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International Journal of Plant Based Pharmaceuticals is an international peer-reviewed open access journal publishing
research on plant pharmaceuticals.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
- E-mail address

- Full postal address

All necessary files have been sent to the editorial office:

- Manuscript

- Include keywords

- All figures (include relevant captions)

- All tables (include titles, description, footnotes)

- Ensure all figure and table citations in the text match the files provided
- Supplementary files (where applicable)

Further considerations

- The manuscript fits within Aims and Scope of International Journal of Plant Based Pharmaceuticals. Please note that the
Aims and Scope are regularly updated.

- The research is novel and has not been published previously (please see ‘Responsible Research Publication: International
Standards for Authors’ from COPE for more information).

- Ethical consent has been obtained in case of work on animals and/or humans.

- Manuscript has been ‘spell checked’” and ‘grammar checked’.

- All references mentioned in the Reference List are cited in the text and vice versa.

- Permission has been obtained for use of copyrighted material from other sources (including the Internet).
- A competing interest’s statement is provided, even if the authors have no competing interests to declare.
- Journal policies detailed in this guide have been reviewed.

- Referee suggestions and contact details provided, based on journal requirements.

Types of paper

1. Original research papers

Original full-length research papers that have not been published previously, except in a preliminary form and should not
exceed 7.500 words from introduction to conclusion (not including references) (including no more than six tables and
figures combined-additional tables and figures can be submitted as supplementary material).

2. Review articles

Review articles (will be accepted in areas of topical interest) will normally focus on literature published over the previous
years and should not exceed 10.000 words from introduction to conclusion (not including references) (including allowance
for no more than six tables and figures combined). Review articles should not contain more than 120 references. If it is felt
absolutely necessary to exceed these numbers (tables, figures, references), please contact the editorial office
(bektastepe@yahoo.com) for advice before submission.



3. Short communications

Short communications of up to 3.000 words from introduction to conclusion (not including references), describing work
that may be of a preliminary nature but merits publication. These papers should not contain more than 40 references.

4. Letters to the Editor/Commentary
Letters are published from time to time on matters of topical interest.
Special issues

If you would like to suggest a special issue, please contact our editorial office (bektastepe@yahoo.com) with a proposal
for the special issue including the rationale for the special issue topic, potential contributors and how you plan to attract
high quality papers. Before submitting you proposal, please read our Guide for Guest Editors.

Ethics in publishing

The publication of an article in a peer-reviewed journal is an essential building block in the development of a coherent and
respected network of knowledge. It is a direct reflection of the quality of the work of the authors and the institutions that
support them. Peer-reviewed articles support and embody the scientific method.

It is therefore important to agree upon standards of expected ethical behavior for all parties involved in the act of
publishing: the author, the journal editor, the peer reviewer, the published and the society of society-owned or sponsored
journals.

The total similarity rate of the articles sent to IJPBP should not exceed 25% and the similarity rate to each source should
not exceed 5%.

Conflict of interest

All authors must disclosure any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Examples of potential competing interests include employment, consultancies,
stock ownership, honoraria, paid expert testimony, patent applications/registrations and grants or other funding. Authors
should present the conflict of interest statement in the manuscript right after the 'Acknowledgment' section. If there is no
interests to declare, please choose: ‘Conflict of interest: none’. This summary statement will be published within the
article if accepted.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of an
abstract, a published lecture or academic thesis), that it is not under consideration for publication elsewhere, that its
publication is approved by all authors and tacitly or explicitly by the responsible authorities where the work was carried
out and that, if accepted, it will not be published elsewhere in the same form, in English or any other language, including
electronically without the written consent of the copyright-holder. To verify originality, your article may be checked by the
originality detection service Crossref Similarity Check.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences and promotes equal
opportunities. Articles should make no assumptions about the beliefs or commitments of any reader, should contain
nothing which might imply that one individual is superior to another on the grounds of race, sex, culture or any other
characteristics and should use inclusive language throughout. Authors should ensure that writing is free from bias, for
instance by using ‘he/she’, ‘his/her’ instead of ‘he’ or ‘his’, and by making use of job titles that free of stereotyping (e.g.
‘chairperson’ instead of ‘chairman’ and ‘flight attendant’ instead of ‘stewardess’).

Author contributions

For transparency, we encourage authors to submit an author statement in the manuscript outlining their individual
contributions to the paper using the relevant CRediT roles:

- Conceptualization
- Data curation

- Formal analysis

- Funding acquisition
- Investigation

- Methodology

- Project administration



- Resources

- Software

- Supervision

- Validation

- Visualization

- Writing

- Review & Editing

Roles

- Writing original draft

- Writing-reviewing & editing

Authors statements should be formatted with the initials of the names of authors (e.g. T.H. for Thomas Hunt) and Credit
role(s).

Changes to authorship

All authors should have made substantial contributions to all of the following:

- The conception and design of the study or acquisition of data or analysis and interpretation of data.
- Drafting the article or revising it critically for important intellectual content.

- Final approval of the version to be submitted.

If all 3 of these conditions are not met, a person does not qualify as an author and any contribution made by them should
be mentioned in the Acknowledgements section of the manuscript.

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and provide
the definitive list of authors at the time of the original submission. Any addition, deletion or rearrangement of author
names in the authorship list should be made only before the manuscript has been accepted and only if approved by the
journal editor. To request such a change, the editor must receive the following from the corresponding author:

- the reason for the change in author list and
- written confirmation (e-mail, letter) from all authors that they agree with the addition, removal or rearrangement
In the case of addition or removal of authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the editor consider the addition, deletion or rearrangement of authors after the
manuscript has been accepted. While the editor considers the request, publication of the manuscript will be suspended. If
the manuscript has already been published in an online issue, any requests approved by the editor will result in a
corrigendum.

Copyright
Upon acceptance of an article, authors will be asked to complete an Copyright Transfer Agreement.
Role of funding source

Your are requested to identify who provided financial support for the conduct of the research and/or preparation of the
article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the funding
source(s) had no such involvement then this should be stated.

Submission

The manuscript file prepared in .doc/.docx format to be sent to IJPBP, together with the cover letter and all other
attachments, if any, by using the online manuscript submission system.

Peer review

This journal operates a single anonymized review process. All contributions will be initially assessed by the editor for
suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two independent expert
reviewers to assess the scientific quality of the paper. The editor is responsible for the final decision regarding acceptance
of rejection of articles. The editor’s decision is final. Editors are not involved in decisions about papers which they have
written themselves or have been written by family members or colleagues or which relate to products or services in which
the editor has an interest. Any such submission is subject to all of the journal’s usual procedures, with peer review



handled independently of the relevant editor and their research groups.

Review Policy

The editor have the right to decline formal review of a manuscript when it is seemed that the manuscript
- is on a topic outside the scope of the journal

- makes no contribution to the advancement of the field of plant based pharmaceuticals

- is lacking technical or scientific merit

- is focused on the plant based pharmaceuticals that are of narrow regional scope and significance

- is fragmentary and providing marginally incremental results,

- reports only routine work (lacks novelty) or is poorly written.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should be in single-column
format. Keep the layout of the text as simple as possible. Most formatting codes will be removed and replaced on
processing the article. In particular, do not use the word processor’s options to justify text or hyphenate words. However,
do use bold face, italics, subscripts, superscripts etc. When preparing tables, if yo are using a table grid, use only one grid
for each individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns. The
electronic text should be prepared in a way very similar to that of conventional manuscripts. Note that source of files and
figures, tables and text graphics will be required whether or not you embed your figures in the text. To avoid unnecessary
errors you are strongly advised to use the ‘spell-check’ and ‘grammar-check’ functions of your word processor.

Article structure

Follow this order when typing manuscript: Title, Authors, Affiliations, Abstract (maximum 350 words), Keywords, Main text
(Introduction, Material and Methods, Results and Discussion, Conclusion, Acknowledgements, Conflict of interest, CRediT
authorship contribution statement, ORCID Numbers of the Authors, References, Tables, Figures and supplementary file (if
any). The corresponding author should be identified with an asterisk and footnote. All other footnotes (except for table
footnotes) should be identified with superscript numbers. The title of the paper should unambiguously reflect its contents.

Artwork

Electronic artwork

General points

- Make sure you use uniform lettering and sizing of your original artwork.
- Embed the used fonts if the application provides that option.

- Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that look
similar.

- Number the illustrations according to their sequence in the text.

- Use a logical naming convention for your artwork files.

- Size the illustrations close to the desired dimensions of the published version.

- Submit each illustration as a separate file.

- Ensure that color images are accessible to all, including those with impaired color vision.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply 'as is' in
the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please 'Save as'
or convert the images to one of the following formats (note the resolution requirements for line drawings, halftones, and
line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.



Please do not:

- Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number of pixels and
limited set of colors;

- Supply files that are too low in resolution;
- Submit graphics that are disproportionately large for the content.
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then our editorial office will
ensure, at no additional charge, that these figures will appear in color online (e.g., ScienceDirect and other sites).

Figure Captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the article,
or on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the text and place
any table notes below the table body. Be sparing in the use of tables and ensure that the data presented in them do not
duplicate results described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Please note: EndNote users can download IJPBP's style file here.
Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any references
cited in the abstract must be given in full. Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in the reference list they should follow
the standard reference style of the journal and should include a substitution of the publication date with either
'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited. In order
to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and PubMed, please ensure that
data provided in the references are correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may already contain errors. Use
of the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An example of a
citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M.
(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical
Research,https://doi.org/10.1029/2001JB000884.

Please note the format of such citations should be in the same style as all other references in the paper.
Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further information, if
known (DOI, author names, dates, reference to a source publication, etc.), should also be given. Web references can be
listed separately (e.g., after the reference list) under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text and
including a data reference in your Reference List. Data references should include the following elements: author name(s),
dataset title, data repository, version (where available), year, and global persistent identifier. Add [dataset] immediately
before the reference so we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to other



articles in the same Special Issue.
Reference management software

Most of the journals have their reference template available in many of the most popular reference management
software products. These include all products that support Citation Style Language styles, such as Mendeley. Using citation
plug-ins from these products, authors only need to select the appropriate journal template when preparing their article,
after which citations and bibliographies will be automatically formatted in the journal's style. If no template is yet available
for this journal, please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting the electronic
manuscript.

Reference style

Text: Citations in the text should follow the referencing style used by the American Psychological Association. You are
referred to the Publication Manual of the American Psychological Association, Seventh Edition, ISBN 978-1-4338-3215-4,
copies of which may be ordered online.

List: References should be arranged first alphabetically and then further sorted chronologically if necessary. More than
one reference from the same author(s) in the same year must be identified by the letters 'a', 'b', 'c', etc., placed after the
year of publication.

Examples:
Reference to a journal publication:

Van der Geer, J.,, Hanraads, J.AJ., Lupton, R.A., 2010. The art of writing a scientific article. Journal of Scientific
Communications, 163, 51-59.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A.,, 2018. The art of writing a scientific article. Heliyon, 19, Article e00205.
Reference to a book:

Strunk, W., Jr., White, E.B., 2000. The elements of style (4th ed.). Longman (Chapter 4).

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article. In B.S. Jones, & R.Z. Smith (Eds.),
Introduction to the electronic age (pp. 281-304). E-Publishing Inc.

Reference to a website:

Powertech Systems., 2015. Lithium-ion S lead-acid cost analysis. Retrieved from
http://www.powertechsystems.eu/home/tech-corner/lithium-ion-vs-lead-acid-cost-analysis/. Accessed January 6, 2016.

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease and
surrounding forest compositions. Mendeley Data, v1.

Reference to a conference paper or poster presentation:

Engle, E.K., Cash, T.F., Jarry, J.L., 2009, November. The Body Image Behaviours Inventory-3: Development and validation of
the Body Image Compulsive Actions and Body Image Avoidance Scales. Poster session presentation at the meeting of the
Association for Behavioural and Cognitive Therapies, New York, NY.

Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E., Lipnikov, K., Garimella,
R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., Molins, S., 2020, March 25. Advanced Terrestrial Simulator (ATS)
v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/zenod0.3727209.

Journal abbreviations
Journal names should not be abbreviated.
Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to enhance it.
Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the manuscript (at the end of the manuscript) and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to supplementary material during any stage
of the process, please make sure to provide an updated file. Do not annotate any corrections on a previous version. Please



switch off the 'Track Changes' option in Microsoft Office files as these will appear in the published version.
Proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof corrections within
two days. Corresponding authors will receive an e-mail containing proof produced by our editorial office and will review
this file and identify the sections to be corrected. We will do everything possible to get your article published quickly and
accurately. Please use this proof only for checking the typesetting, editing, completeness and correctness of the text,
tables and figures. Significant changes to the article as accepted for publication will only be considered at this stage with
permission from the editor. It is important to ensure that all corrections are sent back to us in one communication. Please
check carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely
your responsibility.

Access to the final version of the article

The corresponding author will be notified and receive a link to the published version of the open access article at
https://ijpbp.com. This link is in the form of an article DOI link that can be shared via email and social networks.

The authors are responsible for the content of the articles published in IJPBP. IJPBP does not accept any responsibility for the
content of the article.
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FROM THE EDITOR

International Journal of Plant BasedPharmaceuticals (IJPBP) is a peer-reviewed open access journal for original research
articles, review articles and short communications related to all aspects of plant based pharmaceuticals and
pharmaceutical analysis. IJPBP was launched in 2021, and published biannually.

Current areas of interest include the following areas related to plant based pharmaceuticals, but are not limited to:

- Analysis of traditional medicine (medicinal materials, patent medicine, prescription, injection)

- Pharmaceutical analysis of complex system

- Quality control and methods of biotech drugs

- Action mechanism and their metabolisms in body

- Quantitative and qualitative analysis in the drug screening process

- Tracer analysis in molecular pharmacology

- Quantitative analysis in biopharmaceutics

- Clinical laboratory and bioanalysis

- Analysis of pharmacological activity

- Analysis of drug toxicity

- Analytical chemistry techniques and methods

- New biochemistry methods for pharmaceutical analysis

- Rapid screening methods

- New analytical techniques and methods

- Others : Pharmaceutical solid materials (including biomaterials, polymers and nanoparticles), Biotechnology products
(including genes, peptides, proteins and vaccines), Engineered cells

The journal has a distinguished editorial board with extensive academic qualifications, ensuring that the journal maintains
high scientific standards and has a broad international coverage.

IJPBP seeks to publish original, high quality, peer-reviewed papers including original research articles and reviews as well
as short communications. Submission would be encouraged on all aspects of plant based pharmaceutical analysis. The aim
of this journal is to become a highly respected and trusted resource of leading knowledge in this field and to promote
worldwide academic exchange.

Papers of IJPBP are opening accessible at the journal’s homepage: https://ijpbp.com, and you are invited to read or
download them freely for the academic exchanges.

Electronic versions of articles are published immediately and continuously once the manuscripts have been accepted. The
average time between submission and final decision is 45 days and the average time between acceptance and final
publication is 15 days. IJPBP does not charge authors who submit articles. The journal also does not charge authors for
article processing or printing.

You are welcome to submit your manuscript to IJPBP via our manuscript submission system.

IJPBP is inviting papers for Volume 3 Issue 1, which is scheduled to be published on June, 2023. Last date of submission:
May 15, 2023. However, an early submission will get preference in case of review and publication process. Please submit
your manuscripts according to instructions for authors by the journal online submission system.

Sincerely,

Prof. Dr. Bektas TEPE, Ph.D.

Editor-in-Chief

International Journal of Plant Based Pharmaceuticas (IJPBP)

Contact: info@ijpbp.com
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ABSTRACT

The use of medicinal plants for the prevention and treatment of several diseases, particularly diabetes,
remains the remedy and the sustainable source for many diseases. This survey was conducted out in Bejaia
province in the center of Algeria to invent the main plants used in folk medicine to treat diabetes mellitus,
their availability in this region, and the mode of their use. This study was carried out in 2019 in several
municipalities of the study area. Ethnobotanical information was obtained using a questionnaire through
direct interviews with 323 people with diabetes. Among people with diabetes interviewed, 82% present
type 2 diabetes, from which more than 60% of them use medicinal plants against 36.84% only in type 1
diabetics. Diabetes affected age groups differently; the age range most affected was 61-80 years (43.96%).
A total of 43 plant species belonging to 25 families were identified and listed in this study. The most
frequent species used by patients are Artemisia herba-alba (34.42%), Olea europaea (13.66%), and Ajuga
iva (11.47%). The part of the plant used depends on the plant; the aerial part was the more used (40.9%),
followed by leaves (25%) and fruits (13.63%). The other parts, such as seed, root, flower, bark, bulb,
epicarp, and rhizome, were used with low frequencies. It was also interesting to indicate that decoction and
infusion were the systematic preparation methods compared to others (maceration, cooking with food, and
fresh). The present study clearly showed that phytotherapy is widely adopted by center Algerian society,
and there is a huge diversity of medicinal plants used for the complementary treatment of diabetes.
Moreover, this investigation provides researchers with important information that can be exploited to
develop anti-diabetic remedies.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

countries, and its prevalence worldwide, particularly type 2
diabetes, is constantly increasing (IDF, 2013). In 1995, about 135

Diabetes mellitus (DM) is a severe metabolic disease characterized
by chronic hyperglycemia due to defects in insulin secretion, insulin
action, or both (Arya et al., 2012). Currently, diabetes mellitus is
considered one of the most common chronic diseases in nearly all

* Corresponding author:
E-mail address: mostapha.bachirbey@univ-bejaia.dz (M. Bachir-Bey)
e-ISSN: 2791-7509
doi:
© 2022 1JPBP. Published by Dr. Bektas TEPE.

million people were affected by diabetes, and an increase of 300
million cases is estimated by 2025 (Vlad and Popa, 2012). More
recently, some studies have estimated that by 2030, more than 552
million people will have diabetes, which represents about 9.9% of
the world's population (Whiting et al., 2011).

The treatment of diabetes is based primarily on diet, physical
exercise, and pharmacological agents. Regarding the therapeutic
aspect, although several drugs are available for the treatment of
diabetes, some antidiabetic drugs cause serious side effects, such as
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digestive, hepatic, and renal problems. Due to the adverse drug
effects, patients are increasingly using medicinal plants as an
alternative to prevent and treat diabetes. Thus, in recent decades,
research has been focused on new antidiabetic molecules of plant
origin with fewer toxic effects (Zhang et al.,, 2016). Many plant
species are currently used worldwide to treat diabetes and are
considered a major source of new antidiabetic agents. More than
1200 different plants have been described as a traditional diabetes
treatment (Eddouks et al.,, 2007). Of all the plants tested in vitro,
80% are potentially antidiabetic, and some of them are at the origin
of the development of new drugs, as in the case of metformin,
which was developed from Galega officinalis L. (Bailey and Day,
2004). However, very little is known about the active compounds of
antidiabetic plants, either their structures or actions, thus
preventing them from being used in standard diabetes care (Coman
etal., 2012).

Table 1. Questionnaire card survey

International Journal of Plant Based Pharmaceuticals, 2(2), 145-154

Drug treatment is the main method followed by people with
diabetes to fight against people with diabetes. In addition to
pharmacological agents, many plants are used as a complementary
treatment by a significant percentage of diabetic patients (Allali et
al., 2008). To conserve and enhance the Algerian heritage in
medicinal plants, some ethnobotanical studies are conducted in
some regions, particularly in the south and west of the country
(Allali et al., 2008; Rachid et al., 2012; Telli et al., 2016). The results
obtained from these studies confirm that the Algerian population is
highly attached to phytotherapy and traditional treatment.
Whereas, very few ethnobotanical surveys have been carried out in
the center of Algeria (Boudjelal et al., 2013), especially in Bejaia
province, while this region has a very diverse vegetation cover with
a great large number of plants used as folk remedies. Thus, the
purpose of the present investigation was to determine the
antidiabetic medicinal plants mostly used by the Bejaia population,
the part and mode of use, and their effects.

Information about patients Information about diabetes

Information about plants used Plant actions

Age
Sex
Place of residence (city or companion)

Type of diabetes
Duration of diabetes
Drug used
Complications

Good, normal or low
therapeutic effect

Name of plants used

Used part(s)
Mode of use

2. Materials and methods
2.1. Geographical location

The study was conducted in Bejaia province (Wilaya), called Vgayet
in the local language (Kabyle). This region is situated in the central
north of Algeria between latitude 36°45'21" N and longitude
5°05'03" E, and between 0 to 1900m of altitude. It is limited by the
Mediterranean sea from the North, Jijel province from the East, Setif
and Bordj-Bou-Arreridj provinces from the south, and Tizi Ouzou
and Bouira provinces from the west. Bejaia covers a total area of
3223 km? (52 municipalities), with an estimated population of about
950 000 inhabitants using Kabyle as the predominant language. The
density of population is estimated at 295 inhabitants/km? and the
majority of which occupy urban areas (more than 80%) (ASWSB,
2015).

2.2. Relief and climate

The study area is located in plain Tellian Atlas; it is marked by the
importance of the mountainous land, which occupies about 75% of
the total region area, crossed by the valley of Soummam and the
plains located near the coast. Mediterranean climate dominates in
this region, but it varies from one area to another. The coastal zone
and the valley of Soummam enjoy a rainy and mild climate in winter,
dry and hot in summer. However, the climate of the mountain areas
is characterized by a dry and hot summer and a rainy and cold
winter (Skouri, 1994). The average annual temperature is around 18
°C, while the average annual rainfall is about 700 mm (ASWB, 2015).

2.3. Forest ecosystem and vegetation cover

With about 100 km of coast, extending from west to east and about
80 km of large from sea to the continental region (from North to
south), the study area is characterized by an important vegetation
cover. The forest area covers a total of 122500 ha, which represents
37.57% of the total area region (Bejaia), of which 58700 ha of
covered forests (about 47.91% of the total forest area) and 63800
ha (52.08%) of magquis where thousands of plant species are
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growing. In Gouraya National Park only, with 20.8 km? of area (less
than 1/100 of total area), about 526 plant species grow, including
123 medicinal species, rare species such as Euphorbia dendroides L.,
Bupleurum plantagineum L., and Lithospermum rosmarinifolium L.
and other species not mentioned in the flora of Algeria namely
Cheiranthus cheiri L. and Cheilanthes acrostica (Balb.) Tod. In the
rest of the region, the plant species are not completely inventoried
(ASWB, 2015)

The total agricultural area represents approximately 45% of the
total area of the region (129448 ha). The arboriculture is marked by
the predominance of the olive tree (52800 ha), followed by fig tree
(10303 ha) and citrus tree (2010 ha) (ASWB, 2015).

2.4. Collection of information

An ethnobotanical study was conducted from June to October 2019
in several municipalities of the study area. Ethnobotanical
information was obtained using a questionnaire by direct interview
with 323 people with diabetes. The diabetic patients were chosen
randomly in several municipalities of Bejaia province and
interviewed directly face to face or by phone. The information
collected from people with diabetes was divided into four parts:
information concerning patients, information about diabetes,
information related to plants used, and information about plant
actions (Table 1).

2.5. Identification of medicinal plants used

Most of the plants used by people with diabetes were obtained
from herbalists. Some plants do not grow in this region, so they are
imported from other regions of the country or other countries. The
growth of each plant in the study area and its common name have
been confirmed by former herbalists and ancient inhabitants of this
region, and their scientific names have been assigned for each plant
based on various bibliographical references.
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2.6. Data analysis

Microsoft Excel was used to calculate different statistical
parameters and to draw graphics. The importance of each plant in
the treatment of diabetes was assessed by the relative frequency of
citation (RFC) calculated using the following formula (Tardio and
Pardo-de-Santayana, 2008): RFC = FC/N, where “FC” is the number
of people with diabetes who mention the use of the species also
known as the Frequency Citation, and “N” is the total number of
people with diabetes using plants (0 < RFC < 1).

3. Results and discussion

In the present investigation, 323 diabetic patients are chosen
randomly, 178 men (55.10%) and 145 women (44.90%); more than
82% of patients present type 2 diabetes, and 29.72% present
chronic complications (Table 2). All diabetic patients interviewed
were under pharmacological treatment, but only 183 (56.65%) use
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antidiabetic medicinal plants, either regularly or rarely, and more
than a third of them (34.97%) use more than one plant to cure
diabetes.

In addition, this study shows that the use of medicinal plants is more
apparent in type 2 diabetic population; more than 60% of type 2
diabetic patients use antidiabetic medicinal plants against 36.84%
only in the type 1 diabetics (Table 2). It has also been observed that
women use sensitively more medicinal plants than men, 59.31% and
54.49%, respectively. Moreover, our results show that the most
affected age group is between 61 and 80 years with 43.96%;
however, the antidiabetic medicinal plants are more used by the age
group between 40 and 60 years with 61.90% (Table 3). This
difference in the use of medicinal plants by diabetic groups is
probably related to the type of diabetes and the severity of the
disease which characterizes each group.

Table 2. Distribution of diabetics by sex, type of diabetes, and plant users

Sex Number in percentage Chronic complications Diabetes type (%) Diabetics using plants (%)
% of all diabetics Using plants T1D T2D T1D T2D

Men 55.10 54.49 16.41 18.53 81.46 36.36 58.62

Women 44.90 59.31 13.31 16.55 83.44 37.5 63.63

All diabetics 56.65 29.72 17.64 82.35 36.84 60.90
Table 3. Distribution of diabetic plant users by categories

Age groups 20-40 years 41-60 years 61-80 years > 80 years

% of diabetics 14.24 39 43.96 2.78

% of plant users 47.82 61.90 53.52 44.44

Concerning the use of antidiabetic plants by diabetic patients
interviewed, a total of 43 medicinal plants belonging to 25 families
were identified with a predominant use of Lamiaceae (18.60%)
followed by Rosaceae (9.30%), Apiaceae, and Rutaceae (6.98%). The
remaining plant families contribute by one or two species for each
(2.33 or 4.65%).

The different plants used as antidiabetics can be divided into three
origins, of which more than half (51.16%) grow in the wild, 39.53%
are cultivated locally, and the rest (9.30%) are indigenous to other
regions of Algeria or imported from other countries. The vernacular
and binomial names of plants, used parts, preparation methods,
number of citations (FC), and the relative frequency of citation of
plant species (RFC) are illustrated in Table 4.

The most frequently used species by patients (used by over 5% of
patients) were Artemisia herba alba Asso. (34.42%), Olea europaea
L. (13.66%), Ajuga iva (L.) Schreb. (11.47%), Rosmarinus officinalis L.
(8.19%), Citrus limon (L.) Osbeck. (7.10%), Centaurium erythraea
Rafn. (6.01%), Teucrium polium L. (6.01%) and Thymus serpyllum L.
(5.46%) (Figure 1).

The part of plants most commonly used by diabetic patients
interviewed is the aerial part (Figure 2) with 40.9%, then leaf, fruit,
and seed with 25%, 13.63%, and 6.81%, respectively; root, flower,
bark, bulb, epicarp, and rhizome are also used but with a low
percentage (2.27%).

About the preparation methods followed, the most adapted are
decoction and infusion, respectively, with 79.06 and 58.13% (Figure
3). Other preparation methods such as maceration in water
(11.62%) and cooking with food (4.65%) were also used. Sometimes,
when it is necessary, the plant parts are taken fresh (11.62%).
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We deduced in this part of the study that the preparation methods
followed by diabetics are often in relation with plant part used; for
example, the infusion is more used to extract active substances
from soft parts such as leaves and flowers, while decoction is more
used for hard parts such as roots, rhizome, and epicarp. However,
fruits and vegetables are consumed fresh or cooked with other
foods.

Although almost all diabetics do not have convincing scientific
knowledge of the plant used, most of them are too satisfied by the
antidiabetic effect obtained (Figure 4).

Many statistical studies recorded in several regions of the world
reported that most diabetic patients are affected by type 2 diabetes
with approximately 90% (WHO, 2016), and the most affected age
group is situated between 60 and 80 vyears. In addition, the
pharmacological treatment of diabetes is accompanied by
traditional treatment in most societies of the world. However, the
intensity and the manner of use of medicinal plants differ from one
region to another and are always linked to the heritage of medicinal
plants in societies and their attachment to traditional medicine
(Jamshidi-Kia et al., 2018).

The percentage of people with diabetes using plants registered in
this study is different from that reported in other regions of the
country. For example, in the west of Algeria, the ethnobotanical
study conducted by Allali et al. (2008) on 634 people with diabetes
showed that about 62% of patients use medicinal plants. Also, in
southern Algeria, the investigation realized by Telli et al. (2016)
showed that among 289 diabetic patients interviewed, 60.90% use
antidiabetic plants. However, only 28.30% use medicinal plants
among 470 people with diabetes interviewed in southwestern and
northwestern Algeria (Rachid et al., 2012). This difference may be
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related to the degree of availability of plants (vegetal cover) and the
degree of attachment to traditional medicine by societies.

This result is in accordance with those revealed by other Algerian
scientists. The results of Rachid et al. (2012) showed that more than
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17.16% in type 1 diabetes cases. Similarly, Allali et al. (2008) have
noticed during their ethnobotanical study that more than 66% of
type 2 diabetic patients used plants against 33.8% only in the type 1
diabetic population.

36% of type 2 diabetic patients used medicinal plants but only

Table 4. List of medicinal plants used for the treatment of diabetes mellitus in the Bejaia region

Family plant species Arab name (Local name) English name Statue Used part Use method FC RFC

Asteraceae

A. herba alba Chih White wormwood Imp. A. part Dec. 63 0.34

C. cardunculus Kharchouf (Thagga) Cardoon Cu A. part Cooked 2 0.01

Anacardiaceae

Pistacia lentiscus L. Edharou (Amadagh) Lentisk W Leaves Dec. 2 0.01

Apiaceae

P. crispum Bakdounes (Maadnous) Parsley Cu A. part Dec./Inf. 3 0.02

C. sativum Kasbara (Lkousvar) Coriander Cu A. part Dec./Inf. 1 0.005

A. graveolens Elkarfes (Lekrafez) Celery Cu A. part Dec./Inf. 2 0.01

Brassicaceae

Lepidium sativum Elrechad (Guerninouche) Garden cress W Seeds Fresh 1 0.005

Cactaceae

Opuntia ficus-indica Attine achaouki (Akarmus) Prickly pear cactus Cu, W A. part Dec. 2 0.01

Convolvulaceae

Convolvulus arvensis Leblab (Merraz voukal) Field bindweed W A. part Dec./Inf. 1 0.005

Cucurbitaceae

Citrullus colocynthis Elhandhal (Rammane Ikhechkheche) Bitter apple Imp. Fruit Mac. 1 0.005

C. pepo Elkoussa (Corgitt) Zucchini Cu Fruit Fresh 2 0.01

Fabaceae

Ceratonia siliqua Elkharoub (Akharrouve) Carob W Leaves Dec. 1 0.005

P. vulgaris Elfasoulia (Louvia) Green beans Cu Fruit Cooked 1 0.005

Gentianaceae

C. erythraea Elkantrioun assaghir (Qlilou) Centaury W A. part Dec./Inf./ Mac. 11 0.06

Lamiaceae

A. iva Chendgoura (Chkendoureth) Bugleweed W A. part Dec./Inf. 21 0.11

Marrubium vulgare Elfrassioune (Marnuyeth) White horehound W A. part Dec./Inf. 5 0.027

R. officinalis Iklil aldjabel (Azir, Amezir) Rosemary W Leaves Dec. 15 0.08

M. piperita Naanaa (Naanad) Peppermint Cu A. part Dec./Inf. 4 0.02

O. basilicum Errayhane (Lehvaq) Basil Cu A. part Dec./Inf. 1 0.005

Salvia officinalis Mrimia (Kheyatta, Swak ennebi) Sage W A. part Dec./Inf./Mac. 2 0.01

T. polium Eldjadda (Jaatta) Felty germander W A. part Dec./Inf. 11 0.06

T. serpyllum Zaatar (Zaatar) Wild thyme W A. part Dec./Inf. 10 0.05

Lauraceae

C. cassia El korfa (Elqurfa) Chinese cassia Imp. Bark Dec./Inf./Mac. 7 0.04

L. nobilis Elghar (Rand) Laurel Imp. Leaves Dec./Inf. 3 0.02

Liliaceae

Allium sativum Athoum (Thicherth, thiskerth) Garlic Cu Bulb Dec./Inf./Fresh 2 0.01

Lythraceae

Punica granatum Rommane (Rammane) Pomegranate Cu Epicarp, Dec. 4 0.02

Leaves

Moraceae

Ficus carica Attine (Thanqultt) Fig tree Cu Leaves Dec. 3 0.02

Oleacea

O. europaea Azzitoune (Azmeour) Olive Cu, W Leaves Dec./Fresh 25 0.14

Papaveraceae

Papaver rhoeas Chaquaeque annouamane (Jihvudh, Red poppy W A. part Dec./Inf. 1 0.005
Wahrir)

Plantaginaceae

Globularia alypum Alainoune (Thasselgha) Alypoglobe daisy W Leaves Dec./Inf./Mac. 7 0.04

Ranunculaceae

Nigella sativa Alhaba assaouda (Sinoudj) Black cumin W, Imp. Seeds Dec. 5 0.03

Rhamnaceae

Rhamnus alaternus Annabaq (Amliless) Privet W A. part Dec./Inf. 3 0.02

Rosaceae

Prunus dulcis Ellaouz (Louz) Almond Cu, W Fruit Fresh 1 0.005

P. persica Elkhaoukhe (Ikhoukhe) Peachtree Cu Leaves Dec./Inf. 5 0.03

Malus domestica Attouffah (Teffah) Apple Cu Fruit Fresh 2 0.01

Rubus fruticosus Attout alallig (Inigel) Wild brambles (Blackberry) W Leaves Dec./Inf. 2 0.01

Rubiaceae

Coffea canephora Alboune (Lgahwa) Coffee Imp. Seeds Inf. 1 0.005

Rutaceae

C. limon Allaymoune (Lgares) Lemon Cu Fruit Dec./Inf./Fresh 13 0.07

Ruta graveolens Assadhab (Awarmi) Rue W Roots Dec. 1 0.005

C. sinensis Albortoqual (Tchina) Orange Cu Flowers Inf. 1 0.005

Theaceae

Camellia sinensis Achay (Tay) Tea Imp. Leaves Dec./Inf. 3 0.02

Urticaceae

Urtica dioica Alguarasse (Azeggduf) Stinging nettle W A. part Dec./Inf. 1 0.005

Zingiberaceae

Z. officinale Zindjabil (Zindjabil) Ginger Imp. Rhizome Dec./Inf. 4 0.02

A. Part: Aerial part, Dec.: Decoction, Inf.: Infusion, Mac.: Maceration, Cu: Cultivated, Imp.: Imported, W.: Wild, FC: Number of diabetics who mentioned the use of the species, RFC:

relative frequency of citation (0 < RFC < 1)
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This result may be due to the multifactorial nature of type 2
diabetes, where it is possible to use plant extracts as a
complementary remedy to oral antidiabetic drugs. While
hyperglycemia in type 1 diabetes is controlled only by taking insulin
due to the absolute deficiency of this hormone in this case of
diabetes.

The study realized by Allali et al. (2008) in western Algeria also
showed that women use more medicinal plants than men but with

40 -

30 A

20 A

Plant frequency (%)
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different frequencies to ours, 70% of women and 30% of men. Also,
in southwestern and northwestern Algeria, Rachid et al. (2012) have
observed in their study that women used herbal medicine more
frequently than men, with a percentage of 37.60 and 18.84,
respectively. This could be related to the deep attachment of
Algerian women to the traditional use of plants than men not only in
the medical field but also in gastronomy and cosmetics.
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Figure 1. Frequency of more popular plants used by diabetic population
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Figure 2. Frequency of plant parts used for the preparation of antidiabetic remedies

The preparation methods and the plant parts used are not based on
scientific knowledge but rather on a traditional medicine heritage
and social culture of people with diabetes (Rachid et al., 2012; Telli
et al., 2016). They can also be recommended by herbalists’
knowledge on the one hand and by the plant parts available during
the year on the other hand.

The RFC of the plant used varied from 0.005 to 0.34 (Table 4). The
highest value of RFC ranked was for A. herba alba (0.34), followed
by O. europaea (0.14) and A. iva (0.11). The plants having the

highest RFC are, in fact, predominantly used and commonly known
by the local people. These may prove important for linking and
evaluating research for future drug discovery and sustainable use of
medicinal plants to treat diabetes. Some plants are widely cited in
the bibliography as antidiabetic plants, and their antidiabetic effects
have been demonstrated by several experimental studies. We have
listed below the most cited plants in this survey, accompanied by
some scientific studies in which they are cited.
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A. herba alba (Asteraceae): It does not grow in the study area, but it
is largely widespread in the highlands, the fresh semi-arid regions,
and the steppes of Algeria (Jamshidi-Kia et al., 2018). It is the plant
most used by diabetic using plants (34.42%). Its active compounds
are extracted from the aerial part by decoction in all cases
registered. In most cases, people with diabetes using this plant
testifies to its satisfactory hypoglycemic action without any
undesirable effect.
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40
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Preparation method frequency (%)
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In fact, several experimental studies carried out in different regions
of the world confirm the important antidiabetic effect of aerial part
extracts of this plant (Awad et al., 2012; Boudjelal et al., 2015).
Some studies demonstrated that extract of aerial part of A. herba
alba has more anti-diabetic effect than root extract (Al-Khazraji et
al., 1993).

Cooked Decoction

Fresh Infusion Maceration

Figure 3. Preparation methods followed by diabetics to extract active substances

80 A

60 -
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M Excellent
m Very good
O Satisfactory

B Moderate

Figure 4. Testimony of diabetics about the anti-diabetic effect of plants used

Furthermore, many mechanisms of action have been suggested,
such as the increase of peripheral glucose utilization (Tastekin et al.,
2006), increasing insulin secretion (Awad et al., 2012), insulin-like
action (Iriadam et al., 2006), and inhibition of the proximal tubular
reabsorption for glucose in the kidneys (Mansi et al.,, 2007). The
main components that may be responsible for these actions are
flavonoids such as apigenin (flavones) (Awad et al., 2012) and
volatile oil (Mahmoud et al., 2015).

O. europaea (Oleaceae): Largely abundant in the study area, about 3
929 418 trees with 63 varieties (ASWB, 2015). It is the second plant
most used by people with diabetes (13.66%); the decoction of
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leaves is the method of use most adopted. However, some patients
use fresh leaves by chewing.

Many experimental studies conducted in animals demonstrated that
olive leaves extract possesses a potent antidiabetic action (Al-Attar
and Alsalmi, 2019) without causing any toxicity (Clewell et al., 2016;
Guex et al., 2018). The hypoglycemic effect has been attributed to
phenolic compounds, especially: phenolic secoiridoids such as
oleuropein (Annunziata et al.,, 2018), tannins (Wainstein et al,,
2012), and flavonoids (Benhabyles et al., 2015).
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The study conducted by Sato et al. (2007) showed that oleanolic
acid (triterpene) extracted from olive leaves is an agonist for TGR5, a
member of G-protein coupled receptor activated by bile acids and
which implicated in glucose homeostasis.

Other studies showed that the potent antioxidant effect of
oleuropein and other phenolic compounds of O. europaea could
prevent diabetes and these complications by protecting body cells
destruction (Al-Attar and Alsalmi, 2019; Buyukbalci and El, 2008;
Guex et al., 2019; Jemai et al., 2009). Other mechanisms of action
excreted by bioactive molecules of O. europaea leaves have been
demonstrated, such as the increasing levels of liver insulin receptor
substrate 1 (IRS1) and insulin receptor A (IRA) (Al-Attar and Alsalmi,
2019), the ameliorating effect of insulin secretion (Abdel-Kader et
al., 2019), and by inhibition of a-amylase (Komaki et al., 2003).

A. iva (Lamiaceae): Abundant in arid and semi-arid areas of Algeria
(Bendif et al., 2017). It also grows in the study region (Béjaia), but
not in abundance; it is found especially in dry and stony ground. This
plant is used by 11.47% of diabetic using plants, either by decoction
or infusion of aerial part in most cases.

The antidiabetic effect of A. iva has been demonstrated by many
experimental studies (Boudjelal et al.,, 2015; Wang et al., 2017)
without any observable signs of toxicity (EI Hilaly et al., 2004;
Fettach et al., 2019; Tafesse et al., 2017). The main compounds of
this plant responsible for the reduction of blood glucose are
flavonoids, in particular, apigenin and naringenin (Boudjelal et al.,
2015), triterpenoids, especially phytoecdysteroids (Wang et al.,,
2017), and phenolic acids (Khatteli et al., 2020). The in vivo study
conducted by Wang et al. (2017) showed that phytoecdysteroids
extracted from A. iva reduce blood glucose by regenerating
pancreatic islets and upregulating hexokinase-l mRNA expression.
Other studies showed that phenolic compounds of A. iva are potent
inhibitors of a-glucosidase and a-amylase in vivo and in vitro
(Fettach et al.,, 2019; Hsieh et al., 2014); therefore, they can
significantly reduce postprandial blood sugar in diabetic patients.

R. officinalis (Lamiaceae): Very widespread in the study area,
especially between 0 to 600 m of altitude. It grows wild in arid and
dry regions of hills and low mountains (Fadili et al., 2015). Rosemary
is used in Algerian folk medicine to treat hepatic diseases, eczema,
hypertension (Boudjelal et al., 2013), colon ailments, stomachache,
and hair loss (Senouci et al., 2019). In the present investigation, R.
officinalis is used by 8.19% of people with diabetes using plants, and
the decoction of leaves is the most method adopted. Several studies
realized in vivo and in vitro showed the heightened hypoglycemic
effect of R. officinalis extracts (Belmouhoub et al., 2018; Khalil et al.,
2012; Labban et al., 2014). The bioactive molecules of R. officinalis,
especially phenolic compounds such flavonoids and phenolic acids
(Bakirel et al., 2008; Ibarra et al., 2011), can reduce hyperglycemia
by various mechanisms, they can inhibit the a-glucosidase and a-
amylase in vivo and in vitro (Belmouhoub et al., 2017; Koga et al.,
2006), increase secretion of insulin by pancreatic cells (Ayaz, 2012;
Bakirel et al., 2008) and regulate glucose metabolism in the liver (Tu
et al., 2013).

C. limon (Rutaceae): This plant is cultivated in the study area, but the
production of fruit is relatively low, about 6 730 tonnes for the
2014/2015 season (ASWB, 2015). In the present investigation, the
fruit of C. limon is used by 7.10% of diabetic using plants. Most
patients consume fresh fruit as a juice, while others use it in infusion
or decoction. Patients using this fruit have testified that it has an
excellent anti-diabetic effect; some among them have testified that
they were completely cured of diabetes (Type 2 diabetes).
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Recent publications have reported that C limon flavonoids,
particularly hesperidin, hesperetin, naringin, and naringenin,
significantly decrease hyperglycemia by several action mechanisms
(Alam et al., 2014; Lv et al., 2018). Akiyama et al. (2009) conducted
an experimental study that showed that hesperidin significantly
reduces blood glucose in diabetic rats by stimulating insulin
secretion and regulating glucose metabolism in the liver. Naringin,
another flavonoid of C. limon, can decrease blood glucose level in
experimental animal models by decreasing glucose-6-phosphatase
activity in the liver and by increasing hepatic glucokinase activity
responsible for glycogen synthesis (Punithavathi et al., 2008), while
naringenin reduces hyperglycemia by increasing muscle cell glucose
uptake via adenosine monophosphate-activated protein kinase
(AMPK) (Zygmunt et al., 2010).

C. erythraea (Gentianaceae): This plant grows wild in the study area,
especially in the hills and in the wet and sunny pasture. In the
present investigation, people with diabetes adopting this plant
(6.01%) use its aerial part, either by decoction, infusion, or
maceration, and they have testified that it has an excellent anti-
diabetic effect; some among them have testified that they were
completely cured of diabetes (Type 2 diabetes).

It has been demonstrated that aerial part extract of C. erythraea
decreases hyperglycemia significantly in experimental animals; the
hypoglycemic effect of the extract is attributed to flavonoids, mainly
to flavonoid glycosides (Stefkov et al., 2011). The studies realized on
diabetic rats showed that phenolic compounds of C. erythraea
improve the structural and functional properties of pancreatic beta-
cells by antioxidant regulatory mechanisms (Dordevi¢ et al., 2019;
Stefkov et al., 2014). On the other hand, the in vitro study carried
out by Bouyahya et al. (2019) showed that essential oils of C
erythraea exhibit an important inhibition against a-amylase and a-
glycosidase activity.

T. polium (Lamiaceae): It grows wild in the study area, especially in
semi-arid soil, but not truly widespread; it predominates in the Tell
region of the country, the highlands, and the Saharan Atlas (Quezel
et al., 1962). Patients using this plant (6.01%) use its aerial part
extracts obtained by infusion or decoction. The hypoglycemic effect
of T. polium aerial part is attributed to several compounds, among
them flavonoids, such as aglycon luteolin (Stefkov et al., 2014).

The antidiabetic properties of T. polium have been shown by various
in vitro and in vivo studies (Ardestani et al., 2008; Dastjerdi et al.,
2015; Esmaeili and Yazdanparast, 2004). Some compounds of T.
polium, such as apigenin, can reduce hyperglycemia by stimulating
pancreatic insulin secretion (Mirghazanfari et al.,, 2010). Other
compounds, such as aromatic saturated and unsaturated fatty acids,
and phenolic compounds, increase GLUT4 (glucose transporter 4)
translocation to the cell membrane and enhance glucose uptake by
cells skeletal muscle (Kadan et al., 2018). Furthermore, rutin and
apigenin, two flavonoids isolated from T. polium protect pancreatic
beta-cell against destruction and damage caused by oxidative stress
(Esmaeili et al., 2009). However, many toxicological studies carried
out on animal models have shown the toxic effect of T. polium
extracts on the liver and kidneys (Abu Sitta et al., 2009; Al-Ashban et
al., 2006; Ghasemi et al., 2019; Krache et al., 2017).

T. serpyllum (Lamiaceae): 1t grows wild in the study area, especially
in mountains and high pastures. It is used by 5.46% of people with
diabetes using plants. In all recorded cases, people with diabetes
use only the aerial part either by decoction or infusion. The
antidiabetic effect of this plant is attributed to several compounds
such as flavonoids, alkaloids, tannins, and terpenoids (Mushtaq et
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al., 2016). The in vivo study carried out by Alamgeer et al. (2014)
showed that the aqueous extract of T. serpyllum significantly
reduces hypoglycemia in glucose-fed mice. The mechanism of action
and the toxic effect of T. serpyllum compounds are not truly
elucidated, and there are very few studies in this way.

Although some plants constitute a part of the daily diet in Algeria,
their relative frequency of citation in this investigation is very low
(RFC < 0.05). These plants may be added daily to foods as
condiments such as Apium graveolens, Coriandrum sativum, Laurus
nobilis, Ocimum basilicum, Petroselinum crispum, and Zingiber
officinale or consumed cooked as vegetables such as Alium sativum,
Cucurbita pepo, Cynara cardunculus, Phaseolus vulgaris or
consumed in herbal teas such as Cinnamomum cassia and Mentha
piperita.

4. Conclusions

The present study clearly shows that phytotherapy is widely
adopted by center Algerian society, and there is a huge diversity of
medicinal plants used for the complementary treatment of diabetes.
In addition, the majority of antidiabetic plants used are recognized
by several scientific studies as antidiabetic and non-toxic plants. This
confirms that the knowledge of societies about medicinal plants is a
precious heritage, which must be preserved and transmitted to
future generations.

Currently, it is accepted that the chronic complications of diabetes
are caused mainly by oxidative stress generated by chronic
hyperglycemia. In this context, certain hypoglycemic plants used by
people with diabetes have a powerful antioxidant effect, which
could considerably delay the onset of chronic complications when
they are used as a complementary treatment.

During this study, some patients testified that they were completely
cured of type 2 diabetes, and this is thanks to their daily use of
medicinal plants, particularly patients using C. limon and C.
erythraea.

Finally, this work constitutes a simple contribution of the Algerian
heritage of medicinal plants in the treatment of diabetes; thorough
pharmacological and phytochemical investigations are needed to
reveal the real effect of these plants as well as their active
components involved.
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ABSTRACT

In order to offer a viable destination for green coffee beans classified as non-beverage type, this work
aimed to extract and characterize the fixed oil from these beans and perform a preliminary evaluation of its
functionality as a pharmaceutical ingredient. The extraction yield obtained was 3.70 + 1.29% (w/w). The oil
present in its composition high levels of fatty acids with emulsifying and emollient properties, palmitic acid
(47.76%) and linoleic acid (32.98%); and compounds with antioxidant functional properties, tocopherols
(788.71 + 56.08 mg/kg) and phenolic compounds (3312.40 + 14.62 mg/kg). This oil showed antioxidant
activity against the free radical 2,2-diphenyl-1-picryl hydrazil at all tested concentrations, reaching 50%
inhibition at the concentration of 0.59 mg/ml and 90% at 0.96 mg/ml. The preliminary evaluation of the
physical stability of the creams showed that, when incorporated into formulations, this oil has the potential
to be used as a substitute for the synthetic ingredients liquid petrolatum, decyl oleate, and butylated
hydroxytoluene.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

bica coffee and 22.7% to conilon (Brasil, 2020a).

Brazil is the largest producer and exporter of coffee globally, and the ~ Regarding the production of Brazilian coffee, problems with the low

species of greatest economic importance are Coffea arabica L. and
C. canephora P., popularly known as arabica and conilon,
respectively. In the 2020 harvest, production reached a total
harvested volume of 63.08 million benefited bags, equivalent to
approximately 3.8 million tons, with 77.3% corresponding to ara-
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quality of the beans have been observed. It is estimated that 12
million bags of coffee per year produced in Brazil do not meet the
quality standards established by Normative Instruction 08/2003 of
the Ministério da Agricultura Pecuaria e Abastecimento-MAPA
(Brasil, 2003; Brasil, 2020b; Kalschne et al.,, 2018). Defects and
impurities can be due to genetic and physiological causes, problems
in nutrition, attacks by pests and diseases, climatic conditions, in
addition to external factors such as poor regulation of the
processing machine and poor drying and storage structure, among
others (Hameed et al., 2018; Poltronieri and Rossi, 2016).

Please cite this article as: Moulin, E.N., Werner, [.F, de Lima Souza, J.R.C., Fontes, M.M.P, Villanova, J.C.O., Souza, T.S., 2022. Extraction, characterization and evaluation of the
[functionality of fixed oil low quality coffee beans for use as pharmaceutical ingredients. International Journal of Plant Based Pharmaceuticals, 2(2), 155-165.
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In order to be marketed, these low-quality coffees must go through
the process of grain reclassification, carried out by densimetric
separation and electronic sieve shaker, but this process is only
carried out in export-type coffees due to the high cost. Or dilution in
batches of better-quality coffees, which in turn will generate a
product that has low market value, but meets current legislation (de
Almeida and Spers, 2020; Kalschne et al., 2018; Santos and Nantes,
2014; Toci and Farah, 2014).

However, these low-quality coffees have the potential to be used
for other purposes besides foods, such for example: as fertilizers,
fuels, adsorbents, as a source of enzymes, among others (Duran et
al., 2017; Esquivel and Jiménez, 2012; Jenkins et al., 2017; Rodrigues
and Bragagnolo, 2013; Wei and Tanokura, 2015). They can also be
used as a source of raw material to produce fixed oil, rich in
polyphenolic compounds, kahweol, cafestol, tocopherols, in
addition oleic, linoleic, and palmitic fatty acids (Acevedo et al., 2013;
Esquivel Rodriguez et al., 2020; Jham et al., 2007; Oliveira et al,,
2020; Ren et al., 2019; Tsukui et al., 2014).

Several applications for green coffee fixed oils in the pharmaceutical
and cosmetic industries have been proposed. Wagemaker et al.
(2012), Chiari et al. (2014), Nosari et al. (2015), and Acevedo et al.
(2013) have demonstrated in vitro antioxidant activities of green
coffee fixed oil and related it to preventing cellular skin damage. In
vitro tests performed by Chiari et al. (2014) demonstrated that
green coffee fixed oil has a synergistic effect when combined with a
conventional synthetic sunscreen (ethyl-hexyl-methoxycinnamate)
by increasing 20% the sun protection factor (SPF). In vivo tests
performed on humans with formulations containing up to 15%
(w/w) of green coffee fixed oils showed a significant reduction in
transepidermal water loss (TEWL) after application for three days.
The same formulations were also applied to the skin on the back of
the volunteers using occlusive adhesive for two days, and no
adverse reactions were observed (Wagemaker et al., 2013, 2015).

Studies carried out by Pereda et al. (2009) identified a dose-
dependent relationship on the stimuli in the synthesis of collagen by
green coffee oil; production of elastin and glycosaminoglycans by
fibroblasts in vitro; greater stimuli to the growth factors (TGF-b1 and
GM-CSF), and a positive association with the expression of
aquaglyceroporins (AQP3) in keratinocytes, responsible for water
transport and hydration in human skin epidermis. Low cytotoxicity
of green coffee oil at models tested in vitro on human keratinocyte
(HaCat) and human hepatoma (HepG2) cultures with a cell density
of 1 x 106 cells/ml in formulations (10-100 uL green coffee fixed
oils/ml, 24 h incubation, 3-4,5-dimethyl-thiazole-2-il-2,5-
diphenyltrazzole bromide reduction assay) was reported
(Wagemaker et al., 2013; Chiari et al., 2014).

Based on this information, the option of using low-quality coffees to
obtain vegetable oil intends to use it as a cosmetic ingredient is
visualized, which adds value to the coffee production chain by
obtaining a by-product with greater market value and an abundant
source of raw, especially in Brazil. In addition, it corroborates with
the evidence that vegetable oils have attractive, functional
properties for the pharmaceutical and cosmetic sectors, which have
great interest in seeking new excipients and active ingredients from
natural sources to replace compounds of synthetic origin (Ahmad
and Ahsan, 2020; Bera et al., 2006; Blasi and Cossignani, 2020; Cruz
et al.,, 2007; Garg et al., 2021; Lopez-Barrera et al., 2016; Lourenco
et al., 2019; Milatovic et al., 2016; Scott et al., 2020; Taghvaei and
Jafari, 2015; Xu et al., 2015).
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Thus, the objective of this work was to extract and characterize the
fixed oil from non-beverage type green coffee beans and perform a
preliminary evaluation of its functionality as a pharmaceutical
ingredient.

2. Materials and methods
2.1. Raw materials

The fixed oil was obtained from green conilon coffee beans (GCC)
classified as non-beverage type, with more than 50 black beans in
300 g of samples and impurity content of 12.6%. The sample was
provided by the Cooperative of Coffee Growers of the South of
Espirito Santo (CAFESUL), Brazil, and classified in accordance with
the Official Brazilian Classification, following Normative Instruction
No. 8/2003 of the Identity and Quality Technical Regulations for
Processed Coffee Classification (Raw Grains) (Brasil, 2003; Brasil,
2020b). The other excipients of pharmaceutical-grade used to
prepare the formulations were: Polawax®, decyl oleate, glyceryl
monostearate, isopropyl myristate, and propylene glycol (Mix das
Esséncias), liquid petrolatum (Farmax), methylparaben (Vetec),
propylparaben (Exodo), ethylenediaminetetraacetic acid disodium
(Dinamica) and butylated hydroxytoluene (BHT) (Vetec).

2.2. Obtaining the green conilon coffee fixed oil (CFO)

To obtain the fixed oil, the GCC was dried in an air circulation oven
at 55 °C, crushed in a micro-Wiley knife mill (MARCONI, model MA
048), with a sieve of 20 mesh opening and subjected to extraction
by Soxhlet (FISATOM, model 22/6, Brazil) with ethyl ether as solvent.
The oil was centrifuged at 2.500 rpm (25 + 2 °C, 5 min) in a
centrifuge (HERMLE Labortechik GmbH, model 7206, Germany),
filtered in qualitative filter paper, and refrigerated at -20 °C until
analysis and preparation of the creams. The oil obtained was named
CFO.

2.3. Composition and physicochemical properties of CFO

The physicochemical properties (refraction index-RI, acidity index,
peroxide index, density, and the ultraviolet absorption coefficients
at 232 nm and 270 nm) were investigated according to standard
methods described in the guidelines of the Instituto Adolfo Lutz
(2008).

Total tocopherol determination followed the methodology
proposed by Durdn et al. (2004) and Otemuyiwa and Adewusi (2013)
with modifications. The oil samples were diluted in ethanol at a 1:10
ratio. A 1.0 ml aliquot was mixed with a 103 mol/| ferric chloride
solution and stirred for 1 min. Then, 2.0 ml of acetic acid/sodium
acetate buffer (pH = 3.3), 2.5 ml of 0.3% orthophenanthroline (m/v),
and 0.2 ml of 103 mol/l phosphoric acid were added. The system
was homogenized and kept in the dark for 10 min, followed by an
absorbance reading at 534 nm in a UV-Vis spectrophotometer
(EDUTEC, model EEQ-9023, Brazil). Quantification was performed by
constructing a calibration curve prepared with an a-tocopherol
standard (Merck, DL-a-Tocopherol, purity = 98%) in ethanol.

Total phenolic compound content was determined by the Folin-
Ciocalteu method according to Singleton et al. (1999). The
absorbance was measured at 760 nm on a UV-Vis
spectrophotometer (EDUTEC, model EEQ-9023). Quantification was
performed by constructing a calibration curve with a gallic acid
standard (Dinamica, AG, purity = 99%) in methanol.
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The chromatographic profile was analyzed to determine the oils
grease composition. The samples were derivatized and analyzed by
gas chromatography coupled to mass spectrometry (GC-MS) in
Agilent Technologies gas chromatography (GC 7890A, USA)
equipped with a mass detector and DB-23 capillary column, 60 m
length x 0.25 mm inner diameter x 0.25 pum film thickness. The
identification of the components from fixed oils was performed by
comparing the mass spectra of the device database (NIST 2.0) with
data from the literature and also with the injection of standard
substance solutions. The relative percentage of each compound was
calculated by the ratio between the integral area of their respective
peaks and the total area of all sample constituents.

2.4. In vitro antioxidant activity

The antioxidant activity of the CFO was determined by an extinction
method for 2,2-diphenyl-1-picrylhydrazyl (DPPH) (Brand-Williams et
al., 1995; Ndayishimiye and Chun, 2017) with modifications (de Lima
Souza et al., 2021). The absorbance was measured at 515 nm using
a spectrophotometer (UV-VIS EDUTEC, model EEQ-9023), and the
percentage of DPPH sequestration was calculated (Equation 1). The
effective concentrations (ICsp and [Cg) of the oil and the BHT

International Journal of Plant Based Pharmaceuticals, 2(2), 155-165

samples were estimated by a predefined tendency curve obtained in
Microsoft Excel.

DPPH scavenging (%) = 100 x [(Ao-An)/(Ad)] (1)
Where Ap = control absorbance (no antioxidant) and A, = sample
absorbance at concentration n.

2.5. Pharmaceutical formulations of the creams

Three formulations using self-emulsifying non-ionic wax were
prepared (F1, F2, and F3), with modifications described in the
National Formulary from Brazilian Pharmacopeia (Brasil, 2012). A
system of conventional synthetic emollients was used in the oil
phase in F1: decyl oleate, isopropyl myristate, and liquid petrolatum.
In F2, liquid petrolatum was replaced by CFO, and in F3, liquid
petrolatum and decyl oleate was replaced by CFO. BHT was used as
an antioxidant in F1 and was replaced by CFO in F2 and F3. The
composition and denominations of the formulations are listed in
Table 1.

Table 1. Formulations designed to evaluate the use of the CFO as pharmaceutical ingredients

Components Formulation®

F1 F2 F3
% Oil phase (w/w)
Self-emulsifying non-ionic wax (Polawax’) 11.00 11.00 11.00
Glyceryl monostearate 2.00 2.00 2.00
Isopropyl myristate 2.50 2.50 2.50
Decyl oleate 2.50 2.50 -
Liquid petrolatum 2.50 -
Butylated hydroxytoluene (BHT) 0.10 - -
Green conilon coffee fixed oil (CFO) 2.50 5.00
% Aqueous phase (w/w)
Propylene glycol 5.00 5.00 5.00
Methylparaben 0.15 0.15 0.15
Propylparaben 0.05 0.05 0.05
Ethylenediaminetetraacetic acid disodium 0.25 0.25 0.25
Purified water gs to 100 100 100

“Formulations described in the Brazilian Pharmacopeia National Formulary (Brasil, 2012), with adaptations.

The formulations were prepared on a laboratory scale, using a
conventional emulsification process according to the National
Formulary from Brazilian Pharmacopeia (Brasil, 2012), with
modifications. The components of the aqueous and oily phase were
heated separately to a temperature of 70-75 °C; the aqueous phase
was added to the oily phase and subjected to moderate and
continuous stirring in a domestic mixer (BRITANIA, model 200,
Brazil) until complete cooling.

2.6. Analysis of the quality and preliminary physical stability of the
creams

The description of the aspect and the formation of the emulsified
systems were researched by macroscopic and microscopic analysis
(Hu et al.,, 2017). The organoleptic characteristics of the creams
(appearance, color, brightness, odor, texture, skin coverage, and
residual color after application) were analyzed. The presence of
phase separation was also observed. Microscopic evaluation was
performed using an optical microscope (LEICA, model DM 500,
Germany) with a built-in camera (LEICA, model ICC50 HD) at 40x
magnification.

To assess the potential of using fixed oils as excipients, the prepared
formulations were subjected to tests provided by ANVISA's cosmetic
formulations quality and physical stability guidelines (Brasil, 2004).
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The pH was measured by direct potentiometry (MS-TECNOPON,
model mPA-220, Brazil). To predict physical stability, the creams
were subjected to different temperature conditions (40, 45, 50, 55,
and 60 °C; during 15 min each cycle) and centrifugation cycles
(1.000, 2.500, and 3.500 rpm; during 15 min each cycle).

Another important parameter that influences the acceptance of the
formulations is the spreadability related to the sensorial properties
of semi-solid formulations. The spreadability was determined by the
parallel plate method according to the methodology described by
Montenegro et al. (2015). Weighed 0.15 g of each formulation
evenly in the center of a glass plate of known dimensions properly
positioned on graph paper. Then, another glass plate of the same
size and previously weighed was placed carefully above the plate
containing the formulation. Then, known weights were added in
sequence, and the values of the diameters reached by the sample
corresponding to the weights were measured, and the area of the
scattered sample was calculated (Equation 2).

The spreadability factor was calculated using the ratio between the
maximum spreadability and the limit effort (Equation 3). To evaluate
the spreadability behavior of the creams, graphs of spreadability
versus strain (weight to which the sample was submitted) its first
derivative was constructed.
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Ei=(nd?)/4 (2)

Spreadability factor (mm?2/g) = (Emax/Mmax) (3)
Where E; = spreadability of the sample for a given weight (mm?2); d =
average diameter (mm), Emax = maximum spreadability of the
sample, from which the product no longer spreads even when more
effort is applied (mm2) and mmax = corresponding weight to obtain
maximum spreadability (g).

The method of compression of a sample between parallel plates was
used to estimate the behavior of a fluid (Montenegro et al., 2015;
Mezger, 2020). For this, the compression and its deformation were
calculated from the Equations (4, 5), and the behavior of each

cream was evaluated using compression versus volumetric
deformation graphs.

Compression (Pa) = (P/A) (4)
Volumetric Strain = (AV,/Vo) (5)

Where P, = corresponds to the accumulated weight with each new
mass addition multiplied by the acceleration of gravity; A = glass
plate area (m?); AV, = volume variation of cream corresponding to
the masse addition; Vo = initial volume of the cream.

2.7. Potentiality evaluation of CFO oil as an antioxidant in
formulations

The potential use of CFO as an antioxidant in creams formulations
instead of BHT was investigated by studying in vitro antioxidant
activity, according to the previously described methodology for the
fixed oil (Brand-Williams et al., 1995; Ndayishimiye and Chun, 2017).
DPPH was diluted in absolute ethanol at a 1:20 ratio.

2.8. Statistical data analysis

The results obtained for oil extraction vyield, physicochemical
properties, chemical composition, and antioxidant activity of the oil
and creams were subjected to descriptive analysis with a minimum
of three experimental repetitions and expressed as mean + standard
deviation, calculated by the packages ExpDes, MASS, and STATS,
program R, version 3.5.1 (R: Development Core Team, 2019). The
chromatographic profile was carried out by a single repetition. The
ICso and 1Cq values were estimated by the predefined tendency
curve obtained in Microsoft Excel, using the best fit model.

3. Results and discussion

In the last few decades, an increase in interest in natural products
can be noticed, as well as a growing consumer market worldwide for
“green products”, which are formulated with natural ingredients.
The exclusion of traditional quality control methods based on animal
testing and the encouragement to search for natural raw materials
from renewable sources ensure the success of the “green
cosmetics” market (Fonseca-Santos et al., 2015). The use of non-
beverage type green coffee beans in the production of natural
ingredients for use in the “green market”, satisfies the interest of
industries and consumers and adds value to the product regarding
the coffee agribusiness. The oil obtained from the green conilon
coffee presented, in its composition, high levels of fatty acids with
emulsifying and emollient properties (palmitic acid, linoleic acid) and
compounds with antioxidant functional properties (tocopherols and
phenolic compounds). When incorporated into cream formulations,
this oil has proven useful to be used as emollients and antioxidants
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in place of liquid petroleum jelly, decyl oleate, and BHT, widely used
synthetic ingredients.

3.1. Physical classification of GCC

Physical classification is one of the tools responsible for assessing
the quality of grains. The physical classification defines the type of
coffee, ranked on a scale of two to seven or non-beverage type, the
marketing of the latter being prohibited for not meeting the quality
standards determined in Normative Instruction 08/2003 of
Ministério da Agricultura, Pecuaria e Abastecimento-MAPA (Brasil,
2003; Brasil, 2020b). The coffee used in this work presented more
than 50 black grains in 300 g of sample, which classifies it as non-
beverage type, and content of impurities above 1.0% that
disqualifies it for commercialization unless it is processed again.

To be sold in the domestic or foreign market for food purposes,
coffees with similar classifications to those analyzed in this work
need to go through the re-processing of the beans, carried out by
densimetric separation and electronic sieve shaker, at the cost of US
2.00 per bag of 60 kg (Cafesul, 2021), however, this process is only
carried out in export-type coffees, due to the high cost. If not, then
they must be diluted in batches of better-quality coffees, which it
will result in a product with low market value, but that meets the
current legislation (de Almeida and Spers, 2020; Kalschne et al,,
2018; Santos and Nantes, 2014; Toci and Farah, 2014).

Based on this assessment, the search for more viable ways to use
these low-quality coffees is suggested. Among the possibilities of
use for the grains would be as a source of raw material for the
extraction of fixed oil (Acevedo et al., 2013; Chiari et al., 2014;
Nosari et al.,, 2015; Pereda et al., 2009; Tsukui et al., 2014;
Wagemaker et al., 2012, 2013, 2015; Xu et al., 2015).

3.2. Obtention and physicochemical characterization of CFO

After drying in an air circulation oven at 55 °C, the GCC sample
showed 3.92 + 0.12% (w/w) moisture content. Extraction of GCC by
the Soxhlet device with ethyl ether as solvent produced a yield of
3.70 £ 1.29% (w/w) in fixed oil (CFO). This yield can be considered
low when compared to those obtained by other authors for good
quality varieties of C. canephora (2-12% w/w) (Aguiar et al., 2005;
Brige, 2016; Mazzafera et al., 1998; Kemsley et al., 1995), which was
already expected because the sample had a high content of
impurities (12.60%). However, considering the market value (US
100.00/kilogram of fixed coffee oil), the quantity obtained was
expressive.

The CFO obtained from GCC was liquid at room temperature, clear
to slightly cloudy, brownish-green to amber in color, with a
characteristic odor of green coffee beans, density at 20 °C (0.9117 +
0.0027 g/cm3), and refractive index at 40 °C (1.4630 + 0.0015
g/cm3). Despite the large number of impurities contained in GCC,
the density (D) and refractive index (RI) values of CFO did not differ
much from those found by other authors in quality coffees (D =
0.9157-0.9418 and IR = 1.4300-1.4810) (Abdullah and Koc, 2013; Al-
Hamamre et al., 2012; de Oliveira et al., 2014; Oliveira et al., 2020;
Somnuk et al., 2017).

The acidity and peroxide index parameters make it possible to
assess the conservation status of fixed vegetable oils since lipid
decomposition is almost always accompanied by the formation of
free fatty acids and peroxides (Hosseini et al., 2016; Instituto Adolfo
Lutz, 2008). According to Anvisa (Brasil, 2005) and Codex Standards
for fats and oils from vegetable sources (FAO, 2021), crude or
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unrefined oils must have a maximum of 4.0 mg KOH/g acidity index
and 15 meaqg/kg peroxide index. The CFO showed an acidity index
(3.61 + 0.08 mg KOH/g) and a peroxide index (138.31 + 15.31
meq/kg). These results indicate high levels of lipid decomposition
products.

The presence of lipid decomposition products in the CFO was also
verified by measuring the extinction coefficient at 232 nm (4.46 +
0.07) and at 270 nm (19.68 £ 0.08). A high absorption in 232 nm
region indicates the presence of conjugated dienes, which are
produced from the degradation of polyunsaturated fatty acids, and

Table 2. Chemical composition of green conilon coffee fixed oil (CFO)
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high absorption in 270 nm indicates the presence of aldehydes and
ketones, a result of lipid oxidation (Dantas et al. 2011; Ferrari and
Souza, 2009).

3.3. Chemical characterization of CFO

The CFO showed in its saponifiable fraction predominance of
palmitic and linoleic acids. The unsaponifiable fraction showed
considerable levels of tocopherols and phenolic compounds (Table
2).

Fatty acids RT (min) Relative area (%)* Literature values™"
Palmitic (C16:0) 13.346 47.76 27.2-32.1

Linoleic (C18:2 A%12) 16.357 32.98 43.9-49.3

Oleic (C18:1 A9) 16.509 7.66 9.7-14.2

Stearic (C18:0) 17.009 9.55 5.8-8.0

Arachidic (C20:0) 21.097 2.05 2.1-4.4
Insaponification compounds Content (mg/kg)™

Total tocopherols
Total phenolics

788.71 £ 56.08
3312.40+ 14.62

“Values were determined by using gas chromatography with mass detector (CG-EM) and capillary column DB-23, with single injection of the samples and patterns.
"*Values are means * SD of three determinations (n=3). Abbreviations: CFO, green conilon coffee fixed oil obtained by solvent extraction with ethyl ether.
***(D'Amelio et al., 2013; Gérnas et al., 2014; Gérnas et al., 2016; Speer and Kélling-Speer, 2006; Wagemaker et al., 2011)

The presence of saturated and unsaturated fatty acids in the
constitution of fixed oils attributes emollient properties when they
are incorporated into cosmetic formulations (Pereira et al., 2005).
Emollient oils containing these acids are incorporated on the
keratinocytes of the epidermis, favoring the maintenance and
regeneration of the lipidic barrier and, contributing to the formation
of an occlusive layer, preventing the transepidermal water loss
(TEWL) (do Rosario et al., 2021; Lu et al., 2011; Sarkar et al., 2017;
Zielinska and Nowak, 2017). Additionally, the fatty-acid components
of vegetable oils, polyunsaturated fatty acids such as linoleic and
linolenic, have a pro-inflammatory effect and can accelerate the
healing process (PoljSak et al., 2020). Palmitic and stearic acids are
also used by the cosmetic industry to manufacture formulations due
to their emulsifying and stabilizing properties (Rosiaux et al., 2015;
Sarkar et al., 2017; Zielinska and Nowak, 2017).

In the unsaponifiable fraction of the CFO, the presence of the
aforementioned bioactive compounds was identified. Tocopherols,
precursors of vitamin E, considered a protective vitamin for the skin
due to their powerful antioxidant capacity, act as scavengers of free
radicals, protecting the skin from the harmful effects of solar
radiation and haves emollient properties, promoting skin hydration
(Keen and Hassan, 2016). Phenolic compounds help to improve the
immune system, preventing degenerative progressions such as
cancer, cataracts, neurological diseases, cardiovascular diseases,
and chronic diseases (do Rosario et al., 2021; Lu et al., 2011; Rosiaux
et al., 2015; Sarkar et al., 2017; Zielinska and Nowak, 2017).

3.4. Antioxidant activity of CFO

The CFO showed antioxidant activity against the free radical DPPH in
all tested concentrations, reaching 50% inhibition (ICso) in the
concentration of 0.59 mg/ml and 90% (ICq) in 0.96 mg/ml. The
sequestering behavior of the CFO was linear, and at concentrations
> 1.0 mg/ml, the antioxidant action was similar to BHT 0.20 mg/ml
(Figure 1).

The ICso and ICqo values of the CFO were higher than those of the
BHT (0.04 and 0.2 mg/ml), which requires a greater amount of CFO
to inhibit the free radical DPPH. However, it must be considered that
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the active antioxidant compounds present in the CFO, tocopherols,
and phenolic compounds (Table 2) are from a natural source and
offer low risk to human health.

3.5. Preliminary stability studies in creams formulations prepared with
CFO

Creams are semi-solid dosage forms obtained from the
emulsification of two phases (aqueous and oily) in the presence of
one or more emulsifiers, under heating and with stirring (Allen Jr et
al.,, 2013). Therefore, it has peculiar characteristics. Preliminary
stability studies can be carried out during the formulation phase of a
product to guide the choice between different formulations and
evaluate the need for modifications to adapt them (Brasil, 2004).
The tests performed to determine the preliminary stability in the
present work were the aspect description, pH determination,
thermal and mechanical stress, and spreadability.

When analyzed with the naked eye, all proposed formulations were
smooth and lump-free with no evidence of creaming, flocculation,
or coalescence. The F1 formulation showed milk-white color, and
formulations prepared with CFO (F2 and F3) showed a beige-white
color. When analyzed macroscopically, no creaming, flocculation, or
coalescence was noted. The odor was characteristic of the raw
materials used, with no rancid odor or of the solvent used to extract
the oil.

Regarding the sensory aspect on the skin, the formulation prepared
with the conventional emollient system (F1) presented less dense,
with a tackiness touch, high gloss, low coverage, thin layer, and
white on the skin after application disappeared within a few
seconds. The formulation in which liquid petrolatum, decyl oleate,
and BHT were replaced by CFO (F3) presented denser, with a dry
touch, the lower gloss, high coverage, and transparency on the skin
after application. The formulation in which liquid petrolatum and

BHT were replaced by CFO (F2) presented intermediate
characteristics.
In the photograph analysis of optical microscopy, individual

spherical droplets dispersed in the medium were observed (Figure
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2). A reduction in droplet size was observed in formulation with a
higher proportion of fixed oil (F3). Such observations suggest that
this formulation has a greater tendency to physical stability since
the drop size correlates with the physical stability of the emulsion.
When emulsified systems do not tend to flocculate, the observed
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drops are uniformly distributed and small; in emulsions that tend to
flocculate, the droplets are larger and are close to each other,
without merging into bigger ones (Allen Jr et al., 2013; Hu et al,,
2017).
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Figure 1. Antioxidant activity of BHT and CFO
Values are means + SD of three determinations (n=3).
Abbreviations: BHT-butylated hydroxytoluene, and CFO-green conilon coffee fixed oil obtained by solvent extraction with ethyl ether

Figure 2. Microphotographs of creams prepared in a single batch each, under 40x magnification
F1: Cream with isopropyl myristate emollient system, liquid petrolatum and decyl oleate
F2: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent to replacing liquid petrolatum
F3: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent, to replace liquid petrolatum, decyl oleate and BHT

A factor of great relevance for the acceptance of cosmetic products
by consumers is the sensory aspect, among which is the ease of
spreading and removal (Allen Jr et al., 2013; Aulton and Taylor,
2016). The F1 and F2 formulations presented the highest
spreadability factors (23.2 £ 0.4 and 26.2 + 0.5 mm2/g, respectively),
being the easiest to spread. In F3, the lowest value was observed
(5.5 £ 0.6 mm?2/g), suggesting it was more difficult to spread. F1 and
F2 formulations showed more pronounced variations in
spreadability at the beginning of the application of the masses (f'1
and f'2) and tending to constancy, and F3 formulation practically did
not vary the spreadability with the increase in the application of the
masses (f'3) (Figure 3A).

The replacement of liquid petrolatum by CFO in F2 effectively
increased the spreadability of the formulation, while the
replacement of decyl oleate and liquid petrolatum by CFO in F3
provided the formulation with a decrease. The first one is indicated
for cosmetic products submitted to small compressions, with
minimum effort conditions required for application to the skin. The
last one is indicated for cosmetic products that are used to cover
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fine lines, facial sunscreen, and makeup in general, as they can be
subject to great tensions, with the high effort required for
application to the skin, but providing a more uniform coverage
(Aulton and Taylor, 2016; Parente et al., 2005).

When evaluated in relation to the volumetric compression-
deformation effect, a similar behavior was observed in formulations
F1 and F2; both behaved as non-Newtonian pseudoplastic fluids,
becoming more fluid when subjected to high stresses, while F3
showed a characteristic behavior of Newtonian fluid with a
proportional increase between the volumetric strain and the
compression rate (Figure 3B). This characteristic may be associated
with the presence of air droplets in the F1 and F2 creams (Figure 2),
which are removed with compression, causing an increase in
fluidity, due to structural changes resulting from the applied forces
(Attwood et al., 2011; Dak et al., 2007; Shamsudin et al., 2013).
Meanwhile, in F3, these changes are less pronounced due to smaller
droplet size and greater emulsion homogeneity (Figure 3) with
constant cream fluidity, regardless of the applied force (Allen Jr et
al., 2013).
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Another important quality parameter for topical products is pH
determination. The pH values of the creams were in accordance
with the normal cutaneous pH, which corresponds to a range of 4 to
6.5 (Proksch, 2018). The incorporation of CFO in the formulation in a
2.5% w/w proportion did not affect the pH of the formulation since
F1 and F2 presented similar pH values. In the proportion of 5.0%,
there was a significant reduction in the pH of the formulation,
observed in F3. This decrease in the pH values of formulations
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where there was a total replacement of liquid petroleum jelly and
decyl oleate emollients is mainly associated with the increase of the
CFO content in the formulation and, consequently, of free fatty
acids, since part of the carboxylic groups present in fatty acids tend
to ionize at the interface of the emulsion droplets (Bruxel et al.,
2012; Rabinovich-Guilatt et al., 2005).
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Figure 3. Creams spread profile using the parallel plate method
F1: Cream with isopropyl myristate emollient system, liquid petrolatum and decyl oleate
F2: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent to replacing liquid petrolatum
F3: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent, to replace liquid petrolatum, decyl oleate and BHT

Finally, formulations were submitted to thermal and mechanical
stress. None of the formulations showed signs of flocculation,
sedimentation, and creaming formation. However, formulations F1
and F2 showed an increase in fluidity from 50 °C, and F2 presented
air bubbles at the bottom of the tube when subjected to
centrifugation, starting at 1.000 rpm. These changes are probably
due to the sedimentation phenomenon because the test is based on
separating phases with different densities (Mohsin et al., 2016).
Formulation F3 did not show any type of alteration, which may
indicate greater physical stability, which is in accordance with the
images observed by microscopy (Figure 2).
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3.6. Antioxidant activity of CFO in creams

The possibility of replacing BHT by CFO in formulations becomes
quite attractive due to the fact of replacing a synthetic component
with a natural one, and also due to the concentration limits of BHT
recommended by international regulatory authorities for their
presence in topical use formulations (0.0075-0.1% w/w) (Rowe et
al., 2009).

Figure 4A expresses the CFO antioxidant activity present in the
creams in terms of DPPH sequestration: F1 (16.2 + 0.3%), F2 (44.5 +
1.1%), and F3 (44.6 + 0.8%). Greater efficiency was observed in
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scavenging the free radical DPPH in formulations containing CFO as
an antioxidant (F2 and F3) than in the formulation with BHT (F1).

The effective concentrations for 50% inhibition of the free radicals
DPPH were: F1 (0.07 mg/ml of BHT), F2 (0.13 mg/ml of CFO) and F3
(0.26 mg/ml of CFO) (Figure 4B). These results indicate that
incorporating CFO in both cream formulations at the concentrations
tested is sufficient to replace the use of BHT as an antioxidant. This
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converges with evidence that natural antioxidants can present
antioxidant activity comparable to synthetic antioxidants (Ahmad
and Ahsan, 2020; Bera et al., 2006; Blasi and Cossignani, 2020, Cruz
et al., 2007; Garg et al., 2021; Lopez-Barrera et al., 2016; Lourengo
et al., 2019; Milatovic et al., 2016; Taghvaei and Jafari, 2015; Xu et
al., 2015).
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Figure 4. DPPH scavenging by the action of creams, and comparative behavior related of the antioxidant concentration present in each

formulation
F1: Cream with isopropyl myristate emollient system, liquid petrolatum and decyl oleate
F2: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent to replacing liquid petrolatum
F3: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent, to replace liquid petrolatum, decyl oleate and BHT
Effective concentrations-1Csg

For active antioxidant purposes, the increase in CFO concentration,
F2-2.5% (w/w) and F3-5.0% (w/w), provided no difference in DPPH
sequestration activity, showing similar behavior (Figure 5). This
result shows that the presence of the CFO compounds with
antioxidant action in the formulation (F2 and F3) is not only related
to their concentration but depends on a variety of physicochemical
factors, including pH, the viscosity of the continuous phase, droplet
size distribution, oil/water ratio and temperature (Frelichowska et
al., 2009; Salmela and Washington, 2014; Spernath et al., 2008).

4, Conclusions

Increasingly, consumers are looking for products or products based
on ingredients that have less impact on the environment, including
cosmetics. Formulating "eco-friendly" cosmetics is a challenge for
formulators who must be able to guarantee stability, safety, and
efficiency to the product. Preliminary CFO analysis obtained from
non-beverage type green coffee beans showed that the fixed oil was
promising in preparing creamy foundations, replacing synthetic
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emollients, liquid petroleum jelly, and decyl oleate, and replacing
the BHT synthetic antioxidant. Creams with 5% w/w of CFO (F3)
showed aspect, droplets size, pH, spreadability, and thermal and
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mechanical stability to

recommendations.
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Figure 5. Comparison of DPPH scavenging of the creams
F1: Cream with isopropyl myristate emollient system, liquid petrolatum and decyl oleate
F2: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent to replacing liquid petrolatum
F3: Cream incorporated with green conilon coffee fixed oil obtained by extraction with ethyl ether solvent, to replace liquid petrolatum, decyl oleate and BHT
Effective concentrations-1Csg
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ABSTRACT

Nyctanthes arbor-tristis L. contains various phytochemicals with tremendous potential to fight against
different infections. However, the effect of these phytochemicals on Mycobacterium tuberculosis is yet
unknown. Treatment of multi-drug resistance (MDR) and extensively drug-resistant (XDR) strains of the
tuberculosis bacterium are still challenging. Therefore, there is an urgent need to overcome this problem.
The present review focuses on the potential action of the hypolipidemic phytochemicals obtained from N.
arbor-tristis on the growth and survival of M. tuberculosis in the human host. The extracts from different
parts of this plant are hypolipidemic by various established mechanisms. Phytochemicals like iridoids and
flavonoids from plant origin exhibit a high capacity to regulate cholesterol and fatty acid biosynthesis in
vivo. The hypolipidemic properties of N. arbor-tristis-derived extracts are probably due to the presence of
phytochemicals such as iridoids, flavonoids, etc. It may regulate fatty acid biosynthesis in M. tuberculosis by
targeting bacterial fatty acid synthase enzyme. Additionally, these phytochemicals also inhibit cholesterol
biosynthesis in the host by interrupting the function of HMG-CoA reductase. M. tuberculosis is an
intracellular pathogen. It is also established fact as on date that entry of tuberculosis bacterium in the
macrophage is macrophage membrane cholesterol-dependent. Host cholesterol is also otherwise necessary
by multiple mechanisms for the pathogenesis of tuberculosis. Based on the above facts, we believe that N.
arbor-tristis derived phytochemicals can act both on the tuberculosis bacterium and on the host for
prevention and cure of tuberculosis.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

vskaia et al., 2016). Therefore, there is an urgent need to evaluate
new or alternative therapeutics to manage tuberculosis patients.

The management of tuberculosis has become far more complex due
to the emergence of drug-resistant strains of Mycobacterium
tuberculosis. In 2020, estimated new tuberculosis cases were
around 10 million, while 1.5 million people are died due to the
pathogen (WHO, 2021). The current treatment strategy against M.
tuberculosis includes isoniazid, rifampin, ethambutol, pyrazinamide.
It is shown that multidrug-resistant tuberculosis (MDR-TB) is
developed due to the resistance of commonly used
antimycobacterial agents (Chang et al., 2020; Kim et al., 2019;
Sullivan and Amor, 2016). Even extensively drug-resistant (XDR-TB)
strains of M. tuberculosis are becoming a global problem (Manjelie-

* Corresponding author:
E-mail address: drsubendus@gmail.com (S. Sarkar)
e-ISSN: 2791-7509
doi: https://doi.org/10.55484/ijpbp.1049943
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Medicinal plants and herbal products are used to prepare several
life-saving medicines. In traditional systems of medicine, various
plants are still in use for therapeutic purposes. In the Unani System
of medicine, Nyctanthes arbor-tristis L. is used as therapeutic
(Ahmed et al., 2015). Extracts prepared from different medicinal
plants have shown antimycobacterial effects (Gupta et al., 2010). N.
arbor-tristis extracts have shown antibiotic properties against
several microorganisms (Khatune et al., 2001).

The flower extracts obtained from N. arbor-tristis exhibits
hypolipidemic activity in vivo (Rangika et al.,, 2015). Some
phytochemicals present in the plant must be responsible for such
hypolipidemic property in the host. Phytochemicals like iridoid
glycosides and flavonoids are found extensively in different plant
parts of N. arbor-tristis (Rathore et al., 1990). Iridoids are secondary
metabolites synthesized by various plants, which can be found as

Please cite this article as: Sarkar, S., Singh, R.P, 2022. Nyctanthes arbor-tristis L.: Perspective of phytochemical-based inhibition of fatty acid biosynthesis in Mycobacterium
tuberculosis. International Journal of Plant Based Pharmaceuticals, 2(2), 166-175, https://doi.org/10.55484/ijpbp.1049943
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intermediates in alkaloids synthesis (Dinda et al., 2007). Iridoids like
plumericin and isoplumericin, isolated from Plumeria (a flowering
tree), have a tremendous role in inhibiting mycobacterial growth
(Kumar et al., 2013). Extracts from various parts of N. arbor-tristis
like seeds, leaves, flowers, bark, and fruits consist of different
phytochemicals, namely flavonol glycoside, oleanolic acid, essential
oils, tannic acid, carotene, friedeline, lupeol, glucose, and benzoic
acid (Sah and Verma, 2012). N. arbor-tristis extracts have already
been recognized as hepatoprotective agents. It has antileishmanial,

International Journal of Plant Based Pharmaceuticals, 2(2), 166-175

antiviral, antifungal, antipyretic, antihistaminic, antimalarial,
antibacterial, anti-inflammatory, and antioxidant properties as well
(Sah and Verma, 2012; Chaudhary et al., 2018). Moreover, major
iridoid glycosides like arbortristoside A, B, C, and 6B-hydroxyloganin
have also been found in N. arbor-tristis, and these iridoids are
shown to be effective as antiviral and antileishmanial agents (Gupta
et al., 2005; Tandon et al., 1991).
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Figure 1. Schematic diagram showing the important enzymatic reactions involved in the intracellular persistence and pathogenesis of M.

tuberculosis inside host macrophage
The synthesis of cholesterol facilitates the entry and uptake of M. tuberculosis inside the macrophage. Reactive oxygen species (ROS) may oxidize low-density lipoproteins (LDL),
which subsequently results in the formation of lipid droplets (LD) inside the macrophage. Additionally, cholesterol helps to arrange TACO proteins around the phagosome and
prevents phagolysosome complex formation. This mechanism subsequently facilitates the survival and persistence of M. tuberculosis inside the macrophage.N. arbor-tristis
phytochemicals may inhibit the function of HMG-CoA reductase, which ultimately interrupts the bacterial survival and persistence. «Lr sign represents the inhibitory action of N.
arbor-tristis phytochemicals.

Iridoids are proved to inhibit fatty acid biosynthesis. Iridoid-
glycoside (e.g., ipolamiide) can inhibit type Il fatty acid synthase
acting through Fabl (enoyl acyl carrier protein ACP reductase or
enoyl ACP reductase) in Plasmodium falciparum (Kirmizibekmez et
al., 2004). M. tuberculosis uses fatty acid synthase, an essential
enzyme for fatty acid biosynthesis and a sole carbon source (Mufioz-
Elias and McKinney, 2005). Fatty acid biosynthesis leads to produce
propenyl CoA and mycolic acid, which in turn help to compose the
cell wall of M. tuberculosis (Lee et al.,, 2013; Korf et al.,, 2005).
Therefore, we feel that iridoids like arbortristoside A, B, C, and 6B-
hydroxyloganin (or some other iridoids) present in N. arbor-tristis
may also reduce the growth of M. tuberculosis by interrupting fatty
acid synthase activity acting through Fabl inhibition. In this context,
we wish to emphasize that host fatty acids can also modulate the
pathogenesis of tuberculosis (Russell, 2003). So, if iridoids inhibit
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host fatty acid biosynthesis, that will be an attractive mechanism for
controlling tuberculosis. However, as of date, there is evidence that
N. arbor-tristis-derived products reduce triglyceride in the host
(Rathod et al.,, 2009; Rangika et al., 2015). This reduction of
triglycerides is due to the control of insulin sensitivity or direct
inhibition of fatty acid biosynthesis in the host is not very clear as on
date. Keeping this controversy alive, it can be logically concluded
that the plant products can control tuberculosis because diabetes
mellitus is also a risk factor for tuberculosis (Dooley and Chaisson,
2009). So, control of diabetes mellitus by the products of N. arbor-
tristis as reported in various literature, may improve the
tuberculosis status at least in a diabetic host (Rangika et al., 2015;
Kul et al., 2015).

Additionally, cholesterol biosynthesis plays a significant role in the
intracellular persistence of M. tuberculosis (Miner et al., 2009).
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Therefore, inhibiting cholesterol synthesis might be an alternative
strategy to inhibit M. tuberculosis. Several plant-derived
phytochemicals have been shown to inhibit cholesterol synthesis by
inhibiting HMG-CoA  reductase  (3-hydroxy-3-methylglutaryl
coenzyme A reductase) or degrading lipid moieties (Middleton and
Kok-Pheng, 1982; Reddy Palvai and Urooj, 2014; Palu et al., 2012).
Hence, it is logical to think that iridoid glycosides, extracted from N.
arbor-tristis, may decrease the survival of M. tuberculosis by
reducing cholesterol biosynthesis through inhibition of HMG-CoA
reductase. Apart from iridoids, several flavonoids like nicotiflorin,
phenylpropanoid, naringenin-4'-O-B-D-glucopyranosyl-a-
xylopyranoside, astragalin, etc. are found in N. arbor-tristis.
Flavonoids from leaf extract of various plants are shown to exert a
high degree of fatty acid synthase inhibition (Chen et al., 2009). On
the other hand, flavonoids can lower cholesterol levels by inhibiting
the function of HMG-CoA reductase (Baskaran et al., 2015). Hence,
we believe that flavonoids present in N. arbor-tristis may reduce the
growth and survival of M. tuberculosis by inhibiting HMG-CoA
reductase. Critical ethnopharmacological review is already available
for the plant concerned (Agrawal and Pal, 2013). However, from a
mechanistic point of view, we feel that phytochemicals obtained
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from N. arbor-tristis have significant potential for preventing and
curing tuberculosis, and this aspect is reviewed here. We consider
that such a review of basic biology and ethnopharmacological
relevance related to the context is necessary for novel drug
discovery to prevent and cure tuberculosis.

2. Methodology

A thorough literature survey has been done to review the studies
published so far in the concerned field available freely on public
domains such as Pubmed and Google Scholar. Original studies,
review articles, and books are referred to as search articles related
to the present review article from 1977 to 2021. “Nyctanthes arbor-
tristis L.” as a keyword is predominantly used to cite reference
articles. However, other keywords such as “Mycobacterium
tuberculosis”, iridoid, cholesterol, fatty acid, HMG-CoA reductase
are also associated with N. arbor-tristis. Only peer-reviewed
publications related to the keywords mentioned above have been
included in this article. In contrast, articles published in other
languages except English are excluded.
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Figure 2. Schematic diagram representing the probable enzymatic reactions mediated combinedly by FAS-I and FAS-II by M. tuberculosis to

synthesize long-chain fatty acyl ester
N. arbor-tristis phytochemicals may inhibit the function of Enoyl ACP reductase, which ultimately results in the inhibition of M. tuberculosis cell wall synthesis. L sign represents
the inhibitory action of N. arbor-tristis phytochemicals.

3. The role of cholesterol in the pathogenesis of M. tuberculosis

Cholesterol is an essential constituent of the plasma membrane,
which  provides fluidity and permeability (lkonen, 2008).
Additionally, cholesterol acts as a vital precursor for synthesizing
bile salts, steroid hormones, and vitamin D. Animals readily
synthesize cholesterol. Even fungi and plants are also capable of

producing cholesterol. However, sterol biosynthesis is still
contentious in bacteria (Fuerst and Sagulenko, 2014). M.
tuberculosis  lacks cholesterol biosynthesis machinery like
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monooxygenase etc. (Podust et al., 2004). Therefore, the “smart
bacteria” M. tuberculosis uses the host cholesterol to maintain its
pathogenesis and intracellular persistence (Figure 1). Interestingly,
host cholesterol plays as a triggering factor in tuberculosis
development (Miner et al, 2009). Even extra consumption of
dietary cholesterol may influence the virulence mechanism of M.
tuberculosis (Schafer et al., 2009). Besides, cholesterol is required to
anchor host protein coronin 1 or tryptophan-aspartate-containing
coat protein (TACO) on the surface of the phagosome. TACO inhibits
the phagosome-lysosome fusion during infection (Anand and Kaul,
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2005). Hence, inhibiting cholesterol biosynthesis may be a step
forward to control mycobacterial survival. It is particularly relevant
in the present context since M. tuberculosis enters the host
macrophage through the cholesterol-rich region of the macrophage
membrane (Gatfield and Pieters, 2000).

4. Fatty acid synthase and mycobacterial growth

Fatty acid synthase (E.C. 2.3.1.85) is an essential enzyme for M.
tuberculosis to synthesize long-chain fatty acid through sequential
condensation of acetyl-coenzyme A (acetyl-CoA) and malonyl-CoA
(Ngo et al., 2007). This enzyme needs to produce the major cell wall
components like mycolic acid etc. (Figure 2). Fatty acid biosynthesis
is crucial for M. tuberculosis for its intracellular persistence because,
in the presence of host-derived fatty acid, this bacteria is survived
by isocitrate lyase of glyoxylate cycle (Gould et al., 2006). The
complex cell wall structure contributes to less permeability and
fluidity. This helps M. tuberculosis to develop resistance towards
multiple drugs when surviving in a protected phagosome that does
not fuse with the lysosome (Ciccarelli et al., 2013). Therefore, new
drugs may be designed to target bacterial cell wall synthesis.
Mycobacterial fatty acid biosynthesis mainly depends on type | (FAS
I) and type Il (FAS Il) fatty acid synthase. FAS | is present in
mammalian and higher eukaryotes, whereas FAS Il is present only in
prokaryotes. The complete enzymatic process of mycobacterial fatty
acid biosynthesis is poorly understood as of date due to the slow
growth of the bacterium in the available culture systems. However,
it is known beyond any doubt that both FAS | and FAS Il systems are
essential for the synthesis of C80 mycolic acid. Initially, FAS I
synthesizes C16-C26 acyl-CoA esters, ultimately producing C80
mycolic acid by FAS Il (Cole et al., 1998).

5. Inhibition of long-chain fatty acid biosynthesis as a measure for
controlling tuberculosis

As mentioned earlier, fatty acid biosynthesis is necessary to
synthesize major cell wall components, thus crucial for bacterial
survival and drug resistance. Several studies have shown the
inhibition of this bacterium by either targeting fatty acid synthase or
mycolic acid formation. Ngo et al. (2007) have shown that
pyrazinamide (PZA) and its analog of 5-chloropyrazinamide (5-Cl-
PZA) can inhibit FAS | in M. smegmatis. Moreover, 2-hexadecynoic
acid and 2-octadecynoic acid show bactericidal effects against M.
smegmatis and M. bovis. Having higher concentrations, 2-
octadecynoic acid accumulates 3-ketohexadecanoic acid, which
further inhibits fatty acid biosynthesis and formation of mycolic acid
(Morbidoni et al., 2006). lIsoxyl and thiacetazone cause the
accumulation of 3-hydroxy C18, C20, and C22 fatty acids, which
ultimately inhibit the dehydratase step of the fatty acid synthase
type Il-mediated elongation (Grzegorzewicz et al., 2012a). Besides,
adamantyl urea-based compound is also being employed
successfully to inhibit mycolic acid transport across the plasma
membrane (Grzegorzewicz et al., 2012b).

in

6. Recent approaches to inhibit cholesterol

tuberculosis

biosynthesis

The persistence of M. tuberculosis mainly depends on utilizing the
host cholesterol (Pandey and Sassetti, 2008). Apart from this, the
cellular lipids play a pivotal role in the progression towards the
latent stage (Ahmad et al., 2006; Ouellet et al.,, 2011). So, the
inhibition of cholesterol synthesis may affect the survival of the
bacteria. Recent strategies comprise a classical mechanism to inhibit
cholesterol synthesis, which is based on the inhibition of HMG-CoA
reductase (Parihar et al., 2014). HMG-CoA reductase is an essential
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enzyme that catalyzes HMG-CoA conversion to mevalonate in
cholesterol biosynthesis (Endo, 2010) (Figure 1). In the year 1977, it
has been first reported that citrinin can reduce cholesterol levels by
inhibiting HMG-CoA reductase (Kazuhiko et al., 1977). In broadway,
cholesterol-lowering drugs can be classified into two major groups-
statins (e.g., lovastatin, atorvastatin, etc.) and fibrates (e.g.,
ciprofibrate, bezafibrate, etc.) (Pahan, 2006). The mechanism of
statin is based on the competitive inhibition of HMG-CoA reductase,
whereas fibrates stimulate B-oxidation of fatty acids in peroxisomes
and mitochondria. Moreover, statins are hypothesized to treat M.
tuberculosis as it potentially inhibits HMG-CoA reductase (Parihar et
al., 2014). However, these drugs are still not safe due to their toxic
side effects (Endo, 2010; Golomb and Evans, 2008). Therefore,
alternative approaches are required, which would have less toxicity.

7. Medicinal plant extracts against M. tuberculosis

Medicinal plants have a significant role in controlling the growth of
M. tuberculosis. Extracts from different parts of plants are used to
treat M. tuberculosis, and among them, the leaf extract is supposed
to be more active (Gupta et al., 2010). Leaf extract from Allium cepa
L., A. sativum L., and Aloe vera L. Burm. F. have shown
antitubercular activity up to 68% against H37Rv strain (Gupta et al.,
2010). Extracts prepared from various plants are proved to be
bactericidal for several mycobacterial species, including MDR strains
of M. tuberculosis (Bueno-Sanchez et al., 2009; Lawal et al., 2014;
Mariita et al., 2010; Sheeba et al., 2015; Shukla and Sharma, 2021;
Sivakumar and Jayaraman, 2011).

8. Inhibition of cholesterol biosynthesis by different herbal extracts
and phytochemicals

As mentioned earlier, cholesterol biosynthesis plays a crucial role in
the intracellular survival of M. tuberculosis. In this stage, the
bacterium uses the host cholesterol from the plasma membrane
and accumulates the lipid droplets into the macrophage (Daniel et
al., 2011). It is now proved that many medicinal plants contain
phytochemicals that inhibit cholesterol biosynthesis. The leaf extract
of Basella alba L. has phytochemicals such as a-tocopherol, oleic
acid, apigenin, luteolin, ascorbic acid, naringin, and eicosyl ester are
reported to inhibit HMG-CoA reductase in vivo (Baskaran et al.,,
2015). Additionally, iridoids and precursors like picroliv, oleuropein,
geraniol, and limonene can act as hypolipidemic agents (Khanna et
al., 1994; Omar, 2010; Pattanayak et al., 2009). While, monoterpene
like rowachol successfully inhibits HMG-CoA reductase in the rat
model (Middleton and Kok-Pheng, 1982). Morinda citrifolia L.
extracts alone or in combination with iridoid are shown to inhibit
HMG-CoA reductase (Palu et al., 2012; West et al., 2014).

On the other hand, flavonoids are the secondary metabolites of
plants, which are synthesized through the phenylpropanoid pathway
(Falcone Ferreyra et al.,, 2012). Flavonoids from plant origin have
shown tremendous cholesterol-lowering  effects in  vivo
(Esmaillzadeh et al., 2006; Miyake et al., 2006; Roza et al., 2007).
Flavonoids obtained from B. alba leaf extract exert the inhibition of
HMG-CoA reductase activity (Baskaran et al., 2015).

9. Antimycobacterial effects of N. arbor-tristis

So far, we have illustrated the importance of different medicinal
plants and phytochemicals having antimycobacterial activity,
cholesterol-lowering ability, and inhibitory role in fatty acid
biosynthesis. There is evidence regarding the medicinal effect of
extracts from different parts of N. arbor-tristis in various infectious
diseases (Rahman et al.,, 2013; Murti et al., 2012) as well as in
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metabolic disorders (Agrawal and Pal, 2013; Khatune et al., 2001)
(Figure 3). Additionally, the flower extract exhibits hypolipidemic
activity in the mice model (Rangika et al, 2015). The
antimycobacterial effect and hypolipidemic characteristics of the
plant extract may be due to the presence of different
phytochemicals. The two most important classes of phytochemicals
found in N. arbor-tristis are iridoid glycosides (e.g., arbortristoside-A,
B, C, 6B-hydroxyloganin, etc.) and flavonoids (e.g., nicotiflorin,
phenylpropanoid, naringenin-4'-0O-B-D-glucopyranosyl-a-
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xylopyranoside, astragalin, etc.) (Table 1). Unlike the other iridoids,
monoterpenes such as loganins are produced from the non-
mevalonate pathway (Eichinger et al., 1999). Loganin glycoside
extracted from plant sources can act as a hypolipidemic substance
by regulating PI3K—Akt/PKB signaling pathway (Yamabe et al., 2010;
Kang et al., 2018). In context, 6B-hydroxyloganin obtained from N.
arbor-tristis is reported as anti-leishmania and anti-arthritic agents
(Tandon et al., 1991).

Flower

Figure 3. Photograph showing N. arbor-tristis tree and its different parts such as flower, seed, and leaf

For a long time, medicinal plants have been used in the Indian
traditional “Ayurveda” to treat different infectious diseases,
including pulmonary tuberculosis (Debnath et al, 2012). As
mentioned earlier, different herbs exhibited antitubercular effects
against specific mycobacterial species, including drug-resistant
strains. Besides, plant phytochemicals like iridoid glycosides,
flavonoids, terpenoids are capable of inhibiting the growth of M.
tuberculosis by an unknown mechanism and are reported as a novel
antituberculosis drug (Askun et al., 2013; Cantrell et al.,, 2001;
Gordien et al.,, 2009; Jimenez-Arellanes et al., 2013; Kumar et al.,
2013; Zheng et al.,, 2014). These phytochemicals have different
intracellular targets with potential for cholesterol biosynthesis
inhibition, fatty acid synthase inhibition, etc. (Duan et al., 2012;
Khanna et al.,, 1994; Kirmizibekmez et al., 2004; Li et al.,, 2014;
Sundaram et al., 2013; Tasdemir et al., 2005; Wang et al., 2012;
Yamabe et al., 2007).

Iridoids obtained from plant sources show the potential therapeutic
role against trypanosomiasis and leishmaniasis parasites. Iridoid-rich
plant extracts can cease fatty acid biosynthesis in Plasmodium
falciparum by inhibiting Fabl enzyme activity (Tasdemir et al., 2005).
M. tuberculosis is an intracellular pathogen like P. falciparum,
Trypanosoma bruceirhodesiense, Leishmania donovani; therefore,
we believe that the iridoid glycosides like arbortristosides A, B, C,

etc. obtained from the extract of N. arbor-tristis may also exert the
inhibitory role against M. tuberculosis by analogous mechanism.

10. Hypothetical interventions

M. tuberculosis has a tremendous capacity to use the host
machinery for their survival and intracellular persistence. One of the
important mechanisms of M. tuberculosis pathogenesis is based on
the utilization of host cholesterol (Ahmad et al., 2006; Ouellet et al.,
2011; Pandey and Sassetti, 2008). Further, fatty acid biosynthesis is
crucial for the bacterium to produce cell wall components like
mycolic acid (Takayama et al., 2005). The importance of cholesterol
biosynthesis inhibition is believed to be an important method for
preventing and curing tuberculosis (Parihar et al., 2014). Cholesterol
biosynthesis inhibition also increases the bacteriocidal effects of
known antimycobacterial drugs (Lobato et al., 2014). Inhibition of
bacterium fatty acid biosynthesis, particularly mycolic acid
biosynthesis, is caused by established antimycobacterial drugs
(Schroeder et al., 2002).

Considering the above facts, we believe that extracts of N. arbor-
tristis may cause cholesterol biosynthesis inhibition in the host and
fatty acid biosynthesis inhibition in M. tuberculosis. We feel so
because N. arbor-tristis is rich in phytochemicals like iridoids,
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flavonoids, etc. (Table 1) (Sah and Verma, 2012). It is also proved
beyond any doubt that the phytochemicals mentioned above have
lipid-lowering action in the host (Murti et al.,, 2012; Rathod et al.,
2009). Crude extracts prepared from the flower and the root of N.
arbor-tristis have already been reported to reduce cholesterol levels
in the mice model (Rangika et al., 2015). Phytochemicals in N. arbor-
tristis (e.g., iridoids, Aglycone Ag-NY1) can inhibit host cholesterol
biosynthesis by inhibiting HMG-CoA reductase, the key enzyme for
cholesterol  biosynthesis. Therefore, N. arbor-tristis-derived
phytochemicals can control the growth and survival of M.
tuberculosis in human hosts by reducing host cholesterol. Some
phytochemicals derived from N. arbor-tristis (e.g., arbortristoside A,
B, C) may inhibit the fatty acid biosynthesis of M. tuberculosis by
targeting fatty acid synthase (FAS Il). In this context, flavonoids
present in N. arbor-tristis deserve a special mention because
flavonoids are known to inhibit the growth of M. tuberculosis by
inhibiting bacterial fatty acid biosynthesis (Brown et al., 2007).
Therefore, phytochemicals derived from the plant can target
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bacterial mycolic acid biosynthesis and exert bacteriocidal action. In
simple words, we feel that N. arbor-tristis derived phytochemicals
can be beneficial for tuberculosis by reducing host cholesterol as
well as by inhibiting bacterial mycolic acid biosynthesis. This is a
unigque approach as far as our knowledge goes. The present
methodology of tuberculosis control either works through the host
immune system (Bacille Calmette-Guerin vaccine) or the bacteria
(INH, Rifampicin, etc.). However, N. arbor-tristis derived
phytochemicals can prevent and cure tuberculosis, acting both
through the host and the bacteria. Additionally, the extracts of N.
arbor-tristis are known for controlling hyperglycemia. Since diabetes
mellitus is an established risk factor for tuberculosis, controlling
glycemia in diabetic patients will also help prevent tuberculosis by
the plant products. However, future in vitro and in vivo studies
based on our hypothesis may be a step forward to take alternative
and safe therapeutic strategies for managing tuberculosis patients.

Table 1. List of phytochemicals present in the N. arbor-tristis plant and their functions to inhibit fatty acid and cholesterol biosynthesis

No Phytochemicals

Inhibitory roles in fatty acid/cholesterol biosynthesis

References

Name Source/Plant Chemical class
parts
1 Arbortristoside A Seed Iridoid Cholesterol and triglycerides lowering effect Rangika et al., 2015; Rathod et al.,
2009; Murti et al., 2012; Rani et al.,
2012
2 Arbortristoside B Seed Iridoid Cholesterol and triglycerides lowering effect Rangika et al., 2015; Rathod et al.,
2009; Murti et al., 2012; Rani et al.,
2012
3 Arbortristoside C Seed Iridoid Cholesterol and triglycerides lowering effect Rangika et al., 2015; Rathod et al.,
2009; Murti et al., 2012; Rani et al.,
2012
4 Arbortristoside D Seed Iridoid Not reported -
5 Arbortristoside E Seed Iridoid Not reported -
6 Glycerides Seed Ester Not reported -
7 Lignoceric acid Seed Saturated fatty acid Not reported -
8 Stearic acid Seed, bark Saturated fatty acid Reduce LDL cholesterol Mensink, 2005
9 Palmitic acid Seed, bark Saturated fatty acid Inhibitor of fatty acid synthesis in mammary tissue Wright et al., 2002
10 Myristic acid Seed, bark Saturated fatty acid Not reported -
11 3-4 Secotriterpene acid Seed Amide conjugate Not reported -
12 D-Glucose Seed, root Carbohydrate Not reported -
13 D-Mannose Seed Carbohydrate Not reported -
14 Friedelin Seed Terpenoid Not reported -
15 Nycanthin Flower Terpenoid Not reported -
16 Flavonoids Flower Flavonoid Inhibition of in vitro cholesterol synthesis, beta- Brown et al., 2007
ketoacyl synthase domain of FAS to inhibit the
elongation of the saturated acyl groups in fatty acids
synthesis.
17 Anthocyanins Flower Flavonoids Not reported -
18 Essential oil Flower Fatty acid Not reported -
19 B-Monogentiobioside Flower Carotenoid Not reported -
20 B-Digentiobioside Flower Carotenoid Not reported -
21 a-Pinene Flower Terpenoid Inhibition of fatty acid synthesis Aydin et al., 2013
22 p-Cymene Flower Terpenoid Not reported -
23 1-hexanol methyl heptanone  Flower Ketone Not reported -
24 Phenylacetaldehyde Flower Aldehyde Not reported -
25 1-Deconol Flower Fatty alcohol Not reported -
26 Anisaldehyde Flower Aldehyde Not reported -
27 4-hydroxy Flower, leaf Flavonoids Not reported -
hexahydrobezofuran-7-one
28 Rengyolone and its acetate Flower Flavonoids Not reported -
NCS-2
29 Aglycone Ag-NY1 Tubular calyx Carotenoid Inhibit both the effect of HMG CoA reductase and Gebhardt, 1998
of flowers acyl CoA: cholesterol O-acyltransferase activities.
30 6B-Hydroxyloganin Leaf Iridoid Not reported -
31 D-Mannitol Leaf, root Carbohydrate Not reported -
32 B-Sitosterol Leaf Phytosterol Not reported -
33 Astragalin Leaf Flavonoid Inhibit cholesterol synthesis in higher concentration -
34 Nicotiflorin Leaf Flavonoid Not reported -
35 Oleanolic acid Leaf Terpenoid Inhibit the fat production -
36 Nyctanthic acid Leaf Terpenoid Not reported -
37 Tannic acid Leaf Polyphenol Reduce total and LDL cholesterol in cholesterol-fed -
rats. Inhibit fatty acid synthase activity.
38 Ascorbic acid Leaf Vitamin High concentrations of vitamin C inhibit the activity of Harwood et al., 1986
HMG-CoA reductase in vitro.
39 Methyl salicylate Leaf Glucoside Not reported -
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No Phytochemicals Inhibitory roles in fatty acid/cholesterol biosynthesis References
Name Source/Plant Chemical class
parts
40 Volatile oil Leaf Fatty acid Not reported -
41 Friedeline Leaf Terpenoid Lowering of lipid levels in plasma and liver Duraipandiyan et al., 2016
42 Lupeol Leaf Terpenoid Lupeol reduces triglyceride and cholesterol synthesis [toh et al., 2009
in human hepatoma cells
43 Glucose Leaf Carbohydrate Not reported -
44 Calceolarioside A Leaf Verbascoside Not reported -
45 Naringenin-4'-0-B-D- Stem Flavonoid Not reported -
glucopyranosyl-a-
xylopyranoside
46 B-sitosterol Stem Phytosterols Not reported -
47 Iridoid Bark Terpenoid Monoterpenes have been found to inhibit hepatic Middleton and Kok-Pheng, 1982
HMG CoA reductase by 50 to 60%
48 Phenylpropanoid Bark, seed Flavonoid Inhibition of triglyceride (TG) synthesis and promotion  Yang et al., 2015
of cholesterol catabolism.
49 Tannin Root Polyphenol A low concentration of condensed tannins from Zhang et al., 2008
catechu significantly inhibits fatty acid synthase.
50 Caproic acid Bark Fatty acid - -
51 Nonanoic acid Bark Fatty acid - -
52 Capric acid Bark Fatty acid -
53 Undecanoic acid Bark Fatty acid - -
54 Lauric acid Bark Fatty acid -
56 Tridecanoic acid Bark Fatty acid - -
57 Myristoleic acid Bark Fatty acid - -
58 Pentadecanoic acid Bark Fatty acid -
59 Palmitoleic acid Bark Fatty acid - -
60 Heptadecanoic acid Bark Fatty acid -
61 Oleic acid Bark Fatty acid - -
62 Linoleic acid Bark Fatty acid - -
63 a-Linolenic acid Bark Fatty acid -
64 Arachidic acid Bark Fatty acid - -
65 Eicosenoic acid Bark Fatty acid -
66 Octadecatetraenoic acid Bark Fatty acid - -
67 Eicosadienoic acid Bark Fatty acid - -
68 Arachidonic acid Bark Fatty acid -
69 Behenic acid Bark Fatty acid - -
70 Nyctanthin Root Alkaloid -

11. Conclusions

The current treatment of tuberculosis mainly relies on the drugs
such as isoniazid, rifampin, ethambutol, pyrazinamide (Yew et al.,
2010; Mcllleron et al., 2006). The choice of multi drugs is due to
reducing both initial bacterial load and persisters. The first-line drug
such as isoniazid can reduce the initial bacterial load by about 95%
within the first two days (Joshi, 2011). Rifampicin is quite effective
against the persisters during the initial failure of isoniazid due to
resistant or sensitive strains. The period of these multidrug
chemotherapies with a minimum of nine months to a maximum of
eighteen months could be reduced to six months by adding
pyrazinamide. Due to the failure of the first-line drugs, the second-
line treatment could be prescribed for the period of eighteen to
twenty-four months of prophylaxis. The extended prophylaxis of TB
drugs often develops resistance mechanisms in tubercle bacilli due
to certain mutational changes (Veen, 1995). Additionally, prolonged
treatment with a higher concentration of TB drugs becomes toxic
for internal organs like the liver, kidney, etc. (Saukkonen et al,,
2006). Thus, there is a need to improve the therapeutic approaches
by employing safe and effective drugs against the pathogenesis of
M. tuberculosis. The present review indicates a specific and target-
based approach against the pathogenesis of M. tuberculosis. There
is evidence that iridoids, flavonoids, etc., obtained from different
sources have potential lipid-lowering action (Khanna et al., 1994).
Besides, based on different studies and reports, we believe that
major phytochemicals obtained from the plant extract of N. arbor-
tristis may also exhibit a similar mechanism of action (Debnath et al,,
2012; Rangika et al., 2015; Rathod et al., 2009). The lipid-lowering
action appears in the host and the bacteria, which is expected to
have a profound antimycobacterial role. The anti-ulcerogenic, ulcer-
healing properties and in vivo studies of these phytochemicals
instigate us to further assess them as safe, non-toxic natural
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products (Ekeanyanwu and Njoku, 2014; Mishra et al., 2013; Rani et
al., 2012). However, in vitro and in vivo studies are required in a
large cohort in this regard. Further studies need to be conducted to
explore the molecular interactions between N. arbor-tristis
phytochemicals and M. tuberculosis, which may exhibit the target-
specific inhibition of the bacterium. And we feel that validation of
our hypothesis is urgently required since the modern world is facing
a threat from multidrug-resistant tuberculosis, which demands
exploration of novel strategies for effective prevention and control
of tuberculosis.
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ABSTRACT

The use of medicinal plants as an alternative phytotherapeutic remedy against mild illnesses and
dysfunctions is increasingly embraced by people. Among these dysfunctions, episodes of nervousness and
anxiety due to lack of sleep and insomnia are becoming more and more frequent among the population. To
remedy these problems, several plants with sedative activity are recommended. In particular, valerian root
(Valeriana officinalis L.) is the most recommended and studied with a significant difference. This study
presented a quantification of the phytomelatonin contents in valerian root and several related and
recommended herb supplements against nervousness, anxiety, and insomnia. The results showed the
presence of phytomelatonin in all the samples analyzed. The high phytomelatonin contents in valerian root
and its supplements indicated that, in addition to the known constituents of valerian root such as valerenic
acid, phytomelatonin also contributed to the phytotherapeutic activity of this plant since the relaxing and
sleep-inducing activity of melatonin is well documented. The recommended daily doses of valerian are
analyzed according to their phytomelatonin content, and recommendations are given on the possible
synergistic action of the components of valerian as a relaxant and sleep inducer in patients with these
dysfunctions. It is also recommended to document the phytomelatonin contents in phytotherapeutic
preparations.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

Generally, medicinal herbs and nutraceuticals of plant origin tend to
be more accepted by consumers than others. In this sense,

A medicinal herb is a plant containing some part/extract that can be
used to treat an affectation or disease. The different presentation
forms of herb supplements are worldwide products used for the
treatment of minor human pathologies or dysfunctions. In the USA,
these food supplements are regulated by the American Food and
Drug Administration (FDA), which uses the term dietary
supplements for products that have not been subject to control or
evaluation and stipulate that these dietary supplements must be
labeled with the annotation that they have not been evaluated by
the FDA. In the European Union (EU), more restrictive legislation is
applied by the European Medicines Agency (EMA) (EMA-HMP, 2018;
Vanaclocha and Cafiigueral Folcara, 2019).
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doi: https://doi.org/10.55484/ijpbp.1079005
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nutrition-based healthcare during the history of humankind can be
explained by the funny commentary of Rowe (1999):

2000 B.C. - Here, eats this root.

1000 A.D. - That root is heathen. Here, says this prayer.

1850 A.D. - That prayer is superstition. Here, drinks this potion.
1940 A.D. - That potion is snake oil. Here, swallow this pill.
1985 A.D. - That pill is ineffective. Here, takes this antibiotic.
2000 A.D. - That antibiotic is artificial. Here, eats this root.

The trend of using pharmaceutical preparations of natural origin is
increasing owing to the better knowledge of its efficacy and safety.
Due to increased stress and sleep difficulties leading to episodes of
anxiety, many people consider the consumption of medicinal plants
as a possible alternative solution. Some medicinal plants have the
property of being sedatives acting on the central nervous system,
decreasing nervous excitement, being used as a treatment against
anxiety, insomnia, and nervousness (Hadley and Petry, 2003;
Wheatley, 2005; Singh and Sharma, 2020).

Please cite this article as: Losada, M., Cano, A., Hernandez-Ruiz, J., Arnao, M.B., 2022. Phytomelatonin content in Valeriana officinalis L. and some related phytotherapeutic
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Valeriana officinalis L. (valerian) is one of the plants on which more
clinical studies have been published, demonstrating its effectiveness
as a mild tranquilizer in cases of generalized nervousness, insomnia,
restlessness, and moderate anxiety states. Its non-toxicity has been
demonstrated in therapeutic doses. Valerian root is used as a
sedative or sleep aid. It is worldwide available as a food supplement.
Valerian supplements, with V. officinalis roots as the main
component, were used to improve sleep quality and minimize
anxiety, stress, or moderate nervousness, all thanks to its sedative
and anxiolytic properties. Among the recommendations for valerian
root, approved by the European Scientific Cooperative on
Phytotherapy (ESCOP), are the relief of mild nervous tension
episodes and difficulty falling asleep. In addition, EMA approves its
traditional use to relieve mild mental stress symptoms and fall
asleep (HMPC-EMA, 2016; Hadley and Petry, 2003).

Multiple studies of valerian roots and their possible effects on the
improvement and induction of sleep have been conducted in recent
decades. Generally, randomized and double-blind clinical trials have
shown that extracts of valerian root and valerian supplements allow
a higher quality in sleep parameters, facilitating relaxation, reducing
the time needed to fall asleep, and deeper sleep phases than
placebo. Nevertheless, some difficulties in interpreting the results
appear because of the different dosage, origin, and purity of the
herbaceous extracts used. However, the effects are not immediate,
and treatment of 2-4 weeks is required to achieve a significant
improvement, without risk of dependence or adverse effects, which
differentiates the action of valerian roots from that of synthetic
hypnotics and benzodiazepines (Tammadon et al., 2021; Shinjyo et
al., 2020; Palmieri et al., 2017; Taavoni et al.,, 2011; Barton et al.,,
2011; Dimpfel and Suter, 2008; Miyasaka et al., 2006; Bent et al.,
2006).

Furthermore, melatonin supplements are also used to improve
sleep quality and sleep disorders, including insomnia, and avoid jet
lag. Also, to prevent or treat states of anxiety or depression (Dahlitz
et al., 1991; Ferracioli-Oda et al., 2013; Herxheimer, 2005; Jan et al.,
2000; Xie et al., 2017). Melatonin supplements are made with
synthetic melatonin, which is cheap and easy to synthesize
chemically (He et al., 2003; Thomson et al., 2003; Bartolucci et al.,
2016). These supplements can be found in the market in a wide
range of form presentations such as tablets, pills, liquid, sublingual,
etc. The regulations for these melatonin supplements are different
depending on the country, being more strongly regulated in the EU
and more laxly by the FDA in the USA (Coppens et al., 2006; Finley et
al.,, 2014). In recent years, it has been proposed that obtaining
phytomelatonin (discovered its presence in 1995) from plants
(Pérez-Llamas et al., 2020; Arnao and Hernandez-Ruiz, 2018) could
be a natural alternative in the making of melatonin supplements
since, in some cases, by-products of certain toxicity have been
detected in synthetic melatonin preparations (Mayeno and Gleich,
1994; Naylor et al., 1999; Williamson et al., 1998). Phytomelatonin is
present in all the plants studied, generally at low concentrations,
being its most relevant content in aromatic and medicinal plants
(Arnao, 2014; Arnao and Hernandez-Ruiz, 2015; 2018; Cheng et al,,
2021).

In this paper, a relationship between the sedative capacity of
valerian roots and supplements and phytomelatonin content was
studied. Valerian dry roots and herb supplements with/without
valerian root were analyzed to know its phytomelatonin content and
establish a possible synergic effect of traditional valerian
components and the novel phytomelatonin determination in plants.
A study of the recommended maximum daily dose of herb
supplements and the phytomelatonin content was presented.
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2. Materials and methods
2.1. Chemicals

The chemicals, solvents (methanol, acetonitrile, ethyl acetate), and
reagents used were from Sigma-Aldrich Co. (Madrid, Spain). Milli-Q
system (Milli-Q Corp, Merck, Darmstadt, Germany) ultra-pure water
was used.

2.2. Plant material

Dried roots of V. officinalis were obtained from Murciana de
Herboristeria S.A. (Cobatillas, Murcia, Spain), a specialized company
in medicinal and aromatic herbs. Table 1 shows the technical sheet
of valerian root used.

Table 1. Physico-chemical and microbiological characterization of V.
officinalis samples

Product Valerian roots
Denomination The healthy, clean, and dried root of V. officinalis
Origin Poland
Organoleptic characteristics
Aspect: Correct
Smell: Characteristic, without the presence of strange
odors
Color: Brown
Physico-chemical characteristics
Humidity (%) 12,00 Max.
Total ash (%) 12,00 Méx.
Insoluble ash (%) 5,00 Méx.
Microbiological characteristics
Escherichia coli (ufc/g) <100
Salmonella spp. Absence / 25 gr
Total aerobics (ufc/g) <10.000.000
Molds and yeasts (ufc/g) <100.000

177

Moreover, three herbal supplements with sedative properties
obtained from a local pharmacy office were used in the study. These
herb supplements are commercialized in Spain and many other
products with similar compositions in the EU. The supplements
were: Valeriana Eladiet from Eladiet Lab. (Barcelona, Spain),
Valeriana Deliplus from Korott Lab (Alicante, Spain), and Neuro
Balance from Salus Lab (Bruckmuhl, Germany), all recommended as
sedatives and as a sleep aid. Table 2 shows the ingredients and
composition of these herb supplements.

Table 2. Ingredients and composition of the herb supplements
studied

Product Ingredients Deck ingredients

Valeriana Eladiet 60 pills (330 mg)
Valerian officinalis root Hydroxypropylmethylcellulose
(257 mg)

Silicon dioxide
Hydroxypropylcellulose
Magnesium stearate
Polyethylene glycol 6000

Microcrystalline cellulose
Stearic acid

Erythrosine

Indigo carmine

Titanium dioxide

Valeriana Deliplus

60 pills (520 mg)

Valerian officinalis root
(400 mg)
Magnesium stearate

Gelatin

Neuro Balance

10 ml

Aqueous extract of:
Lemon balm leaves
Lavender flowers

Mint leaves

Passiflora grass
Rosemary leaves
Vitamin C, Vitamin B12
Natural flavorings

Juice concentrates of:
Mango puree

Guava puree
Ashwagandha root extract
Carob flour
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2.3. Extraction of phytomelatonin

Samples for phytomelatonin analysis were prepared according to
Hernandez-Ruiz and Arnao (2008) and Arnao and Hernandez-Ruiz
(2009). Briefly, samples of valerian roots and herb supplements (0.3
g DW) were placed in vials containing ethyl acetate (5 ml). After
leaving overnight (15 h) at 4 °C in darkness with shaking, the tissue
was discarded after being washed with the respective solvent (0.5
ml). The extract and washing solution from each sample was
evaporated to dryness under vacuum using a SpeedVac
(ThermoSavant SPD111V, Thermo-Fisher Sci, Waltham, MA, USA)
coupled to a refrigerated RVT400 vapor trap. The residue was
redissolved in acetonitrile (1 ml), filtered (0.2 um), and analyzed
using liquid chromatography with fluorescence detection (LC-FLUQ)
and by LC with time-of-flight mass spectroscopy (LC-QTOF/MS). The
procedures were carried out in artificial dim light.

2.4. Phytomelatonin analysis

Phytomelatonin content in valerian roots and herb supplements was
determined by liquid chromatography with fluorescence detection
(LC-FLUQ) and by LC with time-of-flight mass spectroscopy (LC-
QTOF/MS), according to our previous studies (Arnao and
Hernandez-Ruiz, 2009). A Jasco liquid chromatograph Serie-2000
(Tokyo, Japan) equipped with an online degasser, binary pump, auto
multi sampler, thermo-stated column, and a Jasco FP-2020-Plus
fluorescence detector were used to measure phytomelatonin levels.
An excitation wavelength of 280 nm and an emission wavelength of
350 nm were selected. A Waters XBridge-C18 (5 um of particle size),
100 x 2.1 mm LC column (Sigma-Aldrich, Barcelona, Spain), and
thermo-stated at 40 °C were used. Solvents A (MilliQ water with
0.1% formic acid) and B (acetonitrile with 0.1% formic acid) in
isocratic mode, at a flow rate of 0.2 ml/min, were used for the
compound separation. The data were analyzed using the Jasco
ChromNAV v.1.09.03 Data System Software (Tokyo, Japan). For
correct identification, an in-line fluorescence spectral analysis using
the Jasco Spectra Manager Software (Tokyo, Japan) compared the
excitation and emission spectra of standard melatonin with the
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corresponding peak of phytomelatonin in the samples. Identification
of phytomelatonin in plant extracts was also confirmed using an
LC/QTOF-MS system consisting of an Agilent 1290 Infinity Il Series LC
(Agilent Technologies, Santa Clara, CA, USA) equipped with an
automated multi sampler module and a high-speed binary pump
and connected to an Agilent 6550 Q-TOF Mass Spectrometer using
an Agilent Jet Stream Dual electrospray (AJS-Dual ESI) interface.
Experimental parameters for LC and Q-TOF were set in MassHunter
Workstation Data Acquisition software (Agilent Technologies, Rev.
B.08.00). The set parameters and signal corresponding to
phytomelatonin were extracted and quantified with an m/z of
233.1285, according to (Hernandez-Ruiz and Arnao, 2008).

2.5. Statistical analysis

For collecting all data, differences were determined using the SPSS
10 program (SPSS Inc., Chicago, USA), applying the LSD multiple
range tests to establish significant differences at p < 0.05. The
results are expressed as mean + standard error (SE, n = 5).

3. Results and discussion

A peak corresponding to phytomelatonin was detected by LC-FLUO
in the described conditions at ~ 12.3 min, as can be seen in Figure
1A, where a chromatogram of standard melatonin appears. Also, a
calibration curve of standard melatonin in the range used is shown
(Figure 1B). In the same conditions, the presence of phytomelatonin
in a valerian root sample was indicated by its peak retention time
(Figure 2) and from the respective excitation and emission spectra,
including a comparison of the first- and second-order derivatives
from each spectrum (Arnao and Hernandez-Ruiz, 2009). The
presence of phytomelatonin in the samples was confirmed by
spiking the standard (at ng levels) into the root sample extracts and
observing the increase in the putative melatonin peak. Also,
confirmation was obtained by LC/QTOF-MS analysis (Hernandez-
Ruiz and Arnao, 2008).
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Figure 1. Panel A: Representative chromatogram of standard melatonin (116 pg) measured by LC with fluorescence detection with Aexc = 280
nm and Aemi = 350 nm. The melatonin peak at the retention time of 12.3 min is marked. Panel B: Linear regression curve of standard
melatonin. Circles represent the means of three replicates; SE is included in the size of the symbols.

Table 3 shows the phytomelatonin quantitation in each studied
sample. All the samples contained significant amounts of
phytomelatonin. Phytomelatonin levels in edible plants range from
nanograms to micrograms per gram of plant tissue. In general,

seeds, leaves, stems, seedlings, and roots show the highest
phytomelatonin levels and fruits the lowest. Medicinal/aromatic
plants have significantly higher levels than seeds and fruits.
Additionally, growing conditions and harvesting, among other
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factors, affect phytomelatonin levels in plant tissues (Arnao, 2014;
Arnao and Hernandez-Ruiz, 2013; 2014; 2015).

Valerian root samples showed a high phytomelatonin content. Herb
supplements containing valerian also presented similar contents.
The differences between them (from 0.96 to 2.09 in Table 3) can be
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explained due to the variability of valerian root sources, a common
aspect in herb supplements. When the phytomelatonin content is
calculated by pill, considering the valerian dosage in each herb
supplement (see technical sheets in material and methods),
Valeriana Deliplus showed the highest dose (0.8 pg/pill).
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Figure 2. Representative chromatogram of valerian root samples measured by LC with fluorescence detection with Aexc = 280 nm and Aemi =
350 nm. The melatonin peak at the retention time of 12.3 min is marked.

According to a meta-analysis study on thirteen valerian products
commonly used in the USA, which were evaluated by a reference
laboratory, the recommended doses ranged from 75 to 3000 mg per
day (Bent et al., 2006). In the EU, EMA recommends a daily dose of
400-600 mg of extract to relieve nervous tension, 1-3 times a day.
Therefore, an MRDD is 1200-1800 mg of valerian extract (HMPC-
EMA, 2016). However, ESCOP recommends up to 1-3 g of the dry
herb of MRDD in infusion. Considering these approximate data, with
ESCOP recommendation (MRDD of 3 g), the intake of
phytomelatonin from valerian root infusion can become 4.68
ug/day. In the case of herb supplements, considering the
recommendation by each lab, phytomelatonin intake in Valeriana
Deliplus was higher than Valeriana Eladiet and higher than in
valerian roots (Table 3).

Table 3. Content of phytomelatonin in the four studied samples

Phytomelatonin content

Samples

ug/g DW pe/pill g/MRDD**
V. officinalis (root) 1.56 +0.068* - 4.68
Valeriana Eladiet 0.96 + 0.051 0.25 0.75
Valeriana Deliplus 2.09 £ 0.087 0.8 6.27
Neuro Balance 0.36 + 0.008 3.6 7.2

Lk

*Average data + SE (n = 5); **Maximum Recommended Daily Dose

According to the European Pharmacopoeia, the main constituents of
valerian root are essential oils (0.3-1.1 %) and amino acids such as
gamma-aminobutyric acid (GABA), glutamine, and arginine, in
relatively high proportions. It also contains flavonoids (hesperidin
and 6-methyl-apigenin), lignans (8'-hydroxypinosinol), traces of
alkaloids (valerianine, methylpyrrolyl ketone), and several acidic
compounds such as valerenic, formic, acetic, etc. Regarding
pharmacological activity, valerian root preparations have a sedative
and sleep-inducing action through a mechanism that would increase
GABA transmission by increasing the concentration of GABA in the
synaptic space due to an inhibition of its catabolism and reuptake.
The cause of the inhibition of GABA catabolism could be valerenic
acid, a sesquiterpenoid present in valerian essential oil (Figure 3).
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Most of the commercialized extracts were standardized to 0.8 %
valerenic acid (Boonstra et al., 2015; Trauner et al.,, 2008;
Vanaclocha and Cafiigueral Folcara, 2019).

As is known, melatonin is a hormone that the brain produces in
response to darkness to help the body fall asleep. It is also applied
to prevent sleep disturbances from jet lag to improve insomnia and
sleep efficacy/quality. Curiously, in valerian products (dry roots and
supplements) the phytomelatonin contents never appear described.
This is because phytochemical laboratories do not have the analysis
of melatonin of plant origin among their routines since it is a
relatively new molecule in the field of phytotherapy. Certainly, the
phytomelatonin contained in valerian preparations could play an
important role in the sedative and sleep-inducing action, hitherto
attributed exclusively to valerenic acid. Although structurally,
phytomelatonin and valerenic acid are not very similar (Figure 3), it
is possible that both molecules contribute to the phytotherapeutic
activity, and even with possible synergistic effects.

As an example of the importance of phytomelatonin in herb
supplements, Table 3 also shows the phytomelatonin content of
Neuro Balance samples. As it can be seen in the technical sheet (see
material and methods), it is a natural multicomponent supplement
based on juices and herbs, highlighting among its components the
presence of Passiflora (Passiflora incarnata L.) and Ashwagandha
(Withania somnifera L.) herbs. Ashwagandha root, also known as
Indian ginseng or sleep herb, is used to induce and improve the
quality of sleep in people suffering from insomnia and stress.
Passiflora is also recommended in the case of insomnia and to help
sleep-in. The analysis shows that Neuro Balance contains a low level
of phytomelatonin (0.36 ug/ml), but considering the recommended
daily dose (20 ml), a person can intake up to 7.2 pg of
phytomelatonin a day, possibly enough to induce sleep-in. The exact
origin of the phytomelatonin in this supplement is difficult to know,
possibly from Passiflora and Ashwagandha but also from the other
plant components of the mixture. In any case, this would be a good
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example that herb supplements "designed to aid sleep" tend to
contain phytomelatonin and that consumers should be made aware
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of this fact.
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Figure 3. Chemical structures of melatonin and valerenic acid

Currently, studies with valerian focused on treating anxiety and
insomnia continue to advance with very positive results (Das et al.,
2021; Borrds et al, 2021). Also, in trials in patients with
neuropathies (Soltani et al.,, 2021), mental disorders such as
Alzheimer's (Marde et al., 2022), and in pregnancy (Kennedy et al.,
2013), the beneficial effects of valerian extracts, as well as other
phytotherapeutics, have been proven with interesting results.
Another attractive line of research with valerian is the studies
against skeletal muscle atrophy, of great interest in athletes (Kim et
al., 2022). Also, in in vitro studies, no harmful effects have been
detected at high doses of tranquilizing herbs, including valerian
(Spiess et al.,, 2021). However, some recent studies suggest that
these herbs can alter the pharmacokinetic response to drugs
(Matura et al., 2021).

4. Conclusions

Our recommendation, considering the results, is that the
phytomelatonin content in valerian supplements and other sleep-in
inductors/improvers be determined and reported in the
prospectuses or technical sheets of the product so that the
consumer is aware that other compounds contained in the
preparations can help you in therapeutic treatment. Also, research
on valerian preparations should be promoted to understand the
possible synergistic interaction of valerenic acid and phytomelatonin
to establish and quantify the role of each of them. Finally, the design
of herb supplements to improve sleep with plant components rich in
phytomelatonin may be a future strategy of great interest.
Currently, new research on the possible role of phytomelatonin in
other herb supplements related to anxiety and sleep quality is in
perspective.
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ABSTRACT

In the study, silver nanoparticles (AgNPs) were successfully synthesized by an environmentally friendly
synthesis method using Seseli resinosum Freyn & Sint extract. The synthesized silver nanoparticles were
characterized by ultraviolet/visible light absorption spectrophotometer (UV-Vis), X-ray diffraction (XRD), and
scanning electron microscopy (SEM) analysis. As a result of the characterization, it was determined that 33
nm spherical nanoparticles were formed, showing a spectrum at ~420 nm wavelength. Silver nanoparticles
showed a bacteriocidal effect against all bacterial strains. DPPH and ABTS methods were used to examine
the antioxidant activities of plant extracts and AgNPs. In DPPH removal activity, AgNPs obtained by green
synthesis provided a high rate of inhibition removal compared to the extract. According to this percentage,
while silver nanoparticles provided 22% removal, the extract provided 15% removal. In ABTS removal
activity, when AgNPs were obtained by green synthesis compared to the extract, silver nanoparticles
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Key!/vords:. provided 25% removal, while the extract provided 18% removal. The characterization of silver nanoparticles
Antibacterial . ) ) S L . .
Antioxidant synthesized by the green synthesis method and their antioxidant activity were investigated, and the

obtained values indicate the presence of an antioxidant capacity. In addition, the inhibitory effects of the
extract and AgNP on lipoxygenase activity, which has an important place in health, were investigated. It was
determined that the aqueous extract of S. resinosum and the AgNP synthesized from the extract had
lipoxygenase enzyme inhibitory activity.

Green synthesis
Lipoxygenase inhibitory activity
Silver nanoparticles
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1. Introduction

Nanoparticles; are materials with sizes ranging from 1-100 nm
(Ahmed et al., 2016). Nanoparticles are used in many fields such as
bio-medical, catalysis, food, clothing, cosmetics, and electronics
(Gopinath et al., 2016; Saravanakumar et al., 2018; Selvakumar et
al., 2018). Silver (Ag) has been used in antibacterial applications in
many fields for many years due to its activity against bacteria and
other microorganisms (Yang et al.,, 2012); silver nanoparticles
(AgNPs) have been reported by some researchers to have strong
antibacterial activity (Xu et al.,, 2011; Kung et al., 2018). Various
methods are used to obtain silver nanoparticles. Among these met-
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hods, the biological method is preferred more than other (physical
and chemical) methods because it is environmentally friendly and
economical (Chen et al., 2003; Francis et al., 2017). In the synthesis
of silver nanoparticles, the use of plant sources is more economical,
and the application processes are easier, so it has attracted more
attention recently (Pallela et al., 2018). Free radicals are atoms,
molecules, or ions with unpaired electrons that are unstable to react
chemically with other molecules. Oxygen-centered free radicals are
known as reactive oxygen species (ROS) (Han et al., 2018). Oxidative
stress is the result of an imbalance between ROS and antioxidant
defenses. Oxidative stress disrupts a number of cellular functions
and causes various negative effects as it suppresses the organism's
antioxidative defense mechanism. Antioxidants are molecules that
can prevent or delay the oxidation of an oxidizable substrate
(Halliwell, 1990). Therefore, research on natural antioxidant
compounds that can be obtained from plants and can efficiently
scavenge free radicals has been increasing in recent years (Sindhi et
al., 2013). Lipoxygenases (LOX) enzymes are a group of enzymes
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detected in animals, food yeast, plants, algae, fungi, cyanobacteria,
and algae. In the pathway of arachidonic acid metabolism carried
out by LOX, substances called reactive oxygen species (ROS) are
formed. Other arachidonic acid metabolites and ROS substances
formed in this way can cause tumor formation or inflammation
(Juntachote and Berghofer, 2005). In addition, LOXs and their
metabolites are implicated in many types of human cancers, such as
prostate, lung, breast, colon, and other cancer cell lines (Samuelsson
et al., 1987). It is very important to find new LOX inhibitors to treat
human  diseases such as cancer, cardiovascular and
neurodegenerative disorders (Kelavkar et al., 2000). LOX is a very
important enzyme in the food sector as well as in the health sector,
and its characterization and inhibition should be investigated.
However, the demand for natural antioxidants has increased
recently due to the toxicity of these synthetic compounds (Guzel et
al., 2017). This study it is aimed to determine the characterization,
antibacterial, antioxidant activity, and lipoxygenase enzyme
inhibition profile of AgNPs obtained by using the extracts of Seseli
resinosum Freyn & Sint by green synthesis method without using
toxic and expensive chemicals. Characterization was done by SEM,
UV-Vis, and XRD analysis. The effects of AgNPs on antibacterial,
antioxidant, and lipoxygenase enzyme inhibition were investigated.
In conclusion, extracts and AgNPs may be promising antioxidants for
the health industry.

2. Materials and methods
2.1. Preparation of plant sample and extract

After the plant sample used in the study was collected, it was
thoroughly washed in tap water, dried in a cool and moisture-free
environment, and made ready for grinding (Davis, 1970). Distilled
water was used as a solvent to prepare the plant extract, which was
dried at room temperature. The leaf part of the plant was ground
with the help of liquid nitrogen by crushing in a mortar. 10 g of the
ground plant sample was weighed, and 150 ml of distilled water was
used as a solvent. The magnetic heater was also set at 80 °C and
extracted for 4 hours. At the end of the period, filtration was
performed using filter papers. The extract obtained after this
process was put at +4 °C to be used (Antony et al., 2013).

2.2. Biological synthesis of AGNPs by green synthesis method

The dried plant leaves were crushed in a mortar and powdered, 10 g
were weighed, and distilled water was added to it. The magnetic
heater was also subjected to the extraction process for 4-5 hours,
and at the end of the period, filtering was done using filter papers.
60 ml of the prepared extract was taken, and 1 mM silver nitrate
(AgNOs) solution was added. The mixture was stirred in the
magnetic heater for 1 hour until a color change occurred. After the
color change was observed, the mixture was centrifuged at 13.000
rom for 15 minutes, and thus the nanoparticles were purified from
other organic molecules. Each time, the supernatant was poured
and added from the prepared solution again. Finally, the part
remaining at the bottom was dried in an oven at 35 °C (Rather et al,,
2013).

2.3. Characterization of synthesized AgNPs

Many methods are used to characterize nanoparticles. In this study,
SEM, UV-Vis, and XRD, the basic techniques for the characterization
of AgNPs, were used. The analyzes were made by the Eastern
Anatolia High Technology Center (DAYTAM), which operates within
Atatirk University.
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2.3.1. SEM analysis

The characterization of the shape, surface topology, and
morphology of the obtained AgNPs was carried out using the Zeiss
Sigma 30 model scanning electron microscope (SEM) located at
Eastern Anatolia High Technology Center (DAYTAM) Ataturk
University.

2.3.2. UV-Vis spectroscopy

1 mg of AgNPs was dissolved in 3 ml of deionized water. The sample
was sonicated for a certain time for the AgNPs to show a good
distribution in water. This solution was then placed in the cuvette,
and the AgNPs were characterized by measuring their UV-Vis
spectra at wavelengths between 200 and 875 nm.

2.3.3. XRD analysis

The XRD pattern of the synthesized AgNPs was analyzed with the
PANalytical Empyrean XRD device with a step size of 0.02 in the
range of 20 between 10° and 90°. UV-Vis spectra and XRD results
were evaluated in the OriginLab data analysis program, and their
graphics were drawn.

2.4. Determination of antibacterial activities
2.4.1. Microorganisms used in the study

A total of 6 strains of gram-positive [Bacillus subtilis (DSMZ 1971),
Staphylococcus aureus (ATCC 25923), Enterococcus faecalis (ATCC
29212)] and gram-negative [Pseudomonas aeruginosa (ATCC
27853), Salmonella enteritidis (ATCC 13075), Escherichia coli (ATCC
25922)] microorganisms selected by using minimum inhibition
concentration (MIC) method. As positive controls, Ertapenem,
Tetracycline, Gentamicin (10 mg/ml) antibiotic discs were used.

2.4.2. Disc diffusion method

Sterile, disposable, MH (Mueller Hinton) agar with a 4 mm height
medium was used on petri dishes with a diameter of 15 cm. A sterile
loop was taken from the bacterial colonies that grew as pure
colonies on the culture plates and inoculated into MH broth,
incubated for 1-2 hours at 37 °C. After turbidity was formed,
standard turbidity was established by adjusting McFarland 0.5 (108
microorganisms/ml). Widespread cultivation was performed from
this suspension on MH agar medium with a sterile swab. Dilutions of
the substance to be investigated with distilled water at a certain
concentration were prepared. Paper disks impregnated with 20 ul of
these dilutions were placed in the medium with sterile forceps. 3
were run in parallel. Three different antibiotics [Ertapenem,
Tetracycline, and Gentamicin (10 mg/ml)] were used for control
purposes. After incubation of petri dishes at 35-37 °C for 18-24
hours, inhibition zone diameters were measured (Hudzicki, 2009).

2.5. MIC analysis

The antibacterial activities of silver nanoparticles were determined
by the minimum inhibition concentration (MIC) method (Wang et
al., 2017). For the microdilution method, 96-well microplate wells
were used. In applications carried out with the microdilution
method, an MHB medium for bacteria was added to the wells of 96
microplates. After preparing a series of dilutions from the adjusted
concentrations of silver nanoparticles, AgNPs solutions were added
to the microplates and diluted. Then, a certain amount of
microorganism solutions prepared and adjusted according to 0.5
McFarland (1.5 x 108 CFU/ml) were added to the microplates and



Bakir et al.

incubated overnight at 37 °C for 24 hours. At the end of the period,
the absorbance value was measured at 600 nm in the
spectrophotometer device. Obtained results were schematized as
multiples of MIC, and % inhibition was calculated.

2.6. Methods applied in Determining antioxidant capacity
2.6. ldentification of radical scavenging potential
2.6.1. DPPH method

To prepare a 0.1 mM DPPH solution, 4 mg of DPPH was weighed. It
was dissolved by adding 200 ml of methanol. 50ul of extract and
AgNPs sample was added to eppendorf tubes. It was vortexed by
adding 200ul of DPPH solution to them. The absorbance was
measured at 517 nm after being kept in the dark for 60 minutes and
added to the 96 well plate wells (Almeida et al., 2020).

2.6.2. ABTS method

To prepare a 7 mM ABTS solution, 0.192 g ABTS and 0.0324 g
potassium persulfate were added to 50 ml distilled water. The
volume was completed to 100 ml and kept in the dark overnight by
mixing these mixtures. Then, 1 ml of this mixture was taken, and 39
ml of methanol was added to it and diluted to 40 ml. After dilution,
15ul of plant extract and AgNPs were taken. 285 ul of ABTS solution
was added to them and vortexed. After 2 hours in the dark,
absorbance was measured at 734 nm (Almeida et al., 2020).

2.7. Lipoxygenase enzyme inhibition

In the determination of lipoxygenase activity of the samples, the
spectrophotometric method is given by Anthon and Barrett (2012)
was used with some modifications. To determine the lipoxygenase
activity, 0.2% Triton X-100 was added to 0.1 M phosphate buffer (pH
6.5) to free the enzyme, and a homogenization buffer was prepared.
Linoleic acid was used as a substrate for the activity assay. To
prepare 25 ml of the linoleic acid substrate, 280 mg of Tween 20
and 140 mg of linoleic acid were added to 5 ml of distilled water. 0.6
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ml, 1 N NaOH was added to clarify the solution. The volume was
made up to 25 ml with distilled water and stored at -18 °C as 1 ml
aliquots. At the extraction stage, approximately 5 g of the sample
was weighed, and the same amount of cold (4 °C) homogenization
buffer was added and centrifuged at 9000 g for 10 minutes. After
centrifugation, some of the supernatants were transferred to a
clean centrifuge tube. The enzyme obtained from soybean [Glycine
max (L.) Merr.] was used. The enzyme solution was prepared by
weighing 5 mg enzyme and dissolving it in a 4.3 ml phosphate
buffer. The prepared enzyme solution was stored in eppendorf
tubes in 250 pl portions at -80 °C until the experiments were carried
out. Nordihydroguaiaretic acid (NDGA) was used as the reference
inhibitor. 2 mg of NDGA was weighed and first dissolved in 2 ml of
methanol. Pure water, buffer solution, substrate solution, and
inhibitor mixture was used as blank. The reaction started with the
addition of 0.2 ml of the enzyme extract, and the increase in
absorbance at 234 nm wavelength was observed for 3 minutes. The
amount of enzyme was calculated as nmol/GFW/min from the slope
of the absorbance curve at 234 nm wavelength versus time.

3. Results and discussion
3.1. Characterization of AGNPs
3.1.1. SEM results

SEM images of AgNPs obtained from S. resinosum by the green
synthesis method are given in Figure 1. From the SEM images, it is
seen that the particles have different diameters and sizes. SEM
images of AgNPs were evaluated, and they were found to be
spherical. With the Trianthema decandra extract, it was determined
that the particles were 33 nm on average (Geethalakshmi and
Sarada, 2010). They synthesized spherical nanoparticles with sizes
ranging from 16-50 nm with Sterculia foetida extract (Premkumar et
al., 2018). In another study with orchid extract, spherical-looking
AgNPs varying between 15-40 nm were obtained (Gopinath et al,,
2017).

Figure 1. Images of SEM analyzes of synthesized silver nanoparticles

3.1.2. UV-Visible absorption analysis

The formation of silver nanoparticles causes vibrations on the
plasma surface to change the color of the solution from yellow to
brown. This indicates the formation of nanoparticles (Geethalakshmi
and Sarada, 2010; Al-Ogaidi et al., 2017). The color change observed
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in the study and the data with a maximum absorbance of 420 nm in
UV-Vis measurements supports this formation (Figure 2). Similar
absorbances are observed in the study with green coffee (Wang et
al.,, 2017). Alsammarraie et al. (2018) stated that they found a
maximum value of 435 nm due to UV-Vis analysis using turmeric
(Curcuma longa) plant extract. In another study, the maximum
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absorbance of 461 nm was determined in the synthesis of AgNPs
with the plant extract of corn leaves (Eren and Baran, 2019).

3.1.3. XRD analysis

The X-ray diffraction of the obtained AgNPs was evaluated (Figure
3), and the characteristic peaks of silver at 111, 200, 220, and 311
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(with values of 27.810, 32.220, 46.270 and 54.890 at 268) showed
the crystal structure of silver. It was observed that similar data were
obtained due to the synthesis made with Sida cordifolia plant
extract (Pallela et al., 2018).
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Figure 2. UV-Vis spectrum of synthesized AgNPs
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Figure 3. XRD results of synthesized AgNPs

3.2. Antibacterial activity results

In this study, antibacterial activities of AgNPs were obtained using S.
resinosum plant; disc diffusion was evaluated against a total of 6
strains of gram-positive (B. subtilis, S. aureus, E. faecalis) and gram-
negative (P. aeruginosa, S. enteritidis, E. coli) microorganisms
selected by minimum inhibition concentration (MIC) methods. As
positive controls, Ertapenem, Tetracycline, Gentamicin (10 mg/ml)
antibiotic discs were used. It was determined that the antibiotics
showed an inhibition zone in the range of 7-13 mm against the test
microorganisms. Disc diameters were included when calculating the
results. The minimum inhibitory concentration value of the plant
extract and AgNPs showing antibacterial effect by the disc diffusion
method was determined using 96-well microplates. After the
incubation period was complete, the spectrophotometer (600nm)
was measured. The minimum inhibitory values (mg/ml) of the tested
compounds against bacteria are given in Table 1. The MIC range for
E. coli ATCC 25922, P. aeruginosa ATCC 27853, S. aureus ATCC
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25923, B. subtilis DSMZ 1971, E. faecalis ATCC 29212, and S.
enteritidis ATCC 13075 was between 0.625-0.001 mg/ml, and the
MICqo values were 0.009, 0.009, 0.019, 0.019, 0.019, and 0.009
mg/ml, respectively. 95.83% of E. coli (ATCC 25922), 94.76% of P.
aeruginosa ( ATCC 27853), 84.14% of S. aureus (ATCC 25923),
83.07% of B. subtilis (DSMZ 1971), 80.93% of E. faecalis (ATCC
29212), and 92.62% of S. enteritidis (ATCC 13075) were found to be
sensitive to the substance (Table 1). Dipankar and Murugan (2012)
reported that silver nanoparticles obtained from Iresine herbstii leaf
extract showed strong antibacterial activity against S. aureus, P.
aeruginosa, E. coli, E. faecalis, and Klebsiella pneumoniae bacteria.
Singhal et al. (2011) analyzed the AgNPs obtained from the Ocimum
sanctum plant extract, a basil species, on E. coli and S. aureus
bacteria and stated that nanoparticles had an antibacterial effect
even at lower concentrations than standard antibiotics. According to
the results obtained, AgNPs showed bacteriocidal effects against all
bacteria. It was observed that the nanoparticles we used in our
study also showed antibacterial effects at low concentrations. They
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reported that smaller-sized AgNPs might cause more toxicity in
bacteria, and they may have a better bactericidal effect than larger
particles because they have a larger surface area (Zhang et al,
2016). Agnihotri et al. (2014) found that AgNPs smaller than 10 nm
increased their antibacterial activity. Banala et al. (2015) reported
that a 25 pg/ml concentration of AgNPs obtained with Carica
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papaya leaf extract has the minimum inhibition concentration for
gram-positive and gram-negative bacteria. It was observed that the
nanoparticles we used in our study also showed antibacterial effects
at low concentrations (Table 2).

Table 1. MIC ranges, MICqy values, and % inhibition values of the chemical according to different species

Bacterial isolates MIC range (mg/ml) MICgo (mg/ml) % Inhibition
E. coli 0.625-0.001 0.009 95.83
P. aeruginosa 0.625-0.001 0.009 94.76
S. aureus 0.625-0.001 0.019 84.14
B. subtilis 0.625-0.001 0.019 83.07
E. faecalis 0.625-0.001 0.019 80.93
S. enteritidis 0.625-0.001 0.009 92.62

Table 2. Zone diameters of AgNPs in mm against bacterial strains by disc diffusion method*

Bacterial isolates Amount(mg/ml) Zone diameters (mm)

Control antibiotic zone diameters

Ertapenem Tetracycline Gentamicin
S. aureus 5.0 13+0 28 mm 34 mm 25 mm
2.5 12.33+0.57
1.25 12+0
0.625 11+0
E. coli 5.0 11.33+£0.57 35mm 28 mm 25 mm
2.5 10.66 £ 0.57
1.25 100
0.625 10+ 0
P. aeruginosa 5.0 12+0 19 mm 16 mm 25 mm
2.5 11.66 £0.57
1.25 10.66 £ 0.57
0.625 10.66 £ 0.57
B. subtilis 5.0 11.5+£0.57 25mm 18 mm 25 mm
2.5 11+0
1.25 11+0
0.625 10.66 £0.57
E. faecalis 5.0 7+0 11 mm 16.5 mm 25 mm
2.5 9.3+0.57
1.25 100
0.625 10+ 0
S. enteritidis 5.0 13+0 19 mm 14.5 mm 25 mm
2.5 12.6+0.57
1.25 12+0
0.625 11.33+0.57
*In the table, the inhibition zone diameters are given in mm and the mean + SE.
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Figure 4. Plant extract and AgNPs DPPH removal activity (%)
3.3. Results of antioxidant capacity tests

DPPH (2,2-diphenyl-1-picrylhydrazil) is organic nitrogen radical
commercially available product. It is a simple and fast method used
to measure the antioxidant capacity of plant extracts. In DPPH
removal activity, AgNPs obtained by green synthesis provided a high
percentage of inhibition removal than extract. Silver nanoparticles
provided 22% removal based on this percentage, while extract
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Figure 5. Plant extract and AgNPs ABTS removal activity(%)

caused 15% removal (Figure 4). It shows that the flavonoid and
phenolic groups in S. resinosum have a synergistic effect on the
silver nanoparticle, and besides, the physical and chemical
properties of the silver nanoparticle were also effective in DPPH
removal. DPPH removal activity of butylated hydroxyl anisole (BHA)
was 65%, and it was higher than extract and silver nanoparticle
obtained by green synthesis. Silver nanoparticles obtained by green
synthesis provided 25% ABTS removal. The extract showed an 18%
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removal rate (Figure 5). BHT (Butylated hydroxytoluene) provided
72% ABTS removal compared to the nanoparticle and extract
obtained by the biological method. According to the results, it was
observed that the best ABTS removal was in the nanoparticle
obtained by biological synthesis (25%). This value is compatible with
previous studies (Genc, 2021; Genc et al., 2020), and the free radical
scavenging power of silver nanoparticles is related to different types
of functional groups responsible for the reduction and coating of
silver nanoparticles. Our results showed that these biological
components increased the antioxidant activity of silver
nanoparticles.

Table 3. Lipoxygenase inhibition of plant extract and AgNPs

Plant Name Extract/AgNPs LOX inhibition (ICsg pg/mL)
S. resinosum Extract 6.83+1.1
AgNPs 3.67+0.5

3.4. Results of lipoxygenase enzyme inhibition

The inhibition potential of aqueous and methanolic extracts of S.
resinosum on LOX enzyme was measured in vitro. NDGA was used as
standard. Concentrations of 1, 1.3, 1.6, 2.3, and 2.6 pg/mL of NDGA

International Journal of Plant Based Pharmaceuticals, 2(2), 182-189

have been tested. The NDGA substance inhibited the LOX enzyme
by 66.6%, even at a 1 pg/mL concentration. The concentration
showing the ICso value of NDGA (which inhibits the enzyme by 50%)
was calculated as 1.09 pg/mL. The effect of extract and AgNPs of
plants on lipoxygenase activity is shown in Table 3. S. resinosum
extract and AgNPs inhibited LOX less than NDGA (Figures 6, 7, and
8). S. resinosum was found to have LOX inhibitory activity. The ICso
value of the AgNPs was 3.67 = 0.5 mg/ml, and the ICso value of the
extract was 6.83 + 1.1 pg/ml. The higher inhibitory activity is
associated with a lower ICsp value. This plant extract is the most
active compound against the enzyme. Inhibition of lipoxygenase
enzyme activity by various plants has been studied. They showed
that Epilobium angustofolium extract inhibited lipoxygenase activity,
and they found the ICso value as 0.57 + 0.06 pg/ml (Onar et al,,
2012). Water extract of Pituranthos chloranthus showed strong
lipoxygenase inhibition with an ICsp value of 0.02 mg/ml. Soybean
lipoxygenase was successfully inhibited by Lavatera cretica leaf and
flower water extracts with an ICsg value of 0.01 pg/ml (Loncari¢ et
al., 2021). The results suggest that plant extracts have a potentially
high anti-inflammatory effect (antilipoxygenase activity), related to
polyphenolic content and other antioxidant substances.

Nordihydroguaiaretic acid
(NDGA)
150
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Figure 6. The ICso value of NDGA to LOX enzyme
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Figure 7. The ICsq value of plant extract to LOX enzyme
4. Conclusions

The interest in the green synthesis method used to obtain
nanoparticles increases day by day. It has been determined that
these particles are effective at lower concentrations against
commercial antibiotics, and AgNPs synthesized by the green method
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Figure 8. The ICso value of AgNPs to LOX enzyme

has a good antibacterial effect. With the increase in
nanotechnological research, synthesized AgNPs will open a new field
in producing pharmaceutical products; in the pharmaceutical
industry, biomedical and industrial products can become more
useful. Also, in this study, it has been shown that S. resinosum
extract and AgNPs synthesized from the extract have LOX inhibitory
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activity, indicating that they may be useful in treating various
inflammatory diseases such as cancer, allergic disease, asthma,
aging, and atherosclerosis. In addition, the biochemical examination
of the effect of the plant extracts on the inhibition of target
enzymes may pave the way for their presentation to the
biotechnology market as alternative drug molecules to be used in
different fields of pharmaceutical chemistry and industry.
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ABSTRACT

Phytotherapeutic applications have gained a place in the symptomatic treatment of irritable bowel
syndrome, one of the most common diseases globally among functional bowel diseases. This study aimed
to compile evidence regarding the efficacy of berberine in relieving the symptoms of irritable bowel
syndrome. In this review, the electronic databases of PubMed, Google Scholar, MEDLINE, and Web of
Science were used, and current publications were searched without any language restrictions. The
screening was performed by first performing a general search using the keyword "berberine and irritable
bowel syndrome", followed by individual searches for each symptom. Although there are many preclinical
studies investigating the effect of berberine on the gastrointestinal tract, human studies are still limited.
Studies show that berberine may positively affect abdominal pain, diarrhea, inflammation, microbiota, and
visceral hypersensitivity, although the mechanisms of action are not yet clear. However, available data
suggest that the therapeutic use of berberine in irritable bowel syndrome may be limited to the
predominant type of diarrhea and selected patients whose symptoms are evaluated individually. Evidence

Abdominal pain
Motility
Phytotherapy

presented in this paper needs to be further supported by human clinical studies.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

Irritable bowel syndrome (IBS) is a chronic functional bowel disease
with an uncertain etiology and characterized by upper and lower
gastrointestinal symptoms, such as chronic or recurrent fluctuating
abdominal pain, changes in bowel habits (constipation/diarrhea),
and dyspeptic complaints (meteorism, bloating, burping)
(Longstreth et al.,, 2006). It has been reported that psychosocial
factors, gut microbiota, diet, genetics, and inflammatory factors may
play a role in the etiology of IBS (Soares, 2014). Recently, additional
potential mechanisms of IBS, including gut microbiota alteration and
low-grade inflammation/immune activation, have emerged, and the
importance of gut microbiota in the etiology of the disease has been
emphasized (Habtemariam, 2020; Longstreth et al., 2006).

Since there is still no diagnostic test or structural or biochemical
markers specific to IBS, its diagnosis is made by excluding other
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doi: https://doi.org/10.55484/ijpbp.1084455
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organic diseases with similar manifestations and evaluating patient
symptoms according to the Rome IV criteria. According to the Bristol
stool chart scores within the Rome IV diagnostic criteria, IBS is
divided into four groups as “IBS with predominant diarrhea”,
“predominant  constipation”, “mixed bowel habits”, and
“unclassified” (IBS-D, IBS-C, IBS-M, and IBS-U, respectively)
(Schmulson and Drossman, 2017). Among the functional bowel
diseases, IBS is one of the most common diseases globally, with an
approximate prevalence of 11.2% (Lovell and Ford, 2012; Ooi et al.,
2019). Many outpatient visits, excessive examinations, unnecessary
drug treatment, and the inability to obtain satisfactory results until
IBS diagnosis causes a significant increase in health costs and loss of
workforce (Inadomi et al., 2003; Longstreth et al., 2003).

In the symptomatic treatment of IBS, antispasmodics (otilonium
bromide, mebeverine, alverine, and trimebutine) are used for
abdominal pain (Clavé et al., 2011). It is known that in cases where
constipation is dominant, fibrous supplements can be used in mild
and moderate cases, and linaclotide and lubiprostone can relieve
patients’ symptoms through their effects on meteorism, abdominal
pain, constipation severity, and stool consistency (Drossman et al.,
2009; Chey et al., 2012). In treating diarrheal cases, the constipating
side effects of bile-binding resins, such as cholestyramine,
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antidiarrheal agents (loperamide, etc.), or tricyclic antidepressants
are used (Khan and Chang, 2010; Can and Yilmaz, 2015).
Complementary/alternative medicine applications are also included
in the treatment of IBS, and their use rate reaches 48% (Langmead
et al.,, 2002). Other treatment modalities include acupuncture,
cognitive behavioral therapy, and hypnosis (Payne and Blanchard,
1995; Webb et al., 2007; Palsson and Whitehead, 2013).

Table 1. Step-by-step therapy for IBS symptoms

International Journal of Plant Based Pharmaceuticals, 2(2), 190-195

The most problematic stage in IBS management is treatment, and a
step-by-step approach is recommended (Table 1) (Mansueto et al.,
2015; Akyuz, 2016; Schmulson and Drossman, 2017). It is also
reported that pharmacotherapeutic agents should be avoided in
asymptomatic periods (Talley and Spiller, 2002).

Symptom Treatment methods Primary treatment Secondary treatment
Abdominal pain Drug therapy Antispasmodic TCA
SSRI
Complementary therapy Peppermint oil Acupuncture
Hypnosis
Psychotherapy
Abdominal distention Drug therapy Antispasmodic Rifaximin
Simethicone Probiotics
Activated carbon 5-HT4 agonists
Bismuth subsalicylate TCA

Pancreatic enzyme replacement

Complementary therapy

Low-carb diet

Fennel Chamomile

Diarrhea Drug therapy Opioid agonists 5-HT3 agonists
Bile acid sequestrants
Probiotics
Antibiotics
Complementary therapy Gluten-free diet
FODMAP diet
Fibrous foods in mild to moderate cases 5-HT4 agonists
Laxatives (polyethylene glycol, magnesium) Secretagogue
Mixed opioid antagonists Lubiprostone
Constipation Drug therapy Psyllium Linaclotide

Calcium channel activators

Prucalopride

Guanylate cyclase C agonists

Complementary therapy

Fibrous supplements, senna

TCA: Tricyclic antidepressants, SSRI: Selective serotonin reuptake inhibitors, FODMAP: The low-fermentable oligo-, di-, and monosaccharide and polyol

Active ingredients obtained from plants have been used to treat
diseases since ancient times, and the transfer of herbal-derived
active ingredients to modern treatment is becoming increasingly
common (Kidd, 2009). With the introduction of the new complexing
technique “phytosome”, it is now possible to facilitate the
absorption and increase the bioavailability of plant-derived active
substances with long side chains and high polarity it is possible to
(Scalbert and Williamson, 2000). However, the bioavailability of such
substances is reduced due to their first-pass effect in the liver and
intestine. Therefore, to use berberine (BBR) in treatment, it is
appropriate to use the phytosome formulation developed as a drug
delivery system for this chemical (Yu et al., 2017).

Berberine (C20H170NOs) is a quaternary benzylisoquinoline alkaloid
that can be obtained from many different plants, such as Berberis
vulgaris, B. aquifolium, Hydrastis canadensis, Coptis chinensis, and it
has been used in diabetes, cancer, depression, and central nervous
system diseases in recent years (Kulkarni and Dhir, 2010; Liang et al.,
2019; Wang et al., 2020). In addition, recent studies reported very
successful results in the use of BBR in the treatment of IBS-D (Sun et
al., 2014).

In this study, a review of the literature was conducted to present
available evidence regarding the efficacy of BBR on IBS symptom:s.

2. Materials and methods

In the research strategy of this review, the electronic databases of
PubMed, Google Scholar, MEDLINE, and Web of Science were used,
and all publications until August 2021 were searched without
language restrictions. First, a general screening was performed with
the keyword "berberine and irritable bowel syndrome", and then
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each symptom was searched individually using the following
keywords: "berberine and abdominal pain", 'berberine and
diarrhea", "berberine and visceral hypersensitivity", "berberine and
microbiota"”, 'berberine and anti-inflammatory", and 'berberine
and antinociceptive" berberine and motility"".

3. Results and discussion
3.1. Effects of BBR on IBS symptoms
3.1.1. Abdominal pain and distention

Abdominal pain is common in IBS, and studies have shown that BBR
may potentially affect visceral analgesia, particularly due to its
antinociceptive effect on visceral hypersensitivity. It is considered
that the analgesic effect of BBR may be related to nitric oxide and its
antioxidant and anti-inflammatory activity (Hu et al., 2009; Tang et
al., 2013; Kim, 2015). In the visceral pain model, BBR has been
reported to reduce pain by acting on opioid receptors. BBR
increased mu- and delta-opioid receptor expression in the mouse
gut and rat fetal cortical neurons (Chen et al., 2015a).

In a randomized, double-blind, placebo-controlled clinical study
conducted by Chen et al. (2015b), the effect of BBR hydrochloride
on clinical symptoms in IBS-D was investigated. A total of 132
patients participated in the study, and two study groups were
formed, with one being orally given 200 mg BBR hydrochloride (n =
70) twice a day for eight weeks (400 mg in total) or the other being
designated as the placebo (n = 62). BBR hydrochloride was shown to
significantly reduce the frequency of diarrhea, abdominal pain, and
the need for urgent defecation. The authors also reported that they
observed an improvement trend with the use of BBR hydrochloride
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in the IBS symptom, depression, anxiety, and quality of life scores
(Chen et al., 2015b). However, in another clinical study, gas, and
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al.,, 2020).

meteorism were reported as common side effects of BBR, and it was
suggested that these side effects might be due to the "acarbose-

Table 2. Effects of BBR on IBS symptoms

like" effects of this chemical on intestinal a-glucosidase (Di Pierro et

Abdominal pain and distention

Effects

The pathway that might play
arole

Recovery outcomes

Studies

Antinociceptive

Antinociceptive
Anti-inflammatory
Anti-oxidant
Anti-inflammatory

Antinociceptive

Diarrhea

Inhibition of gastrointestinal
motility and/or visceral
hypersensitivity

Anti-secretory

Reducing epithelial
permeability
Effect on microbiota

Anti-inflammatory

Constipation
Adverse events

Nitric oxide

Myeloperoxidase and
malondialdehyde
activities

E-selectin
Thromboxane B2

Mu- and delta-opioid
receptors

Upregulation of
somatostatin and glucagon-
like peptide-1 and
downregulation of motilin
and gastrin levels

Inhibition of NF-kB
Reduction of pro-
inflammatory cytokine
production

Decrease Cl(-) secretion

Blockade of K+ channels
Tight junctions

Antimicrobial

Fecal microbiota
(Faecalibacterium and
Bifidobacterium)
Inhibition of cytokines

Stimulation of AMP-
activated protein kinase
Mitogen-activated protein
kinase pathway
Activation of the PPARy
pathway

Antidiarrheal activity

Pain threshold was significantly increased in male Sprague-Dawley
rats administered BBR (50 mg/kg, i.p., once daily). Aminoguanidine
reversed this effect.

The BBR and BBR + aminoguanidine (nitric oxide synthetase
inhibitor) groups showed reduced defecation, but aminoguanidine
alone did not reduce defecation.

Berberine alleviated allodynia induced by CCl, a neuropathic pain
model, and its anti-inflammatory and antioxidative properties
contributed to the antiallodynic effect of CCI.

Berberine downregulated E-selectin expression and decreased the
content of TXB (2), effectively reducing the inflammatory response,
thus relieving intestinal dysfunction via multiple pathways.

BBR increased mu and delta-opioid receptor expression in the
mouse gut and rat fetal cortical neurons.

It prolonged gastrointestinal transit and time to diarrhea reduced
visceral pain.

A randomized, double-blind, placebo-controlled human study (n =
132). Berberine hydrochloride 200 mg twice daily reduced the
frequency of diarrhea, abdominal pain, and urgency to defecate.

BBR-based nutraceuticals (twice a day, 250 mg for 90 days) reduced
diarrhea by 50-70% after 30 days and by 70 to 80% after 90 days in
39 patients with functional diarrhea or diarrhea-predominant
irritable bowel syndrome

Reduced smooth muscle contraction and intestinal motility and
delayed intestinal transit time

Reduced bowel motility

Reduced ileum mucosa inflammation

The effects of protoberberine alkaloid palmatine on active ion
transport across the rat colonic epithelium were evaluated.
Palmatine inhibited SK4 K(+) channels and decreased Ca(2+)
activated Cl(-) secretion

BBR inhibited carbachol-induced 86Rb+ efflux and K+ conductivity in
the resected mucosa

It produced a dose-dependent increase in transepithelial electrical
resistance in Caco-2 cells.

The ICso, minimum inhibitory concentration, minimum microbicidal
concentration, and minimum microbiostatic concentration of BBR
were evaluated, and the sensitivity was reported in the following
order: S. aureus > P. aeruginosa S (sensitive) > E. coli S > P.
aeruginosa R (resistant) > E. coli R > B. subtilis > Z. ramigera > C.
albicans > S. cerevisiae

It reduced the growth and adhesion of E. coli (90% reduction in
adhesion).

Berberine hydrochloride (100 mg, four times daily) reduced stool
volume with diarrhea and stool cyclic adenosine monophosphate
concentration by 77% in patients with cholera.

A single oral dose of 400 mg of berberine reduced mean stool

volume after treatment in patients with E. coli infection and cholera.

Partially reversed Kupfer cell hyperplasia and Faecalibacterium by
modulating the gut microbiome composition.

Inhibited IL-8 production in colonic epithelial cells

Downregulated TNF, IFN-y, KC, and IL-17 in wild-type C57BL/6 mice
Significantly suppressed TNF-a elevation in colitis induced by TNBS
The inhibitory effects of BBR on proinflammatory responses were
eliminated by AMPK inhibition

In infected macrophages, BBR deactivated ERK1/2, resulting in the
time-dependent activation of p38 MAPK.

Inhibited the overexpression of inducible COX-2 in the ileal mucosa

Mild to moderate constipation was the most frequently reported
side effect

Tang et al. (2013)

Kim et al. (2015)

Hu et al. (2009)

Chen et al. (2015a)

Chen et al. (2015b)

Di Pierro et al. (2020)

Feng et al. (2013)

Yu et al. (2019)

Wu et al. (2008)

Taylor et al. (1999)
Gu et al. (2009)

Certidkovd and Kostalova (2002)

Sun et al. (1988)

Khin et al. (1985)

Rabbani et al. (1987)
Jiaetal. (2019)

Zhou and Mineshita (2000)
Yan et al. (2012)

Zhang et al. (2011)

Jeong et al. (2009)

Saha et al. (2011)

Feng et al. (2012)

Yin et al. (2008), Zhang et al. (2008),
Zhang et al. (2019), Chen et al. (2020)

BBR: Berberine, IBS:irritable bowel syndrome, CCl: Chronic constriction injury, TXB (2): Thromboxane B2, NF-kB: Nuclear Factor kappa B, TNF: Tumor necrosis factor, IFN-y:Interferon

gamma, IL-17: Interleukin 17
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3.1.2. Diarrhea

Many studies have shown that BBR can prevent diarrhea with
different mechanisms of action. In addition to its antimicrobial
effect, studies show that it plays a role in ion transport, especially in
secretory diarrhea. BBR strengthens tight junctions in the Caco-2
cell line, reducing intestinal epithelial permeability and significantly
increasing transepithelial electrical resistance. It also reduces
epithelial permeability in the intestine (Khin et al., 1985; Rabbani et
al., 1987; Sun et al., 1988; Taylor et al., 1999; Wu et al., 2008; Gu et
al., 2009).

In a retrospective clinical study conducted by Di Pierro et al. (2020),
39 patients with functional diarrhea or IBS-D that used a BBR-based
nutraceutical (twice a day, 250 mg for 90 days) were evaluated. It
was reported that after 30 days of BBR use, diarrhea was reduced by
50-70%, and this rate of decrease reached 70 to 80% at the end of
90 days. The study results confirmed the antidiarrheal properties of
BBR and provided evidence for its use in some functional intestinal
diseases characterized by the frequent defecation of mushy and/or
watery stool (Di Pierro et al., 2020).

3.1.2.1. Gastrointestinal motility and/or visceral hypersensitivity

BBR has been shown to significantly reduce smooth muscle
contraction and intestinal motility and delay intestinal transit time.
The inhibitory effect of BBR has been potentially explained by the
upregulation of somatostatin and glucagon-like peptide-1 and the
downregulation of motilin and gastrin levels (Feng et al., 2013).

In a mouse study conducted to demonstrate the mechanism of
action of BBR, mice with IBS and intestinal inflammation were orally
administered BBR, which was shown to reduce intestinal mucosal
inflammation by inducing nuclear factor kappa-B (NF-«B). BBR was
reported to decrease the expression of pro-inflammatory cytokines
[interleukin (IL)-1B, IL-6, interferon-y, and tumor necrosis factor-a]
and promote the expression of anti-inflammatory cytokines (IL-10
and transforming growth factor-B). It was also noted to improve
terminal ileum tissue inflammation and reduce intestinal motility (Yu
etal., 2019).

In a randomized study on 50 mice with IBS and intestinal
inflammation, the effect of BBR on visceral hypersensitivity was
investigated. The authors reported that the group given BBR had
improved visceral hypersensitivity compared to the placebo group,
and it was suggested that this might have been mediated by nitric
oxide (Tang et al., 2013).

3.1.2.2. Microbiota

Symbiont and pathobiont compositions show a balanced
distribution in the microbiota of healthy individuals (Round and
Mazmanian, 2009). Healthy nutrition and probiotics can positively
affect the colon microbiota (Delzenne and Bindels, 2019). Studies
have shown that one of the most important effects of BBR is its
ability to alter gut microbiota composition. Similar to probiotics,
including Bifidobacterium adolescentis and Lactobacillus acidophilus,
it has been reported that BBR can induce cell death in harmful
intestinal bacteria while increasing the composition of beneficial
bacteria (Cernidkova and Kostalova, 2002). In addition, in another
study investigating the effects of the IBS-D gut microbiome on the
liver, it was emphasized that IBS-D was not only a functional bowel
disease but could also cause inflammation in the liver. It has also
been found that BBR can partially reverse Kupffer cell hyperplasia
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and inflammation in the liver by modulating the gut microbiome
composition (Jia et al., 2019).

3.1.2.3. Anti-inflammatory effects

Many studies show that BBR can positively affect colitis (Zhou and
Mineshita, 2000; Yan et al., 2012) and must provide evidence that
the anti-inflammatory mechanism of action is mainly through
inhibiting cytokine pathways. Zhou and Mineshita (2000) reported
that BBR inhibited IL-8 production in colonic epithelial cells by
suppressing IFN-y and IL-17 production (Zhou and Mineshita, 2000).
In addition, different studies have demonstrated that BBR inhibits
the expression of proinflammatory cytokines (IL-1B, IL-6, and TNF)
and may indirectly affect inflammatory pathways mediated by
MAPK, AP-1, TLR4, and NF-kB (Jeong et al., 2009; Saha et al., 2011;
Zhang et al., 2011; Yan et al., 2012). Moreover, BBR is a potent
inhibitor of inducible COX-2, reducing COX-2 levels and attenuating
colitis in vivo (Feng et al., 2012).

3.1.3. Constipation

The antidiarrheic effects of BBR have limited use in IBS cases with
the predominant type of diarrhea (Sun et al.,, 2014). In clinical
studies on BBR in different patient populations, mild to moderate
constipation is the most frequently reported side effect (Yin et al,,
2008). In a clinical study in which 116 patients with type 2 diabetes
with dyslipidemia were randomized to the BBR and placebo groups,
five participants in the BBR group (1.0 g daily) experienced mild to
moderate constipation (Zhang et al., 2008). In another study that
systematically evaluated the efficacy and safety of BBR for the
treatment of hyperlipidemia, the rate of constipation was reported
to be higher in the BBR group than in the control group (Zhang et
al., 2019). Similarly, in another clinical research investigating the
clinical potential and safety of BBR in the prevention of colorectal
adenoma recurrence, constipation was determined to be the most
common adverse event (1% in the BBR group and <0.5% in the
placebo group) (Chen et al., 2020) (Table 2).

Although there are many preclinical studies investigating the effect
of BBR on the gastrointestinal tract, human studies are still limited.
Current studies have shown that BBR may positively affect
abdominal pain, diarrhea, inflammation, microbiota, and visceral
hypersensitivity. However, the mechanisms of action of this
chemical have not yet been clarified. BBR has a wide spectrum of
effects on the gastrointestinal tract, and in this review, its effect on
IBS was evaluated by considering each symptom separately. Studies
show that the use of BBR in IBS may be limited only to the
predominant type of diarrhea, and constipation appears as a side
effect. Although many preclinical studies report that BBR reduces
abdominal pain, another symptom of |IBS, and has an
antinociceptive effect, it should be used with caution, especially in
patients with distention.

4, Conclusions

Existing studies provide evidence for the use of BBR as a drug in IBS-
D and show that it can be beneficial when used in selected patients.
However, the evidence presented in this paper needs to be
supported by further human studies to evaluate the efficacy and
side-effect profile at different doses, examine the interaction with
other drugs, and investigate the effects on other comorbidities.
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ABSTRACT

Medicinal potentials of Pergularia daemia leaves in managing hepato-renal toxicity induced by rifampicin
were investigated. Twenty-five (25) Wistar rats were randomly placed into five groups containing five
animals each. All the animals, except group |, were orally exposed to 250 mg/kg bwt rifampicin and
administered different treatments. Specific liver and kidney biomarkers such as alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were determined. In addition,
malondialdehyde (MDA), lipid profile, superoxide dismutase (SOD), catalase (CAT), as well as reduced
glutathione (GSH) were determined in the serum, liver, and kidney homogenates of experimental animals.
Results indicate that exposure to rifampicin caused significant depletion in SOD and CAT relative to the
control animals. Lipid profile was deranged, while ALT, AST, ALP, urea, uric acid, bilirubin, creatine kinase,
and MDA level were elevated by rifampicin exposure. All deranged biochemical indices, as well as distorted
histoarchitecture, were restored dose-dependently after treatment with P. daemia. In conclusion, P.
daemia ameliorated rifampicin toxicity on the liver and kidney as indicated in the restoration of all deranged
biochemical and histopathological indices measured. Hence, it is a potential therapeutic agent that can be
harnessed as panacea to the menace of liver and kidney diseases.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

plants have not been fully exploited in treating human diseases
(Krishnaiah et al.,, 2011). Hence, a deliberate research effort to

Plants are enriched with phytochemicals that offer protection from
stressors, thereby ensuring their survival within the ecosystem.
These phytochemicals form the bulk of potential raw materials for
rational drug synthesis in modern medicine (Muller et al., 2006).
Over eighty percent of plants so far identified are rich in
phytochemicals with therapeutic potentials to treat life-threatening
diseases in humans. Unfortunately, the medicinal potential of these
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investigate these plants for their potential benefits has been on top
gear in recent times. The output of such research efforts could
proffer a cheap therapeutic alternative for managing several
pathological conditions, thereby strengthening the healthcare
system (Jelkmann, 2001).

Pergularia daemia (Apocynaceae) is a plant popularly recognized by
African traditional medical practitioners for its importance in
treating several ailments (Chandak and Dighe, 2019). In folkloric
medicine, P. daemia is useful in treating jaundice, aiding digestion,
as an expectorant, analgesic, anticonvulsant, antiasthma, and
antipyretic. Its root extract has been used to treat leprosy, mental
derangement, anemia, and diarrhea (Chandak and Dighe, 2019).

Please cite this article as: Ogunmoyole, T, Fatile O.G., Johnson, O.D., Yusuff, A.A., 2022. Pergularia daemia (Apocynaceae) mitigates rifampicin-induced hepato-renal injury: potentials
in the management of liver and kidney diseases. International Journal of Plant Based Pharmaceuticals, 2(2), 196-204, https.//doi.org/10.5281/zenodo.6537831.
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Oral administration of its leaf extract regulates menstruation and
uterine function (Dosumu et al., 2019). In addition, reports suggest
its potential antidiabetic, anticatarrhal, and antibronchitis properties
(Chandak and Dighe, 2019). Its leaves contain active principles such
as  4-4chlorobenzoyl-1-cyclohexoyl-5-tosylamino-1,H-123  zole,
methyl ester pentadecoinic acid, 14-methyl-methyl ester ethyl 9-12-
15-octodecotrionate, hexadecanoic acid, flavonoids, tannins,
alkaloids, phenols and steroids (Chandak, 2010; Nithyatharani and
Kavitha, 2018). Perhaps, these phytoconstituents are responsible for
their medicinal relevance.

A bactericidal antibiotic drug, rifampicin is a semisynthetic
component derived from streptomyces species. It is usually used as
a first-line drug for treating tuberculosis globally (Eminzade et al.,
2008). Drug-induced hepatotoxicity and nephrotoxicity are gradually
assuming a global dimension in recent times. Specifically, reports
have suggested that drug-induced hepatotoxicity is the leading
cause of drug withdrawal or non-approval by the Food and Drug
Administration (FDA) in the United States (US) (Kohli et al., 2000;
Panich et al., 2012). Over a thousand drugs have predisposed their
users to liver and kidney damage (Larrey, 2000; Biour et al., 2004;
Ueno et al., 2002; Antonyuk et al., 2009). In all acute liver and
kidney failures, 50% are caused by drugs administered in their
management (Panich et al., 2012). Apart from its primary role as
anti-tuberculosis, the metabolite of rifampicin metabolism has the
potential to induce oxidative assault on the liver and kidney.
Evidence suggests that rifampicin acts by causing derangement in
heme biosynthesis, leading to the accumulation of hepatotoxic
protoporphyrin (Yue-Ming et al., 2014).

Globally, the prevalence of liver and kidney diseases is a worrisome
dimension of public health concern. Hence, a cheap but efficient
therapeutic alternative must be sought to avoid further escalation.
Considering the numerous medicinal relevance of P. daemia in
folkloric medicine, it is necessary to investigate its hepatoprotective
and nephroprotective potentials. This is the reason for the study.

2. Materials and methods
2.1. Plant materials

P. daemia leaves were harvested from a farm within Ekiti State
University, Campus, Iworoko Road, Ado Ekiti, in May 2021 and
botanically identified at the Department of Plant Science, Ekiti State
University, Ado Ekiti. Harvested leaves were rinsed with water, air-
dried in the laboratory, pulverized, and then stored in an airtight
container.

2.2. Reagents and chemicals

All reagents and chemicals were of high analytical grade. All
diagnostic kits used were products of Randox Chemical Ltd. England.

2.3. Extraction of the plant material

P. daemia leaves were air-dried for 24 days and pulverized. One
hundred and seventy-three (173) g of the powdered leaves were
extracted in 1000 ml of distilled water for 72 hours. It was then
filtered using cheesecloth and freeze-dried to obtain the dried
extract. The extract was kept in a closed container and refrigerated
at 4 °C for further studies.

International Journal of Plant Based Pharmaceuticals, 2(2), 196-204
2.4. Animals protocol

Twenty-five (25) Wistar albino rats weighing 150 — 170 g were
obtained from The Animal House, Department of Science
Technology, The Federal Polytechnic, Ado Ekiti and housed in clean
wire meshed cages under standard conditions temperature (24 + 1
°C), relative humidity, and 12/12-hour light and dark cycle. They
were given unrestricted access to food (commercial palletized diet
from Vital Feed Mill) and drinking water ad libitum. Beddings for
experimental rats were routinely changed and replaced every day
throughout the experimental period (Table 1).

Table 1. Animal treatment/experimental design

Groups Treatment

| Distilled water only

Il Rifampicin (250 mg/kg bwt) only

1] Rifampicin (250 mg/kg bwt) + P. daemia (50 mg/kg bwt)

\% Rifampicin (250 mg/kg bwt) + P. daemia (100 mg/kg bwt)

V Rifampicin (250 mg/kg body weight) + silymarin (100 mg/kg bwt

197

bwt: body weight
2.5. Dissection of rats

Experimental rats were decapitated and dissected after very mild
ether anesthesia to obtain the liver and kidney. Blood was collected
by cardiac puncture into EDTA sample bottles and allowed to stand
for 1 hour. Serum was obtained by centrifugation at 3000 rpm for
15 min at 25 °C. The clear supernatant (serum) was collected and
used to estimate serum biochemical parameters.

2.6. Preparation of homogenates

Liver and kidney tissues were trimmed of fat, washed in distilled
water, blotted with filter paper, and weighed. The kidney and liver
were homogenized separately in ten volumes of the homogenizing
phosphate buffer (pH 7.4) using a Teflon homogenizer. The resulting
homogenates were centrifuged separately at 3000 rpm at 4 °C for
30 min. The supernatant obtained was stored in a refrigerator for
further biochemical analyses.

2.7. Serum enzyme biomarkers
2.7.1. Creatine kinase (Ck-Mb) activity

The level of creatine kinase was determined according to
Vanderlinde (1981). One milliliter (1 ml) each of imidazole buffer (10
mM, pH 6.6), creatine phosphate (30 mM), glucose (20 mM), N-
acetyl-cysteine (20 mM), magnesium acetate (10 mM),
ethylenediaminetetraacetic acid (2 mM), ADP (2 mM), NADP (2
mM), AMP (5 mM), DAPP (10 uM), G6PDH (= 2.0 ku/l) and HK(> 2.15
ku/l) was pipetted into a thermostatic cuvette. The mixture was
then incubated at 37 °C, after which 50 pl of serum was added. The
reaction components were thoroughly mixed, and absorbance was
read immediately for 5 min at 30-sec intervals at a wavelength of
340 nm. Change in absorbance per minute was calculated
(AAbs/min).

2.7.2. Assay of aspartate aminotransferase (AST)

The activity of AST in the serum and organs homogenates was
determined as described by Reitman and Frankel (1957). One
hundred microliters of serum and organ homogenates were mixed
separately with phosphate buffer (100 mmol/l, pH 7.4), L-aspartate
(100 mmol/l), and a-oxoglutarate (2 mmol/l). The mixture was
incubated for exactly 30 min at 37 °C. 0.5 ml of 2,4-dinitrophenyl
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hydrazine (2 mmol/l) was added to the reaction mixture and
allowed to stand for 20min at 25 °C. After that, 5.0 ml of NaOH (0.4
mol/l) was added, and absorbance was read at 546 nm against the
reagent blank after 5 min.

2.7.3. Assay of alanine aminotransferase (ALT) activity

The principle described by Reitman and Frankel (1957) was followed
in the assay of ALT using a commercially available assay kit (Randox
Laboratories, UK) according to the manufacturer's instructions.
Reagent 1 (0.5 ml) containing phosphate buffer (100 mmol/l, pH
7.4), L-alanine (200 mmol/l), and a-oxoglutarate (2.0 mol/l) was
added to 0.1 ml of serum and organs homogenates in a separate
test tube, and the mixture was incubated at 37 °C for 30 min. Exactly
0.5 ml of reagent 2 (R2) containing 2, 4-dinitrophenylhydrazine (2.0
mmol/l) was added, and the solution and re-incubated at 20 °C for
20 min. Finally, 5 ml of NaOH was added, and the solution was
allowed to stand for 5 min at 25 °C, and its absorbance was read at
546 nm.

2.7.4. Assay of alkaline phosphatase (ALP) activity

Assay of serum ALP was performed by the method of Englehardt
(1970) using commercial assay kits (Randox Laboratories, UK)
according to the instructions of the manufacturer. Exactly 1.0 ml of
the reagent (1 mol/l diethanolamine buffer pH 9.8, 0.5 mmol/I
MgCly; substrate: 10 mmol/I p-nitrophenol phosphate) was added to
0.02 ml of the serum sample and mixed. Absorbance was taken at
405 nm for 3 min at 1 min intervals.

2.8. Serum lipid profile analysis
2.8.1. Estimation of total cholesterol

Total cholesterol level was determined based on the method of
Trinder (1969) wusing commercially available kits (Randox
Laboratories, UK). Ten microliters (10 ul) of standard and 10 ul
serum samples were pipetted into labeled test tubes. One milliliter
(1 ml) of working reagent containing; pipes buffer (80 mmol/I at pH
6.8), 4-amino antipyrine (0.25 mmol/l), phenol (6 mmol/l),
peroxidase (> 0.5 U/ml), cholesterol esterase ion (> 0.15 U/ml) and
cholesterol oxidase (0.10 U/ml) was added into all the tubes. The
reaction mixtures were mixed thoroughly and incubated for 10
minutes. The absorbance of the sample (Asample) Was read at 500 nm
against the reagent blank.

2.8.2. Evaluation of concentration of triglyceride

Triglycerides level in the serum and organs' homogenates was
determined based on Tietz's (1995) method using commercially
available kits (Randox Laboratories, UK). Triglyceride standard (10
ul) and serum (10 pl) were pipetted into labeled test tubes. One
milliliter of the working reagents; Rla (buffer) containing pipes
buffer (40mmol/l, pH 7.6), 4-chloro-phenol (5.5 mmol/l),
magnesium-ion (17.5 mmol/l); R1b [(enzyme reagent containing 4-
amino phenazone (0.5 mmol/l), ATP (1.0 mmol/l), lipase (= 150
U/ml), glycerol-kinase (> 0.4 U/ml), glycerol-3-phosphate oxidase (>
1.5 U/ml) and peroxidase (> 0.5 U/ml)] was added into all the tubes.
The reaction components were thoroughly mixed and incubated for
10 min at room temperature. Absorbance was read at 546 nm
against the blank.
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2.8.3. High-density lipoprotein (HDL-c)-cholesterol assay

The method of Grove (1979) was adopted in estimating HDL-
cholesterol in the serum. The precipitation reaction mixture
contained 200 pl of the serum, 200 ul of the cholesterol standard,
and 500 pl of the diluted precipitant R1 (0.55 mM phosphotungstic
acid, 25 mM magnesium chloride) was mixed and allowed to stand
for 10 min at room temperature. It was then centrifuged for 10 min
at 4000 rpm to obtain a clear supernatant. The mixture was
decanted within 2 h to determine the cholesterol content by the
CHOD-PAP reaction method.

2.8.3.1. Cholesterol CHOD-PAP assay

One hundred microliters (100 ul) of the sample supernatant was
added to 1 ml of cholesterol reagent and mixed in a test tube. The
standard test tube contained 100 pl of the cholesterol standard
supernatant and 1 ml of cholesterol reagent. The reagent mixture
was mixed thoroughly and incubated for 10 min at 25 °C. The
absorbance of the sample (Asample) and standard (Astandara) Was then
measured at 500 nm against the reagent blank within 1 h.

2.8.4. Low-density lipoprotein (LDL) - cholesterol

The concentration of low-density lipoprotein in the serum was
calculated using the formula of Friedewald et al. (1972) as given
below:
LDL cholesterol =
cholesterol

Total cholesterol — Triglycerides/5 — HDL-

2.9. Antioxidant assay
2.9.1. Determination of catalase activity

Catalase activity was determined using the method described by
Sinha (1972). Two hundred microliter each of the serum, liver, and
kidney homogenates was mixed separately with 0.8 ml distilled
water to give 1 in 5 dilutions of the sample. The assay mixture
contained 2 ml of hydrogen peroxide solution (800 pumol) and 2.5 ml
of phosphate buffer in a 10 ml flat bottom flask. Properly diluted
enzyme preparation (0.5 ml) was rapidly mixed with the reaction
mixture by a gentle swirling motion. The reaction was run at room
temperature. A 1 ml portion of the reaction mixture was withdrawn
and blown into a 1 ml dichromate/acetic acid reagent at 60 s
intervals. The hydrogen peroxide content of the withdrawn sample
was determined by the method described below.

Catalase activity =
H,0, consumed = 800 — Concentration of H,0, remaining

The concentration of H,0, remaining was extrapolated from the
standard curve for catalase activity

2.9.2. Determination of superoxide dismutase (SOD)

Superoxide dismutase activity was determined by the method of
Misra and Fridovich (1972). One milliliter of serum, liver, and kidney
homogenates was diluted separately in 9 ml of distilled water to
make a 1 in 10 dilutions. An aliquot of the diluted sample was added
to 2.5 ml of 0.05 M carbonate buffer (pH 10.2) to equilibrate in the
spectrophotometer. The reaction was initiated by adding 0.3 ml of
freshly prepared 0.3 mM adrenaline to the mixture, which was
quickly mixed by inversion. The reference cuvette contained 2.5 ml
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buffer, 0.3 ml of the substrate (adrenaline), and 0.2 ml of water. An
increase in absorbance at 480 nm was monitored every 30 s for 150
s.

2.9.3. Determination of reduced glutathione (GSH) level

The amount of GSH was determined using the method of Beutler et
al. (1963). Exactly 0.2 ml of serum, liver, and kidney was added to
1.8 ml of distilled water, followed by the addition of 3 ml of
precipitating solution. The resulting solution was then mixed
thoroughly, allowed to stand for 5 minutes, and filtered. One
milliliter (1 ml) of the filtrate was added to 4 ml of 0.1 M phosphate
buffer pH 7.4. Finally, 0.5 ml of Ellman reagent was added. A blank
was prepared with 4 ml of the 0.1 M phosphate buffer, 1 ml of
diluted precipitating solution (3 parts to 2 parts of distilled water),
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and 0.5 ml of the Ellman reagent. The absorbance of the resulting
mixture was measured at 412 nm against a reagent blank.

2.9.4. Determination of total protein (TP) in serum

The amount of protein in the serum, liver, and kidney homogenates
was measured according to the method of Weichselbaum (1946)
using commercially available kits (Randox Laboratories, UK). One
milliliter (1 ml) of Reagent R1 containing sodium hydroxide (100
mmol/l), Na-K-tartrate (18 mmol/I), potassium iodide (15 mmol/l),
and cupric sulfate (6 mmol/l) was added to 0.02 ml of the serum
sample. The mixture was incubated at 25 °C, and its absorbance was
measured against the reagent blank at a wavelength of 546 nm.

Table 2a. Effects of aqueous extract of P. daemia on selected biomarkers of liver function in rifampicin-exposed rats

Parameter I 1] 1 v \'

ALT (U/1) 40.71+1.23° 77.23+1.42° 69.23 +1.07° 57.08 + 1.00° 51.33+1.27°
AST (U/1) 5433 +1.71° 96.14 + 2.41° 78.33 + 1.88° 62.54 + 2,02 57.23 +1.72°
ALP (U/1) 47.25+0.72° 73.84 +0.81° 71.23+0.61° 57.07 +0.53° 46.88 + 1.39°
T. BIL (mg/dl) 3118 +0.67° 56.18 + 0.54° 47.32 +0.30° 40.20 + 0.60° 31.72 +3.82°

Table 2b. Effects of aqueous extract of P. daemia on selected biomarkers of kidney function in rifampicin-exposed rats

Parameter I 1l n v \'

ALT (U/1) 17.27£2.13° 4029+ 1.77° 33.44 + 1.40° 26.42 +0.89° 23.63 + 1.03
AST (U/1) 21.60 + 1.04° 56.82 +1.73° 39.22 + 1.06° 22.50+1.31° 25.06 + 1.25°
ALP (U/1) 31.21+1.65° 53.66 + 1.98° 41.86 +0.75° 32.86 + 0.65° 29.32 +0.90°
Urea (mg/dl) 47.82+0.67° 70.06 + 0.83° 62.08 + 0.43° 50.20 + 0.52° 53.76 + 1.61°
U. acid (mg/dI) 29.54 +0.26° 54.23+0.78° 39.57 +0.55° 28.32+0.41° 32.89 + 1.62°
C.K. (U/) 27.61+0.83° 49.17 +0.94° 36.42 + 0.85° 27.00 +0.53° 25.73 +0.85°

Table 2c. Effects of aqueous extract of P. daemia on selected serum biomarkers of liver and kidney function

in rifampicin-exposed rats

Parameter | I 11} v \

ALT (U/1) 56.17 + 3.042 88.45 +2.43° 60.23 +2.63° 55.13 +2.092 59.33+1.342
AST (U/1) 71.26 +1.712 127.13 + 2.60° 96.51 + 1.542 70.48 + 1.60% 75.22 +1.56%
ALP (U/1) 62.13+1.322 108.52 + 1.32° 75.39+1.312 68.18 + 1.532 67.11+2.09%
Urea (mg/dl) 38.77 £ 0.66° 64.39 + 0.62° 54.20+0.70° 37.21+0.65° 45.26 £0.762
U. acid (mg/dl) 19.17 £ 0.432 35.43+£0.52° 31.02 +0.342 24.88+0.41° 21.17 +0.68*
C.K. (U/l) 20.33+0.372 44.58 +0.44° 33.41+1.01° 25.11+0.58° 23.66+0.22°
T.BIL (mg/dl) 42.25 +0.642 69.30 + 1.02° 50.26 + 0.552 41.31+0.86% 45.37 +1.842

Data represent the mean + SEM of the experiment performed in triplicate. I: Administered water only, Il: Rats exposed to rifampicin (250 mg/kg bwt) only, Ill: Rats treated with P.
daemia at 50 mg/kg bwt after exposure to rifampicin, IV: Rats treated with P. daemia at 100 mg/kg bwt after exposure to rifampicin, V: Rats treated with silymarin at 100 mg/kg bwt

after exposure. ‘b’ represents a significant difference from the control ‘a’ at p = 0.05.
2.10. Statistical analysis

Data were expressed as mean + SEM. Statistical evaluation was done
using One Way Analysis of Variance (ANOVA), followed by Duncan's
Multiple Range Test (DMRT) using SPSS 11.09 for Windows. The
significance level was set at p = 0.05

3. Results and discussion

Exposure of experimental rats to rifampicin at 250 mg/kg bwt
caused a significant increase in hepatic and renal alanine
aminotransferase, aspartate aminotransferase, and alkaline
phosphate. Treatment of exposed rats with P. daemia leaf extract
restored these biomarkers to the basal dose-dependent manner
similar to animals treated with silymarin. The same trend was
observed for urea, uric acid, total bilirubin, and creatine kinase in
the serum, liver, and kidney homogenates (Table 2a-c). Similarly,
oral administration of rifampicin at 250 mg/kg bwt resulted in
marked derangement in lipid profile relative to the control. This
caused a surge in cholesterol, triglyceride, and low-density
lipoprotein, as well as marked depletion in high-density lipoprotein
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(HDL) in the liver, kidney, and serum (Table 3a-c). Treatment with P.
daemia dose-dependently restored the deranged lipid profile to a
level comparable with animals not exposed to rifampicin. Moreover,
catalase and superoxide dismutase activities in the serum, kidney,
and liver were significantly inhibited following exposure to
rifampicin. Reduced glutathione was markedly diminished in the
serum, and organs homogenated after exposure to rifampicin.
However, treatment with P. daemia relieved the inhibition imposed
on the enzymes and restored GSH to a level comparable to the
control animals (Table 4a-c). Finally, there was an observed sharp
increase in MDA levels in the liver and kidney of experimental
animals following rifampicin exposure (Figure 1). This was brought
back to normal dose-dependent when intoxicated animals were
treated with P. daemia.

In recent times, the prevalence of kidney and liver diseases poses a
serious threat to public health and must be addressed urgently.
Developing nations, in particular, should pay attention to finding a
cheap, locally available, and potent therapeutic alternative in the
management of these diseases. Up to 40% of liver and kidney failure
are traceable to side effects of conventional drugs administered in
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the management of ailments (Kosanam and Boyina,
Specifically, hepato-renal injuries have been linked to oxidative
assaults caused by specific bioactivated intermediates produced in
biotransformation (Sharma and Sharma, 2015; Basheer et al., 2017).
The use of plants for medication is an age-long practice that has
proven effective (Sentman et al., 2006; Abirami et al., 2014).

In the present study, there was a significant increase in AST, ALT,
and ALP levels in the serum and organs’ homogenates following
exposure to rifampicin (Table 2a-c). Obviously, this is due to free
radicals-induced leakage of these enzymes from their initial cellular
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compartments into the bloodstream. The leakage must have
resulted from a compromise in membrane integrity via lipid
peroxidation, as Rana et al. (2006) and Kim et al. (2017) suggested.
Treatment with P. daemia extract reversed the surge in the level of

these biomarker enzymes, perhaps

via inhibition of lipid

peroxidation. As a result, membrane integrity must have been
restored, thereby blocking further leakage of these enzymes into
the bloodstream. This healing ability of P. daemia extract can be
its antioxidant potential, as earlier reported

attributed to
(Vaithiyanathan and Mirunalini, 2016).

Table 3a. Effects of aqueous extract of P. daemia on hepatic lipid profile of rifampicin-exposed rats

Parameter I Il 1 v v

CHOL (mg/dl) 56.08 + 1.86° 97.23 + 1.42b 71.13+1.01° 64.43 +1.08° 5233+ 1.34°

TRIG (mg/dl) 41.33+0.76° 86.50 + 0.42b 69.26 + 0.59° 52.09 + 0.94° 39.43+1.13°

HDL (mg/dl) 24.7240.22° 18.26 + 0.24° 18.76 +0.51° 21.33+0.33° 26.31+0.59°

LDL (mg/dl) 33.76 + 0.87° 57.81+0.11° 51.25 + 0.06° 40.42 +0.15° 33.04 + 0.62°
Table 3b. Effects of aqueous extract of P. daemia on renal lipid profile of rifampicin-exposed rats

Parameter I 1l n v \';

CHOL (mg/dl) 30.07 + 1.05° 53.24+1.03° 47.23+1.07° 36.27 + 0.76° 38.63 +2.23°

TRIG (mg/dl) 11.8240.14° 26.48+0.33° 23.08+0.49° 17.80 + 0.24° 13.43 £0.29°

HDL (mg/dl) 8.26 +0.95° 6.08 + 0.63° 6.45 + 0.56° 7.03 £0.34° 8.42 +0.68°

LDL (mg/dl) 13.26 +0.77° 31.27+057° 26.80+ 0.380 16.29 + 0.40° 12.13 +0.48°
Table 3c. Effects of aqueous extract of P. daemia on serum lipid profile of rifampicin-exposed rats

Parameter I Il 1 v \')

CHOL (mg/dl) 52.16+1.14° 87.46 + 1.38b 73.23 + 1.05° 66.20 + 1.73° 58.27 + 1.56°

TRIG (mg/dl) 37.51+161° 70.39 + 1.45b 63.71+ 0.55° 48.08 + 1.09° 40.14 +1.72°

HDL (mg/dl) 9.42 +0.02° 5.10 £ 0.07° 5.63 +0.05° 6.47 +0.01° 8.79 +0.29°

LDL (mg/dl) 22.36+0.72° 39.53 + 0.68° 34.48+0.72° 29.22+0.63° 24.67 +0.72°

Data represent the mean + SEM of the experiment performed in triplicate. I: Administered water only, Il: Rats exposed to rifampicin (250 mg/kg bwt) only, Ill: Rats treated with P.
daemia at 50 mg/kg bwt after exposure to rifampicin, IV: Rats treated with P. daemia at 100 mg/kg bw after exposure to rifampicin, V: Rats treated with silymarin at 100 mg/kg bwt

after exposure. ‘b’ represents a significant difference from the control 'a’ at p = 0.05.

Table 4a. Effects of aqueous extract of P. daemia on selected enzymic and non-enzymic antioxidant parameters in the liver of rifampicin-

exposed rats

Parameter | 1] 1] \ Vv

SOD (U/mg protein) 6.14 £0.142 2.36+0.19° 3.81+0.122 5.92 +£0.10° 6.20 £1.232
CAT (umol/min) 4.70+0.132 1.63+0.16° 2.74+£0.22? 3.82+0.14° 4.45+1.20°
GSH (mmol) 5.77 £0.032 2.93 £0.08° 3.80+0.05° 4.63+0.10° 5.43 +0.08°
T. P (mg/ml) 2.64+£0.132 1.04 + 0.09° 1.93+0.10% 2.45+0.132 2.33+0.78

Table 4b. Effects of aqueous extract of P. daemia on selected enzymic and non-enzymic antioxidant parameters in the kidney of rifampicin-

exposed rats

Parameter | 1] 1] v Vv

SOD (U/mg protein) 3.48+0.27° 1.93+0.19° 2.63+0.112 3.15+0.13? 3.15+0.53°
CAT (umol/min) 2.77 £0.102 1.88+0.26° 2.04£0.10? 2.82+0.16% 2.58 £0.202
GSH (mmol) 3.23+0.032 3.04 £0.02° 3.17+0.07° 3.30+0.04° 3.19+0.12°
T. P (mg/ml) 1.73+0.012 1.06 +0.01° 1.24 +0.052 1.56 +0.072 1.44 +0.072

Table 4c. Effects of aqueous extract of P. daemia on selected enzymic and non-enzymic antioxidant parameters in the serum of rifampicin-

exposed rats

Parameter | I} 11} v \

SOD (U/mg protein) 4.29 £ 0.09° 2.42 +0.07° 3.61+0.03? 4.09+0.07° 4.34 £0.21°
CAT (umol/min) 3.06+0.12° 1.76 £ 0.14° 2.39+0.08° 3.12+0.10° 2.93+0.20°
GSH (mmol) 2.66 +0.012 2.08 £ 0.02° 2.26 £ 0.06° 2.47+0.072 2.49 +0.982
T. P (mg/ml) 2.08 + 0.20° 1.02+0.18° 1.39+0.132 1.87+0.142 2.17 + 0.08?

Data represent the mean + SEM of the experiment performed in triplicate. I: Administered water only, II: Rats exposed to rifampicin (250 mg/kg bwt) only, Ill: Rats treated with P.
daemia at 50 mg/kg bwt after exposure to rifampicin, IV: Rats treated with P. daemia at 100 mg/kg bwt after exposure to rifampicin, V: Rats treated with silymarin at 100 mg/kg bwt

after exposure. ‘b’ represents a significant difference from the control ‘a’ at p = 0.05.

Serum bilirubin level was significantly elevated in the present study
following exposure of experimental animals to rifampicin (Table 2a-
c). It has been reported that rifampicin hinders bilirubin uptake,
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resulting in a subclinical level of unconjugated hyperbilirubinemia.
Similarly, a blockage of the exporter pump specific for exporting bile
could result in conjugated hyperbilirubinemia (Saukkonen et al.,
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2006; Byrne et al. ,2002). Other reports also indicate that deficient  level to that comparable with animals not exposed at all. This is due
bilirubin clearance or inefficient secretion at the canalicular level  to the antioxidant phytochemicals present in the extract, as earlier
may trigger hyperbilirubinemia (Grosset and Leventis, 1983; Capelle  reported (Maheshwari and Vijayarengan, 2021).

et al., 1972). Treatment with P. daemia extract restored the bilirubin
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Figure 1. Effect of P. daemia on lipid peroxidation in the liver and kidney of rifampicin-exposed rats
Data represent the mean + SEM of the experiment performed in triplicate. |: Administered water only, II: Rats exposed to rifampicin (250 mg/kg bw) only, IlI: Rats treated with P.
daemia at 50 mg/kg bw after exposure to rifampicin, IV: Rats treated with P. daemia at 100 mg/kg bw after exposure to rifampicin, V: Rats treated with silymarin at 100 mg/kg bw
after exposure. ‘c’ and ‘d’ represent a significant difference from the control ‘a’ and ‘b’, respectively at p = 0.05.

Figure 2. Histoarchitecture of the liver of experimental animals at a magnification (x400).
Black arrows represent inherent hepatocytes. Dotted black circles represent large vacuolation, while pink colorations represent fatty liver

and bile plaques.
A: Liver of animals not exposed to rifampicin at all: It shows no histological distortion of the tissues. Liver histomorphology was normal, with hepatocytic nuclei well positioned in the
cytoplasm.
B: The liver of animals exposed to rifampicin at 250 mg/kg bw without treatment showed cholestatic fatty liver.
C: The liver of animals exposed to rifampicin and treated with 100mg/kg bw of P. daemia showed unperturbed liver histomorphology with no histopathological distortion.
D: Liver of animals exposed to rifampicin and treated with silymarin at 200mg/kg bw showed intact liver tissue histomorphology with no histopathological distortion.

Serum level of creatine kinase, urea, and uric acid has been used as study, creatine kinase, urea, and uric acid increased significantly
a diagnostic tool for measuring kidney integrity. In the present relative to control animals following exposure to rifampicin. This
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observation suggests a free radical-induced upregulation in nitrogen
metabolism. Consequently, there was an increase in the formation
of urea and uric acid since the functional integrity of the glomerulus
has been altered as a result of the oxidative attack on the kidney.
These observations are consistent with the report of (Jaswal et al.,
2013; Shukla et al., 2014). Treatment with graded doses of P.
daemia caused restoration of creatine kinase, urea, and uric acid in
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a dose-dependent manner. The observed restoration can be linked
to flavonoids and other antioxidant phytochemicals present in the
extract, as earlier reported (Bhusari et al., 2018). It is also consistent
with other reports on hepatoprotection (Renugadevi and Prabu,
2010; Renugadevi and Prabu, 2009).

Figure 3. Histoarchitecture of the kidney tissue slice of experimental animals at a magnification (x400).
The black outline represents the renal corpuscle containing the glomerulus within the urinary space. Convoluted tubule (CT), glomerular

capillaries (GC), and innate cells, including the intraglomerular podocytes (P) as well as the juxtaglomerular and macula densa cells.
A: Kidney slices of animals not exposed to rifampicin toxicity showed no noticeable histological distortion while the renal histoarchitecture was intact.
B: Kidney slice of animals exposed to rifampicin toxicity without treatment showed distorted renal histoarchitecture as well as glomerular atrophy. Degenerated renal tubules as well
as intraluminal exfoliation, including nuclei pyknosis.
C: Kidney slice of animals exposed to rifampicin toxicity and treated with P. daemia at 100 mg/kg bw showed intact renal corpuscle having cellular delineation and appropriate
distribution. There was no noticeable histopathological distortion.

Administration of rifampicin caused a significant derangement in
lipid profile in experimental animals' liver, kidneys, and serum. Total
cholesterol, triglycerides, and low-density lipoprotein (LDL) were
markedly increased relative to control animals following exposure to
rifampicin (Table 3a-c). This observation is in tandem with Tasduq et
al. (2007), who showed that serum levels of triglyceride and
cholesterol were significantly increased after administration of
rifampicin to experimental rats. It also agrees with the earlier report
of Santhosh et al. (2006), who observed a significant increase in
serum LDL with a concomitant decrease in HDL-cholesterol
following exposure of rats to rifampicin and isoniazid. When
exposed animals were treated with graded doses of P daemia, there
was a dose-dependent reversal of the toxicity imposed by
rifampicin. In line with an earlier report, this reversal can be traced
to antioxidant phytochemicals such as flavonoids and other
polyphenols in the extract (Vaithiyanathan, 2015).

Moreover, rifampicin caused a significant decrease in the activities
of SOD and CAT in the serum, liver, and kidney of experimental rats
(Table 4a-c). Unarguably, SOD and CAT are the first lines of
antioxidant enzymes’ defense against oxidative stress. SOD is
responsible for the catalytic dismutation of superoxide radicals to
hydrogen peroxide. On the other hand, CAT is responsible for the
catalytic decomposition of hydrogen peroxide into molecular oxygen
and water (Lee and Sherman, 2000). Earlier reports suggested a
decrease in antioxidant enzyme activity coupled with an increase in
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lipid peroxidation level after rifampicin intoxication (Sedlak and
Snyder, 2003, Heit et al., 2017; Muller et al., 2006). Damage to renal
tissue observed in the present study may be attributed to lipid
peroxidation and inhibition of renal antioxidant enzymes following
exposure to rifampicin.

Antioxidant capacity against reactive oxygen species is intrinsically
linked to the enzymatic activity of SOD and catalase (Espinosa-Diez
et al., 2015). Results from the present study indicate that rifampicin
triggered a marked inhibition of SOD and CAT activity. This is
probably due to the formation of potentially toxic intermediates.
Inhibition of these enzymes led to an increase in the formation of
superoxide anion radicals, eventually inactivating catalase and other
hydrogen-peroxide-dependent enzymes (Naik and Panda, 2008).
Oral administration of P. daemia leaf extracts markedly restored
SOD and CAT activities. This observation can be linked to the free
radical scavenging potentials of P. daemia due to flavonoids and
other antioxidant phytochemicals in its leaf extract (Vaithiyanathan
and Mirunalini, 2016). This observation is consistent with previous
reports on Solanum xanthocarpum (Verma et al., 2015).

Reduced glutathione is a sulfhydryl tripeptide with potent
antioxidant properties. Exposure to rifampicin caused a significant
depletion in the GSH level. This observation partly suggests that the
liver of exposed animals was vulnerable to free radicals attack
caused by rifampicin. This also indicates the pivotal role of GSH in
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cellular antioxidant defense. This observation is in agreement with
Brehe and Burch (1976). Treatment with P. daemia led to an
increase in GSH level, suggesting restoring antioxidant status. In
agreement with an earlier report, this observation can be attributed
to the antioxidant effect of the myriad of phytochemicals present in
the leaf extract (Mohammed et al., 2004).

The significant decrease in the total protein of rifampicin-exposed
rats agrees with Santhosh et al. (2006) and Eminzade et al. (2008).
This observation could imply that toxic intermediates of rifampicin
metabolism attacked the hepatocytes, thereby hampering the liver’s
ability to synthesize proteins such as albumin. Treatment with P.
daemia significantly restored the protein level in a dose-dependent
fashion. This observation agrees with Maheshwari and Vijayarengan
(2021) and can be attributed to the antioxidant effect of
phytochemicals present in the extract.

Lipid peroxidation was increased in the serum and organ
homogenates of experimental rats exposed to rifampicin (Figure 1).
This agrees with the report of Basheer et al. (2017), where
administration of anti-tuberculosis drugs caused increased lipid
peroxidation and the corresponding decrease in GSH levels.
Perhaps, reactive intermediates of rifampicin metabolism bind
covalently to critical macromolecules that overwhelm the
endogenous antioxidant capacity, thereby triggering peroxidation of
membrane lipids (Naik and Panda, 2008; Balakrishnan et al., 2012).
The significant increase in lipid peroxidation suggests a compromise
of the body’s endogenous antioxidant capacity (Jaydeokar et al,
2014). The oral intervention of P. daemia leaf extract diminished the
lipid peroxidation and restored the antioxidant status of the
animals. Obviously, this is due to the array of polyphenols present in
the extract. Specifically, this potential can be attributed to the
condensed tannins and flavonoids present in P. daemia leaf extract,
as earlier reported (Vaithiyanathan and Mirunalini, 2016).

Histological examination of liver and kidney of rifampicin—induced
rats revealed many alterations such as tubular degeneration and
atrophy of glomeruli (Figure 2A-D and 3A-C). Such observations
were reported by Sidhu and Naugler (2012), who observed many
histological and ultrastructural changes in the kidney of rats exposed
to rifampicin.

4. Conclusions

The present study showed that aqueous extract of P. daemia leaf
has an ameliorative effect on rifampicin-induced liver and kidney
damage. All biochemical parameters, as well as histological
evidence, established that the plant is a potential candidate that can
be exploited in the management of liver and kidney diseases.
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ABSTRACT

This study aimed to investigate the antioxidant activity, total phenolic content (TPC), and total flavonoid
content (TFC), as well as the phenolic profile of two species of O. sanctum (OS) and O. basilicum (OB). The
TPC, TFC, and cultivated sanctum's phenolic profiles were similar. The TPC of OS and OB produced 386 and
383 mg gallic acid equivalent (GAE) per 100 g, whereas 201 and 203 mg quercetin equivalent (QE) per 100 g
of the extract was obtained during the TFC assay. The antioxidant activity of the extracts was determined by
scavenging of DPPH radicals with an inconsiderable difference. HPLC techniques separated the individual
phenolic acids and flavonoids. Phenolic acids (gallic, caffeic, ferulic, sinapic, and syringic) and flavonoids
(quercetin, luteolin, rutin, apigenin, and kaempferol) were commonly identified and quantified in the
chromatogram of OS and OB. The maximum gallic acid and quercetin content were found among phenolic

acids and flavonoids. The maximum yield of quercetin was analyzed in both extracts.
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1. Introduction

Ocimum sanctum and O. basilicum belong to the Lamiaceae family;
both are used as ornamental and culinary herbs. The genus Ocimum
contains more than 150 species of herbs found in tropical regions of
Asia and are rich sources of phytochemicals that contribute to many
putative health benefits (Ali et al., 2014; Malekshahi et al., 2021;
Mokat and Kharat, 2022; Shoker et al., 2021). Traditionally, it is used
as a medicinal plant to treat cough, diarrhea, warts, worm, and
kidney malfunctions. Externally, it is used as an ointment for insect
bites and in the treatment of acne due to having antibacterial, anti-
carcinogenic, antimutagenic, and antioxidant activity (Anantharam
and Chittibabu, 2021; de Lima et al., 2014; Pandey et al., 2015; Say-
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yad et al., 2022; Shafqgatullah et al., 2013). Numerous studies signify
the strong antioxidant and biological activities of Ocimum, among
other medicinal plants. The previous literature shows that Ocimum
has a remarkable phenolic content yield (Gavric et al., 2018; Kelm et
al., 2000; Samson et al., 2007).

Phenolic compounds are the secondary plant metabolites that are
widely distributed in plants. These compounds play an important
role in health-promoting factors (Khatri et al., 2019; Scheublin et al.,
2014). Scientific research suggests that these compounds have
antioxidant properties that trap free radicals and reduce the risk of
cancer, heart, and chronic diseases (Imram et al., 2014; Ssepuuya et
al., 2021; Troise et al., 2014). These phenolic compounds have more
than dozen of sub-classes but are mainly classified as simple and
polyphenol (Matulja et al., 2022).

Phytonutrients like flavonoids have beneficial anti-inflammatory
effects, and they protect your cells from oxidative damage that can
lead to disease. These dietary antioxidants can prevent the

Please cite this article as: Ullah, S., Rauf, N., Hussain, A., Sheikh, I.A., Faroog, M., 2022. HPLC profile of phenolic acids and flavonoids of Ocimum sanctum and O. basilicum.
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https://orcid.org/0000-0002-1675-9466
https://orcid.org/0000-0002-7675-9498
https://orcid.org/0000-0002-6875-9492
https://orcid.org/0000-0002-6875-9492
https://orcid.org/0000-0002-6875-9492
http://dx.doi.org/10.29228/ijpbp.1
http://dx.doi.org/10.29228/ijpbp.1

Ullah et al.

development of cardiovascular disease, diabetes, cancer, and
cognitive diseases like Alzheimer's and dementia.

Similarly, flavonoids, flavonoid polymers, and phenolic acids are
most well-known due to having many advantageous features in the
area where highly antioxidants and anti-inflammatory therapy are
required to avoid diseases including cardiovascular diseases,
diabetes, cancer, and cognitive diseases like Alzheimer's, and
dementia (Khatri et al., 2019; Nemzer et al, 2021). These
compounds are essential antioxidants due to their redox potential,
which acts as a strong reducing agent, hydrogen donors, and single
oxygen quenchers (Pisoschi et al., 2021). These compounds also
possess metal chelating properties (Javanmardi et al., 2003; Qureshi
et al., 2014; Tatipamula and Kukavica, 2021).

Due to many phenolic compounds in plants, quantifying and
identifying each phenolic acid and flavonoid is tedious. Different
techniques have been used for the separation and quantification of
these compounds, wherein thin layer chromatography (TLC) and
high-performance liquid chromatographic (HPLC) are the most
widely used (Montedoro et al., 1992; Proestos et al., 2005; Qureshi
et al., 2014).

The current study was designed to evaluate the TPC, TFC, and
antioxidant activity of methanol extracts (obtained by cold
extraction method) of O. sanctum and O. basilicum as well as the
profile of phenolic acids and flavonoids using the HPLC technique.

Economic feasibility, extremely quick and efficient HPLC technique
used in this increases the worth of the current study compared to
some previously reported methods, such as TLC and HPTLC, etc.

2. Materials and methods
2.1. Collection of samples and materials

Greenish stems and leaves of the plant materials were collected
separately from the botanical garden of PCSIR Labs complex
Peshawar, brought to the Laboratory, washed thoroughly with tap
water, and shade dried at room temperature. All solvents were of
analytical grade and used as received.

2.2. Experimental procedure

The samples were extracted with methanol following a previously
reported method with a slight modification (Khattak et al., 2007).
Briefly, the collected leaves were air-dried at room temperature.
Then, a 100 g powder sample was extracted with 98.8% methanol
on an orbital shaker for 3 hours. The extract was then centrifuged at
6.000 rpm for 10 min. The supernatant was collected, and the
organic solvent was removed by a sample concentrator in the
presence of N, gas. The residues were then re-dissolved in 10 ml of
methanol and stored for further analysis.

2.3. Determination of antioxidant activity

The antioxidant activity of OS and OB methanol extracts was
determined by DPPH radical scavenging activity (Ashif and Ullah,
2013). 1 ml of each extract was diluted with 9 ml methanol and
centrifuged for 5 min at 6.000 rpm. 1ml of the supernatant was
added with 2 ml of DPPH methanol solution (0.004%, w/v). The
absorbance was measured at 517 nm against the blank after 30
minutes of incubation. The scavenging activity of the extract was
determined in percent using the following equation.
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Abs of control — Abs of sample

Abs of the control x 100

% Scavenging Activity =

2.4. Determination of total phenolic content (TPC)

The TPC of methanol extract OS and OB was carried out using Folin-
Ciocalteau Reagent (FCR) (Meda et al., 2005). 100 pg extract was
diluted with 400 pl of deionized water and 2ml of 7.5 (m/v) sodium
carbonate solution. Then, the resultant solutions were mixed with
2.5 ml of 0.2M Folin-Ciocalteu reagent and incubated for 2h. The
absorbance was measured against blank at 760 nm using a UV/Vis
spectrophotometer, and the TPC was measured from the standard
curve of six different concentrations of gallic acid. The result was
expressed as mg of gallic acid equivalents per gram dry weight of
leaves.

2.5. Determination of total flavonoid content (TFC)

The TFC was analyzed by the spectrophotometric method (Boateng
et al., 2008). 1 ml of each methanol extract was diluted with 4 ml of
deionized water and 300 pl of sodium nitrate solution (15 g / 100
ml), 4 ml of sodium hydroxide solution (4 mg / 100 ml), and 300 pl
of methanol aluminum chloride (10 g / 100 ml) was added and made
the final solution up to 10 ml with distilled water. The absorbance
was then measured at 510 nm after 15 minutes. This method is
based on the reaction between aluminum chloride and flavonoids.
The TFC was measured from the standard curve of six different
concentrations of quercetin and expressed as mg of quercetin
equivalent per gram of dry weight.

Y = 0.052x + 0.049, R, = 0.999
2.6. Determination of phenolic acids and flavonoids by HPLC

Determination of phenolic acids and flavonoids was carried out by
HPLC (Hitachi D-2000) using a UV-Vis detector (L-2420). The
phenolic acids (gallic, syringic, vanillic, and caffeic acid) were
detected at 280 nm while flavonoids (quercetin, luteolin, rutin,
apigenin, and kaempferol) at 360 nm according to the reported
method (Pajak et al., 2014). The chromatographic separation was
achieved using Intersil column ODS-3 C18 (5 um, 250 x 4.6 mm GL
Science Inc. Tokyo, Japan) at 30 °C. The chromatographic analysis
was conducted with gradient elution using two solvents. Solvent-A:
acidified water (2.5 g Acetic acid / 100ml) and Solvent-B: methanol.
A linear gradient was applied for the first 10 minutes, with an
increase of mobile phase B from 3 to 8%. After 10 minutes, the
mobile phase B increased to 15, 20, 30, and 40% at 20, 30, 40, and
50 minutes, respectively. The quantification of phenolic acid and
flavonoids was carried out using the external standard method.

3. Results and discussion
3.1. Antioxidant activity, total phenolic, and total flavonoid contents

The antioxidant activity, TPC, and TFC of OS and OB are given in
Table 1. The content was evaluated by scavenging of free radical of
DPPH. The antioxidant molecules in the extract quench these free
radicals and convert them to colorless 2,2 diphenyl-1-hydrazine
resulting in the decrease in absorbance of the DPPH solution. The
OS and OB scavenged 61 and 60% of the DPPH free radicals.

The TPC and TFC of O. sanctum and O. basilicum are determined as
GAE and QE, presented in Table 1. The TPC content was found as
386 mg GAE/100 g in O. sanctum and 383 mg GAE/100 g in O.
basilicum, while the TFC was 201.6 and 203.4 mg QE/100 g. Plants
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are a good source of phenolic compounds, and the study by
Javanmardi et al. (2003) showed that the TPC of 20 medicinal plants
was in the range of 2.34-152.32 mg GAE/100g. However, we found
TPC too high in both Ocimum species compared to the
abovementioned authors.

Table 1. Antioxidant activity, total phenolic and flavonoid contents of O.

International Journal of Plant Based Pharmaceuticals, 2(2), 205-209

These results agree with Naithani et al. (2006) and Kahkonen et al.
(1999) that the TPC and TFC depend upon the extraction procedure
and solvent. The authors found that these two Ocimum species have
a very close relation to the phytochemicals.

sanctum and O. basilicum

Sample % Scavenging (DPPH) Content (mg / 100 g)
Total phenolic Total flavonoid
0. sanctum 61.4+1.2% 386+2.5 201.6+1.32
O. basilicium 60.56 + 1.5 383+2.4 203.4+1.43
*RSD: relative standard deviation; the number of replicates: n =3
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Figure 1. HPLC profile of OS and OB [Detection: 230 nm, Peaks a

Table 2. Phenolic acid profile of O. sanctum and O. basilicum

t retention time: 2.01 (gallic); other unidentified compounds]

Sample Phenolic acid (mg / 100 g) Total
Gallic Caffeic Ferulic Sinapic Syringic
0. sanctum 5.5+0.8% 81+0.6 53+1.2 3.4+08 2.1+05 56.4
O. basilicum 6.5+1.0 7.9%0.5 49+19 46+0.7 1.8+0.3 58.1
*RSD: relative standard deviation; the number of replicates: n =3
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Figure 2. HPLC profile of OS and OB [Detection: 230 nm, Peaks at retention time: 2.01 (gallic); other unidentified compounds]

Table 3. Flavonoid profile of O. sanctum and O. basilicum

Sample Flavonoid (mg / 100 g) Total
Quercetin Luteolin Rutin Apigenin Kaempferol

0. sanctum 2.1+0.3* 1.6+0.7 1.6+0.2 1.8+0.1 19+0.1 19.0

O. basilicum 3.4+0.3 1.5+0.5 1.9+0.1 23+0.2 1.1+0.2 19.2

*RSD: relative standard deviation; the number of replicates: n =3
3.2. The profile of phenolic acids and flavonoids
In this study, free phenolic acids were extracted and determined in

O. sanctum and O. basilicum. Some other phenolic acids, such as
esters, glycosides, and bound complexes, are also present in plants.
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Five phenolic acids (gallic, caffeic, sinapic, ferulic, and syringic) were
identified in the HPLC chromatogram shown in Figure 1, and the
guantitative analysis is presented in Table 2. The caffeic and gallic
acid content was found in maximum vyield in both the samples (8.1
and 5.5 mg / 100 g in O. sanctum, while 6.5 and 7.9 mg / 100 g in O.
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basilicum). The ferulic, chlorogenic, and syringic content was 5.3,
3.4,and 2.1 mg /100 g in O. sanctum and 4.9, 4.6, and 1.8 mg / 100
g in O. basilicum, respectively.

In our previous study, we had identified and quantified the five
phenolic acids, including gallic and syringic, in methanol extract of O.
sanctum by different extraction procedures and methods, in which
syringic acid was not detected while gallic acid content was 2.97 and
chlorogenic was 1.86 mg / 100 g, which is in close agreement with a
previous study (Jayasinghe et al., 2003). Using the aforementioned
method, sinapic acid was not detected in any sample. On the other
hand, five flavonoids were identified in the HPLC chromatogram
shown in Figure 2, and the content of flavonoids was quantified in
Table 3.

The quercetin content was found to be maximum in both samples,
2.1 mg /100 g in O. sanctum and 3.4 mg / 100 g in O. basilicum,
while the rest of luteolin, rutin, apigenin, and kaempferol were 1.6,
1.6, 1.8, and 1.9 mg /100 g in O. sanctum and 1.5, 1.9, 2.3, and 1.1
mg /100 g in O. basilicum (Lee and Scagel, 2009).

4. Conclusions

This protocol represents a comparative study of natural
antioxidants, for example, phenolic acid and flavonoid content
determination of two potential medicinal plants. Both OS and OB
were potential sources of natural antioxidants. The plants were rich
in active components such as phenolic acids, gallic, caffeic, ferulic,
sinapic, syringic, and flavonoids, including quercetin, luteoline, and
rutin apigenin, and kaempferol. The TPC content was 386 mg GAE /
100 g in O. sanctum and 383 mg GAE / 100 g in O. basilicum,
whereas the TFC was 201.6 and 203.4 mg QE / 100 g on average.
Further, OS and OB scavenged 61% and 60% of the DPPH free
radicals. As previously described, syringic acid was not detected in
our previous investigations, although the used protocols were
considerably identical. Therefore, further analysis is suggested to
verify and purify the biologically active components of the plants
above to optimize the production of therapeutic contents for their
ultimate implementation in the food industry, such as herbal
antioxidants, etc.
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ABSTRACT

Rhamnus alaternus is a Mediterranean shrub that has been used in traditional medicine to treat various
diseases. This study aimed to determine the phenolic composition, as well as antioxidant and antihemolytic
activities of R. alaternus leaves (LRA) and bark (BRA), extracts against AAPH-induced hemolysis. The
extraction yields were 19.8% and 18.2% for leaves and bark. Total polyphenols (88.1 + 1.83 mg GAE/g) and
condensed tannins (36.24 + 5.44 mg CE/g) were higher in BRA extract than in LRA extract (80.22 + 1.4 mg
GAE/g and 23.48 + 0.25 mg CE/g, respectively). However, LRA extract was found to be richer in total
flavonoids (64.6 + 2.6 mg QE/g) and flavones/flavonol (18.34 + 1.65 mg QE/g) than BRA extract (39.87 +0.58
mg QE/g and 10.08 + 0.35 mg QE/g), respectively. The ICso of DPPH and ABTS radical scavenging activity
were 86.59 + 2 ug/ml and 12.49 + 0.29 pg/ml for LRA extract and 69.23 + 2.14 ug/ml and 12.83 + 0.13
ug/ml for BRA extract, respectively. Also, both extracts showed good reducing power with 157.09 + 5.53 mg
Asc E/g for LRA extract and 194.97 + 1.46 mg Asc E/g for BRA extract. The hemolytic effect was tested on
human erythrocytes, and both extracts did not have cytotoxic effects at low doses. To induce hemolysis,
AAPH was used at a concentration of 200 mM with an incubation time of 4h. The antihemolytic activity of
the two extracts showed that pretreatment of human erythrocytes with various doses significantly reduced
AAPH-induced hemolysis in a dose-dependent manner. Indeed, at 200 pg/ml, the percentages of hemolysis
inhibition were 99.41 + 1.17% and 76.26 + 12.03% for BRA and LRA extracts, respectively. BRA extract was
more effective (ICso = 106.70 + 1.48 pg/ml) compared to LRA extract (ICso = 148.64 + 7.04 ug/ml). Our
results demonstrate for the first time that R. alaternus attenuates AAPH-induced hemolysis and can be used
to prevent and treat hemolytic anemias.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

deleterious effects and regulate the generation of free radicals
through diverse mechanisms (Fibach and Rachmilewitz, 2008).

Medicinal plants are the primary reservoir of indigenous medical
systems. Nearly 80% of the world's population relies on traditional
medicines for primary health care, most of which involve plant
extracts (Abate, 2019). Nowadays, plants are of increasing interest
due to their content of secondary metabolites known to have
antioxidant activity and potency that can protect the body's cells
from oxidative stress and free radical damage (Chansiw et al., 2018).
Indeed, cells contain antioxidant systems that protect them from
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e-ISSN: 2791-7509
doi: https://doi.org/10.29228/ijpbp.3
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However, these systems can be overwhelmed in case of excess free
radicals.

Oxidative stress is involved in apoptosis and cellular aging but also
hemolytic anemia. The latter is an indicator of free radical damage
to the red blood cell membrane (RBCs), which antioxidants can help
prevent (Chansiw et al., 2018). Anemia can result from physiological
hemolysis, defined as the destruction of senescent RBCs after
chemical and mechanical stresses that progressively damage them
during their 120 days life span. This phenomenon increased
hemoglobin catabolism, loss of membrane proteins, and altered ion
transport. Macrophages remove old RBCs from the bloodstream
(Badior and Casey, 2018). Moreover, anemia most commonly
presents as pathological hemolysis due to alterations in the quantity

Please cite this article as: Kherbachi, S., Kheniche, M., Tacherfiout, M., 2022. Antihemolytic activity of hydroalcoholic leaves and bark extracts from Rhamnus alaternus against AAPH
induced hemolysis on human erythrocytes. International Journal of Plant Based Pharmaceuticals, 2(2), 210-219, https.//doi.org/10.29228/ijpbp.3.
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and/or quality of proteins involved in maintaining the RBC
membrane's properties, resulting in their increased and premature
destruction. It may have a corpuscular or extracorporeal origin due
to chronic, hereditary, or acquired destructions (Phillips and
Henderson, 2018; Rai et al., 2020).

The polyunsaturated fatty acids of the membrane, the oxygen-rich
environment, and the iron-rich hemoglobin make RBCs susceptible
to oxidative damage. In RBC, hemoglobin is a major source of
superoxide production. There is an electron transfer in the
interaction between the heme iron and oxygen in oxygenated
hemoglobin. The heme iron generally stays in the Fe(ll) ferrous form

when hemoglobin oxygenate. Alterations in this exchange,
hemoglobin auto-oxidizes, resulting in methemoglobin and
superoxide production (Fibach and Rachmilewitz, 2008). The

denaturation of hemoglobin induced the formation of the Heinz
body responsible for the rigidity of erythrocytes and thus their
destruction (Drobatz et al., 2018). Furthermore, superoxide radical
(O2) can dismutase spontaneously or enzymatically to hydrogen
peroxide (H,0), generating reactive hydroxyl radical (OH-).
Consequently, ROS leads to the loss of membrane erythrocytes
integrity by initiating lipid peroxidation (Fibach and Dana, 2019).
Different aldehydes are formed as secondary oxidation products of
lipid peroxidation, among them malondialdehyde (MDA) which
leads to cross-links of phospholipids and proteins in the erythrocyte
membrane. Indeed, MDA accumulation can affect anion transport
and the functions of some enzymes. The processes alter membrane-
related functions that ultimately lead to RBC hemolysis (Cimen,
2008; Ayala et al., 2014).

Rhamnus alaternus, commonly known as Buckthorn, belongs to the
Rhamnaceae family. It is generally distributed throughout the
Mediterranean countries. In North Africa, it grows in Algeria,
Morocco, and northern Tunisia (Nekkaa et al., 2021). This plant is
one species used in reforestation programs due to its ability to
survive in xeric environments. In traditional medicine, the leaves are
used as a purgative, laxative, and to treat jaundice (Moussi et al.,
2015). In North African countries, the bark is used to cure various
dermatological problems and treat diabetes (Nekkaa et al., 2021). R.
alaternus crude extracts had powerful antimutagenic action as well
as strong inhibition of xanthine oxidase. In addition, antioxidant,
antiradical, antiproliferative, and cytotoxic properties were also
demonstrated (Ben Ammar et al., 2007; Ben Ammar et al., 2008).
Kosalec et al. (2013) reported that R. alaternus bark extracts contain
anthraquinones and other phenols that act as multifunctional
antioxidants with antimicrobial activity. While Benchiha et al. (2017)
demonstrated that R. alaternus leaves extract has potent
hepatoprotective properties against the xenobiotic carbon
tetrachloride (CCls). According to our previous study, flavonoids
obtained from R. alaternus leaves have an antihyperlipidemic effect
on rats induced hyperlipidemic by Triton WR-1339 and on HepG2
cells culture (Tacherfiout et al., 2018).

Leaves and bark of R. alaternus are commonly used in an infusion to
cure anemia in Algeria's Kabylia region. To our knowledge, no
research has been conducted to determine whether R. alaternus
possesses anti-hemolytic properties. Therefore, this work aimed to
investigate the antihemolytic activity of R. alaternus leaves and bark
extracts on human erythrocytes in a model of AAPH-induced
hemolysis.
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2. Materials and methods
2.1. Plant material

R. alaternus leaves and bark were harvested in May 2021 from
Amizour, Bejaia, Algeria (GPS coordinates: 36°39'50" North,
4°55'19" East). They were separated, cleaned, rinsed, and dried for
three days in the shade at room temperature before placing a 40 °C
for 48 hours to enhance the drying process. Each part was ground in
an electric grinder to have homogeneous powder (@ = 125um) kept
in tightly sealed containers in the dark until extraction.

2.2. Preparation of the crude hydroalcoholic extracts

Fifty grams of each powder was mixed with 500 ml of an ethanol-
water mixture (70/30: v/v) and kept under magnetic stirring at room
temperature for 24 hours. Then, both mixtures were filtered three
times through Whatman paper. The ethanol was completely
evaporated using a rotary evaporator, and both extracts were
placed in a laboratory oven at 40 °C for 48h to remove water traces.
The extraction yield was calculated relative to the initial catch.

2.3. Phytochemical analysis
2.3.1. Determination of total polyphenol content

The total phenolic content of crude leaves and bark hydroalcoholic
extracts was determined by Folin-Ciocalteu, which is reduced in the
blue complex in the presence of phenols (Wolfe et al., 2003). A
volume of 1.25 ml of Folin-Ciocalteu solution (0.1 N in distilled
water) was mixed with 250 pl of each extract and then allowed to
stand for 5 minutes. Afterward, 1 ml of 7.5% (w/v) sodium
carbonate solution was added, and the absorbance was read at 720
nm in a spectrophotometer after 90 minutes of incubation in the
dark. The concentration of total phenolic components in both
extracts was expressed as milligram gallic acid equivalent per gram
of extract (mg GAE/g extract) using gallic acid as a calibration
standard.

2.3.2. Determination of total flavonoid content

The total flavonoid content was determined using the aluminum
trichloride (AICI3) method (Quettier-Deleu et al., 2000). Briefly, 1 ml
of 2% aluminum trichloride solution (w/v) was mixed with the same
volume of each extract. Absorption readings at 435 nm were taken
after 15 minutes of incubation in the dark. Quercetin was used to
prepare a standard curve, and the total flavonoid contents were
expressed as milligram quercetin equivalent per gram of extract (mg
QE/g).

2.3.3. Determination of flavone and flavonol content

The content of flavones and flavonols was determined according to
the method described by Kosalec et al. (2004). 250 pl of the two
hydroalcoholic extract solutions were mixed with 1.4 ml of distilled
water, 750 pl of ethanol (95%), 50 ul of 10% AICl; solution (w/v), and
50 ul of sodium acetate (1 M). The mixture was homogenized, and
the absorbance was read at 438 nm after incubation for 15 minutes
in the dark. In a calibration curve containing quercetin, the flavones
and flavonol concentrations in the hydroalcoholic extracts were
measured as milligram equivalents of quercetin per gram of extract

(mg EQ/g).
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2.3.4. Determination of condensed tannins content

The vanillin method described by Chaouche et al. (2020) was used
to evaluate the content of condensed tannins in each extract. In
brief, 1.5 ml of 4% (w/v) vanillin solution in methanol was mixed
with 250 ul of each extract, and then 750 ul of sulfuric acid was
added. The reaction mixture was allowed for 15 minutes, and the
absorbance was recorded at 500 nm. A dilution series of catechin
was prepared for a standard curve, and the results were expressed
as milligram equivalent of catechin per gram of extract (mg EC/g).

2.4. Antioxidant activity
2.4.1. DPPH radical scavenging activity

The free radical scavenging activity of R. alaternus leaves and bark
hydroalcoholic extracts was determined by the 2,2-diphényl-1-
picrylhydrazyl (DPPH) method described by Athamena et al. (2010).
A volume of 50 pl of DPPH solution (5 mM in methanol) was
combined with 2.45 ml of each extract at different concentrations.
The mixture was shaken and then incubated for 30 minutes in the
dark, and the absorbance was then measured at 517 nm. Ascorbic
acid was used as standard, and the percentages of DPPH radical
scavenging activity were calculated using the following formula:

DPPH radical scavenging activity (%) = [Ac —As) / Ac] x 100
Ac: Absorbance of control containing only DPPH

As: Absorbance of the sample containing DPPH and extracts or
standard

2.4.2. ABTS radical scavenging activity

The 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid radical
cation (ABTS*) was produced by dissolving 7 mM ABTS in 2.45 mM
potassium persulfate and keeping the solution in the dark for 16
hours. The ABTS stock solution was then diluted with ethanol to get
an absorbance of 0.700 + 0.02 at 734 nm. A volume of 950 pl of this
diluted ABTS* solution is mixed with 50 pl of each extract at
different doses. The absorbance reading was registered at 734 nm
after 7 minutes of incubation in the dark (Re et al., 1999). Trolox was
used as standard, and the following formula was used to determine
the percentages of ABTS radical scavenging activity:

ABTS radical scavenging activity (%) = [Ac — As) / Ac] x 100
Ac: Absorbance of control containing only ABTS solution

As: Absorbance of the sample containing ABTS solution and extracts
or standard

2.4.3. Reducing power

The reducing ability of the extracts was evaluated according to the
method described by Kosalec et al. (2013). A volume of 500 ul of
phosphate buffer (0.2 M, pH 6.6) and 500 pl of potassium
ferricyanide 1% (w/v) were mixed with 250 pl of each extract. This
mixture was kept at 50 °C in bath water for 20 minutes before
cooling and adding 500 pl of 10% (w/v) trichloroacetic acid solution.
After shaking, 500 ul was taken and combined with 500 pl of
distilled water and 100 ul of 0.1% (w/v) ferric chloride solution.
Absorbance was immediately read at 700 nm, and ascorbic acid was
used to generate the calibration curve. Reducing power was
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expressed as milligram ascorbic acid equivalent per gram of extract
(mg Asc E/g).

2.5. Antihemolytic activity on human erythrocytes
2.5.1. Preparation of erythrocyte suspension

Blood samples were obtained from healthy volunteers provided by
the CTS (Centre de Transfusion Sanguine Blood Transfusion
Center, Bejaia, Algeria). Erythrocyte suspension was prepared
according to the protocol described by Yang et al. (2017). Blood was
centrifuged in heparinized tubes at 3000 rpm for 10 minutes. The
supernatant was removed, and the pellet containing red blood cells
was washed three times with phosphate buffer saline pH 7.4 (PBS)
and centrifuged at 3000 rpm for 10 minutes. The erythrocyte pellet
was resuspended at 10% hematocrit in PBS buffer and immediately
used.

2.5.2. Hemolytic activity of extracts on human erythrocyte suspension

The hemolytic activity of leaves and bark extracts was assessed by
mixing 250 pl of the freshly prepared erythrocyte suspension (10%
hematocrit) with a volume of 500 ul of PBS (negative control), or
500 pl of each extract at different doses (25-1500 pg/ml). The
samples were incubated for 4 hours at 37 °C in a water bath. The
tubes were gently mixed every hour. A positive control was made by
incubating the erythrocytes in 500 pl of distilled water
simultaneously and under the same conditions (considered as 100%
hemolysis). The volume of all tubes was then adjusted to 4.5 ml with
PBS and centrifuged for 10 minutes at 2000 rpm. Hemolysis was
determined by measuring absorbance at 540 nm, corresponding to
hemoglobin release (Rafat et al., 2010). Hemolysis rates were
calculated using the following formula:

Hemolysise rate (%) = [(Aextract — Anegative contro//Aposit/'ve control] X 100

Aextract: Absorbance of hemoglobin at 540 nm in tubes treated with
leaves and bark extracts

Anegative control: Absorbance of hemoglobin at 540 nm in tubes treated
only with PBS

Apositive control: Absorbance of hemoglobin at 540 nm in tubes treated
with distilled water

2.5.3. Optimization of hemolysis conditions of human erythrocytes by
AAPH

AAPH was used in the present work to generate free radicals and
oxidative stress, which could damage the RBC membrane and cause
hemolysis. Briefly, 250 ul of erythrocyte suspension (10%
hematocrit) was incubated at 37 °C in a water bath with 500 ul of
AAPH dissolved in PBS at different final concentrations (100, 200,
and 300 mM) for 4 hours. Every 60 minutes, the reaction mixture
was gently stirred, and aliquots of the reaction mixture (100 pl)
were removed and diluted with 500 ul of PBS. After centrifugation
at 2000 rpm for 10 minutes, the absorbance of the supernatant was
measured at 540 nm, and the percentages of hemolysis were then
calculated as the previous formula (Phrueksanan et al., 2014).
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2.5.4. Antihemolytic effects of the extract on AAPH induced hemolysis

The antihemolytic activity of the R. alaternus leaves and bark
extracts was evaluated according to a previously published method
(Yang et al.,, 2017). The erythrocyte suspension (hematocrit 10%)
was pre-treated with different concentrations of the two extracts
(50 - 200 pg/ml) for 30 minutes in a water bath at 37 °C. After that,
a volume of 500 pl of an AAPH solution was added to have a final
concentration of 200 mM, and the reaction mixture was incubated
for 4 hours under the same conditions. Then, the volume of all tubes
was adjusted to 4.5 ml with PBS and centrifuged at 2000 rpm for 10
minutes. The absorbance of the supernatant was read at 540 nm.
Under the same conditions and simultaneously, two controls
(negative and positive) were performed. Ascorbic acid was used as
standard. The hemolysis inhibition percentages of extracts were
calculated as follows.

Hemolysis inhibition (%) = [(Aaapt — Asample) / Aaapr] X 100
Annpr: Absorbance at 540 nm in tubes treated only with 200 mM of

AAPH

Asample: Absorbance at 540 nm in tubes treated with 200 mM of
AAPH and extracts or standard
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2.6. Statistical analysis

All data values were expressed as mean + standard deviation. All
measurements were replicated three times. Statistical analyses
were performed using Student's t-test or One-way ANOVA test
followed by Tukey's post hoc test using Graphpad Prism 6.0
software. The results were considered statistically significant at p <
0.05. Determination of ICso was performed using software Origin
9.5.

3. Results and discussion
3.1. Quantification of phytochemical compounds

The extraction vyields of leaves and bark of R. alaternus using 70%
ethanol were calculated concerning the initial dry matter. The
results showed extraction yields of 19.8% for the leaf extract and
18.2% for the bark extract. The quantification of phytochemicals
was assessed by colorimetric methods, and the results are reported
in Table 1.

The results showed that leaves (LRA) were less rich in total phenolic
contents than bark (BRA), with respective amounts of 80.22 + 1.4
and 88.15 + 1.83 mg GAE/g dry extract. These results were reported
in mg gallic acid equivalent from the calibration curve equation (y =
0.0561x + 0.0093 with R2=0.9916). There is a significant difference
(p < 0.05) between the total polyphenol contents of the two
extracts.

Table 1. Quantification of various phenolic compounds contents in hydroalcoholic leaves (LRA) and bark (BRA) extracts of R. alaternus

Phenolic compounds LRA extract BRA extract

Total polyphenols (mg GAE/g) 80.22 +1.4° 88.15+1.83°
Total flavonoids (mg QE/g) 64.6 £2.6% 39.87 +0.58°
Flavones and flavonols (mg QE/g) 18.34 + 1.65° 10.08 £ 0.35°
Condensed tannins (mg CE/g) 23.48 +0.252 36.24 +5.445

The mean and standard deviation (SD) are used to express the data (n = 3). The statistical analysis was determined using the Student's t-test. Values not sharing a common letter for

the same type of compound were statistically different (p < 0.05).

In contrast, for the total flavonoid content of the two hydroalcoholic
extracts, a higher level was obtained in leaves extract (LRA) (64.6 +
2.6 mg QE/g dry extract) compared to the bark extract (BRA) (39.87
+ 0.58 mg QE/g dry extract). The results were expressed as mg
quercetin equivalent based on a calibration curve that follows an
equation y = 0.0428x - 0.028, with R2 = 0.9895. From these findings,
it was shown that there is a significant difference (p < 0.05) between
the amount of total flavonoid content in the two extracts.

The flavone and flavonol content of leaves extract (LRA) was almost
twice as high as that of the bark extract (BRA), with 18.34 + 1.65 mg
QE/g dry extract compared to 10.08 + 0.35 mg EQ/g dry extract. The
calibration curve was created using quercetin and yielded the
following equation: y = 0.0712x + 0.0345 with R2 = 0.9938. Statistical
analysis of flavone and flavonol contents between the two extracts
reveals a significant difference (p < 0.05).

Finally, the quantification of condensed tannins from the calibration
curve performed using different concentrations of catechin (y
0.0771x + 0.0528, with RZ = 0.99633) showed that leaves extract
(LRA) has a lower amount with a value of 23.48 + 0.25 mg CE/g dry
extract, than the bark extract (BRA) which had given a rate of 36.24
+ 5.44 mg CE/g dry extract. There is a significant difference (p <
0.05) in the condensed tannins contents between the two extracts.
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3.2. Antioxidant activities
3.2.1. DPPH free radical scavenging activity

Leaves and bark extracts of R. alaternus were evaluated for their
ability to quench DPPH radicals. As shown in Figure 1, both extracts'
DPPH radical scavenging activity is dose-dependent. In fact, at the
highest concentration tested (125 pg/ml), leaves (LRA) and bark
(BRA) extracts exhibited potent scavenging activities with
percentages of 73.18 + 0.65% and 81.21 + 1.5%, respectively. The
DPPH free radical scavenging activity of the two extracts was
statistically different (p < 0.05). As can be seen in Table 2, the bark
extract showed the highest antioxidant activity with an I1Csg = 69.23
+ 2.14 pg/ml, compared to 86.59 + 2 ug/ml for leaves extract.
Ascorbic acid used as standard gave ICso = 1.04 + 0.10 ug/ml.

3.2.2. ABTS free radical scavenging activity

The antioxidant ability of both extracts toward the ABTS radical
demonstrates that leaves and bark hydroalcoholic extracts are
effective even at low doses (Figure 2). A considerable scavenging
effect of the ABTS radical was observed at 22.5 pg/ml, with
percentages of 70 + 1.39% for leaves extract and 75.88 + 0.72% for
the bark extract. The ABTS radical scavenging activities of the two
extracts were significantly different (p < 0.05), except at the 12.5
ug/ml concentration, where the difference was not significant.
Moreover, this high scavenging activity of the ABTS radical of both
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extracts is illustrated by the ICso values obtained; 12.49 + 0.29 ug/ml
for leaves extract and 12.83 + 0.13 pg/ml for bark extract (Table 2).
Trolox used as a standard in this test gave an ICsp of 8.38 + 0.08

ug/ml.
3.2.3. Reducing power

Ascorbic acid was used as the standard to create the calibration
curve following an equation: y = 0.044x + 0.3494 with R? = 0.9984.
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Thus, ascorbic acid equivalents in mg/g extract were used to
represent the reducing capacity of R. alaternus leaves and bark
extracts. Table 2 showed that both extracts have a good reducing
capacity, with a slight advantage for the bark extract, which gave a
reducing power of 194.97 + 1.46 mg Asc E/g, compared to leaves
extract (157.09 + 5.53 mg Asc E/g). There was a significant
difference between the reducing powers of the two extracts (p <
0.05).
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Figure 1. DPPH radical scavenging activity of leaves (LRA) and bark (BRA) extracts (25-125 ug/ml) of R. alaternus
Values are mean + SD (n = 3). The Student's t-test was used to determine the statistical significance of the data. Values not sharing a common letter for the same concentration were
statistically different (p < 0.05).

Table 2. Reducing capacity of R. alaternus leaves (LRA) and bark (BRA) hydroalcoholic extracts and ICso values for DPPH and ABTS tests

Extract Reducing power (mg Asc E/g) DPPH (ug/ml) ABTS (ug/ml)
LRA 157.09 + 5.532 86.59 + 2.00° 12.49 £0.292
BRA 194.97 + 1.46° 69.23 +2.14° 12.83+£0.132
Ascorbic acid - 1.04 £ 0.10° -

Trolox - 8.38 + 0.08°

The mean and standard deviation (SD) are used to express the data (n = 3). The statistical analysis was determined using the Student's t-test. Values not sharing a common letter for

the same type of compound were statistically different (p < 0.05).
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Figure 2. ABTS radical scavenging activity of leaves (LRA) and bark (BRA) extracts (2.5-22.5 pug/ml) of R. alaternus
Values are mean + SD (n = 3). The Student's t-test was used to determine the statistical significance of the data. Values not sharing a common letter for the same concentration were
statistically different (p < 0.05).

3.3. Cytotoxicity of R. alaternus leaves and bark extracts on human
erythrocytes

The hemolytic activity of different concentrations of leaves and bark
extracts was tested on human erythrocytes (Figure 3). Statistical
analysis showed a significant difference (p < 0.05) between
hemolysis rates induced by the two extracts and complete

hemolysis induced by H,O. The results demonstrate that leaves
extract (LRA) induced a very low cytotoxicity potential at
concentrations ranging from 25 to 1000 pg/ml. Indeed, hemolysis
rates were 1.06 + 0.98% at 25ug/ml and 0.71 + 0.75% at 1000
ug/ml. However, at a 1500 pg/ml concentration, the hemolysis rate
rises to roughly 5%. On the other hand, hemolysis rates for the bark
extract (BRA) were very low at doses ranging from 25 pg/ml (0.09 +
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0.28%) to 500 pg/ml (3.18 + 0.24%), but increased to 5.5 + 1.18% at
750 pg/ml, 7.65 + 0.81% at 1000 pg/ml and 14.9 + 0.18% at 1500
pg/ml.

3.4. Optimization of hemolysis conditions of human erythrocytes by
AAPH

Human erythrocytes were incubated at 37 °C as a 10% hematocrit
suspension with AAPH at different final concentrations of 100, 200,
and 300 mM. Hemolysis rates were then monitored hourly by
measurement at 540 nm of hemoglobin released into the incubation
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medium. Figure 4 showed that AAPH induced hemolysis in a time
and concentration-dependent manner. The onset of hemolysis
occurred after 1 h of incubation (16.26 + 2.75%) for the 300 mM
concentration, after 2 h of incubation (31.41 + 1.52%) for the 200
mM concentration, and after 3 h of incubation (11.42 + 7.02%) for
the 100 mM concentration. In these experimental conditions, the
hemolysis was markedly induced after 4 h of incubation at 200 mM
and 300 mM with respective percentages of 45 + 1.25% and 49.24 +
4.15%. Therefore, AAPH at 200 mM and the incubation period of 4 h
were selected for hemolysis conditions in this study.
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Figure 3. Hemolysis rates induced on human red blood cells (10% hematocrit) by various doses of R. alaternus leaves and bark extracts (25—
1500 pg/ml)

Values are expressed as mean + standard deviation (n = 3). Differences between means were statistically tested by one-way ANOVA test, followed by Tukey's post hoc test. Values
not sharing a common letter were statistically different (p < 0.05).
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Figure 4. Time-dependent variations in hemolysis rates induced by different final concentrations of AAPH (100, 200, and 300 mM) on human

red blood cells
Results are expressed as mean + standard deviation (n = 3).
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3.5. Antihemolytic activity of leaves and bark extracts against AAPH-
induced hemolysis on human erythrocytes

The antihemolytic activity of LRA and BRA was assessed by
measuring the hemolysis degree induced in human erythrocytes by
AAPH-generated free radicals. Pretreatment of human red blood
cells by different doses (50-200 pg/ml) of the two extracts of R.
alaternus significantly attenuated the AAPH-induced hemolysis
concentration-dependent (Figure 5). The results clearly show that
the BRA was more efficient than LRA extract in reducing AAPH-
induced hemolysis, especially at concentrations of 150 and 200
ug/ml. Indeed, the hemolysis percentages inhibition for the bark
extract were 91.91 * 1.77% and 99.4 + 1.17% (almost 100%
inhibition) at the concentrations of 150 and 200 pg/ml, respectively,
against 52.69 + 1.75% and 76.26 + 12.02% for leaves extract at the

same concentrations. Whereas 100 pg/ml of ascorbic acid was used
as a standard, giving a percentage inhibition of 34.75 + 3.7 % (Table
3). This strongest antihemolytic activity of the bark extract
compared to leaves extract is illustrated by the ICso values obtained
(concentrations inducing 50% inhibition of AAPH-induced
hemolysis). The bark extract had an ICsp = 106.70 + 1.48 ug/ml,
while leaves extract had an ICso = 148.64 + 7.04 pg/ml. Data
statistical analysis revealed no significant variations in hemolysis
rates between leaves extract concentrations of 50, 100 pg/ml, and
ascorbic acid. However, in the presence of different doses of bark
extract, ascorbic acid, APPH, and positive control (100% hemolysis),
there is a statistically significant difference in hemolysis rates (p <
0.05).

Hemolysis rate (%)

Hemolysis rate (%)

Concentrations pg/ml

Figure 5. Antihemolytic effect of leaves (LRA) and bark (BRA) extracts from R. alaternus at different concentrations against AAPH-induced

hemolysis on human erythrocytes
Values are expressed as mean * standard deviation (n = 3). Differences between means were statistically tested by one-way ANOVA test, followed by Tukey's post hoc test. Values
not sharing a common letter were statistically different (p < 0.05).

Table 3. Inhibition rates and ICsg values of AAPH induced hemolysis after pretreatment of human erythrocytes with different concentrations

of leaves (LRA) and bark (BRA) extracts of R. alaternus

Concentration (ug/ml)

LRA hemolysis inhibition (%)

BRA hemolysis inhibition (%)

50 35.4+1.32°
100 39.76 + 4.592
150 52.69+1.75°
200 76.26 + 12.022
Ascorbic acid 100 ug/ml 34.75+3.7
1Cs0 148.64 + 7.042

24.49 £3.11°
52.78 £2.51°
91.91+1.77°
99.4+1.17°

106.70 + 1.48°

Data are expressed as mean * standard deviation (n = 3). ICso: Concentration of test substances reducing the cell viability by 50%. The statistical analysis was determined using the
Student's t-test. Values not sharing a common letter for the same concentration were statistically different (p < 0.05).



Plants include various bioactive natural compounds used in
traditional medicine for their healing power (Kumar et al., 2011). In
this context, the purpose of this study was to assess the
phytochemicals content, antihemolytic and antioxidant activities of
R. alaternus hydroalcoholic leaves and bark extracts. Our findings
demonstrate that different extraction yields and variable contents
of various phenolic compounds were obtained compared to earlier
investigations. The harvesting period, geographical location, and
meteorological and experimental circumstances all play a role in
these variances (Bouchenak et al.,, 2020). Furthermore, various
parameters such as pH, temperature, maceration time, solid/liquid
ratio, powder granulometry, the chemical structure of the
compounds, and solvent nature might influence the extraction.
Indeed, for the extraction of usually polar phenolic compounds,
various polar solvents such as ethanol, methanol, and acetone are
frequently utilized (Benmeziane et al.,, 2014; Bouchenak et al,,
2020). In addition, the solvent can influence the permeability of
plant cells by chemical and biophysical changes, and its efficiency is
mostly determined by its capacity to dissolve phenolic groups
(Oreopoulou et al., 2019). In this study ethanol was used because it
solubilizes medium polar phenolic compounds, and the addition of
water to the extraction system improves the yield of glycosylated
and highly polymerized phenolic compounds (Nga et al., 2019). It is
also preferred since it is less toxic and environmentally friendly
(Cheok et al., 2014).

Results showed that bark extract of R. alaternus contains more total
polyphenols than leaf extract. This may be due to the part of the
plant studied, as phenolic compounds are distributed differently
throughout the different plant organs (Bouchenak et al., 2020). Ben
Ammar et al. (2007) and Chaouche et al. (2020) reported that total
polyphenol levels respectively of 138 mg GAE/g extract for
methanolic  extract and 168 mg GAE/g extract for
methanol/acetone extract of R. alaternus leaves. However, total
polyphenol contents reported by Chaouche et al. (2020) for
methanol/acetone extract and Kosalec et al. (2013) for the
methanolic extract from the bark of R. alaternus were ranged
between 0.64 mg EAG/g extract and 38.4 mg EAG/g extract,
respectively. These variations can be explained by the origin and
harvesting period of the plant, the type of solvent used, drying
duration as well as the extraction method (Benchaachoua et al.,
2018; Chaouche et al., 2020). This also could be due to the Folin-
Ciocalteu reagent's limitation, which provides a crude assessment of
all phenolic chemicals and can be reduced by other molecules such
as reducing sugars and proteins (Bessada et al., 2015).

Flavonoids are a class of polyphenols that are widely distributed
throughout the plant kingdom and in all parts of higher plants
(Benchaachoua et al.,, 2018). They have a specific structure that
includes the positions of hydroxyl and carbonyl groups as well as a
double bond, which results in flavone and flavonol derivatives
(Ahmed et al., 2019). In this study, the contents of total flavonoids,
flavones, and flavonols were predominantly higher in the leaves
extract than in the bark extract. These results are confirmed by Ben
Ammar et al. (2007) and Kosalec et al. (2013), who had found
flavonoid concentrations of 283 mg QE/g and 33.6 mg QE/g,
respectively, in methanolic leaves and bark extracts. This can be
explained by the difference in the distribution of flavonoids during
plant development and because flavones and flavonols are mainly
concentrated in the plant's leaves due to their high exposure to
sunlight (Benchaachoua et al., 2018; Ahmed et al., 2019).

Moreover, both leaves and bark extracts contain a significant
amount of condensed tannins, with the bark extract having a higher
level than the leaves (36.24 + 5.44 and 23.48 + 0.25 mg CE/g extract,

respectively). However, Ben Ammar et al. (2007) found 736 mg
TAE/g extract for the methanolic leaves extract, and Chaouche et al.
(2020) found 3 mg CE/g extract for the methanol/acetone bark
extract. This discrepancy could be related to the structure of
condensed tannins and their solubility, which is influenced by
several factors, including the plant's developmental region and the
solvent utilized (Elgailani and Ishak, 2016; Chaouche et al., 2020).

Three methods were used to assess the antioxidant activities of the
two extracts: DPPH and ABTS radical scavenging activities, as well as
reducing power. For the first two procedures, the data are
expressed in ICso, the concentration of extracts required to quench
50% of the DPPH and ABTS radicals, and in equivalent ascorbic acid
per gram of extract for the reducing power method. DPPH assay
showed that bark extract (ICsp = 69.23 + 2.14 pg/ml) had a higher
ability to quench the DPPH radical than leaves extract (ICso = 86.59 +
2.00 pg/ml). In comparison, previous studies showed higher DPPH
radical scavenging activity with an ICsp = 58 + 0.007 ug/ml for the
ethanolic leaves extract (Zeouk et al., 2020) and lower activity with
an ICsp = 78.7 + 3.16 pg/ml for the methanolic bark extract (Kosalec
et al., 2013). The difference in DPPH radical quenching between the
two extracts could be due to the nature of the phenolic compounds
contained in each extract, which can interact in various ways to
reduce free radicals (Abate, 2019). The diversity of our results
compared to those reported later could be due to the nature of the
solvent used and the solvent/water ratio, which significantly impact
the total antioxidant activity of the extracts and favor the extraction
of potent antioxidants (Benchaachoua et al., 2018). Furthermore,
leaves and bark extracts were found to have similar powers to
quench the ABTS free radical (ICsp = 12.49 + 0.29 and 12.83 + 0.13
ug/ml for leaves and bark extracts, respectively). This can be
explained by the low sensitivity of the ABTS assay, which cannot
distinguish between various bioactive compounds found in plants
(Chaves et al., 2020). The difference in results between the DPPH
and ABTS assays can be explained by the variety of antioxidant
chemicals found in both extracts, which respond differently
depending on the radical present. One downside of ABTS is that the
produced free radicals are not very stable (Shah and Modi, 2015).

The bark extract (194.97 + 1.46 mg Asc E/g) was shown to be more
powerful than the leaves extract (157.09 + 5.53 mg Asc E/g) in the
reducing power test. The amount of electron-donating phenolic
compounds capable of inhibiting the free radical chain reaction may
be proportionate to the extracts' reducing capacity (Kosalec et al.,
2013). The reducing ability of bioactive compounds is also
influenced by their chemical structures, such as the number and
placement of hydroxyl groups concerning electron-withdrawing
carboxyl groups (Enneb et al., 2015).

The erythrocytes are frequently used as a biological model to assess
the antihemolytic and antioxidant potential of different compounds
and plant extracts because of their high sensitivity to oxidative
stress due to their membrane lipids rich in polyunsaturated fatty
acids. Indeed, they are the first target of free radical attack due to
their potential as a producer of reactive oxygen species (ROS), as
well as the redox reactions of hemoglobin associated with oxygen
transfer (Hmidani et al., 2021; Derouich et al., 2020). Many bioactive
molecules present in plants can affect biological membranes due to
their cytotoxicity (Ramchoun et al., 2015). In the present case, the
hemolytic activity of R. alaternus leaves and bark extracts was
evaluated on human red blood cells. Leaves extract showed no
cytotoxic effect at concentrations ranging from 25 to 1000 pg/ml. In
contrast, the bark extract caused hemolysis at concentrations
greater than 500 pg/ml. At a 1500 pg/ml concentration, this
hemolysis rate was around 15%. Our findings suggest that the two
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extracts did not have cytotoxic effects at low doses on human red
blood cells.

In this study, an assessment was also performed on the ability of
leaves and bark extracts to protect red blood cells from damage
caused by AAPH-induced hemolysis. Indeed, the AAPH-induced
hemolysis model is widely used to estimate plant extracts'
antioxidant and antihemolytic capacity. At 37 °C, AAPH generates a
low but constant flux of peroxyl radicals, producing free radicals that
cause erythrocytes, membrane lipids, and proteins to undergo chain
oxidation. Thus, the disruption of the erythrocytes membrane
caused by free radical excess ultimately leads to hemolysis or death
of healthy erythrocyte cells (Yuan et al., 2005; Ramchoun et al.,
2015). The significant increase in hemolysis rate in erythrocytes
treated only with 200 mM APPH and incubated for 4 hours can be
explained because continuous exposure of erythrocytes to APPH
resulted in maximal utilization of endogenous antioxidants (Yang et
al., 2017).

The anti-hemolytic activity demonstrated that treating erythrocytes
with R. alaternus leaves and bark extracts enhanced their resistance
to AAPH damage in a dose-dependent manner. Bark extract (BRA)
showed a better protective effect on the erythrocyte membrane
than leaves extract (LRA). In fact, at a 200 pg/ml concentration, the
bark extract almost completely inhibited AAPH-induced hemolysis
with an inhibition rate of 99.41 + 1.17%, which was much higher
than the leaves extract inhibition rate of 76.26 + 12.03%. This
antihemolytic activity is probably due to the various phenolic
compounds in both extracts, known as phenolic hydrogen atom
donors. They help stabilize free radicals through their antioxidant
activity, increasing erythrocytes' oxidative stress resistance.
Moreover, the phenolic components present in both extracts could
donate one or more electrons to neutralize the AAPH radical while
inhibiting hemolysis at the same time. In addition, polyphenols have
also been shown to have the ability to interact with the hydrophilic
section of the lipid membrane, causing changes in the packing
arrangement of the polar heads of the lipids (Balderrama-Carmona
et al., 2020).

Furthermore, several previous studies on R. alaternus leaves and
bark extracts revealed the presence of multiple compounds, mainly
glycosylated and non-glycosylated flavonoids such as kaempferol,
quercetin, kaempferol hexoside, kaempferol 3-O-acetyl-rhamnoside,
rhamnetin hexoside, and rhamnocitrin hexoside, etc. (Ben Ammar et
al., 2009; Boussahel et al., 2015; Moussi et al., 2015; Tacherfiout et
al., 2018). These various flavonoids, as well as other polyphenols
found in both extracts, may protect erythrocyte cell membranes by
interacting with membrane phospholipids, which protect them from
lipid deterioration (Derouich et al., 2020). Flavonoids also promote
Van der Waals contacts within the lipid bilayer and may be a source
of membrane stability, protecting erythrocytes from free radical
damage (Ramchoun et al., 2015).

Kaempferol, one of the flavonoids found in R. alaternus, has already
demonstrated anti-hemolytic action. Indeed, according to Liao et al.
(2016), the hydroxyl group at the C3 position plays a critical role in
flavonoids' high antioxidant action via controlling heme oxygenase.
In addition, kaempferol protects erythrocyte membrane
architecture against AAPH-induced structural damage, lowers ROS-
induced hemolysis in a dose-dependent manner, and has excellent
anti-lipid peroxidation.
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4, Conclusions

In summary, R. alaternus has a variety of phenolic compounds with
good antioxidant properties. The results of this study appear to back
up the traditional usage of R. alaternus to treat hemolytic anemia.
We demonstrated that R. alaternus attenuates AAPH-induced
hemolysis on human red blood cells for the first time. Leaves and
hydroalcoholic bark extracts significantly reduced AAPH-induced
hemolysis. R. alaternus' antihemolytic action could be attributed to
its antioxidant status, which could protect erythrocytes from
oxidative damage and hemolysis. R. alaternus' bioactive potential
could be highly useful in preventing and treating hemolytic anemias
and disorders involving excessive oxidative stress generation.
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ABSTRACT
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tea, and thyme contained the highest levels of oxygenated monoterpenes (60.14-91.70%). Rosemary and
tea leaf essential oils were rich in 1,8-cineole (49.98% and 57.55%, respectively), and they have potent
antifungal activity against Alternaria alternata strain (MIC = 5000 pg/ml). Thyme was rich in carvacrol
(78.54%) and had a MIC of 6000 pg/ml against A. alternata strain. Clementine leaf essential oil was

characterized by the predominance of monoterpene hydrocarbons (88.65%), and it possessed a weak
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antifungal activity against A. alternata (MIC = 8000 ug/ml). Cypress leaf essential oil was characterized by

the predominance of oxygenated sesquiterpenes (60.67%), having an antifungal activity of 8000 ug/ml.
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1. Introduction

Fungal infections are not just a human health problem but also
greatly impact the field of agriculture (Mohammadi and Bahramikia,
2019). The emergence of resistant fungus strains may limit the use
of synthetic fungicides, and some fungicides possess considerable
toxicity. Hence, there is a growing public concern over synthetic
molecules' increased health and environmental hazards. For this
reason, alternative, safe, and natural methods that develop new
antifungal agents are actively studied (Lopez-Reyes et al., 2013).
Recently, there has been a great interest in using essential oils as
possible natural substitutes for conventional synthetic fungicides
(Elshafie and Camele, 2015). Essential oils can represent one of the
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most promising natural products for fungal inhibition (D’agostino et
al., 2019). The essential oil preparations that possess antimicrobial
activities have been the subject of many investigations resulting in
screening a wide variety of plant species and have revealed
structurally unique biologically active compounds (Matasyohet al.,
2007). Again, the essential oils of some plants have recently been
proven to be a successful eco-friendly bio-control agent (Raveau et
al., 2020). Many authors have reported antimicrobial, antifungal,
antioxidant, and radical-scavenging properties of essential oils
(Chouhan et al., 2017) and, in some cases, a direct food-related
application (Bhavaniramya et al.,, 2019). In recent years, plant
essential oils have been widely studied as an emerging,
environmentally-friendly, antibacterial substance. The main
essential oils studied for their antifungal activity are thyme (Thymus
vulgaris L.) essential oil, rich in thymol and carvacrol. It is already
known to be effective against fungi infecting humans. Its antifungal
activity is due to its high concentration of thymol and carvacrol
(Yeddes et al., 2018). Cypress (Cupressus sempervirens L.) is known
for its leaf essential oil, which is used to protect stored grains from

https.//doi.org/10.29228/ijpbp.4.
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insect infestation (Elansary et al., 2012), and for its antimicrobial
properties (Yan et al., 2009; Gonzélez and Marioli, 2010). Rosemary
(Rosmarinus officinalis L.) essential oil is used for its antioxidant,
anti-inflammatory, anti-diabetic, and anti-cancer therapeutic
properties. This essential oil also showed antimicrobial activity
against various microorganisms, including pathogenic fungi (Moore
et al., 2016). Already known for its antibacterial action (Golab and
Skwarlo-Sonta, 2007), tea tree essential oil (Melaleuca alternifolia
Sm.) also has an antifungal effect that was successfully evaluated in
dermatomycological infections (Carson et al.,, 2006). Citrus leaf
essential oils showed an important antimicrobial activity against
some tested organisms. All citrus leaf essential oils were more
effective against the fungus Kluyveromyces fragilis than the other
microorganisms (Kasali et al., 2011).

Although a large variety of plants have been studied for their
antimicrobial activities worldwide, the antifungal activities of leaf
essential oils from these species are still scarce against Alternaria
alternata. A. alternata is one of the most common saprophytes
worldwide (Mohammadi and Bahramikia, 2019). A. alternata causes
various diseases with an economic impact on a large range of crops,
such as potato, pomegranate, almond, kiwi, cactus, tomato,
ginseng, citrus, banana, and pepper water hyacinth (Dube, 2014).
Therefore, this study aimed to screen the antifungal activities of the
leaf essential oils from clementine, cypress, rosemary, tea, and
thyme against A. alternata strain.

2. Materials and methods
2.1. Plant material

The samples were taken from clementine (Citrus clementina Hort.)
at Beni Khaled (Cap Bon region, North-East Tunisia), cypress (C.
semperviens L.) at Bir Hlima (Zaghouan region-North-West Tunisia),
rosemary (R. officinalis L.) at Djebel Zaghouan (Zaghouan region,
North-West Tunisia), tea (M. linariifolia Sm.) in Tunis botanical park
(Tunis region-North-East Tunisia), and thyme (T. vulgaris L.) at
Djebel Zaghouan (Zaghouan region-North-West Tunisia) during
spring-summer 2019.

2.2. Essential oil extraction and analysis

The fresh leaves of each species (100 g) were submitted to
hydrodistillation for 180 min using a Clevenger-type apparatus. The
essential oils obtained were dried over anhydrous sodium sulfate
and stored at -20 °C in darkness until analyzed (Yeddes et al.,
2022a).

Analysis of volatile compounds by gas chromatography (GC) was
carried out on a Hewlett-Packard 6890 GC (Palo Alto, CA, USA)
equipped with a flame ionization detector (FID) and an electronic
pressure control injector. A polar polyethylene glycol HP Innowax, a
5% diphenyl, and 95% dimethylpolysiloxane apolar HP-5 capillary
columns were used.

Volatile compounds analysis by gas chromatography/mass
spectrometry (GC/MS) was performed on a gas chromatograph HP
5890 (II) interfaced with an HP 5972 mass spectrometer (Palo Alto,
CA, USA) with electron impact ionization (70 eV).

Identification of essential oil volatile compounds was based on
calculating their retention indices (RI) relative to (Cs-Cy;) n-alkanes
with those of authentic compounds available in our laboratory.
Further identification was made by matching their recorded mass
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spectra with those stored in the GC-MS data systems' Wiley/NBS
mass spectral library and other published mass spectra.

2.3. Fungal strain

A. alternata strain was an isolate of 7025 small subunit ribosomal
RNA gene, partial sequence; internal transcribed spacer 1, 5, 99.4%
(C. reticulata - Fortune variety, Beni Khaled) GenBank accession
number for nucleotide sequence: (T1): OK448177 (Grati Affes et al.,
2022).

2.4. Minimum inhibitory concentration of essential oils

A portion of A. alternata culture stored at -20 °C in a 20% glycerol
solution was taken and cultured on potato dextrose agar (PDA) in
the dark at 27 °C. The method of Zerigui and Mouzaoui (2018) was
applied to stimulate sporulation. After 10 days of incubation, the
petri dishes were put at 4 °C for one hour. Then, they were exposed
to direct light for 3 hours and returned to room temperature for 24
hours in the dark. In the end, the spore suspension was recovered
after scraping the culture of A. alternata.

The spore suspension of A. alternata in a .01% Tween 80 medium
was prepared from an 8-day-old single-spherical culture of several
eppendorf tubes with different doses of essential oils from 0 to 12
mg/ml (diluted with a 0.5% Tween 20 solution) in potato dextrose
broth (PDB) medium. Then, 20 pul of spore suspension (10°) was
added. Finally, the tubes were incubated with shaking in the dark at
25 °C. The MIC was defined as the lowest concentration of the
essential oil required to completely prevent visible fungal growth
(Grati Affes et al., 2022).

2.5. Statistical analysis

All experiments were conducted in triplicates, and the results were
expressed as mean values of standard deviation (SD). Data were
subjected to statistical analysis using SAS (V.9.1). One-way analysis
of variance (ANOVA) followed by Student Newman Keulstests at the
significance level of 5% was used to compare means. The principal
component analysis (realized by XLSTAT-2017) was used to
comprehend the similarity among citrus essential oils and their
antifungal activities.

3. Results and discussion
3.1. Essential oil analysis

The leaf essential oil yields of clementine, cypress, rosemary, tea,
and thyme leaves were 0.22, 0.87, 1.46, 1.20, and 0.72%,
respectively, based on the dry weight of the plant material. GC-MS
analysis of citrus, cypress, rosemary, tea, and thyme essential oils
are given in Figure 1.

As shown in Table 1, nineteen volatile compounds were identified in
clementine leaf representing 94.80% of essential oil, twenty-four
compounds in cypress representing 98.96% of essential oil, twenty-
two compounds in rosemary representing 99.97% of essential oil,
eighteen compounds in tea representing 99.92% of essential oil, and
sixteen compounds in thyme representing 99.95% of essential oil.
Clementine leaf essential oil was characterized by the predominance
of sabinene (29.90%), limonene (28.73%), linalool (14.62%), and A-
3-carene (7.70%). Cypress leaf essential oil was rich in germacrene-D
(34.26%) and a-pinene (22.71%), while tea essential oil mainly
contained 1,8-cineole (49.98%) and a-terpineol (35.92%). 1,8-
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Cineole (57.55%) was the main component in rosemary essential oil
and thymol (78.54%) in thyme essential oil.
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Figure 1. Gas chromatography chromatograms of the leaf essential oils from clementine, cypress, rosemary, tea, and thyme and their main
volatile compounds

Fewer studies have determined the essential oil composition of
clementine leaf essential oil, which was dominated by sabinene up
to 36.80% (Dugo et al., 2011; Germana et al., 2013; Thi Nguyen et
al., 2016). The major component of cypress leaf essential oil was
usually considered a-pinene (37.14-73.75%), as reported by
Khadidja et al. (2010), Boukhris et al. (2012), Amri et al. (2013) and
Hosni et al. (2019). As mentioned in the literature, rosemary leaf
essential oil revealed the existence of several chemotypes as 1,8-
cineole (Napoli et al., 2010; Guetat et al., 2014; Yeddes et al., 2018;
Yeddes et al., 2022a), camphor (Celiktas et al., 2007; Zaouali and
Boussaid, 2008; Lakusi¢ et al., 2012), verbenone (Mata et al., 2007,

Papageorgiou et al., 2008; Varela et al., 2007), a-pinene (Angioni et
al., 2004; Napoli et al., 2010), linalool (Varela et al., 2007), and p-
cymene (Ozcan and Chalchat, 2008) chemotypes. Tea leaf essential
oil was characterized by its richness in 1,8-cineole (61.10-77.40%)
and a-terpineol (7.72-12.30%) in India (Padalia et al., 2015; Joshi et
al., 2022). However, Australian tea leaf essential oil showed a-
terpineol (30.18%) and y-terpinene (15.20%) chemotype (Park et al.,
2011). The essential oil of tea leaf from Brazil was shown to be
characterized by methyl eugenol (86.8%) and (E)-methyl isoeugenol
(1.4%) (Silva et al.,, 2010). Thyme leaf essential oil was rich in
carvacrol ranging from 20 to 71% (Porte and Godoy, 2008; Aslam et

222



Grati Affes et al.

al.,, 2022; Yeddes et al., 2022b). Numerous studies also reported the
essential oil composition of thyme with thymol as the main
constituent ranging from 22 to 71% (Sokovic et al., 2009; Shabnum
and Wagay, 2011; Kowalczyk et al., 2020). These variations in the
essential oil compositions between the same species could be
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attributed to many factors such as genetic dissimilarity within
accessions, climate variability, plant origin, sample drying, storage,
and extraction processes (Sadeh et al., 2019).

Table 1. Essential oil compositions of clementine, cypress, rosemary, tea, and thyme leaves*

Volatile R RIP Clementine Cypress Rosemary Tea Thyme
compounds

a-Thujene 923 836 0.17 +0.08° 0.08 + 0.04¢ 0.11+0.12° 0.08 + 0.04¢ -

a-Pinene 934 982 0.65+0.22¢ 22.71+0.04° 8.83+0.14° 2.96 £0.79¢ 1.07 £0.22¢
B-Pinene 937 1113 - 0.08 + 0.04¢ 2.82+0.36° 0.30 £ 0.14° -
Camphene 952 1077 - - 2.36+0.19° 0.13+0.06¢ 0.31+0.06°
Sabinene 983 1111 29.90+0.222 - 0.04 + 0.02¢ - 0.16 + 0.03°
B-Myrcene 991 1168 1.58 +0.36° 0.18 + 0.08¢ 0.89 + 0.36° 1.65 +0.562 0.58 +0.12¢
a-Phellandrene 1005 1025 0.23+0.10° - 0.19 £ 0.20° - -
A-3-Carene 1011 1159 7.70+0.23? 2.05+0.36° 0.08 + 0.04¢ - -

a-Terpinyl acetate 1014 1340 - 2.61+0.48° - - -
a-Terpinene 1018 1255 - - 0.62 +0.16° - 0.91+0.19°
a-Cubebene 1352 1460 - 0.76 +0.23? - - -

p-Cymene 1026 1277 - - 1.01+0.36° 0.07 £ 0.04¢ 7.13+1.49°
Limonene 1030 1031 28.73+0.67° - - 0.04 +0.02° -
1,8-cineole 1033 1029 - - 57.55+ 1.542 49.98 £3.27° 3.50+0.73¢
(E)-B-Ocimene 1052 1022 4.20+0.43? - - - -
y-Terpinene 1059 1262 0.89 +0.27¢ - 1.00 £ 0.09¢ 1.56 £ 0.54° 3.44+0.72°
Terpinolene 1083 1086 1.52+0.36° 0.41+0.15° 0.34 £0.05¢ - -

Fenchol 1121 1126 - - - 0.41+0.19° -

Linalool 1098 1551 14.62 +0.53° - 0.57 + 0.09° - 0.39+0.08°
Citronellal 1151 1542 3.72+0.42° - - - -

Borneol 1165 1642 - - 554 +1.12° - 0.85+0.18°
Terpinen-4-ol 1178 1593 2.68+0.43?2 - 1.02+0.31° 0.50 + 0.22¢ 0.64 £0.13¢
a-Terpineol 1185 1772 0.41+0.16° - 3.62 +0.68° 35.93+0.92° 0.14 + 0.03¢
Citronellol 1224 1624 0.69+0.23° - - - -

Geraniol 1271 1856 0.95+0.252 - - - -

Eugenol 1344 1752 - - - 0.20+0.09° -

Camphor 1192 1498 - - 8.82+1.092 - -

Bornyl acetate 1285 1291 - - 0.82 +£0.082 - -

Thymol 1296 2198 - - - - 0.18 +0.042
Carvacrol 1306 2239 - - - - 78.54 +4.50°
Isoledene 1376 1687 - 0.56 +0.19° - - -
a-Copaene 1395 1391 - 0.28+0.12° - 0.09 £ 0.04° -

Methyl eugenol 1401 1405 - - - 0.49 £0.222 -

a-Cedrene 1410 1577 - 1.30+0.31° - - -
(E)-Caryophyllene 1446 1608 0.69 £ 0.23¢ 3.94+0.37° 1.99 + 009° 0.06 £ 0.03¢ 1.58 +0.33¢
cis-muurola-3.5-diene 1465 1699 - 0.84 +0.25° - - -
Germacrene D 1480 1685 - 34.26 + 3.89° - - -
a-Humulene 1485 1691 0.08 + 0.04° - 0.29 £ 0.02° 0.04 +£0.02¢

Longipinene 1489 1692 - 0.81+0.242 - - -
Bicyclogermacrene 1490 1757 0.18+0.17 - - - -
epi-Bicyclosesquiphellandrene 1492 1702 - 2.67 £0.38% - - -
y-Muurolene 1502 1704 - 2.80+0.38° - - -
B-Cadinene 1525 1776 - 6.66 +0.21° - - -
y-Cadinene 1532 1530 - 1.60 + 0.342 - - -
a-Caryophyllene 1564 1677 - 2.98 £0.38° - - -
Caryophyllene oxide 1578 1582 - 0.18 + 0.06¢ 0.20 + 0.10° 0.49 £ 0.22° 0.57+0.122
a-Cedrol 1608 1616 - 9.17 +0.03? - - -

a-Cadinol 1654 1546 - 0.45+0.16° - - -

Sclareol 1659 1555 - 0.39+0.15° - - -
Monoterpene hydrocarbons 88.65+1.12° 25.51+2.38¢ 26.99+0.73° 6.79 £0.72¢ 13.60 +0.25¢
Oxygenated monoterpenes 4.27 +£0.75¢ 2.61+0.22¢ 60.14 + 0.66° 91.70 + 2.15° 84.20+1.75°
Sesquiterpene hydrocarbons 1.88 + 0.09° 10.17 £0.102 0.56 + 0.04¢ 0.49 +0.10¢ 0.57 £ 0.05¢
Oxygenated sesquiterpenes - 60.67 £ 0.90° 12.28 + 0.06° 0.94 £ 0.16¢ 1.58 + 0.09¢
Total 94.80 + 1.32¢ 98.96 + 2.30° 99.97 +1.122 99.92 + 0.992 99.95 + 1.322

*Compounds in order of elution on HP-5 MS.
2RI: Retention index calculated on HP-5 MS column.
bRI: Retention index calculated on HP Innowax column.

Means of three replicates (Values with different superscripts are significantly different at p < 0.05).

3.2. In vitro antifungal activity

The antifungal activities of leaf essential oils from clementine,
cypress, rosemary, tea, and thyme species were tested against A.
alternata strain. The minimal concentration of these essential oils
ranged between 5000 and 8000 ug/ml, completely inhibited the
growth of A. alternata. The results presented in Table 2 showed
similar activity between clementine and cypress essential oils with
MIC = 8000 pg/ml. A similar result was obtained between rosemary
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and tea essential oils with MIC = 5000 ug/ml. The MIC of thyme
essential oil was 6000 ug/ml. So, rosemary and tea essential oils had
the best antifungal activity against A. alternata strain. Contrarily to
our results, Shaban (2014) reported that the highest degree of
antifungal activity against A. alternata was caused by thyme
essential oil and followed by rosemary essential oil. Amri et al.
(2013) found that cypress leaf essential oil had potent antifungal
activity against Alternaria spp. (75.21%). Alves et al. (2019) detected
that tea (M. alternifolia) essential oil had a strong antifungal activity



Grati Affes et al.

(MIC = 14.49 pg/ml) against A. alternata. Hamdani and Allem (2015)
determined the antifungal activity of the leaf essential oil from citrus
(C. limon, C. sinensis, and C. reticulata) and found that the
concentration of 1000 upg/ml was sufficient to inhibit the
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development of A. alternata. This difference in results could be due
to the existent differences in components and the concentrations of
the active compounds in the essential oils of each species.

Table 2. Antifungal activity of leaf essential oils from clementine, cypress, rosemary, tea and thyme

Species Minimum inhibitory concentration (MIC, ug/ml)
Clementine Cypress Rosemary Tea Thyme
A. alternata 8000 + 0.00? 8000 + 0.002 5000 + 0.00¢ 5000 + 0.00¢ 6000 + 0.00°
Values with different superscripts are significantly different at p <0.05.
Table 3. Correlation between the main essential oil compounds, essential oil yield, and antifungal activity
a-Pinene Sabinene A-3-Carene  p-Cymene Limonene 1,8-Cineole Linalool a-Terpineol Carvacrol EO yield Strain
a-Pinene 11
Sabinene 0.095 1
A-3-Carene 0.809 0.453 1
p-Cymene -0.073 -0.309 -0.405 1
Limonene -0.796 0.000 -0.348 -0.296 1
1,8-Cineole 0.747 -0.309 0.704 -0.250 -0.297 1
Linalool -0.073 -0.237 -0.405 -0.250 -0.284 -0.249 1
a-Terpineol 0.723 -0.010 0.850 -0.528 -0.183 0.934 -0.255 1
Carvacrol -0.801 -0.245 -0.405 -0.250 0.990 -0.250 -0.250 -0.179 1
EO yield -0.256 0.687 -0.216 -0.028 -0.110 0.794 0.361 -0.611 -0.205 1
Strain 0.560 0.587 0.145 0.590 -0.232 -0.589 -0.516 0.306 -0.547 -0.709 1
Biplot (axes F1 et F2: 73.23 %)
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Figure 2. Biplot obtained from principal component analysis of variables comprising essential oil components, chemical classes, and
antifungal activities

3.3. Relation between essential oil compounds and antifungal activity

The analysis of Pearson's correlation coefficients between the main
essential oil compounds and antifungal activity (Table 3) showed a
positive correlation between A. alternata strain and the volatile
compounds a-pinene (r = 0.560), sabinene (r = 0.587), and p-
cymene (r = 0.590). This could be explicated by the fact that the high
proportions of a-pinene in cypress and sabinene in clementine
contributed to the high MIC values of these two species (MIC = 8000
ug/ml). However, there was a negative correlation between A.
alternata strain and the volatile compounds 1,8-cineole (r = -0.589),
linalool (r = -0.516) and carvacrol (r = -0.547). So, the high
proportions of carvacrol in thyme and 1,8-cineole in rosemary and
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tea contributed to the low MIC values of these species (MIC = 6000
ug/ml for thyme and 5000 pg/ml for rosemary and tea). On the
other hand, there was a strong negative correlation between the
essential oil yield and A. alternata strain (r = -0.709), explicating that
the antifungal activity depended on the yield of these essential oils.
On the other hand, there was a strong correlation between these
volatile compounds as between a-pinene/A-3-carene (0.809), a-
pinene/limonene (r = -0.796), a-pinene/1,8-cineole (r = 0.747), a-
pinene/a-terpineol (r = 0.723), a-pinene/carvacrol (r = -0.801), A-3-
carene/1,8-cineole (r = 0.704), A-3-carene/a-terpineol (r = 0.850), p-
cymene/a-terpineol (r = -0.528), limonene/carvacrol (r = -0.990),
and 1,8-cineole/a-terpineol (r = 0.934). So, there is a relationship in
the biosynthesis of these compounds, known as monoterpenes, via
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a universal precursor of monoterpenes is geranyl pyrophosphate,
combining two C5 units, which is then further processed by
monoterpene synthases/cyclases to produce a vast array of
chemical structures (Reiling et al., 2004).

3.4. Principal component analysis

The principal component analysis (PCA) was applied to assess the
chemical composition and the antifungal activity of leaf essential oils
from clementine, cypress, tea, rosemary, and thyme species (Figure
2). So, PCA greatly helps interpret results from the experiments, the
two-dimensional axial systems generated from PCA of these
essential oils showed that there were three main groups, as
indicated in Figure 2. In fact, rosemary, tea, and thyme were closer
due to the similarities of the highest levels of oxygenated
monoterpenes (60.14-91.70%). Rosemary and tea were rich in 1,8-
cineole (49.98% and 57.55%, respectively), and they have potent
antifungal activity against A. alternata strain (MIC = 5000 pg/ml).
Thyme was rich in carvacrol (78.54%) and had a MIC of 6000 pg/ml
against A. alternata strain. Clementine leaf essential oil was
characterized by the predominance of monoterpene hydrocarbons
(88.65%), and it possessed a weak antifungal activity against A.
alternata (MIC = 8000 pg/ml), constituting the second cluster.
Finally, cypress leaf essential oil formed the third cluster
characterized by the predominance of oxygenated sesquiterpenes
(60.67%), having an antifungal activity of 8000 pg/ml. Accordingly to
Bassolé et al. (2010), phenolic monoterpenes (thymol and carvacrol)
and phenylpropanoids (eugenol) in combination with other
components were found to increase the bioactivities of essential
oils. Most studies have focused on the interaction of phenolic
monoterpenes and phenylpropanoids with other groups of
components, particularly with other phenols, phenylpropanoids,
and  monoterpenes alcohols, while  monoterpenes  and
sesquiterpenes hydrocarbons were used to a lesser extent. Socovic¢
et al. (2009) found that thyme essential oil and its phenolic
components (carvacrol and thymol) had very high antifungal
activities, even higher than the commercial fungicide bifonazole.
These authors deduced a relationship between the high activity of
thyme essential oil and the presence of phenol components, such as
thymol and carvacrol. It seems possible that phenol components
may interfere with cell wall enzymes like chitin synthase/chitinase as
well as with the a- and B-glucanases of the fungus (Adams et al.,
1996).

4. Conclusions

In summary, the leaf essential oils of rosemary and tea had the
highest antifungal activity, followed by thyme, cypress, and
clementine essential oils. Rosemary and tea leaf essential oils were
rich in 1,8-cineole. Carvacrol was the main component of thyme
essential oil, while cypress leaf essential oil mainly contained
germacrene-D and a-pinene. Clementine leaf essential oil was
characterized by the predominance of sabinene, limonene, linalool,
and A-3-carene. It was difficult to attribute the antifungal activity of
essential oils to a single component. Possible combinations between
these essential oils could be conducted in further investigations to
determine these bioactive compounds' synergistic and antagonistic
effects. These investigations could lead to the development of a
new treatment based on combining these essential oils as natural
bioactive substances against A. alternata.
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ABSTRACT

Moringa oleifera is a medicinally important plant of the family Moringaceae, which is highly valued because
of its enormous nutritional and therapeutic potential. Each part of M. oleifera is said to contain medicinal
properties, which contributes to its diversity and value as a medicinal herb. Literature has revealed that the
plant possesses anticancer, antimicrobial, anti-inflammatory, antidiabetic, antifertility, hepatoprotective,
cardiovascular, and other important pharmacological attributes. Most of these biological activities of the
plant are due to its high content of phytochemicals, including flavonoids, alkaloids, saponins, terpenes,
glucosides, glucosinolates, anthocyanins, and steroids. Aside from the plant’s exceptional phytochemicals
and therapeutic potentials, it is also rich in essential nutrients such as vitamins, minerals, proteins, beta-
carotene, fiber, and fatty acids. This systematic review aims at providing updated and categorized scientific
data on phytochemicals, nutritional composition, and pharmacological potentials of M. oleifera. The
information compiled in this present review would be crucial for developing novel therapeutic medicines

Moringa oleifera
Phytochemistry
Nutritional composition
Pharmacological potential
Ethnomedicine

and pharmaceutical formulations, which are more effective with great curative actions.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

Plants with medicinal properties have been utilized to cure human
ailments since the genesis of humanity. The upsurge of interest in
natural pharmaceuticals began around a decade ago, owing to the
belief that natural medicine is safer than synthetic medicine
(Kenwat et al., 2013). Due to the growing interest in the use of
medical plants around the world, which is growing at a pace of 7 to
15% yearly, there has been a significant increase in medicinal plant-
based industries (Kumar, 2013). Medicinal plants are used by
roughly 70-80 percent of the world's people, mainly in developing
nations, to combat their health regiments (Ekor, 2014), and about
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25% of synthesized pharmaceuticals are made from medicinal plants
(Pan et al., 2013).

Herbal medications and their constituents are essential in several
therapeutic systems such as Unani, Siddha, yoga, homeopathy,
naturopathy, and Ayurveda (Paikra and Gidwani, 2017). Among the
diverse medicinal plants, Moringa oleifera is largely utilized in many
traditional systems of medicine and folklore for many diseases.
What is fascinating about M. oleifera is that a separate part of the
plant is used as medicine.

M. oleifera is generally known as the “wonder plant” or the “tree of
life” (Mishra et al., 2020). This name is derived from the plant’s
numerous uses, particularly concerning medicine and nutrition. It is
already an important crop grown for commercial purposes in
locations such as India, Ethiopia, the Philippines, Sudan, the West,
East, South Africa, and Asia (Mbikay, 2012). The immature seed
pods are consumed in some regions, but the fresh leaves are

Please cite this article as: Adusei, S., Azupio, S., Tei-Mensah, E., MacCarthy, C., Akomeng, N., 2022. Phytochemistry, nutritional composition and pharmacological potential of Moringa
oleifera: A comprehensive review. International Journal of Plant Based Pharmaceuticals, 2(2), 228-238, https.//doi.org/10.29228/ijpbp.5.
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generally utilized as a staple food due to their high nutritional
content (Thurber and Fahey, 2009). Moringa is frequently regarded
as an important famine food due to its high resistance to arid
conditions owed to its tuberous roots (Berushka and Himansu,
2012). Virtually every part of M. oleifera, including leaves, flowers,
bark, green pods, roots, and seeds, is beneficial for medicine,
functional food preparations, nutraceuticals, water filtration, and
biodiesel generation (Saini, 2013).

Many reports have appeared in mainstream scientific journals over
the last two decades describing the nutritive and medicinal
properties of M. oleifera. According to Popoola and Obembe (2013),
M. oleifera is nutritious and beneficial to people by providing daily
nutritional supplements and boosting their immune systems.
Mahmood et al. (2010) reported that Moringa leaves are high in
vitamin C, A, and essential amino acids. Abd Rani et al. (2018) and
Mishra et al. (2020) also added that Moringa leaves contain more
vitamin A than carrots, more calcium than milk, more iron than
spinach, more vitamin C than oranges, and more potassium than
bananas, and their protein quality rivals that of milk and eggs. The
immature pods, flowers, and leaves of the Moringa tree are also
utilized in cooking in several regions of the world (Stevens et al,,
2013). Because of the high level of monounsaturated fatty acids (in
the form of oleic acid) in moringa seed oil, it is used in biodiesel
production (Azam et al., 2005).

Studies on M. oleifera have revealed some phytochemical
substances that offer health benefits beyond the plant's basic
nutritional value. Phytochemicals such as alkaloids, tannins,
terpenoids, steroidal aglycones, and reducing sugars are abundant
in the leaves, flowers, seeds, bark, roots, and immature pods (Paikra
and Gidwani, 2017). Leone et al. (2015) stated that phenolic acids,
flavonoids, polyphenols, alkaloids, glucosinolates, isothiocyanates,
tannins, and saponins are all present in the leaves, which is the most
often used component of the plant. M. oleifera leaves have also
been discovered to be a significant source of phenolics and
glucosinolates (Amaglo et al., 2010). The presence of a high
concentration of bioactive compounds in the leaves of M. oleifera
may explain its pharmacological properties. According to Sivasankari
et al. (2014), the leaves of M. oleifera are used to treat a variety of
diseases ranging from malaria and typhoid fever to hypertension
and diabetes. The M. oleifera foliage also guards against
inflammation, oxidative stress, hepatic fibrosis, liver damage,
hypercholesterolemia, bacterial activity, and cancer (Okwari et al,,
2013; Halaby et al., 2013; Efiong et al., 2013). Other plant parts,
such as the roots, bark, gum, fruit (pods), flowers, and seeds, have
also been shown to have biological activities such as protection
against gastric ulcers, antidiabetic, hypotensive, and anti-
inflammatory properties (Oyedepo et al., 2013; Vergara-Jimenez et
al., 2017).

Several works have been conducted to explore the potential of M.
oleifera in traditional systems of medicine and nutrition. However,
little or no updated and a well-organized comprehensive review
exists on the phytochemicals, nutritive values, and pharmacological
properties of M. oleifera. Hence, this present review is focused on
compiling the phytochemical compounds, nutritional composition,
and pharmacological potentials of the various parts of M. oleifera.
Additionally, the prospects of this important medicinal plant will be
evaluated. This review work would encourage new research on M.
oleifera by serving as valuable background for future studies.
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2. Methodology

An extensive search for important literature was performed through
several scientific databases, including Google Scholar, Scopus,
PubMed, and ScienceDirect, for journal articles published from 2000
to 2022. This was done using the keywords of Moringa oleifera,
phytochemistry, nutrition, and pharmacognosy. Only data from
books, original research papers, and review articles from peer-
reviewed journals linked to the keywords mentioned above were
incorporated in the present review. The various citations were
combined using the EndNote X9 citation tool (Thomson Reuters,
Toronto, Canada). The PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis) framework for collecting
data for this review is displayed in Figure 1.

3. Geographical source

M. oleifera is a rapidly growing tree widely cultivated throughout
India's plains and has naturalized in tropical areas. Sri Lanka,
Northern Pakistan, Bangladesh, the Arabian Peninsula, Asia, West
and East Africa, southern Florida, South America: Mexico, Peru,
Brazil, and Paraguay are where the Moringa plant is grown. It thrives
in all soil types and is cultivated in hedges and gardens (Gupta,
2010; Bhattacharjee, 2005).

4. Taxonomical classification

M. oleifera has the following taxonomical hierarchy from kingdom to
species:

Kingdom - Plantae
Sub-kingdom - Tracheobionta
Super division - Spermatophyta
Division - Magnoliophyta

Class - Magnoliopsida

Sub-class - Dilleniidae

Order - Capparales

Family - Moringaceae

Genus - Moringa

Species - oleifera (Fahey, 2005).

5. Common name

The M. oleifera plant is known by several names in different
languages throughout the world, as presented in Table 1.

6. Botany/Morphology

M. oleifera is a rapidly growing herbaceous tree with a trunk
diameter of 20-60 cm and a height of 7-12 m. It has spreading,
delicate branches, feathery foliage with tripinnate leaves, and
whitish-gray bark (Bashir et al., 2016). Major plant parts encompass
the leaves, stem, flowers, fruits, seeds, roots, and bark.

Leaves: The leaves are bipinnate or tripinnate and can grow to be 45
cm long. These are compound leaves with 1-2 cm long leaflets. The
upper surface of the leaflets is hairy and green (Paikra and Gidwani,
2017).

Stem: The stem is fragile, with a corky, whitish-gray bark, drooping
branches, pale green leaves (30-60 cm long) with opposing, elliptical
leaflets, and bipinnate or tripinnate leaves (Pandey et al., 2011).

Flowers: The bisexual fragrance flowers are yellowish-white and
borne on long stalks of axillary panicles that spread or droop (10-25
cm long). Individual flowers are 2 cm wide and 0.7 to 1 cm long with
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five unequal yellowish-white, spathulate petals with thin veins, five  celled ovary and slender style (Bashir et al., 2016).
stamens with five smaller sterile filaments, and a pistil with a 1-

Identification

Screening

Eligibility

Included

Records identified through database

searching Additional records identified
(n=4258) through other sources
Google Scholar (n = 814) (n=10)
Scopus (n =1520) Research webpages

PubMed (n =1236)
ScienceDirect (n = 688)

¥ $

Records screened
(n=4268)

Not relevant to review (n = 3200)
Not in English (n = 5)
Duplicates (n = 843)

Records excluded (n = 4048)

Full-text articles assessed for eligibility
(n=220)

Overlap with other studies (n = 15)
QOutside year range (2000-2022) (n = 93)

Full-text articles excluded (n = 130)
No full text (n =22)

Studies included in review
(n=90)

Figure 1. PRISMA flowchart for the review methodology

Table 1. Common names for M. oleifera in different languages (Paikra and Gidwani, 2017; Abdull Razis et al., 2014)

Language Name

English Drumstick tree, Horseradish tree
French Benzolive, Bén ailé

Spanish Morango, Ben, Moringa
Portuguese Morungo, Moringuiero
German Behenbaum, Bennussbaum
Italian Sandalo ceruleo

Latin Moringa oleifera

Chinese La ken

Arabian Rawag

Hindi Suguna, Sainjna

Malayalam Murinna, Sigru

Fruits: Fruits are tri-lobed capsules that are commonly known as  Seeds: Seeds are 1 cm in diameter, round, with a brownish semi-
pods. It is pendulous, brown triangular, and divides into three  permeable seed hull and three papery wings. Seed hulls are brown
lengthwise halves when dried. During the development stage of the  to black but can be white if the kernels are not viable. Within two
fruit, it contains approximately 26 seeds. Unripe pods are green and ~ weeks, viable seeds germinate. Each tree can produce 15.000 to
turn brown as they mature (Paikra and Gidwani, 2017).
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25.000 seeds per year. The average seed weight is 0.3 grams (Paikra
and Gidwani, 2017).

Bark and wood: The bark is whitish gray, thick and soft, fissured and
warty or corky, and becomes rough as it ages (Mishra et al., 2020).

Roots: Seedlings have a swollen, tuberous, white taproot with a
distinctive pungent odor and very few lateral roots (Mishra et al.,
2020). Plates of the various parts of the M. oleifera are shown in
Figure 2.

7. Phytochemistry

Phytochemicals are chemical elements derived from plants. They
are non-nutritive plant chemicals with protective or disease
preventive properties (Abd Rani et al., 2018). These chemicals are
established to impact human health and contribute to the flavor,
texture, smell, and color of plants (Anwar and Bhanger, 2003). M.
oleifera is rich in a combination of phytochemicals such as terpenes,
quercetin,  B-sitosterol,  caffeoylquinic  acid,  kaempferol,
kaempferitrin, isoquercitrin, rhamnetin, rhamnose, and a fairly
unique group of compounds called the glucosinolates and
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isothiocyanates (Fahey, 2005; Amaglo et al., 2010). Different parts
of the M. oleifera contain numerous phytochemical compounds.
Coppin et al. (2013) reported that the stem bark contains two
alkaloids, moringine, and moringinine, with vanillin, B-sitosterol, 4-
hydroxymellin, and octacosanoic acid identified in the stem of the
plant (Anwar and Bhanger, 2003). The flowers of M. oleifera have
also been established to contain quercetin and kaempferol
(Siddhuraju and Becker, 2003). Studies have also shown the
presence of polyphenols, niazimicin, benzyl isothiocyanate, 3-
caffeoylquinic, and 5-caffeoylquinic acid in the leaves of M. oleifera
(Muhammad et al., 2016). A study by Kasolo et al. (2010) identified
the presence of protective phytochemicals, including gallic tannins,
catechol  tannins, steroids and triterpenoids, saponins,
anthraquinones, alkaloids, and reducing sugars in ether, ethanol,
and aqueous extracts of the roots. The diversity of these
phytochemicals in the various parts of the Moringa tree contributes
to its numerous pharmacological uses (Abd Rani et al., 2018). The
chemical structures of selected phytochemical compounds in the M.
oleifera are shown in Figure 3, with their therapeutic properties
presented in Table 2.

Figure 2. Parts of M. oleifera tree
Field grew whole tree (A); Leaves (B); Flowers (C); Fruits (D); Seeds (E); Roots (F)
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8. Nutritional composition

There is a wealth of scientific evidence on the nutritional content of
M. oleifera, which can be linked to its nutritive and medicinal
benefits. According to Al-Kharusi et al. (2009) and Abdull Razis et al.
(2014), the nutritional value of a plant plays a vital role in its
medicinal and therapeutic properties. M. oleifera has been found to
contain many essential nutrients, including vitamins, minerals,
amino acids, beta-carotene, fiber, antioxidants, omega 3 and 6 fatty
acids (Kasolo et al., 2010; Fahey, 2005). Fahey (2005) reported that
Moringa leaves have a higher vitamin C content than oranges, a
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higher vitamin A content than carrots, a higher calcium content than
milk, a higher iron content than spinach, and higher potassium
content than bananas and that the protein quality of the leaves is
comparable to that of milk and eggs. M. oleifera immature pods also
contain approximately 46.78 percent fiber, 20.66 percent protein,
and 30 percent of amino acid (Mishra et al., 2020). Many parts of
the plant serve as a repository for these vital nutrients. As a result, it
is unusual for a single plant to contain several essential nutrients in
such high concentrations as M. oleifera.
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Figure 3. Structures of selected phytochemicals isolated from M. oleifera
Glucosinolate (1), Glucomoringin (2), Niazimicin (3), Benzyl isothiocyanate (4), Vanillin (5), B-sitosterone (6), Pterygospermin (7), Terpenoid (8) 4-(a-L-rhamnosyloxy) benzyl
isothiocyanate (9), Quercetin (10), Kaempferol (11), Moriginine (12)

Vitamins are one of the abundant nutrients, particularly in the
leaves of M. oleifera. Dillard and German (2000), as well as Toma
and Deyno (2014) stated that M. oleifera leaves are rich in vitamin
C, B-carotene, protein, calcium, and potassium and are excellent
sources of natural antioxidants. Mishra et al. (2020) also reported
that M. oleifera leaves contain vitamins including vitamin B such as
folic acid, beta-carotene of vitamin A, vitamin C, D, and E,
pyridoxine, and nicotinic acid. Fresh leaves have also been proven to

have higher levels of vitamin C than typical sources like oranges
(Leone et al., 2015). A high content like this is significant due to
vitamin C's role in facilitating the conversion of cholesterol into bile
acids, thereby lowering blood cholesterol levels (Leone et al., 2015).
Vitamin E, particularly a-tocopherol, is also established in the leaves
of M. oleifera in amounts comparable to those found in the nuts
(Sanchez-Machado et al., 2006).

Table 2. List of selected phytochemicals in M. oleifera and their biological properties

No Phytochemical Plant part Biological property Reference

1 Glucosinolate Leaves Chemopreventive activity by activating apoptosis Waterman et al., 2014

2 Glucomoringin Leaves Anti-colon, carcinogenic activity Fahey et al., 2018

3 Niazimicin Leaves Anti-cancer activity Adejumo et al., 2012

4 Benzyl isothiocyanate Leaves Anti-inflammatory and anti-cancer activity Waterman et al., 2014

5 Vanillin Stem Anti-cancer, neuroprotective activity Bennett et al., 2003

6 B-sitosterone Stem Antioxidant, hypolipidemic activity Rajanandh and Kavitha, 2010

7 Pterygospermin Seeds Anti-herpes, cramps, rheumatism, epilepsy Biswas et al., 2020

8 Terpenoid Seeds Anti-cancer, anti-hyperglycemic, and antibacterial activity Mehra et al., 2017; Huang et al., 2012
9 4-(a-L-rhamnosyloxy) benzyl isothiocyanate Seeds Antimicrobial, antitumor enhancer Popoola et al., 2020

10 Quercetin Flowers Inhibit mutations, prevent carcinogenesis Imran et al., 2019; Leone et al., 2015
11 Kaempferol Flowers Antioxidant, inhibit mutations Imran et al., 2019; El-Alfy et al., 2011
12 Moriginine Bark, stem Anti-inflammatory and anti-ulcer activity Rajbhar et al., 2018

Vitamin E acts principally as an antioxidant agent, but it is also
involved in gene expression regulation, inhibition of cell
proliferation, platelet aggregation, monocyte adhesion, and bone
mass regulation (Sanchez-Machado et al., 2006). A few B vitamins,
comprising riboflavin, thiamine, and niacin, have also been found in
the leaves of M. oleifera (Leone et al, 2015). These vitamins
primarily function as co-factors for numerous enzymes involved in
nutrient metabolism and energy production (Leone et al., 2015).

Moringa contains a diversity of minerals necessary for healthy
growth and development. The most abundant minerals in the
tissues of M. oleifera are calcium (Ca), potassium (K), and
magnesium (Mg) (Amaglo et al., 2010). The immature pods and
vegetative parts have the maximum K, whereas the seeds and leaves
contain more Mg and Ca (Amaglo et al., 2010). M. oleifera's leaves
are also a superb source of iron, zinc, and copper (Saini et al., 2016;
Mishra et al., 2020). M. oleifera leaves contain approximately 25.5
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to 31.03 mg/kg of zinc, the daily zinc requirement in diet
(Gopalakrishnan et al., 2016). Zinc is required for the normal
proliferation of sperm cells as well as the synthesis of DNA and RNA
(Gopalakrishnan et al., 2016). Regarding iron, Fuglie (2005) reported
that Moringa contains more iron than spinach. He also added that
moringa leaves contain more iron than beef. Thus, beef contains
only 2 mg of iron, whereas Moringa leaf powder contains 28 mg of
iron. Hence, Moringa powder can be used as a substitute for iron
tablets to treat anemia.

Fatty acids have also been found in some parts of the Moringa tree.
Saini et al. (2016) stated that the Moringa leaves contain omega-3
and omega-6 polyunsaturated fatty acids (PUFAs) in the form of
linolenic acid and linoleic acid. When equated to the leaves, unripe
pods and flowers have a higher concentration of total
monounsaturated fatty acids (MUFAs, 16-30%) and a minor content
of polyunsaturated fatty acids (PUFAs, 34-47%) (Saini et al., 2016).
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Moreover, palmitic acid has also been identified as the most copious
saturated fatty acid in Moringa leaves, accounting for 16-18% of the
overall fatty acids (Saini et al., 2016). Studies have as well shown
that the seed oil of Moringa contains approximately 76 percent
PUFA, making it an excellent olive oil substitute (Lalas and Tsaknis,
2002). These PUFAs can lower cholesterol (Lalas and Tsaknis, 2002).
The Moringa seeds and seed oil also contain substantial amounts of
oleic, stearic, arachidic acid, linoleic, and linolenic acids (Amaglo et
al., 2010).

9. Pharmacological studies

Some scientific investigations have reported that specific
components of M. oleifera preparations possess many
pharmacological actions, including antimicrobial, anti-inflammatory,
anticancer and antitumor, antidiabetic, antifertility, antioxidant,
anti-asthmatic, hepatoprotective, cardiovascular, and
immunomodulatory activities. Key reports and findings on these
important pharmacological properties ascribed to M. oleifera are
compiled below.

9.1. Antibacterial and antifungal

Phytochemicals and plant extracts with antimicrobial properties are
important in therapeutics (Moyo et al., 2012). Due to antimicrobial
resistance, there has been a surge in interest in medicinal plants
possessing such capabilities. M. oleifera is an effective antibacterial
agent, as evidenced by studies showing a significant reduction in the
growth of test bacteria. In a study using erythromycin as a positive
control, Gopalakrishnan et al. (2016) discovered that M. oleifera had
potential antibacterial activity against four key bacterial strains
tested: Staphylococcus aureus, Bacillus megaterium, Citrobacter
freundii, and Pseudomonas fluorescens. Vinoth et al. (2012) also
conducted a study on M. oleifera where the aqueous and ethanolic
leaf extracts demonstrated antibacterial activity against Salmonella
spp., while acetone leaf extracts at a concentration of 5 mg/mL also
displayed antibacterial activity against S. aureus, Escherichia coli,
Enterobacter cloacae, Proteus vulgaris, and Micrococcus kristinae.
The bark extract of the Moringa tree has also been demonstrated to
possess antifungal properties (Toma and Deyno, 2014). Ringworms
are mostly treated with M. oleifera seed oil, according to
Shikwambana and Mahlo (2020). Isitua et al. (2016) stated that M.
oleifera leaves extract could potentially be used to treat aspergillosis
in humans, based on their findings, which showed high antifungal
activity against Aspergillus flavus, a fungus that causes aspergillosis
in humans. Kou et al. (2018) also found that the aglycone of deoxy-
niazimicin extracted from the chloroform portion of ethanol extract
was accountable for the antifungal and antibacterial activity in the
root bark of M. oleifera. These findings and reports prove the ability
of M. oleifera extracts to inhibit the growth of some strains of
bacteria and fungi, indicating their potential to either block or
outwit resistance mechanisms by these pathogenic microorganisms.

9.2. Anti-inflammatory activity

Inflammation is a frequent symptom of a diverse array of chronic
infections. Anti-inflammatory mediators are in charge of alleviating
pain and reducing inflammation, thereby promoting health. Because
of their safety and effectiveness, medicinal plants as anti-
inflammatory agents are considered viable and logical options
(Alhakmani et al., 2013). Several studies have been conducted to
investigate M. oleifera's anti-inflammatory properties. Ndiaye et al.
(2002) reported that the aqueous extract of the root of M. oleifera
(750 mg/kg) displays anti-inflammatory activity by obstructing
carrageenan-induced edema in rats to the same level as the

234

International Journal of Plant Based Pharmaceuticals, 2(2), 228-238

effective anti-inflammatory drug indomethacin. A study by Fidrianny
et al. (2021) also inferred that the anti-inflammatory properties of
silver nanoparticles (AgNps) synthesized from M. oleifera flowers
exhibited a significant and higher inhibition percentage by albumin
denaturation activity. Moringa seed extract's hepatoprotective
properties, discovered in an anti-fibrotic study by Hamza (2010),
indicated that Moringa possesses anti-inflammatory properties
against CClLs-induced liver damage and fibrosis.

9.3. Anticancer and antitumor activity

On a global scale, cancer is responsible for around 1 in every 6
mortalities (Singh et al.,, 2020). Plants are frequently used to
produce clinically relevant antitumor chemicals that can be turned
into anticancer drugs (Kamuhabwa et al, 2000). One of the
numerous benefits of employing dietary or natural chemicals as a
cancer adjuvant is that they are low in toxicity and have few
negative side effects (Nair and Varalakshmi, 2011). M. oleifera has
been shown to have anticancer effects in several investigations. In
chemical carcinogenesis, niazimicin, a chemical molecule found in
M. oleifera, has been postulated as a strong chemopreventive agent
(Toma and Deyno, 2014). Hagoel et al. (2019) reported in a study
that the aqueous leaf extract of M. oleifera lessens pancreatic
cancer cell existence, tumor growth, and metastatic actions.
Anticancer drugs typically target ROS induction. However, Moringa
leaf extracts were discovered to have the ability to attack ROS
induction (Gopalakrishnan et al.,, 2016). Earlier research has
demonstrated that intake of M. oleifera seedpod extracts can
prevent skin tumors, including a significant reduction in skin
papillomas in a mouse model (Bharali et al., 2003). Toma and Deyno
(2014) also found that niaziminin, a thiocarbamate derived from the
leaves of M. oleifera, inhibits tumor-promoter-induced Epstein—Barr
virus activation.

9.4. Antioxidant activity

Antioxidants are chemicals that provide free atoms to the human
body while suppressing free radicals, which cause cell damage and
oxidative stress. Natural antioxidants are abundant in medicinal
plants. Moringa leaves have been established to be high in natural
antioxidants such as flavonoids, quercetin, B-sitosterol, and zeatin
(Fahey, 2005; Amaglo et al., 2010). Tender and mature leaf extracts
were found to have great scavenging properties on free radicals,
nitric oxide radicals, and superoxides (Sreelatha and Padma, 2009).
Ethanol, methanol, and water extracts of freeze-dried Moringa
leaves were also found to have antioxidant and free radical
scavenging properties, with all leaf extracts capable of scavenging
superoxyl and peroxyl radicals, according to Siddhuraju and Becker
(2003). M. oleifera also showed excellent antioxidant activity from
the most isolated compounds in different in vitro bioassays
compared to typical antioxidant compounds in a study that
employed the 2,2'-diphenyl-1-picrylhydrazyl (DPPH) radical
technique (Hamed et al.,, 2017). Furthermore, an in vivo study
conducted by Jaja-Chimedza et al. (2018) on normal and obese male
mice demonstrated that Moringa seed extract could increase
metabolic health through its intracellular antioxidant and anti-
inflammatory actions.

9.5. Antidiabetic activity

Diabetes is one of the most common metabolic illnesses in the
world, and it is a huge public health issue. Hyperglycemia is usually
treated with synthetic oral medications and insulin remedies.
However, many of these medications have negative side effects and
are too expensive for disadvantaged people, particularly in emerging
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nations. As a result, the demand for cost-effective and efficient
hypoglycemic medicines with fewer side effects will always exist.
Moringa has been demonstrated to have anti-diabetic properties in
several investigations. Muhammad et al. (2016) investigated the
anti-diabetic effect of M. oleifera seeds, roots, and stem bark
extracts in diabetic mice and reported that the aqueous, ethanolic,
and methanolic extracts of these plant parts provided good glycemic
control in the diabetic animals. Another study by Irfan et al. (2017)
established that the anti-hyperglycemic activity in diabetic rats was
due to the kaempferol-3-O-glucoside, quercetin-3-D-glucoside, and
crypto chlorogenic acid in the leaf extract of M. oleifera. In
streptozotocin (STZ)-induced diabetic albino rats, Gupta et al. (2012)
found that the methanolic pods extract of M. oleifera has anti-
diabetic properties. Moringa seed powder effectively lowered
fasting blood sugar in STZ-induced diabetic rats in a similar study by
Owens et al. (2020).

9.6. Anti-asthmatic activity

Asthma is a long-lasting respiratory disease that affects a
considerable part of the world's population, accounting for about
90% of cases in most global surveys (Mahajan et al., 2009). For
hundreds of years, complementary and alternative medicine has
been utilized to treat asthma. M. oleifera, in particular, is effective in
treating asthma, with literature describing the plant's anti-asthmatic
properties. In guinea pigs, Mahajan et al. (2009) tested the
efficiency of n-butanol extracts of M. oleifera seeds against
ovalbumin-induced airway inflammation. The study found that the
seeds extract of M. oleifera seed extracts protect against
acetylcholine-induced bronchoconstriction and airway inflammation
by increasing tidal volume and respiration rate, as well as
differential and total cell counts in blood and bronchoalveolar
lavage fluid. They concluded that the anti-asthmatic properties of
M. oleifera seed extracts were due to the regulation of Th1/Th2
cytokine imbalances. In another study by Singh and Navneet (2018),
M. oleifera seed kernels used in bronchial asthma demonstrated a
simultaneous improvement in respiratory functions and a significant
reduction in the severity of asthma symptoms. Agrawal and Mehta
(2008) also conducted a clinical trial to evaluate if M. oleifera seed
kernels effectively treat bronchial asthma. The dried seed kernels
were given to 20 patients with mild to moderate asthma at a dose of
3 kg for three weeks. The results showed that treatment with M.
oleifera extracts resulted in a significant reduction in the intensity of
asthma symptoms as well as an improvement in lung function
metrics.

9.7. Antifertility activity

Women have traditionally utilized medicinal plants to aid childbirth,
promote menstrual flow, and limit fertility (Agrawal et al., 2018). M.
oleifera is well-known for its therapeutic benefits. However, its
antifertility properties have also been studied. In female albino rats,
Zade and Dabhadkar (2015) found that alcoholic extracts of M.
oleifera leaves had an antifertility effect. In that study, M. oleifera
leaf extract was found to prevent 100% of implantation in seven
rats. Mishra et al. (2011) also studied the antifertility properties of
M. oleifera aqueous and ethanolic (90%) extracts in rats orally dosed
for 10 days after insemination, with emphasis on fetal development.
M. oleifera leaf extracts were completely (100%) abortive at dosages
of 175 mg/kg of initial dry material. M. oleifera's antifertility
properties and prospects could make it a valuable option for
modern contraception and antifertility issues for women, especially
in rural populations in underdeveloped nations with limited financial
resources and access to healthcare.
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9.8. Hepatoprotective activity

The liver is an important organ that conducts various activities,
including detoxification and protein synthesis. The effects can be
fatal when the liver's activities are harmed by the many substances
to which humans are exposed. Many medications used to treat liver
problems are insufficient and may pose dangerous side effects. The
search for efficient hepatoprotective medications frequently focuses
on medicinal plants used to treat some liver diseases (Buraimoh et
al., 2011). Tejas et al. (2012) reported that the methanolic leaf
extract of M. oleifera has a hepatoprotective effect, which could be
attributed to the presence of quercetin in the leaves. Buraimoh et
al. (2011) also investigated the hepatoprotective effects of M.
oleifera ethanolic leaf extract on paracetamol-induced liver damage
histopathology. Compared to the negative control group, which had
deformed hepatic cords, necrotic cells, and obliterated sinusoids,
Wistar rats given extracts (500 mg/kg) had less necrotic cell damage
and broader sinusoidal gaps. M. oleifera leaves have also been
demonstrated to lower plasma aspartate aminotransferase (AST),
alkaline phosphatase (ALP), alanine aminotransferase (ALT), and
creatinine (Sharifudin et al., 2013), as well as alleviate hepatic and
renal damage caused by medications (Ouédraogo et al., 2013).
Moringa flower extracts, both agueous and alcoholic, have also
been demonstrated to possess strong hepatoprotective properties
(Toma and Deyno, 2014).

9.9. Cardiovascular activity

A multitude of ailments that affect the circulatory system (heart and
blood vessels) is cardiovascular disease. For millennia, medicinal
plants have been utilized to treat cardiovascular disorders. This is
due to their antioxidant, vasodilator, adrenoceptor, and platelet-
activating factor (PAF) antagonist properties (Chumark et al., 2008).
The cardiovascular effects of M. oleifera have been investigated
using animal and human models. Randriamboavonjy et al. (2016)
studied the heart effects of M. oleifera seed powder given orally to
spontaneously hypertensive rats (SHR). SHR was given either
Moringa powdered food (750 mg/day for 8 weeks) or regular food.
After that, hemodynamic parameters were measured in vivo.
According to the findings, M. oleifera treatments did not change
blood pressure in SHR but did lower nocturnal heart rate and
improved diastolic cardiac function. Nandave et al. (2009)
investigated the cardioprotective efficacy of lyophilized
hydroalcoholic extract of M. oleifera in a male Wistar albino rat
model of myocardial infarction induced by isoproterenol (ISP).
Compared to the ISP control group, chronic Moringa therapy
resulted in a significant increase in the positive regulation of
biological enzymes (catalase, superoxide dismutase, lactate
dehydrogenase, creatine kinase, and glutathione peroxidase), but no
significant change in reduced glutathione. Moringa treatment
significantly reduced lipid peroxidation in heart tissue. According to
Chhikara et al. (2020), oxidative stress-induced chronic diseases
such as cardiovascular issues could be reduced due to flavonoids in
M. oleifera.

9.10. Immunomodulatory activity

Plant-based immunomodulation is a hot topic in scientific circles
since it offers a viable alternative to traditional chemotherapy for
various disorders. It is based on plants' ability to control
immunological activities efficiently, promoting positive health and
maintaining the body's resistance to illness. Sudha et al. (2010)
investigated the immunomodulatory effects of a methanolic extract
of M. oleifera leaves in a mouse cellular and humoral immunity
model. The extracts were given at two doses (250 and 750 mg/kg) to
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mice, which significantly boosted serum immunoglobulin levels and
avoided mortality caused by bovine Pasteurella multocida. Alkaloids
are abundant phytochemicals in M. oleifera and have
immunomodulatory properties, according to Obi et al. (2018).
Certain bitter alkaloids, such as tropane alkaloids, are converted into
dimethylxanthine in the liver and then to methyl uric via CYP450
oxygenase systems (Obi et al., 2018). Gupta (2010) also found that
ethanolic leaf extracts of M. oleifera have an immunomodulatory
effect in mice, leading cyclophosphamide-induced
immunosuppression to be significantly reduced. After prolonged
administration of the extracts, normal mice showed a considerable
rise in white blood cell (WBC) count, phagocytic index, percent
neutrophils, and thymus and spleen weight.

10. Future prospects

M. oleifera, with its rich source of nutrients, abundant
phytochemicals, and numerous pharmacological actions, has the
potency to help combat malnutrition and improve medicine. The
diverse nutritional elements of the plant, particularly in the leaves,
have a promising role in producing healthy food products and
nutraceuticals. The abundant phytochemical compounds in distinct
parts of the plant have the potential to be used in the
manufacturing of pharmaceutical products and offer therapies for a
wide range of diseases. Industrially, the plant also has a fascinating
prospect of being used in the production of biodiesel (the seeds),
cosmetics, and water purification systems. Hence, M. oleifera
deserves extensive investigations to isolate and better elucidate the
mechanism of actions of the various active compounds responsible
for its nutritional and medicinal efficacies.

11. Conclusions

M. oleifera, with its unique nutritive and medicinal properties, has a
remarkable potential to provide an inexpensive and credible
auxiliary to conventional medicine. The present review documented
the phytochemical compounds, nutritional composition, and
pharmacological potential of M. oleifera. Numerous scientific
investigations revealed that individual parts of the plant possess
anticancer, antimicrobial, anti-inflammatory, antidiabetic,
antifertility, hepatoprotective, cardiovascular, and
immunomodulatory actions. Many essential nutrients, including
vitamins, minerals, proteins, beta-carotene, fiber, and fatty acids,
were also present in M. oleifera, justifying the plant's usage for
decades to combat malnutrition.

Moreover, medicinally important phytochemicals such as alkaloids,
flavonoids, terpenes, sterols, flavonoids, glycosides, and
anthocyanins were established to be present adequately in M.
oleifera; and this makes the plant therapeutically imperative and/or
nutritionally valuable. The present review recommends in-depth
investigations into the isolation and purification of novel
pharmacologically active and industrially important phytochemical
compounds in M. oleifera, as much work has not been conducted in
this field. Additionally, more rigorous research on the toxicity of M.
oleifera is required, including clinical trials in humans, to ascertain
its safety and achieve a level of proof required for full biomedical
endorsement of the plant for therapeutics.
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ABSTRACT

The aim of the study is to screen the morphological, anatomical, biological, and chemical profiles of the
leave extracts of endemic Polyscias species namely P. dichroostachya (PD), P. gracilis (PG), and P.
mauritiana (PM) from Mauritius. The morphology and anatomy of the leaves were studied using a
microscope. Phytochemical screening of extracts using LC-MS/MS was carried out by ionization in both
positive and negative modes. The leaves are pinnately compound, hypostomatic, dorsiventral, with a
prominent mid vein with secretion cavities, and they can be distinguished by their midrib shape and
anatomy. From the molecular mass and fragmentation data, 31 terpenoid saponins, 19 flavonoids, 17 acids,
7 terpenes, and 10 miscellaneous compounds including pyrrolidines and acetylenes in different extracts
(hexane, ethanol, and aqueous) were identified. Extracts from the three species using DPPH radical
scavenging activity exhibited good to moderate antioxidant activities with ICso values in the range of 2.1-
70.8 mg/ml and the ethanolic extract of PD showing the highest activity. Aqueous extracts of PG and PM
potently inhibited alpha-glucosidase with 1Cso values of 0.50 and 2.62 mg/ml. The different leaf extracts
exhibited moderate activity against a panel of gram-positive and gram-negative bacteria. This is probably
the first report on the extensive chemical profiling and morphology of these endemic Polysias spp. from
Mauritius and the results indicate that these leaf extracts have beneficial health properties and are thus
worth exploiting further.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

The rise in the incidence of diseases together with extensive
resistance to existing drugs calls for a continuous quest for new
drugs. During the past decades, there has been ongoing drug
discovery research, which requires a constantly expanding library of
compounds with a wide range of molecular and chemical diversity.
Natural products chemistry is considered to be a principal area of
research at the interface of chemistry and biology which involves
the isolation and characterization of novel bioactive compounds.

Mauritius with an area of 1,865 km? is a volcanic island in the Indian
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Ocean (20°S, 57°E) with a rich botanical diversity consisting of
around 700 native species of flowering plants of which 39.5 % are
strictly endemic (Baider et al., 2010). This relatively high endemism
of Mauritian flora provides a plethora of unique and structurally
diverse phytochemicals. However, only a small percentage of the
Mauritian endemic plants have been exploited for their medicinal
values let alone converted into drug formulation. The Mauritian
population has a long tradition of the use of the herbal remedy in
the form of "tisanes" or balms to treat diverse ailments such as
diabetes, hypertension, gastrointestinal disorders, rheumatism,
kidney stones, and anemia, though most of the endemic plants lack
phytotherapeutic and scientific evidence to support their medicinal
values. There are several scientific reports on the therapeutic
potential of endemic plants in Mauritius (Rummun et al., 2018) yet
there are only a few studies on the identification of the
phytochemicals present in the plants (Swigtek et al., 2021). We
believe that a substantial fraction of Mauritius native flora resources
remain untapped in terms of identification of the metabolites.

Please cite this article as: Bhowon, M.G, Chua, L.S., Jawaheer, S., Soodhowa, A.D., Laulloo, S.J., 2022. Morphology, biological and chemical profiling of three Polyscias species, endemic
to Mauritius. International Journal of Plant Based Pharmaceuticals, 2(2), 239-251, https.//doi.org/10.29228/ijpbp.6.
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Polyscias, one of the members of the Araliaceae family, consists of
approximately 159 species distributed worldwide. There are several
scientific reports on the therapeutic potential of various Polyscias
spp. where several classes of compounds such as terpenes,
terpenoids, and terpenoids saponins have been isolated (Ashmawya
et al., 2019). Extracts from these Polyscias spp. were found to
exhibit multiple biological activities such as antibacterial, antifungal,
molluscicidal, anti-asthmatic, wound healing, tyrosine kinase
inhibitory, immune-stimulant agent (Ashmawya et al., 2020) and
hypoglycemic (Luyen et al., 2018). Fifteen species are found in the
Mascarene Islands of which six are endemic to Mauritius namely, P.
dichroostachya, P. gracilis, P. mauritiana, P. maraisiana, P.
neraudiana, and P. paniculata. To the best of our knowledge, the
morphoanatomical and phytochemical profiling of these Mauritian
Polyscias species remains poorly explored. There is one report
where four saponins derivatives were identified from the leaves of
P. dichroostachya (Gopalsamy et al., 1990).

In light of the above, the present study aims at providing
morphological, anatomical, biological, and phytochemical profiles of
the leaves of the three endemic Polyscias species, P. dichroostachya
(PD), P. gracilis (PG), and P. mauritiana (PM) of Mauritius.

2. Materials and methods
2.1. Sampling of plant material

Samples of the three endemic Polyscias species were collected,
identified, preserved, and vouchered at the Mauritius herbarium,
Mauritius Sugarcane Industry Research Institute (MSIRI), Réduit. PM
(MAU 0005163) leaves were collected from the Black River Gorges
National Park (200 26" 14” S and 570 28" 30" E), and PD (MAU
0005163) and PG (MAU 0025780) leaves were collected from the
MSIRI, Réduit (200 14’ 17 ”’S and 570 29’ 44” E, and 200 14’ 18" S
and 570 29’ 45” E, respectively) (Figure 1), all during the mid-
summer season. Fresh mature leaf samples were used for
morphological and anatomical studies.

9 lack River Gorges

X
‘:Wanonal Park
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Figure 1. Sites where leaves were collected
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2.2. Leaf characterisation
2.2.1. Leaf morphology

The leaf size was measured and the leaf shape was determined
using descriptors by Harris and Harris (1994), namely leaf
arrangement, venation, size, shape, and attachment.

2.2.2. Leaf Anatomy
2.2.2.1. Stomata

Epidermal impressions of leaves were prepared using clear nail
varnish. The film was removed with sticky tape and placed on
microscope slides for the determination of stomatal density using an
inverted contrasting microscope (Leica DM IL) equipped with an
integrated camera, at a magnification of x400. The number of
stomata per unit area (mm=2) and length of closed stomata were
determined from the images.

2.2.2.2. Transverse sections of leaves

Fresh leaf samples were fixed by placing 1 x 1 cm pieces of leaf
tissue excised from the midrib and lamina region in formaldehyde
alcohol acetic acid (FAA) (Stasolla and Yeung, 2015) at 4 °C in a
refrigerator overnight. The tissues were dehydrated in a graded
series of TBA (t-butyl alcohol) solutions (six) for 30 minutes each at
room temperature. The solutions were made up of 50 ml water, 40
ml 95% ethanol, and 10 ml TBA; 30 ml water, 50 ml 95% ethanol,
and 20 ml TBA; 15 ml water, 50 ml 95% ethanol, 35 ml| TBA; 45 ml
95% ethanol, 55 ml TBA; 25 ml 100% ethanol, 75 ml TBA; and 100 ml
100% TBA, respectively. Finally, the plant samples were placed in
xylene for 30 minutes before being infiltrated in paraffin. Plant
sections were cut at an angle of 7 degrees and thickness of 15 uM
using a microtome. They were stained with Safranin O (1% w/v) and
Fast Green FCF (0.1% w/v) and viewed using an inverted contrasting
microscope equipped with a camera (Leica DM IL). The thickness of
the midrib was calculated from the images.

2.3. Chemicals and equipment

L-ascorbic acid was purchased from Loba Chemie, India. Diphenyl-2-
picrylhydrazyl (DPPH), phosphate buffer, acarbose, and p-
nitrophenyl-a-D-glucopyranoside (pNPG) were purchased from
Sigma Aldrich, England. Broth and Mueller Hinton agar were
purchased from Himedia, India. H and 13C NMR spectra were
recorded at 250 and 62.9 MHz on a Bruker electro-spin NMR
spectrometer. DNM-9602 Microplate Reader was used for
antioxidant and anti-glucosidase activities.

2.4. Extraction

The air-dried and powdered leaves (100 g) of each species were
extracted with n-hexane (250 ml) followed by ethanol (250 ml) at
room temperature. The respective solvents were concentrated at 50
°C under reduced pressure. For crude aqueous extracts, powdered
leaves (20 g) were soaked in boiling water (150 ml) for 24 h, and the
filtrate obtained was freeze-dried.

2.4.1. Yields (%)
PM-Hex: 0.8, PM-Et: 2.1, PM-Aq: 0.7

PG-Hex: 0.5, PG-Et: 6.0, PG-Aq: 1.7
PD-Hex: 0.3, PD-Et: 4.0, PD-Aq: 4.2
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2.5. Nuclear magnetic resonance and liquid chromatography with
tandem mass spectrometry

The H and 13C NMR spectra of the different extracts (n-hexane,
EtOH, aqueous) were recorded at 250 and 62.9 MHz on a Bruker
electro spin NMR spectrometer using CHCls/DMSQO/D,0 as solvents.

An HPLC system (Ultimate 3000, Dionex Corporation, Sunnyvale,
USA) was integrated with a quadrupole time-of-flight mass analyzer
as the detector. A C18 reversed-phase column (XSelect HSS T3 XP,
2.1 mm x 100 mm x 2.5 uM) was used to separate compounds at a
flow rate of 0.15 ml/min. The mobile phase consisted of acidified
water with 0.1% formic acid (A) and acetonitrile (B). The gradient of
the mobile phase was 0-10 min, 10% B; 10-15 min, 10%-90% B; 15-
20 min, 90% B; 20-22 min, 90%-10% B; and 22-30 min, 10% B. All
samples (1 mg/ml) were reconstituted in 50% aqueous methanol
and filtered through a 0.2 uM nylon filter before injection. The
sample injection volume was 5 pl. The sample flowed into the mass
analyzer and was ionized for detection. The mass ranged from m/z
100-2000 and was set for compound screening using both positive
and negative ion modes with two dependent product ion scans
using rolling collision energy. Nitrogen gas was used as a nebulizing
(40 psi) and curtain (20 psi) gas. The voltage of the ion spray was set
at 5500 V and 4500 V for the positive and negative ion modes,
respectively. The declustering and the focusing potentials were set
at 40 and 300V, respectively.

2.6. Antibacterial activity

Cultures of gram-positive bacteria, Staphylococcus aureus (ATCC
25923) and Bacillus cereus (ATCC 10816), and gram-negative
bacteria namely Escherichia coli (ATCC 22922), Klebsiella
pneumoniae (ATCC 13883), and Pseudomonas aeruginosa (ATCC
27853), were used to evaluate the antibacterial activity of the
different extracts using disc diffusion method. The bacteria were
streaked on the Mueller Hinton Agar plate using sterile cotton
swabs and 10 pl of the sample (400 mg/ml in DMSO) were placed on
paper discs (6 mm). Erythromycin was used as the positive control
and DMSO as the negative control. All the plates were incubated at
37 °C for 24 h. The activity was determined by measuring the zone
of inhibition in millimetres (mm).

2.7. DPPH radical scavenging assay

The n-hexane and ethanol extracts were dissolved in DMSO and the
water extracts were diluted in water to obtain a solution of 100
mg/ml. DPPH radical scavenging activity was measured at an
absorbance of 492 nm (Laulloo et al., 2018). All tests were done in
triplicate and ascorbic acid was used as the positive control.

The percentage of radical scavenging inhibition was calculated using
the formula:

AQ0 — As

% Inhibition = x 100

Where Ag is the absorbance of the blank and A is the absorbance of
the sample.

2.8. Anti-glucosidase activity

The anti-glucosidase activity assay was carried out on the aqueous
extract of all three species. The extracts were diluted to make a
stock solution of 5 mg/ml. Two-fold serial dilutions were carried out
to obtain concentrations ranging from 1.25 to 0.02 mg/ml. A
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mixture of 50 ul buffer, 50 ul test sample, and 50 pl a-glucosidase
were placed in a 96-well Elisa plate. The mixture was incubated at
37 °C for 5 minutes and 50 ul of pNPG was added followed by
incubation for 15 minutes. The absorbance was read at 405 nm
(Joondan et al., 2019). The test was carried out in duplicate and
acarbose was used as the positive control.

The percentage of anti-glucosidase inhibition was calculated by:

0—As

0~ 100

Al
% Inhibition =

Where Ag is the absorbance of the blank and As is the absorbance of
the sample.

As = absorbance of sample - absorbance produced by blank
3. Results and discussion
3.1. Leaf characterization

PD, PG, and PM are perennial eudicot plants. The morphological,
and anatomical studies for each species were carried out only on a
few leaves collected from one tree as these three endemic plants
are endangered.

3.1.1. Morphology

The leaves of the three species are odd-pinnate (Figure 2) and the
laminae of leaflets are net-veined and traversed by a prominent
midvein. The leaves of PD are composed of nine leaflets while those
of PG and PM is composed of seven and five leaflets, respectively.
Mature leaflets of PD were around 16-22 cm long and 7-9 cm wide,
elliptic, apices cuspidate, leaf margins undulate, and leaf attachment
petiolate. Mature leaflets of PG were around 13-15 cm long and 7-
10 cm wide, obcordate, leaf margins undulate, and leaf attachment
petiolate while PM was around 17-20 cm long and 12-14 cm wide,
elliptic with bent cuspidate apices, and sessile.

Leaf morphology is determined by both the genetic makeup and
environmental cues (Fritz et al., 2018). Leaves have to adapt to their
environment to optimize gas exchange and light capture for
photosynthesis. Leaves from PD and PG were collected from the
Mauritius Sugarcane Industry Research Institute (MSIRI), Réduit, at
an altitude of about 317 meters above sea level, and were therefore
subjected to similar environmental conditions with little
competition. The PM leaves on the other hand were collected from
the damp rainy upland forest of Black River Gorges National Park at
an altitude of about 709 meters above sea level and were therefore
adapted to another environment.

3.1.2. Anatomy

The leaves of the three Polyscias species are hypostomatous with
stomata irregularly scattered throughout the abaxial epidermis
(Figure 3). This type of stomatal patterning observed is quite
common in broad-leaved eudicots. Amphistomaty has been
reported to occur mostly in fast-growing herbaceous annuals and
slow-growing perennial shrubs and trees (Harrison et al., 2020).

The estimated stomatal density and length of closed stomata for PD,
PG, and PM were 151, 85, and 282 stomata per mm?, and 26.3,
33.3, and 22.9 um, respectively. PG leaves had the greatest pore
size while their stomatal density was considerably lower than the
other two species. The PM tree is adapted to a damp and rainy
environment and its leaves had the highest stomatal density.



Bhowon et al.

Though the overall shape of stomata is genetically pre-determined,
their development is influenced by environmental conditions
(Harrison et al., 2020; Driesen et al., 2020). Plants with large and
few stomata tend to have higher water-use efficiency as compared
with plants that have many but smaller stomata (Drake et al., 2013).
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It has been reported that small stomatal size can provide a
reduction in total leaf pore area and may facilitate faster aperture
response than large stomata (Bertolino et al., 2019).

ddddddsanakbhi

Figure 2. Leaves and leaflets of: A-PD; B-PG; C-PM (Bar =2 cm)

3.1.3. Transverse sections of leaves

The leaflets of the three species are of the dorsiventral type and
have several layers of hypodermal collenchyma on the upper and
lower side of the midrib region. Vascular bundles in the midrib are
collateral and the xylem tissue is endarch. Several secretory cavities
are circularly arranged in the peripheral region of the midrib. The
epidermis on both the abaxial and adaxial sides of the lamina are
multiseriate and covered with a cuticular layer. Their upper
epidermis is four-layered thick while their lower epidermis is two-
layered thick. Palisade mesophyll composed of two layers of
elongated columnar cells is found below the upper epidermis and
spongy mesophyll is situated just above the lower epidermis.
Several vascular bundles are centrally located in the leaf lamina.

The leaf anatomy of the three species differs in many ways. In the
midrib region of PD leaflets, the vascular tissues are arranged in an
arc-shaped belt with two patches just inside the two ends (Figure 4
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A). In PG (Figure 4 B) and PM (Figure 4 C), vascular bundles are
arranged in a semicircle, though in PM, several vascular bundles are
scattered within the semicircle in the central region of their midrib.
Furthermore, the spongy mesophyll of PD and PM is made up of
loosely arranged cells with intercellular spaces, while that of PG is
relatively compact.

The shape of the midrib was different in the three species (Figure 4).
The thickness of the midrib and lamina of PD, PG, and PM leaflets
were approximately 0.97, 0.96, and 2.1 mm, and 0.44, 0.37, and
0.20 mm, respectively. The thickness of the midrib of the PM leaflets
was approximately twice that of the other two Polycias species
while its lamina was about half their thickness. The diameters of
whole veins can reflect their transport capacity and the degree of
mechanical support (Sack and Scoffoni, 2013). The thickness of the
lamina largely determines the length of the optical path of light
through a leaf and is associated with water deficits, low
temperature, and high irradiance (Pauli et al., 2017).
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Adaxial surface
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Abaxial surface

Figure 3. Adaxial surface and abaxial surface with guard cells of leaf blade of: A-PD; B-PG; C-PM (Bar = 50 um)

3.2. Chemical profiling

The presence of the terpenes and terpenoids were identified in
hexane and ethanol extracts of the three species using TLC and test
tube testing. Flavonoids in ethanol and aqueous extracts, sterols in
aqueous extracts, and saponins were detected in all the extracts. No
alkaloids were present in the different extracts.

The NMR spectra of three extracts of air-dried leaves of Polyscias
spp. showed a difference in chemical signals suggesting the
presence of different metabolites in each extract (Figures S1-
S6/supplementary file).

In the IH NMR spectra of the hexane extracts, the major signals
were in the region of § 0.3 to 3.0 and & 5.1 to 5.6 ppm which were
attributed to aliphatic and olefinic protons, respectively. In 13C NMR
spectra, the signals in the region of 10 to 60 ppm corresponded to
sp3 hybridized CHs/CH,/CH while those in the region of 110 to 120
ppm were due to olefinic carbons. These data indicated mainly the
presence of terpenes in the hexane extracts.

In the more polar ethanolic extracts, in addition to the signals due to
terpenes moieties, signals in the region & 3.5 to 5.0 ppm were
attributed to sugar moieties. Signals in the region of § 10 to 55 ppm
corresponded to triterpenoid moiety while those in the region of 80
to 110 ppm indicated the presence of sugar moiety. The peaks in
the region of 120 to 145 ppm corresponded to sp? carbons and the
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signal at & 173 ppm were due to the ester group. These data
indicated the presence of different terpene/terpenoid saponins and
flavonoids in the extracts.

The IH NMR spectra of the aqueous extracts showed signals at § 0.8
to 2.7 ppm for aliphatic protons and the more downfield signals (5 3
to 4 ppm) were attributed to tertiary and allylic methyl groups
attached to hydroxyl moiety. These data suggest the presence of
steroids in the agueous extracts.

The different metabolites from the leaf extracts of the PG, PD, and
PM were identified using LC-MS/MS. The chemical structure of the
phytochemicals was confirmed by the comparison with the
literature value and molecular/fragment ions from positive and
negative ion modes. It is important to note that this paper does not
give the complete structural identification of different species
identified in the various extracts.

From the different Polyscias species, a total of 31 triterpenoid
saponins, 19 flavonoids, 17 derivatives of acids, 7 terpenes, and 10
miscellaneous compounds including pyrrolidines, acetylenes, and
sterols were identified. The molecular formula, mass, and fragment
ions are given in Table 1.

LC-MS/MS allowed the identification of major saponins and
aglycones. The major class of compounds is triterpenoids saponins
which consist of a triterpene aglycone with 30 carbon atoms with
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one or more sugar moieties (including hexoses, pentoses,
methylhexoses). Twenty-one triterpenoid saponins were identified
in the negative ion mode while ten were detected in the positive ion
mode. Through the relationship of deprotonated ions of
triterpenoid saponins, 648-1294 and the protonated m/z 620-1220,
four aglycones with a molecular weight of 456, 471, 466, and 485
(Figure 5) were detected as daughter ions. The molecular formula of
the aglycones was deduced by the loss of sugar molecules from the

Mid Rib (TS)
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respective parent ions. Oleanolic acid and hederagenin are the
major aglycones while glucose (Glu), glucuronic acid (GIuA),
glucuronic methyl ester (MeGluA), rhamnose (Rha), methyl pentose
(Mepen) and arabinose (Arab) are the main sugar moieties. These
sugar molecules were identified by the presence of molecular
fragments corresponding to m/z 163, 177, 191, 147, 146, and 133.

A

Figure 4. Leaf transverse sections showing the midrib and leaf blade of: A-PD; B-PG; C-PM (Bar = 100 um)

Flavonoids are fifteen-carbon skeletons consisting of two benzene
rings linked via a heterocyclic pyrene ring and may contain
glycosides. The main flavonoid aglycones are kaempferol and
quercetin containing one and two sugar moieties. Two flavones,
namely acacetin, and vitexin (F1, F7) and catechin (F3) and its
methoxy derivative (F5) were identified using fragmentation
patterns in mass spectra. The two main flavonols kaempferol (F2),
quercetin (F4), and their methoxy derivatives (tamarixetin, F6)
containing one to four sugar moieties were detected (Figure 6)
(Table 1).

The presence of the fragment ion m/z 191 in the mass spectra of
the six acids (A8, A10, Al11, A13, A15, A16) showed them to be
quinic acid derivatives. A9, A12, and Al4 were identified as acid
glycosides based on the loss of sugar moieties from the parent ion
(Table 2). Two pyrrolidine derivatives containing carboxylic acid and
hydroxyl ethyl residue were detected. Steroid derivatives namely
ergosterol, campestanol, and sitosterol were also identified (Table
2).
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3.3. Biological properties

3.3.1. Antibacterial activity

Plant constituents such as flavonoids, terpenes, alkaloids, and

tannins are known to display antibacterial activity (Tankeo et al,,
2015). The different leaf extracts exhibited moderate inhibition (8-
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10 mm) at the concentration of 400 mg/ml against a set of gram-
positive and gram-negative bacteria. The hexane extracts of the
different species showed the highest inhibitory activity which may
be attributed to the presence of several terpenes. The ethanolic
extract containing several saponins was found to exhibit moderate
activity in line with Maritim (Winnie et al., 2019).

Table 1. Triterpenoids and flavanoids detected from the leaves extract of Polyscias spp.

Compound  Formula m/z [M-H]- [M+H]*  MS/MS PG PD PM Reference
m/z m/z Hex  EtOH Aq Hex  EtOH Aq Hex EtOH Aq

TS1 CagH2g04 472 473 463, 350, 301, 293 + + + + (Mitaine-Offer
etal., 2004)

TS2 C32H4905 480 481 467, 425, 409, 305, 191 + (Masruri et
al., 2007)

TS3 C35Hs609 620 621 620, 474, 424, 402 + (Eaton et al.,
2015)

TS4 Cs7Hs60s 628 629 509,482,467,425,403 + + (Masruri et
al., 2007)

TS5 C36Hs8010 648 647 603, 471 + + + *

TS6 Cs7Hsg019 662 661 570, 602,615 + *

TS7 C41Hgs012 750 749 751 471, 585, 603, 749 + + (Winnie et al.,
2019)

TS8 C41Hg013 766 767 739, 585, 455, 437 + (Ashmawya et
al., 2020)

TS9 CsaHesO13 780 779 455, 732 + + + (Masruri et
al., 2007)

TS10 CsHesO1q 781 782 471, 453 + (Huan et al.,
1998)

TS11 Cs2Hes014 794 793 473, 585, 602, 747 + + + + + + (Paphassarang
etal., 1989)

TS12 CaoHesO1a 796 795 601, 471 + + + *

TS13 Cs3HesO14 808 807 495, 591 + (Sugimoto et
al., 2017;
Elgindi et al.,
2015)

TS14 CaoHesO1s 810 809 485, 617, 765 + + (Nascimento
etal, 2019)

TS15 CaoHesO1s 810 811 765, 603, 471 + + + *

TS16 CaH7,014 824 823 577,603, 739, 777 + + + (Elgindi et al.,
2015)

TS17 CiuH7,014 824 823 455 + *

TS18 CasHeoO15 837 836 225, 340, 452, 564, 772, + + + *

790
TS19 Cs3HesO16 838 839 471 + *
TS20 CsgH77017 925 924 762, 601, 583, 565, 471, + (Nascimento
455, 437, 309 etal., 2019)

TS21 CagH78015 942 943 455, 437, 408, 309 + (Paphassarang
etal., 1990)

TS22 CaoH78019 970 969 247,441, 453 + + (Doetal.,
2020)

TS23 CagH7600 972 973 603, 323 + (Elgindi et al.,
2015)

TS24 CagH75091 986 987 453, 471 + + + *

TS25 CsgH740,1 986 985 457, 469 + + *

TS26 CssHgs0,4 1120 1119 471, 585, 603, 749 + + + (Hanhetal,,
2016)

TS27 CsoHo026 1220 1221 455, 437, 409, 293 + + + (Njateng et
al., 2017)

TS28 CeoHoagO27 1250 1249 255,731 + (Huan et al.,
1998)

TS29 CeoHogO28 1266 1265 205, 247, 469, 749 + + + + (Huan et al.,
1998)

TS30 CeoHo7059 1282 1281 603, 465, 362 + (Hanh et al.,
2016)

TS31 CeoHaaO30 1294 1293 258, 453, 746, 777 + *

F1 Ci6H1205 284 285 240 + (Linetal.,
2019)

F2 CisH1006 286 287 270, 226, 106 + + + + + *

F3 CisH1406 290 289 146, 174 + + (Li and
Seeram,
2018)

F4 CisH1007 302 303 282,109 + + + + + (Figat et al.,
2020)

F5 Ci6H1606 304 303 266, 248, 175, 147, 134 + + *

F6 Ci6H1,07 316 317 298, 254, 106 + + + + + (Sugimoto et
al., 2017)
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Compound  Formula m/z [M-H]- [M+H]*  MS/MS PG PD PM Reference
m/z m/z Hex EOH Aqg Hex EtOH Aqg Hex EtOH Aq

F7 CyHy0010 432 431 153, 205 + + + (Liand
Seeram,
2018)

F8 CyiHy)011 448 447 161, 269, 398 + + + + + (Eaton et al.,
2015; Elgindi
etal., 2015;
Linetal,
2019)

F9 Cy1H2001> 464 463 465 254,271, 300 + + (Bedir et al.,
2001)

F10 CyH1g013 478 477 151, 179, 301 + + + + *

F11 Cy7H300:5 594 593 207 + (Ashmawya et
al., 2019)

F12 CysH32015 608 609 591, 577, 559, 531, 515, + + (Sugimoto et

475 al.,, 2017)

F13 Cy7H30016 611 610 564, 543, 450 + + (Figat et al.,
2020)

F14 CysH3,016 624 625 607, 565, 538, 521, 465, + + + *

477

F15 Cy7H30017 626 627 607, 565, 538,521, 465 *

F16 Cy3Hs002 636 637 619, 587, 559, 476 + + *

F17 C30H3,019 696 697 311 + *

F18 C33Hs0020 757 758 283 + *

F19 C39Hs2025 920 921 627,609, 591, 331 + + *

*Based on mass fragments

R,0

CH,OH
TS8: R1=H, Ry= Arab-Glu, R3=OH TS1:Ri=H, Ry=H, Rs=H
TS9: Ri=H, Ry= Glu-Glu, Rs=H TS3: Ri=H, Ry=Ara, Rs= OH
TS10: Ri= H, Ry= GluA-Arab, R3=OH TS5: Ri=H, Ry=GIuA, R3=H
TS11: Ri= H, Ry= GIuA-Rham, R3=0H TS6: Ri=H, R,=MeGIuA, R3=H
TS13: Ri= Glu, Ry= MeGIuA, Ry=H" TS7: Ri=H, Ry=Arab-Rham, Rs= H
TS17: Ri= H, Ry= MegluA -Glu, R3=0OH TS12: Ri= H, Ry=Glu-Glu, Rs=H
TS18: R1=H, R2= MegluA - MegluA, R3=H TS15: Ri= H, Ry= Arab-MeGIluA, R;=0OH
TS20: Ri= Ara, Ro= MegluA-Arab, R3=OH TS16: Ri= H, Ry= MeGIuA-Glu, Rs=H
TS21: Ri= Glu, Ry= Glu-Glu, Rs=H TS19: Ri= H, Ry= MeGIuA-GluA, R3=H
TS22: Ri= Glu, Ry= MeGIuA-Glu, Rs=H TS29: Ri= Glu-Rha, R,= Glu-Glu-Glu, Rs=H
TS24: Ri= GluA, Ry= GIuA-Glu, R3=0OH
TS26: R1= Glu, Ry= Glu-Glu-Glu, R3=0OH
TS27: Ri= Rham-Glu-Glu, R,= Rha-Ara, R3=0OH
TS28: R1= Glu-Rha, R,= Glu-Glu-Glu, Rs=H
TS30: Ri= Glu-Glu, R,= GIUA(Glu)-Glu, R3=H
TS31: Ri= GIuA-Glu, Ry= GIUA(Glu)-Glu, R3=H

COOH

OOR

1 COOR;

R3

R
’ CHj Re
CHs;

TS14: Ri= Glu, R,=Glu TS2: Ri= CH3, R,=H
TS23: Ri= H, Ry= MegluA-Glu-Ara TS4: Ri= Glu, R=H

TS25: Ri= Glu, R,= GIuA-Glu

Figure 5. Proposed structures of triterpenoid saponins

246



Bhowon et al. International Journal of Plant Based Pharmaceuticals, 2(2), 239-251

F2: Ry= OH; R,= OH; R3=H, R4=H; Rs=OH; Re=H F3:R1=0H; R,= OH; R3=H, R4=0OH, Rs=OH
F4: R;= OH; R,= OH; R3=H, R4=OH; Rs=OH Res=H F5:R;=0H; Ry= OCH3; R3=H, R4=0OH, Rs=OH
F6: Ri= OH; R,= OH; R3=H, R4=OH; Rs=OCH3 R¢=H R3
F8: Ri= ORham; R,= OH; R3=H, R4=OH; Rs=OH Re=H

F9: Ry= OGlu; Ry= OH; R3=H, Ry=H; Rs=OH Rs=OH

F10: Ry= OGIUA; Ry= OH; R3=H, R4=0H; Rs=OH Rg=H Ra
F11: Ry;= ORham; R,= ORham; R3=H, R4=H; Rs=OH, Rg=0OH

F12: R;= ORham; R,= ORham; R3=H, R4=H; Rs=OCH3 R¢=OH

F13: Ry= OGlu-Rham; R,= OH; R3=0H, R4=H; Rs=OH Re=0OH

F14: Ry= OGlu; Ry= ORham; R3=H, R4=H; Rs=OCHs Rg=OH

F15: Ry= OGlu; Ry= OGlu; R3=0H, Rs=H; Rs=OH Re=H

F16:R;= ORham; R,= OMegluA; R3=H, R4=H; Rs=OCH3 R¢=H

F17: Ri= OMegluA; R,= OMegluA; R3=H, R4=H; Rs=OCH; Rs=OH
F18: Ry= OGlu-Rham; R,= ORham; R3=0H, R4=H; Rs=OH Re=H

F19: Ri= OGlu-Rham; R,= OGlu-Rham; R3=0H, Rs=H; Rs=OH, Rg=H

Ry

OH

F1:R;= H; R,= OH; Ry=H, R;=OCH; Rs=H
F7: Ri= H; R,=OH; Rs=H, R,=0H; Rs=Glu

Figure 6. Proposed structure of flavanoids

Table 2. Proposed structure of acids, terpenes and miscellaneous compounds detected in the extracts of Polyscias spp.

Identified compounds m/z  [M-HJ [M+H]*  MS PG PD PM Reference

Name/Formula m/z m/z Hex EtOH Aq Hex EtOH Aq Hex EtOH Aq

Acids

Al Malic Acid 134 133 115 + + + + + + (Figat et
(C4Hg0s) al.,, 2020)

A2 Procatechuic acid 154 153 109 + + + + (Lin et al,
(C7He04) 2019)

A3 3-(4-Hydroxyphenyl) 166 165 121 + + (Ashmawy
propionic acid aetal,
(CoH1003) 2020)

A4 Caffeic acid 180 179 115, 132, 163 + (Linetal,
(CoHgO4) 2019)

A5 Quinic acid 192 191 111, 129 + + + + (Willems
(C7H1206) etal,

2016)

A6 Methyl 2,4-dihydroxy- 196 195 197 160, 135, 114 + + + (Willems
3,6-dimethylbenzoate etal,
(Atraric acid) 2016)
(C10H1204)

A7 Hydroxy- 294 293 236, 220, + + + + + + (Figat et
octadecatrienoic acid 221,218,194 al., 2020)
(C1gH3003)

A8 5-0-Caeffoylquinic acid 338 337 172,191 + + + (Willems
(C16H1808) etal,

2016)

A9 Caeffeoyl glucose 342 341 343 135, 161, + + + + + + (Said et al.,
(C45H1g0s) 179,221, 251 2017)

A10  5-O-Caffeoylquinic acid 354 353 179, 191 + + + + + *
(chlorogenic acid)

(C16H1800)

A1l  5-O-Feruloyquinic acid 368 367 191 + + + + + *
(C17H2000)

Al12  Caffeoyl-glucaric acid 372 371 191, 209 + *
(C1sH16011)

A13  Quinic acid derivative 407 406 282,190, + *

161, 135

Al4  Procatechuic acid 492 490/49 467, 425, + + + *
containing glucose and 1/494 407,177, 163
gluconic
(CasH3,010)

A15  3,5-di-O-caffeoyl-quinic 516 515 179,191 + + + + + + (Figat et
acid al., 2020)
(C25H24012)

Al6 Quinic acid derivative 548 547 134, 149, 191 + *
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Identified compounds m/z  [M-H] [M+H]* MS PG PD PM Reference
Name/Formula m/z m/z Hex EtOH Aq Hex EtOH Aq Hex EtOH Aq
Al7 Phenolic acid derivative 584 583 195, 534 + (Sliwinska
etal,
2018)
Terpenes
T1 Terpene 198 199 178, 159, + (Ashmawy
(CysH1s) 156, 148, 137 aetal,
2018)
T2 Sesquiterpene 204 203 147,121, + + (Ashmawy
(CysH24) 119, 109, 107 aetal,
2018)
T3 Phytol 296 295 297 185, 277 + + + (Ashmawy
(C,0H400) aetal,
2018)
T4 Diterpenoid 322 323 + (Ashmawy
(Ca0H3403) aetal,
2020)
T5 Diterpenoid 330 329 284, 106 + (Tang et
(C20H2604) al., 2011)
T6 Diterpenoid 346 347 240, 283, 106 + + + + + *
(Ca1H3004)
T7 Squalene 410 411 239,133 + (Bertilino
(CaoHso) etal,
2019)
Others
5-Oxopyrrolidine-2- 129 130 112 + (Sugimoto
carboxylic acid etal.,
(CsH7NO3) 2017)
2-Hydroxyethyl 5- 173 174 165, 163, + (Sugimoto
oxopyrrolidine-2- 162, 153 etal.,
carboxylate 2017)
(C7H11NOy)
Falcarinol 244 243 241,232, + + (Ashmawy
(C17H240) 223,214, 133 aetal,
2020)
Heptadeca-1,8-diene- 258 259 + + + (Ashmawy
4,6-diyne-3-ol-10-one aetal,
(C17H220,) 2020)
Pinoresinol 358 359 340, 312/ + + + + + + (Njateng et
(C30H2206) 350, 293, 237 al., 2017)
Ergosterol 396 397 379, 239, + + (Minger
(Cy8H440) 229,177,133 etal,
2018)
Campestanol 402 401 121, 181, + + (Minger
(CaH500) 223,312, 357 etal,
2018)
Canthoside A 434 433 227,387 + (Linetal,
(C18H26012) 2019)
B-sitosterol 414 415 406, + + + + + (Ragasa et
(Ca9H500) 350,307,293 al., 2015)
*Based on mass fragments
-25 -2 -15 -1 0.5 ] 05 1 15 2
Log concentration (mg/ml)
-20
—8—5eril —e—Seri2 Seri3 Serid —e—5Sers

—8—Sarip —@—35er7 —8—5eri@ —8—>5Seri5 —e—SerilD

Figure 7. Percentage inhibition of different extracts of Polyscias spp.
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Table 3. Radical scavenging activity SCso (mg/ml) of the different extracts
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Extracts PM Category PG Category PD Category
Hex 14.6 Weak 48.8 Weak 46.1 Weak
EtOH 2.3 Strong 7.4 Moderate 2.2 Strong
Aq 16.8 Moderate 4.6 Strong 3.2 Strong
Ascorbic acid SCsp: 0.6 mg/ml
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Figure 8. Anti-a-glucosidase activity of aqueous extract of Polyscias spp.

3.3.2. Antioxidant capacity

Extracts from the three species showed significant levels of radical
scavenging activity and were dose-dependent (Figure 7) with 1Cso
values in the range of 2.1-70.8 mg/ml (Table 3). The ethanolic and
aqueous extracts were found to be potent DPPH scavengers as
compared to the hexane extracts. The presence of several
flavonoids (including acacetin, kaempferol, catechin, and quercetin),
glucosides derivatives, and quinic acid derivatives (Figure 5 and
Table 1) contributes to their anti-oxidant activity (Njateng et al.,
2017).

3.3.3. Anti-a-glucosidase activity

The inhibitory effects of the aqueous extracts were evaluated
against yeast a-glucosidase with acarbose as the positive control.
Pentacyclic triterpenoids saponins have been reported to exhibit a-
amylase and a-glucosidase activity (Luyen et al, 2018). The
presence of glucuronic acid and glucosidic moieties on the
aglycones were essential components for a-glucosidase inhibition
(Hanh et al., 2016). The extracts of PG and PM potently inhibited a-
glucosidase with ICso values of 0.50 and 2.62 mg/ml and were
comparable to the acarbose with an ICsg value of 2.40 mg/ml (Figure
8).

4, Conclusions

The leaves of the three endemic Polyscias species can be
discriminated based on the shape and arrangement of the vascular
tissue of the midrib. The extracts of these leaves showed to exhibit
promising antioxidant and anti-glucosidase activities. From the
phytochemical analysis, it was found that the major components
were triterpenoid saponins, flavonoids, and acids. It is possible that
the presence of these metabolites could be responsible for the
observed biological properties.
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ABSTRACT

Recently, the potential antibacterial or antibiofilm effects of some plant species belonging to the Cistus sp.
have motivated investigation of their use as herbal remedies. In this study, antibiofilm activities of aqueous
(dH20) leaf extracts of Cistus laurifolius L., C. creticus L. and C. salviifolius L. on some pathogenic
microorganisms with biofilm forming ability were investigated. Biofilm forming ability of pathogen test
microorganisms were evaluated by congo red agar method and microtiter plate method and all tested
microorganisms were confirmed as biofilm producers. Staphylococcus aureus ATCC 25923, Pseudomonas
aeruginosa ATCC 11778, S. aureus ATCC 6538, P. aeruginosa ATCC 27853 and S. aureus ATCC 12600 were
evaluated as strong biofilm producers. The highest concentration of examined extracts both showed biofilm
inhibition and biofilm eradication against the tested pathogen microorganisms. In particular, studied plant
extracts showed good antibiofilm effect, and biofilm eradication against S. aureus ATCC 6538 and S. aureus
ATCC 12600. MBICso values of S. aureus ATCC 6538 were found as 6.25 pg/ml of C. laurifolius, and 50 pg/ml
of C. creticus extracts. Also, 50 ug/ml of C. creticus extract showed > 90% inhibition of biofilm growth
(MBICs = 50 pg/ml). MBECso values of S. aureus ATCC 12600 were determined as 6.25 pg/ml in all tested
plant extracts and 50 pg/ml of C. creticus extract was required to induce > 90% eradication (MBECso) of
biofilm growth of S. aureus ATCC 12600. Our study revealed that aqueous leaf extracts of C. laurifolius, C.
creticus and C. salviifolius could be potential candidates for drug discovery to treat pathogen test
microorganisms capable to induce infectious diseases especially by their biofilm forming ability.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

sky et al., 2016). Antibiotic resistance is a major problem to public
health in which the biofilm forming abilities of some microorganisms

Although the immune defence system of living organisms fighting
against pathogenic microorganisms act as a first degree barrier,
sometimes, microorganisms overcome this immune system barrier
and cause various infections. The treatment of these infections is
usually performed using antibiotics but the number of antibiotic-
resistant microorganisms has significantly increased recently (Jasov-
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contribute to this resistance and, therefore, treatment of infections
become more difficult (Olsen, 2015; Richardson, 2017; Aslam et al.,
2018; Yan and Bassler, 2019; Bowler et al., 2020). The biofilm is an
extracellular matrix that surrounds microbial cells and is comprised
of biological polymers such as exopolysaccharide (EPS), protein, and
DNA (Leone et al, 2006; Flemming et al., 2016). Various
environmental factors are effective in the formation of biofilms such
as bacterial strain, surface structure, pH, nutrient amount, and
temperature (Donlan and Costerton, 2002). Several researchers
have revealed that several pathogen microorganisms show biofilm
formation ability which is considered a protective mechanism
(Fernandes et al., 2011; Darwish and Asfour, 2013; Silva et al., 2014,

Please cite this article as: Erdogmus, S.F, Bilecen, C.,, Erdal Altintas, O., Ulukiitiik, S., Kargioglu M., 2022. The antibiofilm effects of some Cistus spp. against pathogenic microorganisms.
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Raza et al., 2013). Biofilm not only makes microorganisms resistant
to adverse environmental conditions, but also protects them from
phagocytes and complement systems (Rasmussen Givskov, 2006).
Therefore, biofilm-forming microorganisms are considered as the
main cause of persistent hospital infections, especially in
immunocompromised individual (Roy et al., 2019). Studies have
revealed that biofilm-producing bacteria can be 100-10000 times
more antibiotic resistant to planktonic forms. (Monzon et al., 2002;
Hall-Stoodley et al., 2004; Davies, 2003).

Medicinal and aromatic plants which have various pharmacological
properties are important resources in the traditional folk medicine
(Ghorbanpour et al., 2017; Ganaie, 2021; Fierascu et al., 2021; Ben
Bakrim et al., 2022). Turkey has one of the largest floras in Europe
and Cistus genus, which is one of the Mediterranean region's
characteristic genera, is traditionally used in folk medicine (Catoni et
al., 2012; Comandini et al.,, 2006; Cetin and Yanikoglu, 2006;
Attaguile et al., 2000; Ustun and Baykal, 2016). Researchers showed
that Cistus species are rich in bioactive compounds such as
flavonoids, polyphenols, and terpenoids (Stepien et al., 2018;
Barrajon-Catalan et al., 2011; Kipeli and Yesilada, 2007; Zalegh et
al., 2021). These compounds are effective in using Cistus species as
anti-inflammatory (Demetzos et al., 2001), antibacterial (Benali et
al., 2020; Guveng et al., 2005), antifungal (Barros et al., 2013),
antiviral (Ehrhardt et al., 2007), analgesic (Sayah et al., 2017), and
antitumoral (Dimas et al., 2000). Five Cistus species belonging to the
Cistaceae family grow naturally in Turkey: C. creticus L., C. laurifolius
L., C. monspeliensis L., C. parviflorus Lam., and C. salviifolius L.
(Davis, 1988).

This study aimed to determine the antibiofilm activities of aqueous
(dH,0) leaf extracts of C. laurifolius, C. creticus and C. salviifolius,
used as herbal remedies in Turkish folk medicine, against some
pathogenic test microorganisms. The present study is the first
report on antibiofilm effects of C. laurifolius, C. creticus and C.
salviifolius against pathogenic test microorganisms.

2. Materials and methods
2.1. Extraction of plant materials

C. laurifolius, was collected from Akdag-Sandikli/Afyonkarahisar
region (Turkey) and C. creticus, C. salviifolius were collected from
Agva-Sile/istanbul region (Turkey) in June-July 2021. These species
were identified by Prof. Dr. Mustafa Kargioglu in Afyon Kocatepe
University, Faculty of Science and Letters, Department of Molecular
Biology and Genetics, using "Flora of Turkey and the East Aegean
Islands" (Davis, 1988). The herbarium name and registration
numbers of the plants are AKU-10384 for C. creticus, AKU-10385 for
C. salviifolius and AKU-10400 for C. laurifolius.

The fresh leaves of C. laurifolius, C. creticus and C. salviifolius were
dried in a dryer at 45 °C, then fine powdered in a mill. The modified
ultrasonic extraction method was used to prepare dH,0 extracts of
C. laurifolius (Cl-dH,0), C. creticus (Cc-dH,0), C. salviifolius (Cs-
dH,0). Thirty (30) grams of powdered sample of each extract was
prepared with 400 ml each of dH,O ultrasonicated 1h, at room
temperature (Latiff et al., 2021). The available aqueous extract was
filtered and the extract was evaporated until dryness in a rotary
evaporator (Heidolph) at 40 °C and followed by freeze-drying.

2.2. Pathogen test microorganisms

Listeria monocytogenes ATCC 19115, Staphylococcus aureus ATCC
25923, Klebsiella pneumoniae NRRLB 4420, Enterococcus faecalis
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ATCC 51289, Escherichia coli ATCC 35218, Bacillus subtilis NRS 744,
Staphylococcus aureus ATCC 6538, E. coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, S. aureus ATCC 12600, P.
aeruginosa ATCC 11778 and Candida albicans ATCC 10231 were
used as the test microorganisms. The test microorganisms obtained
from the bacterial culture collection of Faculty of Pharmacy,
Afyonkarahisar Health Sciences University (Afyonkarahisar, Turkey)
were used in this study.

2.3. Determination of the biofilm formation of pathogen test
microorganisms

Biofilm production of pathogen test microorganisms were evaluated
by both congo red agar and microtiter plate methods. All
experiments were repeated three times. For congo red agar
method, pathogen test microorganisms inoculated to congo red
agar medium (brain heart infusion broth 37 g/, sucrose 50 g/I,
congo red 0.8 g/l, and agar 10 g/l) at 37 °C for 24 h, then they were
incubated at 25 °C for 48 h (Freeman et al.,, 1989; Saxena et al,,
2014). After incubation periods, the colonies which are black, red,
dry, rough, and transparent were evaluated as biofilm positive. Also,
the colonies that pinkish red, flat, and central dark colonies were
evaluated as biofilm negative (Jain and Agarwal, 2009; Szczuka and
Kaznowski, 2014). Then 50 ul of broth culture distributed to a 96-
well microtiter plate and re-incubated at 37 °C for 24 hours for
microtiter plate method. After incubation period, medium was
removed, the wells were washed 3 times by distilled water and 150
ul of crystal violet solution (0.5%, v/v) was transferred into the wells,
incubated at 37 °C for 45 min. Then the wells were washed again
and 150 pl of ethanol:acetic acid (95:5) was distributed to each well
incubated in ambient temperature for 10 min to dissolve the dye.
100 ul of aliquots from each well were transferred to a new
microtiter plate and the optical density (OD) of each well was
measured at 570 nm using a microplate spectrophotometer
(Thermo Scientific Multiskan Sky). The medium was used as a
negative control and P. aeruginosa ATCC 11778 that is known to
generate biofilm was used as the positive control (Kenar et al.,
2020). According to the critical OD value (ODc) the biofilm
production was scored as: non-biofilm producers [(-), OD < ODc],
weak biofilm producers [(+), ODc < OD < 2 x ODc], moderate biofilm
producers [(++), 2 x ODc < OD < 4 x ODc], or strong biofilm
producers [(+++), OD >4 x ODc] (Gomes et al., 2019).

2.4. Detection of the EPS production of pathogen test microorganisms

EPS production of pathogen test microorganisms was determined by
Marshall and Rawson (1999) method. Broth cultures of pathogen
test microorganisms were prepared in NB (Nutrient Broth) and
adjusted to 0.5 McFarland turbidity (approximately 1 to 4 x 108
cfu/ml) were transferred into a fresh 5 ml NB medium and re-
incubated for 20 hours at 37 °C. Then, volume of 1 ml from each
culture was transferred into eppendorf tubes and incubated in a
water bath at 100 °C for 10-15 minutes. After incubation period,
85% trichloroacetic acid (TCA, 0.17%) were added to the samples
and were centrifuged at 14.000 rpm for 20 min. The supernatants
were transferred to new eppendorf tubes and the same amount of
ethanol was added to each eppendorf tube. Then the eppendorf
tubes were centrifuged at 14.000 rpm for 20 min. EPS productions
of pathogen test microorganisms were determined by phenol
sulfuric acid method. Obtained pellets by centrifugation were
dissolved in 100 pl of sterile distilled water and 50 pl of pure phenol
was added. Then 500 pl of sulfuric acid was added and vortexed.
After incubation for 20 min. at 37 °C, 50 pl of each sample were
taken and their absorbance values were determined at 490 nm by a
microplate spectrophotometer (Thermo Scientific Multiskan Sky). All
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experiments were repeated three times. The results were evaluated
according to the glucose standard curve.

2.5. Inhibition of biofilm formation

The biofilm inhibition effects of Cl-dH,0, Cc-dH,0, Cs-dH,0 extracts
were determined by a 3-[4,5-dimethyl-2-thiazolyl]-2, 5-diphenyl-2H-
tetrazolium-bromide (MTT) colorimetric method of Kairo et al.
(1999) with modification of Walencka et al. (2005) and Teanpaisan
et al. (2014). Briefly, 100 ul of two-fold serial-diluted extract
concentrations (50 to 6.25 pg/ml) were added in 96-well microtiter
plates. The fluconazole (10 mg/ml) for C. albicans ATCC 10231 and
penicillin G (30 mg/ml) for the remaining microorganisms were used
as the positive controls, whereas the native medium was used as
the negative control. An equal volume of each pathogen test
microorganism (1 x 10° cfu/ml) was added and mixed, except in the
well with medium alone, and incubated at 37 °C for 24 h. Then
supernatants were discarded and washed three times with 150 ul of
PBS, and 50 pl of MTT (0.3%) were added and incubated for 2 h at
37 °C. The MTT solution was removed from the wells and 150 pl of
DMSO, 25 ul of 0.1 M glycine buffer (pH 10.2) were added to the
wells to dissolve the formazan crystals and incubated for 15 min at
ambient conditions. The optical density was measured with
microplate spectrophotometer (Thermo Scientific Multiskan Sky) at
the 570 nm wavelength. The minimal biofilm inhibitory
concentration 50% (MBICsp) and minimum biofilm inhibitor
concentration 90% (MBICqo) were calculated. All experiments were
repeated three times.

The percentage (%) inhibition was calculated using the equation:
[1 - (As70 of the test/Aszo of untreated control)] x 100
2.6. Eradication of biofilm formation

The eradication power of biofilm formation of Cl-dH,0, Cc-dH,0, Cs-
dH,0 extracts were evaluated using minimum biofilm eradication
concentration (MBEC) assay (Teanpaisan et al.,2014). 200 ul (108
cfu/ml) of each pathogen test microorganism was inoculated into
the 96-well microtiter plate and incubated for 24 h at 37 °C. After
the incubation period, the medium was removed and the wells were
carefully washed three times with PBS in order to remove non-
adherent cells. 200 pl of Cl-dH,0, Cc-dH,0, Cs-dH,0 extracts (serial
two-fold dilutions from 50 to 6.25 pg/ml) were then added to the
wells and incubated for 24 h at 37 °C. Then the adherent bacteria
were washed three times PBS and the numbers of surviving
microorganisms were determined by an MTT assay. The MBEC value
was defined as the concentrations that showed 50% and 90%
inhibition of biofilm formation on the medium. The fluconazole (10
mg/ml) for C. albicans ATCC 10231 and penicillin G (30 mg/ml) for
other bacteria were used as positive controls and the native
medium was used as a negative control. All experiments were
repeated three times.

The percentage eradication was calculated using the equation of:

[1 - (Asz of the test/Asz of nontreated control)] x 100
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3. Results and discussion

3.1. Determination of the biofilm formation of pathogen test
microorganisms

In the present study, biofilm generating abilities of some pathogen
test microorganisms were demonstrated. According to the congo
red agar method, all pathogen test microorganisms in appearances
of red, reddish, dry, rough, and transparent colonies were evaluated
as biofilm producers. The biofilm forming abilities of pathogen test
microorganisms were also evaluated using the microtiter plate
method and the results were shown in Table 1. S. aureus ATCC
25923, P. aeruginosa ATCC 11778, P. aeruginosa ATCC 11778, S.
aureus ATCC 6538, P. aeruginosa ATCC 27853, and S. aureus ATCC
12600 were evaluated as strong biofilm producers. L.
monocytogenes ATCC 19115, K. pneumoniae NRRLB 4420, E. coli
ATCC 35218, and C. albicans ATCC 10231 were evaluated as
moderate biofilm producers. On the other hand, E. faecalis ATCC
51289, B. subtilis NRS 744, and E. coli ATCC 25922 were evaluated as
weak biofilm producers.

Table 1. Biofilm formation of pathogen test microorganisms

Pathogen test microorganisms Mean OD + SD Biofilm formation
L. monocytogenes ATCC 19115 0.74+0.10 ++
S. aureus ATCC 25923 1.35+0.15 +++
K. pneumoniae NRRLB 4420 1.03+0.25 ++
P. aeruginosa ATCC 11778 1.32+0.18 +++
E. faecalis ATCC 51289 0.34+0.09 +

E. coli ATCC 35218 0.96 +0.16 ++
B. subtilis NRS 744 0.36+0.03 +

S. aureus ATCC 6538 1.41+0.09 +++
E. coli ATCC 25922 0.41+0.01 +

P. aeruginosa ATCC 27853 1.25+0.11 +++
S. aureus ATCC 12600 1.39+0.17 e+
C. albicans ATCC 10231 0.87+0.04 ++

OD: optical density, SD: Standard deviation, +: Weak biofilm producer, ++: Moderate
biofilm producer, +++: Strong biofilm producer

Table 2. EPS production by pathogen test microorganisms

Pathogen test microorganisms EPS (mg/l) £ SD
L. monocytogenes ATCC 19115 6.23+0.45
S. aureus ATCC 25923 6.98+0.23
K. pneumoniae NRRLB 4420 2.27+0.35
P. aeruginosa ATCC 11778 9.15+0.87
E. faecalis ATCC 51289 5.45+0.56
E. coli ATCC 35218 2.20+0.25
B. subtilis NRS 744 1.77+0.78
S. aureus ATCC 6538 7.68+1.12
E. coli ATCC 25922 3.69+£0.56
P. aeruginosa ATCC 27853 9.78 £ 0.67
S. aureus ATCC 12600 7.75+0.89
C. albicans ATCC 10231 4.35+0.47
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The biofilm formation ability of microorganisms both complicates
the treatment of infections and causes serious economic costs in
the health and food sectors (Van Houdt and Michiels, 2010; Sabir et
al., 2017). Researchers have shown that many microorganisms show
biofilm forming ability (Soares et al., 2016; Jamal et al., 2019). In
support of our results, Croes et al. (2009) investigated the in vitro
biofilm formation of clinical S. aureus isolates of distinct clonal
lineages. This study revealed that S. aureus isolates had strong
biofilm  production ability under specific conditions. The
antimicrobial properties and biofilm production of P. aeruginosa and
Staphylococcus spp. strains were also demonstrated by Heidari et al.
(2018).
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3.2. Detection of the EPS production of pathogen test microorganisms

A glucose standard curve was prepared by using a glucose solution
of 10-100 mg/ml to calculate the EPS amounts generated by
pathogen test microorganism (Figure 1). EPS production by
pathogen test microorganisms are shown in Table 2. The highest
EPS production was found in P. aeruginosa ATCC 27853 (9.78 + 0.67
mg/l) and followed by P. aeruginosa ATCC 11778 (9.15 + 0.87 mg/I).
The lowest EPS production was determined in B. subtilis NRS 744
(1.77 £ 0.78). Wu et al. (2020), evaluated the biofilm formation by
some pathogen microorganisms and reported that some of these
pathogens, with biofilm forming ability, showed resistance against
various antibiotics used. Researchers revealed that the produced
EPS were responsible for the cohesion of microorganisms, adhesion
of biofilms to surfaces and also acted as adhesives between cells
(Costa et al., 2018).

International Journal of Plant Based Pharmaceuticals, 2(2), 252-260
3.3. Inhibition and eradication of biofilm formation

The concentrations of Cl-dH,0, Cs-dH,O and Cc-dH,O extracts
required to inhibit > 50% biofilm formation of pathogen test
microorganisms are shown in Figures 2, 3 and 4. MBICsp values of Cl-
dH,0 and Cs-dH,0 extracts on S. aureus ATCC 6538 were found as
6.25 and 50 pg/ml, respectively. Also, 50 pg/ml of Cc-dH,0 extract
was required to inhibit > 90% of biofilm growth (MBICg = 50 pg/ml).
MBICso values of E. coli ATCC 25922 were found as 12.5 pg/ml for
both Cl-dH,0 and Cs-dH,0, and 25 pg/ml for Cc-dH,0 extracts. The
volume of Cl-dH,0 and Cc-dH,0 extracts required to inhibit > 50% of
S. aureus ATCC 12600 biofilm formation (MBICsg) was found as 50
ug/ml. On the other hand, MBICsp of the Cl-dH,O extract on C.
albicans ATCC 10231 was determined as 50 ug/ml. Biofilm inhibition
of pathogen test microorganisms by positive controls are shown in
Figure 5.
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Figure 1. Glucose standart curve
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Figure 9. Biofilm eradication of pathogen test microorganisms by positive controls

The eradication of the biofilm formation of pathogen test
microorganisms by Cl-dH,0, Cc-dH,0 and Cs-dH,O0 at various
concentrations is demonstrated in Figures 6, 7 and 8. The
concentrations of Cs-dH,0 and Cc-dH,0 extracts to eradicate > 50%
biofilm formation (MBECso) of S. aureus ATCC 25923 were found as
12.5 and 50 pg/ml, respectively. MBECso values of Cs-dH,0 and Cc-
dH,0 extracts on K. pneumoniae NRRLB 4420 strain were
determined as 50 pg/ml. MBECsq values of Cs-dH,0 and Cc-dH,0
extracts on P. aeruginosa ATCC 11778 were found as 25 pg/ml and
50 pg/ml, respectively. The amounts of Cl-dH,0, Cc-dH,0 and Cs-
dH,0 extracts required to inhibit preformed biofilm formation by >
50% (MBECso) in E. faecalis ATCC 51289 strain were determined as
25.0, 12.5 and 6.25 pg/ml, respectively. MBECso values of Cc-dH,0
and Cs-dH,0 on B. subtilis NRS 744 were found as 50 pg/ml and 12.5
ug/ml, respectively. MBECso of Cl-dH,0 and Cs-dH,O on S. aureus
ATCC 6538 were both determined as 6.25 pg/ml, whereas it was
found 50 pg/ml for the Cc-dH,0 extract. MBECso values of Cs-dH,0
and Cc-dH,0 extracts on E. coli ATCC 25922 were both found as 6.25
ug/ml. MBECsp values of Cl-dH,0 and Cc-dH,O on P. aeruginosa
ATCC 27853 were both determined as 50 pg/ml, whereas it was
calculated as 25 pg/ml for Cs-dH,O extract. Moreover, MBECso
values of all Cl-dH,0, Cc-dH,0 and Cs-dH,0 extracts on S. aureus
ATCC 12600 were determined as 6.25 pg/ml. Also, 50 ug/ml of Cc-
dH,0 extract was sufficient to inhibit > 90% of the preformed
biofilm formation (MBECq) of S. aureus ATCC 12600. Finally, the
MBECso of Cs-dH,0 extract on C. albicans ATCC 10231 strain was
found as 50 pg/ml. Biofilm eradication levels of pathogen test
microorganisms by positive controls are shown in Figure 9.

In this study, the antibiofilm effects of Cl-dH,0, Cc-dH,O and Cs-
dH,0 leaf extracts were evaluated against some pathogenic test
microorganisms. The results of the present study clearly
demonstrated that the percentages of biofilm inhibition and biofilm
eradication of pathogen test microorganisms increased depending
on the increasing concentrations of Cl-dH,0, Cc-dH,0 and Cs-dH,0
leaf extracts. The highest concentration of Cl-dH,0, Cc-dH,0 and Cs-
dH,0 extracts were effective as MBICsop and MBECso of positive
controls applied to pathogen test microorganisms. Although
numerous studies have been conducted to evaluate biological
effects of Cistus sp., there is limited research on antibiofilm activity
of Cistus sp. against pathogen microorganisms (Zalegh et al., 2021).
Hannig et al. (2008) revealed that Cistus-tea may be used to reduce
the initial bacterial adhesion. Lekbach et al. (2018) showed that C.
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ladanifer extract inhibited the growth of P. aeruginosa planktonic
cells and the biofilm formation. In another study, Alvarez-Martinez
et al. (2021) revealed that C. salviifolius extract exhibited higher
antimicrobial activity against S. aureus isolates. Previous studies
have demonstrated a relationship between polyphenols of plant
extracts and their antimicrobial activities (Zalegh et al., 2021). In a
previous study, it was suggested that the antibiofilm activities of Cl-
dH,0, Cc-dH,0 and Cs-dH,0 leaf extracts against pathogen test
microorganisms could be associated with bioactive substances
present in these extracts.

4, Conclusions

The results of this study revealed that the plant species that
examined in this study showed varying degrees of antibiofilm
activities against L. monocytogenes ATCC 19115, S. aureus ATCC
25923, K. pneumoniae NRRLB 4420, E. faecalis ATCC 51289, E. coli
ATCC 35218, B. subtilis NRS 744, S. aureus ATCC 6538, E. coli ATCC
25922, P. aeruginosa ATCC 27853, S. aureus ATCC 12600, P.
geruginosa ATCC 11778, and C. albicans ATCC 10231. The
percentage of biofilm eradication values of these extracts were
more effective than the biofilm inhibition values against the
pathogen test microorganisms. Among the examined extracts, Cs-
dH,O showed greater antibiofilm effect against tested pathogen
microorganisms. Therefore, Cs-dH,O leaf extracts could be a
potential candidate for drug discovery, particularly in the treatment
of immune deficient patients. Also, these plant extracts may be
potential candidates for further investigation to isolate antimicrobial
compounds and to determine the mechanism of activity.
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ABSTRACT

Aquilaria malaccensis is a tropical tree that produces expensive resinous heartwood agarwood through the
natural process induced by natural or artificial injury or microbial infection. Fungi are commonly noticed as
the main microbial component responsible for agarwood formation. The current review investigated the
agarwood quality and fungi diversity in artificial and natural agarwood from A. malecensis trees from the
rainforest for various pharmaceutical applications. Apart from being an aromatherapy material, in medicinal
prospect, agarwood can be used as a carminative, stimulant for heart palpitation, tonic during pregnancy,
remedy during the post-natal recovery period, and cure for the disease of the female genital part. The
whitebark of agarwood is believed to heal jaundice and body pain. Moreover, agarwood helps to relieve
body pain, warm the abdomen, relieve asthma, treat coughs, and acroparalysis acts as antihistamine,
analgesic and anti-inflammatory. In Chinese traditional medicine, it is helpful as a sedative to relieve gastric
problems, relieve rheumatism and high fever. Agarwood properties were able to fight cancer cells but very
little is known about this process. The present review also illustrated the variety of kinds of pharmaceutical
applications in the treatment of various diseases. Current review findings proved that artificial agarwood
may produce quality equal to natural agarwood and may not be affected by fungi interacting with the tree,
which can be used as a superior pharmaceutical application.

© 2022 1JPBP. Published by Dr. Bektas TEPE.

1. Introduction

Aquilaria species and has become the primary agarwood producer
in Malaysia. Agarwood contains a unique property by emitting a

Malaysia's rainforest is one of the countries rich in its biodiversity
and hosts over 500.000 plant species that have been exploited since
ancient times for their high economic value (Elias et al., 2017).
Aquilaria species or Karas trees come from the Thymelaeaceae
family and are well distributed throughout peninsular Malaysia. This
plant species is widely known for its gaharu; a scented wood or
agarwood/sandalwood. Agarwood, the fragrant resin-infused wood
derived from the wounded trees of Aquilaria species, is categorized
as a non-timber product and is highly valued in West Asia and the
Middle East (Zhang et al., 2010; Ramli et al., 2022). Aquilaria
malaccensis is the most popular source of agarwood among the
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E-mail address: aizinor@ump.edu.my (A.N.M. Namli)
e-ISSN: 2791-7509
doi: https://doi.org/10.29228/ijpbp.8
© 2022 1JPBP. Published by Dr. Bektas TEPE.

wonderful fragrant when this dark resinous wood is burnt. As a
result, agarwood is widely utilized as an essential component in
perfumes and incenses production. In addition, it has also been used
in traditional medicines for centuries. It recently has been
incorporated into pharmaceutical products to treat many illnesses,
including coughs, acroparalysis, and asthma, and has been used as
an antihistamine (Mohamed et al., 2014).

Agarwood's high demand and selling price have seriously affected
the natural sources of A. malaccensis resulting from inappropriate
harvesting. Currently, A. malaccensis is listed as an endangered
species in the Convention on International Trade in Endangered
Species of Wild Fauna and Flora. Growing agarwood using an
optimum and sustainable method would permit the increasing
world market demand for medicines, perfumes, art-crafts, and
others to be met. Nowadays, Aquilaria trees are being cultivated on
a large scale, and many investigations have been performed into

Please cite this article as: Ramli, A.N.M., Yusof, S., Bhuyar, P, Aminan, A.W., Tajuddin, S.N., 2022. Fungi mediated agarwood (A. malaccensis) production and their pharmaceutical
applications: A systematic review. International Journal of Plant Based Pharmaceuticals, 2(2), 261-270, https.//doi.org/10.29228/ijpbp.8.
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formulating the best artificial inoculation methods for agarwood
induction in plantation trees (Bhuiyan et al., 2009; Mohamed et al.,
2014). Both forms of reforestation of A. malaccensis and artificial
agarwood-inducing methods will guarantee a continuous supply of
agarwood and can conserve the wild A. malaccensis species.

In natural rainforests, agarwood formation in A. malaccensis
happens randomly and usually at a low level. The analysis predicted
that the trees which develop agarwood due to natural infections
only range from 7-10% (Ng et al., 1997). Generally, fungi are
considered the significant microbial component responsible for
agarwood formation. From the observation, healthy trees never
produce fragrant resin. Agarwood formation is mainly attributed to
trees' biotic and abiotic stress exposure (which can be physically or
chemically), which activates their defense mechanism (Novriyanti et
al., 2010). Fungi identification in natural agarwood has been
investigated previously, and several species were discovered to be
either endophyte or pathogenic. It is known that wounding and
microbial infection effectively produce resin in agarwood. However,
none of the fungi found was proven to induce artificial agarwood to
produce quality similar to nature agarwood. Perhaps, a different
fungi community makes the difference. To solve the intersection of
fungi species works in nature, agarwood and artificial agarwood
would be a tremendous success to ensure continuous superior
agarwood supply.

Continuous demand and shortage supply of natural agarwood lead
to the production of artificial agarwood. However, the quality of
artificial agarwood is arguable as it is not even close to natural
agarwood quality. The mechanism of high-quality agarwood
formation remains a mystery despite fungal discovery from
agarwood samples. Fungal interaction proves a relationship in
inducing resin synthesis in agarwood trees. Various species of fungi
have been discovered from agarwood and even applied as
inoculants, but the agarwood is either low quality or inconsistent.
The difference between natural and artificial agarwood may be
caused by the different diversity of fungi in both agarwood trees.
Thus, comparing these two samples regarding agarwood quality and
fungi diversity is necessary to determine an effective fungi group as
agarwood inducers. Moreover, the comparison may prove if
artificial quality can be equal to nature agarwood based on fungal
infection. This review analyses agarwood quality samples from
natural and artificial agarwood followed by fungal identification
based on morphology observation and molecular approach for
future pharmaceutical applications.

2. Aquilaria species

Aquilaria  spp. and Gyrinops from the botanical family
Thymelaeaceae naturally produce distinct fragrance trees. Aquilaria
spp. is common in tropical climates, as in Asian countries and Papua
Guinea. However, not all Aquilaria spp. produce resinous wood
(Sumarna, 2005; Wiriadinata et al., 2010). Aquilaria spp. is
distributed from Southeast Asia to China, India, and Papua (New
Guinea). Each country has different species of Aquilaria. Aquilaria
spp. prefers to grow in the dipterocarp or mixed dipterocarp forest.
It is usually populated at up to 1000 m sea level and from 270 m to
500 m within the temperature of 22 °C to 22 °C (Chua, 2008).
However, it may adapt to the plantation of rocky, sandy, or
calcareous soil areas equipped with well-drained slopes and ridges
(Chakrabarti et al., 1994; Sumadiwangsa, 1997). Aquilaria species
such as A. malaccensis, A. cumingiana and A. microcarpa were
common in Malaysia and Indonesia. Meanwhile, A. crassna is found
in Malaysia, Thailand, Cambodia, and Vietnam. A. hirta, can be
found in the forests of Malaysia, Indonesia and Thailand. A.
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achalloga and A. khasiana can only be found in India. A. acuminata
is known in Indonesia, Philippines, and Papua (New Guinea). A.
baillonil is native to Thailand and Cambodia. Phillipine and Papua
(New Guinea) both own A. filaria species. Some Aquilaria species are
endemic in certain countries, such as A. brachyantha and A. rostrata
which are endemic to Malaysia, while A. sinensis can only be found
in the China region, A. beccariana is grown in Indonesia, A. apiculina
in Phillipine and A. baneonsis in Vietnam (Akter et al., 2013).

2.1. Aquilaria malaccensis

A. malaccensis is a tree of about 20-40 m in height and diameter at
breast height (dbh) of 60 cm (Duriyaprapan et al.,, 2003). A.
malaccensis is a non-timber that appears white, light in weight and
soft in density. Leaves of A. malaccensis are alternate and elliptic,
about 3-5 cm wide and 6-10 cm long, with 12-16 pairs of veins.
Aquilaria tree would grow for about a hundred years if undisturbed
in the forest and start to produce small, white flowers as early as
four years old, depending on the species (Akter et al., 2013), but
only able to produce seeds between seven to nine years old (Chua,
2008). Its inflorescence is described as a terminal or axillary umbel,
containing flowers 5 mm long, vyellowish green or white
(Duriyaprapan et al., 2003). The juvenile fruit is a green egg-shaped
capsule 4 cm long and 2.5 cm wide, with a pubescent leathery
exocarp. The mature fruits are blackish brown and can be collected
directly from the tree, each containing two seeds (Duriyaprapan et
al., 2003). The juvenile fruit of the Aquilaria tree appears in an oval
shape of 4 cm in length and 2.5 cm in width with a hairy surface.
Each fruit contains two seeds (Duriyaprapan et al., 2003). In the
forest, the seeds will casted around the mother tree. Seed viability is
within one week after seeding mature. Seed germination takes 16 to
63 days, depending on the sowing time after seed maturity.
Germination is at the highest rate if the seed is sown immediately
(Ng et al,, 1997). This may be due to changes in enzymes and
hormone accumulation in the seed that control the germination
process. Although its fruit is recalcitrant without human
interference, seedlings found in the forest hardly grow on
commercial plantations after being transplanted. Mature trees can
grow up to 40 m in height and reach 2.5 cm dbh with a growth rate
of approximately O to 1.95 cm per year (Sumadiwangsa, 1997).

2.2. Agarwood production in A. malaccensis

Agarwood production from A. malaccensis has been recorded
through the discovery of aromatic compounds or terpene family
compounds. Wu et al. (2012) found four new sesquiterpenoids and
new 2-(2-phenylethyl)-4H-chromone-4-one [-2-(2-phenylethyl)-4H-
1-benzopyran-4-one] derivative from agarwood sample of A.
malaccensis. While mature A. malaccensis can produce agarwood,
the young tree has been proven to synthesize agarwood compounds
such as benzylacetone, anisylacetone, guaiene, and palustrol when
infected with fungus (Mohamed et al., 2014). In addition, matured
agarwood from wild habitat may produce agarospirol,
alloalromadendrene a-elemol, vy-eudesmol, and guaiol when
analyzed with gas chromatography-mass spectrometry (GC-MS)
(Tsan and Mohamed, 2014). Many previous studies showed that A.
malaccensis could produce aromatic agarwood when burned or
analyzed with a spectrometry instrument (Chen et al., 2011;
Jayachandran et al., 2014; Mei et al., 2013).

3. Agarwood

Agarwood refers to aromatic oleoresin resulting from pathological
activity in the natural wood of Thymeleacea and Gyrinops. When
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heated, this oleoresin has unique fragrance properties, making it in
demand in the perfumery industry (Ismail et al., 2016; Jayachandran
et al., 2014). Resinous agarwood emits a unique soft fragrance when
burnt, but its scent is easily detected in super quality agarwood.
Distributed in different countries, agarwood is called with a different
language and usages relevant to local culture. In Malaysia and
Indonesia, agarwood is known as 'gaharu' or 'karas' (Chua, 2008).
For the Arabic community who consumes agarwood as raw material
in perfumery, they name gaharu as 'oud' (Jung, 2013). In China,
agarwood is familiar as 'chen xiang', while in Hindi as 'agar' (Akter et
al., 2013). In Vietnam, native people named agarwood 'tram hudng'
(Nguyen, 2014). In Japan, agarwood is known as jinko (Jung, 2013).
While vernacular name sound confusing sometimes, their
commercial name is widely known as agarwood, aloeswood and
eaglewood (Chua, 2008). Quality of agarwood is related to plant
species, human engagement, microorganism interaction and some
other abiotic factors.

3.1. Agarwood formation

A healthy tree of Aquilaria spp. will never generate resin compound.
It has to be exposed to certain stimulants to stimulate plant defense
mechanisms to act, hence, allowing the production of volatile
compounds and aromatic secretion of resin. As demonstrated by
Rahayu (2010), healthy wood transforms into agarwood after
artificial induction. It is also found that sugar content in agarwood
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inoculant will help agarwood tree defense mechanism by restraining
clump formation symptoms. A. sinensis converts substances found
in the healthy tree into agarwood compound at eight months of
incubation. Some available chemical substances in a healthy tree,
such as dibutyl phthalate and phenol,2,2-methylenebis[6-11-
dimethylethyl)-4-methyl] are decreased after fungi invasion (Cui et
al., 2013). This discovery is supported by researchers (Chen et al,,
2011) when different chemical compounds were identified in
healthy trees, chemical-inoculated trees and natural agarwood.
Substance conversion is initiated by signal molecules produced by
fungi during infection. Thus, it stimulates gene expression linked to
the synthesis of secondary metabolites and eventually their
accumulation. However, compound concentration varies based on
cellulose and lignin from the stem part (Novriyanti and Santosa,
2011). The first process of olio-resin production is taken in cells of
the included phloem, rays, parenchyma para-trachea, and trachea.
It is the tree's response to injury if its first line of defense, the
formation of phloem callus tissue, is inhibited from forming over the
wound (Gunn et al., 2004; Mulyaningsih, 2002). As shown in Figure
1, the agarwood compound will be produced after interaction with
fungi (Fusarium sp.) and insects. Compounds found in agarwood
were synthesized through lipogenase (LOX) and mevalonate
pathway (MVA). The concerned pathway is the MVA pathway that
converts acetyl Co-A to terpenoid, significantly essential to
contributing to agarwood's unique fragrance.
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Figure 1. Interaction of fungi (Fusarium sp.) and insect with agarwood healthy wood lead to the production of biochemicals associated with
agarwood (Pinney, 2011)

3.2. Plant defense mechanism

The plant defense mechanism will induce a secondary plant
metabolite known as sesquiterpene. Sesquiterpene is one of the
volatile plant compounds that can be antibacterial, antifungal or
repellent to herbivores (Huang et al., 2012; Taniguchi et al., 2014).
Sesquiterpenes are a terpene class consisting of three isoprene units
and have the molecular formula CisHys. Sesquiterpenes may be
acyclic or contain rings, including many unique combinations.
Biochemical modifications such as oxidation or rearrangement
produce the related sesquiterpenoids. Sesquiterpenes are found
naturally in plants and insects (Zviely and Li, 2013). The formation of
sesquiterpenes as a result of plant interruption was proven in the
plant family solanacea (Santoso et al., 2011).
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However, compound formation and accumulation of agarwood have
critically relied on types of stimulants. Yet, specific responses
mechanism before agarwood formation remain a mystery, where
only seven percent of total agarwood from nature will be infected
and produce agarwood (Akter et al., 2013). The healthy tree may
respond differently to microbial infection that is eventually
associated with agarwood formation through the level of disease
and synthesizing chemical compounds (Santoso et al., 2011).
Decomposed part of the trunk contributes to the scented properties
of agarwood (Novriyanti and Santosa, 2011). When healthy trees are
affected by fungi invasion and injury, plant cells begin to strengthen
physical protection by cell thickening and lignification (Cui et al,,
2013). As infection occurs at the injured part, tylosis may occur to
cut off nutritional supply from being used by the pathogen (Akter et
al., 2013). Tylosis is an abnormal growth of parenchyma cells in
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xylem vessels occurring in secondary heartwood when the tree is
stressed or distraught. Apart from that, plant self-injury or self-
death system is necessary to block fungal spread by stopping food
supply and further infection areas with lignification (Bednarek,
2012; Cui et al.,, 2013). The plant defense system is part of
surrounding management security (Bednarek, 2012). The alarm
system will be triggered when the microbe-associated molecular
patterns (MAMPs) receptor identifies a threat. Secondary
metabolites are usually produced with antimicrobial and toxicity
properties to stop the infection from spreading to other healthy
plant cells. For instance, benzoxazinone glucosides (BXs) may be
indicated by the disorganization of plant cell structure (Frey et al,,
2009). Therefore, interruption in plant security may trigger the plant
defense system to initiate the formation of secondary metabolites
to rescue healthy cells. In agarwood, the secondary metabolite
accumulation appears physically in the form of aromatic resin
substance.

3.3. Fungi association in agarwood formation

In nature, agarwood formation comes from responses to fungal
infection and physical wounding (Barden et al., 2000). Previous
studies reported that more than one fungus species interact with
Aquilaria sp. during agarwood formation and that one tree may
have at least three fungi association (Mohamed et al., 2014;
Nurbaya and Baharuddin, 2014; Rahayu, 2010; Santoso et al., 2011).
For example, Santoso et al. (2011) thriven to isolate F. sambunicum,
F. tricinctum, and F. solani, the most dominant species in agarwood
samples from several locations in Indonesia. Involvement of
Fusarium spp. is strongly proven by the growth of nine isolates on
Potato Dextrose Agar (PDA) and Banana Leaf Agar (BLA) consisting
of F. solani, F. oxysporum, F. lateritium, F. comfactum, and Fusarium
spp. based on fungal morphology (Nurbaya and Baharuddin, 2014).

F. solani is a common pathogenic fungus and decomposer in
Malaysia that exists in roots, stems, trees, and soil (Chehri et al,,
2015; Shahnazi et al., 2012), and it also can be found in all agarwood
samples. Characterization of Fusarium sp. was referred to Leslie and
Summerell (2006), Hafizi et al. (2013), and Chehri et al. (2015).
Generally, microconidia were mostly oval shape and non-septate,
with occasional septate and elongated forms. Meanwhile,
macroconidia will be produced at the inoculation point known as
sporodochia. Macroconidia characteristics could be summarized as
usually straight, some were slightly curved, 4-5 septa with mostly 5
septa, blunt, apical cell shape, and a barely notched basal cell.

Besides Fusarium species, new findings indicate that Xylaria spp.
and Lasiodiplodia spp. could be involved in agarwood formation (Cui
et al., 2013; Mohamed et al., 2010). Mucor sp. from the white wood
sample, known as T3, turned out to be Cunninghamella bainieiri
after a DNA sequence analysis based on the NCBI database. In
contrast, unknown species from T8 and T9 resinous wood samples
have been identified as Lasiodiplodia theobromae (Mohamed et al.,
2010). Identification of L. theobromae was based on colony and
conidia, which takes about four weeks to produce (Norhayati et
al.,2016). L. theobromae found in Peninsular Malaysia was
determined to be pathogenic against Jatropha curcas, Acacia
mangium, and A. crassicarpa species (Sulaiman et al., 2012; Tarigan
etal., 2011).

Other fungi found in the same research were Curvularia sp. and
Trichoderma sp. All fungi identification was done based on a
molecular approach without fungi plate culture. However, different
fungi species were also discovered using molecular, and fungi
culture approaches. Agar-plating technique revealed Trichoderma
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sp., Alternaria sp., Fusarium sp., Curvularia sp., Cladosporium sp.,
and Phaeoacremonium sp. from matured agarwood of A. malacensis
in India (Premalatha and Kalra, 2013). These fungi were confirmed
physically and genetically. In addition, although fungi Preussia sp.
and Phaeoacremium africana could not be physically identified in
plate culture, they were discovered after molecular analysis.

The interaction between agarwood and fungi leaves was found
based on the biological activity changes in agarwood trees. Enzymes
like cellulose, pectinase, peroxidase, and polyphenol oxidase
showed higher activity in A. malaccensis infected with Chaetomiun
globosum and F. oxysporum (Tamuli et al, 2011). Meanwhile,
Aspergillus spp. isolates AR13 affect higher laccase, cellulase and
ligninolytic enzyme in agarwood tree while breaking down tree
carbohydrate in comparison with Penicilium sp., Fusarium sp.,
Chaetomium sp., and Lasiodiplodia sp. (Sangareswari et al., 2016).
Aspergillus genus isolated from A. sinensis has been recorded in
China (Cui et al., 2013) and in A. malaccensis in India (Premalatha
and Kalra, 2013). In Peninsular Malaysia, Aspergillus spp. was widely
found infecting food and soil and decomposed rubber tree and oil
palm trees (Lee, 2012). Little has been discussed if Aspergillus spp.
may exist as endophytes in agarwood trees. Aspergillus spp was
reported as an endophyte in the plant Taxus mairei, (Zhang et al.,
2008), soybean plant (Khan et al., 2011), and Melia azedarach (Li et
al.,, 2012). Known as common soil-born fungi, Aspergillus spp. may
interact with plants as a pathogen and endophyte.

The effect of fungi roles in contributing to the formation of the
unique aroma of agarwood has become clearer in recent research.
Accumulation of agarwood compounds infected with Fusarium
showed the most variation in chemical compound types (44
compounds) compared to uninjured control and injured control of
juvenile agarwood trees in Assam after three months-induction (Sen
et al., 2017). Among 44 compounds, 11 (eleven) compounds were
discovered in agarwood samples either as oil or chip wood which
were different from previous research.

3.4. Artificial agarwood formation in plantation

Previous research discovered a fungal association with natural
agarwood. Thus, the initiative to produce artificial agarwood started
with the selection of fungi. More than one single species was found
from the fungal screening of one agarwood sample (Cui et al., 2013;
Mohamed et al., 2010; Premalatha and Kalra, 2013). Hence, resin
accumulation in agarwood may be induced by the combination of
fungal species action. Despite the findings, incorrect fungi choice
and the combination will only bring perish to plant and agarwood
quality. Inappropriate fungal induction may disrupt plant cells and
degrade resin that has formed and left rotted (Putri et al., 2017).
Although some fungal inoculant may affect negatively, effective
fungal inoculant also shows physical changes to the part of the
agarwood tree other than the stem. According to Rahayu (2010), in
artificial inoculation using potential fungi species, chlorosis
symptoms appear on leaves on the first and second branches
closest to injected holes after a month of injection. When the
frequency of inoculants increases, the symptom will be diverse in
other parts of the plant. The second month after artificial
inoculation, injection holes start to darken and their intensity
increase.

The fungal effect varies depending on the duration of infection. It is
claimed that the longer the infection occurs, the intensity of colour
and disease area will increase, respectively. The area of infection will
turn brownish or darker colour. Darker colour with the larger area of
the infected area from the inoculated point was observed on six
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months of induced agarwood compared to three months of induced
agarwood (Mohamed et al., 2014). The dark colour on the wood
indicated agarwood formation where the resin was secreted during
interaction with fungal inoculation. The intensity of colour
suggested an abundance of various types of aromatic compounds.
As in A. sinensis, it takes at least eight months of fungal inoculation
before it can be transformed into an agarwood compound (Cui et
al.,, 2013). While resin accumulation intensifies, the fungal
community is decreasing slowly. Reviewing the agarwood formation
pattern after inoculating with F. solani, Cunninghamella bainieri, and
L. theobromae, the population of F. solani and C. bainieri declined
except for L. theobromae as quantified using gPCR (Mohamed et al.,
2014). The findings may be caused by the properties of resin in
agarwood and the plant's action to defense its healthy cells. Mature
agarwood has aromatic compounds such as anisylacetone,
benzaldehyde, benzylacetone and some sesquiterpene groups;
these compounds contribute to fragrance properties, and they also
proved to be anti-microbial (Chen et al., 2011; Hendra et al., 2016).

4, Fungi as agarwood inoculant

Artificial agarwood is produced by injecting agarwood inoculant into
the matured agarwood tree. Inoculant is believed to contain
agarwood inducer factors, including fungi. According to Mohamed
et al. (2010) and Rahayu (2010), inoculation using a combination of
Acremonium spp. and Fusarium spp. is more reliable to induce the
production of aromatic compound accumulation than single species.
Better wood discolouration, length, the width of the infected area,
and fragrance was determined with Acremonium spp. inoculation
followed by Fusarium spp. inoculation after one week.
Unfortunately, no agarwood chemical analysis was done to verify its
chemical compound content. Fusarium spp. is the most favorable
fungal candidate to be included in agarwood inoculant. However,
the region of origin may differentiate the potential of Fusarium spp.
as the best inducer. It was found that Fusarium spp. originating from
Tamiang Layang, Indonesia, has the highest confirmed composition
of agarwood. Meanwhile, Fusarium spp. from Maluku belongs to the
highest total concentration of aromatic compounds found in
artificial agarwood of A. microcarpa (Novriyanti and Santosa, 2011).
The discovery was revisited when three Fusarium spp. as F. solani, F.
sambunicum, and F. tricintum isolated from agarwood in Gorontolo
area, Indonesia, proved to be the most effective agarwood inducer
in A. malaccensis and A. microcarpa (Santoso et al., 2011). The fungi
can induce agarwood within two to six months after inoculation.
Inoculation of A. sinensis in China using various fungi such as
Pestalotiopsis sp., Xylaria sp., Fusarium sp., Trichoderma sp,
Colletotrichum  gloeosporioides, Xylaria sp., Chaetomium sp.,
Penicillium sp., and B. rhodina and B. rhodina combined with formic
acid induction produced high yield and high quality of agarwood
after seven to 12 months (Tian et al., 2013).

Recent agarwood inoculation research finds that fungal inoculant is
the best to induce sestquiterpene production. Inoculant composed
of fungi Phialophora sp. and Fusarium spp. successfully generated
42.2 % sesquiterpene content, the highest value compared to
control and chemically induced agarwood of A. crassna. The result
was derived from two years inoculation period. Apart from fungi,
some agarwood producer applies salt and chemical such as methyl
jasmonate and hydrogen peroxide to agarwood tree to induce
resinous wood (Kenmotsu et al., 2011; Zhang et al.,, 2014). Some
non-biological inducers may have induced agarwood, while others
tend to kill the tree.
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5. Agarwood quality

In the agarwood market, there are different prices of agarwood
based on its quality. The traditional measurement of agarwood
quality is reliable among agarwood traders since no standard
agarwood quality has been established until now. However,
agarwood price classification is not rigid and subjective according to
individual or culture. Meanwhile, current technology application is
more rigid and accurate where compound detection and amount
are specific, and the result is reproducible.

5.1. Agarwood chemical compounds

Fragrance in agarwood comes from volatile compounds in the
terpene group. Terpenoid metabolism may cause the metabolic
pathway past sesquiterpenoid production when harvested (Rahayu,
2010). Natural agarwood gets higher demand in the international
market because natural agarwood gives a softer, unique scent than
artificially inoculated agarwood. The chemical constituent is made
differently based on artificial induction, natural induction and
undisturbed healthy tree. Chen et al. (2011) found that a healthy
tree has the highest total volatile at 95.68%, followed by natural
agarwood at 92.16% and chemical induction at 90.01 %. However,
as defined by aromatic wood, chemical induction agarwood and
natural agarwood comprises sesquiterpenes and aromatics of
80.00% and 89.01% compared with a healthy tree with a significant
fatty acid and alkanes. Some terpene sub-groups such as
sesquiterpenes and aromatics found in chemical induction and
natural agarwood are benzylacetone, guaia-1(10),11-dien-9-one,
guaiol, hinesol, a-copaen-11-ol, baimuxinal, vanillin, a-humulene, a-
agarofuran, elemol, agarospirol, aromadendrene oxide, and
baimuxinal. Natural agarwood has the least composition of alkanes
and fatty acids, which indicates the superior quality of its agarwood.

5.2. Production of terpenes

Any stress of threat to plant biological activity may induce the
production of secondary metabolites, which allows the plant to
adapt and survive. For instance, a rubber tree will produce latex
when its stem is cut open, which means recovery. According to
Angelova et al. (2006), the substance is released as an act of
defense in the plant. Secretion of phytoalexin, latex, and terpenoid
is proof of plant self-healing, counterattack to pathogens and self-
protection against environmental pressure (Frost et al., 2008;
Maffei, 2010). Plant are able to release volatile compounds as a
mean to communicate to adjacent plants, to attract a predator to
get on plant biological threats or as an act of defense (Degenhardt,
2009).

Terpene is one example of a volatile compound and plant secondary
metabolite with more than 30.000 groups (Parveen et al., 2014). It is
biosynthesized through the mevalonate pathway and released by
abiotic factors, especially from temperature fluctuation by Citrus
(Wang et al., 2012). Terpene production happens in cytosol and
plastid, where cytosol operates the MVA pathway while plastid has
1-deoxy-d-xylulose 5-phosphate (DXP) pathway, as shown in Figure
2. Unlike abiotic factors, biotic factors such as microbes, fungi, and
herbivores get in physical contact with targeted plant organs and
can also stimulate terpene biosynthesis. As in A. malaccensis, any
injuries and pathogen contact will stimulate the production of resin
consisting of terpene. These have also been demonstrated by the
production of azadirachtin-A, a type of tetranortriterpenoid, during
infection of Agrobacterium rhizogenes with Azadiracta indica
(Satdive et al., 2007).
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Figure 2. Terpene production happens in cytosol and plastid where cytosol operates MVA pathway while plastid has 1-deoxy-d-xylulose 5-

phosphate (DXP) pathway.
MVA generally produces sesquiterpene from farnesyl diphosphate and gerayl diphosphate in DXP pathway.

6. Agarwood quality determination

Agarwood quality determination based on the traditional method is
more associated with human scent and perception like aroma and
country of origin. Agarwood physical properties such as density,
colour, and scent are also applied in the agarwood grading system.

6.1. Human scent and perception

Individual enjoyment of different kinds of smell for leisure is
different; some are already bonded with cultural practice. Agarwood
may emit a sweet, woody and spicy aroma. In the agarwood direct
selling market, the scent was the primary consideration for
preference (Antonopoulou et al., 2010). Arabic people prefer woody
and spicy aromas, while Chinese and Japanese inclined to choose
sweet and fruity smells (Liu et al., 2017). These aromas may be
significant to their country of origin resin content of the agarwood
and Aquilaria species. However, agarwood with low quality will
release an irritating burning aroma to the eyes and nose when
burnt. A pleasant smell will only come from high-quality agarwood
and the scent may remain in a room for a longer period depending
on its resin and agarwood size (Antonopoulou et al., 2010; Liu et al.,
2017). After all, agarwood quality based on human perception is
unreliable as an indicator determining agarwood price in the general
world market.

6.2. Agarwood physical properties

Resin content in agarwood may differentiate high-quality agarwood
from low-quality agarwood based on colour density and sinkage.

6.2.1. Agarwood color
Resin accumulation after the agarwood tree is infected may affect

the colour density of agarwood: the darker agarwood, the higher
quality of agarwood (Barden et al., 2000). In the UAE agarwood
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market, sellers purposely polished agarwood to make it look darker
than the original colour to attract buyers (Antonopoulou et al.,
2010). Another trick was that sellers acquired immature agarwood
and buried it in the soil for a certain time to make it look darker
after prolonged decomposition (Heuveling van Beek and Phillips,
1999). Therefore, agarwood color was a disputable judgement for
agarwood quality. Nevertheless, Malaysia agarwood still applies
agarwood quality based on agarwood darkness named 'ABC' grading
system. Grade A agarwood called 'kalambak' is dark brownish wood,
Grade B is healthy wood with dense strips of brownish resin, while
Grade Cis a lesser brownish resin strip compared to Grade B (Liu et
al., 2017).

6.2.2. Agarwood sinkage

Higher quality agarwood is considered to have entire sinkage
property as it contains abundant resin. This method is to put
agarwood in water and measure its position, either sinkage, half
sinkage or floating. Sinkage agarwood indicates high-quality
agarwood, half-sinkage to become medium-quality agarwood and
finally, floating agarwood is considered low-quality agarwood (Liu et
al., 2017). The sinkage justification was an inaccurate measurement,
as not all high-quality agarwood will sink. The sinkage phenomenon
is associated with wood density which accounts for types of
Aquilaria spp. For instance, a lower grade of A. malaccensis can sink
more profoundly than the high quality of A. sinensis since A.
malaccensis has a compact texture and denser wood than A.
sinensis (Liu et al., 2017).

6.2.3. Chemical analysis of agarwood

The quality of agarwood can be analyzed from agarwood oil,
agarwood smoke or agarwood volatile compound. Compounds from
chip wood samples were extracted using the Solid Phase
Microextraction (SPME) method. This method allowed samples free
from any alteration or disturbance by solvent where all volatile
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compounds evaporate directly from agarwood and adhere to SPME
fiber. The method introduced by Arthur and Pawliszyn (1990) was
known to be a rapid, sensitive and solvent-free method. Moreover,
the SPME method is fast and straightforward in analyzing agarwood
quality compared to any other extraction SPME method that
requires fiber to trap volatile compounds (Meng et al., 2011;
Pripdeevech et al, 2011). According to a study of volatile
compounds from virgin coconut oil, divinyloenzene-carboxy
polydimethylsiloxane (DVB-CAR-PDMS) was found to be the most
suitable due to its high sensitivity to exposed standard combination
with a relative standard deviation that is less than 10% of
concentration (1.0 ug/e) compared to carboxen
polydimethylsiloxane (CAR-PDMS), polydimethylsiloxane-
divinylbenzene (PDMS-DVB) and polydimethylsiloxane (PDMS)
coating fibers (Vichi et al., 2003). In addition, DVB-CAR-PDMS was
firmly proven to be efficiently applied with a broader range of
sample concentrations up to 5 pg/g and gave consistent results
(Vichi et al., 2003).

GC-MS is a reliable instrument to detect compound composition in
volatile substances based on compound mass. Previously, aromatic
samples were qualified based on odour sensed by a human.
However, it is subjective to rely on. On the other hand, GC-MS
measures compound compositions based on gas chromatography
and mass spectrometry. Gas chromatography uses a capillary
column, which may vary with length, diameter, film thickening, and
phase property. The molecules will be separated in the capillary
column during GC-MS operation based on their molecular mass.
Therefore, each unique compound will reach the end of the capillary
column at different times due to its chemical properties.
Compounds that move out of the capillary column will be ionized
and detected based on the mass-to-charge ratio with a mass
spectrometer (Hibschmann, 2015). GC-MS has been widely used to
identify compounds in essential oil. GC-FID and GC-MS analysis
helped discover of fundamental oil sesquiterpene group (Maggi et
al., 2010). Previously, GC-MS application identified the main
compounds of Thymus corosus Heuff or thyme named cryophyllene-
oxide, camphene, B-bourbonene, eudesmol, and a-pinene (Pavel et
al., 2009). As essential oil consists of monoterpene and
sesquiterpene, GC-MS successfully differentiated Tangetes minuta L.
or chinchilla elemental oil composition among different origins
(Chamorro et al., 2012). These repeated operations of GC-MS also
lead to agarwood composition analysis from other species, locations
and maturity (Chen et al., 2011; Tsan and Mohamed, 2014). While
GC-MS alone may not be robust data, GC-MS and GC-FID
combination will give rigid data. GC-FID analysis is based on a flame
ionization detector and is practically applied to organic compounds
(Holm, 1999). GC-FID reflects unknown compounds according to
their Kovats Index, calculated with known carbon standard retention
time when GC-MS is limited with the available database. A
combination of GC-MS and GC-FID has been practised with essential
oil composition of Coriandrum sativum L, saffron and beer volatile
analysis (Anastasaki et al., 2009; Charry-Parra et al., 2011; Msaada
et al., 2007).

7. Commercial value of agarwood

High demand in the perfumery industry has led to illegal trade and
threats to the agarwood tree population in its natural habitat.
Natural agarwood reaches international prices from USD 2.000 to
USD 16.000 per kilogram (PERsOOn, 2007). Agarwood planters
generate luxurious income for their consistent high price. Agarwood
is being exported in the form of chips, powder and oil. Price is
dependent on resin content and purity of agarwood. Agarwood
chips may be sold from USD 29.0 to USD 8888.0 per kilogram. High-
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quality agarwood starts at USD 1.000/kg (PERsOOn, 2007). For every
initial investment of USD 32.000, agarwood traders can gain a return
of USD 104.000. Hence, the trader made up a 29% Internal Rate of
Return within seven years of trading (Akter et al., 2013). Meanwhile,
agarwood essential oil costs between USD 50.000 to USD 80.000 per
litre, requiring extraction of 100 to 150 kg of agarwood (PERsOOn,
2007).

International export value is estimated at USD 14 million, which is
43% of the total retail value. Laos produces agarwood supply to the
world worth USD 33 million, where the majority is contributed by a
foreign harvester who exports about 18 tonnes of agarwood to
Vietnam (Jensen, 2009). If the East-Asian market is considered,
estimates of overall retail value from Laos would be higher, USD 40
to 45 million. In 2004, international trade in agarwood was assumed
to reach USD 2.3 billion (Jensen, 2009). Mai dii, a common name for
high-grade agarwood in Laos, costs more than THB 500/kg for raw
agarwood. Medium grade, known as mai khilai, goes for extraction
of top-quality essential oil and is marketed at THB 80 to 500 per kg
(Jensen and Meilby, 2010). These harvesters collect profit when
they can better network with big agarwood industry players. They
sell agarwood at higher prices when agarwood industry players gain
the advantage of value-added agarwood products and earn more
than harvesters (Jensen and Meilby, 2010).

As a consequence of this scenario, agarwood industry players are
torn between limited high-quality resources and high prices for
business sustainability. Another alternative to agarwood is derived
from a chemical process despite the highly preferred natural
agarwood (Akter et al., 2013). Japan maintains its demand for the
rare top quality natural agarwood (PERsOOn, 2007) and the United
Arabic Emirates is included in using natural agarwood in religious
rituals. Excellence in commercial markets and trade is the leading
cause of Aquilaria sp. extinction.

Overharvesting, uncontrollable illegal logging and reserved forest
invasion by local or neighbouring citizens bring Aquilaria sp. loss and
habitat to endemic flora and fauna (Akter et al., 2013). A
malaccensis is in the list of the Convention on International Trade in
Endangered Species of Wild Fauna and Flora (Inskipp and Gillett,
2005). Therefore, rather than hunting agarwood in their natural
habitat, conducive climate countries have initiated their agarwood
plantation as in Bangladesh, Bhutan, India, Indonesia, Laos,
Malaysia, Myanmar, Vietnam, Australia, and Thailand.

8. Application of agarwood

Nowadays, agarwood is in top demand in the perfumery industry.
Nevertheless, the multipurpose of agarwood has made it a
demanded forest source for decades. Incorporating agarwood
aroma into human life and discovering traditional agarwood
practices open a new field for researchers to explore the further
discovery of this agarwood potential. Continuous agarwood practice
in human lifestyle and lengthy application in health improvement
bring agarwood to become a world brand, although its supply is
depleting each year.

8.1. Agarwood in culture and ritual

Since ancient times when our ancestors accidentally found
agarwood in the forest, they brought agarwood into usefulness and
adapted it to the local culture. For the Malay race, it is widely used
in the range of perfume, religious purposes, spiritual rituals, and
decorative carvings (Chua, 2008; Saikia and Khan, 2012). Even today,
some agarwood field practitioners made low-quality agarwood into
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attractive shapes and bracelets for sale. For Muslims, non-alcoholic
perfume is preferred during prayer because agarwood-originated
perfume has become popular among Arabic people. Besides, the
simplest way to enjoy agarwood fragrance is by burning, happily
applied to the luxury incense-making industry. Agarwood incense
would not contain total agarwood composition due to its limited
supply and high price. Nonetheless, agarwood incense is used in the
religious ritual activities of Muslims, Buddhists and Hindus (Akter et
al., 2013).

8.2. Agarwood in health and medicinal purpose

Apart from being an aromatherapy material, in medicinal prospect,
agarwood can be used as a carminative, stimulant for heart
palpitation, tonic during pregnancy, remedy during the post-natal
recovery period, and cure for the disease of the female genital part.
The whitebark of agarwood is believed to heal jaundice and body
pain (Ali et al., 2016). Moreover, agarwood helps to relieve body
pain, warm abdomen, relieve asthma, treat coughs, and
acroparalysis, and acts as an anti-histamine, analgesic, and anti-
inflammatory (Bhuiyan et al., 2009; Chitre et al., 2007). In Chinese
Traditional Medicine, it is helpful as a sedative to relieve gastric
problems, relieve rheumatism and high fever (Liu et al.,, 2017).
Various compounds in agarwood can fight cancer cells but the
information is limited (Dahham et al, 2014). Sesquiterpene
compounds in agarwood pose antimicrobial properties and they are
effective, especially to gram-positive bacteria (Chen et al., 2011).

8.3. Agarwood as perfume

Practice commonly among Arabic culture and agarwood lovers has
spread worldwide as a component in fragrant commercial brands. In
Yemen culture, agarwood aromatic is indulged in several ways (Jung,
2011). The smoking odour of raw agarwood chip wood is applied
during prayer, special occasions and daily home refresher. Usually,
dense, resinous agarwood turns into incense compared to low-
quality agarwood. Lower-grade wood will be distilled to extract pure
agarwood oil. Some people, mainly Arabic, enjoy the original woody,
balsamic scent of agarwood oil. However, agarwood oil may
undergo adulteration to satisfy a wider range of people's
preferences in fragrance (Jung, 2013). It can be blended with other
fragrances as base notes to lengthen the fragrance effect. Another
way to add value to lower-grade agarwood is to immerse low-grade
chip wood in agarwood oil before being sold as incense, prayer
bead, sculpture and home decoration (Jung, 2011). Agarwood oil
from different species and regions will emit different scents due to
their difference in the top note, such as fruity, animal and leathery
odour (Zviely and Li, 2013). Notes depend on the volatility of
compounds in particular fragrances. Top notes have the highest
volatility, followed by medium and base notes. In the agarwood
case, regardless of species and region, the oil will definitely emit a
woody smell after seven to eight hours of skin application. These
woody smells may be contributed by compounds such as
eremophila-9,11-dien-8-one, (-)—guaia-1(10), 11-dien-15-al, and
jinkohol Il (Zviely and Li, 2013).

9. Conclusions

Plant compounds derived from agarwood have long been utilized as
traditional remedies in Southeast Asian societies and Chinese,
Tibetan, Unani, and Ayurvedic medicine. They have sedative
properties and are used to treat arthritis, asthma, and diarrhoea.
Natural agarwood induction periods were unknown but considered
acceptable for harvesting and marketing by Kedaik agarwood
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practitioners. Agarospirol, B-selinene and 10-epi-y-eudesmol were
detected in artificial and high-quality natural agarwood, where
agarospirol existed in higher abundance in artificial agarwood. Many
pharmacological studies on crude extracts have been conducted.
These extracts exhibit anti-allergic, anti-inflammatory, anti-diabetic,
anti-cancer, antioxidant, anti-ischemic, antimicrobial,
hepatoprotective, laxative, and mosquitocidal properties and central
nervous system effects. Future research should focus on bioassay-
guided isolation of bioactive molecules with adequate chemical
characterization, as well as insights into the underlying processes for
drug development. By tying agarwood ethnopharmacology to
reported pharmacological qualities, anti-inflammatory capabilities
may be the future study area, as inflammation underpins many
disease states.
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Diabetes mellitus (DM) characterized by high blood sugar concentration is a major global public health
problem and untreated DM results in blindness, kidney failure, heart attack, stroke, and lower extremity
amputation. In this structure-based drug design (SBDD) study, the potential inhibitory effects of twelve
anthocyanidins (aglycon unit of anthocyanins) components on human pancreatic a-amylase and intestinal
a-glucosidase enzymes were investigated using the molecular docking method and a novel approach
developed by our research group was used to rank the global binding potentials of ligands to a series of
different enzymes simultaneously. In addition, drug-likeness, absorption-distribution-metabolism-excretion-
toxicity (ADMET) predictions, and intracellular target-component interaction network analyses of twelve
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Petunidin, peonidin, and aurantinidin were determined as 'hit' phytochemicals according to the docking
binding energy and relative binding capacity index (RBCI) analyses, whereas, based on the RBCI index,
petunidin was found to be the most effective ligand in terms of binding capacity to both enzymes that play
an important role in DM. The more accessible and large-volume active site of a-amylase compared to a-
glucosidase caused petunidin to bind with higher affinity against a-amylase. Promisingly, petunidin did not
violate any of the criteria for drug-likeness consisting of a combination of the Lipinski's rule of 5, Ghose and
Veber filters, showed no cytochrome (CYP) P450 or hERG I-Il inhibitory activity in the ADMET analysis,
however, it was found to have a low gastrointestinal absorption profile. In intracellular target-component
network analysis using the STITCH online platform, it was determined that petunidin did not show negative
functional interactions with any enzyme in the human protein network. Considering these results, it is
recommended that petunidin be advanced to further in vitro and in vivo assays as a potential a-amylase and
a-glucosidase inhibitory agent in the treatment of DM. However, the intestinal absorption profile of
petunidin must be enhanced by molecular optimization without compromising its pharmacological activity.
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1. Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder and is
diagnosed with an elevated glucose concentration in the blood
above the basal level. Among the clinical signs of DM, insulin
secretion is observed to be generally defective, and the peripheral
effects of insulin are weakened. In addition, defective metabolism of
lipids, proteins, mineral salts, or electrolytes may accompany DM
(Pérez Gutierrez et al., 2006). The International Diabetes Federation
(IDF) reported that approximately 415 million adults aged 20 to 79
years had diabetes in 2015 (Zheng et al., 2018). This number, which
is expected to increase by 200 million by 2040, is predicted as a
global public health burden (Zheng et al., 2018). Although chronic
hyperglycemia in DM patients causes damage to various organ
systems, the most prominent of these are micro and macrovascular
complications that increase cardiovascular risk. The incidence of DM
is increasing globally due to the increase in lifestyles within the
framework of unhealthy living conditions (obesity, wrong eating
habits, physical inactivity, alcohol consumption, or smoking) (Chen
et al,, 2012; Forouhi and Wareham, 2014). The most prominent
evidence that DM increases with age are that approximately 25% of
the population over 65 years of age has diabetes (Carrillo-Larco et
al., 2019).

Based on etiology and clinical findings, DM is classified into three
categories: type 1 diabetes, type 2 diabetes, and gestational
diabetes (GDM). Type 2 diabetes is found in the majority (90%) of all
diabetes cases (Oliveira et al., 2020). In T2DM, the effect of insulin
as a glucose utilization regulator is diminished, and this medical
phenomenon is termed 'insulin resistance'. In the case of insulin
resistance, insulin in the organism cannot function, a situation that
contradicts the increased insulin production that initially occurs to
maintain glucose homeostasis. Over time, insulin production
decreases and T2DM develops. The prevalence of DM is most
common in people older than 45 years. However, due to increasing
obesity, physical inactivity, and energy-dense diets, DM has been
increasingly diagnosed in children, adolescents, and young adults
(Oliveira et al., 2020).

Phytochemicals offer a unique option for the discovery of new
antidiabetic compounds with fewer side effects (Jayawardena et al.,
2012). In this context, the combined use of plant-based compounds
containing trace elements such as chromium or zinc arouses great
interest in the scientific community, because activation of certain
processes in glucose homeostasis and insulin sensitivity (activation
of insulin receptor signaling pathway by chromium, the antioxidant
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activity of selenium and zinc) or enzymatic inhibition (inhibition of
phosphatases by selenium) is thought to be promising
(Wiernsperger and Rapin, 2010).

Therefore, various alkaloids, phenolic compounds, saponins,
polysaccharides, terpenoids, glycosides, and xanthones that people
take into the body by consuming different foods are important
bioactive compounds (Coman et al., 2012).

Anthocyanins, a subcategory of dietary flavonoids, are water-soluble
pigments that produce quite different colors (red, pink, purple,
orange, and blue) in plants, fruits, vegetables, and leaves
(Castafieda-Ovando et al.,, 2009; Wallace and Giusti, 2015).
Anthocyanins are abundant in many vegetables, fruits, and tuber-
type metamorphic vegetables (Belwal et al., 2017). Furthermore,
anthocyanin content and composition vary widely in plant foods,
especially fruits with high anthocyanin concentrations (Horbowicz et
al., 2008). Anthocyanidins, aglycone forms of anthocyanins, are
structured based on the 2-phenylbenzopyrilium or flavylium ions
and carry methoxy or hydroxyl groups at different positions
(Sivamaruthi et al.,, 2018). The human diet contains six major
anthocyanidins  (aglycone unit of anthocyanins), cyanidin,
delphinidin, malvidin, pelargonidin, peonidin, and petunidin,
however, there are also anthocyanidins such as aurantinidin,
capensinidin, europinidin, hirsutidin, pulchellidin, and rosinidin

identified in nature. Color is a general property of
anthocyanins/anthocyanidins and research indicates that it can be
important in dietary guidance as certain

anthocyanins/anthocyanidins and/or their metabolites have specific
effects in reducing the risk of T2DM (Liu et al., 2022; Peterson et al.,
2015; Zamora-Ros et al., 2011).

In this study, it was aimed to investigate the inhibitory potentials of
certain anthocyanidin  molecules (aurantinidin, capensinidin,
cyanidin, delphinidin, europinidin, hirsutidin, malvidin, pelargonidin,
peonidin, petunidin, pulchellidin, and rosinidin) (Figure 1) commonly
found in plants on human pancreatic a-amylase and intestinal a-
glucosidase (maltase glucoamylase) using the molecular docking
method. Furthermore, drug-likeness properties, ADMET profiles,
and Homo sapiens component-target interaction network of these
compounds were also determined. It has been suggested that the
hit anthocyanidin compounds that we determined in this study may
be advanced to preclinical in vitro and in vivo studies to accelerate
DM treatment.

2. Materials and methods
2.1. Structural optimization of ligands

Before molecular docking studies, the geometric optimization of 12
anthocyanidin - molecules (ligands) was performed on the
Automated Topology Builder (ATB) server (https://atb.ug.edu.au/)
using the density functional theory (DFT/B3LYP/6-31G* basis set).
After the geometry optimization of ligands, the energetically
optimized 3D structures calculated by the ATB server were saved in
pdb (protein data bank) file format before submission to molecular
docking simulations (Malde et al., 2011).

2.2. Retrieval of a-amylase and a-glucosidase proteins and their
structural optimization using nanoscale molecular dynamics (NAMD)

In the current study, the X-ray crystal structures of human a-
amylase (PDB ID: 1B2Y) and a-glucosidase (maltase glucoamylase)
(PDB ID: 3TOP) are downloaded from the Protein Data Bank

(https://www.rcsb.org/) (RCSB PDB). Water molecules, co-
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crystallized ligands, and non-interacting ions were removed from
the protein structures before docking. Before energy minimization
with NAMD (Nanoscale Molecular Dynamics), missing amino acid
side chains and hydrogen atoms of protein molecules were added
using the UCSF Chimera program. Then, in the Vega ZZ program,
pancreatic a-amylase was ionized at pH 7.0, whereas the intestinal
a-glucosidase was ionized at pH 5.0 (Sky-Peck and Thuvasethakul,
1977; Tomasik and Horton, 2012). In protein-energy minimization
with NAMD, the atom types and electrical charges of the enzymes
were fixed in the Vega ZZ program using the CHARMM22 PROT

Rosinidin

Hirsutidin
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force field and Gasteiger-Marsili charges (Pedretti et al., 2004).
Then, parameters required for energy minimization of proteins were
loaded from a template file in the NAMD module of the same
software. The value 10.000 was determined as the number of time
steps, and the CHARMM?22_PROT as the force field. Following the
energy minimization, the lowest energy conformers (the last
minimization step) of both proteins were recorded in protein data
bank (pdb) format.

Malvidin

Figure 1. Chemical structures of anthocyanidins
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2.3. Molecular docking
Molecular docking simulations between a-amylase and a-

glucosidase (maltase glucoamylase) enzymes and anthocyanidins
were performed using AutoDock Vina 1.2.0 program (Trott and
Olson, 2010). In this rigid receptor-flexible ligand docking protocol,
the binding affinity and binding conformations of anthocyanidins
against the active sites (inhibitor binding site) of a-amylase and a-
glucosidase enzymes were predicted with the AutoDock Vina 1.2.0
program. The AutoDockTools-1.5.6 interface has been used to
prepare receptors and ligands before molecular docking
experiments (Sanner, 1999). In molecular docking studies, the
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coordinates of the search spaces of the protein active sites were
determined to allow ligands to interact easily with these regions.
The determination of the active sites of a-amylase and a-
glucosidase was performed using the cartesian coordinates of the
bound experimental inhibitor (acarbose).

Using this approach, a-amylase active site coordinates were set as,
x: 18.90, y: 5.79, z: 47.00 (size x: 28; size y: 28; size z: 28), and the a-
glucosidase active site were set as, x: -55.97, y: 8.45, z: -64.73 (size
x:30; size y:30, size z:30) accordingly.
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After a total of 20 independent docking runs for each anthocyanidin,
all possible ligand conformations were clustered by AutoDock Vina
1.2.0 according to geometric similarity and ranked based on the
most favorable (negative) binding free energy (kcal/mol). Top-
ranked poses of receptor-ligand complexes obtained with AutoDock
Vina 1.2.0 were visualized using BIOVIA DS Visualizer v16 and
examined for anthocyanidin-amino acid non-bonded interactions.

2.4. Determination of the relative binding capacity index (RBCI) of
phytochemicals

In this study, 'Relative Binding Capacity Index (RBCI)' analysis, which
is a new approach in the literature and enables a more efficient
ranking of different ligands in molecular docking based on the
receptors to which they show affinity, was performed (Istifli et al,,
2022). RBCI provides a comparison of statistically relevant data that
can have different scientific meanings. Because the binding affinities
of ligands are different for each protein, phytochemicals can only be
evaluated based on their potency in that parameter, if they are
ranked in the light of their binding energies to a single protein.
However, ranking based on only one of the receptors may not fully
represent the activity potentials of the ligands. One of the most
common methods used to rank interactions between receptor and
ligand is to calculate the 'central bias'. In this method, ligands
(components) are ranked based on the average value of their
affinity for all receptors. If the values (binding free energy) in each
data set are converted into standard scores, it is possible to
compare these values with each other. Therefore, in this study,
arithmetic mean and standard deviation were obtained for each
protein by using binding free energy values of ligands. The raw
standard scores were obtained by subtracting the binding free
energy values of each ligand for each protein from this arithmetic
mean and then dividing by the standard deviation value (see
equation given below) (Sharma, 1996). The RBCI values of the
ligands were obtained by calculating the averages of the standard
scores (for each protein) as described above.

Standard score = (x-l)/o

In the formula, 'x' stands for raw data, "Y' stands for mean and 'c'
stands for standard deviation. Although RBCl is a relative value and
does not fully represent the specific binding capacity of ligands, it
makes possible to acceptably rank ligands according to their binding
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free energy values against all target receptors. Thus, RBCI could be
viewed as an integrated approach to statistically rank order ligands
based on their molecular interactions with different receptors since
it considers the binding affinity for all receptors simultaneously.

2.5. Drug-likeness and absorption-distribution-metabolism-excretion-
toxicity (ADMET) prediction

Determination of drug similarity (drug-likeness) and ADMET
(absorption-distribution-metabolism-excretion-toxicity) profiles of
promising hit compounds in structure-based drug design (SBDD)
studies is important in terms of reducing their side effects on the
target organism. In this work, SwissADME and pkCSM platforms
were employed to predict drug-likeness and ADMET properties of
anthocyanidins, for which docking simulations were performed
against a-amylase and a-glucosidase enzymes (Daina et al., 2017,
Daina et al., 2019; Pires et al., 2015).

2.6. Network pharmacology analysis

In the drug discovery process, the single drug/single target approach
has some shortcomings in terms of safety and effectiveness
(Chandran et al.,, 2015). Therefore, the application of a network
pharmacology approach is necessary and inevitable in predicting the
interactions of small molecules with the protein network of the
relevant organism, revealing possible side effects of 'hit' or 'lead'
compounds, or in the elucidation of novel therapeutic effects. In our
study, component-target analysis of anthocyanidin molecules, which
were determined as 'hit' according to the RBCI analysis, was
performed using the STITCH (http://stitch.embl.de/) platform where
'H. sapiens' was selected as the target organism.

3. Results and discussion

In this computational virtual screening study, the inhibitory
potentials of twelve naturally occurring anthocyanidins (aglycone
units of anthocyanins) (Table 1) against human pancreatic a-
amylase and intestinal a-glucosidase (maltase-glucoamylase)
enzymes were investigated using molecular docking method. The
binding free energy (AG® = kcal/mol) calculated as a result of
molecular docking was used as a criterion in the evaluation of the
inhibition potentials of anthocyanidins on these enzymes.

Table 1. PubChem CID, molecular weight, and molecular formulas of anthocyanidins

No Molecule PubChem CID Molecular weight (g/mol) Molecular formula
1 Aurantinidin 441648 287.24 Ci5H1106*
2 Capensinidin 441658 345.30 CigH1707*
3 Cyanidin 128861 287.24 Ci5H1106*
4 Delphinidin 68245 338.69 C15H1:CIO;7
5 Europinidin 14496547 331.30 Cy7H1507*
6 Hirsutidin 441694 345.30 CigH1707*
7 Malvidin 159287 331.30 Cy7H1507+
8 Pelargonidin 440832 271.24 Ci5H110s*
9 Peonidin 441773 301.27 Ci6H1306"
10 Petunidin 73386 352.72 Ci6H15CIO7
11 Pulchellidin 14496545 317.27 Ci6H1307*
12 Rosinidin 441777 315.30 Cy7H1506"

Source: https://pubchem.ncbi.nlm.nih.gov/

Anthocyanidins structurally originate from the flavylium cation, an
oxonium ion (CsHsO*), and the hydrogen atoms in their structures
are replaced by various functional groups (Figure 2). Generally, the
colors they carry as a function of ambient pH can change from red
to purple, blue, or bluish green (lacobucci and Sweeny, 1983; Khoo
etal., 2017). Furthermore, anthocyanidins are an important subclass
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of polymethine dyes and flavonoids. The flavylium cation is a
chromium cation with a phenyl group attached to the 2" carbon
atom, and chromenillium (also known as benzo pyrylium) is a
bicyclic version of pyrylium. The positive charge can move around
the molecule (Khoo et al., 2017) (Figure 2).
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Demir & Istifli

3.1. RBCI values and molecular docking binding energies of
anthocyanidins

Molecular docking is a structure-based drug design method
(Structure-Based Drug Design SBDD) that predicts the
energetically lowest energy binding conformation of small molecule
ligands on the target protein (receptor) (Dos Santos et al., 2018;
Meng et al., 2011).

Molecular simulations, in this work, were performed between
receptor molecules (pancreatic a-amylase and intestinal a-
glucosidase) and 12 anthocyanidin components (aurantinidin,
capensinidin, cyanidin, delphinidin, europinidin, hirsutidin, malvidin,
pelargonidin, peonidin, petunidin, pulchellidin, and rosinidin), and
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the binding free energy (AG° = kcal/mol) of each anthocyanidin
ligand against the target proteins was calculated. The obtained top-
ranked conformations of anthocyanidins were saved and the
chemical bonds stabilizing the resulting protein-ligand complexes
were characterized. As a result of the RBCI analysis (Figure 3), that
was performed using the binding free energy values of the ligands
for both enzymes, it was determined that the 'hit' ligands among the
12 anthocyanidins were petunidin, peonidin, and aurantinidin.
Therefore, the docking results of petunidin, peonidin, and
aurantinidin were discussed in this section. The docking binding free
energies and inhibition constants (Ki) of petunidin, peonidin, and
aurantinidin are given in Table 2.

Figure 2. Structure of an anthocyanidin molecule.
The orange-colored aromatic rings are benzene (A and B), and the green-colored aromatic ring (C) is the pyrylium ring.
Anthocyanidins are named according to the specific groups at the R; and R; positions on the B ring

RBCI of anthocyanidins

-1,5

-1,0

-0,5
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Figure 3. RBCI calculated using the binding free energy (kcal/mol) values of anthocyanidins against a-amylase and a-glucosidase enzymes.
The increase in the negative value of RBCl indicates that the compound in question binds more strongly with the active sites of both target receptors (a-amylase and a-glucosidase).

According to Table 2, while peonidin showed the highest affinity for
the pancreatic a-amylase enzyme (AG'= -8.16 kcal/mol), petunidin
(AG"= -7.37 kcal/mol) was determined to be the most effective
ligand against intestinal a-glucosidase. K; values of petunidin,
peonidin, and aurantinidin molecules were determined to be
between 0.90 — 1.60 uM for a-amylase, and 3.70 — 9.50 uM for a-
glucosidase, respectively. Given that a drug candidate hit compound
typically exhibits activity at concentrations close to 1 uM (Krasinski
et al.,, 2005; Pellecchia et al., 2004), the binding affinity values of
petunidin, peonidin, and aurantinidin molecules to the active site of
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the pancreatic a-amylase, in particular, are promising (Table 2). One
of the most likely reasons for the stronger binding of these 3
phytochemicals to a-amylase compared to a-glucosidase is that the
solvent-exposed surface of the a-amylase active site s
conformationally larger in volume and more accessible. To examine
this structural difference between the two enzymes, the inhibitor
binding sites of human a-amylase (PDB ID:1b2y) and a-glucosidase
(PDB ID:3top) can be visualized in the RCSB PDB database.



Table 2. Binding free energy (AG°=kcal/mol) and inhibition constant (Ki: uM) values of the interaction between hit anthocyanidins and human
pancreatic a-amylase and intestinal a-glucosidase (maltase-glucoamylase) enzymes

No Molecule Enzyme Binding free energy Inhibition constant Enzyme Binding free energy Inhibition constant
(kcal/mol) (K=uM) (kcal/mol) (K=uM)

1 Petunidin a-Amylase -7.86 1.60 a-Glucosidase -7.37 3.70

2 Peonidin a-Amylase -8.16 0.90 a-Glucosidase -6.82 9.50

3 Aurantinidin~ a-Amylase -7.92 1.50 a-Glucosidase -7.02 6.80

3.2. Molecular interactions between hit anthocyanidins and target
proteins

performed with Discovery Studio Visualizer v16 (Accelrys) software,
and non-covalent interactions between hit anthocyanidins and
target enzymes, as well as interacting key amino acid residues were
The intermolecular interactions of 'hit' anthocyanidins (petunidin, determined (Figures 4, 5, and 6).
peonidin, and aurantinidin) with oa-amylase and a-glucosidase

enzymes are given in Table 3. Analysis and visualization were

Table 3. Amino acid molecular contacts and chemical interactions between human pancreatic a-amylase (1B2Y) and intestinal a-glucosidase
(3TOP) enzymes and top-ranked anthocyanidins

No Molecule Enzyme Classical H-bond Van der Waals Non-classical Hydrophobic interaction Electrostatic
H-bond T Mixed m/Alkyl
(C-H, Pi-Donor)

1 Petunidin a-Amylase GIn62%, His100%, Asp196* Trp57, Leul64?, Arg194, - Trp58%, Tyr61t - -
Alal97, Glu232, His298,
Asp299, His304!

2 Peonidin a-Amylase Tyr61t Trp57, GIn621, His100?, Trp58t Trp58t - -
Leul64?, Arg194,
Asp196?, His298,
Asp299, His304

3 Aurantinidin ~ a-Amylase Argl94, Asp196 Trp57, Trp58%, GIn62, - Tyr611, His100! Leul64! Asp196t
Leul61, Ala197, Glu232,
His298, Asp299

1 Petunidin a-Glucosidase Asp198?, GIn1992 GIn199, Tyr292, Trp3962, - Trp410?, - -
Lys501, Phe600?, Phe601?
Thr627, 11e628

2 Peonidin a-Glucosidase Thr627 Asp1982, GIn1992, - Trp410?, - -
Tyr292, Trp3962, Lys501, Phe601?
1le628

3 Aurantinidin -~ a-Glucosidase Asp1982, Thr627 GIn199?, Pro200, Tyr292, - Trp410?, - -
Trp3962, Lys501, Phe601?

Phe600?, Ile628, Gly629
1 Active site residues of pancreatic a-amylase (PDB ID: 1B2Y) interacting with co-crystallized inhibitor (acarbose), (Trp58, Tyr61, GIn62, His100, Leul64, Asp196, Lys199, His200,
Glu239, His304, Gly305)
2 Active site residues of intestinal a-glucosidase (PDB ID: 3TOP) interacting with the co-crystallized inhibitor (acarbose) (Asp198, GIn199, Lys205, Trp396, Trp410, Phe468, Arg551,
Asp567, Phe600, Phe601, Argb23, His625)
Note: In the protein preparation step using the Chimera program, the residue numbers were changed for both structures (1B2Y and 3TOP) due to the processing method of the pdb
files by the DockPrep module. Thus, for the reader to find the same residues in the 1B2Y file (chain A) which are indicated in the above table for a-amylase, the number of the
relevant residue should be increased by 1 (+1), and in the same way, for the 3TOP file (chain B), it is necessary to increase it by 959 (+959).

Petunidin formed H-bonds with GIn62, His100, and Asp196, m-nt
interactions with Trp58 and Tyr61, and many Van der Waals
interactions with Trp57, Leul64, Argl94, Alal97, Glu232, His298,
Asp299 and His304 of the active site of the pancreatic a-amylase
(Table 3, Figure 4-A). Based on the structural analysis of the top-
ranked docking pose, it could be determined that the molecular
complex formed by petunidin and the a-amylase is generally
stabilized by H-bonds, hydrophobic and weak electrostatic
interactions. In addition, the OH groups in the A, C, and B rings of
petunidin played an important role in the formation of the H-bonds
(Figure 4-A).

The types of molecular interactions and top-ranked pose of
petunidin in the inhibitor binding site of the human intestinal a-
glucosidase enzyme are given in Table 3 and Figure 4-B,
respectively. In the active site of human intestinal a-glucosidase,
petunidin formed H-bonds with Asp198 and GIn199, hydrophobic -
T interactions with Trp410 and Phe601, and many Van der Waals
interactions with GIn199, Tyr292, Trp396, Lys501, Phe600, Thr627
and 1le628 (Table 3, Figure 4-B). It can be inferred that the
molecular complex formed between petunidin and the active site of
the a-glucosidase enzyme is stabilized by H-bonds and hydrophobic

interactions. The OH group on the B ring of petunidin plays an
important role in the formation of H-bonds (Figure 4-B).

The types of molecular interactions of peonidin in the inhibitor
binding pocket of the human pancreatic a-amylase and its top-
ranked pose are given in Table 3 and Figure 5-A, respectively.
Peonidin formed H-bonds and ri-rt interaction with Tyr61 and Trp58,
and many Van der Waals contacts with Trp57, GIn62, His100,
Leul64, Argl94, Aspl96, His298, Asp299, and His304 within the
binding pocket of human a-amylase (Table 3, Figure 5-A). It was
determined that the molecular complex formed by peonidin with
the active site of the a-amylase is generally stabilized by a large
number of hydrophobic interactions and a small number of H-
bonds. Furthermore, the OH group on the C ring of peonidin was
effective in the formation of the classical H-bond (Figure 5-A).

The types of molecular interactions of peonidin in the inhibitor
binding site of the human intestinal a-glucosidase and its top-ranked
pose are given in Table 3 and Figure 5-B, respectively. Peonidin,
within the binding pocket of a-amylase, formed H-bond with
Thr627, hydrophobic m-mt interaction with Trp410 and Phe601, and
many Van der Waals interactions with Asp198, GIn199, Tyr292,
Trp396, Lys501 and 1le628 (Table 3, Figure 5-B). It has been
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determined that the molecular complex formed between peonidin
and the active site of human a-glucosidase is generally stabilized by
a large number of hydrophobic stacking interactions and one H-
bond. The C (pyrylium) and B (benzene) rings of peonidin played an
important role in the formation of hydrophobic interactions (Figure
5-B).

A - His100

Figure 4. Top-ranked conformations of petunidin (A: a-amylase, B:
a-glucosidase)

The types of molecular interactions of aurantinidin at the inhibitor
binding site of the human pancreatic a-amylase and the top-ranked
pose are given in Table 3 and Figure 6-A, respectively. Aurantinidin
formed H-bond and electrostatic pi-anion interaction with Arg194
and Aspl196, hydrophobic m-m and m-sigma contacts with Tyr61,
His100, and Leul64, and many Van der Waals contacts with Trp57,
Trp58, GIn62, Leulbl, Alal97, Glu232, His298, and Asp299 with the
a-amylase enzyme (Table 3, Figure 6-A). When the interaction of
aurantinidin with the pancreatic a-amylase enzyme is examined, it is
observed that the major interactions that stabilize the molecule in
the active site of the enzyme are of hydrophobic type, but the H-
bonds formed through the B ring also contributed to the stability of
the complex (Figure 6-A).

The types of molecular interactions of aurantinidin in the inhibitor
binding pocket of the human intestinal a-glucosidase and its top-
ranked pose are given in Table 3 and Figure 6-B, respectively.
Aurantinidin, in the active site of human intestinal a-glucosidase,
formed two H-bonds with Asp198 and Thr627, hydrophobic m
interactions with Trp410, Phe601, and Thr627, and numerous Van
der Waals interactions with GIn199, Pro200, Tyr292, Trp396,
Lys501, Phe600, 11e628, and Gly629 (Table 3, Figure 6-B). In general,
it has been determined that the major interactions that stabilize
aurantinidin in the active site of intestinal a-glucosidase are H-bonds
and hydrophobic contacts (Figure 6-B).

International Journal of Plant Based Pharmaceuticals, 2(2), 271-283

f | /

A

Figure 5. Top-ranked conformations of peonidin (A: a-amylase, B: a-
glucosidase)

Based on a rigorous literature search, we found that there are no
reports on the inhibitory potentials of petunidin, peonidin, and
aurantinidin on human a-amylase or human a-glucosidase enzymes
investigated by molecular docking. Therefore, our study is the first
in the literature to determine the affinity between the above-
mentioned ligands and human enzymes. On the other hand, since
there are some docking or experimental inhibition studies of
petunidin and peonidin against a-amylase or a-glucosidase enzymes
obtained from non-human organisms, we compared and discussed
our results with those from these studies.

It has been reported that the experimental ICsp value of petunidin
against the a-glucosidase (maltase glucoamylase) enzyme from
Saccharomyces cerevisiae was found to be 30.78 uM (K; = 1.52 uM),
with a mode of inhibition which was 'competitive' (Promyos et al.,
2020). It was determined by the same researchers that petunidin
showed a binding affinity of -7.98 kcal/mol against S. cerevisiae a-
glucosidase enzyme in molecular docking simulations and formed
non-bonded interactions with Asp327, Asp443, Asp542, and Tyr605
residues in the catalytic region of the enzyme. In general, the
researchers found that the OH groups attached to the C-3', C-4', and
C-5' carbons in the B ring (Figure 2) of an anthocyanidin molecule
potentiate the inhibitory activity and that the OH group on the C-3'
carbon of the B ring was more effective than the OH group attached
to the C-5' carbon in terms of the inhibitory activity. Although the
human-derived a-glucosidase enzyme was used as the target
receptor in our study, petunidin interacted with Asp198 and GIn199
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Figure 6. Top-ranked conformations of aurantinidin (A: a-amylase, B:
a-glucosidase)

residues of the enzyme via the OH group attached to the C-4'
carbon, but not the groups attached to the C-3' or C-5' carbons and
formed 3 H-bonds (Figure 4-B). Therefore, the inhibitory reactions
occurring in homologs of the same enzyme isolated from different
organisms may be different, and the functional groups of the same
ligand that interact with the active site residues may also differ. A
low conservation value (5.34%) obtained as a result of the sequence
alignment between H. sapiens and S. cerevisiae glucosidases is in
line with this argument. These two homologous enzymes show
great structural differences in terms of amino acid composition
(Supplementary Figure S1). It has been reported that peonidin
showed an ICsp of 36.11 uM (K; = 1.23 uM) against the a-glucosidase
isolated from S. cerevisiae, and its inhibition mode was found to be
'non-competitive' (Promyos et al., 2020). It was determined by the
same researchers that peonidin displayed a binding strength of -
6.40 kcal/mol against the a-glucosidase of S. cerevisiae in molecular
docking simulations and formed chemical interactions with Asp203,
Asp327, and Ser448 residues in the catalytic pocket of the enzyme
(Promyos et al., 2020). In a different study, peonidin showed binding
energy of -7.33 kcal/mol to the a-glucosidase enzyme isolated from
the anaerobic gram-positive bacterium Ruminococcus obeum, and it
was determined that this ligand formed chemical bonds with Asp73,
Asp74, lle76, Tyr85, Trpl69, Aspl97, Trp271, Asp307, Aspd04,
Trp417, Asp420, Lys422, and His478 residues of the enzyme (Zhang
et al., 2019). In our study, peonidin formed contacts with the human
a-glucosidase enzyme through residues Trp410, Phe601, and
Thr627, and the C-7 carbon and B ring of the ligand (Figure 2) was
effective in the formation of H-bond and hydrophobic contacts
(Figure 5-B). As seen in our study and those of Zhang et al. (2019),
peonidin could interact with polar and non-polar amino acid
residues of a-glucosidase. Apolar (benzene and pyrylium rings) and
polar (OH) functional groups of peonidin played an important role in
these interactions (Figures 2 and 5-B).
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Cyanidin, the other selected hit ligand in our docking study, was
reported to show binding affinities of -8.18, -25.08 (S. cerevisiae),
and -8.36 kcal/mol (R. obeum) against a-glucosidase enzyme
isolated from S. cerevisiae and R. obeum, respectively (Chen et al,,
2020; Promyos et al., 2020; Zhang et al., 2019). Delphinidin, another
ligand for which docking calculations were performed in our study,
has been reported to show binding capacities of -8.38 and -8.87
kcal/mol against a-glucosidase enzyme isolated from S. cerevisiae
and R. obeum, respectively (Promyos et al., 2020; Zhang et al.,
2019). On the other hand, malvidin and pelargonidin exhibited weak
binding affinities of -3.97 and -4.69 kcal/mol against a-glucosidase
enzyme isolated from S. cerevisiae (Promyos et al., 2020). As can be
seen, cyanidin, delphinidin, pelargonidin, and malvidin, which were
ranked lower according to the RBCI analysis against a-glucosidase
(Figure 3), can show very high affinities against bacterial homologs
of the same enzyme. However, the target enzymes (a-glucosidase
and a-amylase) used in our docking study are of human origin and
the amino acid residues in their catalytic sites have different
characteristics in terms of both number and side chain structure (for
example, the few residues in the active sites of S. cerevisiae a-
glucosidase are predominantly composed of polar side chains, while
the large number of active site residues of H. sapiens intestinal a-
glucosidase consists of approximately equal amounts of polar and
non-polar amino acids). Therefore, it was not possible to make a
direct comparison with the studies of Chen et al. (2020), Promyos et
al. (2020), and Zhang et al. (2019).

It has been determined that the chemical reactions of petunidin,
peonidin, and aurantinidin in the catalytic sites of human a-amylase
and a-glucosidase enzymes are generally stabilized by H-bonds, and
a large number of hydrophobic m-rt and Van der Waals interactions
(Table 3). In addition, in contrast to the docking studies with S.
cerevisiae in the literature (Promyos et al., 2020), all polar groups (-
OH groups) and aromatic rings (A, C, or B) of the anthocyanidin
molecule (Figure 2) play important roles to stabilize the ligand-
receptor system (Figures 4, 5 and 6). In conclusion, petunidin,
peonidin, and aurantinidin, which contain both polar and non-polar
functional groups (Figures 1 and 2), show the ability to interact
simultaneously with polar and non-polar side chains in the active
sites of enzymes that play an important role in the digestive system,
and therefore, they possess the ability to form stable complexes
with human a-amylase and a-glucosidase enzymes.

3.3. Drug-likeness evaluation of top-ranked anthocyanidins

Drug-likeness can be defined as the molecular properties
compatible with an adequate behavior in the body, namely good
absorption (A), distribution (D), metabolism (M), excretion (E), and
toxicity (T). Lipinski and co-workers have desired to identify, based
on exclusion criteria, a formal and simplified list of molecular
features that contribute most to drug similarity (Lipinski et al., 2012;
Vistoli et al., 2008). In this context, ‘Lipinski's rule of 5 (Ro5)
attempts to elucidate broad chemical properties that can increase a
molecule's chances of reaching the market (Shultz, 2018; Testa et
al., 2007). On the other hand, although the popular Ro5 is quite
effective in the discovery of new 'hit' or 'lead' compounds, only
about 50% of chemical molecules discovered or synthesized in
recent years fully comply with the Ro5 rule. In addition, some
studies have shown that various organic compounds, such as
macrolides and peptides, violate the chemical rules stipulated in the
Ro5. Therefore, in addition to the Ro5 rule, variant filters such as the
Ghose filter and the Veber rule have emerged in recent years
(Congreve et al., 2003; Delaney, 2004; Ghose et al., 1999; Veber et
al., 2002). Therefore, in this study, drug-likeness profiles of
anthocyanidin molecules, which were docked with a-amylase and a-
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glucosidase, were investigated by combining some filters such as
Lipinski et al. (2012), Ghose et al. (1999), and Veber et al. (2002).

Table 4. Drug-likeness profiles of anthocyanidins
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The drug similarity features of these molecules (including top-
ranked petunidin, peonidin, and aurantinidin) are given in Table 4.

No Molecule Number of H bond Number of H bond Number of TPSAL Consensus Log P Log S (ESOL?) Drug-likeness (Ro5)
acceptors donors rotatable bonds

1 Aurantinidin 5 1 114.29 A2 0.53 -3.34 Yes (0 violation)

2 Capensinidin 7 3 4 101.52 A? 1.37 -3.80 Yes (0 violation)

3 Cyanidin 6 5 1 114.29 A2 0.32 -2.60 Yes (0 violation)

4 Delphinidin 7 6 1 134.52 A2 -0.98 -3.16 Yes (1 violation; NH or OH > 5)
5 Europinidin 7 4 3 112.52 A2 1.05 -3.60 Yes (0 violation)

6 Hirsutidin 7 3 4 101.52 A? 1.16 -3.07 Yes (0 violation)

7 Malvidin 7 4 3 112.52 A2 0.92 -3.60 Yes (0 violation)

8 Pelargonidin 5 4 1 94.06 A2 0.93 -3.49 Yes (0 violation)

9 Peonidin 6 4 2 103.29 A2 0.97 -3.54 Yes (0 violation)

10 Petunidin 7 5 2 123.52 A2 -0.31 -4.10 Yes (0 violation)

11 Pulchellidin 7 5 2 123.52 A2 0.36 -2.66 Yes (0 violation)

12 Rosinidin 6 3 3 92.29 A2 1.20 -3.01 Yes (0 violation)

1 TPSA: Topological polar surface area
2 ESOL: Estimated aqueous solubility
Web source: http://www.swissadme.ch/index.php#

When Table 4 is evaluated, the docked 12 anthocyanidin molecules
show acceptable properties for a potential drug-like molecule in
terms of hydrogen bond acceptor and donor numbers, rotatable
bond numbers, topological polar surface area (TPSA), and consensus
LogP (ClogP) values. Though only the delphinidin molecule violates
the Ro5 rule in terms of H bond donor number, since the number of
these violations does not exceed 1, delphinidin could also be
considered a potential drug-like entity. Petunidin, peonidin, and
aurantinidin, determined as top-ranked 'hit' molecules according to
RBCI analysis, do not violate the Ro5 rule based on any criteria.
Among these three molecules, it is observed in Table 4 that the
ligand with the lowest lipophilicity (oil solubility, ClogP) is petunidin.
More polar and hydrophilic compounds tend to stay in the 'liquid
phase'. Therefore, considering that most of the polar drugs enter
the cell via transport from various membrane-embedded proteins
(Kell et al., 2011), it can be assumed that petunidin is most probably
the molecule with the highest potential to enter the cell via
transport proteins on the cell membrane, as petunidin showed the
most negative ClogP (-0.31) value (Table 4). Besides, a low LogP
value (LogP < 4) and a low molecular weight (M.W. < 400) are more
suitable for ADMET parameters (Gleeson, 2008). According to
previous studies, it has been observed that the LogP values of
molecules with the lowest toxicity risk and optimal ADME profile
vary between 2-4 at pH 7.4 (Hann and Keserd, 2012; Lobo, 2020).
Therefore, petunidin has, in our opinion, an excellent ClogP (-0.31)
and molecular weight (352.72 g/mol, Table 1). Therefore, the
ADMET evaluations in Table 5 were performed specifically for the
promising molecule, petunidin.

3.4. ADMET profile of petunidin

The extensive data owned by pharmaceutical companies can conflict
with the use of Ro5 and lead to conflicting situations. Therefore,
early ADMET profiling of drug candidates is a crucial factor in
understanding the potential therapeutic success of a new
compound and can be effective in reducing unnecessary costs when
integrated into the drug development process (Vistoli et al., 2008).
According to Table 5, petunidin has a good water solubility value (-
2.93 log mol/l) and slightly higher solubility in water than peonidin
and aurantinidin. The Caco-2 monolayer cell line is widely used as an
in vitro model of the human intestinal mucosa for predicting the
absorption of orally administered drugs (Pires et al., 2015). High
Caco-2 permeability is expressed by values greater than 0.90.
However, since the estimated Caco-2 permeability of petunidin is -
0.19 (< 0.90), it can be said that the probability of absorption from

the human intestinal mucosa is low (Table 5). It is widely accepted
that a molecule with an absorbance of less than 30% from the small
intestine is poorly absorbed (Pires et al., 2015). For petunidin, this
value is 68.96%, and therefore it was determined that petunidin's
absorption from the small intestine is favorable (Table 5). However,
considering the intestinal absorption value of other top-ranked
ligand peonidin, which is 89.16%, this value (68.96%) determined for
petunidin may not be reasonably high. A compound is considered to
have a relatively low skin permeability if its logKp value is > -2.5.
Petunidin was found to have a logKp of -2.73 (Table 5), and
therefore the molecule's skin permeability is favorable. According to
the calculation performed by the pkCSM online server, petunidin
was determined to be a substrate of P-glycoprotein (P-gp) (Table 5).
Inhibition of P-gp can increase the intracellular bioavailability of the
drug molecule (Finch and Pillans, 2014). However, according to
Table 5, it was also determined that the petunidin molecule was not
an inhibitor of P-gp | or P-gp Il. Taken together, petunidin may have
the potential to be a P-gp activator. This may be an obstacle for
petunidin to reach the sufficient intracellular concentration at which
it can exert its pharmacological activity.

The steady-state volume of distribution (VDss) is the theoretical
volume that a drug must be evenly distributed to the tissue to give
the same concentration as detected in blood plasma. The higher the
VD, the lower the plasma distribution of the drug, but the greater its
distribution in the relevant tissue. If VDss is below 0.71 I/kg, it is
considered low (log VDss < -0.15), and above 2.81 I/kg it is
considered high (log VDss > 0.45) (Pires et al., 2015). In our study,
the human VDss value of petunidin was determined to be 0.94.
Therefore, it can be proposed that the estimated tissue distribution
of petunidin is close to the baseline and possibly weak (Table 5).
Associated with this data, the free fraction (fraction unbound) of
petunidin in blood plasma was determined to be approximately 20%
(Table 5). The ability of petunidin to cross the blood-brain barrier
(BBB) was determined as -1.07 logBB (ratio of a drug's concentration
in the brain to its plasma concentration), and a value less than -1
indicates that petunidin may not effectively cross the BBB (Table 5).
The logPS value of petunidin was determined to be -3.88 (Table 5),
indicating that the molecule could also not penetrate the central
nervous system (CNS). However, the inability of petunidin to cross
the BBB or CNS is not a major drawback, given that a potential anti-
diabetic drug or hit molecule must act primarily on pancreatic or
circulating glucose receptors.
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When the estimated liver metabolism parameters of petunidin are
examined, it is strikingly evident that petunidin is not a substrate or
inhibitor of some cytochrome (CYP) P450 detoxification enzymes
(Table 5). Not being used as a substrate by CYP enzymes indicates
that petunidin is not metabolized in the liver, which is an

Table 5. Predicted ADMET profiles of anthocyanidins
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advantageous profile for this ligand. In conclusion, petunidin, most
likely, is not degraded in the liver and does not show an inhibitory
effect on CYP enzymes that play a direct role in drug metabolism.

£ < c c £ c
5 2 5 5 c 3 £
Model name £ = £ 2 € = £ 5 £ 5 = £
c c 8 = =Y F=] T () T = [7] =l
c g S = ) 2 = s 5 e kS 5 =
z 8 g a & £ s K & & H P 5
Water solubility -2.96 -3.47 -2.93 -291 -3.22 -3.58 -3.07 -3.08 -3.05 -2.93 -2.92 -3.55 log mol/I
Caco-2 permeability -0.88 -0.08 -0.35 -0.32 -0.16 0.04 -0.38 -0.08 -0.13 -0.19 -1.02 0.98 log cm/S
=z ) )
= '(:Lensqt;':j' absorbtion 7261 9476 8730 6191 90.34 8429 8878 8729 8916 6896 6815 9047  %absorbed
o
§ Skin permeability -2.73 -2.73 -2.73 -2.73 -2.73 -2.73 -2.73 -2.73 -2.73 -2.73 -2.73 -2.73 logK/p
2 P-glycoprotein substrate Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Categorical
P-glycoprotein | inhibitor No No No No No No No No No No No No Categorical
P-glycoprotein Il inhibitor No Yes No No No Yes No No No No No Yes Categorical
> 'VDss (human) 084 054 095 096 066 -021 076 064 056 094 08  -004 logl/kg
9 . .
g Fractionunbound 025 007 024 033 009 005 013 020 010 02 020 oo3 " ulfraction
P unbound)
= BBB? permeability 4161  -127  -123  -128  -134  -129  -135  -1.06  -125 -1.07  -167 -119  logBB
I L
CNS permeability -2.26 -3.26 -2.21 -3.92 -3.36 -3.01 -3.37 -2.02 -2.29 -3.88 -3.20 -2.21 logPS
CYP2D63 substrate No No No No No No No No No No No No Categorical
s CYP3A4 substrate No Yes No No No Yes No No Yes No No Yes Categorical
2 CYP1A2 inhibitor Yes Yes Yes No Yes Yes Yes Yes Yes No Yes Yes Categorical
g CYP2C19 inhibitor No Yes No No Yes Yes No Yes No No No Yes Categorical
B CYP2C9 inhibitor No No No No Yes Yes No No Yes No No Yes Categorical
= CYP2D6 inhibitor No No No No No No No No No No No No Categorical
CYP3A4 inhibitor No Yes No No No No No No No No No No Categorical
> Total clearance
0.47 0.76 0.53 0.57 0.72 0.746 0.68 0.576 0.63 0.64 0.61 0.70 log ml/min/k
o g g
=
w
5 Renal OCT2* substrate
I No No No No No No No No No No No No Categorical
AMES toxicity No No No No No No No No No No No No Categorical
(th:'q;i')erate‘j dose 055 023 049 050 040 065 055 050 056 052 051 054  logmg/kg/day
hERG I° inhibitor No No No No No No No No No No No No Categorical
hERG Il inhibitor No No No No No No No No No No No No Categorical
E Rat acute oral toxicity 249 1172 246 254 234 1172 234 243 240 245 254 1391  mol/kg
g (LDso) , N
= (Rf(;::[;m'c oral toxicity 322 160 254 4480 196 2483 241 1683 243 261 275 180  log mg/kg.bw/day
Hepatotoxicity No No No No No No No No No No No No Categorical
Skin sensitization No No No No No No No No No No No No Categorical
T. pyriformis toxicity 0.28 0.35 0.29 0.28 0.35 0.34 0.32 0.31 0.31 0.29 0.29 0.35 log pg/!
Minnow toxicity 1.94 1.02 2.54 31.10 2.51 1.62 1.22 1.81 1.40 3.00 2.03 1.18 log mM

1VDss: Volume of distribution

2 BBB: Blood Brain Barrier

3 CYP: Cytochrome P450

40CT2: Organic Cation Transporter 2

5 hERG I-1l: Human Ether-a-go-go gene [KCNH2: potassium ion channel alpha-subunit (Kv11.1) coding gene]

Web source: http://biosig.unimelb.edu.au/pkcsm/

According to Table 5, the total clearance of petunidin is 0.64
ml/min/kg. Furthermore, petunidin is not a substrate of the renal
organic cation transporter 2 (OCT2) (Table 5). OCT2 is a renal uptake
protein that plays an important role in the regulation and renal
clearance of drugs and endogenous compounds. OCT2 substrates
may interact adversely with combined OCT2 inhibitors (Pires et al.,
2015). The fact that petunidin is not an OCT2 substrate indicates
that it does not adversely affect drug excretion processes in the
kidney.

According to the pkCSM online server, the estimated AMES test
result of petunidin is negative and therefore not mutagenic (Table
5). The maximum recommended tolerated dose (MRTD) provides an
estimate of the threshold for toxic doses of chemicals in the human

body. According to Table 5, the MRTD of petunidin is 0.52
mg/kg/day, and since this value is greater than 0.477, it was
concluded that the MRTD of the petunidin molecule is favorably
high. Hopefully, petunidin shows no inhibitory effect on potassium
channels encoded by hERG | and hERG Il (Table 5). Lethal dose
values (LDsp) are standard values for measuring the relative acute
toxicities of different molecules. The rat acute oral toxicity (LDso)
value for petunidin was calculated as 2.45 mol/kg, and the rat
chronic oral toxicity (LOAEL) value was determined as 2.61 log
mg/kg.bw/day. These values (LDsp and LOAEL) become meaningful
when compared with the bioactive concentration of the molecule in
the organism and the treatment time, however, in general, highly
toxic (positive) chemicals have less than 50 mg/kg (LDsp < 50
mg/kg), and non-toxic (negative) chemicals, on the other hand, have
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higher than 2000 mg/kg (LDsp > 2000 mg/kg) acute oral toxicity
values (Gadaleta et al., 2019). In the computational conversion
performed according to Table 5, the acute oral toxicity value of
petunidin was found to be 778263.31 mg/kg. This value indicates
that petunidin is a reliable phytochemical without oral toxicity.
Petunidin, promisingly, does not show hepatotoxicity nor does it
cause skin sensitization (Table 5). Finally, although petunidin is a
potential toxic agent in Tetrahymena pyriformis (plGCso = 0.29 ug/l),
it shows no toxic effect in the minnow (LCsp = 3.00 log mM).

3.5. Network pharmacology analysis of anthocyanidins

The increase in the rate of drugs failing late in the clinical
development process over the last decade stems from the
assumption that the goal of drug discovery is to design selective
ligands specifically designed for a single disease target. The
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underlying assumption of this current drug design approach is that
safer, more effective drugs can be obtained through the
development of highly selective ligands with eliminated undesirable
toxic side effects. However, after nearly two decades of efforts to
develop highly selective ligands, the high attrition rate of drugs in
the design phase has begun to undermine this hypothesis (Hopkins,
2008; Szklarczyk et al., 2016). Today, the role of the ligand-protein
interaction network is even more prominent in the field of drug
development, as diseases are often the phenotypic result of
multiple changes in the same pathway or multi-protein complex
(Barabasi et al., 2011; Oti et al., 2006). Taking into account the
network in which the individual protein targeted by the ligand is
located and the topology of this network can provide a better
understanding of the cellular effect of a drug (Hopkins, 2008;
Szklarczyk et al., 2016; Yang et al., 2008).
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Figure 7. The 'molecular effect' view of the STITCH analysis results showing possible intracellular protein targets and interaction types of

twelve anthocyanidin molecules
The minimum interaction score was set as 0.70 (high confidence).
Source: http://stitch.embl.de/cgi/network.pl?taskld=5zMVyBQC4MaY

In this context, the Search Tool for Interactions of Chemicals
(STITCH) database was used to determine the interactions of 12
anthocyanidin molecules with their intracellular protein(s) targets
and the types of these interactions. The 'minimum required
interaction score was selected as 0.70 (high confidence) in the
STITCH server, revealing the possible protein molecular interaction
network of anthocyanidins in H. sapiens (Figure 7). According to
Figure 7, the predicted H. sapiens functional protein partners of
petunidin, peonidin, cyanidin, delphinidin, malvidin, and
pelargonidin appear to be VEGFA, PTGS2, AKT1, NFATS, FYN,
CYP3A4, DUSP1, NOS1, NOS2, and CYP1Al. Furthermore, the
anthocyanidins petunidin, peonidin, cyanidin, delphinidin, malvidin,
and pelargonidin are highly associated, and delphinidin is at the
center of this ligand network (Figure 7). While pelargonidin shows
multiple  effects such  as activation, inhibition, and
posttranscriptional regulation (combined score = 0.70) on CYP1A1,
delphinidin shows an inhibitory effect (combined score = 0.73) on
CYP1A1 protein (Figure 7). Therefore, it can be assumed that there
could be a multifunctional interaction between pelargonidin,
delphinidin, and CYP1Al1l. The petunidin molecule, which was
determined as the top-ranked ligand in our study, promisingly does

not exert any significant functional interaction with any protein in
this molecular interaction network (Figure 7). The molecular
interaction network properties for petunidin are also consistent with
the ADMET results in Table 5; petunidin does not react in a positive
or negative functional manner with any cytochrome P450 enzymes.
In previous studies, it has been reported that anthocyanins showed
a favorable effect on obesity and diabetes by increasing
adipocytokine gene expression and secretion. Cyanidin, but not
petunidin, altered the expression levels of this gene in human
adipocytes, up-regulated adiponectin and leptin, and induced genes
related to lipid metabolism (uncoupling protein 2, acyl-CoA oxidase
1, and perilipin) (Tsuda et al., 2006). Also, cyanidin potentiated the
expression of PPAR and adipocyte-specific genes such as adipocyte
fatty acid binding protein (aP2) and lipoprotein lipase (LPL) (Tsuda et
al., 2004). Although these results do not include the hit ligands
identified in our study, a similar mechanism could be suggested for
petunidin or other anthocyanidins, since cyanidin is structurally
similar to petunidin. In conclusion, these data imply that
anthocyanidins may regulate adipocytokine gene expression
through multiple mechanisms and provide a preventive effect on
obesity and diabetes (Tsuda et al.,, 2005). However, it should be
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noted that different anthocyanidins can affect the expression of
different genes.

4. Conclusions

In this study, petunidin, an anthocyanidin phytochemical, showed a
very favorable energetic binding potential in molecular docking
simulations against human pancreatic a-amylase and intestinal a-
glucosidase enzymes (-7.86 kcal/mol for a-amylase; -7.37 kcal/mol
for a-glucosidase). The fact that the a-amylase active site is more
solvent-accessible and has a large volume was evaluated as a factor
that strengthens the interaction of petunidin with this enzyme. It
has been determined that the hydrophobic interactions between
the aromatic groups (A, C, and B rings) of petunidin and proteins'
active site residues are at least as effective as the H-bonds in the
interaction of petunidin with human a-amylase and a-glucosidase.
According to drug-likeness analysis using the combined Ro5, Ghose,
and Veber filters, petunidin showed promising 'hit' molecule
properties and strikingly did not violate any physicochemical criteria.
ADMET analysis indicated that petunidin was unlikely to be
absorbed from the intestinal mucosa and its estimated tissue
distribution was poor. On the other hand, petunidin does not
interact negatively with liver metabolic enzymes, cytochrome (CYP)
P450s, and does not act as a substrate for renal organic cation
transporter 2 (OCT2). Very promisingly, petunidin showed no
mutagenic potential, and no inhibition on hERG | and hERG Il
potassium channels, with a reliable LDso profile. Furthermore,
network pharmacology analysis showed that petunidin had no
negative functional interactions with human intracellular target
proteins. Based on molecular docking, drug-likeness, ADMET, and
network pharmacology, petunidin can be suggested as a potential a-
amylase and a-glucosidase inhibitor in postprandial hyperglycemia
observed in T2DM patients. On the other hand, the low
gastrointestinal absorption rate should be increased by molecular
optimization without compromising petunidin’s pharmacological
efficacy.
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