antifungal resistance.

SEARCH STRATEGY AND SELECTION CRITERIA

A comprehensive literature search was conducted in October and December 2023 to identify relevant studies on antifungal
resistance (AFR) in West Africa (Figure 1). We searched the PubMed database (www.ncbi.nlm.nih.gov/pubmed/), African
Journals Online archives (https://www.ajolinfo/index.php/ajol), Google Scholar (https://scholar.google.com/), and
ScienceDirect (https:/ /www.sciencedirect.com/). The search terms "antifungal resistance” and “West Africa" were used to
identify articles published from 2010 onwards. Only English language articles were included.

Inclusion criteria for full-text articles were reported the proportion of AFR among clinical fungal isolates obtained from
human subjects or environmental samples in any West African country (including Cameroon, Ghana, Nigeria, Ivory Coast,
Sierra Leone, Guinea, Central African Republic, Mali, Liberia, Niger, and others), as well as described the studied patient
population, isolated organisms, specific laboratory methods used for antifungal susceptibility testing, and interpretation
methods for minimum inhibitory concentration breakpoints or zone diameters of inhibition as outlined by the Clinical and
Laboratory Standards Institute (CLSI)%. To ensure the inclusion of contemporary and relevant AFR data, only studies
published from 2010 onwards were considered. Data extraction focused on fungal species isolated, the number of isolates
tested for AFR, specific antifungals tested, and the percentage of organisms resistant to each antifungal agent.

Our initial search strategy identified 413 articles: 257 from PubMed, 133 from AJOL, and 23 from other free web sources.
After screening, 100 articles were deemed relevant for further evaluation. Of these, 33 full-text articles were accessible. We
excluded 22 articles for the following reasons: three lacked data on fungal resistance, six reported antifungal resistance by a
specific antifungal group, and 13 lacked information on isolate identity or specific laboratory methods employed. The
remaining 11 articles were included in this review (Table I). These studies investigated patterns of antifungal resistance
(AFR) in various African countries: five focused on Cameroon?-22531, four on Nigeria?#%2?, one on Ivory Coast®, and one
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on Ghana®. A total of 2,721 subjects were included across the selected studies. Notably, Cameroon contributed the highest
number of studies (45%).

Articles identified by PubMed search Articles identified by Articles identified by free web
(n=257) AJOL search (n=133) search (n=23)
| |
Articles or records Articles excluded based on title
after duplicates and abstract (n=20)
removed (n=100) Not associated with AMR and

other non-fungi (n=24)
Molecular characteristics of

Full text not included (n=22) Full text articles were pathogens without antifungal
Antifungal resistance not reported assessed for eligibility resistance data (n=17)
(n=3) (n=33) Outside geographic area (n=6)

Antifungal resistance reported by
antifungal group (n=6)

Number of isolates and specific Studies included in
laboratory methods unknown (n=13) the review (n=11)

Figure 1. Selection of publications for inclusion.

TableI.  Summary of studies included in the analysis.

Country Year Fungal group Sample source/patient populations Number of study participants/samples
Nigeria 2011  Candida spps HIV/ AIDS patients 200
Cameroon 2012 Candida spps HIV/ AIDS patients 304
Ghana 2012 Candida spps General outpatients 528
Ivory Coast 2012  Candida spps Women with leukorrhoea 150
Cameroon 2013 Candida spps HIV/ AIDS patients 207
Cameroon 2016  Trichophyton spps Diabetic patients 152
Cameroon 2016  Cryptococcus spps Environmental isolates 350
Cameroon 2020  Candida spps HIV/ AIDS patients 378
Nigeria 2020  Tinea spps Children attending elementary school 301
Nigeria 2020  Dermatophytes University students 119
Nigeria 2021  Dermatophytes Children attending elementary school 32

ANTIFUNGAL RESISTANCE PATTERNS

A review of the laboratory methodologies employed within the studies included in this review revealed concerning levels
of resistance among fungal pathogens to commonly used antifungals in West Africa (Table II). Notably, Candida spp., a
prevalent fungal genus, exhibited resistance rates ranging from 24% to 75% for fluconazole and ketoconazole, two of the
most frequently prescribed antifungal medications in the region?-%. Similarly, high resistance rates (80-100%) were observed
for griseofulvin, ketoconazole, cotrimoxazole, and fluconazole among school children diagnosed with dermatophyte
infections®?. Additionally, a study investigating environmental samples reported 100% resistance to amphotericin B,
ketoconazole, and fluconazole among Cryptococcus spp., including both Cryptococcus gattii and Cryptococcus neoformans,
fungal pathogens responsible for invasive fungal diseases®.

FUNGAL ORGANISMS

Several studies have identified Candida spps. (particularly C. albicans, C. glabrata, C. krusei, C. tropicalis, C. parapsilosis, and C.
pseudotropicalis) as the predominant fungal isolates from immunocompromised patients?-%3, Conversely, dermatophytes
(Trichophyton enotrephon, T. bullosum, T. simii, T. tonsurans, Microsporum audouinii, M. canis, T. concentricum, T. mentagrophytes,
T. rubrum, and T. violaceurn) were the most prevalent isolates among school children and university students*#3.. An
alarming trend highlighted in the reviewed literature is the emergence of single fungal isolates exhibiting resistance to
multiple antifungal drugs. This phenomenon appears to be most common among Candida spp. isolated from
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immunocompromised patients, particularly those with HIV/AIDS#%. Notably, susceptibility to nystatin remained
generally good across Candida spp., suggesting its potential as a first-line empirical treatment for Candida infections®. The
identification of multi-drug resistant fungi underscores the critical need for promoting appropriate antifungal usage and
routine microbiological sampling of infected patients, especially in resource-limited settings®. The collective evidence
presented here strongly suggests the existence of AMR, particularly against widely used antifungal drugs (Table II).

Table II.  Antifungal resistance patterns from selected studies in West Africa.
Authors Year  Country Method Organism AMP NYS FCY GRS MIC FLU ITR VOR KET ECO CIM
Njundaetal? 2012 Cameroon  Discdiffusion C. albicans (n=175) €2 23 - - - 124 - 3 24 -
Njunda et al2 2013  Cameroon  Brothmicrodilution C. albicans (n=103) 76 11 16 10
C. dubliniensis 3 0
=3) 13 1
C. tropicalis (n=23) 2 1
C. famata (n=4)
Abrantesetal? 2016 ~ Cameroon  Broth microdilution C. albicans (n=92)
C. dubliniensis
(n=10)
C. glabrata (n=24)
C. krusei (n=3)
C. tropicalis (n=4)
Ckefyparglusi
=2)
Dongmoetal® 2014  Cameroon  Brothmicrodilution C. neoformans
Ebaetal? 2016 ~ Cameroon  Brothmicrodilution Trichopyton spps. 67 -
Nweze et al2 2011 Nigeria Broth microdilution C. albicans (n=54)
C. dubliniensis
)
C. tropicalis (n=22)
C. parapsilopsis
(n=18) 0 - 0 - - 0 1 0 - - -
C. guilliermondii
(n=11)
Ayodeleetal® 2020  Nigeria Disc diffusion T. rubrum (n=156) 156 - - - 33 156 156 - 156 - 33
M. ferrugineunn 51 - - - 0 51 51 - 51 - 0
(n=51)
T. mentagrophytes 17 - - - 0 0 17 - 17 - 0
(=17)
T. verrucosum 4 - - - 4 4 4 - 4 - 4
(=)
David et al® 2020  Nigeria Broth microdilution M. aanis (n=6) - 1 - - - 5 - - 2 - 6
T. concentricum - 3 - - - 5 - - 4 - 5
(=6)
T. mentagrophytes - 4 - - - 12 - - 6 - 12
(n=12)
T. rubrum (n=7) - 4 - -
T. violaceum (n=7) - 5
Ungokore et 2021  Nigeria Disc diffusion T. eriotrephon
az (n=10)
T. bullosum (n=2)
T, simii (n=12)
T. tonsurans (n=3)
M. audouinii (n=2)
Djohan et al® 2012 Ivory Semi-solid medium C. albicans (n=45) 0
Coast microdilution
Fegloetal® 2012 Ghana Semi-solid medium C. albicans (n=33) 9
microdilution C. dubliniensis 0
(n=4) 1
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Notes: AMP-amphotericin B, NYS-nystatin, FCY-flucytosine, GRS-griseofulvin, MIC-micafungin, FLU-fluconazole, ITR-itraconazole, VOR-voriconazole, KET-
ketoconazole, ECO- econazole, CTM-clotrimazole

This review summarizes the findings of 11 studies highlighting significant resistance across West Africa to antifungals
crucial for everyday use. Notably, most Candida species exhibited limited susceptibility to fluconazole, a commonly-used
first-line antifungal in the region and recommended by the WHO for managing superficial and systemic mycoses®.
Furthermore, Cryptococcus isolates (both C. neoformans and C. gatti variants) obtained from the environment displayed
concerning resistance to amphotericin B, ketoconazole, and fluconazole®. Cryptococcus, a globally distributed invasive
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fungus, presents a substantial therapeutic challenge due to the lack of documented human-to-human transmission yet
possesses established virulence mechanisms that enable infection, dissemination, and ultimately, host mortality*.
Antifungal resistance to commonly used drugs like fluconazole, ketoconazole, cotrimoxazole, and amphotericin B appears
prevalent in West Africa and could be a growing concern, particularly among immunocompromised HIV/ AIDS patients.
However, as highlighted in the 2022 WHO report on fungal priority pathogens?, this resistance is likely under-reported due
to limited access to diagnostic testing, inadequate microbiology support, and inconsistencies in laboratory standards. The
scarcity of readily available diagnostic tools, such as rapid antigen assays, and the high costs or lack of access to polymerase
chain reaction (PCR) testing significantly hinder diagnosis, leading to underreported cases®. These limitations in antifungal
susceptibility testing often contribute to antifungal misuse and overuse, further exacerbating resistance development®. The
limited data on antifungal resistance in West Africa could stem from several factors, including low clinician awareness of
fungal infections and a shortage of healthcare personnel equipped to diagnose mycoses®. Even when some antifungal
resistance information exists, inadequate national laboratory strategic plans, particularly regarding mycoses, might hinder
proper communication to healthcare providers across the region®.

PREVENTION OF THE DEVELOPMENT AND SPREAD OF ANTIFUNGAL RESISTANCE

Antifungal resistance is likely to become an even greater challenge in West Africa and may be compounded by overuse of
antifungals, the lack of antifungal prescription oversight, and the paucity of relevant local information and data on
antifungal resistance®’. To address these issues, existing antimicrobial stewardship programs should be strengthened or,
where they are not yet in place, they should be developed and implemented in all regional referral hospitals in response to
these challenges®. Based on our findings, there are variations in the incidence and prevalence of fungal conditions
dependent on local clinical practice with varying antifungal resistance. Therefore, each country in the West African region
needs to contextualize the fight during the design or formation of local priorities for better-targeted public health outcomes®.
The area of particular focus should be immunocompromised patients presenting with Candida-like symptoms. Existing
but limited resources should be directed equally at discovering the causes and offering appropriate treatment of infections
in this population®4.

Additionally, there is a need to urgently scale up the training of both laboratory and pharmacy staff in antifungal / antibiotic
stewardship at health facilities where laboratory investigations are available®. This is critical in communicating with
clinicians, who are the cornerstone in the proper management of patients with infections, especially about the use of these
fungal drugs. There is a need for regular antifungal resistance surveys to establish evidence-based and locally relevant
resistance data that would help create guidelines to improve clinical practice? .

The implementation and development of the 2022 WHO fungal priority pathogens list to guide research, development, and
public health action for containment of antifungal resistance through inter-continental, regional, and sub-regional-wide
surveillance programs as a health systems approach has met with several challenges'®. In low- and middle-income
countries, implementing the strategy has proven difficult, because the human and financial resources as well as mycological
expertise are insufficient®2. In addition, it is difficult to obtain appropriate sample sizes for an accurate representation of
resistance patterns. Novel approaches to antimicrobial surveillance are therefore needed for low-resource settings, which
include the development of surveillance programs utilizing smaller sample sizes to provide locally relevant AMR patterns
and to encourage appropriate empirical antimicrobial therapy®%. Also, the development of new point-of-care diagnostic
tools able to detect antifungal resistance resistance cost-effectively will improve patient management and limit the
emergence of drug resistance®?.

Lastly, of the 413 publications identified, we considered only 11 dues to the lack of standardization and quality of the
methodology and reporting. This highlights the scarcity of good-quality data that could allow stakeholders to assess the real
burden of antifungal resistance. The susceptibility data reported was very inconsistent and less from low mid-income
countries of West Africa, perhaps due to the limited access to mycology laboratories and expertise®%. Thus, better-
standardized research protocols are needed to evaluate the emergence of antifungal resistance in different local settings to
obtain comparable results and implement befitting interventions®¢!. Although many papers reported susceptibility data
from small ad-hoc laboratory surveillance projects, formal surveillance and data linkage to clinical outcomes were lacking®>
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6 Furthermore, susceptibility was reported very inconsistently, making comparisons over time or between geographic
areas difficult. Susceptibility data were less common from low- and middle-income countries, likely due to limited access to
medical mycology laboratories in resource-limited settings®.

CONCLUSION

This review highlights the concerning prevalence of resistance to commonly used antifungal drugs in West Africa. The
emergence of multi-drug resistance poses a significant and growing threat in the region, potentially rendering multiple
antifungal therapies ineffective for treating fungal infections. Single isolates exhibiting resistance to more than one antifungal
drug, including those from different classes, further complicate this challenge. To address this growing public health
concern, West African countries should prioritize the implementation of comprehensive antimicrobial stewardship
programs. These programs should not only focus on combating bacterial resistance but also encompass strategies to tackle
the rising threat of antifungal resistance. Key areas for intervention include strengthening pharmacy management practices,
implementing robust laboratory quality control measures, expanding mycological investigations, and disseminating
standardized fungal susceptibility profiles.
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Bromelain-Extracted of Virgin Coconut Oil: Physical and Chemical
Stability in Different Temperature During the Storage
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INTRODUCTION

Indonesia, a Southeast Asian nation characterized by its tropical climate, boasts a rich diversity of plant life. Among these
readily available plants is the coconut (Cocos nucifera). Notably, all parts of the C. nucifera palm find utility, from the leaves
and roots to the stems and fruit?. Cocos nucifera fruit, in particular, serves as the primary source of virgin coconut oil (VCO)34.
Virgin coconut oil, renowned for its applications in both daily consumption and pharmaceutical contexts, undergoes
various processing techniques to yield a product characterized by low water content, minimal free fatty acids, a clear
appearance, a distinct aroma, and a shelf life exceeding 12 months>”. Virgin coconut oil production utilizes various methods,
including traditional, enzymatic, thermal, acidification, centrifugation, and inducement techniques®® Among these, the
enzymatic process offers distinct advantages.

Bromelain, an enzyme extracted from pineapples (Ananas comosus), plays a crucial role in this method. It accelerates the
breakdown of the C. nucifera milk emulsion system by hydrolyzing peptide bonds, leading to oil separation2. Ananas
comosus, a widely cultivated tropical fruit, is a rich source of bromelain, particularly in its yellow flesh®>. While A. cormosus are
known for their high water content (approximately 90%) and essential minerals like potassium, calcium, iodine, sulfur, and
chlorine’, bromelain emerges as the key component for VCO production due to its efficient oil separation properties.
Virgin coconut oil has gained significant popularity due to its perceived health benefits. Consequently, ensuring the
consistent delivery of high-quality VCO to consumers is paramount’>. However, the quality of VCO can deteriorate during
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transportation and storage'®. During transport, exposure to elevated temperatures exceeding 50°C can occur within
vehicles?. Similarly, storage conditions are often inconsistent, leading to temperature fluctuations’®. Several studies have
documented that unstable storage temperatures contribute to a decline in VCO quality’®?. Therefore, research investigating
the stability of VCO produced using the bromelain enzymatic method is crucial to establishing accurate expiration dates.
This research should encompass a battery of stability parameters, including organoleptic tests (color, odor, and taste),
changes in pH, specific gravity, viscosity, acid number, peroxide number, and saponification number.

MATERIALS AND METHODS

Materials

The instruments used include equipment for VCO production and quality analysis. Virgin coconut oil production
equipment typically included blenders, spatulas, chambers, analytical balances, measuring cylinders, and clear glass bottles.
Quality analysis equipment used in this study included Erlenmeyer flasks, beakers, measuring flasks, conical flasks,
porcelain cups, glass funnels, weighing bottles, analytical balances, stirrers, ovens, pH meters, pycnometers, cooling baths,
and Brookfield viscometers.

Cocos nucifera and A. comosus were purchased from the Gamping traditional market in Yogyakarta, Indonesia. The scientific
identification of these raw materials was confirmed by the Biological Education Laboratory, Faculty of Science and Applied
Technology, Universitas Ahmad Dahlan, Yogyakarta (reference numbers: 454/Lab.Bio/B/X1/2023 for A. comosus and
474/Lab.Bio/B/XIl/2023 for C. nucifera). For the quality analysis of VCO, analytical grade chemicals were used without
further purification. These chemicals included distilled water, 95% ethanol, standardized NaOH, oxalic acid, standardized
KOH, 0.5 N alcoholic KOH, phenolphthalein indicator, HCl, acetic acid, chloroform, sodium thiosulfate, potassium
dichromate, and starch powder. All analytical grade chemicals were purchased from Merck, Germany.

Methods

Preparation of VCO

Raw materials were weighed according to the experimental design. Grated C. nucifera flesh was added to distilled water at
a1:1 ratio. The mixture was then homogenized and filtered to obtain C. nucifera milk. The C. nucifera milk was stored in a
transparent container at room temperature to allow for separation into cream and skim layers. After separation, the top layer
(C. nucifera cream) was carefully collected using a sterile pipette to avoid contamination from the lower skim layer (water).
Fresh A. comosus fruits were peeled, washed, and blended using a sanitized blender. The homogenized mixture was then
filtered to obtain clarified A. comosus juice.

Cocos nucifera cream and A. comosus juice were mixed at a 10 : 1 ratio and homogenized to ensure a uniform mixture. The
homogenized mixture was stored in a transparent container at room temperature for 24 hours to allow for phase separation
into three distinct layers: water (bottom layer), VCO (middle layer), and residue (top layer). The VCO layer was carefully
separated using a sterile straw inserted into the middle of the container. The collected VCO was then analyzed for fatty acid
composition using gas chromatography-mass spectrometry (GC-MS). Fatty acid composition analysis was performed using
a GC-MS system equipped with a 30-meter DB-5MS column. Helium gas served as the mobile phase at a flow rate of 33.2
mL/minute. The injection port temperature was set to 300°C, and the initial column temperature was maintained at 70°C.

Data analysis

This study evaluated the physical and chemical stability of VCO in two storage conditions: room temperature (27-30°C) for
50 days and high temperature (50°C) for 10 days. The stability test was determined through various tests, including:

1. Organoleptic evaluation: This involved assessing color, odor, and taste of the VCO samples.

pH measurement: A pH meter was used to measure changes in the acidity or alkalinity of the VCO during storage.
Specific gravity determination: A pycnometer was employed to measure the density of the VCO samples.

Viscosity measurement: A Brookfield viscometer was used to assess changes in the viscosity of the VCO over time.

Ok LN

Chemical analysis: This included determination of acid number, peroxide number, and saponification number,
following standard methods?!. It's important to note that all analyses were performed at room temperature.
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RESULTS AND DISCUSSION

Our previous study? has demonstrated that incorporating bromelain extract from A. comosus juice into the processing of
VCO can significantly increase yield. In these studies, 1000 mL of C. nucifera milk yielded an average of 300 mL of VCO
when combined with 100 mL of A. comosus juice. The bromelain enzyme in A. comosus juice is hypothesized to hydrolyze
proteins within the C. nucifera milk during fermentation. This process disrupts the emulsion of oil and water in the C. nucifera
milk, potentially maximizing oil extraction and leading to a higher VCO yield compared to traditional methods without
bromelain supplementation.

Gas chromatography is a well-established technique for analyzing fatty acid methyl esters (FAMEs) in oils. It separates
components in a mixture based on their interactions with the mobile (gas carrier) and stationary phases within the GC
column?. The method offers rapid separation, typically within seconds, as the gas flow carries vaporized samples through
the column. The separated components are detected, and a chromatogram (a graphical representation of detector response
versus time) is generated. The specific characteristics of the GC instrument, including column dimensions (length and
diameter) and operating conditions (gas flow rate and oven temperature), influence the separation and retention times of
the FAMEs*.

Our GC analysis of the VCO sample identified several fatty acids. These included caproic acid (retention time: 7.3 minutes),
caprylic acid (14.2 minutes), capric acid (20.6 minutes), lauric acid (26.3 minutes, highest peak), myristic acid (31.2 minutes),
palmitic acid (35.7 minutes), linoleic acid (39.1 minutes), oleic acid (39.2 minutes), and stearic acid (39.7 minutes). The
chromatogram is presented in Figure 1, and Table I summarizes the identified fatty acids and their corresponding retention
times. As evident from the highest peak in Figure 1 (peak number 4), lauric acid was the most abundant fatty acid in the
VCO sample. The peak height in a chromatogram generally corresponds to the relative concentration of the component in
the sample. This finding aligns with Indonesian National Standard (Standar Nasional Indonesia; SNI) 7381-2022 for VCO,
which specify lauric acid as the predominant fatty acid?.

N

17,291,618

10.0 20.0 30.0 40.0 50.0 55.0
min

Figure 1. GC-MS Chromatogram of bromelain-extracted VCO.

Tablel.  Summarized fatty acids of bromelain-extracted VCO.

Peak Rt (minutes) Fatty acid

1 7.3 Caproic acid

2 14.2 Caprylic acid

3 20.6 Capric acid

4 26.3 Lauric acid

5 31.2 Myristic acid

6 35.7 Palmitic acid

7 39.1 Linoleic acid

8 39.2 Oleic acid

9 39.7 Stearic acid
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The stability of the emulgel formulations was assessed through organoleptic evaluation, pH measurement, specific gravity
determination, viscosity measurement, acid value testing, peroxide value testing, and saponification value testing. Table II
summarizes the changes observed in these stability indicators during storage at room temperature (25-27°C) for 50 days and
at 50°C for 10 days. Organoleptic evaluation was performed to assess the color, odor, and taste of the VCO samples. Fresh
VCO is characterized by a clear yellowish color, a pleasant C. nucifera odor, and a savory C. nucifera taste?. The VCO
produced in this study maintained these characteristics throughout the storage period, with no significant changes observed
in color, odor, or taste between the VCO before treatment and the samples stored for ten days at 50°C, 50 days at room
temperature (27-30°C), or both. The resulting taste still tastes savory C. nucifera without a stale taste even though it has been
in extreme temperatures and has been stored for a long time. These findings indicate that the VCO formulation exhibits
good stability in terms of organoleptic properties.

The pH of VCO was measured to assess its stability during storage. A pH meter was used to determine the initial pH of
VCO, which was 5.857. Virgin coconut oil samples stored at 50°C for 10 days exhibited a slight decrease in pH to 5.590.
Similarly, samples stored at room temperature for 50 days showed a decrease in pH to 5.598. These observations suggest a
potential decrease in VCO stability during storage, particularly at elevated temperatures. The decrease in pH may be
attributed to the hydrolysis of triglycerides in VCO into free fatty acids, which are acidic in nature®. Further studies are
needed to investigate the extent of free fatty acid formation and its impact on other quality parameters of VCO during
storage.

Specific gravity, defined as the ratio of a substance's density to that of water at the same temperature, is an indicator of oil
quality. The standard range for VCO specific gravity is 0.9150-0.9244 g/cm®. Our analysis revealed a specific gravity of
0.9235 g/ cm? for the VCO before treatment. This value falls within the established acceptable range. However, a significant
decrease in specific gravity was observed after storage, with values of 0.8939 and 0.9023 g/cm? for samples stored at 50°C
for 10 days and at room temperature for 50 days, respectively. This decrease suggests potential instability during storage.
The observed decrease in specific gravity during storage aligns with the notion that hydrolysis reactions are accelerated at
higher temperatures®. These reactions break down triglycerides, releasing glycerol and free fatty acids. Glycerol has a higher
density than most common fatty acids found in VCO. Therefore, as hydrolysis progresses, the overall density of the oil
decreases, leading to a lower specific gravity?. This highlights the importance of proper storage conditions to maintain VCO
quality.

Viscosity, a measure of a fluid's resistance to flow, was determined using a Brookfield viscometer. This instrument utilizes
a rotating spindle at a specific speed to measure the resistance of the sample?. The appropriate spindle selection depends
on the sample's viscosity; higher spindle numbers correspond to smaller physical dimensions and are suitable for testing
thicker, more viscous materials®. In our study, three key factors influenced viscosity measurements: spindle speed (RPM),
torque range (scale), and spindle number?. The viscosity of the untreated VCO was 13.8 cP. VCO stored at 50°C for 10 days
and at room temperature for 50 days exhibited viscosities of 13.6 and 13.5 cP, respectively. These observations suggest a
decrease in VCO viscosity during storage, potentially indicating a form of instability. The observed decrease in viscosity
may be attributed to the hydrolysis process occurring during storage.

The acid number, expressed as mg of base (NaOH) required to neutralize free fatty acids present in 1 g of oil, serves as an
indicator of oil quality. Higher acid numbers reflect increased free fatty acid content, which can arise from hydrolysis,
heating, enzymatic reactions, or physical processing'. In this study, untreated VCO exhibited an acid number of 048 mg
NaOH/ g. Notably, storage at elevated (50°C for 10 days) and room temperatures (for 50 days) resulted in modest increases
inacid number to 0.72 and 0.56 mg NaOH/ g, respectively. While these increases suggest a slight decrease in VCO stability
during storage, the overall changes were relatively small. These findings are consistent with previous studies®*, which
report that VCO generally exhibits good stability due to its high content of lauric acid, a saturated fatty acid resistant to
hydrolysis. However, prolonged storage at elevated temperatures can accelerate hydrolysis, leading to a gradual increase
in free fatty acid content and acid number.

Peroxide number is a well-established indicator of oil damage caused by oxidation. It reflects the concentration of peroxides
formed during the oxidation process, expressed as milliequivalents (meq) of active oxygen per kg of oil. As observed in this
study, an increase in peroxide number indicates ongoing oxidation within the oil. The free radical chain reaction initiated by
the interaction between oxygen and double bonds in the fatty acids progressively generates peroxides®2. However, a low
peroxide number doesn't necessarily imply minimal oxidation. The fatty acid composition of the oil also influences its
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peroxide number®. The peroxide number of untreated VCO in our study was 1.8 meq O2/kg. Storage at 50°C for 10 days
increased the peroxide number to 5.6 meq O»/kg, and storage at room temperature for 50 days resulted in a peroxide
number of 4.8 meq Oz/kg. Notably, both storage conditions (room temperature for 50 days and 50°C for 10 days) yielded
peroxide number values exceeding SNI 7381-2022 for VCO (20 meq O»/kg)?. This observation aligns with the established
notion that higher storage temperatures accelerate oil oxidation, leading to increased peroxide numbers*. Our findings
suggest that storing VCO in a cool environment is crucial to maintaining its quality and preventing excessive oxidation.
The saponification number, which reflects the amount of KOH required to saponify 1 g of oil, is inversely proportional to
the oil's molecular weight. This means that oils with higher saponification numbers contain shorter fatty acid chains. Shorter
chain fatty acids are generally considered more resistant to oxidation and hydrolysis, contributing to increased oil stability
and reduced susceptibility to rancidity®. Our study investigated the changes in the saponification number of VCO following
storage at different temperatures. The initial saponification number of the VCO was 258.06 mg KOH/g. After storage at
50°C for 10 days, the saponification number decreased to 246.84 mg KOH/g. Similarly, storage at room temperature (27-
30°C) for 50 days resulted in a decrease in the saponification number to 240.66 mg KOH/ g. These observations are consistent
with the established relationship between saponification number and oil stability. The decrease in saponification number
following storage suggests a potential breakdown of triglycerides in the VCO, likely due to hydrolysis or oxidation reactions.
This breakdown could result in the formation of shorter chain fatty acids, contributing to the observed decrease in
saponification number®. However, further investigation is needed to confirm the specific nature of the ongoing chemical
reactions during storage.

TableII.  Summarized value of stability test.

Description Value
Initial Storage at 25-27°C for 50 days  Storage at 50°C for 10 days

Smell, taste, and color Specific C. nucifera smell, Specific C. nucifera smell, oily, Specific C. nucifera smell,

oily, and yellowish white and yellowish white oily, and yellowish white
pH 5.857+0.024 5.598+0.011 5.59+0.01
Specific gravity (g/cm?) 0.924+0.013 0.902+0.03 0.894+0.024
Viscosity (Cp) 13.840.076 13.6£0.038 13.6£0.076
Acid number (mg NaOH/ g) 0.48+0.01 0.56%0.005 0.72+0.015
Peroxide number (meq Oa/kg) 1.840.017 4.8+0.05 5.6£0.066
Saponification number (mg KOH/g) 258.06+0.106 240.66+0.131 246.84+0.045

CONCLUSION

This study investigated the influence of storage temperature and duration on the quality of VCO. The results revealed
significant changes (pH, specific gravity, viscosity, acid number, peroxide number, and saponification number) in VCO
stored at 50°C for 10 days compared to those stored at room temperature (27-30°C) for 50 days. Notably, the appearance of
the VCO remained unchanged across all storage conditions. These findings suggest that VCO is highly sensitive to elevated
temperatures. Further research is warranted to identify optimal storage conditions that effectively preserve the quality of
VCO.
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Abstract

In skincare, particularly facial serums, the utilization of natural
ingredients is crucial in addressing various skin issues, notably
combating the effects of free radicals that contribute to wrinkles.
This study explores the potential of banana (Musa paradisiaca L.)
stem extract as an active ingredient in serum formulation due

Ni Luh Firda Ekayanti to its rich anthocyanin content known for antioxidant
. . properties. Hedonic testing and cost analysis serve as initial
Ni Wayan Darmayanti steps in the marketing mix of a product. This research aims to

assess the hedonic preferences of various M. paradisiaca stem
serum formulations and analyze the production costs. A
descriptive research method employing survey and
observational techniques was utilized for data collection and
descriptive analysis. Hedonic testing was conducted to gauge
the personal preferences of panelists toward M. paradisiaca stem
serum formulations. Three formulations (F1 with 4%, F2 with
8%, and F3 with 12% M. paradisiaca extract) were evaluated by
40 panelists. Cost analysis of serum production employed
quantitative descriptive analysis, computing the cost per unit
using a variable costing method. The hedonic evaluation results
showed that F1 formulation was highly preferred (79.3%),
followed by F2 (73.2%), and F3 (66.8%). Cost analysis using the
variable costing method revealed a total production cost of IDR
614,000.00 for 10 packages of M. paradisiaca stem serum
formulation, translating to an approximate unit price of IDR
61,400.00.
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INTRODUCTION

The human skin, serving as the body's outermost barrier, is constantly exposed to environmental stressors. Chief among
these are ultraviolet (UV) radiation and pollutants, both of which can inflict significant damage. Furthermore, daily activities
can contribute to the development of skin concerns, particularly in the facial area2. Improper facial cleansing and skincare
routines can lead to the accumulation of dead skin cells, potentially hindering collagen production and ultimately
accelerating the formation of wrinkles and fine lines’.

Antioxidants have emerged as promising tools in the fight against skin aging and damage* These molecules act by
neutralizing free radicals, a class of highly reactive species containing unpaired electrons in their outer shells. Free radicals'
inherent instability compels them to seek stability by stealing electrons from surrounding molecules, thereby causing cellular
damage and contributing to various skin concerns®. By donating electrons and stabilizing free radicals, antioxidants offer
protection against this cellular damage®.
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Natural antioxidants have gained significant interest for their potential benefits in topical skincare formulations. Topical
application of antioxidants can offer protection against UVA radiation, a key contributor to skin darkening and premature
aging’. These antioxidants can also help combat the damaging effects of UVB radiation, including wrinkles and
inflammation®. Moreover, serums formulated with natural ingredients are generally considered safer for consumers
compared to synthetic alternatives®. This study investigates the development of an antioxidant serum derived from banana
(Musa paradisiaca) extracts as a potential option to shield the skin from free radicals and their associated signs of aging.
Musa paradisiaca thrives in tropical climates, making Indonesia a prime location for its cultivation'. Interestingly, M.
paradisiaca stems hold potential as a natural antibiotic, and their use in wound healing is a traditional practice among some
Indonesian communities™. Scientific studies have corroborated these traditional practices, demonstrating the effectiveness
of M. paradisiaca stem extracts in inhibiting the growth of pathogenic bacteria like Staphylococcus aureus'>'3. Building upon
Dewi et al.** on formulating M. paradisiaca stem extract into serum preparations and evaluating their physical and antioxidant
properties, this study aims to investigate two key aspects. Firstly, we assess the organoleptic properties of the serum
preparation, including taste, aroma, and color, to gauge its acceptability among potential users. Secondly, we analyze the
production costs associated with M. paradisiaca stem serum preparations.

MATERIALS AND METHODS

Materials

Musa paradisiaca stems were obtained from East Duda Village, Selat, Karangasem, Bali, Indonesia (Figure 1). The botanical
identification was confirmed by the Plant Conservation Center of the Indonesian Institute of Sciences (LIPI), Eka Bedugul
Botanical Gardens (voucher specimen number B-337/IPH.7/ AP/XIl/2020). Other materials used in this study included
70% ethanol (Brataco®), xanthan gum, glycerin, potassium sorbate, sodium benzoate, distilled water, and DPPH (2,2-
diphenyl-1-picrylhydrazyl). The following equipment was used in this research included rotary evaporator, glassware
(Pyrex®), flannel cloth, gram scale (accuracy 0.1 g), digital analytical balance (accuracy 0.0001 g), and glass jar. A
questionnaire was developed to assess the level of acceptance of different M. paradisiaca stem serum formulations by
participants. Additionally, the questionnaire aimed to gather information regarding production costs.

Figure 1. Musaparadisiaca.

Methods

Preparation of extracts and phytochemical screening

Musa paradisiaca stems were thoroughly sorted and chopped into small pieces. The chopped M. paradisiaca stem was then
subjected to maceration extraction using 70% ethanol as the solvent. The maceration process was carried out for three cycles
of 24 hours each, with occasional stirring. The macerate was stored in a light-protected environment throughout the
extraction period. Following each maceration cycle, the mixture was filtered using a flannel cloth to separate the filtrate
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(extract) from the residue. The remaining residue was then re-extracted with fresh 70% ethanol using the same maceration
procedure. The combined filtrates from all maceration cycles were concentrated using a rotary evaporator under vacuum
until a thick extract was obtained.

Preparation of serum

Anoil-in-water (O/ W) type serum formulation was prepared as detailed in Table I. Xanthan gum was dispersed in 20 parts
of distilled water under constant stirring until an emulsion base formed. Glycerin was then gradually added to the mixture
with continuous stirring. Potassium sorbate, sodium benzoate, and M. paradisiaca stem extract were incorporated
sequentially into the mixture with continued slow stirring until a homogeneous product was obtained. Finally, distilled
water was added to reach a final volume of 100 mL while stirring continuously. The homogeneous serum (Figure 2) was
then stored in a pre-prepared container.

Table L. Musa paradisiaca stem serum formulation.
. . Concentration (%)

Material Name Function = B2 B3
Musa paradisiaca stem extract Active ingredients 4 8 12
Xanthan gum Thickener 0.5 0.5 0.5
Glycerin Humectant 10 10 10
Potassium sorbate Preservative 0.1 0.1 0.1
Sodium benzoate Preservative 0.1 0.1 0.1
Distilled water Solvent Ad 100 Ad 100 Ad 100

a b c
Figure 2. Musa paradisiaca stem serum F1 (a), F2 (b), and F3 (c).

Serum evaluation
The physical properties of the M. paradisiaca stem extract serum were assessed using the following methods: organoleptic
test, transferred volume test, pH test, and homogeneity test'%, as described in detail below.

Organoleptic test: The organoleptic properties of M. paradisiaca stem serum preparations were assessed visually. This
evaluation included observations of consistency, color, and smell.

Transferred volume test: The transferred volume test is performed to ensure that the M. paradisiaca stem extract serum retains
its designated dosage volume (100 mL) after transfer from its original container. This test verifies that at least 95% of the
prepared serum volume can be effectively transferred. The test involves transferring the entire M. paradisiaca stem extract
serum preparation to a measuring cup. The transferred volume is then measured, and the percentage of the initial volume
is calculated.

pH test: The acidity of the M. paradisiaca stem extract serum was determined using a pH meter. Five milliliters of the extract
serum were transferred to a clean, dry beaker. The pH meter electrode was immersed into the sample solution, ensuring
good contact without stirring. The pH reading was allowed to stabilize and recorded. The electrode was then rinsed
thoroughly with deionized water and patted dry with a lint-free tissue before further measurements.

Homogeneity test: The homogeneity of M. paradisiaca stem extract serum was assessed visually. A small amount of the extract
serum was placed on two clean glass slides. The presence or absence of coarse particles on both slides was evaluated to
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determine homogeneity. The extract serum was considered homogeneous if no coarse particles were observed on either
slide. Conversely, the presence of coarse particles on either slide indicated inhomogeneity.

Hedonic test sampling technique

This study employed a non-probability sampling approach, specifically utilizing a combination of incidental sampling and
quota sampling techniques. Incidental sampling involved recruiting participants who met the inclusion criteria on an
opportunistic basis. These criteria included being between the ages of 20 and 30 years old, identifying as male or female,
having a self-reported healthy body condition, and expressing willingness to participate. Quota sampling ensured that the
final sample composition reflected pre-determined proportions based on gender (female/male). A total of 50 participants
were recruited using this combined approach. All participants provided written informed consent after being thoroughly
briefed about the study's objectives, procedures, and potential risks/benefits. This study received ethical approval from the
Health Research Ethics Committee at STIKES Bina Usada Bali (approval No. 052/EA /KEPK-BUB-2024).

Hedonic test data collection technique

A questionnaire was used to collect data from this study's participants. The questionnaire, accessible via a Google Form link
(https:/ /forms.gle/yPKt8STBMe7UtJxPi6), was distributed to a sample of 50 panelists at Universitas Mahasaraswati
Denpasar. A production cost analysis was conducted for each M. paradisiaca stem serum formula. This involved identifying
and analyzing each cost component associated with the production of each formula. The analysis considered the market
price of similar serums (IDR 100,000.00) as a reference point.

Data analysis

Hedonic testing was conducted to evaluate the sensory acceptability of the M. paradisiaca stem serum product by a panel of
50 assessors. Panelists evaluated the color, taste, and aroma of the serum using a standardized checklist with a four-point
hedonic scale: highly preferred (4), preferred (3), less preferred (2), and not preferred (1). The data were tabulated according
to frequency distribution and analyzed descriptively using percentages. Results are presented in both narrative and chart
formats. Production cost analysis employed quantitative technical methods, including calculations, interviews, record-
keeping, and observations. This process aimed to determine the cost of producing the M. paradisiaca stem serum preparation.

RESULTS AND DISCUSSION

Organoleptic evaluation revealed that all M. paradisiaca stem extract serum formulations (F1, F2, and F3) displayed a
consistent appearance: a slightly thick, brown liquid with a characteristic M. paradisiaca stem extract odor. This coloration
and aroma are inherent properties of the M. paradisiaca stem extract itself. Visual assessment of homogeneity confirmed the
absence of coarse particles in all formulations, indicating good physical stability. The pH of each formulation was measured
to ensure compatibility with the skin's natural acidic range (pH 4.5-6.5). All formulations exhibited a pH of 6, suggesting
minimal potential for skin irritation. Finally, a transferred volume test was conducted to assess the delivered dosage volume
from each formulation. All formulations (F1, F2, and F3) achieved transferred volumes exceeding the 95% minimum
requirement, with values of 98%, 98%, and 97%, respectively. Previous studies from Syarifah et al.1® showed similar results
for serum from M. paradisiaca fruit skin, indicating the stability of serum produced from M. paradisiaca parts. Detailed results
for all evaluations are presented in Table IL

Table II.  Organoleptic test results of M. paradisiaca stem serum.

Test parameters F1 F2 F3
Consistency Slightly thick liquid Slightly thick liquid Slightly thick liquid
Color Light brown Dark brown Dark brown
Smell Characteristic smell of extract Characteristic smell of extract Characteristic smell of extract
Transferred volume (%) 98 98 97
pH 6 6 6
Homogeneity Homogeneous Homogeneous Homogeneous

Panelists evaluated the sensory attributes (aroma, texture, stickiness, and viscosity) of M. paradisiaca stem serum
formulations (F1, F2, and F3) using a scoring. Formulations received consistently high scores (4) for aroma, texture, and
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stickiness across all groups, indicating overall panelist satisfaction with these aspects. Formulations F1 and F2 received high
viscosity scores (4), suggesting a preference for their consistency compared to F3. Regarding color, panelists showed a mild
preference for F1 (score 3) compared to F2 and F3. As Palmer and Schloss reported”, people have a tendency towards
products with their favorite colors. In this case, the color of the M. paradisiaca stem extract may not be liked by the panelists.
Overall, formulations F1 and F2 were favored by the panelists based on the combined hedonic scores, as shown in Table
I

Table III. Hedonic test results of M. paradisiaca stem serum.

Formulas Aroma Viscosity Texture Color Sticky effect Whole products
F1 4 4 4 3 4 4
F2 4 4 4 2 4 4
F3 4 3 4 2 4 3

Note: 4: highly preferred; 3: preferred; 2: less preferred; 1: not preferred

Panelist satisfaction with various parameters of the M. paradisiaca stem extract serum formulations was assessed using a
hedonic test (Table IV). Panelists indicated a high degree of satisfaction (96%) with the aroma across all formulations.
Basically, aroma is one of the main factors in panelists' preference for topical products such as serum?8. However, responses
regarding viscosity, texture, color, and stickiness revealed a preference for formulation F1 compared to F2 and F3. The
concentration of M. paradisiaca stem extract significantly impacted the color of the serum preparations. The hedonic test
results from 50 panelists evaluating five parameters suggest that panelists found F1 to be more aesthetically pleasing than
F2 and F3. This difference in color preference can be attributed to the varying concentrations of the extract across the
formulations®. The F1, containing the lowest concentration of M. paradisiaca stem extract (4%), exhibited a lighter brown
color compared to F2 (8% extract) and F3 (12% extract). In the context of facial serums, a lighter color is generally considered
more desirable??. Therefore, higher concentrations of the extract, while potentially increasing the product's efficacy, may
lead to a less visually appealing?.

Table IV. Level of likeness for M. paradisiaca stem serum.

Formulas Aroma (%) Viscosity (%) Texture (%)  Color (%) Sticky effect (%) Whole products (%)
F1 96 96 98 80 98 93
F2 96 96 96 62 96 88
F3 96 83 94 46 96 83

Determining the production cost of M. paradisiaca stem serum is crucial for establishing a sustainable and commercially
viable product. Production cost directly influences the selling price, which is a key factor influencing market
competitiveness®. Three primary cost components are considered in production cost analysis: raw materials, labor, and
factory overhead?. Accurate recording and classification of these costs are essential. For this study, we employed variable
costing, a method that considers only variable production costs. This approach is particularly suited for small-scale
production?, such as the research-oriented production of M. paradisiaca stem serum preparations employed here. Variable
costs fluctuate in direct proportion to the volume of production and include raw materials, direct labor, and variable factory
overhead costs. By utilizing variable costing, we can gain a more accurate understanding of the cost associated with each
unit of serum produced?.

Raw materials, the unprocessed components used in a product's manufacture, represent a significant cost factor in
production processes. They are directly incorporated into the final product and can be physically identified within it%. A
detailed breakdown of the raw material costs for the M. paradisiaca stem serum formulations is presented in Table V.

Table V. Raw material costs for 10 bottles of M. paradisiaca stem serum.

Raw materials Quantity (g) /100 mL Price (g/L) Total cost @1 bottle (IDR) Total cost 10 bottles (IDR)
Musa paradisiaca stem 4 5000 20,000.00 200,000.00
Xanthan gum 0.5 1000 200.00 2,000.00
Glycerin 10 100 1,000.00 10,000.00
Potassium sorbate 0.1 300 30.00 300.00
Sodium benzoate 0.1 200 20.00 200.00
Distilled water Ad 100 5000 500.00 5,000.00
Total 21,750.00 217,500.00
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Direct labor costs are those directly attributable to the production process and can be readily traced back to the finished
product (as detailed in Table VI). These costs are typically calculated based on factors such as working hours, working days,
or product units?. In this study, direct labor costs encompassed laboratory rental and plant identification expenses. Utilizing
a rented laboratory space was necessary due to the small-scale nature of the research. Additionally, costs associated with
plant identification were incurred to ensure the precise identity of the plant materials used.

Table VI. Direct labor costs for 10 bottles of M. paradisiaca stem serum.

Direct labor Costs (IDR)
Laboratory rental 75,000.00
Determination 240,000.00
Total 315,000.00

Factory overhead costs encompass indirect manufacturing expenses incurred during production, excluding direct labor
costs and raw materials®. In this study, factory overhead costs included expenses associated with packaging materials (drop
bottles for serum, dosage packaging) and graphic design (sticker design). A detailed breakdown of the factory overhead
costs for the M. paradisiaca stem serum formulations is presented in Table VII.

Table VII. Factory overhead costs for 10 bottles of M. paradisiaca stem serum.

Factory overhead Costs (IDR)
Bottle 22,500.00
Preparation packaging 35,000.00
Sticker design 25,000.00
Total 82,500.00

The total cost of producing M. paradisiaca stem serum preparations, as detailed in Tables V to VII, was IDR 614,000.00. Using
a variable costing approach, the cost per bottle of M. paradisiaca stem serum in a 10-bottle batch translates to IDR 61,400.00
per 10 mL bottle. A separate consumer survey (Table VIII) revealed that the preferred price for a bottle of M. paradisiaca
stem serum was IDR 55,000.00, which falls below the calculated production cost. This discrepancy between production cost
and consumer preference highlights the need for further cost reduction strategies or the exploration of methods to enhance
the perceived value of the M. paradisiaca stem serum product?®.

Table VIIIL. Survey results of 86 respondents in determining the price of M. paradisiaca stem serum per 10 mL bottle.

The desired price for a 10 mL bottle Voters (n (%))
50,000.00 18 (21)
55,000.00 42 (49)
60,000.00 8 (9)
65,000.00 14 (16)
70,000.00 4 (5)
Total 86 (100)
CONCLUSION

In conclusion, the sensory evaluation results demonstrated a strong preference for F1 compared to F2 and F3. Panelists rated
F1 highest (80% satisfaction) for aroma, viscosity, texture, color, and stickiness. The addition of higher extract concentrations
in F2 and F3 appears to have negatively impacted these sensory attributes. The variable costing method revealed a total
production cost of IDR 614,000.00 for 10 bottles of M. paradisiaca stem serum preparations, translating to an estimated price
per product of IDR 61,400.00.
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Abstract

In skincare, particularly facial serums, the utilization of natural
ingredients is crucial in addressing various skin issues, notably
combating the effects of free radicals that contribute to wrinkles.
This study explores the potential of banana (Musa paradisiaca L.)
stem extract as an active ingredient in serum formulation due

Ni Luh Firda Ekayanti to its rich anthocyanin content known for antioxidant
. . properties. Hedonic testing and cost analysis serve as initial
Ni Wayan Darmayanti steps in the marketing mix of a product. This research aims to

assess the hedonic preferences of various M. paradisiaca stem
serum formulations and analyze the production costs. A
descriptive research method employing survey and
observational techniques was utilized for data collection and
descriptive analysis. Hedonic testing was conducted to gauge
the personal preferences of panelists toward M. paradisiaca stem
serum formulations. Three formulations (F1 with 4%, F2 with
8%, and F3 with 12% M. paradisiaca extract) were evaluated by
40 panelists. Cost analysis of serum production employed
quantitative descriptive analysis, computing the cost per unit
using a variable costing method. The hedonic evaluation results
showed that F1 formulation was highly preferred (79.3%),
followed by F2 (73.2%), and F3 (66.8%). Cost analysis using the
variable costing method revealed a total production cost of IDR
614,000.00 for 10 packages of M. paradisiaca stem serum
formulation, translating to an approximate unit price of IDR
61,400.00.
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INTRODUCTION

The human skin, serving as the body's outermost barrier, is constantly exposed to environmental stressors. Chief among
these are ultraviolet (UV) radiation and pollutants, both of which can inflict significant damage. Furthermore, daily activities
can contribute to the development of skin concerns, particularly in the facial area2. Improper facial cleansing and skincare
routines can lead to the accumulation of dead skin cells, potentially hindering collagen production and ultimately
accelerating the formation of wrinkles and fine lines’.

Antioxidants have emerged as promising tools in the fight against skin aging and damage* These molecules act by
neutralizing free radicals, a class of highly reactive species containing unpaired electrons in their outer shells. Free radicals'
inherent instability compels them to seek stability by stealing electrons from surrounding molecules, thereby causing cellular
damage and contributing to various skin concerns®. By donating electrons and stabilizing free radicals, antioxidants offer
protection against this cellular damage®.
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Natural antioxidants have gained significant interest for their potential benefits in topical skincare formulations. Topical
application of antioxidants can offer protection against UVA radiation, a key contributor to skin darkening and premature
aging’. These antioxidants can also help combat the damaging effects of UVB radiation, including wrinkles and
inflammation®. Moreover, serums formulated with natural ingredients are generally considered safer for consumers
compared to synthetic alternatives®. This study investigates the development of an antioxidant serum derived from banana
(Musa paradisiaca) extracts as a potential option to shield the skin from free radicals and their associated signs of aging.
Musa paradisiaca thrives in tropical climates, making Indonesia a prime location for its cultivation'. Interestingly, M.
paradisiaca stems hold potential as a natural antibiotic, and their use in wound healing is a traditional practice among some
Indonesian communities™. Scientific studies have corroborated these traditional practices, demonstrating the effectiveness
of M. paradisiaca stem extracts in inhibiting the growth of pathogenic bacteria like Staphylococcus aureus'>'3. Building upon
Dewi et al.** on formulating M. paradisiaca stem extract into serum preparations and evaluating their physical and antioxidant
properties, this study aims to investigate two key aspects. Firstly, we assess the organoleptic properties of the serum
preparation, including taste, aroma, and color, to gauge its acceptability among potential users. Secondly, we analyze the
production costs associated with M. paradisiaca stem serum preparations.

MATERIALS AND METHODS

Materials

Musa paradisiaca stems were obtained from East Duda Village, Selat, Karangasem, Bali, Indonesia (Figure 1). The botanical
identification was confirmed by the Plant Conservation Center of the Indonesian Institute of Sciences (LIPI), Eka Bedugul
Botanical Gardens (voucher specimen number B-337/IPH.7/ AP/XIl/2020). Other materials used in this study included
70% ethanol (Brataco®), xanthan gum, glycerin, potassium sorbate, sodium benzoate, distilled water, and DPPH (2,2-
diphenyl-1-picrylhydrazyl). The following equipment was used in this research included rotary evaporator, glassware
(Pyrex®), flannel cloth, gram scale (accuracy 0.1 g), digital analytical balance (accuracy 0.0001 g), and glass jar. A
questionnaire was developed to assess the level of acceptance of different M. paradisiaca stem serum formulations by
participants. Additionally, the questionnaire aimed to gather information regarding production costs.

Figure 1. Musaparadisiaca.

Methods

Preparation of extracts and phytochemical screening

Musa paradisiaca stems were thoroughly sorted and chopped into small pieces. The chopped M. paradisiaca stem was then
subjected to maceration extraction using 70% ethanol as the solvent. The maceration process was carried out for three cycles
of 24 hours each, with occasional stirring. The macerate was stored in a light-protected environment throughout the
extraction period. Following each maceration cycle, the mixture was filtered using a flannel cloth to separate the filtrate
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(extract) from the residue. The remaining residue was then re-extracted with fresh 70% ethanol using the same maceration
procedure. The combined filtrates from all maceration cycles were concentrated using a rotary evaporator under vacuum
until a thick extract was obtained.

Preparation of serum

Anoil-in-water (O/ W) type serum formulation was prepared as detailed in Table I. Xanthan gum was dispersed in 20 parts
of distilled water under constant stirring until an emulsion base formed. Glycerin was then gradually added to the mixture
with continuous stirring. Potassium sorbate, sodium benzoate, and M. paradisiaca stem extract were incorporated
sequentially into the mixture with continued slow stirring until a homogeneous product was obtained. Finally, distilled
water was added to reach a final volume of 100 mL while stirring continuously. The homogeneous serum (Figure 2) was
then stored in a pre-prepared container.

Table L. Musa paradisiaca stem serum formulation.
. . Concentration (%)

Material Name Function = B2 B3
Musa paradisiaca stem extract Active ingredients 4 8 12
Xanthan gum Thickener 0.5 0.5 0.5
Glycerin Humectant 10 10 10
Potassium sorbate Preservative 0.1 0.1 0.1
Sodium benzoate Preservative 0.1 0.1 0.1
Distilled water Solvent Ad 100 Ad 100 Ad 100

a b c
Figure 2. Musa paradisiaca stem serum F1 (a), F2 (b), and F3 (c).

Serum evaluation
The physical properties of the M. paradisiaca stem extract serum were assessed using the following methods: organoleptic
test, transferred volume test, pH test, and homogeneity test'%, as described in detail below.

Organoleptic test: The organoleptic properties of M. paradisiaca stem serum preparations were assessed visually. This
evaluation included observations of consistency, color, and smell.

Transferred volume test: The transferred volume test is performed to ensure that the M. paradisiaca stem extract serum retains
its designated dosage volume (100 mL) after transfer from its original container. This test verifies that at least 95% of the
prepared serum volume can be effectively transferred. The test involves transferring the entire M. paradisiaca stem extract
serum preparation to a measuring cup. The transferred volume is then measured, and the percentage of the initial volume
is calculated.

pH test: The acidity of the M. paradisiaca stem extract serum was determined using a pH meter. Five milliliters of the extract
serum were transferred to a clean, dry beaker. The pH meter electrode was immersed into the sample solution, ensuring
good contact without stirring. The pH reading was allowed to stabilize and recorded. The electrode was then rinsed
thoroughly with deionized water and patted dry with a lint-free tissue before further measurements.

Homogeneity test: The homogeneity of M. paradisiaca stem extract serum was assessed visually. A small amount of the extract
serum was placed on two clean glass slides. The presence or absence of coarse particles on both slides was evaluated to
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determine homogeneity. The extract serum was considered homogeneous if no coarse particles were observed on either
slide. Conversely, the presence of coarse particles on either slide indicated inhomogeneity.

Hedonic test sampling technique

This study employed a non-probability sampling approach, specifically utilizing a combination of incidental sampling and
quota sampling techniques. Incidental sampling involved recruiting participants who met the inclusion criteria on an
opportunistic basis. These criteria included being between the ages of 20 and 30 years old, identifying as male or female,
having a self-reported healthy body condition, and expressing willingness to participate. Quota sampling ensured that the
final sample composition reflected pre-determined proportions based on gender (female/male). A total of 50 participants
were recruited using this combined approach. All participants provided written informed consent after being thoroughly
briefed about the study's objectives, procedures, and potential risks/benefits. This study received ethical approval from the
Health Research Ethics Committee at STIKES Bina Usada Bali (approval No. 052/EA /KEPK-BUB-2024).

Hedonic test data collection technique

A questionnaire was used to collect data from this study's participants. The questionnaire, accessible via a Google Form link
(https:/ /forms.gle/yPKt8STBMe7UtJxPi6), was distributed to a sample of 50 panelists at Universitas Mahasaraswati
Denpasar. A production cost analysis was conducted for each M. paradisiaca stem serum formula. This involved identifying
and analyzing each cost component associated with the production of each formula. The analysis considered the market
price of similar serums (IDR 100,000.00) as a reference point.

Data analysis

Hedonic testing was conducted to evaluate the sensory acceptability of the M. paradisiaca stem serum product by a panel of
50 assessors. Panelists evaluated the color, taste, and aroma of the serum using a standardized checklist with a four-point
hedonic scale: highly preferred (4), preferred (3), less preferred (2), and not preferred (1). The data were tabulated according
to frequency distribution and analyzed descriptively using percentages. Results are presented in both narrative and chart
formats. Production cost analysis employed quantitative technical methods, including calculations, interviews, record-
keeping, and observations. This process aimed to determine the cost of producing the M. paradisiaca stem serum preparation.

RESULTS AND DISCUSSION

Organoleptic evaluation revealed that all M. paradisiaca stem extract serum formulations (F1, F2, and F3) displayed a
consistent appearance: a slightly thick, brown liquid with a characteristic M. paradisiaca stem extract odor. This coloration
and aroma are inherent properties of the M. paradisiaca stem extract itself. Visual assessment of homogeneity confirmed the
absence of coarse particles in all formulations, indicating good physical stability. The pH of each formulation was measured
to ensure compatibility with the skin's natural acidic range (pH 4.5-6.5). All formulations exhibited a pH of 6, suggesting
minimal potential for skin irritation. Finally, a transferred volume test was conducted to assess the delivered dosage volume
from each formulation. All formulations (F1, F2, and F3) achieved transferred volumes exceeding the 95% minimum
requirement, with values of 98%, 98%, and 97%, respectively. Previous studies from Syarifah et al.1® showed similar results
for serum from M. paradisiaca fruit skin, indicating the stability of serum produced from M. paradisiaca parts. Detailed results
for all evaluations are presented in Table IL

Table II.  Organoleptic test results of M. paradisiaca stem serum.

Test parameters F1 F2 F3
Consistency Slightly thick liquid Slightly thick liquid Slightly thick liquid
Color Light brown Dark brown Dark brown
Smell Characteristic smell of extract Characteristic smell of extract Characteristic smell of extract
Transferred volume (%) 98 98 97
pH 6 6 6
Homogeneity Homogeneous Homogeneous Homogeneous

Panelists evaluated the sensory attributes (aroma, texture, stickiness, and viscosity) of M. paradisiaca stem serum
formulations (F1, F2, and F3) using a scoring. Formulations received consistently high scores (4) for aroma, texture, and
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stickiness across all groups, indicating overall panelist satisfaction with these aspects. Formulations F1 and F2 received high
viscosity scores (4), suggesting a preference for their consistency compared to F3. Regarding color, panelists showed a mild
preference for F1 (score 3) compared to F2 and F3. As Palmer and Schloss reported”, people have a tendency towards
products with their favorite colors. In this case, the color of the M. paradisiaca stem extract may not be liked by the panelists.
Overall, formulations F1 and F2 were favored by the panelists based on the combined hedonic scores, as shown in Table
I

Table III. Hedonic test results of M. paradisiaca stem serum.

Formulas Aroma Viscosity Texture Color Sticky effect Whole products
F1 4 4 4 3 4 4
F2 4 4 4 2 4 4
F3 4 3 4 2 4 3

Note: 4: highly preferred; 3: preferred; 2: less preferred; 1: not preferred

Panelist satisfaction with various parameters of the M. paradisiaca stem extract serum formulations was assessed using a
hedonic test (Table IV). Panelists indicated a high degree of satisfaction (96%) with the aroma across all formulations.
Basically, aroma is one of the main factors in panelists' preference for topical products such as serum?8. However, responses
regarding viscosity, texture, color, and stickiness revealed a preference for formulation F1 compared to F2 and F3. The
concentration of M. paradisiaca stem extract significantly impacted the color of the serum preparations. The hedonic test
results from 50 panelists evaluating five parameters suggest that panelists found F1 to be more aesthetically pleasing than
F2 and F3. This difference in color preference can be attributed to the varying concentrations of the extract across the
formulations®. The F1, containing the lowest concentration of M. paradisiaca stem extract (4%), exhibited a lighter brown
color compared to F2 (8% extract) and F3 (12% extract). In the context of facial serums, a lighter color is generally considered
more desirable??. Therefore, higher concentrations of the extract, while potentially increasing the product's efficacy, may
lead to a less visually appealing?.

Table IV. Level of likeness for M. paradisiaca stem serum.

Formulas Aroma (%) Viscosity (%) Texture (%)  Color (%) Sticky effect (%) Whole products (%)
F1 96 96 98 80 98 93
F2 96 96 96 62 96 88
F3 96 83 94 46 96 83

Determining the production cost of M. paradisiaca stem serum is crucial for establishing a sustainable and commercially
viable product. Production cost directly influences the selling price, which is a key factor influencing market
competitiveness®. Three primary cost components are considered in production cost analysis: raw materials, labor, and
factory overhead?. Accurate recording and classification of these costs are essential. For this study, we employed variable
costing, a method that considers only variable production costs. This approach is particularly suited for small-scale
production?, such as the research-oriented production of M. paradisiaca stem serum preparations employed here. Variable
costs fluctuate in direct proportion to the volume of production and include raw materials, direct labor, and variable factory
overhead costs. By utilizing variable costing, we can gain a more accurate understanding of the cost associated with each
unit of serum produced?.

Raw materials, the unprocessed components used in a product's manufacture, represent a significant cost factor in
production processes. They are directly incorporated into the final product and can be physically identified within it%. A
detailed breakdown of the raw material costs for the M. paradisiaca stem serum formulations is presented in Table V.

Table V. Raw material costs for 10 bottles of M. paradisiaca stem serum.

Raw materials Quantity (g) /100 mL Price (g/L) Total cost @1 bottle (IDR) Total cost 10 bottles (IDR)
Musa paradisiaca stem 4 5000 20,000.00 200,000.00
Xanthan gum 0.5 1000 200.00 2,000.00
Glycerin 10 100 1,000.00 10,000.00
Potassium sorbate 0.1 300 30.00 300.00
Sodium benzoate 0.1 200 20.00 200.00
Distilled water Ad 100 5000 500.00 5,000.00
Total 21,750.00 217,500.00
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Direct labor costs are those directly attributable to the production process and can be readily traced back to the finished
product (as detailed in Table VI). These costs are typically calculated based on factors such as working hours, working days,
or product units?. In this study, direct labor costs encompassed laboratory rental and plant identification expenses. Utilizing
a rented laboratory space was necessary due to the small-scale nature of the research. Additionally, costs associated with
plant identification were incurred to ensure the precise identity of the plant materials used.

Table VI. Direct labor costs for 10 bottles of M. paradisiaca stem serum.

Direct labor Costs (IDR)
Laboratory rental 75,000.00
Determination 240,000.00
Total 315,000.00

Factory overhead costs encompass indirect manufacturing expenses incurred during production, excluding direct labor
costs and raw materials®. In this study, factory overhead costs included expenses associated with packaging materials (drop
bottles for serum, dosage packaging) and graphic design (sticker design). A detailed breakdown of the factory overhead
costs for the M. paradisiaca stem serum formulations is presented in Table VII.

Table VII. Factory overhead costs for 10 bottles of M. paradisiaca stem serum.

Factory overhead Costs (IDR)
Bottle 22,500.00
Preparation packaging 35,000.00
Sticker design 25,000.00
Total 82,500.00

The total cost of producing M. paradisiaca stem serum preparations, as detailed in Tables V to VII, was IDR 614,000.00. Using
a variable costing approach, the cost per bottle of M. paradisiaca stem serum in a 10-bottle batch translates to IDR 61,400.00
per 10 mL bottle. A separate consumer survey (Table VIII) revealed that the preferred price for a bottle of M. paradisiaca
stem serum was IDR 55,000.00, which falls below the calculated production cost. This discrepancy between production cost
and consumer preference highlights the need for further cost reduction strategies or the exploration of methods to enhance
the perceived value of the M. paradisiaca stem serum product?®.

Table VIIIL. Survey results of 86 respondents in determining the price of M. paradisiaca stem serum per 10 mL bottle.

The desired price for a 10 mL bottle Voters (n (%))
50,000.00 18 (21)
55,000.00 42 (49)
60,000.00 8 (9)
65,000.00 14 (16)
70,000.00 4 (5)
Total 86 (100)
CONCLUSION

In conclusion, the sensory evaluation results demonstrated a strong preference for F1 compared to F2 and F3. Panelists rated
F1 highest (80% satisfaction) for aroma, viscosity, texture, color, and stickiness. The addition of higher extract concentrations
in F2 and F3 appears to have negatively impacted these sensory attributes. The variable costing method revealed a total
production cost of IDR 614,000.00 for 10 bottles of M. paradisiaca stem serum preparations, translating to an estimated price
per product of IDR 61,400.00.
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Abstract

Diabetic foot ulcers (DFUs) are a major complication of diabetes
mellitus, significantly impacting patients' quality of life (QoL)
due to the heightened risk of infection and amputation.
Pharmacists play a crucial role in managing diabetes and its
complications, and assessing QoL can be a valuable tool for
monitoring treatment success and medication effectiveness.
This review explores instruments used to measure QoL in
patients with DFUs, encompassing both general and disease-
specific tools. We examine the impact of DFUs on QoL and
discuss various theoretical frameworks used to understand this
complex relationship.
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INTRODUCTION

Diabetes mellitus (DM) is a global health crisis, with an estimated 537 million people affected in 2021. This number is
projected to rise significantly in the coming decades. One of the most concerning complications of DM is diabetic foot ulcers
(DEUs). These ulcers dramatically increase the risk of infection, amputation, and disability, leading to poor quality of life
(QoL) and premature mortality?. Up to 34% of diabetic patients will experience foot ulcers during their lifetime’.

The underlying mechanisms of DFU development are not fully understood. Impaired immune function in diabetic
individuals significantly increases their susceptibility to wound infections*. Studies have shown that DFU development is
associated with a five-fold increase in mortality within the first year and a forty-two percent mortality rate within five years®.
Additionally, patients with DFUs experience increased morbidity, lower health-related QoL, and poorer psychosocial well-
being?.

Recognizing the significant impact of DFUs on QoL, healthcare professionals are increasingly emphasizing the importance
of QoL assessment and monitoring as an essential outcome measure in diabetes care. A patient's QoL can significantly
influence their self-care behaviors, which in turn, affect their diabetes control”. Pharmaceutical services play a crucial role in
achieving positive treatment outcomes and improving patient QoL. Pharmacist-implemented pharmaceutical care
programs, often in collaboration with other healthcare professionals, have been established worldwide to enhance clinical
outcomes and health-related quality of life (HRQoL)S.

Quality of life can be measured using various instruments, categorized as generic or disease-specific. Generic instruments,
like the SF-36 and EQ-5D, assess QoL as a multidimensional concept encompassing cultural, social, psychological, and
physical health aspects®. Disease-specific instruments, also known as HRQoL measures, focus on specific areas of health and
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QoL relevant to a particular disease or treatment'’. This review explores various theories on DFU development, their impact
on QoL, and compares different QoL measurement instruments.

DEFINITION OF DIABETIC FOOT ULCERS

Diabetic foot ulcers represent a significant complication of diabetes mellitus, encompassing a spectrum of pathological
conditions. The most common manifestation, a full-thickness skin breakdown extending into the dermis, is termed an
ulcer™. However, DFUs can also present without overt skin compromise, manifesting as infections like cellulitis or
osteomyelitis. Diabetic foot ulcers can be further categorized as acute or chronic. Chronic DFUs are particularly concerning,
as they exhibit impaired healing and are strongly linked to adverse outcomes such as amputation’?. Any wound persisting
unhealed beyond four weeks warrants heightened clinical attention due to the increased risk of amputation®.

PATHOPHYSIOLOGY OF DIABETIC FOOT ULCERS

Diabetic foot ulcers are a debilitating complication affecting a significant portion of the diabetic population. Several risk
factors are well-established as predisposing individuals to DFU development, including poor glycemic control, peripheral
neuropathy, peripheral vascular disease, and immunosuppression'. Peripheral neuropathy, in particular, leads to a series
of events that contribute to ulcer formation. It causes intrinsic muscle atrophy, resulting in functional anatomical changes
like hammer toe formation. These deformities create "high-pressure zones" on the plantar surface of the foot, particularly at
the metatarsal heads (Figure 1)%>. Repetitive microtrauma goes unnoticed due to decreased sensation and proprioception,
further promoting skin injury. Additionally, atrophy and dislocation of the protective plantar fat pad can occur, leaving the
underlying tissue vulnerable to ulceration and infection®.

ischemia due to
tibial/peroneal artery
occlusion disease

\

toes curled in

\ L/E \
. ’/.
BAN

cavus deformity with sensation
increased pressure
under metatarsal heads

Figure 1. Mechanisms associated with the diabetic foot™.

Inadequate foot care practices further exacerbate the risk. Failure to use moisturizing creams or neglecting to promptly
address early signs of dermal trauma (redness, blisters) can lead to ulceration and potentially, invasive soft tissue infections.
Continued ambulation on an injured foot without prompt intervention allows tissue damage to progress'”. Notably, the
presence of neuropathy, foot deformity, or a history of toe amputation dramatically increases the risk of ulceration (by 32
times). In the most severe cases, the destructive process of trauma and infection can penetrate the deep fascia, allowing the
spread of infection into the midfoot muscles, joints, and along tendon sheaths. This highlights the critical role of early
intervention in preventing the devastating consequences of DFUs, including a significant contribution to lower extremity
amputations in diabetic patients'>1s.
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MANAGEMENT OF DIABETIC FOOT ULCERS

Diabetic foot ulcers are a serious complication affecting millions of people with diabetes worldwide. These chronic wounds
can significantly impact a patient's QoL and pose a major healthcare burden. Effective management of DFUs requires a
multidisciplinary approach that addresses the underlying causes, promotes wound healing, and prevents future
complications. This includes optimizing blood sugar control, offloading pressure from the wound, proper wound care
techniques, and potentially addressing vascular issues. Early intervention and a comprehensive treatment plan are crucial
to minimize tissue damage, prevent amputation, and improve patient outcomes’. According to Giazcomozzi et al®,
management of DFUs explained in Figure 2.

Patient education

*Early intervention is essential in managing diabetes and preventing complications. This includes patient
education on foot care practices and strategies for maintaining optimal blood sugar control.

Blood sugar control

*Treatment decisions for diabetic foot complications are multifaceted, considering both the severity of the disease
and the patient's attitude towards treatment, particularly insulin therapy. Primary care physicians, podiatrists,
and vascular specialists work collaboratively to develop a personalized treatment plan that addresses the specific
needs of each patient.

Lowering pressure, preventing further or new trauma

*Managing pressure is a critical aspect of preventing tissue damage and promoting healing in various medical
conditions. Clinicians employ a diverse range of strategies to achieve this goal, including the use of assistive
devices like crutches and wheelchairs, as well as immobilization techniques such as casting.

Improves peripheral vascular circulation

* Antiplatelet agents play a crucial role as the initial line of treatment for patients experiencing insufficient blood
flow due to blocked or narrowed arteries. However, in cases where these medications prove inadequate, surgical
intervention through bypass grafting may become necessary.

Prevent or control infection

¢ Effective management of infectious processes often relies on a two-pronged approach: systemic antibiotic therapy
and surgical debridement. This combined strategy, known as systemic and wound source control, targets both
circulating pathogens and the localized source of infection within the wound bed.

Topical ulcer treatment

¢ Effective wound management relies on a combination of topical agents, dressings, and debridement techniques.
Superficial ulcers, characterized by minimal tissue damage, often respond well to occlusive or semi-occlusive
dressings that create a moist wound environment to promote healing. In contrast, full-thickness ulcers, which
involve deeper tissue layers, typically require specialized dressings containing biocompatible materials like
hyaluronic acid or collagen to support healing. Additionally, surgical debridement, the removal of devitalized
tissue, may be necessary to facilitate healing in full-thickness wounds.

Figure 2. Management of DFUS?.

DEFINITION OF QUALITY OF LIFE

The concept of QoL goes beyond simply being alive. It encompasses a person's physical and mental well-being, their social
connections, and their ability to live a fulfilling life according to their own values and goals. Quality of life is a subjective
experience, meaning; it varies greatly from person to person. Understanding and measuring QoL is crucial in various fields,
including healthcare, social policy, and development studies. By examining factors that contribute to a good QoL, we can
work towards improving individual and societal well-being?. The World Health Organization defines QoL as a person's
perception of their position in life in the context of the value systems and culture in which they live and about their goals,
expectations, standards, and concerns?. Nemcova et al.? describes QoL as the patient's level of physical and psychosocial
well-being, independence, life satisfaction, and the experience of feelings of success in various areas of daily life.

217



Borneo Journal of Pharmacy, Vol 7 Issue 2, May 2024, Pages 215 - 223 e-ISSN: 2621-4814

IMPACT OF DIABETIC FOOT ULCERS ON QUALITY OF LIFE

The presence of DFUs significantly impacts patients' HRQoL. Patients with DFUs experience a multitude of challenges,
including disability, reduced mobility, and difficulty performing daily activities. These limitations have a profound negative
effect on their physical, social, and psychological well-being?%. Compared to diabetics without DFUs, individuals with
these ulcers report higher levels of depression, lower life satisfaction, and poorer psychosocial adjustment to their illness®.
The assessment of HRQoL is crucial for establishing evidence-based treatment protocols for DFUs?. Decreased mobility, a
direct consequence of DFUs, significantly hinders patients' ability to perform daily tasks and participate in leisure activities®.
Studies like Alrub et al.? support this notion, demonstrating that patients with DFUs have lower scores on physical and
mental health components of HRQoL assessment scales.

Diabetic foot ulcers pose a significant physical and psychological burden on patients. Beyond the risk of lower limb
amputation (nerve damage or deformity) and recurrent ulceration (39% in the first year, decreasing to 18% and 12.8% in the
second and third years, respectively), DFUs can lead to permanent disability, particularly when complicated by infection®.
The emotional toll of DFUs is substantial. Patients often experience fear of amputation and re-ulceration, contributing to
negative mood and sleep disturbances®. Proper wound care is crucial to prevent amputation, but the associated costs can
be a significant source of stress®2. Job loss, reported in up to 50% of DFU patients, further diminishes self-esteem, particularly
among younger individuals®. Compared to diabetic patients without DFUs, those with DFUs experience higher levels of
anger, frustration, depression, and powerlessness®3.

The financial burden of DFUs is substantial. Baroroh et al.% reported that the average monthly cost of managing type 2
diabetes with complications ranged from IDR 128,143 to IDR 1,174,342, with DFU medication costs alone reaching IDR
127,094 per day. Inpatient management focused on infection control with antibiotics, often injectables, further inflates
medication costs.

QUALITY OF LIFE MEASUREMENT INSTRUMENTS

Diabetic Foot Ulcer Scale-Short Form (DFS-SF)

The diabetic foot ulcer scale (DFS) is a comprehensive instrument for assessing QoL in individuals with DFUs. It consists of
58 items categorized into 11 domains encompassing various aspects of well-being, such as leisure time, physical health, daily
activities, and emotional well-being®. A shorter version, the diabetic foot ulcer scale-short form (DFS-SF), was developed
with 29 items grouped into six subscales: leisure, daily life dependence, negative emotions, physical health, wound concerns,
and wound care burden®. Both the DFS and DFS-SF have been psychometrically evaluated, demonstrating good validity
and reliability. Each item utilizes a 5-point Likert scale, ranging from "not at all" or "never" (1) to "a lot," "always," or "very
often" (5).

The DFS-SF's adaptability and validity have been established across diverse populations. For instance, a Brazilian study
prospectively adapted and validated the DFS-SF for the Spanish-speaking population®. Similar validations have been
conducted for Polish®, Greek®, Chinese®,, Dutch®?, Korean®, and Indian*. These translated versions consistently
demonstrate good psychometric properties, highlighting the instrument's versatility for cross-cultural use.

Cardiff Wound Impact Scale (CWIS)

The Cardiff wound impact schedule (CWIS) is a validated tool specifically designed to assess HRQoL in individuals with
chronic wounds, such as leg ulcers and DFUs®. This 47-item questionnaire comprises four scales:

1. Demographic and clinical characteristics (3 items)

2. Global HRQoL (1 item)

3. Satisfaction with HRQoL (1 item)

4. Impact of the wound on lifestyle (42 items)

The last scale delves deeper into three key domains:

1. Social life (14 items): explores stress (7 items) and experiences (7 items) related to the wound.

2. Well-being (7 items)
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3. Physical symptoms and everyday living (24 items): further divided into stress (12 items) and experience (12 items)
associated with the wound.

All three domains utilize a 5-point Likert scale ranging from "not at all" to "always" for scoring. The total CWIS score ranges

from 0 (indicating poorer HRQoL) to 100 (indicating higher HRQoL)%*.

36-Itemn Short-Form Health Survey (SF-36)

The 36-item short-form health survey (SF-36)* is a widely used generic instrument for assessing patient health status. This
multicultural scale comprises 36 questions categorized into eight domains: physical functioning (PF; 10 items), general
health (GH; 5 items), role limitations due to physical health (RP; 4 items), bodily pain (BP; 2 items), social functioning (SF; 2
items), vitality (VT; 4 items), role limitations due to emotional problems (RE; 3 items), and mental health (MH; 5 items). Each
domain is scored on a 0-100 scale, with higher scores indicating better health.

EuroQoL 5D Health Utility Index (EQ-5D)

The EuroQoL 5D health utility index (EQ-5D) instrument is a widely used and validated tool for assessing HRQoL in
individuals with various chronic conditions®#. It evaluates patients' physical, mental, and social functioning across five
dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension has three levels
of severity: no problems, some problems, and extreme problems. A single index score (EQ-5D index value) is derived by
combining these dimensions using established value sets, such as UK weights. Additionally, the EQ-5D incorporates a
visual analog scale (VAS) where participants rate their current health status on a 0 (worst) to 100 (best) scale. Three versions
of the EQ-5D exist: EQ-5D-3L, EQ-5D-5L, and EQ-5D-y. The 5-level version (EQ-5D-5L) was introduced in 2009 by the
EuroQol Group to enhance the instrument's sensitivity and reduce ceiling effects compared to the earlier 3-level version®.

COMPARISON BETWEEN INSTRUMENTS MEASURING QUALITY OF LIFE

Two main types of instruments are used to measure QoL: generic questionnaires and disease-specific questionnaires.
Generic instruments assess the impact of various health conditions on overall health across different domains. They are
particularly useful when patients have multiple chronic conditions or experience side effects from medications. Conversely,
disease-specific questionnaires focus solely on aspects relevant to a particular disease, allowing for more sensitive detection
of changes in QoL resulting from treatment or intervention.

A study by Yordanova et al.%> compared the EQ-5D and SF-36 instruments, finding the EQ-5D to be less responsive to
variations in patient health status compared to the SF-36. Macioch et al.® reported that the Polish translation and validation
of the DFS-SF instrument demonstrated superior psychometric performance compared to the SF-36. While the CWIS is not
specifically designed for diabetic foot ulcers (DFUs), it can effectively discriminate between healed and unhealed ulcers.
Additionally, Jeffcoate et al.5® demonstrated the CWIS's sensitivity to wound healing in a randomized clinical trial evaluating
different dressing types for DFUs. The heightened sensitivity of disease-specific instruments like the DFS-SF compared to
generic instruments can be attributed, in part, to the extensive use of generic instruments in past QoL studies®.

CONCLUSION

Diabetic foot ulcers significantly impact patients' QoL and are a major concern due to the increased risk of infection and
morbidity. While established standards of care exist, assessing therapeutic outcomes beyond clinical success is crucial. This
includes evaluating patient QoL and cost-effectiveness through pharmacoeconomic studies using cost-utility analysis
(CUA). Our review highlights the trade-offs between generic and disease-specific patient-reported outcome measures
(PROMs) used to assess QoL. Generic instruments offer the advantage of facilitating comparisons across diverse
populations, conditions, and interventions. However, they may be less sensitive to specific aspects of a patient's experience.
Conversely, disease-specific instruments demonstrate increased clinical sensitivity and responsiveness to changes in a
patient's condition. However, their applicability is limited to specific patient groups and conditions.
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Trend in the Utilization of Antipsychotics in the National Health
Coverage Era in Indonesia: A Cross-Sectional Study

Julaeha Abstract

Verra Yuliana 2 The utilization pattern of antipsychotics has undergone
significant changes since the introduction of atypical

Josephine Paramita Ayuningtyas 3 antipsychotics. Currently, medication for patients with

schizophrenia predominantly uses atypical antipsychotics
rather than typical antipsychotics. This study aimed to present
the updated utilization pattern of antipsychotics among
Indonesians. A cross-sectional study was conducted in 2019-
2020 at the National Mental Hospital in Indonesia. Data were
collected from medication-used reports from either inpatients
or outpatients. A descriptive analysis was conducted to present
the pattern and the annual total cost for each antipsychotic used.
The pattern of typical antipsychotics used from 2019 to 2020 was
likely to decline. The total cost estimated for typical
antipsychotics in 2019 was IDR 475 million, and IDR 420 million
in 2020. Trifluoperazine 5 mg was the most commonly typical
antipsychotic used, followed by chlorpromazine 100 mg and
haloperidol 5 mg. Eventually, the pattern of atypical
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+6281392952832 antipsychotics used was likely to increase. The total cost was
estimated at IDR 3.2 billion in 2019 and IDR 3.8 billion in 2020.
Risperidone 2 mg was the most commonly atypical
antipsychotic used, followed by clozapine 25 mg and
risperidone 3 mg. This study proves the trend toward increased
atypical antipsychotics used. Accordingly, the cost of
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INTRODUCTION

Mental disorders represent a significant global health burden, accounting for nearly one-third of all years lived with
disability (YLDs) according to the World Health Organization (WHO)™. Antipsychotics have become a cornerstone of
treatment for various mental health conditions, particularly schizophrenia? The introduction of chlorpromazine in the 1950s
revolutionized schizophrenia treatment, followed by the development of additional antipsychotics. This led to a rise in
antipsychotic prescribing for a broader range of mental disorders?.

Two main classes of antipsychotics are typically used: typical and atypical. Typical antipsychotics, such as haloperidol,
chlorpromazine, and trifluoperazine, effectively manage positive symptoms of schizophrenia but can cause extrapyramidal
side effects (EPS)*. Atypical antipsychotics, including clozapine, risperidone, quetiapine, olanzapine, and aripiprazole, offer
broader symptom control (positive and negative) with a lower risk of EPS. While atypical antipsychotic monotherapy is
currently preferred for schizophrenia due to its improved side effect profile and positive impact on quality of life,
combination or polypharmacy regimens are still commonly used?®. Polypharmacy can lead to issues like non-adherence,
increased drug-drug interactions, and adverse effects, including metabolic problems and higher medication costs’.
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Schizophrenia is one of nine chronic diseases covered by Indonesia's national health programs. The economic burden of
schizophrenia is significant, with estimates suggesting annual costs of 100 billion USD for rehospitalizations and 290 USD
per patient due to non-adherence’. In Indonesia alone, the annual cost of illness per schizophrenia patient is estimated at 32
million IDR™,

As defined by the WHO, drug utilization refers to "the marketing, distribution, prescription, and use of drugs in society with
special emphasis on the resulting medical, social, and economic consequences"+12, Drug utilization studies provide valuable
insights into medication prescribing patterns and their use in disease management. Given the widespread use of
antipsychotics and the potential economic and health-related consequences associated with polypharmacy, this study aims
to describe and evaluate the utilization patterns and costs of antipsychotics in the treatment of mental disorders.

MATERIALS AND METHODS

Materials

Data on antipsychotic usage patterns and annual costs were obtained from the Pharmacy Department of Menur Mental
Hospital, Surabaya, East Java, Indonesia. This study was designed to adhere to the ethical principles outlined in the
Declaration of Helsinki'3. The study protocol was approved by the Ethics Committee of Menur Mental Hospital, Surabaya,
East Java, Indonesia (reference number: 070/7556,/305/2019).

Methods

A cross-sectional study was conducted from 2019 to 2020 to collect data on medication use among inpatients and outpatients
at the National Mental Hospital in Indonesia. The study included patients with a diagnosed mental disorder, regardless of
their inpatient or outpatient status. Data were collected retrospectively from pharmacy department reports spanning the
two-year period.

Data analysis

This study employed a descriptive analysis to investigate the epidemiology of mental disorders, antipsychotic medication
utilization patterns, and associated costs within the hospital setting. We collected data on the following epidemiology
patterns of mental disorders, percentage of typical and atypical antipsychotics used, pattern of long-acting injection (LAI)
use, and annual total cost for each antipsychotic used.

RESULTS AND DISCUSSION

We analyzed antipsychotic utilization data retrieved from the Pharmacy Department's usage reports for a two-year period,
January 2019 to December 2020. Schizophrenia was the most frequently diagnosed mental health disorder in tertiary referral
hospitals, accounting for 64.87% of cases in 2019 and 48.52% in 2020. These findings suggest that a substantial proportion of
antipsychotic medications dispensed are likely used for schizophrenia treatment.

Patterns of antipsychotics use

Schizophrenia emerged as the most prevalent mental health disorder among both inpatients and outpatients in the present
study, followed by disorders stemming from brain damage and dysfunction. These findings align with previous research
by Sweileh et al.3, Patted ef al#, and Thakkar et al.*, who identified schizophrenia as a leading indication for antipsychotic
medication. As illustrated in Figure 1, the use of atypical antipsychotics steadily increased from 57% in 2019 to 63% in 2020.
Conversely, the use of typical antipsychotics exhibited a declining trend, dropping from 43% to 37% over the same period.
Our study revealed a rising trend in the use of atypical antipsychotics for schizophrenia treatment. This suggests a shift in
treatment practices, with atypical medications becoming the preferred first-line therapy. These findings contrast with studies
from Palestine and Sudan, where typical antipsychotics reportedly comprised 85.7% and 93.9% of prescribed medications,
respectively3'. This difference aligns with observations from other studies conducted in India, the USA, Japan, and Canada,
which documented widespread use of atypical antipsychotics for mental illness?!¢78. It's important to acknowledge that
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economic considerations often influence antipsychotic prescribing patterns in low-income countries, where the lower cost
of typical medications may lead to their continued dominance®.
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Figure 1. Use of typical and atypical antipsychotics in 2019 and 2020.

Figure 2 depicts the most frequently prescribed typical antipsychotics in 2019-2020. Trifluoperazine 5 mg emerged as the
most commonly used medication (56.53%), followed by chlorpromazine 100 mg (21.95%) and haloperidol 5 mg (16.84%).
Figure 3 illustrates the most widely used atypical antipsychotics during the same period. Risperidone 2 mg stood out as the
most prescribed medication in this category (33.23%), with clozapine 25 mg (24.51%) and risperidone 3 mg (22.07%)
following closely behind.
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Figure 2. Number of typical antipsychotics use in 2019 and 2020.

226


https://journal.umpr.ac.id/index.php/bjop
https://portal.issn.org/resource/ISSN/2621-4814

Julaeha, Yuliana V, Ayuningtyas JP. 2024. Trend in the Utilization of Antipsychotics in the National Health Coverage Era in Indonesia: A ...

Closapine 25 ms T,
Clozapine 100 mg - 9%6729856
Risperidone 1 mg - 45%695703
Risperidone 2, T
Risperidone 3y [T
Olanzapine 10 mg mﬂg%&n
Quetiapine 100 mg (1)47
Quetiapine 200 mg 891
Quetiapine XR 200 mg I ﬁggg
Quetiapine XR 300 mg . 114667 47 42
Quetiapine XR 400 mg l %g%gg
Aripiprazole 10 mg 2%49%925
Aripiprazole 15 mg 1%2%5
Aripiprazole oral sol g
Risperidone oral sol %%1
Risperdal consta 37.5 mg %%
Risperdal consta 50 mg %4
Olanzapine injection ;%8
0 100000 200000 300000 400000 500000 600000 700000

m2020 m2019

Figure 3. Number of atypical antipsychotics use in 2019 and 2020.

The National Mental Hospital, specializing in complex cases, may explain the observed higher use of clozapine, the second
most commonly prescribed atypical antipsychotic. Clozapine is often reserved for patients with refractory schizophrenia or
those who do not respond adequately to other atypical antipsychotics, aligning with established clinical guidelines for first-
episode schizophrenia treatment, which recommend risperidone and aripiprazole as first-line options®. Trifluoperazine
emerged as the most commonly prescribed typical antipsychotic in our study. This aligns with findings from a study in
India™. However, these observations differ from reported practices in Palestine and Sudan, where chlorpromazine and
haloperidol, respectively, were the preferred choices®. The cost-effectiveness of chlorpromazine and haloperidol might
explain their wider use in low-income settings compared to middle- or high-income countries.

Risperidone, with a variable dosage of 2 mg, was the most commonly used atypical antipsychotic in this study. This finding
is consistent with research conducted in Korea, Spain, Pakistan, and Canada, where risperidone was similarly favored9-
3, Several factors likely contribute to risperidone's widespread use, including its affordability, availability in various dosage
forms, and a generally lower risk of metabolic side effects compared to olanzapine and quetiapine?. However, our results
diverge from those reported in Turkey, the USA, and India, where quetiapine and olanzapine, respectively, were prescribed
more frequently’62.
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Annual cost of antipsychotic

Our analysis of antipsychotic medication costs revealed distinct trends for atypical and typical medications over the two-
year study period (Figure 4). The total annual cost of atypical antipsychotics exhibited an increasing trend, rising from IDR
3.2 billion in 2019 to IDR 3.8 billion in 2020. Conversely, the total annual cost of typical antipsychotics showed a decreasing
trend, with costs dropping from IDR 475 million in 2019 to IDR 420 million in 2020. Table I provides a detailed breakdown
of the total costs for each atypical and typical antipsychotic medication, respectively.
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Figure 4. Total cost of typical and atypical antipsychotics in 2019 and 2020.
Table L. Total cost of typical and atypical antipsychotics in 2019 and 2020.
Name of drug Strength of dose Total cost of drug per year (IDR)
2019 2020
Haloperidol 0.5mg 424,930 212,856
1.5 mg 1,699,377 673,898
5mg 12,789,600 11,906,580
Haldol decanoate injection* 50 mg/mL 52,270,800 47,712,300
Lodomer injection 2 mg/mL 11,373,615 16,443,355
Lodomer drops 2 mg/mL 439,010 1,217,255
Trifluoperazine 5mg 205,343,621 182,048,405
Stelazine 5mg 17,731,424 2,345,207
Sikzonoate injection* 25 mg/mL 104,745,082 96,810,666
Chlorpromazine 100 mg 52,223,956 60,248,000
Cepezet 100 mg - 431,145
Abilify 10 mg 482,147,688 573,431,430
15 mg 345,675,600 559,871,136
Oral solution - 3,941,580
Arinia 15 mg 51,736,000 85,207,500
Clozapine 25 mg 460,079,699 501,580,240
100 mg 291,872,472 310,748,880
Clorilex 25 mg 11,984,400 8,910,440
100 mg 8,303,400 15,705,228
Sizoril 25 mg 306,295,640 106,272,738
100 mg - 2,727,296
Risperidone 1mg 10,823,280 13,560,720
2mg 159,669,580 165,935,077
3 mg 162,546,120 193,995,560
Rizodal 2mg 313,072,500 76,773,150
Neripros 2mg 21,956,040 7,462,917
Neripros oral solution 1 mg/mL 15,686,000 26,633,673
Risperdal consta 37.5mg 18,849,600 10,452,332
50 mg 19,771,500 1,924,923
Olanzapine 10 mg 151,355,925 248,653,125
Zyprexa injection 10 mg 100,666,832 101,797,920
Zyprexa zydis 10 mg 6,331,273 858,477
Serequel XR 200 mg 213,975,720 214,860,377
300 mg 242,958,604 278,264,252
400 mg 328,884,940 321,018,400
Quetvell 100 mg - 1,474,758
200 mg - 4,593,530
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Despite their higher cost compared to typical antipsychotics, several factors contribute to the widespread use of atypical
antipsychotics in Indonesia. Firstly, atypical antipsychotics are more readily available in the country, with most being
covered by National Health Insurance. Secondly, the Indonesian Psychiatric Society recommends atypical antipsychotics as
the first-line treatment for schizophrenia. This preference stems from their potential advantages, including greater efficacy
in managing both negative and positive symptoms, improved cognitive function in patients, and a higher quality of life.
Additionally, atypical antipsychotics are associated with fewer EPS, a side effect that can significantly impact patient
adherence to treatment regimens®. Poor adherence can lead to increased overall medication costs, creating a financial
burden for patients and their families?”. While atypical antipsychotics are typically eight to nine times more expensive than
typical options, the long-term benefits they offer may justify the higher cost.

The cost of antipsychotic medication is influenced by both dosage and treatment duration. As shown in Table I,
trifluoperazine was the most expensive typical antipsychotic per unit per year, followed by chlorpromazine and
haloperidol. Among atypical antipsychotics, aripiprazole was the costliest per unit per year, followed by clozapine and
quetiapine. The higher prices of aripiprazole and quetiapine can likely be attributed to the limited availability of generic
versions of these medications. Risperidone, a more affordable atypical antipsychotic, is consequently used more widely in
Indonesia®.

Long-acting injection antipsychotics

Our study found that among the three currently available and nationally formulated LAIs in Indonesia (haloperidol-LAI
fluphenazine-LAI, and risperidone-LAl), fluphenazine-LAl was the most frequently used, followed by haloperidol-LAland
risperidone-LAI (Table I). This trend likely reflects the significantly higher cost of risperidone-LAI compared to the other
two options®. In contrast to Indonesia's current focus on typical LAls, high-income countries tend to favor atypical LAls
such as risperidone-LAl, paliperidone-LAl, and aripiprazole-LAL These atypical LAIs offer several advantages, including
the potential for shorter hospital stays, reduced need for daily medication administration, improved relapse prevention, and
fewer hospital admissions!”?*31. However, it is important to acknowledge that both oral and atypical LAIs have potential
drawbacks, including the risk of metabolic abnormalities like obesity, hypertension, hyperglycemia, and dyslipidemia32.

CONCLUSION

This study highlights schizophrenia as the most frequently diagnosed mental disorder in tertiary referral hospitals within
the context of national health coverage. While atypical antipsychotics, generally more expensive than typical medications,
are widely distributed, the use of LAI antipsychotics remains dominated by conventional LAls. This pattern warrants

further investigation to determine if cost considerations or other factors are influencing the choice of LAl medications.
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