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Aims and Scope of Acta Pharmaceutica Sciencia

Acta Pharmaceutica Sciencia is a continuation of the former “Eczacilik Biilteni”
which was first published in 1953 by Prof. Dr. Kasim Cemal GUVEN’s editor-
ship. At that time, “Eczacilik Biilteni” hosted scientific papers from the School
of Medicine-Pharmacy at Istanbul University, Turkey.

In 1984, the name of the journal was changed to “Acta Pharmaceutica Turcica”
and it became a journal for national and international manuscripts, in all fields
of pharmaceutical sciences in both English and Turkish. (1984-1995, edited by
Prof. Dr. Kasim Cemal GUVEN, 1995-2001, edited by Prof. Dr. Erden GULER,
2002-2011, edited by Prof. Dr. Kasim Cemal GUVEN)

Since 2006, the journal has been published only in English with the name,
“Acta Pharmaceutica Sciencia” which represents internationally accepted
high-level scientific standards. The journal has been published quarterly ex-
cept for an interval from 2002 to 2009 in which its issues were released at
intervals of four months. The publication was also temporarily discontinued
at the end of 2011 but since 2016, Acta Pharmaceutica Sciencia has continued
publication with the reestablished Editorial Board and also with the support of
you as precious scientists.

Yours Faithfully
Prof. Dr. Seref DEMIRAYAK

Editor
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INSTRUCTIONS FOR AUTHORS

Manuscripts must be prepared using the manuscript template
Manuscripts should contain the following elements in the following order :
Title Page

Abstract

Keywords

Introduction (Without author names and affiliations)
Methodology

Results and Discussion

Statement of Ethics

Conflict of interest Statement

Author Contributions

Funding Sources (optional)

Acknowledgments (optional)

References

It is best to use the Times New Roman’ font, 12 font size, and all kinds of articles
must be double-spaced including text, references, tables, and legends.

The title should be concise and informative. Avoid abbreviations and formulae,
where possible. The title page should include full title, author names and affili-
ations, present addresses, corresponding author, and ORCID numbers for every
author Also, the full manuscript should include a full title page

Abstracts should not be separated into categories, it should be written in a para-
graph format. Keywords: Max. 5

Graphics may be included with both in the text and uploaded as separate files

Sections: (Capital letters should be used in) Introduction, Methodology, Results
and Discussion, Statement of Ethics, Conflict of Interest Statement, Author Con-
tributions, Funding Sources (optional), Acknowledgement (optional).

Table and figure titles should not be abbreviated exp. fig. is not acceptable. It
should be written as; Table 1. .... Figure 1. .....

Figure captions: 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
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minimum but explain all symbols and abbreviations used. Figure captions should
be written on the bottom.

Titles: Number tables consecutively by their appearance in the text and place any
table notes below the table body. Table captions should be written on the top.

References in the text should be identified using Arabic numerals. Years of the
references should be written boldly. 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. References should conform to APA style and be num-
bered consecutively in the order in which they are cited in the text.

*QObligatory files are manuscript main document, title page and copyright form for
submission. If exist, supplementary files should also be added.

1. Scope and Editorial Policy
1.1 Scope of the Journal

Acta Pharmaceutica Sciencia (Acta Pharm. Sci.), formerly known as Bulletin of
Pharmacy and Acta Pharmaceutica Turcica is a peer-reviewed scientific journal
publishing current research and reviews covering all fields of pharmaceutical sci-
ences since 1953.

The original studies accepted for publication must be unpublished work and
should contain data that have not been published elsewhere as a whole or a part.
The reviews must provide critical evaluation of the state of knowledge related with
the subject.

All manuscripts has to be written in clear and concise English. Starting from 2016,
the journal will be issued quarterly both in paper and on-line formates also pub-
lish special issues for national or international scientific meetings and activities in
the coverage field.

1.2 Manuscript Categories
Manuscripts can be submitted as Research Articles and Reviews.

1.2.1 Research Articles are definitive accounts of significant, original studies.
They are expected to present important new data or provide a fresh approach to
an established subject.

1.2.2 Reviews integrate, correlate, and evaluate results from published literature
on a particular subject. They expected to report new and up to date experimental
findings. They have to have a well-defined theme, are usually critical, and may
present novel theoretical interpretations. Up to date experimental procedures
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may be included. Reviews are usually submitted at the invitation of the Editors.
However, experts are welcome to contact the Editors to ensure that a topic is suit-
able. Approval is recommended prior to submission.

1.3 Prior Publication

Authors should submit only original work that has not been previously published
and is not under consideration for publication elsewhere. Academic theses, in-
cluding those on the Web or at a college Web site, are not considered to be prior
publication.

1.4 Patents and Intellectual Property

Authors need to resolve all patent and intellectual property issues. Acceptance and
publication will not be delayed for pending or unresolved issues of this type. Note
that Accepted manuscripts and online manuscripts are considered as published
documents.

1.5 Professional Ethics

Editors, reviewers, and authors are expected to adhere to internationally accept-
ed criteria’s for scientific publishing. Helsinki declaration is applied and accepted
for the ethical standards of the journal.

World Medical Association. (2001). World Medical Association Declaration of
Helsinki. Ethical principles for medical research involving human subjects.. Bul-
letin of the World Health Organization, 79 (4), 373 - 374-

1.5.1 Author Consent. Submitting authors are reminded that consent of all
coauthors must be obtained prior to submission of manuscripts. If an author is
removed after submission, the submitting author must have the removed author
consent to the change by e-mail or faxed letter to the assigned Editor.

1.5.2. Plagiarism. Manuscripts must be original with respect to concept, con-
tent, and writing. It is not appropriate for an author to reuse wording from other
publications, including one>s own previous publications, whether or not that pub-
lication is cited. Suspected plagiarism should be reported immediately to the edi-
torial office. Report should specifically indicate the plagiarized material within the
manuscripts. Acta Pharmaceutica Sciencia uses iThenticate or Turnitin software
to screen submitted manuscripts for similarity to published material. Note that
your manuscript may be screened during the submission process.

1.5.3. Use of Human or Animal Subjects. For research involving biological
samples obtained from animals or human subjects, editors reserve the right to
request additional information from authors. Studies submitted for publication
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approval must present evidence that the described experimental activities have
undergone local institutional review assessing safety and humane usage of study
subject animals. In the case of human subjects authors must also provide a state-
ment that study samples were obtained through the informed consent of the do-
nors, or in lieu of that evidence, by the authority of the institutional board that
licensed the use of such material. Authors are requested to declare the identifica-
tion or case number of institution approval as well as the name of the licensing
committee in a statement placed in the section describing the studies’ Material
and Methods.

World Medical Association. (2001). World Medical Association Declaration of
Helsinki. Ethical principles for medical research involving human subjects.. Bul-
letin of the World Health Organization, 79 (4), 373 - 374.

1.6 Issue Frequency

The Journal publishes 4 issues per year.
2. Preparing the Manuscript

2.1 General Considerations

Manuscripts should be kept to a minimum length. Authors should write in clear,
concise English, employing an editing service if necessary. For professional assis-
tance with improving the English, figures, or formatting in the manuscript before
submission please contact to editorial office by e-mail for suggestions. Authors are
required to subject their manuscript for

The responsibility for all aspects of manuscript preparation rests with the authors.
Extensive changes or rewriting of the manuscript will not be undertaken by the
Editors. A standard list of Abbreviations, Acronyms and Symbols is in section 5.

It is best to use the font “Times”. Other fonts, particularly those that do not come
bundled with the system software, may not translate properly. Ensure that all spe-
cial characters (e.g., Greek characters, math symbols) are present in the body of
the text as characters and not as graphic representations. Be sure that all charac-
ters are correctly represented throughout the manuscript—e.g., 1 (one) and 1 (let-
ter 1), o (zero) and O (letter o).

All text (including the title page, abstract, all sections of the body of the paper,
figure captions, scheme or chart titles, and footnotes and references) and tables
should be in one file. Graphics may be included with the text or uploaded as sepa-
rate files. Manuscripts that do not adhere to the guidelines may be returned to
authors for correction.
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2.1.1 Articles of all kind. Use page size A4. Vertically orient all pages. Articles
of all kind must be double-spaced including text, references, tables, and legends.
This applies to figures, schemes, and tables as well as text. They do not have page
limitations but should be kept to a minimum length. The experimental procedures
for all of experimental steps must be clearly and fully included in the experimental
section of the manuscripts.

2.1.2 Nomenclature. It is the responsibility of the authors to provide correct
nomenclature. It is acceptable to use semisynthetic or generic names for certain
specialized classes of compounds, such as steroids, peptides, carbohydrates, etc.
In such a case, the name should conform to the generally accepted nomenclature
conventions for the compound class. Chemical names for drugs are preferred. If
these are not practical, generic names, or names approved by the World Health
Organization, may be used.

Authors may find the following sources useful for recommended nomenclature:

- The ACS Style Guide; Coghill, A. M., Garson, L. R., Eds.; American Chemical
Society: Washington DC, 2006.

- Enzyme Nomenclature; Webb, E. C., Ed.; Academic Press: Orlando, 1992.

- TUPHAR database of receptors and ion channels (http://www.guidetopharma-
cology.org/).

2.1.3 Compound Code Numbers. Code numbers (including peptides) as-
signed to a compound may be used as follows:

- Once in the manuscript title, when placed in parentheses AFTER the chemical
or descriptive name.

- Once in the abstract.

- Once in the text (includes legends) and once to label a structure. Code numbers
in the text must correspond to structures or, if used only once, the chemical name
must be provided before the parenthesized code number, e.g., “chemical name
(JEM-398).” If appearing a second time in the text, a bold Arabic number must be
assigned on first usage, followed by the parenthesized code number, e.g., “1 (JEM-
398).” Subsequently, only the bold Arabic number may be used. All code numbers
in the text must have a citation to a publication or a patent on first appearance.

Compounds widely employed as research tools and recognized primarily by code num-
bers may be designated in the manuscript by code numbers without the above restric-
tions. Their chemical name or structure should be provided as above. Editors have the
discretion of determining which code numbers are considered widely employed.
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2.1.4 Trademark Names. Trademark names for reagents or drugs must be used
only in the experimental section. Do not use trademark or service mark symbols.

2.1.5 Interference Compounds. Active compounds from any source must be
examined for known classes of assay interference compounds and this analysis
must be provided in the General Experimental section. Many of these compounds
have been classified as Pan Assay Interference Compounds (PAINS; see Baell &
Holloway, J. Med. Chem. 2010, 53, 2719-2740). These compounds shown to dis-
play misleading assay readouts by a variety of mechanisms by forming reactive
compounds. Provide firm experimental evidence in at least two different assays
that reported compounds with potential PAINS liability are specifically active and
their apparent activity is not an artifact.

2.2 Manuscript Organization

2.2.1 Title Page. Title: The title of the manuscript should reflect the purposes
and findings of the work in order to provide maximum information in a com-
puterized title search. Minimal use of nonfunctional words is encouraged. Only
commonly employed abbreviations (e.g., DNA, RNA, ATP) are acceptable. Code
numbers for compounds may be used in a manuscript title when placed in paren-
theses after the chemical or descriptive name.

Authors’ Names and Affiliations: The authors’ full first names, middle initials, last
names, and affiliations with addresses at time of work completion should be listed
below the title. The name of the corresponding author should be marked with an
asterisk (¥).

2.2,2 Abstract and keywords. Articles of all types must have an abstract fol-
lowing the title page. The maximum length of the Abstract should be 200 words,
organized in a findings-oriented format in which the most important results and
conclusions are summarized. Code numbers may be used once in the abstract. Af-
ter the abstract, a section of Keywords not more than five has to be given. Be aware
that the keywords, chosen according to the general concept, are very significant
during searching and indexing of the manuscripts.

Key words: instructions for authors, template, journal

2.2.3 Introduction. The Introduction should argue the case for the study, out-
lining only essential background, and should not include the findings or the con-
clusions. It should not be a review of the subject area, but should finish with a clear
statement of the question being addressed. Authors should use this template when
preparing a manuscript for submission to the ACTA Pharmaceutica Sciencia.
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2.2.4. Methodology. Materials, synthetic, biological, demographic, statistical
or experimental methods of the research should be given detailed in this section.
The authors are free to subdivide this section in the logical flow of the study. For
the experimental sections, authors should be as concise as possible in experi-
mental descriptions. General reaction, isolation, preparation conditions should
be given only once. The title of an experiment should include the chemical name
and a bold Arabic identifier number; subsequently, only the bold Arabic number
should be used. Experiments should be listed in numerical order. Molar equiva-
lents of all reactants and percentage yields of products should be included. A gen-
eral introductory section should include general procedures, standard techniques,
and instruments employed (e.g., determination of purity, chromatography, NMR
spectra, mass spectra, names of equipment) in the synthesis and characterization
of compounds, isolates and preparations described subsequently in this section.
Special attention should be called to hazardous reactions or toxic compounds.
Provide analysis for known classes of assay interference compounds.

The preferred forms for some of the more commonly used abbrevations are mp,
bp, °C, K, min, h, mL, uL, g, mg, ug, cm, mm, nm, mol, mmol, umol, ppm, TLC,
GC, NMR, UV, and IR. Units are abbreviated in table column heads and when
used with numbers, not otherwise. (See section 4 for more abbreviations)

2.2.5 Results and Discussion. This section could include preparation, isola-
tion, synthetic schemes and tables of biological and statistical data. The discus-
sions should be descriptive. Authors should discuss the analysis of the data to-
gether with the significance of results and conclusions. An optional conclusions
section is not required.

2.2.6 Ancillary Information. Include pertinent information in the order listed
immediately before the references.

PDB ID Codes: Include the PDB ID codes with assigned compound Arabic num-
ber. Include the statement “Authors will release the atomic coordinates and ex-
perimental data upon article publication.”

Homology Models: Include the PDB ID codes with assigned compound Arabic
number. Include the statement “Authors will release the atomic coordinates upon
article publication.”

Corresponding Author Information: Provide telephone numbers and email ad-
dresses for each of the designated corresponding authors.

Present/Current Author Addresses: Provide information for authors whose affili-
ations or addresses have changed.
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Author Contributions: Include statement such as «These authors contributed
equally.»

Acknowledgment: Authors may acknowledge people, organizations, and financial
supporters in this section.

Abbreviations Used: Provide a list of nonstandard abbreviations and acronyms
used in the paper, e.g., YFP, yellow fluorescent protein. Do not include compound
code numbers in this list. It is not necessary to include abbreviations and acro-
nyms from the Standard Abbreviations and Acronyms listed in section 4.

2.2,7 References and Notes. APA style is used in the reference list and ci-
tations. List submitted manuscripts as “in press” only if formally accepted for
publication. Manuscripts available on the Web with a DOI number are consid-
ered published. For manuscripts not accepted, use “unpublished results” after
the names of authors. Incorporate notes in the correct numerical sequence with
the references. Footnotes are not used. List submitted manuscripts as “in press”
only if formally accepted for publication. Manuscripts available on the Web with
a DOI number are considered published. For manuscripts not accepted, use “un-
published results” after the names of authors. Incorporate notes in the correct nu-
merical sequence with the references. Footnotes are not used. APA style is used in
the reference list. However, in-text citations should be given superscript numbers
(e.g. 1) according to order in the manuscript. List submitted manuscripts as “in
press” only if formally accepted for publication. Manuscripts available on the Web
with a DOI number are considered published. For manuscripts not accepted, use
“unpublished results” after the names of authors. Incorporate notes in the correct
numerical sequence with the references. Footnotes are not used.

Journal article examples
Article with two authors example:

Tinworth, C. P., & Young, R. J. (2020). Facts, Patterns and Principles in Drug
Discovery: appraising the Rule of 5 with measured physicochemical data. Journal
of Medicinal Chemistry. doi:10.1021/acs.jmedchem.gb01596

Sahin, Z., Ertas, M., Berk, B., Biltekin, S. N., Yurttas, L., & Demirayak, S. (2018).
Studies on non-steroidal inhibitors of aromatase enzyme; 4-(aryl/heteroaryl)-2-
(pyrimidin-2-yl)thiazole derivatives. Bioorganic & Medicinal Chemistry, 26(8),
1986-1995. d0i:10.1016/j.bmc.2018.02.048.

Articles up to 6 authors should be given examples as above, and articles with more
than 6 authors should be given as et al. after sixth author.
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APA Style examples:

2.2.8 Tables. Tabulation of experimental results is encouraged when this leads
to more effective presentation or to more economical use of space. Tables should
be numbered consecutively in order of citation in the text with Arabic numerals.
Footnotes in tables should be given italic lowercase letter designations and cited
in the tables as superscripts. The sequence of letters should proceed by row rather
than by column. If a reference is cited in both table and text, insert a lettered foot-
note in the table to refer to the numbered reference in the text. Each table must
be provided with a descriptive title that, together with column headings, should
make the table self-explanatory. Titles and footnotes should be on the same page
as the table. Tables may be created using a word processor’s text mode or table
format feature. The table format feature is preferred. Ensure each data entry is in
its own table cell. If the text mode is used, separate columns with a single tab and
use a return at the end of each row. Tables may be inserted in the text where first
mentioned or may be grouped after the references.

2.2.9 Figures, Schemes/Structures, and Charts. The use of illustrations to
convey or clarify information is encouraged. Structures should be produced with
the use of a drawing program such as ChemDraw. Authors using other drawing
packages should, in as far as possible, modify their program’s parameters so that
they conform to ChemDraw preferences. Remove all color from illustrations, ex-
cept for those you would like published in color. Illustrations may be inserted into
the text where mentioned or may be consolidated at the end of the manuscript. If
consolidated, legends should be grouped on a separate page(s). Include as part of
the manuscript file.

To facilitate the publication process, please submit manuscript graphics using the
following guidelines:

1. The preferred submission procedure is to embed graphic files in a Word docu-
ment. It may help to print the manuscript on a laser printer to ensure all artwork
is clear and legible.

2. Additional acceptable file formats are: TIFF, PDF, EPS (vector artwork) or CDX
(ChembDraw file). If submitting individual graphic files in addition to them being
embedded in a Word document, ensure the files are named based on graphic func-
tion (i.e. Scheme 1, Figure 2, Chart 3), not the scientific name. Labeling of all figure
parts should be present and the parts should be assembled into a single graphic.

EPS files: Ensure that all fonts are converted to outlines or embedded in the graph-
ic file. The document settings should be in RGB mode. NOTE: While EPS files are
accepted, the vector-based graphics will be rasterized for production. Please see
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below for TIFF file production resolutions.

3. TIFF files (either embedded in a Word doc or submitted as individual files)
should have the following resolution requirements:

- Black & White line art: 1200 dpi
- Grayscale art (a monochromatic image containing shades of gray): 600 dpi
- Color art (RGB color mode): 300 dpi

- The RGB and resolution requirements are essential for producing high-quality
graphics within the published manuscript. Graphics submitted in CMYK or at
lower resolutions may be used; however, the colors may not be consistent and
graphics of poor quality may not be able to be improved.

- Most graphic programs provide an option for changing the resolution when you
are saving the image. Best practice is to save the graphic file at the final resolution
and size using the program used to create the graphic.

4. Graphics should be sized at the final production size when possible. Single col-
umn graphics are preferred and can be sized up to 240 points wide (8.38 cm.).
Double column graphics must be sized between 300 and 504 points (10.584 and
17.78 cm’s). All graphics have a maximum depth of 660 points (23.28 cm.) includ-
ing the caption (please allow 12 points for each line of caption text).

Consistently sizing letters and labels in graphics throughout your manuscript will
help ensure consistent graphic presentation for publication.

2.2.10 Image Manipulation. Images should be free from misleading manipu-
lation. Images included in an account of research performed or in the data col-
lection as part of the research require an accurate description of how the images
were generated and produced. Apply digital processing uniformly to images, with
both samples and controls. Cropping must be reported in the figure legend. For
gels and blots, use of positive and negative controls is highly recommended. Avoid
high contrast settings to avoid overexposure of gels and blots. For microscopy,
apply color adjustment to entire image and note in the legend. When necessary,
authors should include a section on equipment and settings to describe all im-
age acquisition tools, techniques and settings, and software used. All final images
must have resolutions of 300 dpi or higher. Authors should retain unprocessed
data in the event that the Editors request them.

2.3 Specialized Data

2.3.1 Biological Data. Quantitative biological data are required for all tested
compounds. Biological test methods must be referenced or described in sufficient
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detail to permit the experiments to be repeated by others. Detailed descriptions of
biological methods should be placed in the experimental section. Standard com-
pounds or established drugs should be tested in the same system for comparison.
Data may be presented as numerical expressions or in graphical form; biological
data for extensive series of compounds should be presented in tabular form.

Active compounds obtained from combinatorial syntheses should be resynthe-
sized and retested to verify that the biology conforms to the initial observation.
Statistical limits (statistical significance) for the biological data are usually re-
quired. If statistical limits cannot be provided, the number of determinations and
some indication of the variability and reliability of the results should be given.
References to statistical methods of calculation should be included.

Doses and concentrations should be expressed as molar quantities (e.g., mol/kg,
pumol/kg, M, mM). The routes of administration of test compounds and vehicles
used should be indicated, and any salt forms used (hydrochlorides, sulfates, etc.)
should be noted. The physical state of the compound dosed (crystalline, amorphous;
solution, suspension) and the formulation for dosing (micronized, jet-milled, na-
noparticles) should be indicated. For those compounds found to be inactive, the
highest concentration (in vitro) or dose level (in vivo) tested should be indicated.

If human cell lines are used, authors are strongly encouraged to include the fol-
lowing information in their manuscript:

- the cell line source, including when and from where it was obtained;

- whether the cell line has recently been authenticated and by what method;

- whether the cell line has recently been tested for mycoplasma contamination.
2.3.2 Purity of Tested Compounds.

Methods: All scientifically established methods of establishing purity are accept-
able. If the target compounds are solvated, the quantity of solvent should be in-
cluded in the compound formulas. No documentation is required unless asked by
the editors.

Purity Percentage: All tested compounds, whether synthesized or purchased,
should possess a purity of at least 95%. Target compounds must have a purity of
at least 95%. In exceptional cases, authors can request a waiver when compounds
are less than 95% pure. For solids, the melting point or melting point range should
be reported as an indicator of purity.

Elemental analysis: Found values for carbon, hydrogen, and nitrogen (if present)
should be within 0.4% of the calculated values for the proposed formula.
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2.3.3 Confirmation of Structure. Adequate evidence to establish structural
identity must accompany all new compounds that appear in the experimental sec-
tion. Sufficient spectral data should be presented in the experimental section to
allow for the identification of the same compound by comparison. Generally, a
listing of 1H or 13C NMR peaks is sufficient. However, when the NMR data are
used as a basis of structural identification, the peaks must be assigned.

List only infrared absorptions that are diagnostic for key functional groups. If a se-
ries contains very closely related compounds, it may be appropriate merely to list
the spectral data for a single representative member when they share a common
major structural component that has identical or very similar spectral features.

3. Submitting the Manuscript

3.1 Communication and log in to Author’s Module All submissions to Acta
Pharmaceutica Sciencia should be made by using e-Collittera (Online Article Ac-
ceptance and Evaluation) system on the journal main page (www. actapharmsci.
com)

3.2 Registration to System It is required to register into the e-Collittera sys-
tem for the first time while entering by clicking “Create Account” button on the
registration screen and the fill the opening form with real information. Some of
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ABSTRACT

This study evaluated immunomodulatory and candidacidal properties of Citrullus
lanatus seed oil (CLSO) on Candida albicans-infected rat. The immunomodulatory
and candidacidal activities of both crude and degummed oil at varied doses were
determined using 80 female albino rats, randomised into 10 groups of 8 rats per
group based on the days 7 and 14 of study. Delayed hypersensitivity reaction showed
a significant increase (p<0.05) in the hind paw oedema of rats treated with crude
and degummed oil after 24 hours; however after 48 hour, a significant decrease
(p<0.05) in hind paw oedema was observed. However, the CD4 + T-lymphocytes
decreased at day 14 when compared with day 7 counterpart. In the same vein, IFN-y
and TNF-a decreased from day 7 to day 14 of the study; while IL-10 and IgA in-
creased from day 7 to day 14 of the study. CLSO does not boost immune system,
rather demonstrated anti-inflammatory activities of the oil.

Keywords: Candidiasis; CD4 count; cytokines; degummed oil; immunosuppression.

INTRODUCTION

Interest in the effects of fatty acids upon the immunity and inflammation dates
back many years, but this interest intensified with the elucidation of the roles of
eicosanoids derived from arachidonic acid (ARA; 20:4n-6) in modulating im-
munity and inflammation !, and with the knowledge that the metabolism of ARA
to yield these mediators can be inhibited by the long polyunsaturated fatty acids
(PUFA).* Free fatty acids may modify the immune response by modulating im-
munological parameters such as phagocytosis or cytokine production.? Dietary
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lipids or free fatty acids not only affect the immune systems directly, but also in-
terfere in the production of other substances through modification of activity of
enzymes involved in the synthesis of these substances.3 Disorders of the immune
system can result in autoimmune diseases, inflammatory diseases and cancer 4,
and immunodeficiency. Immunodeficiency occurs when the immune system is
less active than normal, resulting in recurring and life-threatening infections.

The currently available drugs that are used for the treatment of inflammatory
and immunodeficiency diseases are often ineffective and require high doses or
prolonged periods of treatment, thus causing adverse effects on the gastrointes-
tinal tract, kidneys, and liver.5 Thus, the use of natural products or traditional
medicines that have favorable therapeutic effects with fewer adverse effects has
gained interest in the treatment of immunomodulatory and inflammatory dis-
eases.® Some of the medicinal plants are believed to enhance the natural resist-
ance of the body to infections. 7

Watermelon (Citrullus lanatus) is taxonomically classified as a member of the
Cucurbitaceae family, which is also known as the gourd family. Other gourds
include pumpkins, cucumbers, squash, and other melons. It has been investi-
gated for its potential as significant diuretic agents Gul et al.® In addition, the
antioxidant activity, total phenolics and flavonoid contents of fermented and
unfermented water melon rind (outer layer) have been investigated.® A study
has concluded that Citrullus lanatus seed extracts possess antioxidant activity
and the potency of antioxidant activity depends on the type of extract.*® The n-
hexane extract of Citrullus lanatus seed oil has shown a promising role as an
anti-inflammatory agent." There is no documented evidence of immunomodu-
latory effect of degummed and crude Citrullus lanatus seed oil. As a conse-
quence, experimental oropharyngeal candidiasis infection was induced in rats
and treated with both degummed and crude Citrullus lanatus seed oil in order
to determine the ability of the oil to modulate of the immune response.

METHODOLOGY
Materials

The plant material used in this study was the fresh Citrullus lanatus seeds. The
seed of Citrullus lanatus (water melon) was procured from the dealers within
Zuba in Bwari area council of FCT Abuja, the identity of the plant was con-
firmed and Voucher specimens UNN/PSB/Consult/2017/2721-03 were depos-
ited at the herbarium at the Department of Plant Science and Biotechnology,
University of Nigeria, Nsukka.
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Fungal strain

Candida albicans SC5314 used in this study was obtained from Department of
Microbiology University of Nigeria, Nsukka.

Animals and experimental design

A total of 80 female albino rats weighing 120-150g were obtained from the Ani-
mal House of the Faculty of Biological Sciences, University of Nigeria, Nsukka.
They were acclimatized for one week under standard environmental conditions
and maintained on a regular feed (Grand Cereals Ltd, Enugu, Nigeria) and water
ad libitum. The animals were handled according to the guidelines of the Ethical
Committee on the use and care of experimental animals of the Department of Bio-
chemistry, University of Nigeria, Nsukka (UNN) and approved by the Departmen-
tal Animal Ethics Committee (DAEC), UNN (Approval No. UNN/DAEC/2017/
B79). They were grouped in ten (10) cages of eight (8) rats per cage and orally
fed with crude and degummed Citrullus lanatus seed oil (CLSO) for a total of 14
days. Controls were treated with 2% Tween 80 while fluconazole and levamisol
as standard drugs. The rats were sacrificed on the 14" day, blood samples were
collected through ocular puncture for biochemical and haematological analyses.

Methods
Collection and processing of Citrullus lanatus.

The fruits were washed, cut and the seeds selected manually from the pulp. Tap
water was used to wash off pulp on the seeds before sun-drying for 72 hours.
Samples of watermelon seeds were crushed using a commercial blender (TSK-
949, WestPoint, France), put in air tight container and stored in a desiccators
for analyses.

Oil extraction and determination of percentage yield

The pulverized samples weighing 2480 g were extracted for 6 h using n-haxane
and soxhlet extractor equipped with thimble (chem glass). The extract was then
concentrated using rotary evaporator (EYELA, N-N Series; Rikakikai Co Ltd.,
Tokyo, Japan) to obtain n-hexane-free crude Citrullus lanatus seed oil. After
concentration, crude Citrullus lanatus seed oil was immediately placed in a hot
air oven maintained at 60°C for 24 h to ensure complete removal of solvents.
The concentrated oil (642 ml) sample was then stored in a bottle in a cool dry
place until degumming.

Mass of the oil extracted
Percentage yield= X100
Mass of the seed before extraction
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Degumming of Citrullus lanatus Seed Oil

The Citrullus lanatus seed oil contains phosphatides, gums and other com-
plex compounds which can promote hydrolysis (increase in free fatty acid) of
oil during storage. The crude oil sample was heated to 80°C, mixed with water
(5% vol) and stirred for 15 minutes by magnetic stirrer. Then the mixture was
centrifuged (7000 rpm) for 20 minutes.*? Precautions were taken in order to
prevent the introduction of air and subsequent oxidation of oil. Due to this,
phosphatides and other impurities were settled down and were centrifuged out
from the degummed oil.

Preparation of Sheep Red Blood Cell (SRBC) as an Antigen

Fresh blood was collected from sheep sacrificed in local slaughter house. Sheep
red blood cells (SRBC) were washed three times in normal saline and RBC of
this suspension was adjusted to a concentration of 5 x 10? cells per ml for im-
munization and challenge.'

SRBC-induced Delayed Type Hypersensitivity Reaction
(DTH response)

The animals were grouped in eight (8) cages of four (4) rats per cage. DTH
response was induced in rats using SRBC as an antigen according to Doherty
method.

Humoural Antibody Response (HA response)

A total of forty four (44) rats were divided into eleven (11) groups of four (4) rats
per cage was used in this study. Groups 1 and 2 acted as control groups treated
with 100 mg/kg b.w. of crude and degummed oil without being challenged with
0.05 ml of 5 x 109 SRBC, Group- 3 was standard control treated with 5omg/kg
b.w. of levamisole after being challenged with SRBC, group 4 was treated with
5% DMSO after SRBC challenge, group 5 received 5% DMSO without SRBC
challenge, groups 6 and 77 received 50mg/kg b.w of degummed and crude oil re-
spectively, groups 8 and 9 received 100mg/kg b.w. of degummed and crude oil
respectively while groups 10 and 11 received 150mg/kg b.w. respectively. Crude
and degummed oil was administered at different doses (50, 100 and 150 mg/
kg b.w.) and the rats were immunized with 10% suspension of SRBC on day o
intraperitonially (i.p.) and treatment continued till the 7™ day of the experi-
ment, they were challenged, blood samples were collected from the retro orbital
plexus of individual animals for primary antibody response and on day 14 for
secondary antibody response and their antibody titre from serum was deter-
mined according to Puri et al. > Serum was diluted in 50ul of phosphate buffer
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saline (PBS) of pH 7.2 with two fold serial dilution in 96-well microtire plate
and mixed with 50ul 1% SRBC suspension in PBS. Plates were kept at room
temperature for 2 hour. The value of antibody titre was considered at the high-
est serum dilution showing visible haemaglutination and expressed as HA titre.

Preparation of Candida albicans for animal study.

Stock cultures of C. albicans SC5413 cells were kept at 4°C and passaged once a
month to maintain viability. Before each experiment, C. albicans SC5413 cells
were grown in Sabouraud’s dextrose agar at 37°C for 48 h. Cells were harvested
by centrifugation at 3500 x g for 10 min. Cells were washed three times with
50 ml of sterile non pyrogenic phosphate buffered-saline (PBS), counted with
a haemacytometer, and resuspended in PBS to the required concentrations
(1x10’CFU/ml).

Induction of oropharyngeal infection with Candida albicans in rat

After seven (7) consecutive days of immunosupression with s5omg/kg body
weight of pyrogallol. Disseminated candidiasis infection was induced by oral
(p.0.) administration of 0.2 mL of 1x107 CFU/ml. Also 1 g/ml of antibiotic (tet-
racycline) was administered po for three days (to eliminate competitive normal
flora) during inoculation of Candida albicans SC5413 cells. Twenty-four (24),
forty-eight (48) and seventy-two (72) hours after infection, nine animals were
euthanised to check the effectiveness of the infection by assessing the fungal
load in the kidneys. After which 48 h was chosen for the study.

Full blood count assays

Full blood counts including packed cell volume (PCV), Haemoglobin (Hb), red
blood cell (RBC), white blood cell (WBC), differential WBC (lymphocytes and
mixed) were estimated using the Sysmsex® Automated Haematology Analyzer
(KX-21N, Sysmex Corporation, Kobe-Japan). The whole sample method was
used where blood was mixed manually, and then fed into the transducers. The
transducer chamber has a minute hole called the aperture. On both sides of
the aperture, there are electrodes between which flows direct current. Blood
cells pass through the aperture, causing direct current resistance to change be-
tween the electrodes. As direct current changes, the blood cell size is detected as
electric pulses. Blood cell count is then calculated by counting the pulses, and
a histogram of blood cell sizes is plotted by determining the pulse sizes. Also,
analyzing a histogram makes it possible to obtain various analysis data includ-
ing differential whole blood count, red cell indices and derived values.
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CD4+ T-lymphocyte count

The CD4+ lymphocytes were determined using the CyFlow® Automated Cell
Counter (Partec, Germany). The Counter uses a ‘no lyse, no wash’ procedure
for CD4 counting.’® EDTA-anticoagulated blood (fifty microliters) were added
to 10 pl of monoclonal antibodies. After 15 min of incubation, 1ml of no lyse
dilution buffer was added and the sample tube was attached to the Counter for
automated counting. Results were available in 2 minutes and were expressed
in a histogram (CD4+ cells/pl).

Cytokine assays

Enzyme-linked immunosorbent assay. Quantification of each cytokine in
the serum was determined using commercially available ELISA kits (Vector Best,
Russia). One hundred microlitre (100 ul) of Solution for Sample Dilution (SSD)
(Vector Best, Russia) was added to each well, then 100 pl of calibration, sample
and control per well. It was sealed with adhesive film and incubated for two (2)
hours at 37°C. The wells were aspirated and washed (5 times) with PBS-Tx25
and blotted with a clean cotton gauze. Conjugate No.1 (100 pl) (Vector Best, Rus-
sia) was added to each well, covered with new adhesive and incubated for an
hour at 37°C. After incubation, the wells were washed (5 times) as described
before, then Conjugate No.2 (100 pl) was added to each well and covered with
new adhesive strip and incubated for 30 minutes and washed as stated above.
Tetramethylbenzidine (TMB) solution (100 pul) (Vector Best, Russia) was added
to each well and incubated at 25°C for 25 minutes and protected from light. Stop
solution was added to each well. Optical density of IL-10 was determined within
10 minutes using microplate reader set at 450nm. Same was carried out for IgA,
TNF-q, and IFN-y. All cytokines and IgA concentrations (in picograms per mil-
liliter) were determined by comparison with the standard curve.

Data analysis

The data obtained from this study were expressed as means + standard devia-
tion (SD). Statistical comparisms between the groups were done using one way
analysis of variance (ANOVA). Whereas the means were separated using Dun-
can’s Multiple Range Test of p < 0.05.
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RESULTS
Percentage Yield: The percentage yield of the oil was 26.40%.
Delayed-type hypersensitivity (DTH) test

The result of DTH in Figure 1 shows that there was significant increase (p < 0.05)
in the hind paw oedema of rats treated with crude and degummed oil (CO and DO
respectively) after 24 hours when compared with the control. There was no sig-
nificant increase (p>0.05) in hind paw oedema of rats treated with both 25 (5.17
+ 0.29 mm) and 50 mg/kg b.w. (5.23 + 0.25 mm) of degummed oil when com-
pared with the standard control (4.87 + 0.21 mm). But there was a significant (p
< 0.05) increase in hind paw oedema of rats treated with 100 mg/kg b.w. (6.10 +
0.66) of degummed oil when compared to the standard control (4.87 + 0.21 mm).
For the CO, paw oedema of all the treated groups were found to be significantly
(p < 0.05) higher when compared with both normal and standard control. After
48 hours, the paw oedema of the normal control (6.10 + 0.46 mm) and standard
control (4.50 + 0.40 mm) increased significantly (p<0.05) compared to their 24
hours values. A significant (p < 0.05) decrease in hind paw oedema of rats treated
with 100 mg/kg b.w. (3.90 + 0.53mm) after 48 hours was observed when com-
pared with 6.10 + 0.66 mm obtained after 24 hours. There was also a significant
(p < 0.05) decrease in hind paw oedema of groups 2 (4.867 + 0.57 mm), 3 (3.900
+ 0.53 mm), 4 (5.200 + 0.27 mm) and 6 (3.133 + 0.321 mm) after 48 hours when
compared with the normal control (6.100 + 0.458 mm).
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Figure 1: Paw size oedema of different group challenged with SRBC

Results expressed as means + SD
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Key:

Group 1 (25 mg/kg b.w.) {Degummed}

Group2 (50mg/kg b.w.) {Degummed}

Group 3 (10omg/kg b.w.) {Degummed)

Group 4 (25 mg/kg b.w.) {Crude}

Group 5 (50 mg/kg b.w.) {Crude)

Group 6 (100 mg/kg b.w.) {Crude}

Group 7 (normal control) (DMSO)

Group 8 (Standard Control) {25mg/kg b.w. Levamisole}

Humoural antibody titre using SRBC as an antigen

Figure 2 shows that there was non-significant (p > 0.05) decrease in secondary
antibody titre values when compared with the primary antibody titre values. In
the primary antibody titre, there was a significant increase (p<0.05) in group
1 when compared with that of group 2. However, there was no significant in-
crease (p>0.05) in group 2 when compared with group 3. Similarly, a significant
increase (p<0.05) in group 4 when compared with group. In the same vein,
group 7 exhibited a significant increase (p<0.05) when compared with group 6.
But there was no significant increase (p>0.05) in group 9 when compared with
group 8. There was no significant increase (p>0.05) in group 10 when com-
pared with group 11.

In the secondary immune response, there was a decrease in the titre when com-
pared with the primary antibody response. There was a significant increase
(p<0.05) in group 1 when compared with group 2 but the titres are quite lower
than the primary titres. There was also a significant increase (p<0.05) in group
3 when compared with group 4. Also group had a significant increase (p<0.05)
when compared with group 5 but there was no significant increase (p>0.05) in
group 2 when compared with group 5. In the same vein, there was no significant
difference (p>0.05) between groups 6 and 7, just as there was no significant
increase (p>0.05) in group 10 when compared with group 11; however group
9 shows a significant increase (p<0.05) in humoural antibody titre when com-
pared with group 8.
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Figure 2: Humoural antibody titre of rats challenge and unchallenged with SRBC Means with
different superscript within rows are significantly different (P<0.05)

Results expressed as means + SD
Key:

Group 1 (100mg/kg b.w. of crude oil)

Group 2 (100mg/kg b.w. of degummed oil)
Group 3 (challenged and treated with 5omg/kg b.w. of levamisole)
Group 4 (challenged and treated with DMSO)
Group 5 (unchallenged and treated with DMSO)
Group 6 (50mg/kg b.w. of degummed oil)
Group 7 (50mg/kg b.w. of crude oil)

Group 8 (100mg/kg b.w. of degummed oil)
Group 9 (100mg/kg b.w. of crude oil)

Group 10 (150mg/kg b.w. of degummed oil)
Group 11 (150mg/kg b.w. of crude oil)

Effect of Citrullus lanatus seed oil on complete blood and
CD, count at 7 and 14" days of treatment

The result shows no significant increase (p > 0.05) in PCV, Hb, WBC, lympho-
cyte, neutrophil, eosinophil, monocyte, platelet and RBC among the groups
treated with the oil except groups 4 and 9 which showed a significant increase
(p < 0.05) in PCV values while Hb showed a significance increase (p<0.05) in
groups 4, 5 and 9 when compared with group 10. WBC had significant increase
(p<0.05) in groups 3 and 6 when compared with group 10. Also neutrophil sig-
nificantly increased (p < 0.05) in group 5 when compared with group 10. Red
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blood cell (RBC) showed a significant increase (p < 0.05) in groups 5 and 6
when compared with group 10. The CD4 significantly increased in groups 4, 7
and 9 when compared with group 10.

After 14 days of treatment, there was significant increase (p < 0.05) in PCV and
Hb conc. of groups 4, 5, 6, 7, 8 and 9, while group 6 had a significant increase
(p < 0.05) in WBC, groups 5 and 7 also had a significant increase (p < 0.05) in
platelet values when compared with group 10. However, lymphocyte, neutro-
phil, monocyte and eosinophils had a no significant increases (p > 0.05) in their
values when compared with group 10. But the CD4 count values decreased (p >
0.05) below group 10 (normal control).

Table 1A: Effect of Citrullus lanatus Seed Oil on Complete Blood Count at 7*" day of Treatment

Groups PCV (%) Hb (g/dl) WBC(x10°L)  Lymph (%) Neut(%)  Platelet(x10°  RBC(10%) Mono (%)
1 40.33:451%  1247+1.00%  893:1258°  66.67:2.08%  27.00:346  437.00:1400  6.90:1.00%  4.33:0.58°
36.33:3060  11.10:050°  14.00:135%  74.33:2.08%  19.67:158°  59533:1950  5.77:035° 4.00:1.00°
3567551 11.07+1.01°  1387+1.07%  T7267:306%  21.00:1.73%  57067:83.12  6.83:050%  367:153®
46.33:252  1330:070° 10124138  67.33:252%  27.33:3.06"  605.33:23066  7.27:0.58 3.67+1.53*
4167:2.08% 1277059 1240:080  57.33:189  35.00£15.13°  568.67:11545  7.80:0.70° 6.33:1.53
42.00:4.58%  1223:072%  1457:140°  71.33:321%  23.00:3.00°  507.33:57.14  7.17:0.42° 4.00:2.00°
4067:4.04%  1243:091%  12.63:067  64.33:8.022  28.00:854*  531.33:13144  727:0.70* 567+1.15°
3033208 11.80:044®  10.87+1.94*¢  71.00:1.00%  23.00:265%  597.33:117.75  6.67:061%  5.33:2.52%
44334153 13.03:040"  1353:3.16%  7967:379°  17.33:4.04°  525.33+129068  7.50:062 267+0.58
10 3867:2520  11.00:0.85° 5.77:2.29° 8267586  1267:5.51°  46267:3164  6.20:0.26® 3.67:0.58*
P-value 0.031 0.006 0.000 0014 0.019 0.591 0.020 0133

© o —~N o o s w N

Means with different superscript within rows are significantly different
(P<0.05)

Results expressed as means + SD
Key:

Group 1= inoculated without immunosuppression

Group 2=suppressed without inoculation

Group 3=inoculated + suppresses without treatment

Group 4=inoculated + suppressed + treated with 30o0mg/kg body weight of DO
Group 5=inoculated + suppressed + treated with 500 mg/kg bw DO

Group 6= inoculated + suppressed + treated with 300 mg/kg bw CO

Group 7= inoculated + suppressed + treated with 500 mg/kg bw CO

Group 8= inoculated + suppressed + treated with 25 mg/kg bw levamisol
Group 9= inoculated + suppressed + treated with 5 mg/kg bw Fluconazole
Group 10=Normal control
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Table 1B: Effect of Citrullus lanatus seed oil on complete blood count at 14" day of treatment

Groups | POV(%) Hb(gdl) | WBC(r109L | Lymph (%) Neut (%) Mono (%) | Platelet(x10% |  RBC(107%)

1 46.00+3.00¢ 13.17:031¢ 9.60:0.20* 78.33+7.64 22.33:4.16 267+0.58 666.33¢140.5¢ | 7.70:010¢

2 30.00:4.00° 9.93:1.04¢ 6.57:0.86° 71.33:8.08 24.33:99 300100 | 478004267 |  5.50:0.56°
3 3767651 8.77:0.722 7.33:083% T133+6.81 1767:1.77 333:058 | 542.00:6056* |  5.73+1.06

4 49.75+2.36° 13.33:040¢ 9.68+1.86™ 73.25+14.86 23.00:14.90 250:058 | S4475+36.67% | 7.28:0.53*

5 50.50£3.70¢ 13.06¢1.00° 10502043 80.50+6.95 15.25+6.95 3.00:0.82 678.50:66.98' |  7.05:037*

b 48.25+1.50¢ 13.10:045¢ 11.75:407° 75.00:0.00 2050:1.29 350:058 | 645.26+115.36% | 7.35:0.17¢

7 46.5041.2% 1253017 8.68:2.59™ 73.0046.06 21.25+2.99 3504058 7125.50:20669° | 7.00:0.61%

8 50.6747.02 13.331.00° 9.0323.00 7700:2.00 19.00:1.00 3334058 | 601.33+12.20% | 7.27:0.32%

9 45.33:4.04 12.33:0.5¢ 8.50:2.23" 79.00:1.00 16.33:2.08 3334115 | 408.33:102.05 | 6.43:0.20

10 38.67:252 11.00:0.85° 5.77:2.0¢ 82.67:5.86 1267:551 3.67:0.58 46267:31.64° | 6.20:0.26"

P-value 0.000 0.000 0.060 0638 0553 0469 0.012 0.000

Means with different superscript within rows are significantly different
(P<0.05)

Results expressed as means + SD

Means with different superscript within rows are significantly different
(P<0.05)

Results expressed as means + SD
Key:

Group 1= inoculated without immunosuppression

Group 2=suppressed without inoculation

Group 3=inoculated + suppressed without treatment

Group 4=inoculated + suppressed + treated with 3oomg/kg body weight of DO
Group 5=inoculated + suppressed + treated with 500 mg/kg bw DO

Group 6= inoculated + suppressed + treated with 300 mg/kg bw CO

Group 7= inoculated + suppressed + treated with 500 mg/kg bw CO

Group 8= inoculated + suppressed + treated with 25 mg/kg bw levamisol
Group 9= inoculated + suppressed + treated with 5 mg/kg bw Fluconazole
Group 10=Control
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Table 2: Effect of Citrullus lanatus Seed Oil on CD, Count at 7" and 14" days of Treatment

Groups CD4 cells/ul at day-7 CD4 cells/ul at day-14
1 2206.33+285.50* 2070.67+72.50%°
2 1961.33+84.50? 1387.00+438.63*
3 4602.33+£2094.77%¢ 1206.00+202.52*
4 6710.67+1788.6° 1682.00+415.98*
5 4434.67+464.95%° 1906.50+236.21%¢
3759.67+1007.46® 1662.00+197.58*
7 6375.00+1507.84 2627.00+822.40
8 4585.00+706.622 1945.00+284.45%¢
9 12952.67+2767.94¢ 3980.33+1082.47¢
10 2837.33+1002.07¢ 2946.33+1002.07°
p-value 0.000 0.000

Means with different superscript within rows are significantly different
(P<o0.05)

Results expressed as means + SD
Key:

Group 1= inoculated without immunosuppression

Group 2=suppressed without inoculation

Group 3=inoculated + suppressed without treatment

Group 4=inoculated + suppressed + treated with 30o0mg/kg body weight of DO
Group 5=inoculated + suppressed + treated with 500 mg/kg bw DO

Group 6= inoculated + suppressed + treated with 300 mg/kg bw CO

Group 7= inoculated + suppressed + treated with 500 mg/kg bw CO

Group 8= inoculated + suppressed + treated with 25 mg/kg bw levamisol
Group 9= inoculated + suppressed + treated with 5 mg/kg bw Fluconazole
Group 10=Control

Effect of Citrullus lanatus seed oil on cytokines at 7" and 14" days
of treatment

Figures 3A - 3D showed that at day 7, TNF-a significantly (p < 0.05) increased
in groups 4 (56.20+23.86), 5 (43.70+11.75) and 8 (43.17+4.00) when com-
pared with group 10 (16.43+15.36). There was no significant (p > 0.05) de-
crease in group 2 when compared with that of groups 1 (24.43+101.95) and
3 (22.03+60). At day 14, there was a significant (p < 0.05) increase in TNF-a
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in groups 4 (41.63+9.52) and 8 (52.00+7.44) when compared with groups 2
(14.03+1.72) and 10 (21.17+10.32). IFN-y significantly (p<0.05) increased in
group 4 (352.60+138.36) at day 7 when compared with groups 2 (135.83+11.10)
and 10 (118.67+18.75) while at day 14, there was a significant (p < 0.05) de-
crease in groups 4 (209.93+13.42), 5 (204.70+26.73), 8 (198.50+18.23) and 9
(190.90+18.23) compared with that of group 3 (83.73+23.02). Between days 7
and 14, the expression of IFN-y was decreased just like that of TNF-a.

However, the concentration of IL-10 and IgA increased in response to C. albi-

can infection between days 7 and 14. There was a significant (p < 0.05) increase

in IL-10 concentrations in all the groups when compared with that of group 2
(5.56+0.77) rats. At day 7, IgA significantly (p < 0.05) increased in groups 5
(27.20+2.28) and 7 (27.00+5.72) when compared with groups 2 (7.83+4.96)

and 10 (21.67+6.15).

At day 14, there was a significant (p < 0.05) increase IgA in groups 4

(54.30+14.63), 5 (51.10+3.83), 6 (55.96+1.59), 7 (49.03+1.60), 8 (49.36+7.16)
and 9 (63.37+13.91) when compared with that of groups 2 (8.20+1.76) and 10

(18.40+5.99).
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Figure 3A: Tumour Necrosis Factor-a concentration at days 7 and 14 of treatment

Means with different superscript within rows are significantly different

(P<0.05). Results expressed as means + SD
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Key:

Group 1= inoculated without immunosuppression

Group 2=suppressed without inoculation

Group 3=inoculated + suppressed without treatment

Group 4=inoculated + suppressed + treated with 30omg/kg body weight of DO
Group 5=inoculated + suppressed + treated with 500 mg/kg bw DO

Group 6= inoculated + suppressed + treated with 300 mg/kg bw CO

Group 7= inoculated + suppressed + treated with 500 mg/kg bw CO

Group 8= inoculated + suppressed + treated with 25 mg/kg bw levamisole
Group 9= inoculated + suppressed + treated with 5 mg/kg bw Fluconazole
Group 10=Control
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Figure 3B: IL-10 expression at 7" and 14" day of treatment.
Key:

Group 1= inoculated without immunosuppression

Group 2=suppressed without inoculation

Group 3=inoculated + suppressed without treatment

Group 4=inoculated + suppressed + treated with 300mg/kg body weight of DO
Group 5=inoculated + suppressed + treated with 500 mg/kg bw DO

Group 6= inoculated + suppressed + treated with 300 mg/kg bw CO

Group 7= inoculated + suppressed + treated with 500 mg/kg bw CO

Group 8= inoculated + suppressed + treated with 25 mg/kg bw levamisole
Group 9= inoculated + suppressed + treated with 5 mg/kg bw Fluconazole
Group 10=Control
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Figure 3C: Interferon gamma expression at 7" and 14" days of treatment.

Means with different superscript within rows are significantly different
(P<0.05)

Results expressed as means + SD
Key:

Group 1= inoculated without immunosuppression

Group 2=suppressed without inoculation

Group 3=inoculated + suppressed without treatment

Group 4=inoculated + suppressed + treated with 30omg/kg body weight of DO
Group 5=inoculated + suppressed + treated with 500 mg/kg bw DO

Group 6= inoculated + suppressed + treated with 300 mg/kg bw CO

Group 7= inoculated + suppressed + treated with 500 mg/kg bw CO

Group 8= inoculated + suppressed + treated with 25 mg/kg bw levamisole
Group 9= inoculated + suppressed + treated with 5 mg/kg bw Fluconazole
Group 10=Control
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Figure 3D: Immunoglobulin A production at 7" and 14" days treatment.

Means with different superscript within rows are significantly different
(P<0.05)

Results expressed as means + SD
Key:

Group 1= inoculated without immunosuppression

Group 2=suppressed without inoculation

Group 3=inoculated + suppressed without treatment

Group 4=inoculated + suppressed + treated with 300mg/kg body weight of DO
Group 5=inoculated + suppressed + treated with 500 mg/kg bw DO

Group 6= inoculated + suppressed + treated with 300 mg/kg bw CO

Group 7= inoculated + suppressed + treated with 500 mg/kg bw CO

Group 8= inoculated + suppressed + treated with 25 mg/kg bw levamisole
Group 9= inoculated + suppressed + treated with 5 mg/kg bw Fluconazole
Group 10=Control.

DISCUSSION

Delayed type-hypersensitivity (DTH) response is used as a reflection of the de-
velopment of immunity that is antigen specific. DTH response is also used to
correlate T-cell response by lymphocyte proliferation which causes inflamma-
tion. Increase in DTH reaction in response to SRBC is an indication of normal
inflammatory response. But after 48 hours, there was a significant decrease
(p<0.05) in the paw-sized oedema of crude and degummed oil treated groups
(groups 1-3) in a dose dependent manner. These results suggest that both deg-
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ummed and crude oil which is rich in n-6 poly unsaturated fatty acids exhibited
modification of inflammatory responses by the stimulating Thi cell to effec-
tively respond to inflammation. Previous studies showed that inclusion of n-3
PUFAs significantly decreased DTH response when compared to diets high in
n-6 PUFAs."7 ® This study has shown that the crude and degummed oil exhib-
ited anti-inflammatory activity but was expressed more in the crude oil than the
degummed oil. DTH tests are considered a recall response that is intrinsically
different from the initial response to antigen by naive T-cells.

The humoural antibody titre (Figure 2) shows no significant increase (p>0.05)
between group 6 (50 mg/kg b.w. of degummed oil) and group 7 (50 mg/kg b.w.
of crude oil), probably the dosage did not achieve bioavailability to express any
significant difference. It was observed that there was a reduction in the second-
ary titre values as shown in Figure 2 when compared with the primary titre
values, except for groups 4, 4 and 5. The observed suppressive effect on the
secondary anti-SRBC titres suggests that the oil exerted inhibition of immu-
no-regulatory functions as the treatment progressed. The secondary immune
response mechanism is through the selection of B cells which has a high af-
finity for a given antigen; and this occurs in the germinal centres of secondary
lymphoid follicles and requires enzyme activation-induced cytidine deaminase
(AID).2° The administration of the watermelon seed oil diminished retention
period of the antigen (sheep red blood cell) at the germinal centre which is ex-
tremely important and might have affected the quality of secondary immune
response observed in this study. The Ag-retaining reticulum of the germinal
centers is comprised of specialised follicular dendritic cells (FDCs) that capture
intact Ag in the form of Ag-Ab complexes by means of complement receptors or
Fc receptors or both.!

After seven days of treatment, there was increase in the haemoglobin, haema-
tocrit, and total white blood cell count, monocyte and platelet count. This result
agreed with the work of Bushra et al.?? The oil might have acted on hematopoi-
etic cells and activated their differentiation into target cells. Pyrogallol which is
a reducing agent might have accumulated in the bone marrow and kidney lead-
ing to alterations in the erythropoietic process as shown in group 2. Anaemia
is a common phenomenon in immunosuppressive conditions.? The imbalance
in redox reaction and inflammation brought by pyrogallol as well as Candida
albicans created a hypoxic environment in the renal interstitium, (kidney being
one of the target organs of oropharyngeal candidiasis) which resulted in im-
paired production of erythropoietin and subsequently result in anaemia. This
however increases susceptibility to microbial infections, reactivation of ‘inac-
tive” (normal flora) pathogens. Madhavi et al.* observed that CLSO induced
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lyses of erythrocyte membrane. The erythrocyte membrane is analogous to the
lysosomal membrane and its stabilization implies that the oil may as well stabi-
lise lysosomal membrane.22

Neutrophil activation is said to be compromised in disseminating candidiasis,
through oral mucosa. It is possible that oil utilised a peculiar defense mecha-
nism which controlled the evasiveness of candidiasis. Gradual increase in lym-
phocyte (at day-14) might be due to increased cellular response to C. albicans
infection. Polymorphonuclear cells (PMNs), monocytes and macrophages are
important for the main innate effector response. Candida exerts stimulatory
effects on platelets through the release of antimicrobial peptide which activates
thrombopoeitic activity to release inflammatory mediators. The aggregation
of platelets releases microbicidal or microbiostatic substances that are active
against Candida spp.*

CD4 T-cells represent a unique branch of the adaptive immune system that is
vital in achieving a regulated effective immune response to pathogens, and their
proper functioning is crucial to our survival. Citrullus lanatus seed oil might
have triggered the proliferation/differentiation of CD4 T-cells against candidi-
asis. CD4 T-cell-mediated resistance to candidiasis is thought to take place via
the production of T helper-1 cytokines (such as gamma interferon [TFN-g] and
interleukin-2.) that enhance the candidacidal activity of phagocytic cells.?* 27
AIDS patients, with reduced populations of CD4 T-cells, are susceptible to oro-
pharyngeal candidiasis.?®

Cytokines investigated in this study were that of pro-inflammatory such as tu-
mour necrosis factor a (TNF-a) and interferon y (IFN-y) and anti-inflamma-
tory such as interleukine-10 (IL-10) cytokine. It will make a physiologic sense
to say that C. albicans ellicit a normal inflammatory response (TNF-a and
INF-vy) expression which was down regulated by the administration of Citrullus
lanatus seed oil (CLSO). This cytokines regulate the growth and differentia-
tion of different lymphocyte subsets. The oil exhibited more anti-inflammatory
potentials, since it inhibited the expression of TNF-a and IFN-y at day 14 of
the study. The anti-inflammatory activity of IL-10 dominated the inflammatory
response to C. albicans resulting in decreases in pro-inflammatory cytokines
investigated in this study. In addition, we observed that degummed oil [DO]
(group 4 and 5) exerted more anti-inflammatory effect (day-14) probably due to
enhanced nutritional values and removal of possible inhibitors of IL-10 in DO.
IL-10 is a well-known anti-inflammatory cytokine and plays an important role
in suppressing the inflammatory response in many in vitro or in vivo experi-
mental models.?* 2 It has been reported that IL-10 inhibits the release of pro-
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inflammatory cytokines INF-y and TNF-a by human monocyte/macrophage
in response to polymethylmethacrylate (PMMA, spherical 1-10 um) particle
challenge in vitro.3° TNF-a is essential for anti-Candida host defense through
the recruitment of neutriphils and phagocytosis, and deficiency results in high
mortality during experimental disseminated candidiasis.? INF-y produced by
CD4 T lymphocytes is also important for the stimulation of antifungal activity
of PMNs. There is no report yet on cytokine analysis or immunoglobulin A (IgA)
on both crude and degummed Citrullus lanatus oil. Sadeghi et al.* reported a
decrease in TNF-a, IL-1p and IL-6 in response to dietary lipid (safflower oil, fish
oil and coconut oil) in rats challenged with lipopolysaccharide (LPS).

Immunoglobulin A (IgA) is considered the isotype that predominantly medi-
ates humoural immune defense at mucosal level.3> The crude and degummed
CLSO favoured immunoglobulin class switch to IgA after the rats were infected
with Candida albicans SC5314 cells. The increase in IgA was sustained as the
administration of the oil progressed up to day 14. Immunological protection
of mucosal surfaces is mediated primarily by the secretory immune system,
particularly immunoglobulin A (IgA) in secretions, which affords protection
by inhibiting adherence and penetration of microorganisms and foreign pro-
teins to mucosal tissues.33 Mucosal IgA prevents attachment and penetration
of microorganisms and molecular antigens, thereby blocking their potential ef-
fects on the host.3* Group 3 showed a decrease in IgA up to day-14. This could
be as a result of weakened immune system by pyrogallol, which was admin-
istered throughout the period of the study. This findings suggests that CLSO
could enhance the immunoglobulin switching to IgA antibody to confer protec-
tion against Candida albicans. This was affirmed by the inability of group 3
to mount immunological protection against Candida albicans when compared
with treated groups.

This study demonstrated that Citrullus lanatus seed oil has anti-inflammatory
property which was expressed more in the crude than the degummed counter-
part. However, the oil did not have favorable therapeutic effects on immune
system.
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ABSTRACT

The purpose of this work was to prepare and evaluate the zotepine (ZT) loaded solid
lipid nanoparticles (SLNs) that might improve the oral bioavailability. ZT-SLNs
were developed using homogenization method and characterized for optimal system
based on physicochemical characteristics and in-vitro release. Optimized ZT-SLNs
were evaluated for permeation, crystalline nature using DSC and XRD, surface mor-
phology using SEM and physical stability. Further, pharmacokinetic (PK) studies
of ZT-SLN were conducted in Wistar rats comparison with ZT-coarse suspension
(ZT-CS). Optimized formulation showed Z-avg, PDI, ZP of 138.1+3.2, 0.23+0.02
and -26.4+1.5 mV, respectively. In-vitro release studies showed prolonged release,
DSC and XRD studies revealed the conversion of ZT to amorphous form. SEM
studies showed spherical shape. Permeability and PK studies showed 1.4-folds and
2.0-folds improvement in oral bioavailability, respectively in comparison with ZT-
CS formulation. Therefore, the results concluded that SLNs could be considered as
a new alternative delivery system for the enhancement of oral bioavailability of ZT.
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INTRODUCTION

The amount of the drug reaching to the systemic circulation mainly depends
on the rate of absorption, which in turn depends on the drug solubility*. Oral
delivery of the drugs is the most conventional and widely used technique for the
administration of majority of active moieties. However, several compounds are
unsuccessful and failed owing to their low absorption and low bioavailability
upon oral administration® The drugs with poor oral bioavailability are unable
to reach the minimum effective concentration to exhibit therapeutic action.
Some of the reasons for poor bioavailability include: poor solubility; inappro-
priate partition coefficient as it influences the permeation of drug through lipid
membrane; first-pass metabolism; P-glycoprotein (P-gp) mediated efflux; and
degradation of drug in the gastrointestinal tract (GIT) due to pH of the stomach
or enzymatic degradation or by chemical3.

To overcome the solubility and oral bioavailability problems of Biopharma-
ceutical classification system (BCS) class II and IV drugs, the research in the
present scenario is focused on bioavailability improvement by using various
solubility enhancement techniques like liquisolid compacts+5, micronization
using nanosuspensions®, solid dispersions using complexation” 8, salt forma-
tion?. Majority of the drugs undergo first-pass effect after oral administration,
there by the therapeutic concentration required in systemic circulation is low-
ered. However, by using the lipid based delivery systems both the solubility and
first-pass effect problems are resolved and subsequently oral absorption was
improveds.

Lipid based drug delivery systems are one of the approaches, which favors the
lymphatic transport of oral administered drugs by escaping the first-pass ef-
fect'>t, Colloidal lipid nanocarriers such as solid lipid nanoparticles (SLNs) and
nanostructured lipid carriers (NLCs) are the promising approaches in the lipid
based delivery systems. SLNs are mainly developed with the solid lipid carrier,
used for incorporation of drug, and lipid dispersion is stabilized by the use of
biocompatible surfactants*2. SLNs offer remarkable advantages such as low tox-
icity, high bioavailability (pharmacokinetic and pharmacodynamic) of drugs,
versatility of incorporation of hydrophilic and lipophilic drugs, and feasibility
of large-scale production.SLN formulations have controlled drug release prop-
erties and provides enhanced chemical stability of drug molecules'. SLNs also
used for drug targeting to various tissues such as liver# and ocular® for treat-
ment of various diseases.

Zotepine (ZT) is an atypical anti-psychotic drug, which belongs to BCS class II
category. The mechanism of action of ZT is mediated through combined dopa-
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mine and serotonin antagonisms®. It has a poor oral bioavailability of about
7-13%, due to poor aqueous solubility (0.046 pg/L), highly lipophilic (log P 5.6),
and also hepatic first-pass metabolism. The drug levels were also decreased in
the presence of CYP enzyme7'8. In oral route, 30% of the drug metabolizes
into Nor-zotepine (active metabolite) and remaining 70% of drug transforms
to inactive metabolites such as 3-hydroxyzotepine, 2-hydroxyzotepine and
zotepine-S-oxide'®. Previously, Pailla et al.,’* developed intranasal delivery of
ZT for enhanced brain targeting, using nanosuspension formulation. The en-
hanced solubility and in vitro dissolution rate of ZT were observed and reported
with self-emulsifying drug delivery systems°. But, till now there are no lipid
nanocarrier systems were reported for enhanced oral delivery of ZT. Hence, in
this attempt ZT loaded SLNs were developed could might be improve the oral
bioavailability.

The objective of the present investigation was aimed to develop and character-
ize ZT loaded SLNs for enhanced oral delivery. Accordingly, ZT-SLNs were pre-
pared using know methods and evaluated for an optimized formulation based
on the physical and chemical parameters, in vitro release studies. Further, opti-
mized formulation also characterized for solid state characterization for crystal-
linity, SEM for surface morphology and ex vivo permeation studies. In vivo per-
formance of optimized ZT-SLN were observed by pharmacokinetic (PK) studies
in male Wistar rats, comparison with ZT coarse suspension (ZT-CS) as control.

METHODOLOGY
Materials

Zotepine was a kind gifted sample from Symed labs, Hyderabad, India. Stearic
acid (SA), glyceryl monostearate (GMS), Dynasan-118, Dyansan-116 and Dy-
nasan-114 were purchased from Sigma-Aldrich, Hyderabad, India. Compritol
888 ATO was gift sample from Neuheit Pharma Technologies Private Ltd., Hy-
derabad. Soylecithin was a gifted sample from Lipoid, Ludwigshafen, Germany.
Captex355, Captex200 were gift samples from Abitec corporation. All other
chemicals were of analytical grade and solvents were of HPLC grade.

Methods
Solubility studies

ZT solubility in various solid lipids (stearic acid, glyceryl monostearate (GMS),
Compritol ATO 888, Precirol ATO5, Dyansan-114, Dyansan-116 and Dyna-
san-118) was determined by using shaking method. Solid lipids were heated to
above 5°C of their melting points. An excess amount of ZT was added and was
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continuously stirred on gyrator shaker at 180 rpm for 48 h. The supernatant
was collected and filtered through 0.45 p membrane filter after centrifugation?.
Necessary dilutions were made to the filtrate with methanol and estimated the
drug concentration using UV-Visible spectrophotometer (SL-159, Elico, Hy-
derabad, India) at A___of 261 nm. Simultaneously, solubility of ZT in release
media such as distilled water, 0.1N HCI (pH 1.2), phosphate buffer of pH 6.8
andp H7.4.

Preparation of solid lipid nano particles (SLNs)

ZT-SLNs were prepared using homogenization-probe sonication method,
based on film hydration method?2. Required amounts of ZT, solid lipid (SA,
GMS, Compritol ATO888), and soy lecithin were dissolved in 10 mL mixture of
chloroform and methanol (1:1) in a round bottom flask. Organic solvents were
removed using rota evaporator (Heidolph, Germany). Drug embedded lipid
layer was molten by heating at 5°C above the melting point of the solid lipid.
Aqueous phase was prepared by dissolving Poloxamer188 in double distilled
water and heated to the same temperature of oil phase. Hot aqueous phase was
added to oil phase. Homogenization was carried out at 12,000 rpm for 5mins
to form pre-emulsion. The obtained emulsion was ultra-sonicated using Probe
sonicator with 12T probe tip (Bandelin, Germany) for 20 mins. ZT-SLNs were
obtained upon cooling to room temperature. The composition of the SLNs are
given in Table 1.

Table 1: Composition of zotepine loaded solid lipid nanoparticles and control formulation

Ingredients (%w/v) ZT-SLN1 | ZT-SLN2 | ZT-SLN3 | ZT-SLN4 | ZT-SLN5 | ZT-SLNG | ZT-CS
Zotepine (mg) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Glyceryl monostearate 1.0 - - 2.0
Stearic acid - 1.0 - - 2.0
Compritol ATO 888 - - 1.0 - - 2.0
Soylecithin 1.0 1.0 1.0 1.0 1.0 1.0
Poloxamer 188 1.5 1.5 15 15 1.5 1.5
Na CMC" - - - - - - 0.05
Water (mL) Qs 10 Qs 10 Qs 10 Qs 10 Qs 10 Qs 10 Qs 10

*Na CMC — sodium carboxy methyl cellulose
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Preparation of ZT coarse suspension (ZT-CS)

ZT-CS formulation was prepared by taking about 100 mg of sodium carboxy
methyl cellulose (suspending agent) in a mortar and triturated for 15 mins.
Then, 10 mg of ZT was added to it and together triturated. To it, 10 mL of double
distilled water was added and again triturated for about 5 min to obtain ZT-CS
(1 mg/mL). This was used as control formulation.

Characterization of ZT-SLNs
Measurement of particle size, PDI and zeta potential (ZP)

The mean size as Z-avg (nm), PDI and ZP of ZT-SLNs were measured by using
photon correlation spectroscopy, using a Malvern Zetasizer (Nano ZS9o, UK).
About 100 pL of prepared SLN formulations were diluted to 5 mL with double
distilled water to get optimum Kilo Counts Per Second (Kcps) of 50-200 for
measurements in triplicate at 25°C=s.

Drug content and entrapment efficiency (EE)

About 0.1 mL of prepared ZT-SLN formulation was taken and diluted with chlo-
roform: methanol (1:1) and drug content of the diluted samples was estimated
by HPLC-method. The EE (%) in ZT-SLN formulation was calculated by esti-
mating the concentration of the free ZT in the aqueous phase of an undiluted
formulation, using an ultrafiltration method centrisort tubes (Sartorius, Ger-
many). The aqueous medium was separated by ultra-filtration using centrisort
tubes (Sartorius, Germany) which consisting a filter membrane (M.Wt.20,000
Daltons) at the base of the sample recovery chamber. Centrifugation was car-
ried at 5000 rpm for 30 min?. The SLN along with the encapsulated drug
remained in outer chamber and aqueous phase moved into sample recovery
chamber through filter membrane. The amount of zotepine in aqueous phase
was estimated by HPLC method. The EE was calculated by using the equation 1:

Di_Df
%EE= | — | X100 (1)
Di

Where, D, is the total ZT content and D; is the free ZT present in the aqueous
phase.

Acta Pharmaceutica Sciencia. Vol. 59 No. 3, 2021 | 389



In vitro drug release studies

The in vitro drug release study of ZT-SLN and ZT-CS formulation was performed
using dialysis method. Dialysis membrane (Hi media, Hyderabad, India) having
average pore size 2.4 nm and molecular weight cut-off between12,000-14,000
Daltons were used for the release studies®. Dialysis membrane was soaked
overnight in double distilled water prior to the study. Release studies were car-
ried out for first 2 h in 0.1N HCI, followed by pH6.8 phosphate buffer for 48 h
by open tube method. Dialysis membrane was tied to open tube which acts as a
donor compartment. Temperature of receptor compartment was maintained at
37+0.5°C. Two mL sample was withdrawn at regular time points of 0, 0.25, 0.5,
1, 2,3, 4,6, 8,10, 12, 24, 36, and 48 h from receiver compartment and replen-
ished with same volume of fresh buffer. The collected samples were suitably
diluted and analyzed by UV-Visible spectrophotometer.

Ex vivo studies by normal sac method

Ex vivo studies were performed for optimized ZT-SLN formulation by using
evert-sac method?®¢. The studies were conducted with prior approval of Insti-
tutional Animal Ethical Committee (IAEC/01/UCPSC/KU/2018). Evert-sac
studies were carried out in order to investigate the permeation behavior of the
control formulation and optimized ZT-SLN formulation (1 mL) across the small
intestine. In this study, male Wistar rats of 200 + 30 g (n=3) were taken and
subjected to overnight fasting. The rats were sacrificed by cervical dislocation
technique and jejunum of 4 cm were isolated, flushed with saline solution and
transferred into oxygenated Krebs’s ringer solution. The one end of the sac was
tied with thread and filled with the optimized ZT-SLN or ZT-CS as control (1
mL) formulations and the other end was tied. The segment was immersed in
100 mL in Krebs’s ringer solution and the medium was oxygenated using aera-
tor. At regular time intervals (0, 15, 30, 45, 60, 90 and 120 min) samples were
withdrawn from beaker and analyzed for drug content?”. The permeability co-
efficient of the SLN and control formulation was calculated from the slope of
linear portion, by plotting the percentage drug permeated vs time?s.

Lyophilization of ZT-SLNs

The optimized ZT-SLN formulation was subjected to lyophilization. The SLN
formulation was prepared, using 10% w/w of trehalose dihydrate as cryopro-
tectant. Prepared ZT-SLN formulation was kept in -80°C freezer for overnight
and subjected to lyophilization (Lyodel, Chennai, India) with applied vacaum?2>
30 Lyophilized formulation was subjected to particle size analysis, drug content,
EE and in vitro release before and after lyophilization.
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Solid-state characterization
Differential Scanning Calorimetry (DSC)

DSC experiments were through using Perkin Elmer DSC 4000 (USA) model to
find out the presence of any interaction between drug and the excipients and
also to check the alterations in crystallinity of the drug. About 8 mg of the pure
drug, physical mixture and optimized lyophilized ZT-SLN formulation samples
were taken in aluminium pans, using dry nitrogen as purging gas. The heating
rate was 10°C/min and the obtained thermograms were observed for any type
of interaction3'.

X-ray diffraction studies

Crystalline nature of Powder X-ray diffractometer (XRD-6000, Shimazdu, Ja-
pan) was used for diffraction studies (Arun et al., 2017). Powder XRD studies
were performed on the samples by exposing them to nickel filtered CuKa radia-
tion (40 kV, 30 mA) and scanned from 2° to 70°, 20 at a step size of 0.045° and
step time of 0.5 s. Samples used for PXRD analysis were pure ZT, pure lipid and
lyophilized ZT loaded solid lipid nanoparticless2.

Surface morphology by scanning electron microscopy (SEM)

The morphology of pure ZT and freeze-dried ZT-SLN formulation were investi-
gated by scanning electron microscope (SEM S-3700, Hitachi, Japan). The sam-
ples were fixed on a brass stub and were coated by thin layer of gold to make elec-
trically conductive®. SEM images were recorded at various magnification levels.

Bioavailability study
Study design and sampling schedule

Healthy male Wistar rats (weighing 210+30 g) were used for the PK study.
The animals were fasted overnight and had free access to water. The studies
were conducted with prior approval of Institutional Animal Ethical Committee
(IAEC/01/UCPSC /KU/2018). The animals were divided into two groups (each
with n=6) and were orally administered with ZT-CS and optimized ZT-SLN
formulation at a dose of 2.2 mg/kg body weight. Both the formulations were
administered orally with the help of sterilized rat oral feeding tube. At predeter-
mined time intervals, 0.5 mL of blood samples were collected at predetermined
(0,0.5,1, 2, 4, 6, 8, 10, 12, 24 and 48 h) time intervals by retro-orbital venous
plexus puncture. The blood samples were allowed to clot and centrifuged for 15
mins at 3000 rpm. The serum was separated and transferred into clean micro
centrifuge tubes and stored at - 20 °C until analysis.
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HPLC method

HPLC analysis was conducted with C ; column (250 mm X 4.6 mm; 5 um). Mo-
bile phase consisting of 45: 55 v/v ratio of acetonitrile and phosphate buffer
adjusted to pH 4.7 at a flow rate of 1 mL/min at 261 nm with UV detector was
used for detection of peaks.

Extraction procedure from rat serum sample

To 100 pL of serum, 100 uL of internal standard (Ramipril, 2 ug/mL), 300 puL
of methanol was added. After vortex mixing for 5 min at room temperature,
the samples were centrifuged at 5000 rpm for 15 min. After centrifugation the
whole organic layer was separated and transferred into another eppendorf tube.
Finally, a volume of 20 pL was injected into HPLC system.

Estimation of Pharmacokinetic parameters and statistical significance

Kinetica 2000 software (version 5.0, USA) was used for the estimation of PK
parameters like Cmax, Tmax, AUC, t _ and MRT and the values were expressed
in mean + SD. One-way ANOVA was performed using Graph pad prism soft-
ware (version 5.03, San Diego, CA, USA) for statistical comparison of data at p
value of less than 0.05.

Physical stability studies

An optimized ZT-SLN formulation was stored at room temperature and re-
frigerated temperature conditions over two months to assess the physical and
chemical stability. Z-avg, PDI, ZP, assay and EE of the samples were observed at
predetermined time intervals and checked for statistically significance.

RESULTS AND DISCUSSION
Solubility studies

Solubility of ZT was studied in various solid lipids. SA, GMS, Compritol ATO
888 were selected as solid lipids for SLN formulations development. In order
to determine the effect of mono and mixed glycerides on the SLN formulation
SA, GMS and Compritol ATO 888 was selected. Order of solubility of ZT in
solid lipids were GMS, SA, Dynasan-118, Dynasan-114 (showed nearly same
solubility)>Compritol ATO888 > Dynasan-112 >Precirol ATOs5. The solubil-
ity of ZT was decreased with increased pH of dissolution media and indicates
pH dependent solubility. The order of solubility in release media as follows:
water>0.1N HCI>pH 6.8 phosphate buffer>pH 7.4 phosphate buffer.
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Characterization of ZT-SLNs

ZT-SLNs formulations were prepared using three different lipids such as GMS,
SA and Compritol ATO 888, each at 1 and 2% w/v, respectively. Homogeniza-
tion followed by probe sonication method used for the preparation of ZT-SLNs.
The homogenization time and probe sonication time used at 12000 rpm for 5
mins and 20 mins at 40% amplitude, respectively. The conditions were opti-
mized based on the earlier reported methods=3.

Measurement of particle size, PDI and ZP

Prepared ZT-SLNs were characterized for particle size, PDI and ZP, using Zeta-
sizer and reported in Table 2. Particle size, PDI and ZP of the ZT-SLNs for-
mulations (ZT-SLN1 to ZT-SLN6) were ranged from 137.3+3.5 to 340.4+3.0
nm, 0.22+0.01 to 0.5440.08, -10.6+0.3 to -27.4+2.5 mV, respectively. From
the results, as the concentration of lipids increased from 1% w/v to 2% w/v,
increased in particle size and PDI, decreased in ZP were observed. This might
be due to the changes in the orientation of the drug and presence of the void
spaces of lipid and drug. PDI of the formulations (SLN1-SLN5) were below 0.5,
except for formulations prepared with Compritol ATO® 888. The PDI value of
up to 0.5 were considered to be homogeneous dispersion and was evidenced
from the earlier reports. 5! ZP of the ZT-SLNs were crucial factor the stability
assessment. In this case, the combination of surfactants imparts the electro-
static repulsion and steric stabilization as well. The presence of Poloxamer 188
in the development of SLNs could be favored for the maintenance of this ZP33.
In general, ZP with £30 mV could be considered as stable dispersion system.
Formulations prepared with GMS showed above -25 mV and indicates stability.
But, formulations prepared with SA had below -20 mV of ZP.

Table 2: Physicochemical characteristics - size, PDI, Zeta potential, entrapment efficiency and
assay of zotepine loaded solid lipid nanoparticle formulations (mean + SD, n=3)

Formulation Size (nm) PDI ZP (mV) Assay (mg) EE (%)
ZT-SLN1 137.3+3.5 0.22+0.01 -26.7+1.7 9.9:0.4 95.1£2.1
ZT-SLN2 154.5:4.7 0.26+0.06 -27.4+25 9.2:0.4 90.4+3.2
ZT-SLN3 187.3:2.8 0.46+0.05 -10.6+0.3 9.1:0.5 85.7+2.6
ZT-SLN4 253.74¢5.8 0.34+0.03 -18.4+2.4 8.7:0.4 88.9+2.5
ZT-SLN5 340.4+3.0 0.29+0.07 -29.4+2.1 8.9:0.1 92.6+1.6
ZT-SLN6 303.3+2.1 0.54+0.08 -256+1.0 8.8+0.4 94.8+3.5
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Drug content and entrapment efficiency

All the formulations were analyzed for EE and total drug content by HPLC (Ta-
ble 2). EE of the all the formulations (ZT-SLN1 to ZT-SLN6) were ranged from
85.7 £ 2.6 t0 95.1 + 2.1%. As the concentration of lipid increases, EE of the ZT-
SLNs were decreased, but not significant difference. This is due to the presence
of less orientation of drug molecule in the lipid matrix. Among all the developed
formulations ZT-SLN1 formulation is having the high EE. Drug content of all
the formulations were in the range of 8.7+0.4 t0 9.9+0.4 mg.

In vitro dissolution studies

All the prepared SLNs were subjected to in vitro release studies, using dialysis
method. 0.1N HCI pH 1.2 followed by pH 6.8 phosphate buffer for the release
studies. In vitro release of ZT from SLN formulations were observed to 69 + 2.1
to 82.9 + 3.6% range, over a 48 h (Figure 1). However, formulations prepared
with 1% and 2% w/v lipid concentrations were not significantly influence the
drug release behavior from the SLN formulations. This could be due to the high
EE (more than 90%) and also free drug availability in the outer lipid phase was
very less. Formulations prepared with GMS, SA and Compritol ATO888 showed
83.3 £ 2.4 and 75.7 £3.2 % (from SLN1 and SLN2), 76.8 + 1.9 and 73.6+ 2.3%
(from SLN3 and SLN4), 71.5 + 1.2% and 68.5 + 1.8% (from SLN5 and SLN6),
respectively. The crystal lattice of the lipid matrix might be the reason for differ-
ence in the drug release from ZT-SLNs. Monoglyceride formulations (GMS and
SA) showed slightly better release then mixed glyceride (Compritol ATO®888)
formulations. The drug release from the ZT-CS formulation showed 50.2 + 2.2%
in 120 min (data not showed). In all the prepared formulations, ZT-SLN1 for-
mulation prepared with GMS was having less particle size and PDI, stable ZP,
with high EE, acceptable drug content and also showed maximum drug release
in 48 h, comparison with other formulations. Therefore, ZT-SLN1 formulation
was considered as an optimized formulation and selected for further studies.
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Figure 1: In vitro release profiles of zotepine from ZT-SLNs (mean + SD, n=6)

Ex vivo permeation studies

Ex vivo permeation studies were performed for optimized ZT-SLN1 formulation
in comparison with ZT-CS formulation through rat intestine using everted sac
perfusion method. The duration of the study was 120 min and represented in
Figure 2. From the results, the % of ZT permeation from ZT-SLN1 and ZT-CS
formulation was 18.8 + 1.6% and 28.3 + 2.2%, respectively. Statistically signifi-
cance difference (p<0.05) was observed from the ZT-SLN1 compared with ZT-CS
formulation. The prolonged release of the ZT from the ZT-SLN formulation was
observed from the in vitro release and ex vivo permeation studies. Furthermore,
the permeability rate coefficient of the ZT-SLN1 formulation was calculated from
the slope of linear portion by plotting percentage drug permeation against time.
From the results, permeability rate of the ZT-SLN1 and ZT-CS formulation was
0.19 and 0.13 ml/min. cm?, respectively. About 1.4-folds enhancement in the
permeation of ZT-SLN1 was observed compared with ZT-CS formulation.
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Figure 2: Ex vivo permeation profiles of zotepine from ZT-CS and ZT-SLN1 formulations
(mean = SD, n=3)

Lyophilization of ZT-SLN

The crystalline nature, surface morphology and conversion of lipid nanoparti-
cles into solid dosage forms by incorporating in capsules or compression to tab-
lets were easy by the conversion of dispersion to solid form of the nanoparticles.
This is generally achieved with either spray drying or freeze drying techniques.
Optimized ZT-SLN formulation was subject to lyophilization, using 10 %w/w of
trehalose as cryoprotectant. The cryoprotectant and its concentration were se-
lected based on the previously reported methods?+. The lyophilized formulation
was characterized for before and after lyophilization and presented in Table 3.
From the results, about two to three-fold increase in the particle size and PDI
of the formulation was observed after lyophilization. This could be due to the
aggregation of the particles during the process of freeze-drying. But, there were
no significant changes noticed in the other parameters.

Table 3: Physicochemical characteristics of optimized ZT-SLN formulation before and after
lyophilization (mean + SD, n=3)

Condition Size (nm) PDI ZP (mV) Assay (mg) EE (%)
Pre-lyo 145.2+2.7 0.23+0.05 -27.6+1.4 9.8+0.3 94.4+2.8
Post-lyo 288.9+5.2 0.38+0.06 -29.1£3.5 9.9:0.6 93.6+1.6
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Solid state characterization
Differential Scanning Calorimetry

DSC studies were used to determine the compatibility status of the solid lipids
and other excipients used in the SLN formulation, crystalline nature of the
drug in the nanoformulations and was based on the fact that different lipids
possessed different melting points and enthalpies. DSC thermograms of pure
ZT, pure GMS, physical mixture of ZT and GMS in 1:1 ratio and lyophilized ZT-
SLN1 formulation are shown in Figure 3.

32
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Figure 3: DSC thermograms of pure ZT (A), pure Dynasan-118 (B), physical mixture of ZT +
lipid (1:1) (C) and lyophilized optimized ZT-SLN1 formulation (D)

The DSC thermogram of pure ZT showed a sharp endothermic peak at 97.76 °C
and it is corresponding to reported melting point. Pure GMS showed a sharp
endothermic peak at 72.06 °C. Physical mixture of ZT with GMS showed drug
peaks at 98.82 °C, however with less enthalpy compared with pure ZT enthalpy.
But, melting endotherm of drug was well preserved with slight changes in
terms of shifting in the temperature of the melt. It is known that the quantity of
material used, especially in drug-excipient mixtures, could influence the peak
shape and enthalpy. Thus, these minor changes in the melting endotherm of
drug could be due to the mixing of drug and excipient, which lowered the purity
of each component in the mixture and this, might not necessarily indicate
potential incompatibility. The absence of endotherm peak of drug in lyophilized
ZT-SLN1 formulation unravels the conversion of native crystalline state of the
drug to amorphous state.
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XRD studies

XRD studies of pure ZT, pure lipid and lyophilized ZT-SLN1 were showed in
Figure 4. From the results, powder-XRD patterns of ZT showed sharp peaks
at 20 scattered angles of 10.3, 11.4, 13.5, 17.1, 18.3, 19.8, 20.3, 23.2 and 24.1
degrees, these were indicating the crystalline nature of drug. These character-
istic peaks of ZT peaks were absent in the lyophilized ZT-SLN1 sample. This
specified that the ZT was not in crystalline form and converted to amorphous
nature, after lyophilization of optimized ZT-SLN1. This reduction in crystallin-
ity or conversion to amorphous state of ZT from ZT-SLN was noticed in DSC

analysis as well34,

Figure 4: XRD spectra of pure ZT (A), pure Dynasan-118 (B), p and lyophilized optimized
ZT-SLN1 formulation (C)

398 | Acta Pharmaceutica Sciencia. Vol. 59 No. 3, 2021



Scanning electron microscopy

The shape of the ZT before and after loading onto SLN formulation was ob-
served using SEM method. For this purpose, surface morphology study was
conducted for pure drug and lyophilized ZT-SLN formulation. The results are
showed in Figure 5. SEM picture revealed that pure drug of ZT particles are
possessed different shaped (cubic and nearly spherical) but highly aggregated
(Figure 5A). Optimized formulation of ZT-SLN1 particles are nearly spherical
shaped and also aggregatedss. The results of the SEM studies also correlated
with particle size of after lyophilized sample.

Figure 5: SEM images of pure ZT (A) and optimized ZT-SLN formulation (B)

Stability study of optimized ZT-SLN

The stability of the optimized ZT-SLN was monitored by storage at room tem-
perature (25 °C) and refrigerated temp (4°C) for 60 days. The formulations
were analyzed on 1% day, 30tday, and 60™ day respectively for size, PDI, ZP, EE
and drug content. The results indicated that no significant variations were no-
ticed in all the measured parameters, and found to be stable up to two months
(Table 4).

Table 4: Stability studies of optimized formulation of ZT-SLN (F1) at both room temperature
(25°C) and refrigerated (4°C) for a period two of months (mean + SD, n=3)

Time At room temperature (25°C) At refrigerated temperature (4°C)

(day) | Size (nm) PDI i EE Assay | Size (nm) PDI potential EE Assay
1 138.1£3.2 | 0.23£0.02 | -26.4+1.5 | 9.9+0.3 | 94.7£3.1 | 138.1£3.2 | 0.23£0.02 | -26.4£1.5 | 9.9+0.3 | 94.74#3.1
30 | 140.5+2.7 | 0.23+0.04 | -27.1+1.0 | 9.8:+0.4 | 92.3+2.4 | 145.5+4.2 | 0.24+0.06 | -25.4+1.9 | 9.8t0.5 | 91.4+2.8
60 | 144.3t2.7 | 0.24+0.05 | -6.2+2.3 | 9.8:+0.6 | 91.742.5 | 148.315.3 | 0.25£0.03 | -24.3t1.4 | 9.7+0.4 | 90.2+2.4
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PK study

Oral bioavailability study for ZT-CS and optimized ZT-SLN1 formulation was
performed in male Wistar rats with n=6 in each group. The collected serum
samples were analyzed for drug content, using HPLC method. Ramipril is used
as internal standard. Retention times of both ZT and IS were 7.8 and 4.5 min,
respectively. The linearity of the ZT was observed in the concentration range
of 0.25-12 pug/mL. The limit of detection and limit of quantification of the ZT
were 0.1 and 0.2 ug/mL, respectively. About 98.5% of extraction efficiency was
observed from recovery studies.

The PK parameters of ZT from testing formulations were calculated using Ki-
netica 2000 software with non-compartmental model. Mean serum concentra-
tion vs time profiles of ZT-CS and ZT-SLN formulation after oral administration
C
MRT and t, , of the formulations were calculated and shown in Table 5. A signif-
icant difference observed in C_, and MRT of the F1 formulation, indicates the
prolonged release of the ZT. AUC is the major indicator of the bioavailability of
the formulations. From the results, AUC values of ZT-CS and ZT-SLN1 formula-
tions were found to be 18.2+1.3 and 37.1+2.2 pg/mL.h, respectively and were

of single dose are shown in Figure 6. PK parameters like AUC

total” ~max’  max’

statistically significant (p < 0.05). From the results, about 2.0-folds improve-
ment in the bioavailability observed from ZT-SLN formulation in comparison
with ZT-CS formulation. The improved oral bioavailability of SLNs of ZT could
be due to the contribution of individual and/or combined effects of nanosized
particles of the SLNs. The effective surface would influence the adhesion to GIT.
Consequently, there is increased contact time of the SLN particles3¢42. In addi-
tion, the soylecithin and poloxamer could alter the permeability characters of
the GI membrane. The fatty acid chains present in the lipids of SLNs improve
the uptake by lymphatic transport. This lymphatic transport minimizes the
first-pass effect of the drug+7.
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Figure 6: Mean serum concentration —time profiles of zotepine from ZT-CS and optimized
ZT-SLN1 formulation after oral administration in rats (mean + SD, n=6)

Table 5: Pharmacokinetic parameters of zotepine from zotepine coarse suspension (ZT-CS) and zotepine
solid lipid nanoparticle (ZT-SLN1) formulations after oral administration in rats (mean + SD, n=6)

Parameter ZT-CS ZT-SLN1

C,o (O/mL) 1.840.3 2.3:0.2
T 4 4

AUC,,, (Hg/mL).h 18.2¢1.3 37.122.2°

t,, (h) 18.6x1.2 18.5£2.1

MRT (h) 17.7:2.6 23.8:1.8°

*indicates statistically significant at p<0.05 in comparison with ZT-CS.

ZT loaded solid lipid nanoparticles were successfully developed for the improved oral
delivery. The ZT-SLNs were prepared with well-known reported method and charac-
terized for an optimal system. DSC and XRD studies revealed the conversion to amor-
phous form of ZT in SLN formulation. In vitro and ex vivo permeation studies con-
firms the sustained release of the ZT from SLN formulation comparison with coarse
suspension as control. ZT-SLN formulation stable for two months at storage condi-
tions. Pharmacokinetic study in male Wistar rats revealed that there was 2.0-fold im-
provement for SLN when compared to coarse suspension. The overall results indicated
that the lipid based delivery systems considerably improved the bioavailability of ZT.
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ABSTRACT

A reverse phase stability indicating HPLC method has been developed for the
identification and quantification of potential impurities in Nandrolone phenylpropionate
active pharmaceutical ingredient. The chromatographic separation of potential
impurities was achieved in Inertsil ODS-3Vcolumn (250 mm x 4.6 mm, 5 pm) using
gradient elution method. Mobile phase-A was prepared using 0.1% orthophosphoric
acid in water and methanol mixture in a ratio of (90:10, v/v) and mobile phase-B was
only acetonitrile. The developed method was validated as per the ICH guidelines for
specificity, linearity, precision and accuracy. Specificity of the method was confirmed
by peak purity analysis using photodiode array (PDA) detector. The value of correlation
coefficient was greater than 0.999 for Nandrolone phenylpropionate and its six
impurities. Accuracy of the method was established between 93.3% to 109.0% for all
impurities. Nandrolone was found to be the major degradation impurity. The proposed
method is suitable for routine as well as stability studies.

Keywords: Nandrolone phenylpropionate, nandrolone, anabolic, steroid.

INTRODUCTION

Nandrolone phenylpropionate (NPP) is known as 19-noretestorone B-phenyl
propionate *. It is an anabolic-androgenic steroid. It is a fast-acting ester deriva-
tive form of Nandrolone and has strong anabolic effect with weak androgenic
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effect. NPP is injected intramuscularly every once in a week for 12 weeks and
the dose may vary from 25 mg/mL to 50 mg/mL of steroid dissolves in oily for-
mulation?®. Nandrolone Esters have been used in the treatment of osteoporosis,
anemia, increase in muscle mass, to induce protein synthesis in skeletal muscles
and improve respiratory muscle functions in COPD (Chronic Obstructive Pul-
monary Disease)3”. The effect of NPP in rats has been reported by Hale (1972)8.

The related substances method by TLC and assay method by UV spectro-
photometer have been reported in Indian Pharmacopoeia and United States
Pharmacopoeia respectively®'°. The work on the development and validation
of multi-residue method for the detection of wide range of hormonal anabolic
compounds in hair using gas-chromatography-tandem mass spectrometry has
been carried out . The effect of Nandrolone esters in the growth and histol-
ogy of urine and hair has been studied by Groot et al®2. The validated GC-MS
and UHPLC-MS method have been reported for the quantitative determination
of anabolic steroids in formulation products and dietary/nutritional supple-
ments'3®, Findings on the effect of side chain, the injection site and the injec-
tion volume on the pharmacokinetics and pharmacodynamics of Nandrolone
esters in an oil vehicle in men is also available. Various research articles have
also reported for the development and analysis of Nandrolone esters'®-2,

However, reverse phase HPLC method has not been reported yet for the deter-
mination of potential impurities in NPP (including major pharmacopoeias such
as USP, Ph.Eur, BP, JP, and IP). Therefore, it is important to have a stability
indicating method for the quantification of potential impurities in NPP which is
specific and accurate. The quality, efficacy and safety are significantly affected
by the impurities present in the drug product®?. As per the current ICH Guide-
line of stability testing of drug substances, forced degradation must be carried
out to establish that the method is stability indicating and the analytical meth-
ods need to be validateds2°. The current work involves method development,
forced degradation and method validation for NPP.

METHODOLOGY
Materials and chemicals

NPP sample (99.7% purity, 10 g, Batch number: NPP/009/005), Imp-2 (98.3%
purity, 1 g, Batch number: ND/031/016), Imp-3 (98.7% purity, 500 mg,
Batch number: BD/035/009), Imp-4 (98.5% purity, 500 mg, Batch number:
NPP/009/018), Imp-5 (98.9% purity, 500 mg, Batch number: NPP/009/023),
Imp-6 (98.1% purity, 500 mg, Batch number: NPP/009/029) were obtained
from chemical research division, Ipca laboratories Ltd. (Vadodara, India). Imp-1
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(99.0% purity, 100 g, Lot number: STBD4764V) was obtained from Sigma-Aldrich
(Steinheim, Germany). HPLC grade water for the analysis purpose was obtained
from Milli-Q plus water purification system (Millipore, Bedford, MA, USA). HPLC
grade acetonitrile and methanol was purchased from Merck India (Mumbai, India).

Instrumentation and HPLC conditions

The instruments used in the study include: HPLC separation module (2695) with
UV detector (2487) and photodiode array detector (2996) (Waters Corporation,
Milford, MA, USA); A photostability chamber model NEC-104RTS (Newtronic,
Mumbai, India).

Inertsil ODS-3V column (250 mm x 4.6 mm, 5 um) HPLC column was used in the
analysis (GL Sciences). For the gradient elution method, mobile phase-A and mobile
phase-B were used. Mobile phase-A was prepared using 0.1% orthophosphoric acid
in water and methanol mixture in a ratio of (90:10, v/v) and mobile phase-B was
only acetonitrile. The column temperature was kept at 40°C for the analysis; flow
rate of 1.0 mL/min; injection volume was 20 pL; detector wavelength was fixed at
240 nm and 210 nm; sample temperature was 25°C. Diluent was a mixture of water
and acetonitrile in a ratio of (20:80, v/v). Gradient program is tabulated in Table 1.

Table 1. Linear gradient program.

Time/minutes Mobile phase-A, % Mobile phase-B, %
0 45 55
25 20 50
35 10 90
40 45 55
50 45 55

Preparation of sample and stock solution for validation

NPP test sample was prepared by transferring about 20 mg of sample into 50
mL volumetric flask, added1o mL of acetonitrile to it and sonicated for 1.0 min
and made uptothe volume with diluent (400 ug/mL).

Individual stock solution of about 800 pg/mL was prepared by transferring
about 20 mg each of NPP, imp-1, imp-2, imp-3, imp-4, imp-5 and imp-6 into
separate 25 mL volumetric flasks, added 10 mL of acetonitrile to it and sonicated
for 1.0 min and made upto the volume with diluent.From the above individual
stock solution transfer 0.75 mlinto separate 20 mL volumetric flasks, made upto
the volume with diluent and shake well. This solution was labeled as standard
stock solution (30.0ug/mL). Further from this standard stock solution, the de-
sired solutions of different concentrations were prepared for validation.
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Preparation of forced degradation samples

About 20 mg each of sample was weighed and transferred into 3 separate 50 mL
volumetric flasks and labeled as 1, 2 and 3. 10 mL of acetonitrile was added into
each volumetric and the sample was dissolved by sonicated for 1.0 min. 2 mL
of 0.5 N hydrochloric acid solution, 5.0 % hydrogen peroxide solution and 0.5
N sodium hydroxide was also added into each volumetric flask. The flasks were
kept in a water bath at 60°C for 2 h (acid hydrolysis), 60°C for 6 h (oxidative
degradation) and at room temperature for 1 h (base hydrolysis) respectively.
The excess of acid or base in volumetric flask 1 and 3 were neutralized and made
upto the mark with diluents. Corresponding blank solutions were prepared.
Thermal degradation was performed on solid NPP sample at 70°C for 48h.
Photolytic degradation was performed by spreading the sample on petri dish
and kept in a photostability chamber model NEC-104RTS (Newtronic) to get
the light intensity of 1.2 million Lux hours for white light and 200 Wh/m? for
ultraviolet region.

RESULTS and DISCUSSION
HPLC method development

The literature search was done to check the method availability but little
information was available regarding the quantification of related impurities
of NPP. Hence it was decided to initiate the reverse phase HPLC method
development. The aim of the proposed method is to achieve the baseline
separation between all related impurities and NPP. Structure and details of
NPP and its impurities are listed in Table 2. The A of NPP and its potential
impurities were showed in Figure 1.
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Table 2. Structure and details of NPP and its impurities.

S.No Name Structure Code Source

()

1 Nandrolone

phenylpropionate NPP Drug

2 3-Phenylpropionic

acid o Imp-1 | Degradation Impurity

Raw material and

3 Nandrolone MP-2"| Gegradation Impurity
4 Bolandione Imp-3 Process impurity
5 Nggrc]izrgﬁge Imp-4 Process impurity
6 Nandr;é:?;ghenyl Imp-5 Process impurity
7 pheﬁz;lnc?;ﬁfnrﬁ)ate B Imp-6 | Process impurity
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Figure 1. The A of NPP and its potential impurities.

The method development was initiated using water and acetonitrile as mobile
phase-A and Mobile phase-B in gradient elution method, using C-8 column with
dimension (150 mm x 4.6 mm, 5 pm).The peak of NPP and imp-6 co-elutes and
the peak shape of imp-1 was found distorted. Finally after conducting several
experiments the method was finally developed using linear gradient program. For
the gradient elution method, mobile phase-A and mobile phase-B were used. Mobile
phase-A was prepared using 0.1% orthophosphoric acid in water and methanol
mixture in a ratio of (90:10, v/v) and mobile phase-B was only acetonitrile. Inertsil
ODS-3Vcolumn (250 mm x 4.6 mm, 5 pm) was used. The column temperature was
kept at 40°C and detector wavelength was selected as 240 nm and 210 nm (210 nm
for imp-1) throughout the analysis. The NPP peak eluted at about 26 min with the
base line separation of all impurities (Figure 2 and 3).
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Figure 2. Chromatogram of spiked impurities in NPP at wavelength 254 nm.
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Figure 3. Chromatogram of spiked impurities in NPP at wavelength 210 nm.

Forced degradation study

The forced degradation of NPP sample was conducted in acidic, basic, thermal,
oxidative and photolytic conditions. The significant degradation of NPP was
observed in acidic and basic conditions. In both the conditions, the impurity
formed was identified as imp-2 at 240 nm and imp-1 in 210 nm. There was no
impact of oxidative, thermal and photolytic conditions on NPP. The peak purity
analysis of the analyte peak obtained from PDA detector in all stress samples
confirmed the spectral purity of NPP peak demonstrates the stability indicating
capability of the method. The chromatograms are shown in Figure 4 and 5 and
data is tabulated in Table 3.

Table 3. Percentage of degradation under different conditions using NPP sample at 400 pg/mL.

S No. Condition Degradation %
1 Acidic (0.5N HCI, 60°C, 2 h) 35
2 Basic (0.5N NaOH, room temperatute, 1 h) 6.7
3 Oxidation (5% H202, 60°C, 6 h) -
4 Thermal (70°C, 48 h) -
5 Photolytic degradation -
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Figure 4. Chromatogram of forced degradation studies of NPP at 240 nm: (A) base
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Figure 5. Chromatogram of forced degradation studies of NPP at 210 nm: (A) base
hydrolysis, (B) acid degradation (C) oxidative degradation, (D) thermal degradation, (E)
photolytic degradation.

Method validation

As per ICH guidelines the method must be validated to establish specificity,
solution stability, sensitivity, linearity, precision, accuracy and robustness. The
method validation was carried out for imp-1, imp-2, imp-3, imp-4, imp-5, imp-
6 and NPP. A summarized result of method validation is tabulated in Table 4.
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Table 4. Method Validation summary data

Parameter Imp-1 Imp-2 Imp-3 Imp-4 Imp-5 Imp-6 NPP
Retention Time (RT) 4.36 5.99 6.88 22.86 25.43 27.61 26.29
Relative RT 0.17 0.23 0.26 0.87 0.97 1.05 1.00
Resolution 76.00 3.85 53.85 6.97 2.27 3.50
Symmetry factor 1.04 1.03 1.02 1.00 1.00 1.01 1.03
Response factor 0.56 0.71 0.69 0.77 0.68 0.88 1.00
Linearity 0.9998 0.9991 0.9997 0.9997 0.9993 0.9997 0.9996

Detection Limit (pg/mL) 0.0721 0.0362 0.0364 0.0360 0.0358 0.0359 0.0361

Quantitation Limit (pg/mL) 0.1503 0.1205 0.1212 0.1199 0.1193 0.1195 0.1202

Intra-day precision
(n=6, % RSD)

Inter-day precision
(n=6, % RSD)

Accuracy at LOQ (n=3, %) 94.6 106.7 103.3 104.4 108.0 93.3 -
Accuracy at 100 (n=3, %) 102.7 108.1 107.8 105.9 105.9 105.9 -
Accuracy at 150 (n=3, %) 103.9 106.3 109.0 106.0 105.4 104.5 -

1.95 0.47 0.57 1.14 0.60 0.83 -

0.92 0.66 1.32 1.57 1.48 1.70

Specificity

Specificity is the ability of chromatographic method to separate the analyte
peak from blank interference, impurities and degradants. Specificity was done
by injecting blank, NPP sample and NPP sample Co-spiked with impurities.
The NPP peak was found well resolved from all six impurities and no blank
interference was observed. Forced degradation study was also performed to
demonstrate method specificity as well as stability indicating capability of the
proposed method.

Solution stability

Stability of solutions was established by injecting spiked and unspiked sample
solution kept in HPLC vial at 25°C in auto sampler. Area of each impurity was
checked after 24 hrs against initial (0 h) and the % difference was found less
than 10%, hence sample solution are stable for 24 h at 25°C.

Limit of detection and quantitation (Sensitivity)

The detection Limit (LOD) and Quantitation limit (LOQ) determines the sensi-
tivity of the proposed method. The LOD for each impurity (imp-1, imp-2, imp-3,
imp-4, imp-5 and imp-6) and NPP were calculated and found to be in the range
of 0.0358 ug/mL to 0.0721 pg/mL. The LOQ for each impurity (imp-1, imp-2,
imp-3, imp-4, imp-5 and imp-6) and NPP were calculated and found to be in
the range of 0.1193 pug/mL to 0.1503 ug/mL.
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Linearity and range

Linearity determines the ability of the analytical method to get the test results
that are directly proportional to the analyte concentration within the given
range. The solutions were prepared at six different concentration levels for
all specified impurities and sample from LOQ level to 150% of impurity limit
[0.15% of the drug concentration (400 pg/mL). The result of correlation coef-
ficient obtained for all analyte were found to be greater than 0.999, confirms
positive correlation between peak area and concentration of impurities and
NPP peak (Figure 6).

80000 Linearity Data

70000 —*+=Imp-1 ;20999
_ 60000 —#—Imp-2  2-0998
2 50000 Imp-3 12-0.999
= 40000 Imp-4  +2=0.999
Z 30000 —=Imp-5 20,999

20000 —o—Imp-6  2=0.999

10000 E NPP 12-0.999

(]

0.0000 0.2000 0.4000 0.6000 0.8000 1.0000

Conc. (pg/mL)
Figure 6. Linearity data of all 6-impurities and NPP.

Accuracy

The accuracy of the method was expressed in the term of percentage recovery.
The accuracy of the present method was performed at LOQ level, 100% level
(0.15% of the drug substances) and 150% level (0.225% of the drug substanc-
es). The experiment was performed in triplicate. The percentage recovery of
all impurities ranged between 93.3% to 109.0% indicating the accuracy of the
method.

Precision

The precision (Intra-day precision) of the method was evaluated by preparing
six individual preparations of NPP sample and spiked with 0.15 %(0.6 pg/mL)
of each impurity with respect to sample concentration(400 ug/mL). Peak area
of each impurity was checked and percentage relative standard deviation was
calculated and found less than 2.0 % for each impurity.

414 | Acta Pharmaceutica Sciencia. Vol. 59 No. 3, 2021



The precision (inter-day precision) was also determined by performing the
same procedure in same lab by different analyst on different instrument and on
different dates. The percentage RSD for each impurity was found below 2.0% in
both the precision indicated the good precision of the proposed method.

Robustness

The robustness of the analytical method was checked by evaluating the influ-
ence of small deliberate modifications in the HPLC method parameter. The
studies showed that there was no impact on the method even by deliberately
changing the chromatographic parameters (i.e. column temperature, flow rate
and mobile phase composition). It was observed that the resolution among all
the impurities and NPP peak was higher than 2.0. This showed the reliability of
the method during routine usage of the method.

The proposed method was found to be better and advantageous over previous
reported methods for quantification of potential impurities as compared to the
TLC and UV spectrophotometer method describes in Indian pharmacopoeia
and United States Pharmacopoeia respectively. The proposed method has been
validated as per the current ICH guidelines and easy to use for routine analysis
as well as stability studies.
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ABSTRACT

The objective of this study was to develop and validate the stability-indicating method for
newly developed Extended-Release tablet formulation of Ranolazine. First, new Ranola-
zine tablet formulation was developed. These tablets were analyzed by using a High-Per-
formance Liquid Chromatography system with a UV detector at 220 nm wavelength and
by using C8-3 column (150 mm x 4.6 mm i.d; 5 um particle size). The injection volume of
the system was 10 pl. The validation parameters; Selectivity, linearity, accuracy, robust-
ness, precision and limit of quantification and detection parameters were proved good re-
sults. A highly sensitive and simple HPLC-UV analytical method of the Ranolazine tablet
formulation was developed in accordance with ICH Guideline Q2 and Q3.

Keywords: Ranolazine, HPLC, forced degradation, stability indicating method,
validation

INTRODUCTION

Ranolazine, (RNZ, N-(2,6-dimethylphenyl)-2-{4-[2-hydroxy-3-(2-methoxyphe-
noxy) propyl] piperazine-1-yl}acethamide) is a piperazine derivative drug sub-
stance, which has anti-ischemic and antianginal effects3. The chemical structure
of RNZ+#is given in Figure 1. RNZ is a stereo isomer molecule. The pharmacologi-
cal activity of enantiomers shows statistically insignificant differences °.
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In the past decades, RNZ is the only anti arrhythmic medication developed and
marketed for the treatment of chronic angina’. RNZ inhibits selectively fast and
late sodium current. RNZ is a well-tolerated drug without showing any brady-
cardia and/or hypotension effect in contrast to B-blockers, Ca** blockers, and
nitrates® 9. Although there is no convincing proof, RNZ has been shown to im-
prove glycometabolic homeostasis in rats by enhancing insulin function * 1.

Many patients sustain persistent angina, despite the using combined drug
therapies'®. In some cases, the use of additional antianginal agents with a novel
mechanism of action, such as RNZ, is unavoidable. RNZ extended release (ER)
tablets are developed and marketed due to the short half-life of RNZ immediate
release tablets. Because of the increasing consumption of RNZ, separate chro-
matographic methods for its analysis were reported in the literature. There is
no official monograph for RNZ in the pharmacopoeias, in this context develop-
ing and validating stability indicating chromatographic method could be useful.

The aim of developing RNZ ER tablets is to reduce the severity and frequen-
cy of angina pectoris symptoms and improving the life standard of patient'.
Common granulation techniques such as wet and dry granulation were used
to prepare RNZ ER tablets, indicated in the literature. The effect of different
pH-dependent+*® and/or pH-independent polymers on the release of RNZ ER
tablets were observed7* in these studies.

The objective of this study was developing and validating stability indicating
method for prepared ER tablet formulation of RNZ. The developed method was
validated RNZ and its impurities. The proposed chromatographic method was ap-
plied to the assay of commercial Ranexa ER tablet and prepared RNZ ER tablet.
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METHODOLOGY
Chemical, reagents and materials

Ranolazine, Ranolazine Working Standard (WS), Zen-I Impurity WS, Zen-1I
Impurity WS, and Zen-III Impurity WS were purchased from Aarti Health-
care (Mumbai-India). Acetonitrile, methanol, hydrochloric acid, perchloric
acid, phosphoric acid, ammonium dihydrogen phosphate, sodium hydroxide,
ethanol, and triethylamine were purchased from J.T.Baker (AP-USA). Fumaric
acid was a kind gift from Merck Millipore (Darmstadt-Germany). Povidon (Kol-
lidon® K30) was purchased from BASF (Florham Park-USA). Xanthan gum was
purchased from CP-Kelco (USA). Hypromellose (Benecel™ Ki5M) was a gift
from Ashland (Covington-USA). Magnesium stearate was purchased from Faci
(Carasco GE Italy).

Preparation of RNZ ER tablets

RNZ 500 mg ER tablets were prepared by wet granulation method. The high
shear mixer was used for granulation. The granulation process designed in
two stages. At the first stage, fumaric acid and Ranolazin were granulated with
granulation solvent consist of purified water and PVP. The wet mass sieved and
dried in the oven. Afterward, dried bulk was sieved and this premix blended
with hypromellose and xanthan gum. The second granulation was carried out
with ethanol. The wet mass sieved and dried in the oven. The dried mass eluted
and mixed with magnesium stearate to obtain the final blend. The unit formula
and the function of the raw materials of RNZ ER tablets are shown at the Table
1. The final blend was compressed by using rotary tablet press machine (Man-
esty XSpress).

Table 1. The unit formula and the function of the raw materials of RNZ ER tablet

Raw materials Function % W/w
Ranolazine Active ingredient 63,69
Fumaric acid Diluent 25,48
Povidon Binder 2,42
Hypromellose Controlled release agent 2,04
Xanthan gum Controlled release agent 5,10
Magnesium stearate Lubricant 1,27
Purified water’ Granulation solvent
Ethanol’ Granulation solvent

“purified water and ethanol were used as granulation solvent and do not exist in
the finished product.
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Instrumentation and analytical conditions

Analysis method of RNZ and its impurities were chromatographic. A Waters
High Performance Liquid Chromatography (HPLC) system (New Castle-USA)
with UV detector was used. The method validation was made in accordance
with ICH Guideline Q2 and Q322

Chromatographic condition for quantization of RNZ

Inertsil C8-3 column (150 mm x 4.6 mm i.d; 5 um particle size) from GL Sci-
ences (Japan), was performed for chromatographic separation of RNZ. The
temperature of column was set and maintained at 30°C. The UV detection was
fixed to 220 nm wavelength and the injection volume was 10 pl. The mobile
phase was consisting of acetonitrile (A) and buffer solution (B) (30:70). Buffer
solution was prepared with triethylamine: purified water; 4.2:1000 (v/v) and
the pH of solution was adjusted to 3.00 + 0.05 with phosphoric acid. The flow
rate was set to 1.0 ml/min. The injection time was 9 minutes.

Chromatographic condition for quantization of impurities

Waters XTerra RP18 column (250 mm x 4.6 mm i.d; 5 pm particle size) from
Waters (New Castle-USA), was performed for chromatographic separation of
Zen-1 (2-((2-methoxyphenoxy) methyl) oxirane), Zen-II (2-chloro-N-(2,6-
dimethylphenyl) acetamide), and Zen-III, RNZ impurities. The UV detection
was fixed to 210 nm wavelength and the injection volume was 20 pl. The mo-
bile phase X was consisting of ammonium dihydrogen phosphate solution (C)
and methanol (D) (80:20). The mobile phase Y was consisting of ammonium
dihydrogen phosphate solution (C) and methanol (D) (20:80). Ammonium di-
hydrogen phosphate solution was prepared with ammonium dihydrogen phos-
phate: purified water; 5.75:1000 (w/v) and filtered (0.45 um PET filter). The
injection time was 40 minutes. The following gradient, at a fixed flow rate of
1.0 ml/min was used: from 0 to 5 min the composition was X: Y, 90:10. From 5
to 15 min the composition was X: Y, 80:20. From 15 to 27 min the composition
was X: Y, 40:60. From 27 to 32 min the composition was X: Y, 20:80. From 32
to 40 min the composition was X: Y, 90:10.

Preparation of standard and sample solutions
Preparation of standard and sample solutions for validation of RNZ

Preparation of standard solution: 50 mg RNZ WS was accurately weighed to a
20 ml volumetric flask and then 10 ml 0.1 N HCl solution was added to the flask,
mixed 1 min by vortex and then kept in an ultrasonic bath during 15 min to
obtain a clear solution. The volumetric flask was complemented to designated
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volume with 0.1 N HCl solution. 5.0 ml of this solution precisely was transferred
to a 50 ml volumetric flask and complemented to designated volume with the
mobile phase. The obtained solution was filtered 0.45 pm PET filter and trans-
ferred to HPLC vials (the concentration of solution 0.25 mg/ml).

Preparation of sample solution: 20 RNZ ER tablets were weighed and pul-
verized by grinding with the help of mortar and pestle. The obtained powder,
equivalent to 250 mg RNZ was accurately weighed and transferred to a 100 ml
volumetric flask. The volumetric flask was complemented to designated volume
with the mobile phase. The obtained solution was filtered 0.45 um PET filter
and transferred to HPLC vials (the concentration of solution 0.25 mg/ml).

Preparation of RNZ standard stock solution: 125 mg RNZ WS was accurately
weighed to a 50 ml volumetric flask and, then 25 ml 0.1 N HCI solution was
added to the flask, mixed 1 min by vortex and then kept in an ultrasonic bath
during 15 min to obtain a clear solution. The volumetric flask was complement-
ed to designated volume with 0.1 N HCI solution (the concentration of solution
2.5 mg/ml).

Preparation of standard and sample solution for validation
of impurities

Preparation of RNZ standard solution: 20 mg RNZ WS was accurately weighed
to a 50 ml volumetric flask and then 30 ml mobile phase X solution was added
to the flask, mixed 1 min by vortex. 5.0 ml of this solution precisely was trans-
ferred to a 50 ml volumetric flask and complemented to designated volume with
mobile phase X. 5.0 ml of this solution precisely was transferred to a 50 ml volu-
metric flask and complemented to designated volume with the mobile phase X.
The obtained solution was filtered 0.45 um PET filter and transferred to HPLC
vials (the concentration of solution 0.002 mg/ml).

Preparation of placebo solution:124 mg RNZ ER tablet placebo was weighed to
a 100 ml volumetric flask and, then 70 ml mobile phase X solution was added to
the flask, and kept in an ultrasonic bath during 10 min. The volumetric flask was
complemented to designated volume with the mobile phase X solution and kept
in an ultrasonic bath during 10 min. The obtained solution was filtered 0.45 um
PET filter and transferred to HPLC vials.

Preparation of sample solution: The pulverized RNZ ER tablets, equivalent to
200 mg RNZ was accurately weighed and transferred to a 100 ml volumetric
flask and, then 70 ml mobile phase X solution was added to the flask and kept
in an ultrasonic bath during 10 min. The volumetric flask was complemented to
designated volume with mobile phase X solution and kept in an ultrasonic bath
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for 10 min. The obtained solution was filtered 0.45 um PET filter and trans-
ferred to HPLC vials (the concentration of solution 2.0 mg/ml).

Preparation of Zen-I, Zen-II, and Zen-III standard stock solution: 7.5 mg Zen-
I WS was accurately weighed to a 25 ml volumetric flask and then 10 ml mobile
phase X solution was added to the flask, and kept in an ultrasonic bath during
15 min. The volumetric flask was complemented to designated volume with mo-
bile phase X solution and mixed by a vortex (the concentration of solution 0.3
mg/ml). The same procedure was applied to obtain Zen-II and Zen-III standard
stock solutions.

Preparation of 100 % preparative sample solution: The pulverized RNZ ER
tablets, equivalent to 200 mg RNZ was accurately weighed and transferred to
a 100 ml volumetric flask and then 70 ml mobile phase X solution was added
to the flask and kept in an ultrasonic bath during 10 min. From each stand-
ard stock solutions respectively Zen-1, Zen-11, and Zen-III, 1.0 ml solution were
added to the flask and complemented to designated volume with the mobile
phase X solution and kept in an ultrasonic bath during 10 min. The obtained
solution was filtered 0.45 um PET filter, and transferred to HPLC vials (C,,:2.0

mg/ml, C,, :0.003 mg/ml,C, :0.003mg/mlC,_  :0.003 mg/ml).

Preparation of 200 % preparative sample solution: The pulverized RNZ ER
tablets, equivalent to 200 mg RNZ was accurately weighed and transferred to
a 100 ml volumetric flask and then 70 ml mobile phase X solution was added
to the flask and kept in an ultrasonic bath during 10 min. From each stand-
ard stock solution respectively Zen-I, Zen-11, and Zen-III, 2.0 ml solution were
added to the flask and complemented to designated volume with mobile phase
X solution and kept in a ultrasonic bath during 10 min. The obtained solution
was filtered 0.45 pm PET filter, and transferred to HPLC vials (C,, ,:2.0 mg/ml,
C,...:0.006 mg/ml,C_ . :0.006 mg/ml,C :0.006 mg/ml).

ZEN-1* ZEN-11* ZEN-III*
Method validation protocol
Analytical method validation is done to demonstrate that the obtained results
are precise and valid and to show the applicability of the method. The stability-
indicating method was validated according to ICH Guidelines Q2 and Q3. In
this context linearity, selectivity, accuracy, robustness, precision, the limit of
quantification and detection were evaluated.

Forced degradation studies

Forced degradation studies were performed to prove the stability indicating ca-
pability of the method. Prepared samples and placebos were exposed to:
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Acidic condition (1N HCl / room temperature for 24 hours)

Basic condition (1 N NaOH / room temperature for 24 hours)
Oxidative condition (H,0, 30% / room temperature for 24 hours)
Thermal condition (60 °C + 2 °C / for 1 week)

Light (1.2 million lux hours)

Acidic condition

The pulverized RNZ ER tablets, equivalent to 200 mg RNZ was weighed to a
100 ml volumetric flask and then 20 ml ammonium dihydrogen phosphate so-
lution was added to the flask and kept in an ultrasonic bath during 15 min. Then
10 ml methanol was added to the flask and kept in ultrasonic bath for 1 min.
Afterward 15.0 ml 1 N HCl was added. The prepared solution-maintained room
temperature for 24 hours. At the end of time the solution was neutralized with
15.0 ml 1 N NaOH and the volumetric flask was complemented with ammonium
dihydrogen phosphate solution to designated volume. The flask was kept in an
ultrasonic bath for 15 min. The obtained solution was filtered 0.45 um PET filter
and transferred to HPLC vials (the concentration of solution 2.0 mg/ml). The
same procedure was applied to the placebo.

Basic condition

The pulverized RNZ ER tablets, equivalent to 200 mg RNZ was weighed to a
100 ml volumetric flask and, then 20 ml ammonium dihydrogen phosphate so-
lution was added to the flask and kept in an ultrasonic bath for 15 min. Then
10 ml methanol was added to flask and kept in ultrasonic bath for 1 min. After-
ward 15.0 ml 1 N NaOH was added. The prepared solution-maintained room
temperature for 24 hours. At the end of time the solution was neutralized with
15.0 ml 1 N HCI and the volumetric flask was complemented with ammonium
dihydrogen phosphate solution to designated volume. The flask was kept in an
ultrasonic bath for 15 min. The obtained solution was filtered through 0.45 um
PET filter and transferred to HPLC vials (the concentration of solution 2.0 mg/
ml). The same procedure was applied to the placebo.

Oxidative condition

The pulverized RNZ ER tablets, equivalent to 200 mg RNZ was weighed to a
100 ml volumetric flask and then 20 ml ammonium dihydrogen phosphate so-
lution was added to the flask, and kept in an ultrasonic bath for 15 min. Then
10 ml methanol was added to the flask and kept in ultrasonic bath for 1 min. Af-
terward 15.0 ml H,0, 30% was added. The prepared solution-maintained room
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temperature for 24 hours. At the end of time the volumetric flask was comple-
mented with ammonium dihydrogen phosphate solution to designated volume.
The flask was kept in an ultrasonic bath for 15 min. The obtained solution was
filtered 0.45 um PET filter and transferred to HPLC vials (the concentration of
solution 2.0 mg/ml). The same procedure was applied to the placebo.

Thermal condition

RNZ ER tablets and placebo were kept at 60 °C + 2 °C in the oven for a week. At
the end of the time the pulverized RNZ ER tablets, equivalent to 200 mg RNZ
was weighed to a 100 ml volumetric flask, and then 70 ml ammonium dihydro-
gen phosphate solution was added to the flask and kept in an ultrasonic bath
for 10 min. The solution was kept at room temperature for 5 min and comple-
mented with ammonium dihydrogen phosphate solution to designated volume.
The flask was kept in an ultrasonic bath for 10 min. The obtained solution was
filtered 0.45 um PET filter and transferred to HPLC vials (the concentration of
solution 2.0 mg/ml). The same procedure was applied to the placebo.

Light (1.2 million lux hours)

RNZ ER tablets and placebo were exposed to light for 24 hours (1.2 million lux
hours). The procedure applied according to ICH guideline Q1B. At the end of the
time the pulverized RNZ ER tablets, equivalent to 200 mg RNZ was weighed to
a 100 ml volumetric flask and then 70 ml ammonium dihydrogen phosphate
solution was added to the flask and kept in an ultrasonic bath for 10 min. The
solution was kept at room temperature for 5 min and complemented with am-
monium dihydrogen phosphate solution to designated volume. The flask was
kept in an ultrasonic bath for 10 min. The obtained solution was filtered 0.45
um PET filter and transferred to HPLC vials (the concentration of solution 2.0
mg/ml). The same procedure was applied to the placebo.

RESULTS and DISCUSSION
Method optimization

In order to optimize the assay method, several mobile phase solvents were tested.
In this context 0.1 N HCI, pH 6.8 phosphate buffer, acetonitrile: buffer (ammo-
nium dihydrogen phosphate) (80:20), methanol: water (80:20), acetonitrile:
water (80:20), acetonitrile: pH 6.8 phosphate buffer (80:20), acetonitrile: 0.1
N HCI (80:20) were tried and the condition that enabled a suitable resolution
and shape of peaks was acetonitrile: buffer (80:20). Also different sample and
standard preparation solvents: acetonitrile + 0.1 N HCI (1:10); water + 0.1 N HCI
(1:5); mobile phase and different sample preparation processes (mixing with vor-
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tex, keeping in an ultrasonic bath) were tried. The results of the analysis of these
changes showed that for sample preparation RNZ ER tablet using mobile phase
and for standard preparation using 0.1 N HCI as described at 2.4. Preparation of
standard and sample solutions were the best way of solving RNZ.

To optimize and validate the analytical method of RNZ impurities for RNZ ER
tablets, data obtained from AARTI Healthcare Related Substances Analytical
Method was modified and used.

The obtained features provided the chromatogram reported in Figure.2. a good
peak shape and peak resolution were obtained within acceptable analysis time
(20 min).

Method validation
Selectivity

To assess the selectivity of the method, placebo solution, mobile phases, sample
solution of RNZ ER tablet, RNZ WS, Zen-I, Zen-II, and Zen-III impurity solu-
tions were injected in duplicate and ability of chromatographic separation of
each sample was evaluated. The chromatogram shown Figure. 2 was obtained.
Five peaks were obtained from the chromatogram. Between the peaks of RNZ,
solvent, mobile phases, placebo and impurities did not observe any interfer-
ence. All peaks completely separated from another one.

Figure 2. HPLC chromatogram (A=220 nm) of a solution containing RNZ ER tablet, impurities
Zen-l, Zen-Il and Zen-Ill.
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Linearity

The linearity of the method was evaluated for five concentration levels by dilut-
ing the standard stock solution corresponding to 20, 50, 80, 100, and 120 %.
The prepared solutions were filtered and injected in triplicate. For impurities,
response and correction factor were calculated using the formula shown below:

RRF= Cp= L
m RRF

s

RRF: Response factor
CF: Correction factor

m.: the slope value obtained from the calibration curve of the impurity standard
solutions

m_: the slope value obtained from the calibration curve of the active substance
standard solutions

The obtained data showed that in the expected concentration RNZ and its im-
purities are linear. The summary of the results is reported in Table 2. The de-
termination coefficient of all compounds was found greater than 0,9999, these
results show the precision of the proposed methods?2.

Table 2. The summary of five levels calibration graphs for RNZ, Zen-1, Zen-Il and Zen-llI
(y=ax+b), three replicates for each level (n=15).

RNZ Zen-l Zen-ll Zen-lll
Range (pg/ml) 50 - 300 0.09-5.76 0.07-5.97 0.07 - 6.01
Slope (a) 20801294.3595 40503993.06 83381036.74 63496097.58
Intercept (b) 5977.0612 2263.45 1162.55 879.75
r2 0.9998 1.00 1.00 1.00
RRF 0.70 1.44 1.09
CF 1.43 0.70 0.91
StDev* 229 303 401 179
95% Cl for p* (114617; 115135) (111394; 112081) (247206; 248114) (190099; 190505)
SE Mean* 132 175 232 103

* 100% concentration data
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Accuracy

To assess the accuracy of the method, three parallel samples are prepared by
spiking the placebo with known amounts of RNZ WS 80, 100, 120 %. For im-
purities with the known amounts Zen-1 WS, Zen-II WS, and Zen-1II WS, LOQ,
100, and 200 % solutions were prepared. Three injections from each sample
were run on HPLC. The recovery values were calculated according to the stand-
ard solution. The obtained results of accuracy studies were shown in Table 3.

Table 3. The summary of accuracy studies for RNZ and its impurities Zen-I, Zen-Il and Zen-lI|

RNZ Concentration Recovery o Zen-l Concentration Recovery o
Level % (mg/ml) % Mean% | evel o (ng/ml) % Mean %
100.5 98.6
80 0.20 100.1 100.5 LoQ 0.096 98.0 97.9
100.8 971
99.9 93.3
100 0.25 99.9 100.0 100 3.000 92.9 92.1
100.2 90.1
100.2 84.6
120 0.30 99.9 99.6 200 6.000 90.3 88.47
98.8 90.5
Zen-ll Concentration Recovery o Zen-lll Concentration Recovery o
Level % (ug/ml) % Mean% | ovel 9% (ug/ml) % Mean %
85.6 102.6
LoQ 0.096 98.0 89.4 LoQ 0.096 103.6 103.1
84.6 103.2
100.9 96.4
100 3.000 102.2 100.6 100 3.000 96.6 96.1
98.7 95.2
92.6 91.3
200 6.000 99.2 97.3 200 6.000 99.1 96.6
100.0 99.5
Robustness

To determine the robustness of the method, the effect of different flow rates
(0.8 — 1.2 ml/min), column temperature (28 — 32 °C), and filter (Nylon — PET
— RC) were evaluated. The consistency between the results without changing
the analysis conditions and the results found after the change was evaluated.
For the method of RNZ impurities the effect of different wavelength (208 nm-
212 nm) and filter (RC — PET) were evaluated. The obtained data of robustness
studies summarized in Table 4 and 5.
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Table 4. The summary of robustness studies for RNZ

Factor Flow rate Temflzlruame oc Filter RRT (min) *Conformity %
1.0 mg/ml 4.204 -
Flow Rate 0.8 mg/ml 30 PET 5.159 99.0
1.2 mg/ml 3.464 99.3
30 4.204 -
Column Temperature 1.0 mg/ml 28 PET 4.164 99.0
32 4.151 99.3
PET -
Filter 1.0 mg/ml 30 Nylon 4.204 100.9
RC 100.5

* conformity is a description of how the change rate fits with the routine of the
study

Table 5. The summary of robustness studies for Zen-1, Zen-1l and Zen-Ill

Flow rate Column ) Conformity  Conformity  Conformity

Factor (mg/ml) Temptira- Filter A (nm) Zen*-l Zen;ll Zen;lll
ture (°C) % % %
210 - - -

Wavelength 1.0 30 PET 208 100.8 98.6 102.0

212 102.2 99.5 98.0
PET - - -

Filter 1.0 30 Nylon 210 100.1 101.9 101.8

RC 100.0 100.0 100.0

* conformity is a description of how the change rate fits with the routine of the study

Precision

The precision of the method was evaluated at three levels: repeatability, inter-
mediate precision and, reproducibility. To assess the reproducibility six sepa-
rate sample solutions were run on HPLC. Two injections were made for each
sample. To assess the repeatability of the method six separate standard solu-
tions were run on HPLC. Field values were evaluated as a result of sequential
injections. To evaluate the intermediate precision of the method, the samples
identified in the method accuracy were prepared by a different analyst. The
samples were injected into a different HPLC system. Quantity values were cal-
culated for each sample. The RSD values obtained from twelve samples were
evaluated. The low RSD values of the precision studies indicate that the method
is precise®. As a System Suitability Parameters, the RSD value of the peak areas
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obtained from six measurements of the standard solution should be a maxi-
mum of 5.0%. The results are given in the Table 6-8.

Table 6. Results of reproducibility studies for RNZ and its impurities Zen-1, Zen-Il and Zen-Ill

RNZ Zen-l Zen-ll Zen-lll
Sample No
Result (%) Recovery (%) Recovery (%) Recovery (%)
1 96.7 96.1 101.4 101.8
2 97.4 96.5 102.7 102.9
3 97.5 94.2 98.6 98.7
4 98.6 94.7 99.5 99.9
5 97.5 100.4 104.6 106.0
6 97.9 99.7 104.3 1041
Mean 97.6 96.9 101.9 102.2
RSD % 0.7 2.7 2.4 2.6

Table 7. Results of repeatability studies for RNZ and its impurity standard

RNZ RNZ Impurity Standard
Sample No
Peak Area Peak Area
1 5123875 115881
2 5096835 115681
3 5109472 115363
4 5092544 114367
5 5094318 115862
6 5109169 115198

Table 8. Results of intermediate precision studies for RNZ and its impurities Zen-I, Zen-Il and
Zen-llI

RNZ Result (%) Zen-1 Recovery (%) Zen-I1 Recovery (%) Zen-lll Recovery (%)
Sample 1¢ ana- 20 1¢ ana- 20 1¢ ana- 2nd 1¢ ana- 2nd
No lyst analyst lyst analyst lyst analyst lyst analyst
Instru- Instru- Instru- Instru- Instru- Instru- Instru- Instru-
ment A ment B ment A ment B ment A ment B ment A ment B
1 96.7 96.8 96.1 94.5 101.4 100.9 101.8 99.4
2 97.4 95.6 96.5 94.8 102.7 103.5 102.9 100.4
3 97.5 96.9 94.2 943 98.6 100.3 98.7 99.1
4 98.6 95.8 94.7 94.6 99.5 98.8 99.9 100.9
5 97.5 95.1 100.4 94.4 104.6 99.4 106.0 99.1
6 97.9 96.6 99.7 94.3 104.3 99.6 104.1 101.9
Mean 97.6 96.1 96.9 94.5 101.9 100.4 102.2 100.1
RSD % 0.7 1.0 2.7 0.2 2.4 1.7 2.6 1.1
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Limit of quantification and detection

The LOD and LOQ concentrations were obtained from the linearity studies. It
is found by calculating the signal to noise ratio (LOD: signal to noise ratio=3;
LOQ: signal to noise ratio=10). Data obtained of LOD and LOQ for RNZ and its
impurities Zen-1, Zen-II, and Zen-III were showed in Table 9.

Table 9. Results of LOD and LOQ studies for RNZ and its impurities Zen-1, Zen-Il and Zen-llI

LOQ Mean Peak Area /

Sample LOD % LOQ (mg/mL) LOD (mg/mL)

RSD %
RNZ 0.002 2357 /5.6 0,0000339 0,000012
Zen-l 0.005 3607 /2.9 0,0000960 0,000029
Zen-ll 0.004 4753/3.1 0.0000717 0,000022
Zen-ll 0.004 4619/18 0,0000722 0,000022

Forced degradation

RNZ ER tablets were exposed to heat, light, acid, base, and oxidation. Impurity
analyses were performed before and after exposure. The analysis results were
given in Table 10.

A comprehensive stability study was performed including forced degradation
studies. A highly sensitive, simple HPLC-UV method developed and validated
for the determination of ranolazine and its impurities. The method validation
was performed in accordance with ICH guidelines. The highest degradation oc-
curred in the H,O, environment, indicating that Ranolazine is highly sensitive
to the oxygen.
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ABSTRACT

Dialium guineense native to the Sub-Saharan Africa serves as a good source of vita-
mins particularly Vitamin C for children, it is used in folklore medicine as treatment
for cough, fever, stomachache, ulcer, wounds and in improving lactation in women.
This study aims at investigating the anti-inflammatory and wound healing effects of
the crude methanol extract, seed oil, ointments of the extract and seed oil. The phy-
tochemical analysis of the leaf and seed of Dialium guineense were assayed for sec-
ondary metabolites. The egg-albumin method was adopted for the anti-inflammatory
study while the excision wound model was used to determine the wound healing effect
in rats. The presence of Anthraquinones, flavonoids, saponins and sterols were pre-
sent in the leaf and seed of Dialium guineense. The leaf extract and seed oil of Dialium
guineense exhibited anti-inflammatory effect which were not significantly different at
the various doses tested (200 mg/kg, 100 mg/kg, 50 mg/kg). The ointment of the leaf
extract as well as the seed oil exerted pronounced wound healing effect of 77.8% and
85.7% wound contraction respectively on day 19.The seed oil of Dialium guineense
showed a faster wound healing effect than the leaf by creating occlusive effect on the
wounds against moisture. Furthermore, the presence of phenolic compounds in the
leaf and seed oil exerted a synergistic anti-inflammatory and wound healing effect.
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INTRODUCTION

Dialium species of the family Fabaceae are common to the Sub-Saharan Africa,
with about twenty-four species, five of these species are indigenous to the West
African countries' of which Dialium guineense is one of them, it is common-
ly known as the velvet tamarind, black velvet or tumble tree, Awin (Yoruba),
Icheku (Igbo), Tsamiyar Kurmi (Hausa)?3 It grows to a height of about 3om
and 0.8m in diameter+.

In Nigeria, the fruits of D. guineense are abundant between the months of January
and May 5 These edible fruits are good source of protein, minerals, and Vitamin C &

In traditional medicine, various parts of D. guineense are used for treating dis-
eases such as cough, fever, stomachache. The fruits are taken to improve lacta-
tion in women 2, treat malaria, jaundice, stomachache, ulcer, malnutrition, as
well as in treating wounds, hemorrhoid 7 and in the prevention of cancer.

Several studies have reported the biological activities such as antidiarrhoeal ,
antimicrobial &, antiulcerogenic , antibacterial 39 and anticancer activities
2of D. guineense. In addition, some secondary metabolites have been identi-
fied in the leaf and stembark of D. guineense, these include tannins, alkaloids,
flavonoids, saponins, sterolds and cardiac glycosides 3141,

This study aims at investigating the anti-inflammatory and wound healing ac-
tivities of the methanol leaf extract and seed oil of Dialium guineense.

METHODOLOGY

Materials

The leaf and seed of Dialium guineense were collected from growing tree in
Ibadan and Sagamu, Oyo and Ogun States, respectively. The plant was authen-
ticated at the Herbarium Department of the Forestry Research Institute of Ni-
geria (FRIN), Ibadan, Nigeria where a voucher specimen was deposited.

Drying

The leaves were dried under shade while the seeds were removed from the pulp
and air dried. The dried leaves and seeds were milled to powder and stored in
containers for further use.

Extraction

300g of powdered leaf sample was extracted by cold maceration in 70% metha-
nol for 72 hrs while 300g of the powdered seeds were macerated in Hexane for
72hrs. These were filtered separately, and the filtrates concentrated to dryness
under reduced pressure in a Rotary evaporator.
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Phytochemical Screening

The powdered leaf and seed of D. guineense were analysed for secondary me-
tabolites 1577,

Anti-inflammatory Activity

The anti-inflammatory activity of the leaf extract and seed oil were carried out
in wistar rats using the egg albumin model *®. Healthy Wister rats obtained
from the Animal House of Babcock University Ilishan, Ogun State, Nigeria were
used for the study. They were allowed to acclimatize and had access to water
ad libitum and rats’ pellets. The weights of the Wistar rats ranged from 160 g
to 200 g.

The hind right paws of the animals were induced with 0.2 mL of fresh hen egg
albumin and the diameter of the paws were taken and recorded as values for o
min (T).

Table 1: Animal Grouping

Group A Rats received 200 mg/kg of the methanol leaf extract

Group B Rats received 100mg/kg of the methanol leaf extract

Group C Rats received 50 mg/kg of the methanol leaf extract

Group D Rats received | mL of seed oil

Group E Rats received 0.5mL of seed oil

Group F Rats received 0.25mL of seed oil

Group G Rats received 5 mg/kg of Diclofenac sodium (Reference drug)
Group H Rats received | mL of water only (Untreated Group).

Thirty minutes after administering extract, seed oil, Diclofenac and water to
respective groups, orally, 0.2 mL of fresh egg albumin was injected into the
right hind paw of each rats in the different groups. The linear circumference of
the injected paws was measured and recorded immediately after injecting with
egg albumin (o hr); the diameter of the paw was then taken at an interval of 30
minutes for five hours.

The percentage inhibition of oedema was measured using the following formula
% Inhibition of oedema = Io -I X 100

Io
Io — Initial paw circumference

I — Change in paw circumference at time interval
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Wound Healing

The wound healing effect of the methanol leaf extract and seed oil of Dialium
guineense was carried out by the Excision wound model *2°,

Excision Wound Model

The excision wound model was used to evaluate the wound healing activity
of Dialium guineense leaf extract and seed oil. The wound excision was made
through full thickness of the skin with sterile blade. The length and Circumfer-
ence of the wounds were measured using a tracing paper on the wound and
measuring the circumference with a meter ruler 2. The length and circumfer-
ence of the wound were taken on day 1, 3, 5, 9, 12, 15, 19.

The doses of the leaf extract and seed oil ointments were 2% w/w, 5% w/w, 10%
w/w and 100% seed oil. Povidone iodine was used as standard drug, and these
were applied topically on the animal wounds every day for nineteen days.

Simple Ointment

Simple ointment based on the British Pharmacopoeia (BP) was prepared us-
ing white soft paraffin, wool fat, cetostearyl alcohol, Hard paraffin and the leaf
extract and seed oil of D. guineense 2>,

Statistical Analysis

Data of the study are presented as Percentage, mean + Standard error of mean
(SEM) of sample size (n = 5). Mean values were compared statistically by one-
way analysis of variance (ANOVA) followed by post hoc Turkey’s test multiple
comparison using Statistical package for Social Sciences (SPSS version 20).
P<o.05

RESULTS and DISCUSSION

The skin serves as a medium between the internal and external environment,
any disruption of the anatomy of the epidermis by physical, biological, and ther-
mal stimuli leads to wound 24. Inflammation is one of the processes of wound
healing by protection against tissue damage through the elimination of patho-
gens and cell debris 25, however when the inflammation becomes severe, it leads
to production of excess oxidative stress which acts as etiologic factor for chronic
diseases®

Wound healing occurs through diverse phases which involves hemostasis, in-
flammation, proliferation, and remodeling of tissues. During these processes
of healing, a wound matrix is involved followed by a breakdown and cleanup of
tissues and pathogen debris.
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The leaf extract ointment of D. guineense at 2%, 5% and 10% all produced heal-
ing effect on the wounds of the animals with percentage contraction of 77.8%,
60.8% and 66.1% respectively. Though there was no dose dependent effect ob-
served, wound contractions became obvious from day 5. In addition, the heal-
ing effect of the different doses of the ointments incorporated with the leaf ex-
tract were not significantly different from that exhibited by the standard drug
which had 66.7% contraction. (Table 2).

Table 2: Percentage wound contraction of Dialium guineense leaf and seed oil

Percentage wound contraction (%)

(Trga’:’n':';m) Days | Day5 | Day7 | Dayd | Daylz | Dayls | Day19
2% leaf extract 93:6.8 | 254487 | 332453 | 619:3.1 | 69943 | 739:39 | 77.8:34
5% leaf extract 15.0+4.9 25.3+7.6 35.6+7.6 45655 54.6+34 574129 60.8 +3.0
10% leaf extract 59129 16.5+7.9 28.8+5.0 48.0 +3.1 55.5+2.0 58.5+2.0 66.1+2.4
2% oil extract 13.124.2 20.8+2.6 39.6+4.2 57.3 2.1 64.0+1.2 69.6+2.2 80.4+1.4
5% oil extract 96+39 18.4 6.5 29.0+2.3 48323 58.6+1.5 62.4+2.3 70.7 0.5
10% oil extract 12261 | 26,1121 | 279119 | 59.6+85 64.1 +6.2 67.5+5.4 85.7+1.1

100% oil 55114 18.8+3.8 25715 46.9 5.3 56.9 +4.5 60.8 £5.1 745156

Standard drug 56+1.2 8.7:2.0 19.6+1.8 32.30.4 46.2+1.8 51.8+2.2 66.7 +0.0

% wound contraction = Day 1 wound circumference - Day n wound circumference X100

Day 1 wound circumference

The seed oil ointment at 2% and 10% exerted more pronounced healing effect
of 80.4% and 85.7% contraction than those exhibited by the leaf extract (77.8%
and 66.1% contraction) on Day 19. Though the seed oil alone healed the wound
by 74.5% contraction, the effect was not as prominent as those of the seed oil
ointments of 2% and 10%.

The ability of plant oils to act as a protective barrier to the skin when applied on
the skin surface thereby making available the active ingredients present in the
oil for the skin have been well documented. In addition, ointments incorporated
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with plant oils are used in the treatment of wounds because of their ability to
create an occlusive effect against moisture, hence the use of simple ointment in-
corporated with the leaf extract and seed oil of Dialium guineense in this study.
Furthermore, the choice of use of ointment in this study is also because of the
ability to sustain drug release at application site and as barrier for moisture 2%

The presence of tannins, terpenoids and flavonoids have been previously re-
ported to play vital roles in wound healing 227 by affecting one or more phases
of wound healing process 2 The presence of these secondary metabolites in
the leaf extract and seed of Dialium guineense are probably responsible for
their ability to heal the wounds by increasing the wound contraction through
the activation of fibroblasts, stimulation of collagen deposit, a process as-
sisted by phenolic constituents such as those detected in the leaf and seed of
D. guineense. These phenolic compounds also aid wound healing by collagen
formation, wound closure, and epithelialization due to the anti-inflammatory,
antibacterial and antioxidant properties which they possess 4

The phytochemical analysis of Dialium guineense in this study revealed the
presence of free and combined Anthraquinones, saponins, Tannins in high
quantities, Alkaloids and sterols in moderate quantities, trace of flavonoids and
absence of cardiac glycosides.

Table 3: Phytochemical Analysis of Leaf and Seed of Dialium guineense

Morphological part Anthraquinone Flavonoids | Saponins | Tannins | Alkaloids | Sterols glgecl(r)(iiizces
Free | Combined
Leaf +H+ +H+ + +H+ +H+ + +
Seed + + + + - - + +

+++ = Highly Present; ++ = moderately present; += Present; - = Absent.

In previous studies, the presence of tannins, alkaloids, flavonoids, saponins,
steroids and cardiac glycosides in the leaf and stembark of D. guineense were
reported 3%, Furthermore, the fruit coat extract has been shown to possess
alkaloids and saponins in high concentration, flavonoids and steroids in trace
quantities® while, the presence of anthraquinone, alkaloids, flavonoids, tannins
and saponins 3° were moderately present.

The variations in the secondary metabolites present in the different morpholog-
ical parts of D. guineense could be due to diverse factors relating to the environ-
ment, time of the day and season of collection. In addition, this could also be
responsible for the different biological activities reported in the morphological
parts of Dialium guineense.
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In this study, the egg albumin induced assay was used to induce inflammation
in the animals. The egg albumin causes inflammation by the release of hista-
mine and serotonin during the second phase of inflammation thereby causing
vasodilation and increased permeability.

The leaf extract of D. guineense exhibited mild anti-inflammatory effect while,
the seed oil of D. guineense exerted time -dependent anti-inflammatory activi-
ties which was more pronounced than the effect of the standard drug. At a dose
of 1 mL and 0.5 mL the effect shown were not significantly different from each
other over the test period. Figure 1 and 2.
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Figure 1: Anti-Inflammatory Effects of Dialium guineense Methanol Leaf Extract.
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Figure 2: Anti-Inflammatory effects of Dialium guineense Seed Qil.
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The presence of anthraquinones, flavonoids and sterols in the leaf extract and seed
oil of D. guineense had a culminative effect which helped in wound healing and
anti-inflammatory activity in the test animals. Tannins present in high concentra-
tion in the leaf could act by detoxifying as well as inhibit microbial growth 2 The
sterols present both in the leaf extract and seed oil have astringent properties while
flavonoids have potency in acting as free scavengers as well as prevent prostaglan-
din synthesis a major factor responsible for the second phase of inflammation.

Furthermore, these phenolic compounds in the leaf and seed oil of D. guineense
are also able to exert wound healing and anti-inflammatory effect by synergy there-
by aiding cell migration, the proliferation of cells, fibroblasts, keratocytes, tissue
repairs, thereby promoting blood vessel contraction, collage deposit, modulating
the production of reactive oxidative stress, chelating free radicals as well as inhibit-
ing the production of nitric oxide at wound site.

In previous study, the wound healing effect of the Dichloromethane fraction of the
fruit coat of Dialium guineense have been reported 2* This study further confirms
and shows the ability of the phytoconstitutents in D. guineense to heal wounds as
well as reduce inflammation through possible diverse mechanism of actions. One
of which is possible by suppressing or inhibiting the release of histamine, serotonin
and prostalglandin. This study therefore has been able to justify the use of Dia-
lium guineense in folklore medicine as an agent of wound healing.
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ABSTRACT

Obesity is a chronic condition associated with high morbidity and mortality rates.
Its comorbidities include cancer, diabetes mellitus, and cardiovascular diseases.
Traditional medicines have found increasing use due to cost effectiveness and mini-
mal side effects. This study evaluated the Anti-obesity effect of ethanolic extract of
Irvingia gabonensis seeds.

Wistar rats were divided into control and treatment groups. Untreated group I on
normal diet (negative control), untreated group II on high fat diet (HFD) and 10
mL/Kg Tween 80 (positive control), extract treated groups III-V (50, 100 and 200
mg/Kg) on HFD. Orlistat treated group VI (200 mg/Kg) on HFD (standard). Body
mass index (BMI), weight of abdominal fat, cholesterol levels and hepatic enzymes
were evaluated after 12 days of treatment.

Body mass index (BMI) and abdominal fat of (treatment groups) reduced. How-
ever, the seed extract and orlistat did not significantly increase liver enzymes.
Conclusion: Irvingia gabonensis seed extract showed anti-obesity properties.

Keywords: Obesity, Body mass index, lipid profile, Irvingia gabonensis ethanolic
extract, High fat diet.
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INTRODUCTION

Obesity is a pathological condition in which excess body fat is accumulated and
resulting in adverse effects on health and life expectancy. It is a chronic disorder
involving a complex interaction between genetic and environmental factors *.
Obesity normally occurs when energy intake exceeds energy expenditure. It is
a complex health issue resulting from a combination of causes and individual
factors such as behavior and genetics. Behaviors can include physical activity,
inactivity, dietary patterns, medication use, and other exposures. Additional
contributing factors include the food and physical activity environment, educa-
tion and skills, and food marketing and promotion.?

Medicinal plant preparations containing naturally active ingredients have been
used either to enhance satiety or boost metabolism of high energy dense food to
speed up weight loss 3. Anti-obesity mechanisms for herbal plants included re-
duction in lipid absorption, reduced energy intake, increased energy expenditure,
decreased pre-adipocyte differentiation and proliferation, or decreased lipogen-
esis and increased lipolysis*. Adipose tissue as an endocrine organ contributes
in the mechanisms of obesity by secreting cytokines like interleukin 6 (IL-6) and
Tumor necrosis factor alpha (TNFa): which therefore could regard obesity as a
chronic inflammatory diseases. The physiological mechanism of high-fat diet in-
duced obesity is related to the energy derived from fat which has a greater effect
on body weight gain than the energy from non-fat diet . Another mechanism
involved in obesity is in hyperleptinemia and leptin resistance on high fat diet
which involved the hypothalamic leptin receptors and signaling pathways’. An-
other contributory factor to obesity is stress; long term stress is associated with
increase food intake and thus promotes fat and weight gain in human subjects 8.

Currently, 80% of the world population use plant-derived drugs as the first-line
in treatment of obesity because of their efficacy and minimally tolerable side ef-
fects®. Allium cepa (Onion; Family: Amaryllidaceae), Trigonella foenum-grae-
cum (Fenugreek; Family: Fabaceae) Cyamopsis tetragonoloba (Guar; Family:
Leguminoceae) and Hibiscus cannabinus (Kenaf; Family: Malvaceae) are ex-
amples of plants with proven antiobesity activity'®. Some families of plants with
anti-obesity effects include: Apocynaceae, Rutaceae, Leguminosae, Malvaceae,
Moraceae, Compositae, Rubiaceae and Zingiberaceae .

The Irvingiaceae family is a small woody family that consists of 10 species in
three genera. The genera include Desbordesia Pierre ex Tiegh(one species),
Klainedoxa Pierre ex Engl. (two species) and Irvingia Hook. f. (seven species)
which are distributed in central and west Africa except Irvingia malayana
Oliv., which is found in southeast Asia. The family was formerly placed in the
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Simaroubaceae family or as a distinct family in the Rutales. Later on, the Angio-
sperm Phylogeny group placed it in the Malpighiales on the basis of molecular
evidence?®. To gain insight into family relationships, 63 embryological characters
of two previously unstudied African species, Irvingia gabonensis and I. smithii,
were investigated by Tobe and Raven in 2011 and were compared to other Mal-
pighiales and the sister group Oxalidales. Embryologically, Irvingia was found
to be characterized by the absence of an integumentary tapetum and by hav-
ing a non-multiplicative inner integument, a multiplicative testa, many discrete
fascicles of vascular bundles running in the testa from the raphe to antiraphe,
and a fibrous exotegmen. Comparisons showed that Irvingia did not resemble
any of the Linaceae, Caryocaraceae, Erythroxylaceae, Rhizophoraceae, or any
of the other malpighialean families. The genus rather resembled Huaceae and
Connaraceae (Oxalidales) in seed coat structure. It has been reported to have a
number of beneficial medicinal effects such on gastrointestinal discomfort and
diabetes ®2. It is also known to have analgesic and antioxidant properties®.

Irvingia gabonensis (gabonensis) (Aubrey Lecomte ex O. Rorke) Baill. is a
sweet variety which is a large tree that grows up to 15-40 meters and a diameter
of about 120 cm. Its trunk is slightly buttressed; it has a dense, compact crown,
branchlets ending in a narrow, curved, stipular sheath covering the leaf bud.
Leaves are elliptic or slightly obovate, acute to acuminate and cuneate. They are
5-15%2.5-6 cm in size and usually have 5- 10 pairs of irregular lateral veins. The
leaves are dark green in color and leathery and glossy. Flowers are yellow or
greenish-white in color. They are slender; they have racemes which are slender
or small panicles above the leaves or on the branches. Their flower stalk is slen-
der and about 6mm long. Fruits are yellow in color when ripe, broadly ellipsoid
and are variable in size. They are 5-7.5 cm in size with a yellow, fibrous pulp
surrounding its large seed'*. The seed has medicinal, nutritional and indus-
trial uses and very rich in fats, proteins and in lipids than other oil seeds and
legumes such as groundnut, melon, soybeans and cotton seed. The seeds are a
source of human food and constitute important part of the diet in most parts
of Nigeria. The seeds are ground and used as thickening agents in soups. Other
parts of the tree, like the bark and the leaves have been used in gastrointestinal
conditions as laxatives and its oil processed into soap or pharmaceuticals *.

The nutritional analysis of I. gabonensis (gabonensis) shows that its seeds con-
tain 3.36% m moisture, 7.70% crude protein, 65.46% crude fat, 2.26% min-
eral ash, 10.23% crude fiber and 10.93% carbohydrate. The pulp contains 80%
moisture, 1.09% crude protein, 1.06% crude fat, 0.8% mineral ash, 0.4% crude
fiber and 10.7% carbohydrate. The physicochemical evaluation of the pulp con-
tains 0.21% water soluble ash, 459.7 mg/100 mL reducing sugars, 49.1% non-
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reducing sugars, 0.112 cm3 titratable acidity, 10.0 (Brix) soluble solids, 10.0%
total solids, 1.012 specific gravity and 1.3355 refractive index *°. The phytochem-
ical analysis of the seeds of I. gabonensis (gabonensis) revealed the presence of
alkaloids, flavonoids, tannin, volatile oils, saponins, terpenoids, carbohydrate
and cardiac glycosides but no resins were found ¥.

Ethnopharmacology uses of I. gabonensis (gabonensis) include as antifertility,
antimicrobial and antidiabetic agents. This in vivo study sought to compare the
effect of Irvingia gabonensis seed and Orlistat (Reference standard) on diet
induced obesity as can be adaptable in humans.

METHODOLOGY
Experimental animals

Male Wistar rats weighing (60 - 70 g) were used in the study. They were pur-
chased from the Central Animal House, University of Ibadan and housed in
plastic cages at room temperature and had free access to rodent pellet diet and
water ad libitum. The animals were allowed to acclimatize for one week before
the experiment. All rats were handled in accordance with the National Insti-
tutes of Health (NIH) Guidelines for the Care and Use of Laboratory Animals
and OECD guidelines for testing of chemicals (NIH publication #85-23, 1985).

The experimental protocol was in conformity with the Ethics Committee
Guidelines of the University of Ibadan with ethical approval number (UI-
ACUREC/17/0105) as well as the US guidelines of internationally accepted
principles for laboratory animal use and care.

Plant materials

Fresh seeds of Irvingia gabonensis (gabonensis) were obtained from the Bodija
market, Ibadan, Oyo State, Nigeria. The seeds were authenticated by Mr. Adey-
emo of the Forestry Research Institute of Nigeria, Ibadan with the voucher
specimen number, FHI: 111042.

Extraction

The seeds of I. gabonensis (gabonensis) were broken into smaller pieces. They
were then placed in an oven at a temperature of 36°C and 40°C to dry. After a
few hours in the oven, a blender was used to grind the seed pieces to powder
which was then poured into a macerating jar. The ethanol extract of I. gabon-
ensis (gabonensis) was obtained by first defatting it in distilled n-hexane twice.
The marc from the seeds was filtered and air- dried and was macerated in 70%
distilled ethanol at room temperature for 72 h. The extract was filtered and con-
centrated using a rotary evaporator at 40°C.
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Experimental Design and Drug Treatment

Thirty rats were randomly divided into six groups of five animals each (n=5).
Group I consisted of normal diet control rats (ND), group II consisted of the un-
treated high fat diet (HFD) fed rats treated with 10 mL/Kg vehicle (Tween 80),
groups III-V consisted of rats fed with high fat diet but treated with 50, 100 and
200 mg/kg ethanol extract of I. gabonensis (gabonensis) seed (EIGS). Group
VI also consist of rats fed with high fat diet but treated with 200 mg/kg orlistat.
The rats were fed till their BMI was above 310, for twelve days before treatment.
Body mass index was calculated using the Lee’s index formula:

Y weight(g)

Ml = ————= x 1000

Length (cm)

The length was measured from the nose to the anus (naso-anal) for each animal

after every 3 days during treatment. Animals were sacrificed 24 h after the last

treatment. Abdominal fats and blood (through cac puncture) were collected for
lipid profile and biochemical analysis.

Biochemical parameters and lipid profile

Blood samples were collected in heparinized tubes and the blood plasma was
obtained by centrifugation at 1000 rotations per minute (rpm) for 15 minutes.
The lipid profiles, Alanine aminotransferase (ALT) and Aspartate aminotrans-
ferase (AST) were evaluated using the Randox® kits.

Statistical Analysis

Data were analysed by using GraphPad Prism software version 7 and were pre-
sented as mean + standard error of mean (SEM). Statistical analysis of data
was carried out using one-way and two-way Analysis of Variance (ANOVA), fol-
lowed by Dunnet’s test for comparison between groups. p values less than 0.05
(p< 0.05) were regarded as statistically significant.

RESULT and DISCUSSION

Obesity is a chronic disorder characterized by increased concentration of vari-
ous forms of lipids and increased fat deposition. This is mostly due to an imbal-
ance consumption and expenditure of energy resulting in an increase in the
number of adipocytes .

A number of health issues particular reno-cardiovascular among others have
been associated with obesity . In recent past, a number of drugs have been
designed to correct the imbalance in energy intake and expenditure, but most
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of these drugs despite their efficacy have limited clinical use because of the se-
verity of their side effects and exorbitant cost 2°. Thus, this study investigated
the anti-obesity activity and probable mechanism of Irvingia gabonensis seed
extract by evaluating its effect on lipid profile and biochemical parameters.

The decreased deposition of fat in the visceral region i.e. perianal and perirenal
indicates antiobesity activity of compounds *. I. gabonensis (50-200 mg/kg)
decreased the body mass index and abdominal fat deposition in high fat diet-
induced obese rats.

High fat diet induces obesity by significantly increasing the intake of energy
and causing a magnified imbalance in energy expenditure. One of pharmaco-
logical approach to treatment of obesity is by blocking fat uptake, and newer
approaches have focused on control of energy balance®2. High fat diet induce
obesity by increasing level of total cholesterol, triglyceride, and LDL in serum,
demonstrating development of hyperlipidemia.

Irvingia gabonensis seed fiber might bind to bile acids in the gut and transport
them out of the body through faeces. This might induce the body to convert
more cholesterol into bile acids hence reducing cholesterol levels 23.

Irvingia gabonensis seed extract significantly reduced cholesterol (at 50 and
100 mg/kg; 69.6, 73.2 vs. 77.2), triglyceride (at 50 mg/kg; 54.6 vs. 58.8), and
LDL (at 50, 100 and 200 mg/kg; 21.0, 20.8, 21.0 vs. 25.2) compared to HFD
group. The result suggests that I. gabonensis might possess compounds or ac-
tive principles which might be useful in preventing the adverse drug effect as-
sociated hyperlipidemia. Orlistat, the standard anti-obesity drug used in the
study is a pancreatic lipase inhibitor which suppress food intake (hyperphagia)
via inhibiting re-uptake of 5-Hydroxytryptamine (5HT) at hypothalamic site in
the central nervous which regulates appetite 24. Although the interaction of I.
gabonensis with monoaminergic transmitters and its endocrine effect particu-
larly on ghrelin were not established in the study, further works still remain to
be done in this regard.

The BMI of the rats fed with high fat diets range between 311.6+2.2 and 329.8+2.3
calculated as Lee’s index. The administration of IBG (50, 100, 200 mg/kg) and
orlistat (200 mg/kg) significantly [F (5, 24) = 19.73; p < 0.0001] reduced the BMI
of treated rats (287.6+4.4, 297.6+2.4, 300.2+3.5 and 288.7+3.6 Vs 324.4+5.4)
after twelve days of treatment when compared with HFD (Figure 1).
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Figure 1: Effect of Ethanol Extract /rvingia gabonensis (IBG) on Body Mass Index (BMI)

All values are expressed mean + SEM. Data were analyzed using two way
ANOVA for multiple comparison and Dunnett’s post-hoc test. *= significant at
P<0.05 in comparison with the group of rats fed with HFD.

Body mass index (BMI) of the rats decreased over time during treatment with
1. gabonensis, thereby establishing that the plant is beneficial in management
of obesity. This was observed from the decreasing Lee’s index values from the
result as BMI is directly proportional to Lee’s index 25. The measurement of
Lee’s index is to determine obesity level in the rodent models. This agrees with
a similar study carried out which revealed that I. gabonensis plant possess hy-
polipidemic effect 2°.

The anti-obesity activities of I. gabonensis extract might be due to synergistic
actions of secondary metabolites present. The presence of alkaloids, flavonoids,
saponins, tannins and phenols has been reported to contribute to anti-obesity
effects 2. Flavonoids act by activating f-adrenergic receptors involved in the
burning of fats by exhibiting PPAR-y ligand binding activity, similar to PPAR-y
agonists 2%, Similarly, flavonoids and phenols have also been reported to func-
tion as antioxidants, thus preventing obesity by modulating oxidative stresses
in the body 2. In many other studies, alkaloids present in plant extracts signifi-
cantly reduce the expression levels of several adipocyte marker genes including
enhancer binding proteins and proliferator activated receptor hence inhibiting
adipogenesis 3°.

The administration of IBG (200 mg/kg) and orlistat (200 mg/kg) significant-
ly [F (5, 24) = 39.57; p < 0.0001] reduced the abdominal fat of the animals
(5.8+0.4, 3.4£0.1 vs 6.8+0.2) when compared with the group fed with HFD. At
50 and 100 mg/kg, IBG did not significantly reduce the abdominal fat.
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Figure 2: Effect of IBG on abdominal fat

All values are expressed mean + SEM. Data were analyzed using one way
ANOVA for multiple comparison and Dunnett’s post-hoc test. *= significant at
P<0.05 in comparison with the group of rats fed with HFD.

The doses of IBG used in the study did not significantly reduce the level of cho-
lesterol in the serum. The orlistat (200 mg/kg) did not significantly reduce cho-
lesterol in serum (Figure 3).
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Figure 3: Effect of IBG on total cholesterol in serum

All values are expressed mean + SEM. Data were analyzed using one way ANO-
VA for multiple comparison and Dunnett’s post-hoc test.

*= significant at p<0.05 in comparison with the group of rats fed with HFD.

The doses of IBG used in the study did not significantly reduce the level of tri-
glyceride in the serum. The orlistat (200 mg/kg) did not significantly reduce
triglyceride in serum (Figure 4).
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Figure 4: Effect of IBG on triglyceride in serum
All values are expressed mean + SEM. Data were analyzed using one way ANO-
VA for multiple comparison and Dunnett’s post-hoc test.
*= significant at p<0.05 in comparison with the group of rats fed with HFD.

The doses of IBG used in the study did not significantly reduce the level of HDL
in the serum. Orlistat (200 mg/kg) did not also significantly reduce HDL in
serum (Figure 5).
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Figure 5: Effect of IBG on High Density Lipoproteins (HDL) in serum

All values are expressed mean + SEM. Data were analyzed using one way ANO-
VA for multiple comparison and Dunnett’s post-hoc test.

*= gignificant at p<0.05 in comparison with the group of rats fed with HFD.

The administration of IBG (200 mg/kg) significantly reduced the level of low
density lipoproteins (LLDL) in the serum. Orlistat (200 mg/kg) did not signifi-
cantly reduce LDL in serum (Figure 6).
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Figure 6: Effect of IBG on Low density lipoprotein (LDL) in serum

All values are expressed mean + SEM. Data were analyzed using one way ANO-
VA for multiple comparison and Dunnett’s post-hoc test.*p<0.05 in compari-
son with the group of rats fed with HFD.

The administration of IBG did not significantly reduce the level of Very low
density lipoproteins (VLDL) in the serum. Orlistat (200 mg/kg) did not signifi-
cantly reduce VLDL in serum (Figure 7).
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Figure 7: Effect of IBG on VLDL in serum

All values are expressed mean + SEM. Data were analyzed using one way ANO-
VA for multiple comparison and Dunnett’s post-hoc test.

It is known that plasma AST and ALT levels are the most reliable laboratory
indicators of hepatotoxic effects 3'. The normal ALT level for rats is between
10 to 40 units per liter (U/L) and that of AST for rats is 50 to150 U/L 32, The
ALT, AST, and creatinine levels in serum of animals treated with I. gabonensis,
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revealed no detectable adverse toxic effects as they were comparable to levels in
reference Orlistat treated animals. The ALT values for the rats treated with IBG
50 — 200 mg/kg ranged from 26 - 28 U/L and the ALT value of the rats treated
with orlistat 200 mg/kg was 27 U/L. The ALT value for the HFD control group
was 26 U/L. Also, the AST values of the rats treated with IBG 50 - 200 mg/kg
ranged from 38-39 U/L and the AST value of the rats treated with Orlistat was
37 U/L. The AST value for the HFD control group is 38 U/L. This shows that
the ALT values were normal for all the treated rats and the AST values were
below the normal range. Also, there was no increase in AST and ALT levels
of EIGS treated rats compared to the HFD control group. Hence, the usage of
EIGS is shown to be safe as it has no hepatotoxic effect with short term use.
Creatinine level is used to check the kidney function. Normal creatinine levels
in rats range from 0.5 to 2.2 mg/dL. The creatinine values for animals treated
with EIGS ranged from 0.52-0.56 mg/dL vs 0.56 mg/dL for the HFD control
group. Hence, EIGS is shown to have no toxic effect on the kidney.

The doses of IBG used in the study did not significantly increase the level of glu-
cose in the serum. Also the orlistat (200 mg/kg) did not significantly increase
glucose level in serum (Figure 8).
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Figure 8: Effect of IBG on glucose in serum

All values are expressed mean + SEM. Data were analyzed using one way ANO-
VA for multiple comparison and Dunnett’s post-hoc test.

Also, Irvingia gabonensis seeds might delay stomach emptying which leading
to a more gradual absorption of dietary sugar and this effect reduces the raise
in blood glucose that is typical after a meal 23. EIGS at 50, 100 and 200 mg/kg
revealed no significant change in the glucose level of the rats compared to the
HFD group.
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The doses of IBG used in the study did not significantly increase the level of
ALT and AST in the serum. Also the orlistat (200 mg/kg) did not significantly

increase ALT and AST in serum (Figure 9).
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Figure 9: Effect of IBG on AST and ALT in serum
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The doses of IBG used in the study did not significantly increase the level of cre-
atinine in the serum. Also the orlistat (200 mg/kg) did not significantly increase

creatinine level in serum (Figure 10).
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Figure 10: Effect of IBG on creatinine in serum
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All values are expressed mean + SEM. Data were analyzed using one-way ANO-
VA for multiple comparison and Dunnett’s post-hoc test.

In the present study, there was no toxicity outcome in both the Orlistat and
IBG treated rats. No significant difference (p>0.05) was observed in the serum
levels of HDL, Triglyceride, total cholesterol and LDL in both the Orlistat and
IBG extract treated groups. However, there was a significant decrease in IBG
treated rats at 200 mg/kg in the LDL serum level when compared to the orl-
istat treated rats. There was also a significant reduction in abnormal fat (g) in
groups treated with Orlistat at 200 mg/kg and IBG treated animals (200 mg/
kg) which could be as a result of dose dependent pattern respectively. In the
serum glucose levels of all the experimental animals, there were no significant
changes among the Orlistat and IBG treated animals respectively as observed
in the present study. There was also no significant changes in the Serum levels
of liver enzymes and creatinine of Orlistat treated rats in comparison with the
IBG treated groups as obtained. This reveals that the ethanol extract of Irvingia
gabonensis seeds might possess comparable anti-obesity effects by decreasing
the BMI and weight of abdominal fat via reduction of the plasma levels of total
cholesterol, triglyceride and LDL in treated animals and could therefore, serve
as templates for anti-obesity drug development.
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ABSTRACT

Using the 23(=8) factorial design to determine the effects of excipient modification
and process techniques, on mechanical and release properties of tablets containing
Enterolobium cyclocarpum gum.

Properties of the native (NG), physically modified (PMG) and chemically modified
(CMG) gums were evaluated. Metronidazole tablets were prepared from formula-
tions containing NG, PMG, CMG or HPMC. Individual and interacting effects of the
parameters were evaluated using the factorial design.

Formulations showed drug release of 81 — 99%. Nature and concentration of poly-
mer, and processing technique (X, X, and X, respectively) had the highest effect on
disintegration time. Interaction between X and X, had the greatest effect on the
mechanical properties; interaction between X, and X_ had the greatest effect on drug
release.

Enterolobium gum produced tablets with high drug release which was sustained for
12 hours. Gum modification and other formulation variables need to be selected to
achieve desired formulation objectives.
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INTRODUCTION

The three major methods employed in the production of tablets are direct com-
pression, dry granulation and wet granulation. Each of these methods have
different requirement in term of materials, concentration of the materials and
procedure. The mechanical and release properties of tablets could be affected
by these varying parameters.

Polymeric materials such as gums and starches have been widely used as bind-
ers in tablet formulations; however, locally sourced natural materials have ad-
vantages over the synthetic polymers'. Binders are employed in pharmaceutical
tablet formulation to promote the bonding between the different components
of a powder mix in a formulation thereby enhancing the strength of the even-
tual tablet produced. They are usually selected on basis of previous experience,
particular product needs, literature or vendor data or the preference of the indi-
vidual or manufacturing unit 2. Binders are added either dry (in direct compres-
sion) or wet (in wet granulation) to form cohesive compact or granules.

According to Samia et al., (2009)3, exudate gums are formed as a result of mi-
crobial infection on the plants and the plants in turn synthesize the liquid sub-
stances as a defence mechanism to seal off the wound and prevent further in-
vasion of the tissue. Natural gums are known for their physical properties and
employed as excipients in pharmaceutical preparations where they are used as
thickeners, emulsifiers, viscosity enhancers, drug release modifiers and bind-
ers. Gums are known to have binding properties; they impart cohesiveness in
to the powder mass and convert them to granules 4. Due to excellent properties
of exudate gum such as solubility, viscosity, binding, stabilizing, thickening and
emulsifying, they are used in adhesive industries, beverages, confectionaries,
cosmetics, paint, paper, pharmaceutical and food industries 5.

The physicochemical properties of gums in their native forms have been im-
proved through various forms of modification. Agar and guar gums were mod-
ified by heat treatment at various temperatures in a hot air oven along with
co-grinding of both materials. The modified gum was used as disintegrating
agent °. Ayorinde and Odeniyi (2014) 7 investigated the effect of modification by
microwave irradiation on the disintegrant properties of a starch and a gum in
metronidazole tablet formulations.

Modification of gums can be done through derivatization of functional groups,
grafting with polymers, cross-linking with ions etc. The techniques for modifi-
cation of gums have been broadly classified into four categories namely: 8 Physi-
cal, chemical, enzymatic, and genetic modifications. These modifications aim at
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producing various new derivatives with improved physicochemical properties
along with useful structural attributes % °.

The plant, Enterolobium cyclocarpum is one of the largest trees in the dry for-
est formation reaching up to 40 m in height and 3 m in diameter, with a huge
spreading crown. It is commonly known as Guanacaste, Mexican walnut, Caro-
caro or Elephant-ear tree. It is species of flowering tree in the pea family, Fa-
baceae (Mimosoideae) that is native to tropical regions of America from central
Mexico south to northern Brazil and Venezuela. In North America, it is often
called elephant-ear tree due to the shape of the seedpods. It is evergreen or
briefly deciduous for 1-2 months during the dry season. They have very fragrant
flowers and their fruits are large, glossy dark brown indehiscent and spirally-
organized pods shaped like orbicular disks.

Enterolobium gum is usually a transparent dark brown gum, partially soluble in
water. The gum also called Mexican walnut gum is obtained from incised trunk
of Enterolobium cyclocarpum tree. The gum has been found to have potentials
for use as a film forming polymer *.

This present study is therefore aimed at evaluating the native and modified
Enterolobium gums as binders in metronidazole tablet formulations. The indi-
vidual and interaction effects of various formulation parameters on mechanical
and release properties of the tablets will also be investigated.

METHODOLOGY
Materials

The materials used in this study are Enterolobium cyclocarpum gum (obtained
from Botanical garden, University of Ibadan, Nigeria), Metronidazole (Vision
pharmaceutical Co Ltd, China), Hydroxylpropylmethyl cellulose (HPMC). All
other reagents used were of Analar grade.

Methods
Collection, Extraction and Characterization of Enterolobium Gum

The collection and extraction process of Enterolobium gum have been reported
in our previous studies > 1.

Modification of Enterolobium Gum

Modification was carried out using physical and chemical modification. In
physical modification, a 70% w/v of the gum was prepared at 70 °C, thoroughly
mixed with 20.5 g ethylene glycol and then allowed to cool at room tempera-
ture. The obtained slurry was dried at 60 °C in an oven (Model DHG-9053A,
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Ocean Medical, England) and pulverized to a uniform particle size. The chemi-
cal modification was carried out by dispersing 20 g of the gum in 100 mL dis-
tilled water. Stirring was carried out for 30 minutes and the pH was adjusted to
8.0 with sodium hydroxide. Approximately 1.2 g of acetic anhydride was added
to the slurry and the reaction was allowed to proceed for another 5 min. The pH
was adjusted to 4.5 with 0.5 M hydrochloric acid and then filtered. The residue
was washed four times with ethanol, dried in the oven and pulverized.

Determination of physicochemical properties

The following physicochemical properties were determined for both the native
and modified gums:

Viscosity

Aqueous dispersion (2% w/v) of each gum sample was made and left for one
hour to hydrate.

The viscosities were then determined using a Brookfield viscometer model DV-
11+ Pro at

50 rpm and 100 rpm using a spindle with code 04.
Swelling Index

Quantity (2.5 g) of each gum sample was poured into a 100 mL measuring cyl-
inder and the volume was read as V. Distilled water was then added gradually
with the dispersion shaken thoroughly for 5 minutes. The dispersion was al-
lowed to stand for 24 hours before the sedimentation volume was obtained and
read as V_.* The swelling capacity was calculated thus:

Swelling capacity = V_/V, ...ccoooiiiiii (1)
V. = volume occupied by the gum prior to hydration.

V, = volume occupied by the gum after the hydration.

Density Measurements

Bulk and tapped densities were determined thus: Approximately 10 g of each
gum sample was weighed and poured at an angle of 45° through a funnel into
a 100 mL glass measuring cylinder and the volume occupied by the sample was
calculated using the height (h) of the sample in the measuring cylinder and the
radius (r) of the cylinder. Bulk density was calculated using the equation:

Mass
nrZh

Bulk density =

464 | Acta Pharmaceutica Sciencia. Vol. 59 No. 3, 2021



The tapped density was measured by applying 250 taps to 10 g of the gum sam-
ples in a measuring cylinder at a standardized rate of 25 taps per minute. The
height of the powder bed and radius of the measuring cylinder were used in the
calculation of volumes obtained and determinations were done in triplicates.

Carr’s Index

The Carr’s compressibility index was calculated from the results of bulk and
tapped densities by using the equation below:

Tapped density—Bulk densit;
arr’'s Index = -
Carr’s Ind o = 2 X 100
Tapped density

Angle of repose

This was determined using an open-ended cylinder placed on a wooden cork of
known diameter. Approximately 10 g of the gum powder was allowed to flow
through a funnel under the force of gravity into the previously placed cylinder.
The content in the open-ended cylinder was then released to form a conical
heap. The height of this heap was measured and the angle of repose was then
calculated using the equation:

Where h is the height of powder and r is the radius of the base of the cone which
is the radius of the wooden cork. The angle of repose was calculated from a
mean of three determinations.

Particle Size

The particle size of the native and modified gums were determined using optical
microscope (MT 3300EXII, MictotracBel, Japan). The photomicrographs were
taken at 20 Kv.

Preparation of Tablets

Metronidazole tablets were prepared from formulations containing native En-
terolobium gum, modified Enterolobium gum or HPMC at different concentra-
tions as binders. Direct compression and wet granulation methods were used in
preparing the tablets, using the formula:

Metronidazole 50%
Native gum/physically modified gum/chemically modified gum/HPMC 4% or 8%
Corn starch 10%

Lactose to 100%
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In the direct compression method, a basic mixture of the above formula was
prepared by dry mixing them in a mortar and pestle and then in a rotor mixer
(Forster equipment Co. Ltd. whet stone, Leicester, England) for 10 minutes.
From the powder mass, approximately 0.40 g was weighed out then com-
pressed into tablets using a single punch carver hydraulic hand press (model c,
carver Inc., Menomonee falls, Wisconsin, USA), a die of 10.5 mm in diameter
at four different pressures (0.5, 0.75, 1 and 1.25 Nm). A 1 %w/v dispersion of
magnesium stearate in acetone was used to lubricate the punch and die surfaces
before each compression.

Using the wet granulation method, A 4 or 8 % dispersion of native gum, physi-
cally or chemically modified gum or HPMC was made and used as granulating
fluid in the above stated formula. The granules formed were dried in the oven
(Model DHG-9053A, Ocean Medical, England) at 50 °C, allowed to cool and
then stored in air-tight containers. Tablets were prepared from the granules
following the methods described in direct compression.

Evaluation of Tablets
1. Tablet Properties

Uniformity of weights, thickness, crushing strength, tensile strength and fri-
ability were evaluated to determine the tablet properties.

2. Release Properties
(a). Disintegration test

The disintegration time for the tablets from each pressure in every batch was
determined in distilled water at 37.0 £0.2 °C using the DBK disintegration test-
ing apparatus (DBK Instruments Mumbai, India). The time taken for the tablet
to completely break down and pass through the mesh was recorded with deter-
minations in triplicates.

(b). Dissolution rate test

The dissolution rate of the tablets was determined in 0.1N HCI using the DBK
dissolution test apparatus (Type 40DRTo01, DBK Instruments Mumbai, India).
A calibration curve was first plotted for the metronidazole powder. Each tab-
let was placed in a cylindrical basket of stainless steel wire mesh which was
attached to a rotor that can be regulated to varying speed and suspended in
a glass beaker containing 500ml of 0.1N HCL. The glass beaker is in turn im-
mersed in a water bath controlled at a temperature of 37+2 °C. The 0.1N HCl
was also heated and maintained at this temperature. The apparatus was then
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set to rotate at 100rpm and 5 mL of the dissolution medium was removed at
specific time intervals as well as replaced simultaneously with an equal vol-
ume of fresh dissolution medium to maintain a sink condition. The withdrawn
sample (1 mL) was diluted to 10mls and the absorbance of the diluted samples
was measured using the ultraviolet/visible spectrophotometer (Spectrumlab
752512078, Bicotek Ningbo Ltd., China)) at a wavelength of 265 nm and the
drug concentration determined from the calibration curve.

The dissolution rate kinetics was calculated using the SolverDD, a Microsoft
Excel add-in program. In order to determine the mechanism of drug release,
the release data was fitted in a Korsemeyer-Peppas equation: 4

Log (Mt/Mf) = Log k + nLOgt ..coevvevveerernennene (6)

This equation describes drug release behaviour from polymeric systems. Mt is
the amount of drug release at time t, Mf is the amount of drug release after infi-
nite time; k is a release rate constant incorporating the structural and geometric
characteristics of the dosage form and n is the diffusional exponent, which in-
dicates the mechanism of drug release. For a cylinder-shaped matrix, the value
of n = 0.45 indicates Fickian (case I) release; > 0.45 but < 0.89 for non-Fickian
(anomalous) release; and > o indicates a super case II type of release. The case
II mechanism refers to the erosion of the polymer and anomalous transport
(non-Fickian) refers to a combination of both diffusion and erosion-controlled
drug release.

Factorial Experimental Design

A 23 factorial experiment design, which required eight batches to be prepared,
was used to determine the individual and interacting effects of the selected for-
mulation variables on the mechanical and release properties of the tablets. This
has been found very useful in determining the effect of various formulation fac-
tors on the characteristics of drug formulations 5 '¢, Three independent process
parameters: nature of polymer, concentration of polymer and processing tech-
nique were applied at two different levels. These parameter levels are summa-
rized in Table 1. The sequence of the eight experiments was randomized. The
purpose of using a full factorial experimental design was to carry out a com-
plete study of the effects of the process parameters and their interactions, with
the aid of a computer and suitable statistical software (Minitab© 14.2). Table
1 shows the Independent process parameters and their levels. Lower Level was
coded -1 while higher level was coded +1. Nature of polymer was X , Concentra-
tion of polymer was X, and processing technique was X,.
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Table 1: Factor combinations and values of Friability (F), Tensile strength (T) and
Disintegration time (Dt) for tablets in the factorial experimental design

Batch number Pm;m;‘: &) czlf":’il:;ﬁt:" I:;l::;?lsi:ll"eg STII:::IgIteh Friability (%) DiTsiil:Le?:illilt))n
(%) (Xy) (KgF)
1 -1 1 -1 0.43 0.95 10
2 1 -1 -1 0.63 1.97 15
3 -1 1 -1 0.49 0.87 12
4 1 1 -1 0.63 1.99 15
5 -1 1 1 0.51 0.92 4.8
6 1 -1 1 0.9 0.99 14
7 -1 1 1 0.61 0.97 9.36
8 1 1 1 0.94 0.98 13.87

Key: -1: Low values / +1: High values

The effects of the various parameters on the mechanical and release properties
of the tablets were compared by Student’s t-test. At the 95% confidence level, a
p value lower than or equal to 0.05 was required for significance.

RESULTS and DISCUSSION
Physicochemical Properties
Particle size

Particle size has been postulated to affect absorption rate, uniformity of content,
dissolution rate and stability of pharmaceutical formulations. 7 The particles of
the native gum were smaller and more irregularly shaped than the physically
and chemically modified gums. The results therefore suggest that modification
of the gums imparts increase in particle size with chemical modification hav-
ing a greater increase (Table 2). Flow of materials is influenced by particle size
because of the adhesion and cohesion phenomena which occur on the surface;
small sized particles with high surface-to-mass ratio are cohesive and have poor
flow while coarse particles are bigger in sizes and have better flow. The small
particle size of the native gum could be of advantage to the formulation sci-
entist, in the sense that it offers opportunity for modification according to the

desired size.
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Table 2: Physicochemical Properties of the Polymers (Mean+s.d, n=3)

Materials NG PMG CMG HPMC
Viscosity (cp) 44.60 +1.34 20.35 + 2.45 9.20+1.22 25.55 + 4.10
Bulk Density (g/cm?) 0.61+0.05 0.45 + 0.09 053012 0.64£020
Tap?g?g?ﬂi;‘sny 0.78 +0.09 052 +0.03 065+ 0.08 145+ 0,07
Particle density 1.71 £ 051 1.48 +0.09 1.40  0.55 1.25 +0.06
Carrs’ Index (%) 22,60 + 1.65 13.96 + 3.45 18.62 £ 5.50 1419 +2.25
Hausner’s Ratio 1.29+1.01 1.16+0.88 1.23+0.54 117 £0.45
Angle of repose (°) 51.76 £+ 1.65 49.60 £ 2.50 52.72 +1.05 56.05 + 1.58
Swelling Index (%) 317:085 118+054 1.59 £ 0.25 2584245
Particle size (um) 18.01 £ 3.65 12032 £5.15 210.10 = 4.45 25.60  1.70
Angle of repose

Angle of repose is a characteristic of the internal friction or cohesion of the par-
ticles. The value of the angle of repose will be high if the powder is cohesive and
low if the powder is non-cohesive. ® It is an indirect method of quantifying pow-
der flowability because of their relationship with interparticulate cohesion and
has been used in several branches of science to characterize the flow properties
of solids. It is worthy of note that angle of repose is not an intrinsic property of
the powder i.e. it is to a large extent dependent upon the method used to form
the cone of the powder. Angle of indicates excellent flow; represents good flow;
indicates fair flow; represents passable flow; indicates poor flow while indi-
cates very poor flow and indicates very very poor flow property.

From the results, it can be observed that the gums in both native and modified
forms have high values of angle of repose which indicates poor flow properties.
The ranking was HPMC > chemically modified gum > native gum > physically
modified gum (Table 2). This indicates that physical modification could slightly
improve the flow.

Density Measurements

The bulk and tapped densities give an insight of the packing and arrangement of
the particles and the compaction profile of a material. Various factors can affect
the bulk and tapped densities of a material such as cohesiveness due to surface
forces, particle size and distribution, particle shape and true density of solids
20 Tt is an important property in packaging and powder handling. Powders with
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large bulk density are heavy powders while powders with low bulk density are
light powders. In a free-flowing powder, the inter -particulate interactions are less
significant and the bulk and tapped densities will be close in value. For poor flow-
ing powder, inter-particulate interaction is greater and a great difference is no-
ticed between the bulk and tapped density. The rank order for bulk density is na-
tive gum > chemically modified gum > physically modified gum (Table 2). Tapped
density also followed this order. The difference in the bulk and tapped density
of native and chemically modified gum was higher than that of physically modi-
fied gum showing that the former had a higher inter-particulate interaction hence
a poor flowing powder. This shows that the chemically modified gum was more
compact than the physically modified gum and less compact than the native gum.

Swelling Properties

Natural gums are often known for their good swelling properties and their abil-
ity to reach a steady swelling state in a short time by the entrapment of large
amounts of water between their chains and branches. *® 2 The rank order of
swelling index among the polymers was native gum > HPMC > chemically mod-
ified gum > physically modified gum with values of 3.17 > 2.58 > 1.59 > 1.18,
respectively (Table 2). This shows that modification of the gum reduced the
swelling of the gum. This could be of importance in the formulation of sustained
release delivery systems when reduced swelling may delay disintegration and
subsequently prolong drug delivery.

Viscosity

The viscosity profile of the gum both native and modified ones showed an in-
crease in the viscosity with an increase in the revolution per minute (rpm) used
which are 50 and 100rpm. There was also a decrease in viscosity with increase
in time. The order of viscosity is native gum > HPMC > physically modified
> chemically modified gum (Table 2). The modified gums had a low swelling
index (capacity) due to poor interaction between their particles and water mol-
ecules; this could have been responsible for the low viscosity when compared
with native gum 2422,

Organoleptic Properties

The extracted gum was observed to be brown in colour and with a pleasant
odour. However, the physically modified gum had a darker shade of brown col-
our while the chemically modified polymer was greyish. These properties sug-
gest acceptability, both in term of colour and odour. The change in colour from
brown to grey after chemical modification is probably due to the acetylation
process.
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Tablet Properties
Crushing Strength

Crushing strength provides a measure of the mechanical strength of the tab-
lets and there are official requirements for compressed tablets 2 but there are
no limits for the acceptance or rejection of tablet formulation due to crushing
strength; this is probably because the desired crushing strength is largely de-
pendent on the intended use of tablet. 2324 Results obtained showed that increase
in concentration of the gums (native and Modified) resulted in an increase in
the crushing strength of the respective tablets and this increase corresponds to
the increase in compression pressure used (Table 3& 4).

Table 3: Properties of Tablets Prepared by Direct Compression (Meanzs.d, n=3)

c;zg‘:‘;zun c":r‘:s’:zf:’" Mean | Thickness | Crushing Friability | Disintegration
(%) MNm? Weight (g) (mm) Strength (KgF) (%) Time (sec)
"o 050 | 0192003 | 213026 | 600102 | 1042013 | 8002635
125 | 0202002 | 199011 | 15124286 | 0.91+155 | 11.00%8.62

050 | 0192001 | 211010 | 1598329 | 098+110 | 10.00 <465

NG/8 125 | 0212012 | 208011 | 1655%255 | 0.92+0.18 | 12.00%8.39
050 | 0192011 | 2032009 | 15252072 | 075:118 | 11.00%5.19

PG4 125 | 0192022 | 200014 | 1894%505 | 072:158 | 14.003.35
050 | 0212005 | 202125 | 16202082 | 078+120 | 13.00+7.13

PMG/8 125 | 020:000 | 201085 | 17.98£055 | 070+118 | 1500z 4.25
e 050 | 0202010 | 205145 | 15232015 | 198+150 | 13.001.55
125 | 0202015 | 200018 | 2152024 | 1.99:221 | 1500183

e 050 | 0192021 | 208145 | 17.62:0.11 | 192:1.90 | 14002415
125 | 0212016 | 202062 | 2302+014 | 1.99:521 | 15002612

. 050 | 0192015 | 2002185 | 152020.82 | 092:2.90 | 13002335
125 | 0212010 | 197012 | 17.88+015 | 0.99:421 | 15.00%3.06

PG 050 | 020:030 | 1992115 | 15652022 | 087210 | 13002235
125 | 0202019 | 196020 | 1698012 | 0.86%5.11 | 15.00%1.62

Table 4: Properties of Tablets Prepared by Wet Granulation (Meanzs.d, n=3)

Polymer/ Compression . Crushing - . .

Concentration Pressure w;\:le:tn( ) Th(lcmk:sss Strength F"(aol/")mv D':;:::%;Z‘;;m
(%) MNm?2 gntig (KgF) °

NG/4 0.50 0.20:0.10 250+0.16 | 1200+7.12 | 0.95+6.15 | 249.00+3.75
1.25 0.20 + 0.20 222+535 | 2212+860 | 0.94+551 | 292.00+7.22
NG/8 0.50 0.19£0.11 231017 15.12 £9.10 0.91+3.33 | 525.00 +6.15
1.25 0.21 £0.42 2.08+022 | 26.15+7.51 0.96 +8.32 | 570.00 + 9.70

PMG/4 0.50 0.20 + 0.15 245+518 | 14.05:0.28 | 0.82+568 5?2;[;%:
1.25 0.21£0.22 210£0.16 | 2216+575 | 092+5.18 | 615.00+7.80
PMG/8 0.50 0.20£0.15 240170 | 16.80+7.12 | 0.89+2.50 | 640.00+9.70
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The increase in hardness might be due to the fact that stronger inter-particu-
late bonds were formed with increasing polymer concentration. Ranking order
among the formulations was CMG8 > CMG4 > PMG8 > PMG4 > HPMCS8 >
HPMC4 > NG8 > NG4. Crushing strength was generally high in tablets pre-
pared by wet granulation than those prepared by direct compression method.
This suggests that the addition of water in wet granulation allows for wetting,
thereby producing greater penetration of the polymer. The gums would there-
fore serve a better binding agent in the presence of water than in their dry states.

Tensile Strength

Tensile strength is the resistance of a material to breaking under tension; it is
a characteristic of internal friction or cohesion of particles and calculated from
crushing strength i.e.

T = 2F/TIdt....ccoovuruirrnnnnns @)

Where F is the crushing strength, d and t are the tablet diameter and thickness
respectively.

Tensile strength provides a more fundamental measure of the mechanical
strength of the compacted material and takes into account the geometry of the
tablet. If the tablets fail in tension, the breaking force can be used to calculate
the tensile strength. It is a measure of mechanical property of tablet. 25 The
trend observed in the calculated tensile strength of the tablets was same with
the crushing strength.

Friability

Friability is another mechanical property which evaluates the ability of tablets
to withstand abrasion in packing, handling and transporting. It is regarded as
attrition resistance method in determining the mechanical property of a tablet.
Unlike crushing strength that is a bulk deformation of the tablet, friability is a
surface deformation of the tablet which may be enhanced by the morphology of
the tablet. The rougher the surface of the tablet, the more friable it will be 2526,

For compressed tablets, the percentage loss in weight of less than or equal to 1%
is usually considered acceptable 2.

From the results obtained (Tables 3 and 4), tablets prepared with wet granula-
tion method generally passed the friability. However, tablets containing chemi-
cally modified polymers (CMG 4 and CMG 8) had friability values of greater
than 1%, while the values were less than 1% in all other formulations. This is an
indication that irrespective of the form of the polymer, wet granulation method
will produce tablets of better mechanical strength. However, if direct compres-
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sion is the desired method of tablet production, physical modification should be
considered. Furthermore, it was observed that the percentage weight loss gen-
erally reduced with increase in binder concentration and compression pressure;
this is probably due to more binder molecules being made available together
with the fact that stronger compacts are formed with higher compression pres-
sure, thus producing tablets with less rough surfaces.

Release Properties
Disintegration Time

Disintegration is a crucial step in release of drugs from immediate release dos-
age forms. It is useful for assessing the potential importance of formulation and
process variables on the biopharmaceutical properties of the tablet and as a
control procedure to evaluate the quality reproducibility of the tablet during
production 2°. The rate of disintegration is influenced by the rate of influx of
water into the tablets which is also dependent on the porosity of the tablets.
Disintegration time measures the time required for the tablet to crumble into
particles and it is a necessary condition for dissolution and could be the rate
determining step in the process of drug absorption. The British Pharmacopoe-
ia stipulated a disintegration time of not more than 15 minutes for uncoated
tablets. 23 From the result obtained, it was observed that the tablets contain-
ing native gum, modified gums and HPMC had disintegration time less than
fifteen minutes and thus fell within the acceptable limit specified in the Brit-
ish Pharmacopeia. The ranking was native gum < Physically modified gum <
chemically modified gum > HPMC and the disintegration time were observed
to increase with increase in the compression pressure and also with increase in
the concentration of the binder. The results (Tables 3 and 4) therefore suggest
that the gum, both in its native and modified form could produce tablets of ac-
ceptable disintegration time. The disintegration time of tablets produced by wet
granulation is generally longer than those produced by direct compression (p <
0.05); this is probably due to the water influx which occurred in wet granula-
tion, thereby leading to creation of stronger bonds between the materials 7.

Drug Release

The dissolution of a drug from the dosage form is one of the important parame-
ters that determine bioavailability of that drug *. Fundamentally, this process is
controlled by the relative affinities between the molecules of the solid substance
and those of the solvent. The factors that affect dissolution include type and
concentration of binder, mechanical properties of tablets, surface area, distance
of diffusion, solubility of the drug, manufacturing processes®. Dissolution rate
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test is therefore used to evaluate the potential effect of formulation and to en-
sure the performance of the preparation under in-vivo condition. The dissolu-
tion rate profiles of the formulations are shown in Figures 1 and 2.
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100 I T 1

Drug release (%)
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-20 Time (minutes)

Figure 1: Release Profile for Tablets Produced by Direct Compression (mean values plotted;
n=3, with standard error bars on the plots)
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Figure 2: Release Profile for Tablets Produced by Wet Granulation (mean values plotted; n=3,
with standard error bars on the plots)
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All the formulations exhibited similar trends in their drug release; an initial
gradual release up to 30 minutes followed by a sustained release for more than
12 hours. Similar release profile was observed in a previous study on Enter-
olobium gum *. All the formulations showed a high drug release of 81 — 99%.
These results suggest that the gum in its native and modified forms has simi-
lar release profile and capable of sustaining the drug for up to 12 hours. The
chemically modified gum formulations (CMG 4 and CMG 8) showed the highest
drug release, almost same with formulations containing HPMC; the ranking
was HPMC 8 > HPMC 4 > CMG 4 > CMG 8 > PMG 4 > > PMG 8 > NG 4 >
NG 8. The difference between drug release in formulations containing native
and physically modified gum is not significant while a significant difference was
observed between formulations containing the chemically modified and those
containing the native and physically modified gum. This implies that chemical
modification had a significant effect on the drug release profile of the gum while
physical modification does not. The drug release profiles of tablets prepared
with direct compression (Fig. 1) and wet granulation (Fig. 2) were similar; this
shows that tablet processing may not significantly affect drug release profile of
tablets prepared with the gum.

Mechanism of Drug Release

The physicochemical properties of the drug and the polymer have been shown
to govern the release of drug from formulations and this which could affect
their release kinetics. The drug release kinetics of the different formulations
were fitted into zero order, first order, Higuchi, Hixson-Crowell, Hopfenberg,
Korsmeyer-Pepppas 23293014,

The constants of release kinetic and coefficient of correlation (R?) were obtained
from slopes of plots by linear regression analysis. All the formulations have the
highest value of R? in the in the Korsmeyer-Pepppas equation (Tables 5 and 6).
This indicates that the drug- release from all the formulations is not concentra-
tion dependent. In order to determine the mechanism of drug release, the re-
lease data was fitted in a Korsemeyer-Peppas equation, which is suitable for the
description of drug release from polymeric materials. From the equation, the
value of n for each formulation was taken. When n is 0.430 or less, it indicates
release is by diffusion mechanism. When n is 0.85, the mechanism of release is
swelling controlled and when n is between 0.430 and 0.85, the mechanism of
drug release is by both diffusion and swelling controlled mechanisms and this is
termed anomalous. The values of n for formulations containing the gum (native
or modified) at 4% concentration range between 0.432 and 0.485 (Tables 5 and
6); which indicates that the mechanism of release from these formulations is by
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both diffusion and swelling. When the gum (native or modified) was used at the
8% concentration, values of n for the formulations were less than 0.430 (Tables
5 and 6), indicating that the mechanism of release is by diffusion.

Table 5: In vitro Release Kinetics from Formulations Prepared by Direct Compression

Direct Compression

Zero First

Batch order order Higuchi  Hixson-Crowell Hopfenberg Korsmeyer

R? R? R? R? R? R? N
NG 4 0.765 0.869 0.976 0.840 0.869 0.976 0.485
NG 8 0.649 0.805 0.964 0.761 0.805 0.977 0.425
PMG 4 0.730 0.846 0.970 0.813 0.846 0.973 0.465
PMG 8 0.656 0.815 0.966 0.771 0.815 0.978 0.427
CMG 4 0.667 0.869 0.972 0.818 0.869 0.982 0.432
CMG 8 0.614 0.876 0.964 0.815 0.876 0.982 0.412
HPMC 4 0.655 0.866 0.969 0.814 0.866 0.981 0.428
HPMC 8 0.610 0.880 0.966 0.819 0.880 0.986 0.410

Table 6: In vitro Release Kinetics from Formulations Prepared by Wet Granulation

Direct Compression

Zero First

Batch order order Higuchi  Hixson-Crowell Hopfenberg Korsmeyer

R? R? R? R? R? R? N
NG 4 0.745 0.859 0.972 0.827 0.859 0.973 0.474
NG 8 0.644 0.809 0.968 0.763 0.809 0.982 0.421
PMG 4 0.686 0.815 0.955 0.778 0.815 0.961 0.447
PMG 8 0.624 0.793 0.956 0.746 0.793 0.974 0.414
CMG 4 0.620 0.853 0.966 0.794 0.853 0.983 0.444
CMG 8 0.588 0.873 0.959 0.809 0.873 0.983 0.402
HPMC 4 0.622 0.854 0.964 0.796 0.853 0.982 0.414
HPMC 8 0.584 0.878 0.961 0.814 0.878 0.986 0.400

Factorial Experimental Design

The individual effects of the three parameters used in the factorial experiment;
nature of polymer (X ), concentration of polymer (X ) and processing technique
(X,) on the response variables are presented in Table 7. A positive qualitative
effect signifies that the response variable has increased in magnitude, while a
negative effect shows a decrease ',
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Table 7: Individual Coefficients of Process Parameters for Tablet Properties

Factor Coefficient Tensi:(:(g;;ength Fri(aol/lj)lity Disinle!(;rr:itlil?n Time
X, Effect 0.265 0.5550 5.427
X, Effect 0.050 -0.0050 1.607
X, Effect 0.195 -0.4800 -2.493

Nature of polymer (X)) had the highest effect on disintegration time. The rank-
ing for the effect of X on the response variables was Disintegration time > Fri-
ability > Tensile strength. Values of the effects were positive on all the variables
showing that as nature of polymer changed from native gum to modified gum,
values of tensile strength, friability and disintegration time increased. It can
also be inferred that modification of the gum would improve the mechanical
properties of tablets. However, the difference in the disintegration time of for-
mulations containing modified and native gum was not significant.

The effect of concentration of polymer was highest on disintegration time;
ranking was Disintegration time > Tensile strength > Friability. Positive ef-
fects were obtained in disintegration time and tensile strength while the effect
on friability was negative. These results show that increasing the concentration
of gums from 4% to 8% improved the mechanical strength of the tablets. The
negative value observed for friability reinforced the increased binding effect of
increased polymer concentration leading to decreased tablet friability.

The ranking of effect of Processing technique (X,) on the response variables
was Disintegration time > Friability > Tensile strength. The effect was positive
on tensile strength and negative on both disintegration time and friability. This
suggests that changing the processing technique from direct compression to
wet granulation produced tablets of higher tensile strength due increased bonds
formed. The water influx which enhances stronger bonds in wet granulation
could also be responsible for the reduction in the time taken for the tablet to
disintegrate 2% 3°,

Tensile strength was affected most by the parameter X (Figures 3 and 4). The
rank order for effect of the parameters was X, > X, > X, (p < 0.05). Similar
trend was observed in friability and disintegration time. This indicates that as
parameters changed from low to high level (native gum to modified gum; 4% to
8% polymer concentration; direct compression to wet granulation) the values
of tensile strength, friability and disintegration time increased. This shows that
when the parameters are applied at the high levels, improve tensile strength
and friability of tablets with prolonged disintegration time may be obtained. It
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is noteworthy that the prolonged disintegration time is within the officially ac-
ceptable limit for compressed tablets 23.
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Figure 3: Contour plot of the effect of Concentration and Nature of Polymer on the Tensile
strength of tablet formulations
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Figure 4: The main effect plots of the different variables on the tensile strength of the tablet
formulations
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Values of the interaction coefficient are shown in Table 8. Rank orders for the
interaction effects are X X, > X X >X X for tensile strength; X X >X X >X X,
for friability and X X, > X X, > X X, for disintegration time. The results indicate
that interaction between nature of polymer and processing technique had the
greatest effect on the mechanical properties of the tablets while the interaction
between nature and concentration of polymer had the greatest effect on the re-
lease property.

Table 8: Interaction Coefficients of Process Parameters for Tablet Properties

Factor Coefficient Tensi:(:(;;;ength Fri:lol/loi)lily Disimeg(;;lit'i‘t)m Time
XX, Effect -0.030 0.010 1,672
XX, Effect 0.095 -0.515 1.428
XX Effect 0.020 0.025 0.608

23

Furthermore the results show that the highest level of factor-factor interaction
occurred between X and X, . The nature of a polymer has been reported to in-
fluence greatly its plastoelastic properties 3' and this could in turn affect the
mechanical properties of tablets. In the work of Ayorinde and Itiola (2010), *
it was shown that the effect of concentration of binder is strongly related to the
nature of binder employed in the formulation. Thus, the interaction between
the nature and concentration produced the greatest effect on the mechanical
properties of tablets.

The suitability of Enterolobium gum as a formulation excipient in metronida-
zole tablet formulations has been determined. Gum modifications, concentra-
tion of polymer and the processing technique affect the mechanical and release
properties of tablets. This type of study will be valuable in appropriately select-
ing and combining formulation variables in order to achieve desired formula-
tion objectives.
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ABSTRACT

The present study endeavors to prepare a niosomal gel of Cefoperazone sodium
(CFS), as a novel dermal delivery for the treatment of skin infections. CFS loaded
niosomes were prepared using different molar ratio of Tween 80 and Cholesterol
by ether injection method using experimental design. The optimized formula was
evaluated for DSC, XRPD and AFM. A niosomal gel with the optimized formulation
was prepared in Carbopol 934 and were evaluated for gelling properties, in-vitro
release, ex-vivo permeation and skin irritation study on rats. Quality by design was
successfully executed to get stable (Zeta potential -3omV), nano sized (365.3 nm)
niosomal vesicles. The niosomal gel of CFS showed a pH around 5.5, and a viscosity
of 84.13+0.25 cps, enhanced permeation and no skin irritation. Hence, the study
depicts that a superior site-specific delivery of CFS can be achieved with a niosomal
gel of the drug in the treatment of skin infections.

Keywords: Cefoperazone sodium, custom design, niosomes, niosomal gel, ex-vivo
evaluation

INTRODUCTION

Niosomes are hydrated non-ionic vesicles of surfactant having the unique po-
tential to entrap both hydrophilic and lipophilic drugs. They are unilamellar or
multilamellar vesicles of surfactants with cholesterol or its derivatives, enclosed
by an aqueous compartment'. The self-assembling properties of surfactants on
hydration are responsible for formation of shapes like micelles or planar lamel-
lar bilayer of microscopic and nanoscopic vesicles®. They are osmotically stable,
non-immunogenic, biocompatible, biodegradable, and act as permeation en-
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hancers?. They can easily adsorb or fuse with stratum corneum and can pass
through the intra epidermal channels, and diffuse deep into the skin to produce
systemic effects. They can increase the fluidity of the skin membrane and
results in enhancement in the permeability of drugs when applied topically+.

Cefoperazone sodium, a semi synthetic broad-spectrum antibacterial drug used
in the infections of skin caused by Pseudomonas aeruginosa, Streptococcus py-
ogenes and Staphylococcus aureuss. It is administered in divided doses of 2 to
4 gm intravenously per day depending on the severity. The drug has low serum
half-life (2hours) and bound mostly in the plasma protein which is also reported
to be dose dependent®. Therefore, an approach to develop a topical formulation
of cefoperazone sodium could be beneficial in the treatment of skin infections
considering localization of the drug at the site of action with improved patient
compliance. As per the reported data, the drug has a low log P value®, therefore,
encapsulation of the drug in the niosomal vesicle could improve permeation of
the drug through the skin. The drug can be encapsulated in the aqueous core of
the nonionic vesicles. Cholesterol which is a common component in biological
membrane, can influence the permeability and fusion of the vesicles through the
stratum corneum, can be added to improvise the bilayer property of the nonionic
surfactant vesicle’. Several studies have reported that the residence time of drug
in stratum corneum was enhanced through niosomal delivery as it altered the
horny layer properties® and enhance the stability of the entrapped drug®.

Hence, the present study discusses on the development and evaluation of nioso-
mal gel of cefoperazone sodium with targeting of the drug at the site of infection
to provide better efficacy and patient compliance over the conventional dosage
forms.

METHODOLOGY
Materials

Cefoperazone sodium (CFS) was gifted from Aurobindo Pharma Ltd, Hy-
derabad, India. Cholesterol was obtained from Loba Chemie, Mumbai, India.
Carbopol-940 was purchased from SD Fine Chemicals Limited, Mumbai, India.
Rest of the used chemicals and reagents were of analytical grade.

Methods

Employment of custom design in the methods of preparation
of niosomes

The niosomes were prepared by ether injection method. The various process
parameters like rate of injection, volume of injection and the property of the
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materials can affect the encapsulation efficiency and the vesicular size of ni-
osomes' . Presence of cholesterol plays an important role in bilayer stability of
niosome and entrapment of drug'. The software JMP version 13 was availed to
estimate the effect of surfactant and cholesterol ratio, and process parameters
on the response on niosomes vesicle size, and entrapment efficiency with twelve
experimental runs through custom design. A two level (low (-1) and high level
(+1)) testing of each variable was done against the responses. From the initial
screening study and review of reported literature the composition of surfactant:
cholesterol molar ratio (X1) was varied from 6:4 to 8:6, and the process param-
eters, the rate of injection(X2) and the hydration volume(X3) were varied from
0.5 to 1.5 mL/min, and 10mL to 3omL respectively.

Ether Injection Method for preparation of cefoperazone
loaded niosomes (CFS-NIO)

A solution with appropriate molar ratio of cholesterol and surfactant (Tween
80) in ether was prepared. An aqueous solution of the drug (0.067%w/v) was
prepared in phosphate citrate buffer at pH 3. The organic phase was slowly
injected into the preheated aqueous solution of the drug maintained at 60 °C
through a syringe pump. The vaporization of ether leads to the spontaneous
formation of lamellar vesicles of the surfactants containing a drug. The result-
ant drug-loaded niosome formulations (CFS-NIO) were equilibrated at room
temperature and stored overnight at 4°C in the refrigerator prior taken for fur-
ther evaluation.

Evaluation of niosomes
Particle size distribution

Horiba SZ-100 nanoparticle size analyzer was used to determine the particle
size of the niosomes. After suitable dilution with double distilled water, the
sample of niosomal dispersion was placed in disposable cuvettes for particle
size measurements at a scattering angle of 90° at 25.2°C*. Three trials were
done for determining the average particle size of each formulation.

Estimation of zeta potential

The zeta potential of all the CFS-NIOs was measured in Horiba SZ100. After
dilution of the samples with doubled distilled water, three measurements were
carried out for each sample at 25.2°C 2.

Estimation of drug entrapment efficiency

Entrapment efficiency of all the CFS-NIO formulations were determined by cen-
trifugation method. Niosomal formulations were centrifugated at 14000 rpm
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for 40 min at 4°C. The supernatant layer was separated to estimate the un-
entrapped drug (F
pernatant layer. It was suitably diluted with phosphate buffer pH 5.5 and ana-

arg)- A 0.22um AST syringe filter was used to filter the su-
lyzed by UV-visible spectroscopy at A max 286nm to estimate the free drug.
The analytical method for assay was validated prior by establishing a linearity
range between 5-25ug/mL with a regression coefficient value of (R?) 0.9991.
The method was found to be accurate, precise, and robust with relative stand-
ard deviation (RSD) of less than 2%. The total drug (T
lysing the equal volume of niosomal dispersion in methanol followed by cen-

) Was estimated by
trifugation and analyzed spectrophotometrically at 286nm. A blank niosomal
dispersion of each formulation was treated in the similar way and used as blank
to nullify the effect of excipients in absorbance.

The entrapment efficiency was determined using the following formula 3. Each
result represents an average of three trials with standard deviation.

% Drug entrapment ef ficiency = (Tdrug — Fdrug).100/Tdrug

Atomic force microscopy (AFM)

The surface morphology of optimized CFS-NIO was analyzed by atomic force
microscopy (AFM). The sample was diluted with deionized water to make a
nano dispersion. A drop of this dispersion was placed over a glass slide and
covered with a coverslip. The sample was air dried to remove moisture from the
sample. AFM was carried out by using Park systems NX-10 AFM at 80 kV . The
images were recorded in 2D and 3D scales .

Freeze drying of optimized niosomes formulation

Lyophilization was done for the optimized drug loaded niosomal suspension.
The lyoprotectants mannitol (15%w/w) and dextrose (5% w/w) were added to
the niosomal suspension to yield a sugar: lipid ratio of 3:1. The suspension was
subjected to freezing at -80’C for 24 h in a deep freezer (REMI ULT-90) fol-
lowed by freeze drying in (LABCONCO freeze-dryer, Free-Zone 4.5, USA) at a
preset condition of vacuum pressure maintained at a 54x103bar and surface
temperature held at -54’C for 8 h's. The freeze-dried samples were collected
and stored in a tightly closed glass vials in a desiccator. The lyophilized sample
(LYP-CFS-NIO) were further taken for thermal analysis, x-ray powder diffrac-
tion, and surface morphology study.
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Differential scanning colorimetry (DSC)

DSC was used for thermal analysis of pure drug (CFS) and LYP-CFS-NIO formu-
lation. The instrument used was DSC-60, Shimadzu, Japan. Each sample was
placed in an aluminum pan, sealed with pierced lids, and heated at 5 °C/min over
a temperature range of 30—300 °C under a nitrogen purging of 40 mL/min®.

X-ray powder diffraction (XRPD)

XRPD patterns of the pure drug (CFS) and LYP-CFS-NIO formulation were ob-
tained using an X-ray diffractometer (X’ Pert3 powder-Malvern Panalytical). A
Cu-Ka radiation was used to analyze the sample between 4° and 100° 26 with a
scan rate of 4°/min. Voltage and current were maintained at 40 kV and 30 mA,
respectivelys.

Preparation of niosomal gel CFS-N1IO-gel

The LYP-CFS-NIO equivalent to 0.01%w/w drug was incorporated into a gel
base of Carbopol 934(2%w/w). The required quantity of Carbopol 934 in a small
amount was dispersed in distilled water and hydrated for 4 h. Propylene glycol
(7%w/w) was added to the hydrated base. Triethanolamine solution (1%w/v)
was used to adjust the pH of the base to 5.5. Finally, distilled water was added
to adjust the gel weight to 10g7. A gel containing pure drug of the equivalent
quantity was prepared in the same manner for comparative evaluation.

Evaluation of gel
pPH of gel

Digital pH meter (Digisun Electronics System) was used to determine pH of
CFS-NIO-gel. It was calibrated before its use. The pH measurement was made
in triplicates®.

Viscosity of gel
The viscosity of CFS-NIO-gel was determined at 25°C by using brook field vis-

cometer. The niosomal gel (20g) was rotated at 10 rpm with spindle 2. Three
trials were made for the estimation of viscosity*®.

Drug content for drug-loaded niosomal gel

A known quantity of the CFS-NIO-gel was taken in the Eppendorf tube and di-
luted with methanol and kept for vortex mixing for 10minutes. An aliquot was
withdrawn, filtered with syringe filter, diluted suitably with phosphate buffer
pH 5.5, and estimated for drug content spectrophotometrically at 286nm?-2°.
Three trials were run to confirm the estimation.
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Spreadability

Spreadability was determined based on slide and drag method. An excess of the
CFS-NIO-gel was placed on a glass slide. Another slide was placed over it. To
spread the gel uniformly on slide, a weight of 500g was placed on the top of the
slides for few minutes. Spreadability was determined by measuring the time to
drag a fixed distance after placing a weight of 100 g on the slides®22. Spread-
ability was calculated by

Mass on the slide X length of slide
Time taken for complete separation of slides’

Spreadability =

In-vitro drug release and kinetic study

The in-vitro drug release of niosomal gel was carried out in Franz diffusion cell
apparatus using 0.22um dialysis membrane from Himedia. The dialysis mem-
brane was soaked in phosphate buffer pH 7.4 overnight prior use. The receptor
compartment was filled with 45mL of phosphate buffer of pH 7.4. A quantity
of 1 g gel was placed in the donor compartment. The whole assembly was kept
over magnetic stirring and the temperature of the assembly was maintained
at 37°0.5°C. An aliquot of 1mL was withdrawn at a suitable time interval and
replenished with equal volume of fresh media to maintain sink conditions. The
study was carried out for 8h. The aliquots after suitable dilution were analyzed
spectrophotometrically at 286nm. The % cumulative drug release was calculat-
ed?3. The release kinetics data were analyzed for zero order, first order, Higuchi,
Korsmeyer-Peppas model through linear regression analysis

Ex-vivo diffusion study

The ex-vivo studies were executed using the abdominal skin of albino Wistar
rats weighing between 250-300gms. To conduct the study an approval from
the institutional ethical committee vides the approval number KCP/IAEC/
PCEU/39/2019 was procured in advance. The rats were euthanized using ex-
cess of carbon dioxide, the abdominal skin was depilated, and rinsed thorough-
ly with phosphate buffer of pH 7.4. A section of the skin was cut and tied to
donor compartment of the Franz diffusion cell such that the dorsal side of the
skin projecting the donor compartment. The receptor compartment was filled
with 45mL phosphate buffer of pH 5.5. The LYP-CFS-NIO-gel and gel of pure
drug containing equivalent drug were taken for permeation study. The receptor
compartment was under magnetic stirring. The temperature of the assembly
was maintained at 32°0.5°C. The samples were withdrawn at constant interval
of time for 8h, the same volume of fresh solution was replaced to maintain sink
condition. The withdrawn samples were suitably diluted and analyzed spectro-
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photometrically at 286nm?+. From the data the permeation constant (Kp) and
the steady state permeation flux (Jss) were determined.

Skin irritation test

The skin irritation study of LYP-CFS-NIO-gel was performed on six wistar al-
bino rats. The dorsal and ventral side of the rats were shaved to remove the
hairs. Marking was done on both sides. Ventral and the dorsal side served as
control and test, respectively. Gel was applied once a day for three consecutive
days. The skin irritation was recorded by observation for any skin sensitivity
reactions like swelling, redness, and skin rash?22°,

RESULTS and DISCUSSION

Optimization of the custom design through evaluation of particle
size, zeta potential and % entrapment efficiency of CFS-NIO

The custom design constitutes a radical approach to find the possibility of
investigating a high number of variables at different levels with minimal ex-
perimentation. The use of center points in the design increased the confidence
level and helped to minimize the errors on experimentation. The experimental
runs of the twelve formulations resulted the responses %entrapment efficiency
(%EE), and particle size (PS) as shown in table 1.

Table 1: Factors and observed responses for the custom design

Formulation EI:II::Z:::?;.I imt;i;L v:ﬁ:tm) :Iazzzzﬁ ept_r[;l;llglent

code (Molar ratio) (mL/min) (X3) (PS) efficiency (%)
(X1) (X2) (EE)

F1 1 1 1 317.4+5.09 98.93+0.001
F2 -1 -1 1 416.5+ 4.04 98.93+0.003
F3 0 0 0 499+ 0.05 98.89+0.009
F4 1 -1 -1 339.8+ 3.08 98.56+0.052
F5 -1 1 -1 433.5+ 6.08 98.76+0.001
F6 -1 1 1 453.9+7.03 99.11+0.025

F7 1 -1 -1 361.3+ 9.05 98.41+0.01
F8 1 -1 1 644.3+ 507 98.81+0.085
F9 0 0 0 412.1+9.44 98.92+0.096
F10 1 1 -1 290.4+8.06 98.98+0.034
F11 1 1 1 249+6.01 98.99+0.047
F12 -1 -1 -1 378.5+8.08 98.94+0.011
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Regression analysis was done to generate a relationship between factors and
responses using JMP V13 software. The response surface diagrams depicted the
significant effect of composition, hydration volume and rate of injection on en-
trapment efficiency. The particle size of the niosomes were greatly affected with
rate of injection and hydration volume. The three-dimensional (3D) response
surface graphs represented the most statistically significant variables on the
evaluated responses as shown in figure 1.

5 N
A wﬂ‘? as as oy,
05 T 9 "O(

EE

Figure 1: Response surface diagram of variables on the three responses A: %EE, B: %EE C:PS

The response surface diagrams revealed that higher the hydration volume the
higher the EE. The particle size was significantly affected by the rate of injec-
tion. The effect of the various factors on the responses were estimated through
parameter sensitivity analysis and listed in table 2.
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Table 2: Parameter sensitivity analysis

Factors Prob> t
% Entrapment Efficiency (EE) Particle Size (PS)
SAA:CH 0.042* 0.088
Rate of injection 0.036* 0.013*
Hydration 0.010* 0.011*

*indicates significance

The best-fitted model for the design was found to be the quadratic model when
the validation was carried out at a significance level of P<0.05. The ANOVA
study showed the model was significant for estimation of the effects of compo-
sitions and process parameters on entrapment efficiency and particle size as
shown in figure 2 in the predicted vs observed graph. The regression coefficient
value of more than 0.9 proved further the significance of the model with respect
to all the responses.

Figure 2: Actual vs predicted plot of variables on the two responses A: %EE, B: PS.

The model optimization was carried out at desirability of 0.78 and an optimized
condition was predicted at a SAA/CH molar ratio of 7:5, rate of injection 1 mL/
min and a hydration volume of 20 mL to yield a drug loaded niosome with high
EE and small PS. The optimized formulation was prepared with the predicted
parameters and evaluated for the responses. The listed experimental values of
the optimized product prepared are shown in table 3. The responses of the op-
timized product were close to the predicted values with low percentage bias,
suggesting the rationality and reliability of the model.
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Table 3: Comparison of the predicted and experimental values of the optimal condition

Responses Predicted Experimental %Bias
%Entrapment efficiency 96.65 94+0.66 2
Particle size (nm) 374 365.3+0.82 2.94

The zeta potential of the optimized formulations was found to be -3omV. The
particle size and the zeta potential of the optimized formulations are shown in

figure 3.
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Figure 3: Particle size (A) and zeta potential (B) of optimized formulation

A stable vesicular system was predicted from the study of surface charge.
Therefore, the proposed design was capable to produce CFS loaded stable nano
sized niosomes.

Atomic force microscopy (AFM)

The surface morphology of the niosomes were shown in figure 4, which revealed
the formation of spherical and smooth surface niosomes. The AFM images in
different scales further revealed the formation of spherical nano sized particles
of similar size range as predicted by the design.
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Differential scanning colorimetry (DSC)

The DSC thermogram (figure 5) of the pure drug showed an endothermic peak
corresponds to its melting point 180°C, whereas the freeze-dried formulation
(LYP-CFS-NIO) revealed a shift in the peak to 149 °C, showing a decrease of
phase transition temperature and heat (AH), which was an indication of the
localization of drug inside the bilayer of lipids and surfactant. This agrees with
the reported studies that the presence of cholesterol affects the gel liquid transi-
tion temperature of the vesicles?®. Presence of long alkyl chain and hydrophilic
moiety in tweens showed greater entrapment efficiency in niosomes while pres-
ence of cholesterol ensures greater bilayer stability>°.
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Figure 5: DSC thermograms of a pure drug(A) and Formulation (B).
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X-ray powder diffraction (XRPD)

The peak intensities of pure drug and the optimized freeze-dried formulations
at various diffraction angles are represented in figure 6. The pure drug showed
high intensity peaks whereas the peak intensities of the same peak were re-
duced in the formulation graph. The high-intensity peaks of the pure drug rep-
resented its crystalline nature, while the optimized formulation showed the ap-
pearance of same peaks with low intensities. The low intensities of the peak area
were attributed to the localization of the drug in the lipid and surfactant matrix
and was an indication of high entrapment Which was in confirmation with DSC

thermograms?®.
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Figure 6: PXRD patterns of a pure drug (A) and formulation (B)
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Evaluation of gel

The LYP-CFS-NIO-gel showed a pH around 5.5 optimal to the skin conditions,
a viscosity, drug content and spreadability of 84.13+0.25 cps, 95+0.52%, and
7.63 + 0.125gm.cm/sec respectively. Therefore, the gel was found to be suitable
for dermal application based on its pH, mechanical and rheological properties.

In-vitro release and kinetics study

The in-vitro release of the LYP-CFS-NIO-gel revealed a slow release of drug
upto 86% in 8 hours as presented in figure 7. The release kinetics followed Hi-
guchi model as per the highest regression coefficient value(R?). The Korsmeyer-
Peppas modelling yielded a release component “n” value of 0.57, indicated that
the drug release followed quasi-Fickian diffusion model with a matrix swelling
and diffusion of the drug from the formulation.
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Figure 7: In-vitro release study of niosomal gel of CFS.

Ex-vivo permeation study

The ex-vivo permeation study unveiled that the niosomal gel showed higher
penetration than the non niosomal gel of pure drug as shown in figure 8. It was
further proved by the calculation of permeation parameters as mentioned in
table 4. The niosomal gel had a 3.28 times higher flux value than the non-nioso-
mal gel of cefoperazone sodium. This observations attributes to the formulation
characteristics, as niosomes can be effectively used as permeation enhancer.
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Figure 8: Ex-vivo permeation study of niosomal gel and non niosomal gel of CFS.

Table 4: Permeation parameters

. Steady state flux(mg/ Permeation constant (Kp) Drug permeation at 8
Formulation cm?/hr) cm/hr hours (mg/cm?
LYP-CFS-NIO-gel 0.032 0.016 0.309
Pure drug gel 0.009 0.005 0.108

Skin irritation study

The results of the skin irritation study revealed that following three days ap-
plication of CFS-NIO- gel, there was no signs of skin irritation, no evidence on
patchy or severe erythema associated with edema. Therefore, the gel was found
to be suitable for dermal application.

The present study was designed to develop a novel delivery of cefoperazone
sodium in niosomal gel for the treatment of skin infections. A highly perme-
able gel was prepared with niosomal cefoperazone sodium in Carbopol base,
by screening of factors with custom design using JMP V13 software. The CFS-
NIO were characterized by their particles size, drug entrapment efficiency and
surface charge. The optimized formulation was evaluated for AFM, DSC, XRPD
studies and revealed the formation of nanosized stable vesicles with high en-
capsulation of drug. The CFS-NIO loaded Carbopol 934 gel showed its good
mechanical and rheological property. The in-vitro release study showed a quasi
Fickian release of the drug. The ex-vivo permeation and skin irritation study
proved the improved penetrability and suitability of the gel for dermal appli-
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cation, respectively. Therefore, an effective transdermal delivery of CFS can
be made with the prepared niosomal gel of CFS. These findings can create a
paradigm for future studies for superior delivery of cefoperazone sodium in the
treatment of skin infections.
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ABSTRACT

Alysicarpus ouvalifolius (fabaceae) is an herb used as ingredient of tea that is con-
sumed as a tonic in Northern Nigeria. This study evaluated effects of aqueous ex-
tract of the aerial parts of Alysicarpus ovalifolius (AO) on physical performance in
Swiss albino mice. Phytoconstituents were identified by HPLC. Performance was
assessed by exhaustive swim, rotarod, four limb-hanging and hypoxia test. Effects
on diazepam-induced sleep was also evaluated. HPLC detected presence of caf-
feic (60.34%) and chlorogenic acids (3.44%) and rutin (0.19%). The extract (100
— 400mg/kg) produced significant (p<0.05) dose-dependent increase in swimming
time; increased time spent on the rotarod and also increased duration in the four-
limb hanging test. No significant effect was observed in endurance to hypoxic con-
dition. Diazepam-induced sleeping time was significantly decreased in AO-treated
animals. These observations were comparable to caffeine (15mg/kg). The aqueous
extract of Alysicarpus ovalifolius increased physical performance in mice by en-
hancing endurance, muscle strength and co-ordination.

Keywords: Alysicarpus ovalifolius, endurance, swim, muscle strength

INTRODUCTION

Psychotropic drugs have been defined as substances used mainly to relieve
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symptoms of mental or emotional origin without impairing consciousness! and
psychoactive stimulants are psychotropic substances that can stimulate the
central nervous system to cause excitation, increased alertness and elevated
moods?. They are used clinically for the management of neurological condi-
tions'. These agents are used in clinical settings for the management of mood
and attention disorders such as depression and attention deficit hyperactivity
disorders (ADHD), as well as for relieve of nasal congestion and also in orthos-
tatic hypotension and postural orthostatic tachycardia syndrome3+s.

The use of these substance in healthy individuals is an increasingly alarming
global phenomenon. An earlier study showed the category of users cutting
across the different strata of society®. Stimulant use has been reported globally
amongst students as well as the adult population irrespective of gender, educa-
tional, financial or employment status”%9°,

Non-medical reasons that have been given for use of psychoactive stimulants by
healthy individuals include enhanced physical and mental alertness, improved
memory and attention, increased sociability, euphoria, increased arousal, to
loosen inhibitions, improve moods, motivation, relief of pain, inhibition of fa-
tigue thus improving endurance and productivity. They have also been applied
to cosmetics and for weight loss due to the ability to suppress appetite. These
effects have been demonstrated in studies involving animal and human sub-
jects®1213. As a result of these attributes of the CNS stimulants, there is high
propensity for misuse of these substances for recreational purposes with result-
ant deleterious effects on the normal functions on the individuals that use them.
Identified harmful effects may include headache, decreased appetite, psycho-
logical and physical dependence and addiction%4.

A wide range of substances can be included in this category ranging from sub-
stances with mild effects such as caffeine in coffee and energy drinks, methylx-
anthines as occurring in tea, nicotine which is present in tobacco and kolanut;
to prescription analgesics and other substances like cocaine and amphetamines
that have profound activities on the physiological processes of the organism®°.

Many plants containing phytochemical compounds have been reported to have
stimulant effects and have been demonstrated to improve staminas. ‘Gadagi’ is
a type of herbal tea made using Alysicarpus ovalifolius alone or in combination
with other plant parts. This is consumed by persons engaged in labour demand-
ing activities to improve alertness, cognition and gain strength for enhanced
performance especially at physically demanding tasks®.
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Alysicarpus ovalifolius (Schumach. & Thonn.) J. Lednard is an annual herb
that is wide spread in West and East Africa as well as Asia and the United States.
The weed is a protein-rich fodder for live-stock and has been reportedly used as
wound medicine? (t'mannetje, 2002). The CNS stimulant action for this plant
has been reported:® as well as its use as stimulant for child birth®. This study
was designed to evaluate the effects of the aqueous extract of Alysicarpus ovali-
folius on physical performance and endurance using mice.

METHODOLOGY
Plant material

The aerial parts of Alysicarpus ovalifolius were collected from Suleja, Niger
State, Nigeria, in the month of August 2017 by Mal Ibrahim Muazzam. The plant
was identified and authenticated by the curator of the Department of Medicinal
Plant Research and Traditional Medicine, National Institute for Pharmaceuti-
cal Research and Development (NIPRD) Idu, Abuja, Nigeria, where a voucher
specimen (NIPRD/H/6920) was prepared and deposited for future reference.

Collection and extract preparation

The aerial parts of the plant were collected by cutting with a pair of scissors
about 2cm off the ground. Sand particles and other debris were shaken off. The
plant material was then washed and air-dried under a shade until a constant
weight was obtained. This was further cut with a pair of scissors and subse-
quently pulverized using a pestle and mortar to obtain a coarse material.

A decoction of the plant material was prepared by boiling one hundred and fifty
grams (150 g) of the crushed plant material in water for 20 min. This was then
allowed to cool overnight after which it was filtered using a muslin cloth and the
marc pressed to strain out as much liquid as possible. The filtrate was further
filtered using a Whatman filter paper No 1. This was then evaporated to dryness
on a water bath to afford a dark-brown solid (the extract) with a yield of 11.65 %
v/, and stored in a refrigerator in an air-tight container.

Phytochemical Test
High Performance Liquid Chromatography (HPLC) Analysis

The bioactive constituents of the extract were analyzed by high performance
liquid chromatography. The HPLC consisted of Ultra-Fast LC-20AB equipped
with SIL-20AC auto-sampler; DGU-20A3 degasser; SPD-M20A UV-diode ar-
ray detector; column oven CTO-20AC, system controller CBM-20Alite and
Windows LC solution software (Shimadzu Corporation, Kyoto Japan); column,
sum VP-ODS C18 and dimensions (4.6 x 150 mm). The chromatographic con-
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ditions included mobile phase: 0.2% v/v formic acid and acetonitrile (20:80);
isocratic mode; flow rate 0.6 ml/min; injection volume 10 pl of 50 mg/ml solu-
tion extract in the mobile phase; detection UV 254 nm. Reference standards
rutin, caffeic acid, ferulic acid and chlorogenic acid respectively were analyzed
under the same condition as the extract. The HPLC operating conditions were
programmed to give the following: solvent A: 80%, solvent B: 20%, column
oven temperature was 40 °C and total run time of 20 minutes=°.

Animals

Swiss male albino mice (25 — 29 g), obtained from the Animal Facility Cen-
tre (AFC) of the National Institute for Pharmaceutical Research and Develop-
ment, Abuja, Nigeria were used for the studies. All animals were housed under
ambient conditions and fed on standard rodent diet and clean drinking water
ad libitum. Animals were approved for this study based on the experimental
and animal handling conditions which were in compliance with the ethical re-
quirements of the Institutional Animal Care and Ethics (ACE) Committee (NI-
PRD/05.03.05-08).

Swim Test

Mice were weighed and randomly placed into five groups of 6 mice each. Group
1 was administered distilled water (negative control), group 2 served as the pos-
itive control and received caffeine 15 mg/kg (standard drug), while groups 3 — 5
test groups were given graded doses of the extract at 100, 200 and 400 mg/
kg (respectively). Extract/drug were administered orally by means of an oro-
gastric cannula. Plastic containers with measurements of 32 x 50 x 35 cm were
filled with water maintained at temperature of 33 + 1°C to a marked level of a
depth of 25 cm. Sixty minutes after treatment a weight equivalent to 10% of the
body weight was attached to the tail of each mouse. The mice were then placed
individually into the water with a stopwatch started simultaneously. The mice
were allowed to swim to exhaustion (when the animals sank below the level of
the water and could not come back up within 7 sec) after which the mice were
removed, toweled and placed under a lamb to dry=.

Rota-rod test

A rotarod device (Ugo Basile, 7560, Milano, Italy) was used for this study. Mice
were pre-trained to remain on moving rods of 3 cm diameter. Mice that fell
off the rod were immediately placed back on the rod. However, animals that
fell up to three times during the trial period were removed. The animals were
subsequently grouped into five groups (n = 6) and treated with distilled water,
caffeine 15 mg/kg (o.p) or extract (100, 200 and 400 mg/kg). Sixty minutes
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post-treatment, animals were simultaneously placed in separate lanes on the
stationary rod. The motor was then turned on and the rod allowed to accelerate
up to 20 rpm and held at that rate. The mice were allowed to remain until they
fell off the rotating bars. Tests began when acceleration was started and ended
when an animal fell off the rod. The procedure was repeated three times at 15-
min interval. The latency to fall was recorded. Endurance was interpreted as
increased duration of stay on the rotarod?>2.

Four-limb hanging test

Treated mice were individually made to hang on all four limbs from the under-
side of a wire mesh such that the limb tension opposed their body weight. The
mesh was held at a height of 30 cm and the table top lined with soft padding
so as to cushion any mouse that fell off the grid. The timer was started when
the mice held onto the mesh and stopped when the animals fell off or reached
a maximum holding time of 20 min. Test was repeated three times for each
mouse with an interval of 2 min?+. Prior to the test, mice were trained to hang
on the wire mesh. Mice that fell off were immediately placed back on the wire.
Animals that fell up to three times during the trial period or jumped off were
removed from the study.

Hypoxia Endurance test

Treated mice were placed individually in airtight containers with capacity of
300 ml. A timer was started immediately and then stopped at the onset of con-
vulsion in the mice. The animals were subsequently exposed to air and allowed
to recover. The latency to onset of convulsion was taken as the endurance to
hypoxia2s.

Diazepam induced sleeping time

The test subjects were randomly placed into 5 groups of 7 animals each. The
mice were treated with distilled water, caffeine 15 mg/kg (o.p) or extract (100,
200 and 400 mg/kg). Sixty min later, each animal received diazepam 25 mg/
kg (i.p.). The time taken for loss of the righting reflex indicated the onset of
sleep, while the time between the loss and recovery of the righting reflex for
each mouse was taken as the duration of sleep. The period of onset and dura-
tion of sleep were calculated for each mouse®.

Statistical analysis

Group data were presented as Mean + SEM. The data on exhaustive swim, di-
azepam induced sleep and hypoxia endurance tests were analyzed by one-way
ANOVA followed by a post hoc Dunnet’s test and two-way ANOVA followed by
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a post hoc Bonferroni test was used to compare the data in the rotarod and four
limb hanging tests. Graphpad PRISM® 6.0 was used. The level for statistical
significance was set at p<0.05.

RESULTS and DISCUSSION

The study was designed to investigate the effects of the aqueous extract of the
aerial part of Alysicapus ovalifolius (AO) on physical activity using mice which
had been subjected to exercise and identify the bioactive compounds that may
be involved in the activity. The HPLC chromatogram (Figure 1) showed that
nine peaks were detected with retention times in minutes of 3.67, 4.56, 6.44,
9.52,10.54, 11.35, 14.12, 15.55 and 16.60. Identification of the phytoconstituents
of the extract was achieved by comparing their retention times with those of
the reference standards analyzed under the same experimental condition as the
extract. Compound with retention time of 3.67, 4.56 and 6.44 minutes corre-
sponded to chlorogenic acid, caffeic acid and rutin (Figure 1) which was equiva-
lent to 3.44 %, 60.34% and 0.19 % respectively of the contents of the extract.
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Figure 1: HPLC chromatogram of the aqueous extract of Alysicarpus ovalifolius (AQ) extract
with detection UV at 254 nm showing 9 peaks which include caffeic acid (60%), chlorogenic
acid (3.44%) and rutin (0.19%).

Swim endurance and rotarod animal models test for fatigue in animals?. Treat-
ed animals subjected to exhaustive swim test, demonstrated significant dose-
dependent increase in swimming time in all extract treated animals with 200
and 400 mg/kg exhibiting significant (p<0.05) increase (Table 1). The swimming
endurance test is an experimental exercise model that assesses exercise durabili-
ty2®. Swim test when applied in laboratory animals directly measures fatigue thus
evaluating endurance capacity. Prolonged swimming time connotes reduced sus-
ceptibility to fatigue and enhanced endurance®. The prolonged swim time exhib-
ited by the extract suggests the extract’s effect to delay the onset of exhaustion?.
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Table 1: Effect of aqueous extract of Alysicarpus ovalifolius (AO) on exhaustive swim test.

Treatment Dose (mg/kg) Duration of Swimming (min)
Distilled water 10 ml/kg 35.75+16.87

Caffeine 15 119.20 + 8.46°

A. ovalifolius 100 91.75 + 24.30

A. ovalifolius 200 110.00 + 19.65*

A. ovalifolius 400 138.90 + 20.61°

Results are presented as mean + SEM (n=6). *p<0.05, ®p<0.01 significant dif-
ference between distilled water and treated groups.

In the rotarod test, all animals successfully completed 3 successive tests on the
horizontal rotarod. Pre-treatment with the extract at 100 and 200 mg/kg pro-
longed the time animals stayed on the rotating rods, however time spent on the
rods at 400 mg/kg group was observed to be lower compared to the 100 and
200 mg/kg groups. The increase in time spent on the rotating rod was signifi-
cant (p<0.05) for the extract at 100 and 200 mg/kg and caffeine when com-
pared to the distilled water group. The endurance period was highest in the 200
mg/kg treated group (Figure 2).

This test has been used to assess balance and coordination in motor perfor-
mance and endurance in rodents3'. The accelerating rotarod eliminates the
need for extensive training or the introduction of maximal time limit for perfor-
mance3. This model measures an animal’s ability to maintain itself on a rod be-
ing turned at accelerating speed, thus it is used to test drugs that may interfere
with skeletal muscle co-ordination and cause motor impairment3334. Fatigue
may impair muscle co-ordination thereby hampering performance at tasks that
require motor skill*°. The increase in the duration of the task performed by the
mice on the rotarod may suggest an enhancement of motor co-ordination in an-
imals after extract treatment or improvement of resistance to physical stresss.
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Control
Caf 15 mg/kkg
AO 100 mg/kg

AO 200 mg’/kg

HOERE

AO 400 mg/kg

Time (min)

DW = Distilled water, CAF = Caffeine. Values are mean + SEM (n = 6); *p<0.05,
®p<0.01 significant vs control (Two-way ANOVA followed by Dunnet’s post hoc test).

Figure 2: Effect of aqueous extract of Alysicarpus ovalifolius (AQ) on rotarod endurance test.

In the four-limb hanging test, all animals successfully completed all the trials.
The period that the animals hung on the mesh was prolonged on administration
of the extract and caffeine. The hanging time increased with successive tests in
all treated animals. The observed increase was significant (p<0.05) for the ex-
tract and caffeine on comparison to the negative control group. The four-limb
hang time increased with subsequent trials, with 200 mg/kg group exhibiting
the longer duration on all three sessions (Figure 3). This test assesses muscle
strength in all four limbs of the mice and can be applied to demonstrate neu-
romuscular impairment and the lack of coordination or to study the effects of
genetic or pharmacologic treatments on skeletal muscle functionality?+. In this
test, administration of the extract did not impair co-ordination rather skeletal
muscle activity was enhanced thus implying that the extract possessed the po-
tential to enhance muscle activity and endurances®.

Control

Caffeine 15 mg/kg
AO 100 mg’/kg
AO 200 mg/kg

BOERE

AO 400 mg/kg

Time (min)

DW = Distilled water, Caf = Caffeine. Values are mean = SEM (n = 6); *p<0.05
p<0.01 significant vs control (Two-way ANOVA / Dunnet’s post hoc test).

508 | Acta Pharmaceutica Sciencia. Vol. 59 No. 3, 2021



Figure 3: Effect of Alysicarpus ovalifolius extract (AQ) on Four-Limb Hanging test.

In the hypoxia endurance test the time spent by mice in hypoxic condition was not
significantly increased by treatment of animals with extract of Alysicarpus ovali-
folius or caffeine. The results obtained in the hypoxia endurance study showed
that administration of caffeine was devoid of significant effects on oxygen utiliza-
tion as the latency to onset of convulsion was not significantly (p<0.05) different
from the untreated control group (Table 2). The extract treated animals did not
show significant resistance and endurance to hypoxic conditions on comparison
to untreated control group. This suggested that the extract may not produce ob-
servable influence on oxygen uptake during physical activity or physical stress¥”.

Table 2: Effect of aqueous extract of Alysicarpus ovalifolius (AQ) on Hypoxia endurance test.

Treatment Dose (mg/kg) Latency to onset of convulsion (min)
Distilled water 10 mi/kg 35.00 £ 1.16
Caffeine 15 37.50£1.75
A. ovalifolius 100 35.67 +0.80
A. ovalifolius 200 38.00 +0.26
A. ovalifolius 400 3917 +1.97

Results are presented as mean + SEM (n=6). No significant difference between
distilled water and treated groups.

Oxidation is necessary in several living organisms for the production of energy that
is required for regular biological processes. Reactive oxygen species (ROS) are gen-
erated by contracting skeletal muscles during physical activity. Exhaustive exercise
enhances the generation of these free radicals induced by increased oxygen con-
sumption of active muscles. Exercise or acute, intense physical activity can cause
oxidative stress which is an imbalance between ROS and the organism’s antioxi-
dant defense systems. Excessive ROS levels can lead to stress-related tissue dam-
age, muscle fatigue and contractile dysfunction?®3839, Also, when mice are exposed
to a condition of hypoxia, a state of oxidative stress is induced?s. Earlier studies have
shown that administration of antioxidants inhibited the increase in blood levels of
muscle injury markers and mitigated muscle fatigue+. Bashir et al (2018) had pre-
viously reported the antioxidant effects of Alysicarpus ovalifolius. It is therefore
possible that the extract’s antioxidant effects may be contributing in the reduction
of exercise induced oxidative stress with subsequent delay in the onset of fatigue+.

In the diazepam induced sleep test, the results showed that administration of
the plant extract caused delay in the onset of sleep and conversely decreased
the duration of sleep when compared to control. However, the sleep duration
increased with increasing dose of the extract (Table 3).
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Table 3: Effect of aqueous extract of Alysicarpus ovalifolius (AO) on diazepam induced sleep

in mice.
Treatment Dose (mg/kg) Onset of sleep (min) Duration of sleep (min)
Distilled water 10 mi/kg 1.63+0.20 245.70 + 22.72
Caffeine 15 14.84 + 2.50° 4476 + 3.53¢
A.ovalifolius 100 474 +£0.98 93.61 + 13.05°
A.ovalifolius 200 3.61+0.36 144.2 +10.012
A.ovalifolius 400 4.49+0.10 200.0 +41.22

Results are presented as mean + SEM (n=7). p<0.05, ®p<0.01, °p<0.001,
4p<0.0001significant difference between distilled water and treated groups.

The results indicate that the extract may possess CNS stimulant effect as indi-
cated by its ability to reduce the duration of diazepam-induced sleeping time at
the doses tested**. Acute administration of psychoactive stimulants such as caf-
feine and amphetamine at low doses caused increased locomotion and enhanced
physical activity. However, administration at high doses produced decreased mo-
tor activity#344. Similar pattern was observed for AO extract as decreased perfor-
mance at rotarod was recorded for the extract at 400 mg/kg. The explanation for
this observation of the extract cannot be explained within the scope of this study.

Analgesics are used by athletes in order to suppress pain and inflammation
from injury thereby enhancing exercise performance and giving competitive
advantage®. Our previous study reported the pain-relieving property of the
phytoconstituents of A. ovalifolius*. This activity may also be playing a role to
increase tolerance to pain thus prolonging the duration at a physical task.

It has been proposed that phytochemicals mediate their pharmacological ac-
tions by multiple complementary mechanisms of different constituents®. HPLC
analysis detected the presence of caffeic acid, chlorogenic acid and rutin in this
plant extract. These compounds have shown antioxidant activity*®. Compounds
such as caffeic and chlorogenic acids have demonstrated ergogenic actions in
other experiments*. However, further studies will be necessary to determine
the effects of the extract on biochemical markers of fatigue and muscle injury.

In conclusion, the extract of Alysicarpus ovalifolius mitigated the effects of ex-
ercise induced exhaustion thus indicating that the extract may possess constitu-
ents with the potentials to enhance physical endurance thereby delaying fatigue
and improve performance.
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