E-ISSN: 2148-6247

PHARMACEUTICAL SCIENCES

An Official Journal of the Turkish Pharmacists’ Association, Academy of Pharmacy

Volume: Issue:

I} 1, *::'-'.:\

Central

OfeH0]
I; www.turkjps.org
[=]

rubied  publifled SCOpuUs




PHARMACEUTICAL SCIENCES

Prof. Bensu Karahalil, Ph.D.

ORCID: https://orcid.org/0000-0003-1625-6337

Gazi University, Faculty of Pharmacy,

Department of Pharmaceutical Toxicology, Ankara, TURKEY

MPharm, MSc, Afonso Miguel CAVACO,
Ph.D.

ORCID: orcid.org/0000-0001-8466-0484

Lisbon University, Faculty of Pharmacy, Lisboa,
PORTUGAL

acavaco@campus.ul.pt

Prof. Bezhan CHANKVETADZE, Ph.D.
ORCID: orcid.org/0000-0003-2379-9815

Ivane Javakhishvili Thilisi State University, Institute of
Physical and Analytical Chemistry, Tbilisi, GEORGIA
jpba_bezhan@yahoo.com

Prof. Blanca LAFFON, Ph.D.

ORCID: orcid.org/0000-0001-7649-2599
DICOMOSA group, Advanced Scientific Research
Center (CICA), Department of Psychology, Area
Psychobiology, University of A Corufia, Central
Services of Research Building (ESCI), Campus Elvifia
s/n, A Corufa, SPAIN

blanca.laffon@udc.es

Prof. Christine LAFFORGUE, Ph.D.
ORCID: orcid.org/0000-0001-7798-2565
Paris Saclay University, Faculty of Pharmacy,
Department of Dermopharmacology and
Cosmetology, Paris, FRANCE

christine lafforgue@universite-paris-saclay.fr

Prof. Dietmar FUCHS, Ph.D.

ORCID: orcid.org/0000-0003-1627-9563

Innsbruck Medical University, Center for Chemistry
and Biomedicine, Institute of Biological Chemistry,
Biocenter, Innsbruck, AUSTRIA
dietmarfuchs@i-med.ac.at

Prof. Francesco EPIFANO, Ph.D.

ORCID: 0000-0002-0381-7812

Universita degli Studi G. d’Annunzio Chieti e Pescara,
Chieti CH, Italy

francesco.epifano@unich.it

Editor-in-Chief
Prof. ilkay Erdogan Orhan, Ph.D.

ORCID: https://orcid.org/0000-0002-7379-5436
Gazi University, Faculty of Pharmacy,
Department of Pharmacognosy, Ankara, TURKEY
iorhan@gazi.edu.tr

Associate Editors

bensu@gazi.eduitr

Editorial Board

Prof. Fernanda BORGES, Ph.D.

ORCID: orcid.org/0000-0003-1050-2402

Porto University, Faculty of Sciences, Department of
Chemistry and Biochemistry, Porto, PORTUGAL
fborges@fc.up.pt

Prof. Goksel SENER, Ph.D.

ORCID: orcid.org/0000-0001-7444-6193
Fenerbahge University, Faculty of Pharmacy,
Department of Pharmacology, Istanbul, TURKEY
gsener@marmara.edu.tr

Prof. Giilbin OZGELIKAY, Ph.D.

ORCID: orcid.org/0000-0002-1580-5050

Ankara University, Faculty of Pharmacy, Department
of Pharmacy Management, Ankara, TURKEY
gozcelikay@ankara.edu.tr

Prof. Hermann BOLT, Ph.D.

ORCID: orcid.org/0000-0002-5271-5871
Dortmund University, Leibniz Research Centre,
Institute of Occupational Physiology, Dortmund,
GERMANY

bolt@ifado.de

Prof. Hildebert WAGNER, Ph.D.
Ludwig-Maximilians University, Center for
Pharmaceutical Research, Institute of Pharmacy,
Munich, GERMANY
H.Wagner@cup.uni-muenchen.de

Prof. i. irem GANKAYA, Ph.D.

ORCID: orcid.org/0000-0001-8531-9130

Hacettepe University, Faculty of Pharmacy, Department
of Pharmaceutical Botany, Ankara, TURKEY
itatli@hacettepe.eduitr

Prof. K. Arzum ERDEM GURSAN, Ph.D.
ORCID: orcid.org/0000-0002-4375-8386

Ege University, Faculty of Pharmacy, Department of
Analytical Chemistry, Izmir, TURKEY
arzum.erdem@ege.edu.tr

Assoc. Prof. Sinem Aslan Erdem, Ph.D.

ORCID: https://orcid.org/0000-0003-1504-1916
Ankara University, Faculty of Pharmacy, Department of
Pharmacognosy, Ankara, TURKEY
saslan@pharmacy.ankara.edutr

Prof. Bambang KUSWANDI, Ph.D.

ORCID: 0000-0002-1983-6110

Chemo and Biosensors Group, Faculty of Pharmacy
University of Jember, East Java, Indonesia
b_kuswandifarmasi@unejac.id

Prof. Luciano SASO, Ph.D.

ORCID: orcid.org/0000-0003-4530-8706
Sapienze University, Faculty of Pharmacy

and Medicine, Department of Physiology and
Pharmacology “Vittorio Erspamer’; Rome, ITALY
luciano.saso@uniromat.it

Prof. Maarten J. POSTMA, Ph.D.

ORCID: orcid.org/0000-0002-6306-3653
University of Groningen (Netherlands), Department
of Pharmacy, Unit of Pharmacoepidemiology &
Pharmacoeconomics, Groningen, HOLLAND
m,j.postma@rug.nl

Prof. Meri¢ KOKSAL AKKOG, Ph.D.
ORCID: orcid.org/0000-0001-7662-9364

Yeditepe University, Faculty of Pharmacy,
Department of Pharmaceutical Chemistry, istanbul,
TURKEY

merickoksal@yeditepe.edu.tr

Prof. Mesut SANCAR, Ph.D.

ORCID: orcid.org/0000-0002-7445-3235

Marmara University, Faculty of Pharmacy,
Department of Clinical Pharmacy, istanbul, TURKEY
mesut.sancar@marmara.edutr

Assoc. Prof. Nadja Cristhina de SOUZA
PINTO, Ph.D.

ORCID: orcid.org/0000-0003-4206-964X
University of Sdo Paulo, Institute of Chemistry, S&o
Paulo, BRAZIL

nadja@ig.usp.br



PHARMACEUTICAL SCIENCES

Assoc. Prof. Neslihan AYGUN KOCABAS,
Ph.D. E.R.T.

ORCID: orcid.org/0000-0000-0000-0000

Total Research & Technology Feluy Zone
Industrielle Feluy, Refining & Chemicals, Strategy
- Development - Research, Toxicology Manager,
Seneffe, BELGIUM
neslihan.aygun.kocabas@total.com

Prof. Rob VERPOORTE, Ph.D.

ORCID: orcid.org/0000-0001-6180-1424
Leiden University, Natural Products Laboratory,
Leiden, NETHERLANDS
verpoort@chem.leidenuniv.nl

Prof. Yusuf 6ZTURK, Ph.D.

Anadolu University, Faculty of Pharmacy,
Department of Pharmacology, Eskisehir, TURKEY
ORCID: 0000-0002-9488-0891

Prof. Tayfun UZBAY, Ph.D.

Uskiidar University, Faculty of Medicine,
Department of Medical Pharmacology, istanbul,
TURKEY

ORCID: orcid.org/0000-0002-9784-5637

Prof. K. Hiisnii Can BASER, Ph.D.

Anadolu University, Faculty of Pharmacy,
Department of Pharmacognosy, Eskisehir, TURKEY
ORCID: 0000-0003-2710-0231

Prof. Erdem YESILADA, Ph.D.

Yeditepe University, Faculty of Pharmacy,
Department of Pharmacognosy, istanbul, TURKEY
ORCID: 0000-0002-1348-6033

Prof. Yilmaz CAPAN, Ph.D.

Hacettepe University, Faculty of Pharmacy,
Department of Pharmaceutical Technology, Ankara,
TURKEY

ORCID: 0000-0003-1234-9018

Prof. Sibel A. OZKAN, Ph.D.

Ankara University, Faculty of Pharmacy,
Department of Analytical Chemistry, Ankara,
TURKEY

ORCID: 0000-0001-7494-3077

Prof. Ekrem SEZIK, Ph.D.

istanbul Health and Technology University, Faculty
of Pharmacy, Department of Pharmacognosy,
Istanbul, TURKEY

ORCID: 0000-0002-8284-0948

Prof. Goniil SAHIN, Ph.D.

Eastern Mediterranean University, Faculty of
Pharmacy, Department of Pharmaceutical
Toxicology, Famagusta, CYPRUS

ORCID: 0000-0003-3742-6841

Prof. Sevda SENEL, Ph.D.
Hacettepe University, Faculty of Pharmacy,

Prof. Robert RAPOPORT, Ph.D.

ORCID: orcid.org/0000-0001-8554-1014

Cincinati University, Faculty of Pharmacy,
Department of Pharmacology and Cell Biophysics,
Cincinati, USA

robertrapoport@gmail.com

Prof. Satyajit D. SARKER, Ph.D.
ORCID: orcid.org/0000-0003-4038-0514
Liverpool John Moores University, Liverpool,
UNITED KINGDOM

S.Sarker@ljmu.ac.uk

Department of Pharmaceutical Technology, Ankara,
TURKEY
ORCID: 0000-0002-1467-3471

Prof. Sevim ROLLAS, Ph.D.

Marmara University, Faculty of Pharmacy,
Department of Pharmaceutical Chemistry, istanbul,
TURKEY

ORCID: 0000-0002-4144-6952

Prof. Goksel SENER, Ph.D.

Fenerbahce University, Faculty of Pharmacy,
Department of Pharmacology, istanbul, TURKEY
ORCID: 0000-0001-7444-6193

Prof. Erdal BEDIR, Ph.D.

izmir Institute of Technology, Department of
Bioengineering, Ilzmir, TURKEY

ORCID: 0000-0003-1262-063X

Prof. Nurgsen BASARAN, Ph.D.

Hacettepe University, Faculty of Pharmacy,
Department of Pharmaceutical Toxicology, Ankara,
TURKEY

ORCID: 0000-0001-8581-8933

Prof. Bensu KARAHALIL, Ph.D.

Gazi University, Faculty of Pharmacy, Department
of Pharmaceutical Toxicology, Ankara, TURKEY
ORCID: 0000-0003-1625-6337

Prof. Betiil DEMIRCI, Ph.D.

Anadolu University, Faculty of Pharmacy,
Department of Pharmacognosy, Eskisehir, TURKEY
ORCID: 0000-0003-2343-746X

Prof. Bengi USLU, Ph.D.

Ankara University, Faculty of Pharmacy,
Department of Analytical Chemistry, Ankara,
TURKEY

ORCID: 0000-0002-7327-4913

Prof. Ahmet AYDIN, Ph.D.

Yeditepe University, Faculty of Pharmacy,
Department of Pharmaceutical Toxicology, istanbul,
TURKEY

ORCID: 0000-0003-3499-6435

Prof. Tayfun UZBAY, Ph.D.

ORCID: orcid.org/0000-0002-9784-5637
Uskiidar University, Faculty of Medicine,
Department of Medical Pharmacology, Istanbul,
TURKEY

tayfun.uzbay@uskudar.edustr

Prof. Wolfgang SADEE, Ph.D.

ORCID: orcid.org/0000-0003-1894-63740hio State
University, Center for Pharmacogenomics, Ohio,
USA

wolfgang.sadee@osumc.edu

| AdViSOfy Board m———

Prof. ilkay ERDOGAN ORHAN, Ph.D.
Gazi University, Faculty of Pharmacy, Department
of Pharmacognosy, Ankara, TURKEY

ORCID: 0000-0002-7379-5436

Prof. S. Giiniz KUGUKGUZEL, Ph.D.
Fenerbahce University Faculty of Pharmacy,
Department of Pharmaceutical Chemistry, istanbul,
TURKEY

ORCID: 0000-0001-9405-8905

Prof. Engin Umut AKKAYA, Ph.D.
Dalian University of Technology, Department of
Chemistry, Dalian, CHINA

ORCID: 0000-0003-4720-7554

Prof. Esra AKKOL, Ph.D.

Gazi University, Faculty of Pharmacy, Department
of Pharmacognosy, Ankara, TURKEY

ORCID: 0000-0002-5829-7869

Prof. Erem BILENSOY, Ph.D.

Hacettepe University, Faculty of Pharmacy,
Department of Pharmaceutical Technology, Ankara,
TURKEY

ORCID: 0000-0003-3911-6388

Prof. Ugur TAMER, Ph.D.

Gazi University, Faculty of Pharmacy, Department
of Analytical Chemistry, Ankara, TURKEY

ORCID: 0000-0001-9989-6123

Prof. Giilagti TOPCU, Ph.D.

Bezmialem Vakif University, Faculty of Pharmacy,
Department of Pharmacognosy, istanbul, TURKEY
ORCID: 0000-0002-7946-6545

Prof. Hasan KIRMIZIBEKMEZ, Ph.D.
Yeditepe University, Faculty of Pharmacy,
Department of Pharmacognosy, istanbul, TURKEY
ORCID: 0000-0002-6118-8225

*Members of the Advisory Board consist of the scientists
who received Science Award presented by TEB Academy
of Pharmacy in chronological order.



PHARMACEUTICAL SCIENCES

AIMS AND SCOPE

The Turkish Journal of Pharmaceutical Sciences is the only scientific periodical
publication of the Turkish Pharmacists’ Association and has been published
since April 2004.

Turkish Journal of Pharmaceutical Sciences journal is regularly published 6
times in a year (February, April, June, August, October, December). The issuing
body of the journal is Galenos Yayinevi/Publishing House level. The aim of
Turkish Journal of Pharmaceutical Sciences is to publish original research
papers of the highest scientific and clinical value at an international level.

The target audience includes specialists and professionals in all fields of
pharmaceutical sciences.

The editorial policies are based on the "Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals (ICMJE
Recommendations)” by the International Committee of Medical Journal Editors
(20, archived at http://www.icmje.org/) rules.

Editorial Independence

Turkish Journal of Pharmaceutical Sciences is an independent journal with
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copyright in this domain, should be to give authors control over the integrity of
their work and the right to be properly acknowledged and cited.
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INSTRUCTIONS TO AUTHORS

Turkish Journal of Pharmaceutical Sciences journal is published 6
times (February, April, June, August, October, December) per year and
publishes the following articles:

= Research articles
- Reviews (only upon the request or consent of the Editorial Board)

« Preliminary results/Short communications/Technical notes/Letters
to the Editor in every field of pharmaceutical sciences.

The publication language of the journal is English.

The Turkish Journal of Pharmaceutical Sciences does not charge any
article submission or processing charges.

A manuscript will be considered only with the understanding that it is
an original contribution that has not been published elsewhere.

The Journal should be abbreviated as “Turk J Pharm Sci” when
referenced.

The scientific and ethical liability of the manuscripts belongs to the
authors and the copyright of the manuscripts belongs to the Journal.
Authors are responsible for the contents of the manuscript and
accuracy of the references. All manuscripts submitted for publication
must be accompanied by the Copyright Transfer Form [copyright
transfer]. Once this form, signed by all the authors, has been submitted,
it is understood that neither the manuscript nor the data it contains
have been submitted elsewhere or previously published and authors
declare the statement of scientific contributions and responsibilities of
all authors.

Experimental, clinical and drug studies requiring approval by an
ethics committee must be submitted to the JOURNAL with an ethics
committee approval report including approval number confirming
that the study was conducted in accordance with international
agreements and the Declaration of Helsinki (revised 2013) (http://
www.wma.net/en/30publications/10policies/b3/). The approval of the
ethics committee and the fact that informed consent was given by the
patients should be indicated in the Materials and Methods section.
In experimental animal studies, the authors should indicate that the
procedures followed were in accordance with animal rights as per
the Guide for the Care and Use of Laboratory Animals ( http://oacu.
od.nih.gov/regs/guide/guide.pdf ) and they should obtain animal ethics
committee approval.

Authors must provide disclosure/acknowledgment of financial or
material support, if any was received, for the current study.

If the article includes any direct or indirect commercial links or if any
institution provided material support to the study, authors must state
in the cover letter that they have no relationship with the commercial
product, drug, pharmaceutical company, etc. concerned; or specify the
type of relationship (consultant, other agreements), if any.

Authors must provide a statement on the absence of conflicts of interest
among the authors and provide authorship contributions.

All manuscripts submitted to the journal are screened for plagiarism
using the ‘iThenticate’ software. Results indicating plagiarism may
result in manuscripts being returned or rejected.

The Review Process

This is an independent international journal based on double-blind
peer-review principles. The manuscript is assigned to the Editor-

in-Chief, who reviews the manuscript and makes an initial decision
based on manuscript quality and editorial priorities. Manuscripts
that pass initial evaluation are sent for external peer review, and the
Editor-in-Chief assigns an Associate Editor. The Associate Editor sends
the manuscript to at least two reviewers (internal and/or external
reviewers), The Associate Editor recommends a decision based on the
reviewers' recommendations and returns the manuscript to the Editor-
in-Chief. The Editor-in-Chief makes a final decision based on editorial
priorities, manuscript quality, and reviewer recommendations. If there
are any conflicting recommendations from reviewers, the Editor-in-
Chief can assign a new reviewer.

The scientific board guiding the selection of the papers to be published
in the Journal consists of elected experts of the Journal and if necessary,
selected from national and international authorities. The Editor-in-
Chief, Associate Editors may make minor corrections to accepted
manuscripts that do not change the main text of the paper.

In case of any suspicion or claim regarding scientific shortcomings
or ethical infringement, the Journal reserves the right to submit the
manuscript to the supporting institutions or other authorities for
investigation. The Journal accepts the responsibility of initiating action
but does not undertake any responsibility for an actual investigation or
any power of decision.

The Editorial Policies and General Guidelines for manuscript preparation
specified below are based on “Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical
Journals (ICMJE Recommendations)” by the International Committee
of Medical Journal Editors (20, archived at http://www.icmje.org/).

Preparation of research articles, systematic reviews and meta-analyses
must comply with study design guidelines:

CONSORT statement for randomized controlled trials (Moher D,
Schultz KF, Altman D, for the CONSORT Group. The CONSORT
statement revised recommendations for improving the quality of
reports of parallel group randomized trials. JAMA 2001; 285: 1987-91)
(http://www.consort-statement.org/);

PRISMA statement of preferred reporting items for systematic reviews
and meta-analyses (Moher D, Liberati A, Tetzlaff J, Altman DG, The
PRISMA Group. Preferred Reporting Items for Systematic Reviews
and Meta-Analyses: The PRISMA Statement. PLoS Med 2009; 6(7):
€1000097) (http://www.prisma-statement.org/);

STARD checklist for the reporting of studies of diagnostic accuracy
(Bossuyt PM, Reitsma JB, Bruns DE, Gatsonis CA, Glasziou PP, Irwig
LM, et al, for the STARD Group. Towards complete and accurate
reporting of studies of diagnostic accuracy: the STARD initiative. Ann
Intern Med 2003;138:40-4.) (http://www.stard-statement.org/);

STROBE statement, a checklist of items that should be included in
reports of observational studies (http://www.strobe-statement.org/);

MOOSE guidelines for meta-analysis and systemic reviews of
observational studies (Stroup DF, Berlin JA, Morton SC, et al. Meta-
analysis of observational studies in epidemiology: a proposal for
reporting Meta-analysis of observational Studies in Epidemiology
(MOOSE) group. JAMA 2000; 283: 2008-12).
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INSTRUCTIONS TO AUTHORS

GENERAL GUIDELINES

Manuscripts can only be submitted electronically through the Journal
Agent website (http://journalagent.com/tjps/) after creating an
account. This system allows online submission and review.

Format: Manuscripts should be prepared using Microsoft Word,
size A4 with 2.5 cm margins on all sides, 12 pt Arial font and 1.5 line
spacing.

Abbreviations: Abbreviations should be defined at first mention and
used consistently thereafter. Internationally accepted abbreviations
should be used; refer to scientific writing guides as necessary.

Cover letter: The cover letter should include statements about
manuscript type, single-Journal submission affirmation, conflict of
interest statement, sources of outside funding, equipment (if applicable),
for original research articles.

ETHICS COMMITTEE APPROVAL

The editorial board and our reviewers systematically ask for ethics
committee approval from every research manuscript submitted to the
Turkish Journal of Pharmaceutical Sciences. If a submitted manuscript
does not have ethical approval, which is necessary for every human or
animal experiment as stated in international ethical guidelines, it must
be rejected on the first evaluation.

Research involving animals should be conducted with the same rigor
as research in humans; the Turkish Journal of Pharmaceutical Sciences
asks original approval document to show implements the 3Rs principles.
If a study does not have ethics committee approval or authors claim
that their study does not need approval, the study is consulted to and
evaluated by the editorial board for approval.

SIMILARITY

The Turkish Journal of Pharmaceutical Sciences is routinely looking
for similarity index score from every manuscript submitted before
evaluation by the editorial board and reviewers. The journal uses
iThenticate plagiarism checker software to verify the originality of
written work. There is no acceptable similarity index; but, exceptions
are made for similarities less than 15 %.

REFERENCES
Authors are solely responsible for the accuracy of all references.

In-text citations: References should be indicated as a superscript
immediately after the period/full stop of the relevant sentence. If
the author(s) of a reference is/are indicated at the beginning of the
sentence, this reference should be written as a superscript immediately
after the author's name. If relevant research has been conducted in
Turkey or by Turkish investigators, these studies should be given priority
while citing the literature.

Presentations presented in congresses, unpublished manuscripts,
theses, Internet addresses, and personal interviews or experiences
should not be indicated as references. If such references are used, they
should be indicated in parentheses at the end of the relevant sentence
in the text, without reference number and written in full, in order to
clarify their nature.

References section: References should be numbered consecutively
in the order in which they are first mentioned in the text. All authors
should be listed regardless of number. The titles of Journals should be
abbreviated according to the style used in the Index Medicus.

Reference Format

Journal: Last name(s) of the author(s) and initials, article title, publication
title and its original abbreviation, publication date, volume, the inclusive
page numbers. Example: Collin JR, Rathbun JE. Involutional entropion: a
review with evaluation of a procedure. Arch Ophthalmol. 1978;96:1058-
1064.

Book: Last name(s) of the author(s) and initials, book title, edition, place
of publication, date of publication and inclusive page numbers of the
extract cited.

Example: Herbert L. The Infectious Diseases (Ist ed). Philadelphia;
Mosby Harcourt; 1999:11;1-8.

Book Chapter: Last name(s) of the author(s) and initials, chapter title,
book editors, book title, edition, place of publication, date of publication
and inclusive page numbers of the cited piece.

Example: O'Brien TP, Green WR. Periocular Infections. In: Feigin RD,
Cherry JD, eds. Textbook of Pediatric Infectious Diseases (4th ed).
Philadelphia; W.B. Saunders Company;1998:1273-1278.

Books in which the editor and author are the same person: Last
name(s) of the author(s) and initials, chapter title, book editors, book
title, edition, place of publication, date of publication and inclusive page
numbers of the cited piece. Example: Solcia E, Capella C, Kloppel G.
Tumors of the exocrine pancreas. In: Solcia E, Capella C, Kloppel G, eds.
Tumors of the Pancreas. 2nd ed. Washington: Armed Forces Institute of
Pathology; 1997:145-210.

TABLES, GRAPHICS, FIGURES, AND IMAGES

All visual materials together with their legends should be located on
separate pages that follow the main text.

Images: Images (pictures) should be numbered and include a brief title.
Permission to reproduce pictures that were published elsewhere must
be included. All pictures should be of the highest quality possible, in

JPEG format, and at a minimum resolution of 300 dpi.

Tables, Graphics, Figures: All tables, graphics or figures should be
enumerated according to their sequence within the text and a brief
descriptive caption should be written. Any abbreviations used should
be defined in the accompanying legend. Tables in particular should be
explanatory and facilitate readers’ understanding of the manuscript,
and should not repeat data presented in the main text.

MANUSCRIPT TYPES
Original Articles

Clinical research should comprise clinical observation, new
techniques or laboratories studies. Original research articles should
include title, structured abstract, key words relevant to the content of
the article, introduction, materials and methods, results, discussion,
study limitations, conclusion references, tables/figures/images and
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acknowledgement sections. Title, abstract and key words should
be written in both Turkish and English. The manuscript should be
formatted in accordance with the above-mentioned guidelines and
should not exceed 16 A4 pages.

Title Page: This page should include the title of the manuscript, short
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ABSTRAC T |

Objectives: Liver fibrosis is one of the serious health concern around the globe. Persistent exposure to drugs, toxicants, and pathogens may
induce liver fibrosis. Marine macroalgae are globally consumed because of nutritive and medicinal value. This study was conducted to evaluate the
protective role of two seaweeds Padina pavonia and Caulerpa racemosa in carbon tetrachloride (CCl)-induced liver fibrosis in rats.

Materials and Methods: Animal model of hepatic fibrosis was developed by injecting 40% CCl, dissolved in olive oil [2 mL/kg, body weight (b.w.),
i.p.] on alternate days for 30 days. Water extracts (WE) [200 mg/kg b.w., p.o.] of P. pavonia and C. racemosa were given to rats daily for 30 days. On
day 31, rats were sacrificed after 12 h fasting. Serum was used for biochemical estimation. 10% neutral buffered formalin was used to preserve the
liver sample for histopathological examination, while the other portion was used for the preparation of tissue homogenate to estimate antioxidant
enzymes and malondialdehyde levels.

Results: WEs of both marine macro-algae significantly abrogate the elevated serum concentrations of aminotransferases (alanine aminotransferase
and aspartate aminotransferases), alkaline phosphatase and lactate dehydrogenase along with a substantial (p<0.05) reduction in serum bilirubin
levels. They also showed positive effects on oxidative stress, evident by improvement in reduced glutathione, catalase, and glutathione peroxidase
activities and down regulation of lipid peroxidation level, with stabilizing the destructive cellular morphology of liver induced by repeated CCl,
injection. Both algal extracts also improved kidney function (urea and creatinine) along with lipid metabolism (triglycerides and cholesterol.
Conclusion: WE of C. racemosa has shown great potential in attenuating liver fibrosis induced by CCl,.

Key words: Padina pavonia, Caulerpa racemosa, bilirubin, glutathione, lipid peroxidation, kidney

INTRODUCTION

The liver is the metabolic hub for the degradation, synthesis,

(ECM) components around the injured area to prevent the
further damage to the liver.* Chronic exposure of the liver with

detoxification and transformation of drugs and biomolecules.
Along with all vital functions it performs, it is also prone
to toxicity! The liver comprises various cells, such as
hepatocytes, hepatic stellate cells (HSCs), which work as a
reservoir of lipid droplet (vitamin A) and Kupffer cells, usually
known as resident macrophages of liver.?2 Viral infections,
chemical/drug intoxication, or any malfunctioning of liver lead
to damage of hepatocytes.®> HSCs, release extracellular matrix

toxicants resulting in continuous activation of HSCs, forming
scar tissues in the liver, lead to conditions such as; fibrosis,
cirrhosis, and hepatocellular carcinoma.® Liver fibrosis is one
of the serious health concern around the globe® and it is an
early stage of cirrhosis.” It has been reported that the fibrotic
liver contains more ECM components, which contains collagens
(I, NI, and V), fibronectin, elastin, laminin, hyaluronic acid,
and proteoglycans.® The earlier diagnosis of liver fibrosis is
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important since it is treatable and termed as reversible liver
fibrosis.’?

Carbon tetrachloride (CCl,) has been widely used for
developing animal models of hepatic fibrosis, cirrhosis, and
hepatocellular carcinoma for many decades.”® The lipid-soluble
nature of CCl, allows it to cross the lipid bilayer membrane,
produces hindrance in cellular activities by promoting the
lipid peroxidation, activating reactive oxygen species (ROS)."
Persistent exposure of CCl, promotes accumulation of ECM
components, which either damages the cellular structures and/
or disturbs the cellular integrity.?

Among different marine sources, macroalgae have drawn the
attention of many researchers as an interesting and unique
source of bioactive natural products, besides, a great source
of proteins, carbohydrates, minerals and vitamins.® They have
medicinal importance, including anticancer, antibacterial,
anticoagulant,  nephroprotective,  anti-inflammatory  and
antioxidant activities."™® Green seaweeds are a rich source of
carotenoids, phenolics, terpenoids, essential proteins, vitamins,
minerals and sulfated polysaccharides (SP)."* Ulva and Caulerpa
species contain higher contents of SP and rare sugars
(arabinose, rhamnose and iduronic acid)."” Caulerpa racemosa,
an edible green seaweed, has number of biological activities
such as antibacterial and hypolipidemic activities against triton-
induced hyperlipidemic rats.®’® However, the hepatoprotective
role of this seaweed against CCl, induced hepatic injury has not
been evaluated. Brown seaweeds contain phenolic compounds
and SP (alginates, fucoidans, and laminarins) and possess
tremendous biological activities such as hepatoprotective,
anticancer, anticoagulant, wound healing, and antiviral'
Padina pavonia, has been previously reported to have anti-
proliferative and pro-apoptotic activities.?’Its hepatoprotective
activity against azoxymethane-induced hepatotoxicity has been
reported.”’ However, its hepatoprotective activity against CCl,
has not been explored, yet. The current study was designed
to elucidate the hepatoprotective potential of C. racemosa
and P. pavonia against CCl,-induced liver fibrosis. The study
also describes the effect of these seaweeds on liver fibrosis
associated complications, including renal dysfunction and lipid
metabolism.

MATERIALS AND METHODS

Algal materials

Seaweeds were collected from the Karachi coast (Buleji Beach)
at low tide during the month of November-April. Collected algal
samples were identified by a taxonomist (Dr. Aisha Begum,
Associate Professor, Department of Botany, University of
Karachi). The algal material was washed using running tap
water and air dried under a green shade. The dried samples
were ground and stored for further use.

Water extracts

Water extract (WE) was obtained by soaking dry powder (250
g) of each seaweed in 1L of deionized water under continuous
shaking for 3 h. The filtrate obtained was lyophilized using a
lyophilizer (Eyela FD-1, Japan). The dry powders were stored
separately at -20°C until used according to Ismail and Tan.??

Experimental animals

Female Wistar rats (120-200 g) acquired from Dow University
of Health Sciences, Karachi. Animals were accommodated in
polypropylene cages under standard laboratory conditions (23
+ 2°C and 12 h light/dark cycle). The cages were bedded with
wood shaving and the rats had free access to a normal pellet
diet and tap water. Rats were acclimatized for 7 days under the
guidelines of the Institutional Bioethical Committee University
of Karachi (IBC-KU-132/2020) before the experimental protocol.

Induction of fibrosis

The method of Iredale et al.?® was followed to develop hepatic
fibrosis in rats with slight modification. Rats received 40% CCl,
intraperitoneally (i.p.) at 2 mL/kg body weight (b.w.), dissolved
in olive oil, on alternative days for 30 days.

Experimental design

Effect of the WE of seaweeds in normal and liver fibrotic rat
model

To evaluate the efficacy of seaweed extracts in rats, they were
randomly divided into 8 groups (n= 6).

Group T; Normal control: Rats received distilled water at 1 mL/
kg b.w., daily for 30 days.

Group 2; WE of P. pavonia-treated rats: WE of P. pavonia was
supplemented to rats at 200 mg/kg/mL, b.w., in distilled water,
daily for 30 days.

Group 3; WE of C. racemosa-treated rats: WE of C. racemosa was
supplemented to rats at 200 mg/kg /mL, b.w., in distilled water,
daily for 30 days.

Group 4; Silymarin-treated rats: Rats were supplemented with
silymarin [Sigma-aldrich (50 mg/kg b.w., suspended in normal
saline)] daily for 30 days.

Group 5; CCl, control: Rats were intraperitoneally (i.p.) injected
40% CCl, (in olive oil) 2 mL/kg b.w., on alternate days for 30
days.

Group 6; WE of P. pavonia + CCl,-induced liver fibrosis: WE of
P. pavonia was supplemented to rats at 200 mg/kg/mL, b.w., in
distilled water, along with the administration of CCl, (i.p., 2 mL/
kg, b.w.), on alternate days for 30 days.

Group 7; WE of C. racemosa + CCl,-induced liver fibrosis: WE of
C. racemosa was supplemented to rats at 200 mg/kg /mL, b.w.,
in distilled water daily, along with the administration of CCl,
(ip., 2 mL/ kg, b.w.), on alternate days for 30 days.

Group 8; Silymarin treatment + CCl,-induced liver fibrosis:
Rats were supplemented with silymarin [Sigma-aldrich (50
mg/kg b.w., suspended in normal saline)] daily, along with the
administration of CCl, (i.p., 2 mL/kg, b.w.), on alternate days for
30 days.

Assessment of hepatotoxicity and associated complications

To determine the effect of seaweed on liver fibrosis and
other associated complications; rats were fasted for 12 h
and decapitated on the 31t day. Blood was centrifuged at
3000 rpm for 15 min to obtain serum. Liver enzymes, viz;
alanine aminotransferase (ALAT) (INO-17531) aspartate
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aminotransferase (ASAT) (INO-17521), lactate dehydrogenases
(LDH) (INO-17653), alkaline phosphatases (ALP) (INO-17541), and
other liver markers, viz; total-bilirubin (INO-17645) and direct-
bilirubin (INO-17646); lipid parameters including cholesterol
(INO-17501) and triglycerides (TGs) (INO-17511), renal function
markers such as urea (INO-17611) & creatinine (INO-17551) and
blood glucose (INO-17602) were estimated on blood chemistry
analyzer (Microlab-300, Merck, France) using kits from Merck
(Innoline), France as per manufacturer’s instructions.

For histopathological studies, the liver was excised, washed
with normal saline. The right lobe was preserved in 10% neutral
buffered formalin. The remaining portion of liver was used for
the preparation of liver tissue homogenate [Tris-HCl buffer (pH:
7.4) using Polytron (Kinematica) PT-MR 2100 homogenizer].
Tissue homogenate was used for measuring the antioxidant
parameters reduced glutathione (GSH), catalase (CAT),
malondialdehyde (MDA), and glutathione peroxidase (Gpx).

Assessment of hepatic reduce glutathione

Reduced GSH was estimated using the method of Moron
et al.2® Brief 0.1 mL homogenatenate was mixed with 0.1 mL
tricholoroacetic acid (25%) and allowed to stand at room
temperature for 5 min. The mixture sample was centrifuged
at 3000 rpm for 10 minutes the supernatant was collected and
mixed with 1.8 mL of 0.1 mM 5,5'-dithiobis(2-nitrobenzoic acid)
(DTNB). Samples were allowed to incubate in dark at room
temperature for 10 min and absorbance was recorded at 412
nm against the reagent blank.

Assessment of hepatic glutathione peroxidase

The activity of GPx was estimated by the method Flohé and
Gunzler.? Briefly 300 pL of liver homogenate was mixed with
300 pL of phosphate buffer (pH: 7.4), 200 pL of GSH (2 mM),
100 pL of sodium azide (1 mM) and 100 pL of hydrogen peroxide
(1 mM). The mixture was allowed to stand for 15 min at 37°C in
a water bath. 500 pL TCA (15%) was added in the mixture and
centrifuged at 1500 rpm for 5 min, supernatant was mixed with
200 pL of phosphate buffer and 700 pL of DTNB (0.1 mM). The
absorbance was recorded at 412 nm against the reagent blank.

Assessment of hepatic catalase

The CAT activity was evaluated by the method of Sinha.?”
Briefly, 100 pL of the homogenate was mixed with 1 mL of
phosphate buffer (pH: 7.4) and 500 pL of hydrogen peroxide
(0.2 M). The mixture was allowed to incubate 37°C for 15 min. 2
mL of dichromate solution (5%) was added to the mixture and
absorbance was recorded at 570 nm against the reagent blank.

Assessment of lipid peroxidation (LPO)

MDA the end product of LPO was estimated by the method of
Ohkawa et al.?® Briefly, 100 pL of tissue homogenate was mixed
with 100 pL of sodium dodecyl sulphate (8.1%) and incubated
at room temperature for 10 min. 750 pL of 20% acetic acid and
750 pL thiobarbituric acid (0.8%) were added to the mixture
and volume was adjusted up to 2 mL. The mixture was allowed
to stand at 95°C for 1 hour. A 2.5 mL butanol and pyridine (1:1)
solution was added to a mixture and the volume was adjusted

up to 5 mL with distilled water, and centrifuged (4000 rpm) for
10 min. The upper organic layer was collected and absorbance
was recorded at 532 nm against the reagent blank.

Histological study

The liver tissue was preserved in 10% neutral buffered formalin
and embedded in paraffin wax. Then, 3-4 pm thin sections were
cut using a microtome. The tissues were either stained with
hematoxylin and eosin or Masson's trichrome for evaluating
architectural changes and evaluate the abundance of collagen
in the liver tissue.?” The slides were studied under the light
microscope (Nikon FX-35A, Japan) and pictures were taken
from an attached Nikon camera (DS FI1). The Batts and Ludwig®
scoring system was used to grade hepatic fibrosis.

Statistical analysis

The data were represented as a means + standard deviation.
Statistical analysis was executed using SPSS software (version
16). The differences between the means were subjected to One-
Way ANOVA followed by Tukey's post-hoc test. P value <0.05
was considered a level of significance.

RESULTS

Effect of water extracts of P. pavonia and C. racemosa on liver
profile

CCl, remarkably increased levels of serum aminotransferases
ALAT (623.8%) and ASAT (246.3%) and ALP (392.4%), serum
LDH (228.2%), total bilirubin (370%), and direct bilirubin (552.1%)
levels compared to those of normal control rats. Intoxicated rats
treated with WE of P. pavonia decreased ALAT (-62.0%), ASAT
(-49.0%), ALP (-29.3%), LDH (-65.7%), total bilirubin (-70%),
and direct bilirubin (-79.3%) as compared to CCl,-treated control
rats. The same pattern was observed in intoxicated rats treated
with WE of C. racemosa, which significantly (p<0.05) reduced the
elevation of ALAT (-82.2%), ASAT (-46.7%), ALP (-41.3%), LDH
(-25.8%), total bilirubin (-69.6%), and direct bilirubin (-69.3%)
levels. Fibrotic rats concomitantly treated with silymarin showed
a significant reduction in serum ALAT (-71.0%), ASAT (-41.3%),
ALP (-40.7%), LDH (-45.6%), total bilirubin (-31.2%), and direct
bilirubin (-43.3%). In general, WE of C. racemosa showed a
more promising effect as compared to WE of P. pavonia on liver
function markers in CCl,-induced liver fibrotic rats. Further,
fibrotic rats showed a significant elevation in blood glucose
(25%) levels as compared with normal rats. Besides, treatment
with WE, P. pavonia reversed the elevated blood glucose level
(-51.3%) (Tables 1, 2). Overall results demonstrated that WE of
both seaweeds may reciprocate the elevated level of hepatic
enzymes, metabolites and also ameliorates increased blood
glucose levels in response to persistent liver assault.

Effect of water extracts of P. pavonia and C. racemosa on renal
function and lipid profile

Table 3 demonstrated that CCl, has significantly (p<0.05)
impaired the kidney function and glucose metabolism by
increasing serum urea (151.8%) and creatinine (816%) levels.
CCl, was also responsible for reducing the serum cholesterol
(-75%) and TGs (-62.5%), when compared with normal rats.
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Table 1. Effect of water extracts of Padina pavonia and Caulerpa racemosa on liver enzymes in normal and CCl -intoxicated rats

Normal rat model Fibrotic rat model
Treatments ; ;
Normal P. padina C. racemosa . . P. padina (WE) C. racemosa . .
control (WE) (WE) Silymarin CCl, control L cal, (WE) + CCIA Silymarin + CCl,
ALAT 42 +73 50.5+3.25° 445+659 38.02+0.28° 304.2 +34.06°* 1155 £ 14.45"* 54,6 + 7.2°* 88.2 + 5.03°*
(u/L) o (20.2%) (5.9%) (-9.4%) (623.8%) (-62.0%) (-82.2%) (-71.0%)
ASAT 123 5 1611 1005 +15.5* 64 +8.6° 64.6 £ 5.2¢* 426 + 54.39°* 217 £ 23.7°* 227 £ 28.34>* 140 £ 7.2*
(u/L) o (-18.6%) (-47%) (-47.4%) (246%) (-49.0%) (-46.7%) (-65.7%)
ALP 79£885 14 +£145° 72 +14.3.6 67.6 £5.2° 389 + 4913 275 + 14.6°* 250 + 1.5°* 230.3 + 47.5°*
(u/L) (44.3%) (-8.8%) (-15.1%) (392.4%) (-29.3%) (-41.3%) (-40.7%)
LDH 1246 + 81 1463 +19.6° 184.0 + 25.4* 1703 + 0.57° 4091 £15.07** 1623 +15.6°*  303.33 + 24.9°* 222.3 + 14.04°*
(u/L) T (7.4%) (48.1%) (36.9%) (228.25%) (-58.3%) (-25.8%) (-45.6%)

The data were analyzed by One-Way ANOVA followed by Tukey's post-hoc test. *p<0.05, ?Indicates the comparison with control rats, ®Indicates the comparison with
CCl, control rats.

Data were expressed in means + standard deviation (n= 6). The values in parenthesis represent percentage (%) increased or decreased as compared to their
respective control, CCl,: Carbon tetrachloride, ALAT: Alanine aminotransferase, ASAT: Aspartate aminotransferase, ALP: Alkaline phosphatases, LDH: Lactate
dehydrogenases, WE: Water extract

Table 2. Effect of water extracts of Padina pavonia and Caulerpa racemosa on liver metabolite and blood glucose in normal and CCl,-

intoxicated rats

Normal rats model Fibrotic rats model
Treatments Normal P. padina C.racemosa  Silymarin  CCl,control  P. padina (WE) C. racemosa  Silymarin + CCl,
control (WE) (WE) +CCl, (WE) + CCl,

a a a akx bx b bx
Glucose (mg/dL) 11618 + 8.07 89.16 + 5.7 115+ 14.30 98 + 3.0 146.3 £14.3°* 7116 £+ 7.55 147 £ 22.4 100 £ 1.5

(-23.3%) (0.94%) (-15.59%) (25.8%) (-51.3%) (-0.47%) (-31.64%)
Total bilirubin 034+ 0.04 0.21+0.04¢° 0.23+0.05° 0.6+0.05* 16 +0.12** 0.48 +£0.08"* 0.5+0.06™  11+0.05°*
(mg/dL) R (-38.2%) (-32.3%) (76.4%) (370%) (-70%) (-69.6%) (-31.2%)
Direct bilirubin 0.23 4 0.05 0.21+0.04° 051+0.077 03+0.05° 15=+0.16%* 0.31+0.04**  0.46 + 0.08°* 0.85 + 0.04°*
(mg/dL) R (-8.6%) (121.7%) (30.4%) (552%) (-79.3%) (-69.3%) (-43.3%)

The data were analyzed by One-Way ANOVA followed by Tukey’s post-hoc test. *p<0.05, ®Indicates the comparison with control rats, ®Indicates the comparison with
CCl, control rats.

Data were expressed in means + standard deviation (n= 6). The values in parenthesis represent percentage (%) increased or decreased as compared to their
respective control. CCl,: Carbon tetrachloride, WE: Water extract

Table 3. Effect of water extract ofs Padina pavonia and Caulerpa racemosa on renal and lipid profile in normal and CCl,-intoxicated

rats

Normal rats model Fibrotic rats model
Treatments Normal P. padina C. racemosa  Silymarin CCl, control P. padina C. racemosa Silymarin + CCl,
control (WE) (WE) (WE) + CCl, (WE)+CCl,

276 +6.8 233+4.0° 256+54° 22.0+£1.00° 695+10%* 28354 30+ 3.07"* 39 + 0.57°
Urea (mg/dL)

(-15.5%) (-7.2%) (-20.2%) (151.8%) (-59.2%) (-56.8%) (-43.8%)
Creatinine (me/dL) 02+0.04 02+0.05° 043+0.05° 0.7+0.05 18=+014>* 0.2+0.02* 0.25+0.03%* 0.75+ 0.05°*
g (0%) (115%) (250%) (816%) (-88.88%) (-86.1%) (-58.3%)
Cholesterol (me/dL) 107 + 9.6 79 £ 7.6° 1375 +£10.6° 80.3+0.5° 26.6 +£8.6°* 64+ 55 46.4 + 4.3°* 70.3 + 11.5°*
& (-26.1%) (28.03%) (-24.9%) (-75.1%) (140.6%) (74.4%) (164.2%)
8416 +5.8° 126 + 3.8° 90 +6.00°  38.6+3.2* 94163 581 + 6.6°* 50.3 + 3.5
TGs (mg/dL) 10312 16.7 (-18.4%) (-22.3%) (-12.6%) (-62.5%) (143.5%) (50.5%) (30.3%)

The data were analyzed by One-Way ANOVA followed by Tukey's post-hoc test, *p<0.05, 2Indicates the comparison with control rats, Indicates the comparison with
CCl, control rats.

Data were expressed in means + standard deviation (n= 6). The values in parenthesis represent percentage (%) increased or decreased as compared to their
respective control. CCl,: Carbon tetrachloride, WE: Water extracts



120 AZAM et al. Ameliorative Effect of Marine Macro-Algae

Rats treated with WE of P. pavonia significantly (p<0.05)
reciprocated the elevation of serum urea (-59.2%) and
creatinine (-88.8%) with remarkable elevation in serum lipid
levels ie. cholesterol (140.6%) and TGs (143.5%). WE of C.
racemosa showed significant (p<0.05) reduction in serum urea
(-56.8%) and creatinine (-86.1%). It also produced elevation
in serum lipid levels i.e. cholesterol (74.4%) and TGs (50.5%)
against CCl,-induced liver fibrosis in rats. Silymarin also
showed a reduction in serum urea and creatinine levels i.e.
(-43.8% and -58.3%, respectively, and increased the serum
cholesterol and TGs levels i.e., (164.2%, 30.3%). Conclusively,
both seaweed extracts have the potential to maintain the renal
and lipid metabolites, which are enhanced in response to CCl,
administration.

Effect of water extracts of P. pavonia and C. racemosa on liver
antioxidant profile

CCl, administration significantly damaged the liver tissue,
which ultimately depleted the GSH (-76%) and elevated the
MDA (551%) concentrations. The reduction in Gpx (-49%) and
CAT (-31%) activity were also observed after administration of
CCl,, when compared with normal rats. The CCl, intoxicated rats
concomitantly treated with WE of P. pavonia showed increased
hepatic antioxidant enzymes activities viz; Gpx (32.2), CAT
(18.5%) along with improvement in hepatic GSH concentration
(141.5%), and decreased MDA (-57.4%) respectively. The same
trend was observed for WE of C. racemosa, which significantly
(p<0.05) combated the adverse effect of CCl,-induced oxidative
stress indices by enhancing the activities of CAT (52.6%), Gpx
(23%), and improved GSH (89.2%) concentration, whereas
reduced the MDA (-55.8%) level. Silymarin-treated group
showed a significant (p<0.05) improvement in oxidative stress
indices i.e. GSH (115.3%), Gpx (87.7%), CAT (23.8%), and MDA
(-41.7%) (Figures 1, 2). These results validated the antioxidant
capability of WE of the seaweeds, as they have the potential
to attenuate the oxidative stress indices in response to CCl,
administration.

Histological changes in liver tissue of normal and fibrotic rats

treated with water extract of P. pavonia and C. racemosa
Normal control rats showed stabilized hepatic lobules, consisted
of normal central vein and peripheral 4 to 5 portal triads along
with no evidence of portal expansion or necrosis (Figures 3A,
B). CCl, intoxicated rats showed portal fibrosis with evidence of
expansion in the portal tract (grade 1) with massive acidophilic
bodies (Figures 3C, D). Additionally, they also showed
macrophage infiltration, evidence of hepatic lobular and portal
inflammation (grade Il & ) along with lipid deposition evident
by clear vacuoles, abundance of loosely aggregated collagen
fibers also seen around the portal tract. Intoxicated rats treated
with WE of C. racemosa did not show any presence of collagen
fibers, with no evidence of lobular inflammation or piecemeal
necrosis (Figure 3E, F). Whereas P. pavonia demonstrated mild
portal expansion with no evidence of lobular inflammation or
piecemeal necrosis, they also showed the deposition of collagen
fibers around the portal tract in lesser intensity (Figure 3G, H).
The WE of both seaweeds have the potential to stabilize the
normal cellular morphology. However, further investigations
must unveil the potent component(s) of seaweed, which may
play a role in reciprocating the toxic effect induced by CCl,
administration.

DISCUSSION

Liver fibrosis is one of the serious health problems around the
globe and it causes apoptosis or necrosis, inflammation, tissue
remodeling and repair processes.®® Excessive deposition of
ECM, particularly deposition of collagen type (I & lll) are major
cause of liver fibrosis.*

In this study, animal model of liver fibrosis have been developed
via repeated administration of CCl,. Chronic exposure of CCl,
promotes degeneration of hepatocytes, which results in
excessive secretion of aminotransferases (ALAT & ASAT).3In
the harmony of previous findings, current data demonstrated
significant (p<0.05) elevation in serum levels of transaminases
(ALAT & ASAT) in CCl,-intoxicated model. ALP is usually
distributed in microvilli of liver sinusoids and bile duct capillary.

uGSH

= MDA

pmol/mg (tissue weight)

control ccl,

C.racemosa P.pavonia C.racemosa P.pavonia

silymarin

silymarin+ CCI,

+CCl,

Figure 1. Effect of water extracts of Padina pavonia and Caulerpa racemosa on liver total glutathione and lipid peroxidation activities in normal and CCl,-
intoxicated rats. The data were analyzed by One-Way ANOVA followed by Tukey's post-hoc test. Each bar expressed means + standard deviation (n= 6).

*p<0.05, #Indicates the comparison with control rats while the, fIndicates the comparison with CCl, control rats, CCl,: Carbon tetrachloride, GSH: Glutathione, MDA:

Malondialdehyde
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pmol/mg (tissue weight)

mCAT
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Figure 2. Effect of water extracts of Padina pavonia and Caulerpa racemosa on liver glutathione peroxidase and catalase activity in normal and CCl,-
intoxicated rats. The data were analyzed by One-Way ANOVA followed by Tukey's post-hoc test. Each bar expressed means + standard deviation (n= 6).

*p<0.05, “Indicates the comparison with control rats while the, BIndicates the comparison with CCl, control rats, CCl,: Carbon tetrachloride, CAT: Catalase, GPX:

Glutathione peroxidase

CCl, administration induces hepatocyte degradation, which is
responsible for exerting pressure on bile duct capillaries and
promotes excessive release of ALP in serum.® Persistent liver
insults by CCl, administration significantly (p<0.05) elevated
the serum ALP level. Moreover, the CCl,-intoxicated model
showed a significant (p<0.05) increase in serum LDH levels. It
is usually released under hypoxic conditions, responsible for to
shift metabolic cellular dependency on the anaerobic glycolytic
pathway. Persistent exposure of toxicants (CCl,) induces
hepatocyte stress and promotes necrosis, which results in
leakage of LDH into the serum. CCl, responsible for the activation
of HSCs (stored retinoid) may contribute to excessive bile
secretion in blood along with disturbance in redox mechanism,
impaired mitochondrial integrity, and promotes apoptosis.®
In the present work, CCl,-intoxicated model also showed a
remarkable elevation in serum total bilirubin and direct bilirubin
besides increasing liver enzymes. A previous study also
revealed that CCl, induced liver fibrosis increased serum liver
markers; aspartate transaminase, alanine transaminase, and
total bilirubin. The current study showed that supplementation
of WE of both seaweeds C. racemosa and P. pavonia caused
a significant (p<0.05) alleviation in serum levels of ALAT,
ASAT, ALP, and LDH along with bilirubin in CCl,-induced liver
fibrotic rats. Further, both seaweeds have the potential to
reduce the degradation of hepatocytes and might play a role
in the deactivation of activated HSC, evident by a remarkable
reduction in serum aminotransferases, dehydrogenases, and
phosphatase.

Among the tested seaweeds herein, Caulerpa species have been
used around the globe due to their high nutritive value, whereas
brown seaweeds have been recognized by researchers due to
their medicinal importance.®® Marine macroalgae are reported
to have antioxidant activity and a tendency to reciprocate the

effect induced through various toxicants!> P. pavonia also
demonstrated a significant effect on thioacetamide-induced
hepatic fibrosis.® The hepatoprotective effect of C. racemosa
has not been reported, yet. Repeated episodes of liver insult
by CCl, administration caused generation of ROS, usually they
are short span molecules generated by partial reduction of
oxygen.> Chronic exposure of toxicants disrupts the balance
between ROS and cellular antioxidant defense results in
induction in oxidative stress. Further elevated levels of ROS
caused depletion in antioxidants molecules and parameters
i.e. GSH, Gpx, and CAT and increased LPO in terms of MDA.
Nevertheless, ROS activates HSCs, which promotes the
production of collagen and contributes in the progression of
liver fibrosis. The present study showed a marked increase in
MDA levels in CCl, control rats compared to normal rats. The
following findings support our results that liver fibrosis promotes
the generation of ROS, which ultimately caused a reduction in
GSH, Gpx and CAT activities.® CCl,-treated rats administered
with WE of both algal species significantly attenuated LPO by
decreasing the formation of MDA and improved hepatic GSH
levels and elevated the Gpx and CAT activities compared to CCl,
control rats. P. pavonia improves the activities of superoxide
dismutase and Gpx induced by azoxymethane intoxication.?'
However, these results showed that seaweeds might affect
down-regulation of ROS induced by repeated administration of
CCl, as they showed decreased levels of MDA and improved
GSH concentration and enhanced Gpx and CAT activity.

Previous findings suggested that fibrotic liver tissue showed
significant morphological destruction characterized by
expansion of the central vein, portal vein, and necrosis in CCl,
treated rats.*?® The current findings validate the previous
findings, as repeated episodes of CCl,-treated rats showed
expansion of the central vein, portal vein, and necrosis, whereas
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Figure 3. Light microscopy of liver tissue (200x), black arrow represent
portal expansion, red arrow represent macrophages infiltration, blue
arrow represent collagen deposition. Grey arrow represent necrotic cells.
(A, B) Normal architecture of cellular organization along with stabilized
hepatocytes, (C, D) hepatocytes damage, cellular atrophy is visible,
sinusoidal cells become dilated, portal track destruction and ulcerative
lesion, (E, F) stabilization of cellular morphology and attenuation of lobular
destruction, foamy cells formation and lowering of intensity of highly fused
cells, (G, H) stabilization of cellular morphology and attenuation of lobular
destruction, foamy cells formation and lowering of intensity of highly fused
cells, (I, J) stabilization of cellular morphology and lowering of lobular
destruction and intensity of fused cells

CCl,: Carbon tetrachloride, H&E: Hematoxylin and eosin

there were no changes found in normal liver tissue. In addition,
intoxicated rats showed an abundance of collagen fibers, which
can clearly be visualized by Masson’s staining. The current
study was designed to elucidate the efficacy of WEs of C.
racemosa and P. pavonia against liver fibrosis. Furthermore,
WEs of C. racemosa and P. pavonia showed a reciprocal
effect on CCl, intoxication and improved the abnormal cellular

architecture of liver tissue. Both extracts showed notable
reduction in the collagen fibers. Overall, results showed that
these seaweeds tend to attenuate the liver fibrosis. Moreover,
several reports showed that P. pavonia has potential to down
regulate anti-apoptotic and pro-apoptotic pathways, which
may relate to morphological repairs of cellular architecture.
The hepatoprotective activity of seaweeds was found to
be comparable to the silymarin, in improving the cellular
architecture distorted by CCl, intoxication.

Previous studies showed that liver-associated problems are
not localized and it also affect the activity of nearby organs
such as impairment in renal, lipid, and glucose metabolism!
Liver damage also affects renal function by increasing the
concentrations of urea and creatinine. In this study, CCl,
administration showed remarkable increases in kidney
markers i.e., urea and creatinine compared to normal control
rats. Sohail et al’® reported that drug induced hepatotoxicity
and nephrotoxicity has been suppressed by supplementation of
marine macroalgae. Another report also showed that P. pavonia
reversed renal dysfunction induced by azoxymethane.®® The
current findings show that both algal species (C. racemosa and
P. pavonia) extracts have the potential to attenuate the elevated
levels of serum urea and creatinine. WE of both seaweeds
have the potential to reciprocate the renal toxicity induced as a
consequence of repeated administration of CCl,.

The present study showed that CCl, administration disturbed the
lipid metabolism by decreasing the cholesterol and TG levels.
Ishikawa et al.*’reported that CCl,-induced liver fibrosis caused
alteration in lipid metabolism evident by decreased levels of
cholesterol and TGs. The distortion of hepatic parenchymal
cells is responsible for impaired lipid metabolism.“® However,
the extracts of both seaweeds significantly elevated the
cholesterol and TG levels toward the normal range. CCl, toxicity
also affects the glucose metabolism, resulting in hyperglycemia
in CCl, control rats, which was reduced in seaweed-treated
groups. The ability of seaweed extracts to abrogate the elevated
concentration of glucose in serum may be due to the protection
of hepatocytes from toxic substances and their hypoglycemic
potential!

CONCLUSION

The present study showed that both seaweeds (C. racemosa and
P. pavonia) can reciprocate the cellular damages and associated
complications produced by repeated administration of CCl4.
Both algal species showed significant positive effects on fibrotic
rats. The efficacy of seaweed was compared with commonly
known herbal medicine silymarin showed almost similar
effect on serum enzymes and hepatic antioxidant enzymes.
Generally, WE of C. racemosa has great potential to attenuate
the liver fibrosis induced by CCl,. Hepatoprotective activity of
C. racemosa may be due to the presence of polysaccharides,
which have been reported from other seaweeds. C. racemosa
is an edible seaweed and its use as a diet supplement may be
supportive for liver health.
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ABSTRAC T |

Objectives: The objective of the current study was to develop an extended release (XR) tablet formulation for ranolazine using Eudragit L 100-55 and
hydroxypropylmethylcellulose (HPMC) K100M in an appropriate composition. Ranolazine, an anti-anginal agent, is mainly used for treating chronic
stable angina pectoris. The main advantage of this drug that it exhibits anti-ischemic effect, which was not influenced by either blood pressure or
heart rate.

Materials and Methods: XR tablets of ranolazine were prepared using variable amounts of Eudragit L 100-55 and HPMC K100M in various proportions
as per 3? factorial design by direct compression technique. The amount of polymers with desired sustained drug release was labeled as factors. On
other hand, time taken for drug dissolution was labeled as responses (1, toq., trsy, tos)-
Results: Nine formulations were obtained as per design, developed, and evaluated for quality control parameters. The obtained results clear that
all formulations pass the compendial limits. Data obtained from the dissolution study fitted well to kinetic modeling and kinetic parameters were
determined. Polynomial equations were derived for responses and checked for validity.

Conclusion: RF, composed of 31.25 mg of Eudragit L 100-55 and 31.25 mg of HPMC K100M, is the best formulation showing similarity f,: 85.78, f;:
2.32 with the marketed product (RANEXA). Formulation RF follows zero order, whereas the release mechanism was found to be non-fickian type

(n=0.65).

Key words: Ranolazine, extended release, Eudragit L 100-55, HPMC K100M, 32 factorial design, non-fickian diffusion

INTRODUCTION

Extended release (XR) formulations deliver effective plasma
concentrations of the drug for desired prolonged period.
They improve patient compliance by reducing the repeated
administration of dosage regime. They also offer improved in
vivo clinical performance (good clinical outcome).'?

The popularly used symbols for extended release are extra long/
extra large; long acting; XR. They show a 2-fold reduction in the
dosing frequency and maintains steady state plasma profile.®
There are many challenges for formulation of prolonged release
dosage forms in a controlled manner for obtaining absorption
and improved bioavailability.*®

Ranolazine is an anti-anginal agent, which is a piperazine
acetamide derivative. It acts by partial inhibition of fatty
acid oxidase that increases the adenosine triphosphate
production from glucose, thereby improves the functionality
of the myocardium. Hence, it exhibits anti-ischemic action,
independent of hemodynamics such as blood pressure and
heart rate. There will be no significant effect of its effectiveness
by the above-mentioned factors and other co-morbidities. Due
to this advantage, it is employed as effective anti-ischemic or
antiangina agents for treating unstable chronic angina pectoris
(exercise induced variant), myocardial infarction, and cardiac
arrhythmias.®®
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Ranolazine belongs to biopharmaceutical classification system
class-Il agent. It shows an erratic (variant) and extensive first
pass effect. Solubility was found to be relatively high at acidic
pH (stomach). The half-life is around 2.5 h (2.5 + 0.5). Hence,
selection of release rate modifiers is a challenging task for
researchers.”™

The current study focuses on, development of XR tablets
for ranolazine with the help of polymers Eudragit L 100-
55 (partially neutralized pH dependent polymer) along with
hydroxypropylmethylcellulose (HPMC) K100M (pH independent
polymer).

The application of polynomial based response surface
morphology (RSM) occupies a major volume in case of
pharmaceutical product development. The most widely used
methods in the above-mentioned category as follows factorial
design (23, 32, 3%, central composite design, Box-Behnken
design.>1

The manufacture of tablets processed wusing direct
compression technique is a frequent method, observed in many
pharmaceutical industries.”

A two factors, 3-levels study (32 factorial design) was used to
observe the combination effect of both polymers (Eudragit L
100-55; HPMC K100M) on the drug release from the formulation
(to see the effect of factors on the responses),”® which may
improve patient compliance by using enhanced clinical
efficiency.

MATERIALS AND METHODS

Materials

A gift sample of ranolazine was procured from Mahys Pharma,
Solan, India. Eudragit L 100-55 was obtained from KU Pharma
Pvt Ltd., while bartoli HPMC K100M was gifted from QIM
Chemicals, Guntur. All other excipients were obtained from
S.D. Fine Chem., Ltd. Mumbai, India.

Design and development of extended release tablets for
ranolazine

Quantities required for the Eudragit L 100-55 and HPMC K100M
for developing ranolazine XR tablets were chosen as factors
(X, X, respectively). Time to obtain dissolution was chosen
as responses (t,,, t.., t.,, t,,). RSM prediction equations
(polynomial) were derived for responses according to linear

stepwise backward regression technique.”

The 3 levels of X, (Eudragit L 100-55) were 3.75%, 6.25%, 8.75%.
Three levels of X, (HPMC K100M) were 3.75%, 6.25%, 8.75% (%
with respect to weight of active ingredient). Nine ranolazine XR
tablet formulations were designed using selected combinations
of X, X, and checked for selecting optimum composition
required to meet the primary objective of the study.

Preparation of ranolazine extended release tablets

A 3 level, 2-factor design was used for this research work.
The amount of Eudragit L 100-55 chosen as X, and amount of
HPMC K100M chosen as X, shown in Table 1. Three levels of
both factors chosen indicated as -1=3.75%; 0=6.25%; +1=8.75%.

XR tablets for ranolazine were obtained using the direct
compression method. Each tablet contained 500 mg of
ranolazine. The formulae for the preparation of tablets are
presented in Table 2. All ingredients were collected and weighed
accurately as per the formula. All were subjected to sifting to
achieve good compression properties. After sifting, they were
mixed in polya for obtaining uniform blend. The obtained blend
was subjected to lubrication and processed for applying force
to get desired tablet press. Resultant tablets were subjected to
pharmaceutical product performance tests.

Evaluation of ranolazine extended release tablets

Crushing strength

It was determined using tablet hardness tester on the basis of
diametric breakage of tablets.

Friability

This test was performed using a friability test apparatus
(Roche). The selected number of tablets (20) were weighed
accurately weight was noted (W), tablets were subjected to

rotations (25 rpm for 4 min) again weight was noted (W). %
weight loss was determined using the following formula.

Weight loss (%) = [W,- W/ W ] x 100

Drug content

It was carried out as per the standard procedure, take 20 tablets
and triturated to obtain fine powder, a quantity equivalent to
100 mg of ranolazine was calculated and was dissolved in 0.1
N HCL. The sample was subjected to sonication and clarified by
passing the solution via 0.45 y filter press. After preparing the
aliquots, their absorbances were measured at 272 nm using
ultraviolet-visible (UV) spectrophotometer.

Thickness

It was obtained using vernier calipers on the principal
longitudinal basis.

Drug dissolution

This test was performed using USP tablet dissolution test
apparatus (type 2) as per the standard conditions, such as 900
mL of pH 1.2 buffer as the dissolution medium for the first 2
h followed by phosphate buffer pH 6.8. The temperature was
maintained at 37 + 0.5°C and paddle was rotated at a rate of 50
revolutions per minute. The samples were collected as per the
protocol and analyzed for drug release using spectrometry at
272 nm. Analysis is done in triplicate manner."

Statistical analysis

The data obtained were fit to kinetic modeling to ascertain the
mechanism of drug release. The statistical parameters (a, b,
r) were determined as kinetic parameters.?®?' The dissolution
parameters were also determined using polynomial equations.

RESULTS AND DISCUSSION

XR tablets of ranolazine were developed as per 3-level, 2-factor
design for optimizing the combination of drug release modifiers
(Eudragit L 100-55, HPMC K100M). The formulation design is
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presented in Table 1. The quantity of Eudragit L 100-55 (X)) and
HPMC K100M (X,) chosen as factors and time for obtaining
dissolution chosen as responses (i, ,, t,. T toq)- Nine trials
were developed as per the formula given in Table 2.

All trials have ranolazine (500 mg) as an XR formulation,

obtained as tablet using direct compression technique. The

Table 1. Experimental design layout

Formulation code X, X,
RF, 1 1
RF, 1 0
RF, 1 -1
RF, 0 1
RF, 0 0
RF, 0 -1
RF, -1 1
RF, -1 0
RF, -1 -1
CR, -0.5 -0.5
CR +0.5 +0.5

2

Table 2. Formulae for ranolazine extended release tablets

developed formulations were evaluated for pharmaceutical
product performance tests. The data are presented in Table
3. All formulations have sufficient mechanical strength. All
formulations found to be less friable, as within the limits. All
batches passed the drug content uniformity test. All formulation
batches passed the weight variation test. Dissolution rate
test was carried as per standard procedure, the dissolution
specifications such as 900 mL of simulated gastric fluid for
the first 2 h followed by simulated intestinal fluid; paddle was
rotated at a speed of 50 rpm, the temperature maintained as
37 + 0.5°C throughout the test period. The dissolution profile
was well fit to kinetic modeling, results are presented in Table
4 and the same was presented as plots from Figure 1-4. From
the results, observed that there was a clear relation existed
between the quantities of polymers in combination with the
drug release rate (both were inversely proportional to each
other). Predicted sustained release of drug was obtained by
appropriate composition of factors (X, X,).

Based on the desirability factor, RF, is considered the best
formulation among all batches. RF, composed of both Eudragit
L 100-55 and HPMC K100M in equal quantity i.e. 31.25 mg each,
produced promising dissolution characteristics, which help in
meeting the purpose of research by extended period of drug
release (optimum delivery of drug) from dosage form.

Quantity of ingredients per each tablet (mg)

Name of ingredients

RF, RF, RF, RF, RF, RF, RF, RF, RF,
Ranolazine 500 500 500 500 500 500 500 500 500
Avicel pH 101 36.5 49 61.5 49 61.5 T4 61.5 T4 86.5
Eudragit L 100-55 43.75 43.75 43.75 31.25 31.25 31.25 18.75 18.75 18.75
HPMC K100M 43.75 31.25 18.75 43.75 31.25 18.75 43.75 31.25 18.75
Magnesium stearate 8 8 8 8 8 8 8 8 8
Talc 8 8 8 8 8 8 8 8 8
Total weight 640 640 640 640 640 640 640 640 640

HPMC: Hydroxypropylmethylcellulose

Table 3. Post-compression parameters for the formulations (n= 3)
Batch code

Hardness (kg/cm?) Thickness (mm)

Friability (%) Average weight (mg)  Drug content (%)

RF, 8.47 + 0.27 4.06 £ 0.08 0.10 + 0.001 641.09 + 0.01 99.94 + 0.49
RF, 8.2+0.28 3.98 +0.085 0.11 + 0.001 64111 £ 0.01 99.45 + 0.50
RF, 793 +0.27 39+0.08 0.09 + 0.001 64110 + 0.01 9911 + 0.51

RF, 8.52 + 0.42 41+0.06 0.06 + 0.001 64114 £ 0.02 99.74 £ 0.32
RF, 810 + 0.41 4.05 + 0.06 0.07 £ 0.001 642.2 +0.02 99.43 + 0.33
RF, 7.7+ 0.4 399 +0.05 0.07 + 0.001 641.31+ 0.02 9911 + 0.34

RF, 8.35+0.42 418 + 0.05 0.05 + 0.001 640.66 + 0.02 99.70 + 0.43
RF, 791+ 0.42 4.05 + 0.06 0.04 + 0.001 641.2 + 0.01 99.23 + 0.47
RF 749 + 0.41 4.02 + 0.06 0.05 + 0.001 640.65 + 0.01 98.77 + 0.35

9
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Table 4. Regression analysis for factorial trials

Kinetic parameters

Formulation code Zero order First order Higuchi Korsmeyer-Peppas
a b r a b r a b r a b r
RF, 14.410 3284 0982 1988 0.034 0986  1.685 17.614 0.995 1.089  0.629 0.962
RF, 14.857 3.285 0.981 1986  0.034 0986 1308 17.641 0.995 1.098  0.625 0.959
RF, 15.304 3285 0979 1985 0.034 0986 0930 17.667 0.995 1107 0.621  0.957
RF, 15.946 3.819 0982 2110 0.065 0.931 2.738 20.473 0.995 1125 0.651  0.960
RF, 16.302 3.834 0982 2171 0.077  0.877  2.481 20.560 0.995 1132 0.649 0.958
RF, 16.657 3.848  0.981 2117 0.068  0.931 2.224  20.646 0.995 1138 0.647 0.956
RF, 23.404 3915 0948 2M12 0.093 0964 2240  21.685 0.992 1199 0.641 0950
RF, 23.778 3923 0948 2185 0110 0949 2539 21742 0.993 1204  0.638 0.948
RF, 24.304 3.883 0946 2286 0124 0.915 3157 21.565 0.993 1.210 0.634 0.945
Marketed product 17.313 3884 0979 2201 0.086 0.897 1910 20.897 0.995 1148 0.644 0.955
25 1
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Figure 2. Comparative first order plots
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20 . . . .
R using PCP Disso and RSM plots were obtained with the help
0N ‘ ‘ ——RF8 . )
o 5 B 3 i = - RES of Design-Expert 7.0. The response morphological plots were
T presented as Figure 5-9. The dissolution parameters for RF -

Figure 3. Comparative Higuchi plots RF, were summarized as Table 5.
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RSM equations for the determination of predicted kinetic
parameters as follows;

Y,=0.810+0.461X +0.038X,-0.024X X +0.232 X *+0.035X,*( t, )
Y,=2.210+1.23X,+0.084X -0.065 X X,+0.632 X 2+0.096 X.2(t,_,)

Contour Graph for t890%

Amount of HPMCK100M

-1.0 -0.5 0.0 0.5
A mount of Eudragit-L-100-55

Figure 9. Contour plots for t, .

Table 5. Dissolution parameters for factorial formulations

Dissolution parameters

Formulation code

b (M)t ()t (R t (h) .. (h)
RF, 1362 3719 8962 17923  29.779
RF, 1348 3679 8865 17.731 29.460
RF, 1333 3639 8769 17537 29139
RF, 0.701 1913 4.611 9221 15.321
RF, 0596 1627 3921 7.843 13.030
RF, 0.669 1827 4401 8.803 14.626
RF, 0.493 1345 3242 6.484 10.773
RF, 0.415 1132 2.728 5.456 9.065
RF, 0369 1007 2.426 4.852 8.061
Marketed product 1362 1447 3487 17923 11589

¥,=5.33+3.04X,+0.21X,-0.156 X X,+1.52 X 2+0.23 X 2 (t,,,)
¥,=10.65+6.07X +0.41X,-0.31 X X,+3.04 X2+0.46 X2 (t,..)
Y,=17.695+10.08X+0.675 X,-0.518 X X,5.05 X 2+0.765 X,2 (t,,,,)

Results for the predicted responses vs actual responses are
presented in Table 6. Not much deviation was observed in the
predicted vs actual responses. It indicates the validity of the
developed equation. RF, was considered as ideal, it shows
similarity factor (f2) 85.78, difference factor (f1) tc|, t_ <0.05
compared with the marketed product (RANEXA). Comparative
dissolution plots for best formulation (RF,) and marketed
product are shown in Figure 10.

CONCLUSION

On the basis of the current study, the use of macromolecules
(polymers) in combination had its own advantages of
maintaining integrity and extended drug release form of
the formulation. The combination of a partially neutralized
pH-dependent polymer and pH-independent polymer at an
appropriate proportion will yield desired extended drug release,
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Predicted value

Table 6. Dissolution parameters for check point formulations

Actual observed value

Formulation code

to () o, () Lo, ()t (h) oo ()t () e )t ()t ()t (h)
CR, 0.624 1.704 4106 8.22 13.643  0.62 1.69 431 819 13.71
CR, 1116 3.047 7.342 14684 24397 112 3an 754 1455 2399
REFERENCES

120 1 Comparative In-vitro dissolution profiles for RFs- Ranexa

%CDR

—&—Ranexa
—i—RF5
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Figure 10. Comparative dissolution plots for RF5-Ranexa

which ultimately 2-fold reduction in the dosing frequency of
ranolazine. This is achieved by preparing the ranolazine with
combination polymers like Eudragit L 100-55 and HPMC K100M
employing along with other excipients using 32 factorial design
approaches. Among the various ER formulations studied, the
formulation (RF,) showed the best result in all aspects of
objective, which was considered as the ideal formulation. The
best formulation RF, follows zero order release, non-fickian
diffusion, it may improve patient compliance by reducing the
dosing frequency to 2 fold or more, which will ultimately
improve the clinical response.
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ABSTRAC T |

Objectives: Cisplatin is a powerful chemotherapeutic drug that is used to treatment a wide variety of cancers. Despite clinical data demonstrating
the cardiotoxic effect of cisplatin, few studies have been carried to improve the cardiotoxicity of cisplatin. In cisplatin-induced toxicity, oxidative
stress plays a critical role. This study determined the effect of Diospyros lotus L. fruit (DL), a powerful antioxidant plant, on heart damage caused by
cisplatin through histological examination and oxidative stress parameters.

Materials and Methods: Twenty eight male rats were randomly divided into four groups. An isotonic solution was given to the control group. A
single dose of 7 mg/kg cisplatin was administered intraperitoneally to the cisplatin group. 1.000 mg/kg DL was given by gavage for 10 days to the
DL group. Cisplatin and DL were administered together in the same doses to the treatment group. Thiobarbituric acid reactive substances (TBARS)
levels, superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) activities, and total glutathione (GSH) level were measured in the
heart tissue of the experimental rats. Histological examination was also performed to determine any damage to the hearts of the experimental rats.
Results: While TBARS levels in the cisplatin group increased significantly, SOD, CAT, GPx activities, and total GSH level decreased significantly.
TBARS levels decreased significantly and SOD, CAT, GPx activities and GSH levels increased with DL treatment. According to the histological
examination, histopathological differences were observed in the cisplatin group. Histopathological findings were either absent or decreased in the
DL-treated group.

Conclusion: Results of the study showed that DL therapy reduced oxidative stress and histological changes caused by cisplatin. DL could be a
potential candidate for reducing cardiac damage caused by cisplatin.

Key words: Diospyros lotus, cisplatin, cardiotoxicity, oxidative stress

INTRODUCTION

Cisplatin, an extremely effective chemotherapeutic drug, is
a platinum-based drug with strong activity against ovarian,
cervical, testicular, bladder, lung cancers, and solid tumors,
which are resistant to other treatments!? Cisplatin shows
a cytotoxic effect by cross-linking on DNA with purine

The serious side effects of cisplatin such as neurotoxicity,
nephrotoxicity,  gastrointestinal  disorders, reproductive
toxicity, and bone marrow suppression limit its use in
therapy.* Some studies have suggested that cisplatin treatment
may cause cardiotoxicity.>” Heart failure, arrhythmias,
myocardial infarction, pericarditis, myocarditis, and congestive

bases, causing DNA damage and apoptosis in cancer cells.
Notwithstanding the effect stated above, cisplatin provides
more than 90% recovery in testicular cancer.?

cardiomyopathy have been defined as cardiotoxic symptoms
caused by cisplatin chemotherapy.®” Cardiotoxicity by cisplatin
limits its clinical use. Cisplatin's cardiotoxic mechanism is fully
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unknown, but it was proposed that cardiotoxicity can result
from cisplatin’s direct toxic impact on cardiac myocytes and the
formation of reactive oxygen species (ROS).8 Cisplatin reduces
the activity of antioxidant enzymes in cardiac tissue, while
increasing tissue total oxidant potential and lipid hydroperoxide
levels.’

The presence of cisplatin in the blood even years after treatment
may cause cardiotoxicity later in life. This situation poses a
significant risk of cancer patients treated with cisplatin.6™°
The treatment to cisplatin-induced cardiotoxicity is important.
Although some cardioprotective strategies are available today,
they are insufficient in preventing or reducing cardiotoxicity,
especially in clinical practice! According to some studies,
cisplatin-induced toxicity is exacerbated by elevated oxidative
stress. However, it has been suggested that various antioxidant
treatments show beneficial effects by reducing oxidative
stress.>%”?

The date palm tree is a member of Ebenaceae family, which
is grown in many regions such as Asia, Southern Europe, and
Turkey. It has_a nutritious fruit used in traditional Chinese
medicine?® Diospyros lotus L. fruits (DL) have significant
antioxidant activity due to their phenolic content. Therefore, it
is an effective source of natural antioxidants. DL is thought to
be an important food product and its ingredients have health
benefits*“ A previous study suggested that sperm toxicity
caused by cisplatin can be reduced with DL fruits.”?

The purpose of this study was to investigate the easing effect
of DL, which is thought to have high antioxidant potential, on
the cardiotoxic effects of cisplatin. Hence, histopathological
and biochemical changes caused by cisplatin in the heart were
examined and the effects of DL treatment were investigated in
this study. In this study, a single extract was prepared from the
plant. Since the amount of phenolic substances in the extracts
prepared with water, acetone, and methanol was higher in the
water part, the aqueous extract was used in our study. Phenolic
substance measurement was not performed.?

MATERIALS AND METHODS

Chemicals

Cisplatin (10 mg/10 mL, code 1876A) was purchased from
Faulding Pharmaceuticals Plc (Warwickshire, UK). DL fruits
were obtained from Kumludere village (Trabzon, Turkey) in
autumn of 2020. All other chemicals were purchased from
Sigma Chemical Co. (St. Louis, MO, USA).

Plant material and preparation of the extract

DL was collected in autumn in 2020 around Trabzon. The DL
was dried at 38°C for 5 days in an oven and milled to 2-3 mm in
size. Extract was obtained using distilled water for 24 h using
the percolation method. The extract was filtered through filter
paper. The filtrated part was freeze-dried until a crude solid
extract was obtained.” Identification of the plant was performed
by Assoc. Dr. Mustafa Karakése from Department of Medicinal
and Aromatic Plants, Espiye Vocational School, Giresun
University (Turkey).

Twenty-eight adult male Spraque Dawley rats, 2-3 month-old
and weighing 250-300 g, were used for the experiments. Rats
were obtained from the Institute of Experimental Animals in
Pamukkale, Turkey and maintenance was performed in these
centers.

The rats were housed in a 12-hour daylight/12-hour dark
cycle, ventilated, constant temperature (21 £ 1°C) rooms and
sterile cages according to the standards. Their feeding was
provided by standard rat pellet feed and tap water. No special
diet was applied. All experimental applications were performed
according to the “Guidelines for the Care and Use of Laboratory
Animals published by the US National Institutes of Health”. The
experimental protocol was approved by the Ethical Committee
on Animal Research of Pamukkale University (PAUHDEK
-2021/09).

Drug administration

The 28 rats were divided into 4 groups. A single dose of
cisplatin at 7 mg/kg was administered intraperitoneally (i.p.).
Previous studies showed that a single dose of 7 mg/kg injection
of cisplatin causes testicular damage in rats.®"

The phenol content of the extract of DL in water is higher than
that of extracts from methanol or acetone. Because of the
antioxidant effect of the aqueous extract, DL was suspended in
distilled water in this experiment. 1.000 mg/kg DL extract was
administered for 10 days. The effective dose was determined
by reference to the study of Rashed et al!® A control group
was accepted as the negative control. Isotonic saline i.p. and
distilled water was administered gavage. 7 mg/kg of cisplatin
was given once to the cisplatin group. DL extract was given to
DL group without cisplatin by gavage for 10 days. Cisplatin and
DL were administered to the treatment group with the specified
protocol. Because of the procedure, tissue and blood samples
were taken. The heart tissue, which was quickly removed, was
sliced on cold glass. Blood samples were centrifuged at 3000
rpm for 20 min at 4°C and blood serum was obtained. Tissue
and serum samples were stored at -80°C.

Biochemical analysis

Care was taken to protect the cold chain in all homogenization
processes. 1:10 (w/v) dilution was made by adding 150 mM
KCl (pH 7.4) to homogenize the heart tissue. Homogenization
was done in a teflon glass homogenizer. The examples were
centrifuged for 40 min at 3500 rpm at +4°C using a refrigerated
centrifuge. Catalase (CAT), thiobarbituric acid reactive
substances (TBARS), and total glutathione (GSH) activities
were analyzed in the homogenate. Superoxide dismutase (SOD)
and glutathione peroxidase (GPx) activities were determined in
the supernatant obtained after centrifugation.

Determination of thiobarbituric acid reactive substances
activity

TBARS activity in homogenized tissue as a lipid peroxidation
marker was determined by the Yagi method. Under aerobic
conditions and pH: 3.5, the tissue homogenate was precipitated
with 10% trichloroacetic acid (TCA) and kept in a water bath for
15 min, then cooled and centrifuged at 3000 rpm for 10 min. The
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supernatant obtained was incubated with TBA in a 95°C water
bath for 50 min and cooled. The absorbances of the pink-colored
complex formed because of the reaction of malondialdehyde,
the secondary product of lipid peroxidation, with TBA were
measured at 532 nm using a spectrophotometer.

Determination of total glutathione levels

The supernatant was obtained from the homogenates
centrifuged at 3500 rpm for 10 min with 10% TCA (0.2 M,
pH: 8.9). Tris-ethylenediamine tetraacetic acid (EDTA) buffer
solution and 0.01 M 5,5'-Dithiobis(2-nitrobenzoic acid) (DTNB)
were added to the supernatants. DTNB is reduced by sulfhydryl
compounds and forms a yellow complex, which is a disulfide
compound. The optical density of this yellow compound was
determined at 412 nm with a spectrophotometer using the
Sedlak and Lindsay?® method.

Determination of SOD activity

SOD enzyme activity was determined as described by Sun et
al.?' SOD determination method is based on nitroblue tetrazolium
(NBT) reduction of superoxide produced by xanthine/xanthine
oxidase system. This reaction was stopped by adding copper
(I chloride. The colored formazan product formed by the
reduction of NBT by superoxide radicals was measured using a
spectrophotometer at 560 nm.

Determination of CAT activity

The CAT activity of the heart tissue was analyzed using the
Aebi??> method. The catalytic activity of CAT decomposed
H,O, was added to the sample into water and oxygen. In the
CAT determination, hydrogen peroxide showed maximum
absorbance at 240 nm as measured by a spectrophotometer.
The breakdown of H,0, by CAT was followed by an absorbance
reduction. This decrease in absorbance is directly proportional
to the enzyme activity. CAT activity was determined by the
absorbance difference per unit time.

Determination of GPx activity

GPx activity was analyzed according to the method of Paglia and
Valentina.?* GPx is an enzyme that converts H,0, to water using
reduced glutathione. GPx catalyzes the conversion of GSH to
oxidized glutathione disulfide (GSSG) in the presence of H,O,.
GSSG formed by GPx in the presence of H,0, is converted back
to GSH with the help of glutathione reductase and nicotinamide
adenine dinucleotide phosphate (NADPH). For this purpose,
NADPH, GSH reductase, and sodium azide were prepared
separately in buffered EDTA solution. The prepared solutions
were added to the supernatant maintained and kept at room
temperature for 30 min. GSH-Px activity was measured using
a spectrophotometer at 340 nm, the absorbance difference that
occurred in the optical density with the conversion of NADPH
in the experimental environment to NADP*.

Determination of total protein amount

The amount of protein in heart tissue was measured using
CuS0,, Folin-Ciocalteu reagent, and bovine serum albumin
according to the Lowry et al.** Analysis procedure is as follows;
alkaline copper (Cu*?) forms a complex with peptide bonds

and each 7 or 8 amino acid residues bind 1 atom of copper.
When the Folin-Cieolteu reagent is added to the copper-treated
mixture, a violet-blue color is formed, which is measured by a
spectrophotometer at 700 nm.

Histological analysis

Heart tissue samples were fixed in 10% formaldehyde solution.
Then, the samples embedded in paraffin were cut into sections
of 5 um thickness. Sections were stained with hematoxylin-
eosin on a coverslip. Tissue samples were examined for
necrosis, mononuclear cell infiltration, bleeding, vascular
occlusion using a “Leica DFC280 light microscope” and a “Leica
Q Win Image Analysis system (Leica Micros Imaging Solutions
Ltd., Cambridge, UK)". The histopathological damage score was
calculated according to the findings.

Statistical analysis

Biochemical and histological data are presented as mean +
standard deviation. The normal distribution of biochemical data
was analyzed using the Shapiro-Wilk test. One-Way ANOVA
and Tukey tests were used for biochemical statistical analysis.
Kruskal-Wallis were used for histological results. For statistical
significance, p<0.001 was accepted. “SPSS 13.0 (SPSS Inc.,
Chicago, Ill., USA)" and “MedCalc 11.0 (Belgium)” statistical
programs were used for analysis.

RESULTS

Biochemical evaluation

TBARS levels, SOD, CAT, GPx activities, and total GSH levels
in heart tissue was measured by spectrophotometric methods.
The results showed that cisplatin administration significantly
(p<0.01) increased TBARS levels and decreased SOD, GPx,
CAT activities, and total GSH levels compared to all groups.
There was no statistically significant difference between the
control group and the DL-only groups in terms of biochemical
parameters. TBARS levels increased with cisplatin in the
treatment group and decreased significantly (p<0.01) with
DL treatment. SOD, GPx, CAT activities, and total GSH levels
decreased with cisplatin but increased again with DL treatment.
DL treatment reduced the negative effects of cisplatin on
biochemical parameters, as shown in (Table 1).

Histological evaluation

In the control (Figure 1A) and DL (Figure 1B) groups, the
heart tissue was in normal histological appearance. Necrosis
(Figure 2A), mononuclear cell infiltration (Figures 2B and E),
hemorrhage (Figures 2C and D), vascular occlusion (Figure
2F) were determined in the cisplatin group. The damage score
calculated according to histopathological findings increased
significantly in the cisplatin group (2.29 + 0.10) compared to the
control (0.49 = 0.08) (Table 2). Although histological changes
decreased in the treatment group compared with the cisplatin
group, small-vessel occlusion (Figure 3A) and mononuclear
cell infiltration (Figure 3B) were observed. The level of damage
decreased significantly in the treatment group (0.86 + 0.10)
(Table 2).
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Table 1. The activities of TBARS, total GSH, CAT, SOD and GPx and in rat heart tissue (mean + SD)

TBARS (nmol/g

Groups tissue) Total GSH (nmol/mL) CAT (U/mg protein) SOD (U/mg protein)  GPx (U/mg protein)
Control 9.28 + 0.922 92.7 £ 3.41° 0.035 + 0.0007® 34.8 + 214° 256.5 + 23.9°
CIS 15.5 £ 112° 711 £ 3.59° 0.022 + 0.0005° 22.4 + 2.48° 158.9 + 25.2°
DL 8.92 + 0.89° 973 + 4192 0.036 + 0.0005° 35.2 £ 3.61° 265.3 + 23.6°
CIS + DL 12.4 + 1.06¢ 851 + 316¢ 0.029 + 0.0008¢ 28.7 + 2.47¢ 204.2 + 28.1°

Values with different superscripts in the same column are statistically significantly different from each other (p<0.01). a: Indicates that the control and DL group is
different from the other groups, b: Indicates that the CIS group is different from the other groups, c: Indicates that the CIS + DL group is different from the other
groups. TBARS: Thiobarbituric acid reactive substances, GSH: Glutathione, CAT: Catalase, SOD: Superoxide dismutase, GPx: Glutathione peroxidase, CIS: Cisplatin,

DL: Diospyros lotus, SD: Standard deviation (n=7)

CONTROL

7

Figure 1. Control and DL group. In control and DL groups, heart tissue
showed a normal histological appearance. (A) H-E; X40, (B) H-E; X40, DL:
Diospyros lotus group, H-E: Hematoxylin-eosin

Table 2. Comparison of histopathological heart damage score
between groups

Histopathological heart

Groups damage score (mean + SD)
Control 0.49 £ 0.08°

CIS 2.29 £ 0.10°

€IS + DL 141 £ 012¢

DL 0.86 + 0.10®

a: Indicates that the control and DL group is different from the other
groups, b: Indicates that the CIS group is different from the other groups, c:
Indicates that the CIS+DL group is different from the other groups. The mean
differences of values with different superscript letters in the same column
are statistically significant (p<0.001). CIS: Cisplatin, DL: Diospyros lotus), SD:
Standard deviation (n=7)

DISCUSSION

Cisplatin is a very potent chemotherapeutic drug. However, its
adverse effects on the heart, kidneys, liver, and other organs
limit its use in cancer treatment.“® Approaches to reduce the
toxic effects of cisplatin will contribute positively to increase
the quality of life of cancer patients and to extending drug-
dose limits. The toxicity caused by cisplatin is directly
related to oxidative stress.?® In this study, the easing role of
DL, which has high antioxidant potential, against cisplatin-
induced cardiotoxicity in rats was investigated. Although lipid
peroxidation levels in heart tissue increased significantly in
the cisplatin group, the antioxidant enzyme activities and total
GSH levels decreased. In the group treated with DL, cisplatin-
induced reductions in antioxidant enzyme activities and total

CIS GROUP

Figure 2. CIS group. Necrosis (black arrows) (A), mononuclear cell
infiltration (thin black arrows) (B, E), hemorrhage (white asterisks) (C,
D), vascular congestion (black asterisks) (F) were observed in CIS group.
(A, B, E): H-E; X20, (D, F): H-E; X10, (C): H-E; X40. CIS: Cisplatin, H-E:
Hematoxylin-eosin

GSH levels were improved. Lipid peroxidation levels decreased.
According to the findings, DL showed a protective effect by
reducing cisplatin cardiotoxicity. histopathological examination
confirmed this suggestion.

Impairment of the balance between free radical levels and
the antioxidant defense system causes oxidative stress. The
increase in free radicals causes increased lipid peroxidation
and decreased antioxidant enzymes because of impaired
GSH metabolism. SOD, GPx, and CAT enzymes affect the
endogenous defense mechanism. These enzymes can reduce
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Figure 3. CIS + DL group. Histological changes were decreased in CIS
+ DL group compared with CIS group. Little vascular congestion (black
arrow) (A), mononuclear cell infiltration (white arrow) (B) were observed
in CIS + DL group. (A, B): H-E; X40. CIS: Cisplatin, DL: Diospyros lotus, H-E:
Hematoxylin-eosin

oxidative stress by removing superoxide, hydrogen peroxide,
and hydroxyl radicals.?® Due to lipid peroxidation, TBARS are
produced and are considered indicators of oxidative stress.?
In this study, cisplatin was shown to increase TBARS levels
in heart tissues of rats and cause lipid peroxidation. Similarly,
different studies have suggested that cisplatin treatment
causes cardiotoxicity with increased lipid peroxidation.>™ Lipid
peroxidation causes cell and organ damage. Cardiotoxicity
caused by cisplatin therapy has generally been associated
with increased oxidative stress.?® The glutathione mechanism
converts cisplatin into a reactive form that can react rapidly
with thiol molecules. Cisplatin reduces glutathione and other
antioxidant enzymes, causing ROS accumulation in cells by
disrupting the cell's redox mechanism.> Increased TBARS
levels and decreased endogenous antioxidant enzyme activities
are evidence that cisplatin causes oxidative stress. Increased
oxidative stress caused damage and histopathological changes
in the heart tissue. Previous studies have shown that reducing
oxidative stress with antioxidant therapy attenuates cisplatin-
induced organ damage."*5%8

DL is a good natural source of antioxidants.®" DL extracts can
protect against oxidative stress by eliminating free radicals.®Its
content of phenolic compounds and flavonoids act as a reducing
agent and chelator against free radicals!*? Azadbakhta et al.*°
showed that 1000 mg/kg DL reduced liver, kidney, and heart
damage and improved organ morphology in streptozotocin-
induced diabetic rats. Saral et al.’? showed that 1000 mg/kg DL
given reduced cisplatin-induced testicular damage. According to
the data, in the group treated with DL, TBARS levels decreased
significantly while total GSH, CAT, GPx, and SOD activities
increased significantly. Observations of this study agree with
the results of other previous studies.

Some histological changes such as vascular congestion,
hemorrhage, vacuolization in the interstitial area, eosinophilic
stained and pyknotic nuclei cells, mononuclear cell infiltration,
and necrosis were observed in the cisplatin group. These
results are consistent with the histopathological findings of
previous cisplatin studies.? Histopathological findings were
absent or decreased in the groups treated with DL, which alone
did not cause any histological changes. Oxidative stress, which

decreased with DL treatment, contributed to the recovery of
heart tissue.

The results of this study showed that DL antioxidant potential
reduces oxidative stress and histological changes caused by
cisplatin-induced cardiotoxicity. Increased SOD, CAT, total
GSH, and GPx activity as well as decreased TBARS levels
suggested that the cardioprotective effect of DL is mediated by
its antioxidant content.

CONCLUSION

Oxidative stress caused by cisplatin causes increased lipid
peroxidation, decreased antioxidant enzyme activity, and
histopathological changes in the heart. The results of this
study showed that DL, which has strong antioxidant properties,
reduces oxidative stress and histological changes caused
by cisplatin treatments. The use of DL may help reduce
the cardiotoxic side effects of cisplatin therapy in cancer,
thereby increasing the effectiveness of the treatment. These
ameliorative effects of DL are attributable to its antioxidant and
radical scavenging properties. Therefore, we suggest that DL
treatment may be used against CP-induced cardiotoxic toxicity.
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ABSTRACT

Objectives: The use of the chemotherapy agent doxorubicin (DOX) is associated with free radical formation that may lead to cardiotoxicity. Virgin
coconut oil (VCO) and extra virgin olive oil (EVOO) are plant-based oil that is rich in antioxidants. This study examined the protective effects of VCO
and EVOO combination to reduce DOX acute cardiotoxicity in rats.

Materials and Methods: Twenty-five male rats (180-200 g) were divided into the following groups: Group | as a control, group Il was given DOX i.p.
injection of 25 mg/kg body weight (b.w.), group Il to V received peroral administration of either VCO, EVOO or VCO-EVOO (1:1) combination at a
dose of 10 mL/kg b.w. for 6 days before receiving DOX i.p. injection. After 24 hours from DOX injection, blood samples and organs were collected.
Cardiac biomarkers, such as serum glutamic-oxaloacetic transaminase (SGOT), lactate dehydrogenase (LDH), and creatine kinase-MB (CKMB)
were analyzed followed by histopathological examination.

Results: The administration of EVOO alone was found to reduce the marked elevation of SGOT, LDH, and CKMB levels in DOX-treated rats (p<0.05),
while VCO administration only significantly reduced LDH and CKMB levels. However, when both oils were used in combination, the protective effect
was shown to be more powerful since all cardiac biomarker levels were maintained at near-normal levels (p<0.05). Histopathological analysis
showed a significant improvement in the myocardial tissue structures after pre-treatment with VCO-EVOO combination.

Conclusion: The administration of VCO and EVOO in combination was superior to elicit protection against DOX-induced cardiotoxicity compared to
their individual application in rats.

Key words: Doxorubicin, cardiac toxicity, virgin coconut oil, extra virgin olive oil

INTRODUCTION

Doxorubicin  (DOX) is an anthracycline isolated from
Streptomyces peucetius var. caesius in the 1970s.! DOX has
been widely used for treating various malignancies, including
breast and lung cancers, lymphomas, myeloma, and sarcomas.?
However, clinical studies have reported approximately
3-33% of patients, who received DOX developed subclinical
cardiomyopathy and some progress to congestive heart failure,
even with an average cumulative dose of 300 mg/m?34

The mechanism of DOX toxicity is mediated by the metabolic
conversion of DOX to its secondary alcohol doxorubicinol.® This
metabolite then interacts with iron and initiates the formation

of reactive oxygen species (ROS) that subsequently damage
cellular macromolecules.® DOX can also form semiquinone
radical intermediates that react with oxygen to produce
superoxide anion radicals, which in turn produce hydrogen
peroxide and hydroxyl radicals that mostly attack lipids, proteins,
and DNA molecules.” As a result, DOX-treated patients are at
high risks of experiencing cardiotoxicity.

Bioactive compounds that can protect the heart against
cardiotoxicity have been continuously pursued over the past
few decades. Virgin coconut oil (VCO) and extra virgin olive
oil (EVOO) are two different plant-based oils that provide
health benefits to cardiac tissue and function. VCO contains
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antioxidants mostly in the form of polyphenols, which have
the capability to inhibit low-density lipoprotein (LDL) oxidation
in rats.® In separate studies, VCO or EVOO administration
increases antioxidant enzyme activities and improve the
body’s defense system against oxidative stress.”® Moreover,
the hydroxytyrosol and oleuropein content of EVOO can act
as free radical scavengers and inhibit the oxidation of LDL.
Accordingly, this study compared the cardioprotective effects
of VCO, EVOO, and their combination (1:1) on DOX-induced
cardiotoxicity in rats.

MATERIALS AND METHODS

Materials

VCO (Avcol®, Indonesia) and EVOO (CV. Asy Syifa, Indonesia)
used in this study are registered in the Indonesian Food and
Drug Administration and were purchased from a registered
pharmacy. DOX HCl 50 mg/25 mL (Kalbe Farma, Indonesia)
and sodium chloride (NaCl) 0.9% were obtained from a local
hospital.

Animals

Male Wistar rats weighed at 180-200 g (n= 25) were procured
from a laboratory animal breeder in Makassar, Indonesia. The
animals were cared for in a laboratory with a 12 hour dark/light
cycle and provided with food and drink daily. The animals were
acclimatized to laboratory environmental conditions for 14 days
before the experiment was carried out. All animal protocols
were performed based on institutional guidelines for animal
laboratory handling and registered under an institutional ethical
clearance number of UH21020059 from the Ministry of National
Education, University of Hasanuddin Faculty of Medicine, Health
Research Ethics Committee.

Experimental design

A simplified scheme of the experimental protocol is illustrated
in Figure 1. The rats were divided into 5 groups where each
group consisted of 5 rats. Rats’ blood samples (3 mL) were
withdrawn before treatment initiation to provide serum
biomarker baseline levels. Group | as a control group was
intraperitoneally (i.p.) injected with 0.9% NaCl solution as a
placebo, while group Il was i.p. injected with 25 mg/kg b.w. of
DOX on the 7" day of the experiment. Group Il to V received
pre-treatments of either VCO (10 mL/kg), EVOO (10 mL/kg),
or VCO-EVOO (1:1 at 10 mL/kg dose), respectively. The oil
treatment was administered using an oral cannula for 6 days,
before receiving DOX i.p. injection on the next day. After 24 h
from DOX injection, rats were anesthetized with diethyl ether,
and 3 mL of blood samples were obtained from lateral veins
using vacutainer tubes containing ethylenediaminetetraacetic
acid. Blood samples were centrifuged (Hettich®) at a speed of
2000 rpm for 25 min. The serum was collected immediately
and stored at -20°C until biomarker analysis was performed.
The experimental protocols used in this study was based on
Djabir et al'? study which also delivered a short-term pre-
treatment to protect against cardiotoxicity induced by a single
i.p. injection of DOX (25 mg/kg). A short-term pre-treatment
with VCO (10 mL/kg/day) for 7 days was shown to significantly
reduce paracetamol-induced hepatotoxicity.® Meanwhile, pre-
treatments with EVOO phytochemicals, such as oleuropein or
hydroxytyrosol, for up to 7 days sufficiently elicit protection
against a range of drug-induced cardiotoxicities!*®

Biomarker analysis

The levels of serum glutamic oxaloacetic transaminase
(SGOT), lactate dehydrogenase (LDH), and plasma biomarker
creatine kinase-MB (CKMB) were analyzed using diagnostic

GROUP TREATMENTS
| : NaCl 0.9% (i.p)
1] : DOX 25mg/kg (i.p)

1] : VCO 10ml/kg (p.o) and DOX 25mg/kg (i.p)
v : EVOO 10ml/kg (p.o) and DOX 25mg/kg (i.p)
Y : VCO:EVOO (1:1) 10ml/kg (p.o) and DOX 25mg/kg (i.p)

Baseline Biomarkers

Per oral administration

i.p bolus

Blood withdrawal
Organ harvested

Adaptation Treatments

Biomarker and
Histopathological analysis

14 days 6 days

Figure 1. The scheme of experimental protocols

24h
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kits obtained from Human Diagnostic World (Germany). All
analytical procedures were carried out according to the kits'
instructions. The absorbance was measured using Humalyzer
3500 (Human Diagnostic World) instrumentation.

Histopathological examination

Following a blood sample collection, rats were euthanized
using a cervical dislocation method. The heart was carefully
removed and fixated in 10% formalin in phosphate buffer saline
and embedded in paraffin blocks. Sections of 5 uym thick were
serially sliced with a microtome and stained with hematoxylin
and eosin. The microscopic observation of the longitudinal
section of the heart tissue was performed by a veterinary
pathologist, especially in the area of the ventricles, using a light
microscope (Olympus®) at 40X magnification.

Statistical analysis

The numerical data were presented as mean + standard error of
the mean. The distribution of data normality was tested using a
Shapiro-Wilk normal distribution analysis. Normally distributed
data were then analyzed with One-Way ANOVA followed by a
post-hoc Tukey's honestly significant difference test. Statistical
analysis was declared significant if the p value was below 0.05
(p<0.05).

RESULTS

Biomarker analysis

The result of cardiac biomarker analysis is illustrated in Figure
2. The healthy control did not show significant changes in
the CKMB, LDH, and SGOT levels after receiving 0.9% NaCl
injection as a placebo (Figure 2). However, in the DOX group,
marked increases in CKMB, LDH, and SGOT levels were
experienced in all rats. The CKMB, LDH, and SGOT levels of the
DOX group were at least three times their baseline values, and
this biomarker upsurge was detected as soon as 24 hours from
DOX i.p. injection at a dose of 25 mg/kg b.w. (p<0.0N.

Apart from the DOX group, the VCO treatment group also
experienced an increase in SGOT value after receiving DOX
injection, which was significantly higher than the control group
(p<0.01. The other cardiac biomarkers, such as LDH and
CKMB levels, also rose about 50% above the normal control;
nevertheless, the statistical analysis did not reach a significant
difference compared to the control group.

The administration of EVOO at 10 mL/kg resulted in a near-
normal level of CKMB similar to the control group (298 + 33 vs.
214 = 40 mg/dL). However, the LDH level of the EVOO group
increased twice as much as that of the normal controls (597
+ 98 vs 218 £ 98 mg/dL); yet, it was found not statistically
significant. The SGOT level also significantly increased in the
EVOO group, but it was still significantly lower than that of the
DOX-treated animals (p<0.05). In contrast, the administration
of VCO-EVOO combination prevented the increase in CKMB
and LDH, resulting in normal biomarker levels. Even though
the elevation of SGOT level was still experienced by the VCO-
EVOO group, it was significantly attenuated compared to the
DOX group (p<0.05).

Histopathological examination

The normal control that was not subjected to the DOX injection
showed regular cardiac myocyte shapes and structures (Figure
3AD. The bands and nucleus of cardiac myocytes and the
myofibrils were clearly clear. There were barely inflammatory
cells or necrotic damage found in the area of myocytes.
In contrast, the DOX group experienced mild-to-moderate
histopathological injuries. Histopathological changes in the
heart muscle cells were evident and profound in the area of
myocytes. Moderate damage was observed in most DOX-treated
rats, which was characterized by hyper-eosinophilic cytoplasm
and necrotic cell nuclei, myocardial cell atrophy, loss of nuclei,
myolysis, infiltration of inflammatory cells, and hemorrhagic
area (Figure 3B1-B3).

Figure 4 shows the representative microscopic images of
cardiomyocyte histopathological changes found in rats treated
with VCO, EVOO, or their combination. In the VCO-treated rats
(Figure 4C1, C2), most cardiac sections showed necrotic cells
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Figure 2. Comparison of creatine kinase-MB, lactate dehydrogenase, and
serum glutamic-oxaloacetic transaminase levels between treatment groups
at baseline and post-treatment

DOX: Doxorubicin, VCO: Virgin coconut oil, EVOO: Extra virgin olive oil
*p=0.05 compared to control. p=0.05 compared to DOX group
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Figure 3. Representative of microscopic images of cardiac tissues in the
control and DOX-treated rats. The control (A1) showed normal architecture
of myocytes. cells with a normal structure with a magnification of 40X. The
DOX group (B1, B2, and B3) showed necrotic cells (black arrow), myocardial
muscle atrophy (blue arrow), vacuolar degeneration and hemorrhage (red
arrow), and myolysis (white)

DOX: Doxorubicin

Figure 4. Representative of microscopic images of cardiac tissues in DOX
treated rats that received pre-treatment with VCO (C1-2), EVOO (D1-2), and
VCO-EVOO (E1-2). Necrotic myocardial cells (black arrow), muscle atrophy
(blue arrow), inflammatory cells (white circle), and hemorrhagic area (red
arrow)

DOX: Doxorubicin, VCO: Virgin coconut oil, EVOO: Extra virgin olive oil

and cardiomyocyte atrophy. The degree of myocardial injury
was found mild to moderate (Table 1). With EVOO pre-treatment,
the injection of DOX still resulted in mild-to-moderate
damage, shown by the presence of necrotic cells, atrophy of
cardiomyocytes, and inflammatory cells in cardiac tissue of rats
(Figure 4D1, D2). Conversely, the administration of VCO and
EVOO combination could reduce the presence of myocardial
pathological damage. In this group, some histopathological
changes were found, including hemorrhage and necrotic cells,
but the degree was minimal (Figure 4E1, E2). Only two of five
animals in this group had minimal myocardial damage, while
the three others did not elicit myocardial injury similar to that
observed in the normal controls (Table 1).

DISCUSSION

In spite of its chemotherapy benefit, the use of the DOX regimen
is closely related to increased incidence of cardiotoxicity in

Table 1. Histopathological changes and scores found in each

animal in the treatment groups

Groups Rat Histopathological changes (score)
Al None (0)
A2 None (0)
Control A3 None (0)
A4 None (0)
A5 None (0)
Necrotic cells and atrophy of
B1 .
cardiomyocytes (2)
Necrotic cells, vacuolization, atrophy of
B2 . ;
cardiomyocytes, and myolysis (3)
Necrotic cells, atrophy of
B3  cardiomyocytes, vacuolar degeneration,
DOX
and hemorrhage (3)
Necrotic cells, atrophy of
B4  cardiomyocytes and inflammatory cells
(2
Necrotic cells and atrophy of
B5 .
cardiomyocytes (2)
Necrotic cells and atrophy of
C1 .
cardiomyocytes (2)
Necrotic cells and atrophy of
Cc2 .
cardiomyocytes (2)
VCO + DOX C3  Necrotic myocardial cells (1)
Cardiomyocyte degeneration and
c4 .
inflammatory cells (1)
C5  Cardiomyocyte degeneration (1)
Cardiomyocyte degeneration and
D1
hemorrhage (1)
Necrotic cells, atrophy of
D2 cardiomyocytes and inflammatory cells
(2)
EVOO + DOX D3 Necr.otlc cells and atrophy of
cardiomyocytes (2)
Cardiomyocyte degeneration and
D4
hemorrhage (1)
Necrotic cells, atrophy of
D5  cardiomyocytes and inflammatory cells
Q)]
E1 Mild hemorrhage (1)
E2  Degenerative cells (1)
E3  None (O)
VCO: EVOO + DOX E4 None ()
E5  None (0)

The level of damage was none to minimal (0), mild (1), moderate (2), and
intense (3). DOX: Doxorubicin, VCO: Virgin coconut oil, EVOO: Extra virgin

olive oil
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cancer patients!” Consequently, various research is imposed
in the pursuit of cardioprotective agents that can impede DOX-
induced toxicity, including olive oil,”® taurine,” vitamin E,? and
vitamin C.2"22 The progression of DOX cardiotoxicity is instigated
by the formation of free radicals in the metabolic process of
the chemotherapy agent, leading to impaired calcium transport
in the sarcolemma, increased production of lipid peroxides,
and the release of TNF-, interleukin-2, and free cytokines.? In
this study, the administration of DOX was employed to trigger
cardiotoxicity in rats. A previous study has shown that DOX i.p.
injection (25 mg/kg) in rats was associated with increased ROS
formation, myocyte necrosis, cardiomyocyte atrophy, vacuolar
degeneration, and hemorrhage.?

In this present study, a single injection of DOX (25 mg/
kg) was shown to trigger a significant elevation of cardiac
injury biomarkers, demonstrating its deleterious effects on
cardiac cells. Additionally, the toxic effect of DOX manifests
in histopathological lesions, mostly portrayed by the presence
of necrosis and atrophy of cardiomyocytes. The pre-treatment
with either EVOO or VCO-EVOO combination in DOX-treated
rats caused an attenuation of SGOT, LDH, and CKMB elevations.
However, we found that the combination of VCO and EVOO
was more effective to restore cardiac biomarkers to normal
levels compared to the administration of EVOO as single
preparation. Interestingly, in this study, although VCO could
ease the increase of CKMB and LDH levels, it failed to improve
the SGOT level in DOX-treated rats. A similar result was also
depicted in the histopathological examination. It is shown that
DOX-induced histological alteration was mostly improved
with VCO and EVOO combination compared to VCO or EVOO
alone. Indeed, the application of the oil combination before DOX
injection apparently capable of preserving the normal features
of cardiac muscle cells.

The health benefit of EVOO consumption has long been
recognized due to the high concentration of monounsaturated
fatty acids (MUFAs) content, especially oleic acid. Oleic acid
increases plasma high density lipoprotein and reduce LDL
cholesterol levels.? For this reason, oleic acid is expected to
prevent cardiovascular disease, which is the leading cause of
death in industrialized countries. Previously, several studies
have shown the cardioprotective effect of olive oil on DOX-
induced cardiotoxicity.®® This effect was bestowed by the
antioxidative compounds contained in olive oil° including
oleuropein and hydroxytyrosol!'?® Instead of hindering
anticancer activity of DOX, the antioxidant activity of EVOO was
found to synergistically improve DOX effect as chemotherapy.?

VCO has also been known to provide benefits in eliminating
stress, weight loss, lowering cholesterol and LDL levels,
maintaining blood pressures, circulatory disorders, as an
immunomodulator and anti-inflammatory agent.?®?° Indeed,
VCO's benefits on endogenous antioxidant and defense
mechanism have been known for years2°3" These promising
effects have placed VCO as one of the virtuous candidates
for cardioprotective agents. Nonetheless, apart from studies
focusing on VCO's hepatoprotective, antioxidant, and

immunomodulatory effects,®3 there is lack of studies that
focus on VCO's cardioprotection against DOX toxicity.

In our study, it is demonstrated that VCQO's cardioprotection
against DOX toxicity was inferior compared to EVOO. Various
studies have shown that the health benefits of EVOO are far
beyond MUFA effects since EVOO is also rich in phenolic
contents, tocopherol, squalene, phytosterols, triterpenoids,
and B-carotene.®*® Compared to coconut oil, olive oil was found
to be superior in reducing atherosclerotic plaque in hamsters
fed with a high-fat diet.3® Another study has also confirmed
this result by showing better prevention of hepatic steatosis,
insulin sensitivity, inflammation, and fatty acid oxidation in mice
treated with olive oil compared to coconut 0il.* Having said
that the important finding in this present study is that EVOQ's
protective effects were augmented when it was combined with
VCO. The combination could significantly improve cardiac injury
biomarkers as well as histological features of cardiac tissues
compared to EVOO alone. It is believed that by combining VCO
and EVOO, the antioxidant compounds contained in both oils may
work synergistically to restrain the formation of free radicals
and restore the antioxidant balance. This finding necessitates
future studies to further investigate the enhanced benefit of
EVOO by combining it with VCO as nutraceutical, especially to
provide protection against DOX-induced cardiotoxicity.

CONCLUSION

The combination of VCO and EVOO (1:1) at 10 mL/kg of rat body
weight was superior to either VCO or EVOO alone in preventing
the elevation of cardiac biomarker injury in DOX-treated rats.
VCO and EVOO combination was found capable of recovering
cardiac histopathological alteration due to acute toxicity of DOX.

ACKNOWLEDGMENTS

The authors want to thank Professor Elly Wahyudin, Professor
Natsir Djide, and Yusnita Rifai, Ph.D for their valuable advice
during the study.

Ethics

Ethics Committee Approval: All animal protocols were
performed based on institutional guidelines for animal
laboratory handling and registered under an institutional ethical
clearance number of UH21020059 from the Ministry of National
Education, University of Hasanuddin Faculty of Medicine, Health
Research Ethics Committee.

Informed Consent: Not applicable.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Concept: Y.Y.D, Design: VY.Y.D., B.P.P.,, Data Collection or
Processing: A.U.U., Analysis or Interpretation: Y.Y.D., A.U.U.,
Literature Search: A.U.U., Writing: A.U.U., Y.Y.D., B.P.P.
Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.



UTARI et al. VCO-EVOO Combination Protects Against Doxorubicin

143

REFERENCES

1.

Thorn CF, Oshiro C, Marsh S, Hernandez-Boussard T, McLeod H, Klein
TE, Altman RB. Doxorubicin pathways: pharmacodynamics and adverse
effects. Pharmacogenet Genomics. 2011;21:440-446.

Borgatti A, Chemotherapy, in canine and feline gastroenterology, RJ
Washabau, MJ Day, Editors. 2013, WB Saunders: Saint Louis:494-499.

Khattry N, Malhotra P, Grover A, Sharma SC, Varma S. Doxorubicin-
induced cardiotoxicity in adult Indian patients on chemotherapy. Indian
J Med Paediat Oncol. 2009;30:9-13.

Sandamali JAN, Hewawasam RP, Fernando MACSS, Jayatilaka
KAPW, Madurawe RD, Sathananthan PP, Ekanayake U, Horadugoda J.
Anthracycline-induced cardiotoxicity in breast cancer patients from
Southern Sri Lanka: an echocardiographic analysis. BioMed Res Int.
2020;2020:1847159.

Scully R, Miller A, Grant Y, and Lipshultz SE, Anthracycline, herceptin,
and cv toxicity, in comprehensive toxicology (second edition), CA
McQueen, Editor. Elsevier: Oxford. 2010;413-427.

Schaupp CM, White CC, Merrill GF, Kavanagh TJ. Metabolism of
doxorubicin to the cardiotoxic metabolite doxorubicinol is increased in
a mouse model of chronic glutathione deficiency: a potential role for
carbonyl reductase 3. Chem Biol Interact. 2015;234:154-161.

Siraki AG, Klotz LO, and Kehrer JP, Free radicals and reactive oxygen
species, in Comprehensive toxicology 3™ edition), CA McQueen, Editor.
Elsevier: Oxford. 2018;262-294.

Nurul-Iman BS, Kamisah Y, Jaarin K, Qodriyah HM. Virgin coconut oil
prevents blood pressure elevation and improves endothelial functions
in rats fed with repeatedly heated palm oil. Evid Based Complement
Alternat Med. 2013;2013:629329.

Arunima S, Rajamohan T. Effect of virgin coconut oil enriched diet on
the antioxidant status and paraoxonase 1 activity in ameliorating the
oxidative stress in rats - a comparative study. Food Funct. 2013;4:1402-
1409.

Rus A, Molina F, Ramos MM, Martinez-Ramirez MJ, Del Moral ML.
Extra virgin olive oil improves oxidative stress, functional capacity,
and health-related psychological status in patients with fibromyalgia: a
preliminary study. Biol Res Nurs. 2017;19:106-115.

Umeno A, Takashima M, Murotomi K, Nakajima Y, Koike T, Matsuo T,
Yoshida Y. Radical-scavenging activity and antioxidative effects of olive
leaf components oleuropein and hydroxytyrosol in comparison with
homovanillic alcohol. J Oleo Sci. 2015;64:793-800.

Djabir YY, Arsyad MA, Sartini S, Lallo S. Potential roles of Kleinhovia
hospita L. leaf extract in reducing doxorubicin acute hepatic, cardiac
and renal toxicities in rats. Pharmacogn Res. 2017;9:168-173.

Zakaria ZA, Rofiee MS, Somchit MN, Zuraini A, Sulaiman MR, Teh LK,
Salleh MZ, Long K. Hepatoprotective activity of dried- and fermented-
processed virgin coconut oil. Evid Based Complement Alternat Med.
2011;2011:142739.

Gomez MS, Cellat M, Ozkan H, Borazan Y, Aydin T, Gokgek I, Turk
E, Guveng M, Cakir A, Ozsoy SY. Protective effect of oleuropein on
ketamine-induced cardiotoxicity in rats. Naunyn Schmiedebergs Arch
Pharmacol. 2020;393:1691-1699.

Mnafgui K, Hajji R, Derbali F, Khlif I, Kraiem F, Ellefi H, Elfeki A, Allouche
N, Gharsallah N. Protective effect of hydroxytyrosol against cardiac
remodeling after isoproterenol-induced myocardial infarction in rat.
Cardiovasc Toxicol. 2016;16:147-155.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Andreadou |, Sigala F, lliodromitis EK, Papaefthimiou M, Sigalas C,
Aligiannis N, Savvari P, Gorgoulis V, Papalabros E, Kremastinos DT.
Acute doxorubicin cardiotoxicity is successfully treated with the
phytochemical oleuropein through suppression of oxidative and
nitrosative stress. J Mol Cell Cardiol. 2007;42:549-558.

Nagy AC, GulAcsi-BArdos P, CserEp Z, Hangody L, Forster T. Late
cardiac effect of anthracycline therapy in physically active breast
cancer survivors - a prospective study. Neoplasma. 2017;64:92-100.

Kumral A, Giris M, Soluk-Tekkesin M, Olga¢ V, Dogru-Abbasoglu
S, Turkoglu U, Uysal M. Effect of olive leaf extract treatment on
doxorubicin-induced cardiac, hepatic and renal toxicity in rats.
Pathophysiology. 2015;22:117-123.

Samadi M, Haghi-Aminjan H, Sattari M, Hooshangi Shayesteh MR,
Bameri B, Armandeh M, Naddafi M, Eghbal MA, Abdollahi M. The role of
taurine on chemotherapy-induced cardiotoxicity: a systematic review
of non-clinical study. Life Sci. 2021;265:118813.

Kumral A, Giris M, Soluk-Tekkesin M, Olgag V, Dogru-Abbasoglu S,
Turkoglu U, Uysal M. Beneficial effects of carnosine and carnosine
plus vitamin E treatments on doxorubicin-induced oxidative stress
and cardiac, hepatic, and renal toxicity in rats. Hum Exp Toxicol.
2016,35:635-643.

Ludke A, Sharma AK, Bagchi AK, Singal PK. Subcellular basis of
vitamin C protection against doxorubicin-induced changes in rat
cardiomyocytes. Mol Cell Biochem. 2012;360:215-224.

Djabir YY, Usmar U, Wahyudin E, Mamada SS, Hamka IRN, Putri DPS,
Amalia I. Roles of vitamin C and vitamin E on doxorubicin-induced renal
and liver toxicity in rats. Nusantara Med Sci J. 2016;1:16-23.

Angsutararux P, Luanpitpong S, Issaragrisil S. Chemotherapy-induced
cardiotoxicity: overview of the roles of oxidative stress. Oxid Med Cell
Longev. 2015;2015:795602.

Jimenez-Lopez C, Carpena M, Lourengo-Lopes C, Gallardo-Gomez
M, Lorenzo JM, Barba FJ, Prieto MA, Simal-Gandara J. Bioactive
compounds and quality of extra virgin olive oil. Foods. 2020;9:1014.

AlMalki WH, Shahid I. Characterization of antihypertensive and
cardioprotective effects of extra virgin olive oil against doxorubicin
induced cardiomyopathy in rats. J Pharm Pharmacogn Res. 2020;8:316-
326.

Omar SH. Oleuropein in olive and its pharmacological effects. Sci
Pharm. 2010;78:133-154.

El-Kammar H, Ghazy SE. Synergistic effect of combined treatment with
extra virgin olive oil and doxorubicin on squamous cell carcinoma cell
line. Egypt Dent J. 2018;64:3407-3416.

Ma ZF, Lee YY. Virgin coconut oil and its cardiovascular health benefits.
Nat Prod Commun. 2016;11:1151-1152.

Babu AS, Veluswamy SK, Arena R, Guazzi M, Lavie CJ. Virgin coconut
oil and its potential cardioprotective effects. Postgrad Med. 2014;126:76-
83.

Famurewa AC, Ekeleme-Egedigwe CA, Nwali SC, Agbo NN, Obi JN,
Ezechukwu GC. Dietary supplementation with virgin coconut oil
improves lipid profile and hepatic antioxidant status and has potential
benefits on cardiovascular risk indices in normal rats. J Diet Suppl.
2018;15:330-342.

Nevin KG, Rajamohan T. Beneficial effects of virgin coconut oil on lipid
parameters and in vitro LDL oxidation. Clin Biochem. 2004;37:830-835.




144

UTARI et al. VCO-EVOO Combination Protects Against Doxorubicin

32.

33

34.

Silalahi J, Rosidah Y, Satria D. Virgin coconut oil modulates tCD4+ and
tCD8+ cell profile of doxorubicin-induced immune-suppressed rats.
Biomed Pharmacother. 2010;64:579-581.

Mustika M, Fachrial E, Girsang E, Lister INE. Effect of virgin coconut
oil toward antioxidant endogen and stress oxidative on rats induced
doxorubicin. In 2020 3" International Conference on Mechanical,
Electronics, Computer, and Industrial Technology (MEChIT). 2020.
IEEE.

Girsang E, Nasution AN, Lister INE. Comparison hepatoprotective
effect of virgin coconut oil and Curcuma longa Linn against doxorubicin
induced hepatotoxicity in wistar rat. In 2020 3™ International Conference
on Mechanical, Electronics, Computer, and Industrial Technology
(MECnIT). 2020. IEEE.

35.

36.

3.

Silenzi A, Giovannini C, Scazzocchio B, Vari R, D'Archivio M, Santangelo
C, Masella R. Extra virgin olive oil polyphenols: biological properties and
antioxidant activity, in Pathology, VR Preedy, Editor. Academic Press.
2020;225-233.

Mangiapane EH, McAteer MA, Benson GM, White DA, Salter AM.
Modulation of the regression of atherosclerosis in the hamster
by dietary lipids: comparison of coconut oil and olive oil. Br J Nutr.
1999;82:401-409.

Lépez-Salazar V, Tapia MS, Tobdn-Cornejo S, Diaz D, Aleman-
Escondrillas G, Granados-Portillo O, Noriega L, Tovar AR, Torres N.
Consumption of soybean or olive oil at recommended concentrations
increased the intestinal microbiota diversity and insulin sensitivity
and prevented fatty liver compared to the effects of coconut oil. J Nutr
Biochem. 2021:94:108751.



Turk J Pharm Sci 2022;19(2):145-152
DOI: 10.4274/tjps.galenos.2021.02058

ORIGINAL ARTICLE

Phytochemical, Histochemical and /n Vitro
Antimicrobial Study of Various Solvent Extracts of
Costus speciosus (J. Koenig) Sm. and Costus pictus

D. Don

@ Sana Saffiruddin SHAIKH*, ® Abubakar Salam BAWAZIR, ® Barrawaz Aateka YAHYA

Y.B. Chavan College of Pharmacy, Dr. Rafig Zakaria Campus, Department of Quality Assurance, Aurangabad, India

ABSTRACT

Objectives: Costaceae family comprises many ornamental and medicinal plants used for different diseases. This investigation includes the
phytochemical, histochemical, and in vitro antimicrobial study of Costus speciosus (J. Koenig) Sm. and C. pictus D. Don.

Materials and Methods: Solvents such as methanol, ethyl acetate, and hexane were used to extract the leaves and rhizomes of both plants. The
antibacterial study was executed using the agar well diffusion technique.

Results: Phytochemical study confirmed that alkaloids, flavonoids, quinones, and saponins were present in solvent extracts of both plants.
The macromorphological studies including size, shape, texture, surface characters, and color, were analyzed. Salmonella typhi, Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus were used for the antibacterial study. Agar well diffusion and agar disk
diffusion methods were performed to determine the susceptibility of bacterial strains to various extracts of these plants.

Conclusion: Histochemical analysis revealed alkaloids, proteins, and phenols in the vascular bundles, the cortex, and epidermis of stem, root, and
leaves of the plants. Inhibition zones caused by the methanol and hexane extracts showed better antibacterial activity compared to those of other
extracts. Future work on the isolation, purification, and characterization of the active constituents and the elucidation of possible mechanisms can

be executed.

Key words: Costaceae, Costus pictus, Costus speciosus, histochemical, antibacterial activity

INTRODUCTION

Plants have been used as medicine since the start of the human
race. These medicines were initially used as poultices, tinctures,
teas, powders, etc.? Medicinal plants are familiar sources of
medicine. Substantial evidence can be cited favoring herbs being
used to treat diseases and restoring and fortifying body systems
in the ancient systems of medicines such as Ayurvedic, Unani,
and Chinese traditional medicine.® Antimicrobial activity is one
of the most eyed usefulness in the field of herbal medicines. A
measurement of determination of antibacterial activity is zone
of inhibition. There is a proportionate relationship between
the zone of inhibition and antibacterial activity.* Many plants
have shown a profound antimicrobial activity. The family of
Zingiberaceae comprises about 1.300 species and 52 genera
spread all over Asia, tropical Africa, and the Americas.® In a

country like India, the plant propagates in the sub-Himalayan
region, central India, Maharashtra, Karnataka, and Kerala.® The
Costus spp. from the family Costaceae are commonly grown as
medicinal and ornamental plants.”® The Costus spp. additionally
used as a dietary supplement to manage many diseases
throughout the world.? Costus speciosus (CS), commonly known
as crepe ginger,”° is an essential plant grown in India!" The
name CS was changed recently to Hellenia speciosa (J. Koenig
ex Smith) S. Dutta.'>”® The pharmacological activities reported
for CS are antioxidant, antibacterial, analgesic, anti-cholinergic
activity, antidiabetic, anti-inflammatory, antidiuretic, antifungal,
larvicidal, estrogenic activities, and anti-stress."*® Costus pictus
(CP) is another ornamental plant from the family of Costaceae.
CP is also known as fiery Costus, insulin plant, spiral flag,
and step ladder!®” The rhizome and leaves show antidiuretic,
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bacterial, anti-anthelmintic, and antitumor activities!® It also
possesses hypoglycemic and anti-inflammatory action.*?°
The main purpose of the current study was to conduct
phytochemical and histochemical analysis and evaluate the
antibacterial activity of various solvent extracts of CS and CP
on selected bacterial pathogens.

MATERIALS AND METHODS

Analytical-grade chemicals such as hexane, methanol, ethyl
acetate, and nutrient agar were procured from Sigma-Aldrich,
Germany. Other chemicals such as phloroglucinol, safranin
were obtained from Loba Chemie, Sudan red Ill and iodine from
Qualigens Fine Chemicals. Other chemicals such as sulfuric
acid, hydrochloric acid, sodium hydroxide, ferric chloride,
ammonium hydroxide, and acetic acid were also used.

Collection, identification, and authentication of plant materials
Healthy plants of CS and CP were collected from Usha nursery,
Mallapuram district, Kerala. Both the plants have deposited video
accession number 722 and 723 in the Herbarium, Department
of Botany Dr. Babasaheb Ambedkar Marathwada University,
Aurangabad, Maharashtra, India. The fresh leaves? from the
plant's CP while the rhizome of CS?? was collected, washed
thoroughly, and shade dried. The sample was powdered using a
laboratory mixer grinder at high speed for 5 min and was stored
in a tightly-closed container for one day before being used for
analysis.

Preparation of the plant extracts

Aqueous extraction: Preparation of the extracts was done by
the following method. 2 g of powdered material was extracted
with 50 mL of water by the maceration process. The mixture
was filtered with Whatman filter paper. The filtered solution
was reduced to one-fourth of its original volume (50 mL) by
vacuum in a rota-evaporator at 40°C to a constant weight until
the volume reached a concentration of 160 mg/mL. The solution
obtained was autoclaved at 121°C and 15lb pressure and stored
at 4°C for further studies.?

Solvent extraction (cold maceration)

The dried and powdered materials from the rhizome and leaves
(2 g) were weighed accurately. The powder was macerated
separately with ethyl acetate, hexane, and methanol sequentially
with occasional stirring for 48 h.2* The mixture was filtered and
then reduced to one-fourth volume at 40°C with rota-evaporator
and stored for further studies.?52

Macro-morphological study

Macroscopic observation of the plant was carried out.?"?®
Qualitative analysis was performed onthe basis of morphological
and sensory properties such as size, shape, texture, surface
characteristics, taste, color, odor, etc., was recorded.?

Histochemical study

Freehand sections of leaves, stem, rhizome and root materials
were taken and treated with the respective reagent to localize
the chemical constituents in the tissues. The stained sections
were compared with the fresh unstained sections. The sections

were mounted on a slide to be observed under a compound
microscope. The mounted sections were observed under
the compound microscope and were studied for various
phytochemicals such as alkaloids, phenols, tannins, proteins,
etc.32734

Physicochemical tests

Various parameters such as total ash value, acid insoluble ash,
water-soluble ash, sulfated ash, moisture content (loss on
drying), water content, foreign organic matter, and extractive
values (methanol, hexane, ethyl acetate, and water) were
studied.®%"

Phytochemical screening:

a. Test for tannins: To about 2-3 mL extract, 2-3 drops of 5%
FeCl, solution. With the formation of green or bluish-black
color, the presence of tannins is indicated.*®

b. Test for saponins (Foam formation test): To about 2 to 3 mL
extract, 5 mL de-ionized water was added. Vigorous shaking
resulted in persistent foam formation. It was allowed to stand for
15 min and kept for honeycomb froth, which shows saponins.®

c. Test for flavonoids (Shinoda test): To 1 mL extract, a few
magnesium ribbon fragments and 4-5 drops of conc. HCl was
added. The presence of flavonoids is confirmed by the formation
of the pink or red.”

d. Test for terpenoids (Salkowwski test): In 0.5 mL extract, 2 mL
chloroform along with conc. H,SO, was added. The red-brown
color at the interface indicates terpenoids.*

e. Test for carbohydrates (Molisch’s test): 1 mL extract in addition
to 1 mL of conc. H,SO,, gives a red to violet zone, which is
visible at the interphase of the oil-water layers. The presence
of carbohydrates and glycosides is indicated.*

f. The test for anthraquinone (Bontrager's test): To 1 mL of extract,
5 mL benzene was added. Further, it was shaken and filtered.
5 mL of ammonium hydroxide (10%) was added, followed
by shaking the contents. A red, pink, or violet in the lower
ammoniacal phase confirms the presence of anthraquinones.*?

g. Test for cardiac glycosides (Keller-Kiliani test): A mixture of 2
mL of acetic acid added with 1-2 drops of 2% ferric chloride
solution was mixed with 1 mL extract. This mixture was then
introduced into another test tube that had 2 mL conc. H,SO0,.
The appearance of a brownish-colored ring at the interphase
and cardiac glycosides are indicated in the sample.**

h. Test for coumarins: A test tube was made with filter paper
moistened in dilute NaOH, about 1 mL of sample extract was
taken. The sample was heated for 3-5 min. Further, the filter
paper was examined under ultraviolet (365 nm) for yellow-
colored fluorescence, which confirms the test for coumarins.®

i. Test for steroids (Liebermann-Burchard test): About 2 mL
of acetic acid was added to 1 mL extract. After cooling the
solution on an ice bath, conc. H,SO, was added carefully. The
development of violet to blue or bluish-green color confirms the
test for steroids.*

J. Test for alkaloids: In 1 mL extract, 2 mL of 1% HCl was added,
and the solution was heated. Further, 4 to 5 drops of Mayer’s
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reagent was added. A precipitate white or cream in color
formation confirms the test for alkaloids.*’

Antimicrobial activity studies

Microorganisms

Reference bacterial strains were obtained from the Master
of Science Department of Maulana Azad College, Dr. Rafiq
Zakaria Campus, Aurangabad (MS.), India. The strains comprise
of Bacillus subtilis (ATCC 19659), Staphylococcus aureus (ATCC
6538), Pseudomonas aeruginosa (ATCC 9027), Escherichia coli
(ATCC 8739), and Salmonella typhi (ATCC 14028). The bacterial
isolates were kept at 4°C on an agar slant. The sample was
sub-cultured for 24 h in nutrient agar at 37°C before any
susceptibility test.*8

Media preparation

About 23 g of nutrient agar was dissolved in distilled water
(1000 mL). The mixture was autoclaved for 15 min at 121°C.
Further, it was left to cool at room temperature. After cooling
(about 45°C), it was transferred into petri dishes. Each petri

dish was left to cool for about 30-35 min until completely set.*
51

Agar disk diffusion method

Each bacterial sample was spread on sterile agar plates using
a clean and pre-sterilized cotton swab. Pre-calibrated Whatman
filter paper disks of about 5 mm in diameter and 2.5 pL infused
capacity was prepared and sterilized. Each disk was infused
with different crude extracts of concentration 40 mg/disk and
then sited on bacterial pre-swabbed agar plates. Streptomycin
was used as a positive control. The samples were allowed to
diffuse at RT for 30 min. The diffused petri plates were kept for
incubation at 35 £ 0.5°C for 24 h. After incubation, the microbial
growth was determined by measuring the diameter (mm) for
inhibition zones.525

Agar well diffusion test

Each bacterial inoculum was swabbed on the sterile agar plate
using a clean and a sterilized cotton swab. Wells of about 7 mm
in diameter with 50 plL capacity were made into the agar plates.
The initial concentration of crude extract used for the agar well
diffusion method was 40 mg/mL. Due to the higher concentration
of the crude extract, it was found that the zones of inhibition
merged with each other. Henceforth, the concentration of the
crude extracts was reduced to 20 mg/mL. Positive control (PC)
(streptomycin) 30 pg/ulL, negative control (various solvent
extracts), and sample solution (all crude extracts) were added
to each well and allowed to diffuse for 30 min at RT. Plates
were incubated for 24 h at 35 + 0.5°C to determine the inhibition
zones (mm) as a measure of antibacterial activity.>>* No
statistical analysis was carried out in this study.

RESULTS

Macro-morphological study

Costus speciosus: CS is an erect succulent herb up to 3 m in
height. The leaves are elliptical to oblong-lanceolate silky
beneath, subsessile, thick spirally arranged with stem-clasping

sheaths up to 4 cm. The rhizome of CS is tuberous, having 10-
15 cm length and 1-3 cm diameter. Rhizomes are usually sub-
cylindrical unbranched and covered with a brownish epidermis
or cork. Small circular scars of about 2 - 4 mm in diameter are
present on the upper and lower surfaces at specific intervals.
Flowers are white , large, thick, cone-like terminal spikes, with
bright red stripes, lips with the yellowish throat; red capsules,
fruits globosely trigonous, the diameter of about 2 cm, black
colored seeds, with white aril. The upper surface was marked
with nodal scars circular with a residue of leaf bases, lower and
lateral surfaces exhibited small circular spots of roots, or few
thin rootlets fractured fibrous and fractured yellowish-brown
surface. Stems nearly woody at base, unbranched, spirally
twisted in the upper part. No characteristics of taste or odor
(Figure 1.

CP is a perennial herb. Typically, multi-trunked or clumping
stems. The stems hirsute and green near the apex, glabrous
and purple toward the base, with spiral light green leaves and
airy, the tissue paper-like flowers are yellow with orange-red
stripes. The leaves are alternate, simple, entire, smooth surface,
pinnate parallel venation, conspicuously ligulate (red-colored)
large fresh-looking spirally arranged, and oblong-lanceolate
being dark green above when mature, and lighter green below.
The leaf's shape is narrowly elliptical with a length of 10 to 25
cm and a width up to 6 cm. The leaves have a characteristic
taste and odor (Figure 2).

Histochemical study

Histochemical studies help in the determination of chemical
constituents in the cells and tissues. The method can identify
cellular components such as carbohydrates, proteins, nucleic
acids, lipids, etc.5"%® Thin sections of leaves, roots, rhizomes,
and stem were taken. Further, the sections were stained using
various stains, such as Sudan red lll, iodine, phloroglucinol,
and ferric chloride. The transverse section of rhizome leaves
and stems of the plants show fibrovascular bundles. Plants
are monocot commends (Figure 3). The leaves and stem show
epidermis bearing simple, unlignified, thick-walled trichrome
unicellular, simple, and multicellular glandular with pointed
apex; central vascular bundles closed system with collenchyma
on both sides. Leaves are dorsiventral on the upper epidermis.
Parenchymatous cells encircle the vascular bundles in the
presence of starch grains. Phytochemicals such as phenols,
alkaloids, and proteins were found to be present in the epidermal
tissue, the cortex, and vascular bundles of the root, stem, and
leaves. The stem shows scattered lignified vascular bundles,
thin-walled unlignified collenchyma, uniseriate multicellular
trichrome central vascular pith primary xylem. Rhizomes are
monocot with cortex showing scattered vascular bundle, thin-
walled parenchymatous cells. The roots show wide vessel
parenchymatous thin corks with thin-walled medulla. Central
cork/pith in the epidermal region brownish with the presence
of fibrous vascular bundles scattered. The primary xylem
toward the center shows brownish content in the cell. The
cortex is occupied in 2/3 portion surrounded by the thin-walled
parenchymatous cell (Figure 4).
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Physiochemical and phytochemical tests

As there is an increase in antibiotic resistance in various
diseases, the alternative system medicine can be of interest.
Many plants contain phytochemicals with antimicrobial
properties, which could play a crucial role in therapeutic
treatments.® The physiochemical properties such as
organoleptic properties, ash value, extractive values, moisture
content, foreign organic matter, and swelling index are given
(Table 1). The aqueous, methanolic, ethyl acetate, and hexane
extracts (HE) (Table 2) show various compounds identified. The
different tests indicated alkaloids, flavonoids, quinones, and
saponins. The crude extracts from leaf and rhizome samples of
CP and CS did show a positive test for terpenoids and steroids.
The methanolic crude extract showed a positive test for tannins.
HE from both plants show chemicals like steroids, alkaloids,
flavonoids, and triterpenoids, while saponins and tannins were
absent. Ethyl acetate crude extract from both plants showed
a negative test for saponins, while CP ethyl acetate extract
indicated the presence of alkaloids.

Antimicrobial activity studies

The investigational study for antibacterial activity against
various pathogenic bacterial strains using the agar disk
diffusion technique was conducted. The disk diffusion method
was used only for qualitative evaluation of antibacterial
activity for respective crude extracts. Optimization of the

antibacterial activity was carried out by using the agar well
diffusion test.

Table 2. Phytochemical constituent of plants Costus speciosus
and Costus pictus

Chemical Costus speciosus Costus pictus
constituent AE ME EAE HE AE ME EAE HE

Tannins - + - - - - - _
Saponins + + - - + ¥ - _
Flavanoids + - - - + + + +
Quinones + + + + + + + +
Glycosides - + + + + + + +
Cardiac

glycosides * * * oo * *
Carbohydrates - + + + - + + +
Terpenoids - + + + + + + +
Phenols + + - - + + + +
Coumarins + + - - + + + 4
Steroids + + - - + + + 4
Alkaloids - + - - + + + +

AE: Aqueous extract, ME: Methanolic extract, HE: Hexane extract, EAE: Ethyl
acetate extract

Table 1. Physiochemical test results for Costus speciosus and Costus pictus

Tests

Results

Costus speciosus (rhizome) Costus pictus (leaves)

1- Organoleptic properties
a) Appearance

Buff colored powder Light green powder

b) Color Buff brown Light green

c) Odor No characteristic odor Characteristic odor
d) Taste No taste Sour in taste
e) pH 7.4 +0.06 6.5+ 0.08

2- Moisture content (%) 45+032 10.155 + 0.032
3- Ash value (%) - -

a) Total ash value 45+0.5 14.29 £ 015

b) Acid insoluble ash value 0.932 +0.03 3.20 + 0.060
c) Water soluble ash value 1.58 + 0.07 8.70 + 0.012
4- Foreign organic matter (%) 0.7 +0.04 0.07 £ 0.063
5- Extractive values (%) - -

a) Methanol 8.74 + 0.99 17+ 0.03

b) Ethyl acetate 532+ 0.63 7.60 + 0.02

¢) Hexane 2.06 £ 0.02 6.50 £ 0.03

d) Aqueous 7.34 +0.63 10.25 + 0.07

6- Swelling index

Initial (mL) 3.5 £ 0.32
Final (mL) 5.6 + 0.13

Initial (mL) 2.5 + 0.20
Final (mL) 6.5 + 0.130
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Agar disk diffusion method

The different solvent extracts for CS had a lower to negligible
effect based on the agar disk diffusion method. However, the
marketed extract of CS was highly effective against various
bacterial strains. The solvent extracts of CP had an efficient
antibacterial activity; however, the marketed extract shows a
lesser activity comparatively. Concluding the overall results,
the marketed extract of CS and different solvent crude extracts
of CP was used for the agar well diffusion method. The zone
of inhibition obtained for the agar disk diffusion technique is
shown in (Table 3). The graphical representation of the zone of
inhibition achieved using the agar disk diffusion technique is
shown (Figure 5).

Agar well diffusion test

The methanolic extract (ME) showed the highest inhibition
against E. coli. In contrast, the hexane and ethyl acetate extracts
displayed comparatively low activity. A potential antibacterial
activity was exerted by the hexane extract and ME against S.
aureus with inhibition zones of 38 and 17 mm, respectively
(Figure 6). However, the ethyl acetate extract showed
comparatively lower activity (9 mm). The standard extract
showed maximum activity against B. subtilis. While the hexane,
ethyl acetate, and methanolic extracts, caused comparatively
lower activity. Against P. aeruginosa, the HE shows the highest
activity, while the ME, reference and ethyl acetate extract show

Figure 3. Histochemical studies on (A) leaves (B) stem (C) rhizome of
Costus speciosus (1) unstained section (2) test for fixed oils, volatile oils (3)

comparatively lesser activity. The best antibacterial activity test for lignified tissues (4) test for proteins (5) test for phenols
against S. typhi was observed with the ME comparatively with

other extracts (Table 4). The aqueous extract indicated a mild A B C
activity against S. typhi, while no activity was recorded against
other bacterial pathogens tested. The graphical representation
of the inhibition zones achieved using the agar well diffusion
method is shown at Figure 7.

2
3
Figure 1. Costus speciosus (A) flowers (B) rhizomes (C) whole plant of C.
speciosus
4
5

Figure 4. Histochemical studies on (A) leaves (B) roots (C) stem of Costus
pictus (1) unstained section (2) test for fixed oils, volatile oils (3) test for
lignified tissues (4) test for proteins (5) test for phenols

Figure 2. Costus pictus (A) flowers (B) roots (C) whole plant of C. pictus
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able 3. Disc diffusion method results

Zone of inhibition (in mm)

Microorganism Costus speciosus Costus pictus

PC:  AE®  MEe HE‘ EAE® SE' PC AE ME HE EAE SE
Staphylococcus aureus 33 - - 5 - 12 33 - - - " 12
Bacillus subtilis 30 - - - - 15 3 - 80 - 12 13
Pseudomonas aeruginosa 28 - - - 18 25 - 70 - 10 1
Escherichia coli 26 - - - - 9 26 - 80 - 80 9
Salmonella typhi - - - - - 9 - - 14 60 60 9

*PC: Positive control, ®’AE: Aqueous extract, “ME: Methanolic extract, °HE: Hexane extract,

Antibacterial activity of Costus speciosus by Disc Diffusion method

u PC-Positive Control

mAE-A

Extract

“ ME-Methanolic Extract

ZOlin mm

HE-Hexane Extract
® EAE-Ethyl Acetate Extract
™ SE-Standard Extract

B. subtilis P
aeruginosa

S. aureus E. coli S. typhi

Antibacterial activity of Costus pictus by Disc Diffusion method

m PC-Positive Control

¥ AE-Aqueous Extract
= ME-methanolic Extract

ZO0lin mm
~
S

HE-Hexane Extract
¥ EAE-Ethyl Acetate Extract
™ SE-Standard Extract

B. subtilis P.
aeruginosa

S. aureus E. coli S. typhi

Figure 5. Graphical representation of the zone of inhibition achieved by
disc diffusion method

Figure 6. Zone of inhibition for agar well diffusion (1) Escherichia coli (2)
Pseudomonas aeruginosa (3) Staphylococcus aureus (4) Salmonella typhi (5)
Bacillus subtilis

A: Hexane extract, C: Positive control, E: Ethyl acetate extract, M: Methanolic
extract, SE: Standard extract, W: Aqueous extract

°EAE: Ethyl acetate extract, ‘SE: Standard extract

Table 4. Agar well diffusion method results

Zone of inhibition (mm)

Microorganism Costus Costus pictus

PC® speciosus

(SE" AE® MEc HEY EAE®

Staphylococcus
aureus 1 12 - 17 38 9
Bacillus subtilis 31 14 - 22 12 12
Pseudomonas
geruginosa 3B 12 - 12 13 12
Escherichia coli 29 - - 1 10 10
Salmonella typhi 18 14 - 10 9 9

2PC: Positive control, "AE: Aqueous extract, “ME: Methanolic extract, “HE:
Hexane extract, sEAE: Ethyl acetate extract, ‘SE: Standard extract

Antibacterial activity by Agar Well Diffusion method (Costus pictus and
Costus speciosus)

u C: Positive control

= WE: Aqueous extract

. ic Extract

AE-Hexane Extract

ZOlin mm
S

= EE-Ethyl Acetate Extract

= SE-Standard Extract

B. subtilis E. coli

S. typhi

S.aureus P. aeruginosa

Figure 7. Graphical representation of the zone of inhibition achieved by
agar well diffusion method

DISCUSSION

The histochemical and phytochemicals investigation of CS
and CP reveals alkaloids, phenols, proteins, saponins, tannins,
anthraquinones, and flavonoids. The literature®®%? reveals that
presence of these phytochemicals is responsible for having
curative activity against several microbes. Therefore, CS
and CP extracts were evaluated for antimicrobial activity and
ensuring promising results as antimicrobial agents (Tables 3,
4). The comparative study carried out gives an idea about the
antibacterial potential of the plant crude extracts. The standard
and crude extracts show inhibitory activity against the examined
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bacterial strains. B. subtilis was found to be more resistant
compared with other bacterial strains, while P. aeruginosa and
S. typhi were found to be more susceptible toward the crude
and standard extracts. The negative control used in the study
does not show any markable antibacterial activity against the
selected pathogenic strains. Extracts of both plants that showed
inhibition zone diameters of >10 mm were considered active. In
according to this, both extracts are better antibacterial agents
and, therefore, using these plants as antibacterial agents has
been validated.

CONCLUSION

The pharmacognostic study of CS and CP gave important
information concerning the morphology of crude drugs. They
can be used for the authentication of CS and CP among all
Costus spp. The adulteration and purity of these drugs can also
be determined. The microscopic character, physicochemical,
and phytochemical screening parameter studies help set
standards for these crude drugs. Significantly, fewer data was
available on the histochemical study of both the plants CS and
CP; henceforth, it was carried out elaboratively. Histochemical
studies revealed alkaloids, flavonoids, carbohydrates, and
terpenoids in the leaf, stem, and roots. The phytochemical
screening study also confirmed chemical components such
as alkaloids, flavonoids, carbohydrates, phenols, glycosides,
and terpenoids. Up to date, the antibacterial potential and
comparative study against specified bacterial pathogens were
not reported. Besides this, the novelty of the current work is
to differentiate the activity between Gram-positive and Gram-
negative bacterial strains. The potential increase of 2 folds
in the antibacterial activity for HE (CP) against S. aureus was
observed, however, ME (CP) shows an equivalent activity
as PC. The result indicates that both plants show potential
antibacterial activity ensuring bioactive compounds useful in
primary healthcare. Further work is needed on the isolation,
characterization, and purification of the active constituents
and understanding the possible mechanism of action as an
antibacterial agent.
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Formulation and Development of Aqueous Film
Coating for Moisture Protection of Hygroscopic
Herniaria glabra L. Tablets

© Hakim EL MABROUKI*, ® Irina Evgenievna KAUKHOVA

Saint-Petersburg State Chemical Pharmaceutical University, Department of Industrial Technology of Drugs, Saint-Petersburg, Russia

ABSTRACT

Objectives: The present study aims to develop a moisture-protective coating solution and use it to film coat hygroscopic Herniaria glabra L. tablets.
Materials and Methods: Five coating formulations were developed and applied on H. glabra core tablets in a fluidized-bed coating. The film-coated
tablets were evaluated by appearance, percentage of moisture gain, disintegration time, and percent of drug release. Physicochemical properties
and stability during storage of the best obtained coated tablets were studied.

Results: The results of this study showed that the film coating F5 containing 25% hydroxypropyl methyl cellulose (HPMC), 20% shellac, 10%
polyethylene glycol (PEG) 1500, 29.6% PEG 4000, 5% tween 80, 10% titanium dioxide, and 0.4% acid red 2 offered good protection for coated tablets
against moisture. Coated tablets showed physical and dissolution stability during storage.

Conclusion: A combination of hydrophilic polymer HPMC and hydrophobic polymer shellac is suitable for balancing moisture-protective properties
and attaining the fast release of drugs. This study could make it worthwhile to develop a pharmaceutical moisture barrier film coating system for

immediate release tablets. However, more studies will be needed to evaluate the moisture-resistant film further.
Key words: HPMC, shellac, moisture protection, coating, Herniaria glabra tablets

INTRODUCTION

Tablets are the most popular dosage form of the drugs in use
today. However, tablets may contain moisture-sensitive active
pharmaceutical ingredients (APIs). The stability of APl in tablets
during their shelf life is necessary to ensure its effectiveness.
Thus, absorbing moisture can cause hydrolysis and oxidation,
which conduct to the degradation of the active substances
and consequently decrease in therapeutic efficiency of the
medicine! Therefore, the most suitable is to protect the core
tablets with a moisture protective film that could efficiently
prevent water vapor from attaining the cores and hence prevent
the hydrolytic degradation of API.??

Moisture protective films are used for protection from moisture
and improve physical appearance, mechanical resistance, and
masking unpleasant odors and tastes.*

A perfect coating film should exhibit various qualities to attain
the function of the moisture barrier. Thus, the coating film

should be uniform and smooth and guarantee the stability of
the drug during the shelf life. Such a coating film should also
possess an adequate thickness and low permeability to water
vapor.®

The use of the coating film with water-soluble polymers has
seen great success in recent years due to the drawbacks of
organic solvents (toxicity, pollution, and explosion hazards)
utilized in water-insoluble polymers.®” Therefore, water-soluble
polymers, including hydroxypropyl methyl cellulose (HPMO),
hydroxyethyl cellulose, and polyvinyl alcohol, are widely used
in moisture barrier coating.®

A coating film formed with entero-soluble polymers, such as
shellac polymer, could efficiently provide moisture protection
and enteric functionalities due to their insolubility at acidic and
neutral pH.”™® Shellac polymer can be used in coating film to
achieve enteric applications, immediate-release properties,
taste masking, and seal coating.

*Correspondence: hakimelmabrouki@yahoo.fr, Phone: +7 (812) 234 57 20/+7 (812) 234 60 41, ORCID-ID: orcid.org/0000-0002-2826-3609
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Different methods have been developed to test the moisture
uptake of drugs. The most common method is to measure the
weight increase of the dosages at various constant temperature
and humidity conditions. Therefore, both uncoated and coated
pharmaceutical dosages are investigated for their moisture
uptake at these various humidity conditions created by a
saturated salt.

Tablets containing Herniaria glabra L. extract, potassium citrate,
and sodium citrate were developed in a laboratory to study their
diuretic and antilithiasic effect®* However, studies have shown
that obtained tablets are moisture sensitives. Thus, absorbing
moisture can cause degradation of the active substances and
consequently reduce their therapeutic efficacy.

The objective of this study was to develop moisture barrier
films based on HPMC and shellac polymers, to film coat
hygroscopic H. glabra core tablets, and evaluate the moisture
barrier properties of the films at different humidity conditions.
Drug release of the coated tablets was investigated. In addition,
the stability of the coated tablets during storage was also
evaluated.

MATERIALS AND METHODS

Chemicals and reagents

H. glabra was supplied by herbs Morocco (Rabat, Morocco);
potassium citrate, sodium citrate, schellac, lactose monohydrate,
calcium stearate, tween 80, and titanium dioxide were provided
by Merck (Darmstadt, Germany); HPMC 6FC was obtained from
Dow Chemical Company (Midland, MI, USA); polyethylene glycol
(PEG) 1500 and PEG 4000 was provided by Stepan Company
(Northfield, USA), while stearic acid was received from Tianjin
Damao Chemical Reagent Factory (Tianjin, China); acid red 2
was supplied by Spectrum Chemical (New Brunswick, USA).

Preparation of film-coated Herniaria glabra tablets

Preparation of saponin-rich extract of Herniaria glabra

H. glabra herb was initially defatted with petroleum ether in the
Soxhlet apparatus and then extracted with ethanol 70% for 7
days by maceration* The obtained extract was purified from
ballast and accompanying substances using the selective liquid-
liquid extraction method with organic solvents (cyclohexane,
chloroform, and ethyl acetate) and then precipitated in cold
acetone, obtaining purified saponin-rich extract. The obtained
extract was dried at 60°C.

Preparation of core tablet

The core tablet contains 50 mg saponin-rich extract H. glabra,
100 mg potassium citrate, 100 mg sodium citrate, 245 mg lactose,
and 5 mg calcium stearate was obtained by wet granulation
method. All the ingredients were weighed correctly and sieved
through a 20 mesh sieve. Saponin-rich extract H. glabra,
potassium citrate, and sodium citrate as drug substances and
lactose monohydrate as a diluent was loaded into a Laboratory
High Shear Mixer Granulator (STE Techpharm, Spain) and
mixed for 5 min!® The powder blend was granulated using
purified water as granulating fluid. Purified water was sprayed

onto the powders with 3 g/min and 0.11 MPa spray air pressure.
During the spraying, the impeller speed was 600 rpm. The wet
granules were air-dried in the Lab Fluid Bed Dryer (STREA-1,
Aeromatic Fielder, Switzerland) at an inlet temperature of 60°C
for 10 min!” The dried granules were milled through an 850 um
sieve and lubricated for 5 min with calcium stearate, and stored
for compression into tablets. The tablets were compressed with
a single punch machine (Korsch EKO, Germany). The average
weight of the tablets was 500.0 mg.

Preparation of film-coating suspensions

Five coating formulations were developed using HPMC and
shellac as film-forming agents, stearic acid, PEG 1500 and 4000
as plasticizers, tween 80 as the surfactant, titanium dioxide as
a pigment, and acid red 2 as colorant; detailed compositions
were shown in the Tables 1 and 2.

Formulation F1 contained 8% shellac, 0.6% stearic acid, 6%
PEG 4000, 0.4% tween 80, 1.5% Ti0O,, 0.05% acid red 2 dye, 10%
ammonia 25% and 73.45% distilled water. Polymeric shellac
solution was obtained by dissolving 40 g shellac polymer in a
mixture of 200 mL water and 50 g 25% ammoniated aqueous
solution under stirring and heating at a temperature between
50-60°C.® The obtained polymer shellac solution was cooled
to room temperature. 30 g PEG 4000, 2.0 g tween 80, and
3.0 g stearic acid were added progressively and mixed to the
polymeric shellac solution until evenly dispersed. Titanium
dioxide (7.5 g) was dispersed in 100 mL purified water using
a magnetic stirrer for 2 hours in a separate container. The
obtained shellac mixture was thoroughly mixed with titanium
dioxide suspension, 0.25 g acid red 2 dye, and remaining
water under stirring for 60 minutes to obtain a homogenized
distribution.

Formulation F2 contained 7.5% shellac, 7.5% PEG 4000, 0.5%
tween 80, 1.5% TiO,, 0.05% acid red 2 dye, 10% ammonia 25%
and 72.95% distilled water. Formulation F2 (not containing
stearic acid) was prepared in the same way as F1.

Formulation F3 contained 6% HPMC, 6% PEG 4000, 0.3%
tween 80, 1% TiO,, 0.05% acid red 2 dye and 86.65% distilled
water. Polymeric HPMC solution was obtained by dissolving
30.0 g HPMC polymer in 300.0 mL purified water with magnetic
stirring at 80°C for 60 minutes. The obtained polymeric HPMC
solution was cooled to room temperature (RT) and mixed with
30.0 g PEG 4000 and 1.5 g tween 80. In a separate container, 5.0
g titanium dioxide was dispersed in 100 mL purified water using
a magnetic stirrer for 2 hours. The obtained HPMC mixture was
mixed with titanium dioxide suspension, 0.25 g acid red 2 dye,
and remaining water under stirring for 60 minutes to obtain a
homogenized distribution.

Formulation F4 contained 2.4% shellac, 3% HPMC, 2.8% PEG
4000, 1% PEG 1500, 0.6% tween 80, 1.2% TiO,, 0.05% acid red
2 dye, 4% ammonia 25% and 84.95% distilled water. Polymeric
shellac solution (12.0 g shellac prepared in the same way as F1)
was mixed with 14.0 g PEG 4000, 5.0 g PEG 1500, and 3.0 g
tween 80 to obtain a homogenized shellac mixture. Polymeric
HPMC solution (15.0 g HPMC prepared similarly to F3) was
mixed with the shellac mixture, titanium dioxide suspension
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(6.0 g TiO,), 0.25 g acid red 2 dye, and remaining water under
stirring for 60 minutes in order to obtain a homogenized
distribution.

Formulation 5 contained 2.4% shellac, 3% HPMC, 3.6% PEG
4000, 1.2% PEG 1500, 0.6% tween 80, 1.2% TiO,, 0.05% acid
red 2 dye, 4% ammonia 25% and 83.95% distilled water.
Formulation F5 was prepared in the same way as F4.

The coating solutions were filtered through sieve number 140,
equivalent to 160 ym (ASTM E-11, Cole Parmer, USA), and
stored in an airtight container.

Preparation of free films

Free films were prepared by casting polymer solution onto glass
petri dishes and placed in an oven at 50°C for 24 h. Dried films
were removed and cut carefully into strips with an average
thickness of 200-300 um, a width of 10 mm, and a length of
50 mm. The free film was kept in a desiccator with 50% RH

Table 1. Composition of coating solutions (w/w%)

Component F1 F2 F3 F4 F5
Shellac 8.0 7.5 - 2.4 2.4
Stearic acid 0.6 -2 - - -
HPMC® 6FC - - 6.0 3.0 30
PEG® 4000 6.0 75 6.0 2.8 3.6
PEG 1500 - - - 1.0 1.2
Tween 80 0.4 05 0.3 0.6 0.6
Tio, 1.5 15 1.0 1.2 1.2
Acid red 2 0.05 005 0.05 0.05 0.05
Ammonia 25% 10.0 100 - 4.0 4.0
Distilled water 7345 7295 86.65 8495 8395

*None, "HPMC: Hydroxypropyl methyl cellulose, “PEG: Polyethylene glycol

at RT until mechanical analyses were performed. Mechanical
properties of the films, including tensile strength and elongation
at break, were evaluated by a texture analyzer (TA-XT plus, UK)
using a 50 N load cell and crosshead speed of 5 mm/min.

Coating process

The coating of the tablets was carried out in a fluid bed coater
(Strea-1 Aeromatic Fielder, Switzerland) and the coating
parameters were as follows: Batch size 500.0 g, inlet air
temperature 60°C, outlet air temperature 45°C, airflow 90
m3/h, atomizing air pressure 2.0 bar, spray rate 3 g/min, drying
temperature 50°C and drying time 15 min. The tablets were
coated until a weight gain of 6% w/w. The coating solution was
stirred continuously during the overcoating process.

Evaluation of tablets core and coated tablets

The thickness, friability, hardness, and disintegration time of
the core tablets and coated tablets were studied according to
the methods described in the Russian Pharmacopoeia 14.°
The thickness was determined with a micrometer (moore and
right 1965B, UK), the friability was determined with a friabilator
(Erweka TA 100, Germany), the hardness was measured
using a hardness tester (Erweka TBH 125, Germany) and the
disintegration time was studied in distilled water (disintegration
medium) at 37 + 0.5°C using disintegration tester (Erweka ZT
120, Germany).

Dissolution test of tablets

The dissolution test was performed using the Russian
Pharmacopeia 14 paddle method.?° Drug release was measured
in Erweka dissolution tester (DT 720, Germany) using distilled
water as the dissolution medium, maintained at 37 + 0.5°C and
agitated at 50 rpm (n= 6). The samples were withdrawn at 5, 10,
15, 20, 30, 45, and 60 min.

Drug release of saponins was determined spectrophotometrically
based on the method of Hiai et al.?’ To 0.5 mL of sample and

Table 2. Compositions of film-coating (%)

Component F1 (%) F2 (%) F3 (%) F4 (%) F5 (%)
Shellac 48.3 44.0 -2 217 20.0
Stearic acid 37 - - - -
HPMCP 6FC - - 45.0 271 25.0
PEG*© 4000 36.3 44.0 45.0 253 29.6
PEG 1500 - - - 9. 10.0
Tween 80 2.4 29 2.2 55 5.0
Tio, 9.0 8.8 7.4 10.9 10.0
Acid red 2 03 0.3 0.4 0.4 0.4
Ammonia 25% *d * * * *
Distilled water * * * * *

Total 100.0% 100.0% 100.0% 100.0% 100.0%

*None, ®"HPMC: Hydroxypropyl methyl cellulose, “PEG: Polyethylene glycol, “Distilled water and ammonia 25% are volatile components, which do not remain in the

film coating
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standard (escin), 0.5 mL of 8% vanillin solution. Then 5.0 mL of
72% sulfuric acid were added and mixed well in an ice water
bath. The mixture was warmed in a bath at 60°C for 10 min,
then cooled in water at the ambient temperature for 5 min. The
absorbance of the standard and samples was measured at 560
nm using a ultraviolet 1240 spectrophotometer from Shimadzu,
Japan.

Preparation of reagents: 8% (w/v) vanillin solution: 800 mg
of vanillin was dissolved in 10 mL of 99.5% ethanol. Prepared
freshly for each determination.

72% (v/v) sulfuric acid: To 28 mL of deionized water, 72 mL of
sulfuric acid was added.

Drug release of citrates was determined using the non-
aqueous acid-base titrimetry method described in European
Pharmacopeia 8.22 20 mL of sample was evaporated gently on
a hot plate until dryness, then dissolved in 20 mL of anhydrous
acetic acid, heating to about 50°C. It allowed cooling. 0.25 mL
of naphtholbenzein solution as an indicator was added, and the
solution was titrated with 0.1 N perchloric acid until a green
color was obtained.

Preparation of reagents: Preparation of anhydrous acetic acid:
104 mL of acetic anhydride poured into glacial acetic acid in
small portions with stirring. The acid container was left to
stand for about a day.

Preparation of 0.1 N titrated perchloric acid solution in
anhydrous acetic acid: Approximately 8.5 mL of 72% perchloric
acid was dissolved in 100 mL of anhydrous acetic acid, about
30 mL of acetic anhydride was added in small portions with
constant cooling of the solution to bind water. The bottle was
closed with a cork and left for a day in a dark place, then the
volume of the solution was brought to 1 liter.

Moisture uptake of tablets

Moisture uptake of the tablets was determined by placing
the tablets in desiccators of 25°C/75% RH, saturated sodium
chloride solution, and 25°C/91% RH, saturated potassium
nitrate solution.?® Weight gain was measured at predetermined
time points.

Stability test of coated tablets

The samples of coated tablets were blister packed in aluminum
using the packing machine DP-210 (Wenzhou T&D Packaging
Machinery Factory, China). Stability studies were realized
according to ICH guidelines.? Tests were conducted under RT

and accelerated stability conditions. The samples designed for
RT were kept at 30 + 2°C and 65 + 5% relative humidity, while
the accelerated stability samples were kept at 40 + 2°C and 75
+ 5% RH in a humidity chamber (Binder KBF 115, Germany).
The RT samples were tested at O, 3, 6, 9, and 12 months. The
accelerated stability samples were tested at O, 1, 2, 3, and 6
months. The coated tablets were tested for their physical
appearance, hardness, friability, disintegration, and dissolution
during storage.

Ethics committee approval
In this study, ethics committee approval is not required.

Statistical analysis
In this study, statistical data was not used.

RESULTS AND DISCUSSION

It has been shown that coatings affect the physicochemical
properties of the tablet to varying degrees and these changes
are suggestive of the effect of the coating materials.®% The
moisture uptake behavior of coated tablets exposed to different
relative humidity conditions can be utilized to measure the
ability of a film coating to protect the core tablet against
moisture.?” Thus, core tablets of H. glabra were coated using
the prepared coating solutions (Tables 1, 2). The results of the
tested parameters are presented in Table 3 and Figures 1-3.

For formulations F1 and F2

Tablets coated with formulation F1 (TCF1) showed an excellent
physical appearance with a smooth surface. The coated tablets
exhibited the best moisture protection compared to other coated
tablets (moisture gain of 5.1% at 75% RH and 6.4 at 90% RH).
Coated tablets’ disintegration time was increased compared to
core tablets (from 3 min in core tablets to 25 min in coated
tablets). The dissolution profile of TCF1 showed a decrease in
drug release (80.2% of saponins and 84.4% of citrates).

TCF2 also showed an excellent physical appearance and
good moisture protection. Removing stearic acid from F2 has
slightly decreased disintegration time (22 min) and increased
dissolution of coated tablets (82.3% of saponins and 87.2% of
citrates).

Free shellac films F1 and F2 presented lower tensile strength
and higher elongation (Figure 1.

Interestingly, shellac-coated tablets showed the lowest moisture
uptake at 75% and 90% relative humidity (Figure 2). However,

Table 3. Physicochemical properties of uncoated and coated Herniaria glabra tablets

Formulation Disintegration (min) Saponin release (%) Citrate release (%) Physical appearance
Tablet cores 31 941+1.2 96.0 £ 1.3 -

CTF1 25+1 80.2+15 84.4+0.5 Smooth shiny surface
CTF2 22 +1 823+0.7 87.2+1.2 Smooth shiny surface
CTF3 7T+1 90.2 +1.2 932+ 09 Signs of cracking
CTF4 151 86.1+0.9 893+ 11 Signs of cracking
CTF5 151 88.0+ 16 90.6 + 0.8 Smooth shiny surface
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Figure 2. Percent moisture (weight) gain of coated tablets at 25°/75% RH
and at 25°/90% RH

shellac coating led to a long disintegration time and reduced
the resulting drug release rate considerably. Therefore, it is
convincing to suggest that these findings can be attributed to
shellac’s poor water solubility and the hydrophobic character of
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Figure 3. Drug release of H. glabra-coated tablets with different coating
solutions (F1, F2, F3, F4, and F5)

the stearic acid (in F1), which have led to the form of a coating
film with low permeability.28-°

For formulation F3

TCF3 showed the shortest disintegration time (7 min) and
exhibited the best drug release (90.2% of saponins and 93.1%
of citrates) in comparison to other coated tablets. However,
coated tablets manifested high moisture uptake (moisture gain
of 8.4% at 75% RH and 10.5% at 90% RH) and showed signs of
cracking.

Therefore, the tablets coated with HPMC film showed higher
moisture uptake than tablets coated with shellac film, indicating
that HPMC has a lower potential for moisture protection than
shellac. This is a result of the hydrophilic nature of the HPMC
film. Then, the HPMC polymer, a hydrocolloid, absorbs water
molecules due to hydrogen bonding with water molecules and
itself. As a result, when the film is exposed to water/moisture,
it tends to allow a water vapor permeability.®
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For formulations F4 and F5

TCF4 showed lower water uptake rates than HPMC-coated
tablets (moisture gain 5.6% at 75% RH and 7.3% at 90% RH).
The disintegration time of TCF4 was reduced (15 min) in
comparison to HPMC-coated tablets. The dissolution profile of
TCF4 showed an increase in drug release (86.1% of saponins
and 89.3% of citrates) in comparison to HPMC-coated tablets.
However, TCF4 has shown signs of cracking attributed to a lack
of plasticizer concentration in film.

Increasing concentrations of plasticizers, 1.2% PEG 1500 and
3.6% PEG 4000 in coating solution F5 (10% PEG 1500 and
29.6% PEG 4000 in film coating F5), have disappeared and well-
coated tablets (TCF5) with smooth surfaces were obtained.
Increasing the number of plasticizers has also led to a decrease
in tensile strength and increased percent elongation (Figure 1).
TCF5 showed a low moisture uptake. Thus, the weight gain was
decreased from 16.1% of core tablets to 5.7% of TCF5 at 75%
RH and from 18.2% of core tablets to 7.5% of TCF5 at 90% RH.

In the shellac-HPMC composite film, shellac is a hydrophobic
component that repels water molecules from forming a bond

Table 4. Physicochemical properties of uncoated and film-
coating Herniaria glabra tablets CTF5

Uncoated CTF5
Average weight of tablet (mg) 500.0 £ 1.7 530.0 £ 0.8
Diameter (mm) 1.0+ 0.4 11.5+05
Thickness (mm) 311 +£012 335+ 014
Hardness (n) 121+£0.8 12.4 + 0.7
Friability (%) 0.15 012
Disintegration time (min) 31 151
Saponin content (%) 941+1.2 88.0+16
Citrate content (%) 96.0 +1.3 90.6 + 0.8

due to its hydrophobicity and hence reduces the permeability of
water vapor through the composite film.323

TCF5 showed a satisfactory disintegration time within 15 min,
and drugrelease achieved 88% of saponins and 90.6% of citrates
which complied with the Russian dissolution requirements.

Therefore, the combination of 3% HPMC and 2.4% shellac in
coating solution (25% HPMC and 29.6% shellac in film coating)
has led to good protection for coated tablets against moisture
and provided satisfactory dissolution.

According to these findings, the formulation F5 showed the
most satisfactory results and was selected as an optimized
formulation after comparative evaluation.

The properties of uncoated and coatedtablets canbe seenin Table
4. TCF5 showed a slight increase in hardness and a decrease
in friability. The tablets’ weight variation also decreased, which
is indicative of the excellent coating uniformity provided by the
fluid bed process. The disintegration time was increased from
3 min (core) to 15 min. From the results, uncoated and coated
tablets showed suitable characteristics which complied with
the Russian Pharmacopoeia 14.

Stability studies
CTF5 was stored in a stability chamber with controlled
temperature and humidity to study their stability. Thus,
physicochemical properties were studied. The results are
shown in Table 5.

Long-term and accelerated stability studies showed no major
change in physical characteristics, hardness, friability, and
disintegration of coated tablets. Drug release was within acceptable
limits and complied with the Russian dissolution requirements.
Thus, CTF5 was stable under stability testing conditions.

CONCLUSION

Hydrophilic polymer HPMC and hydrophobic polymer shellac
are suitable for balancing moisture-protective properties and

Table 5. Stability testing of Herniaria glabra coated tablets at room temperature and under accelerated conditions

. Physical . . Saponin .
Period characteristics (pink Hardness Friability (%) D|§|ntegrat|on release (%) Citrate
(month) (n) (min) release (%)
tablet)

0 Appropriate 124 +0.8 010+ 012 15+1 88.0+16 90.6 + 0.8
CTF5 3 Appropriate 124 +0.6 010+x0M 15+1 88.0 + 1.0 90.6 +1.2
at room 6 Appropriate 123+ 0.4 0.11+0.09 151 879 £ 11 905+ 13
temperature

9 Appropriate 122+ 0.3 013 +0.08 15+1 87.8 £ 1.5 90.3+0.9

12 Appropriate 122+ 09 014+ 0.4 151 87.6+09 90.1 £ 11

0 Appropriate 124+ 0.8 010+ 0.12 151 88.0 £ 1.6 90.6 + 0.8
CTF5 1 Appropriate 123+ 0.5 011+ 013 151 879 +£1.2 90.4 + 1.4
under 2 Appropriate 12307 012+0.07 151 87815 90.2 +12
accelerated
conditions 3 Appropriate 122+ 0.6 012 +0.12 151 87.6 +1.4 90.1+0.8

6 Appropriate 121£09 0.14 £ 0.15 15+1 873+0.7 899 +15
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attaining fast-release drugs. The results of this study showed
that formulation of film coating containing 25% HPMC and 20%
shellac as film-forming agent, 10% PEG 1500 and 29.6% PEG
4000 as plasticizers, 5% tween 80 as a surfactant, 10% titanium
dioxide as pigment and 0.4% acid red 2 as colorant offered
good protection for coated H. glabra tablets against moisture.
Moreover, coated tablets showed physical and dissolution
stability during storage. This study could make it worthwhile to
develop a pharmaceutical moisture barrier film coating system
for immediate release tablets. However, more studies will be
needed to evaluate the moisture-resistant film further.
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ABSTRACT

Objectives: This study evaluates the effect of vitamin D with calcium supplementation on glycemic control and quality of life (QoL) in patients with
diabetes.

Materials and Methods: A prospective, observational, open-label randomized, controlled study was conducted on 150 type-2 patients with diabetes.
A total number of patients were divided into three groups (n= 50 in each group) i.e. group 1 (patient on oral hypoglycemic agents), group 2 (oral
hypoglycemic agents with vitamin D 60.000 |U/week), and group 3 (oral hypoglycemic agents, vitamin D 60.000 IU/week along with daily calcium
of 1.000 mg/day). Biochemical estimation of fasting/random blood glucose (RBG), hemoglobin Alc (HbATc), serum insulin and patient’s QoL were
analyzed using modified diabetes QoL (MDQoL)-17 questionnaire after 12 weeks of treatment. Data were analyzed using a student t-test (paired
t-test)

Results: The majority of the patients were male (more than 50%) with an average age of 50 + 6 years having a diabetic history of more than 10 years
and HbAIc level >10% in all three groups. After 12 weeks supplementation, the mean value of vitamin D was 25.73 + 6.2 ng/mL, 29.98 + 5.3 ng/mL
and 62.71 + 7.8* ng/mL in groups 1, 2, and 3, respectively (p<0.05) compared to baseline. A change in the mean value of HbATc, in group 2 (14.64 +
3.48 10 13.99 + 3.16%) and group 3 (14.05 + 2.65 to 12.04 + 2.21%) was also seen at the end of the study. Moreover, patients showed a positive effect
of vitamin D with calcium in group 3 with increased MDQoL, 30% of patients were in more than 70 score range.

Conclusion: The result of the study indicates that vitamin D supplementation with calcium significantly controlled or reduced HbAIlc; fasting and
RBG levels moreover improve QoL in type-2 patients with diabetes. It suggests that this combination can be considered a therapeutic supplement
along with a primarily used anti-diabetic regimen.

Key words: Diabetes mellitus type-2, glycemic control, quality of life, vitamin D, calcium

INTRODUCTION

Diabetes mellitus is a chronic, serious, and growing metabolic
disorder of the pancreatic gland, caused by relative or absolute
insulin deficiency. It develops frequently after the age of 40,
therefore, it is known as “Adult - Onset Diabetes”!More than 62
million patients with diabetes have been currently diagnosed
with the disease and it is the third leading cause of death.
Worldwide the number will keep on increasing due to aging,
population growth, and increasing prevalence of obesity or
physical inactivity because of a sedentary lifestyle.? Diabetes

is considered a potential epidemic and India is also called “The
Diabetes Capital of the World".* According to the World Health
Organization, the number of diabetic patients has risen from 108
million in 1980 to 422 million in 2014.% International Diabetes
Federation is expecting that there will be 578 million diabetics
by 2030 and estimates to raise 700 million by 2045.° Over the
past few decades, an interesting angle to the pathophysiology
of diabetes suggested a strong link of vitamin D concentrations
in the body with diabetes etiopathogenesis and vitamin D
deficiency is considered as a leading cause of this disease.®
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Vitamin D is required for normal insulin secretion and glucose
tolerance.” In various prospective observational studies, it
has been found that low serum vitamin D levels increase the
risk of developing insulin resistance in diabetes.” Moreover
vitamin D deficiency or insufficient calcium intake may modify
the balance between the intracellular and extracellular B-cell
calcium pools, resulting in disturbing normal insulin secretion.®
According to the pathogenesis of type-2 diabetes, the presence
of vitamin D receptors on the $-cells is responsible for insulin
resistance by affecting calcium metabolism or -cell function.”°
In addition, vitamin D improves insulin sensitivity by attenuating
the expression of pro-inflammatory cytokines Vitamin D
deficiency is prevailing in epidemic proportions worldwide and
specifically all over the Asian and European continent with a
prevalence of 70-100% in the general population.> Thus, we
found it important to elucidate the level of vitamin D and the
potential role of vitamin D supplementation with or without
calcium in improving glycemic control and quality of life (QoL)
in type-2 patients with diabetes.”

MATERIALS AND METHODS

This study was a prospective, observational; open-label
randomized controlled study of 12 weeks duration, to evaluate
the effect of vitamin D supplementation with or without
calcium on the glycemic profile in 150 patients of type-2
diabetes mellitus. Patients were selected from outpatient and
inpatient departments of medicine in a tertiary care hospital
for the period from November 2020 to March 2021 (including
2 months of recruitment). The Institutional Ethics Committee
(IEC) Maharishi Markandeshwar Institute of Medical Science
and Research approval was obtained (project no: IEC-1565)
before the conduct of the study. Written informed consent
was signed from all patients before participation in the study.
All biochemical test parameters were assessed after one day
of the last administered dose of supplements. Patients were
selected based on inclusion and exclusion criteria.

Inclusion criteria

Adult patients (40-60 years) having type-2 diabetes for at least
10 years, who were taking one or two oral hypoglycemic agents
regularly, hemoglobin Alc (HbAlc) >10% and low vitamin D
levels (24 ng/mL)

Exclusion criteria

Patients with other types of diabetes, current or previous use
of vitamin D or multivitamins, pregnant women, patients with
chronic kidney disease stage 5; diabetic ketoacidosis, liver
cirrhosis, hypothyroidism/hyperthyroidism, osteoporosis and
patients with a body mass index (BMI) more than 30 kg/m?were
excluded from the study.

Study design

The sample size was calculated based on the data obtained
from previous studies using power and precision software. A
total of 150 patients were identified according to inclusion and
exclusion criteria and were divided into three groups (n= 50 per
group) by simple randomization.

At the baseline of the study, after detailed patient history
and clinical examination, routine investigations were done to
exclude any comorbidity. The baseline values of fasting blood
glucose (FBG), random blood glucose (RBG), HbAlc, fasting
serum insulin, serum calcium, serum phosphate and vitamin
D levels were obtained on the day of enrollment to the study
and follow-up of these patients were up to 12 weeks. FBG/RBG
levels were observed every 4" week, whereas HbAlc, serum
vitamin D, and serum calcium levels were recorded at the
end of the study (Figure 1). During the study, the drugs were
prescribed by guidelines, and patients were instructed not to
change their oral anti-diabetic medicines, diet and lifestyle.The
QoL of selected patients with diabetes were assessed by the
validated questionnaire modified diabetes QoL (MDQol)-17,
which consists of 17 questions comprising seven domains
including role limitations due to physical health problems,
physical functioning, social functioning, and emotional well-
being, role limitations due to personal or emotional problems,
general health perceptions and energy or fatigue (Table 1.
The information was obtained and entered in a case report
form after obtaining their consent. The patients were scored
in the range between 0 and 100, where O is the minimum and
100 is the maximum score. For comparison and analysis, the
QoL score of MDQoL-17 was expressed as the percentage of
the total possible score achieved. The patients with having an
MDQoL score of less than 50 had a poor QoL, a score between
50-70 had a moderate QoL and a more than 70 score had a
better QoL.

Diabetes patients (N=201)

Exclusion criteria (N=51)
e Pediatric population
* Pregnant females
e Lactating mothers
e BMI>30 kg/m?
.
.
.

On insulin therapy

Diabetic keto acidosis

Type 1 Diabetes mellitus
Diabetes patients (N=201)

Exclusion criteria (N=51)
« Pediatric population

e Pregnant females

e Lactating mothers

e BMI>30 kg/m?

e On insulin therapy

« Diabetic keto acidosis

« Type 1 Diabetes mellitus

e Lwer cirhosis

e CKD stage 5

e Patient already taking Vitamin D &
calcium

* Age 40-60 « Hypothyroidism/hyperthyroidism

e Patient on oral hypoglycaemic agents. e Osteoporosis

Inclusion criteria (N=150)
e Type 2 Diabetes mellitus

e Patients with vitamin D hypovitaminosic

andom division,

[cowa o ]

On regular prescription+ Vitamin
D 60,000I'U/week for 12 weeks

[[Grow 1 v=50) |

On regular prescription
Assessment Parameters

[ After 12weeks

On regular prescription+ Vitamin
D 60,000IU/week + Calcium
1000mg/day for 12 weeks

[ At the time of admission day 1'* I

* FBG/RBG

= HbAIC

= Serum Insulin
= Vitamin D

Figure 1. Plan of work

FBG: Fasting blood glucose, RBG: Random blood glucose, HbAlc: Hemoglobin
Alc
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Statistical analysis
The data were normally distributed according to Kolmogorov-
Smirnov normality test.

Statistical methods were used to determine the differences
among the variables under study. The parametric data were
analyzed using paired Student t-test followed by Dunnett's
test into consideration for the special structure of comparing

treatmentagainstcontrol,yieldingnarrower confidenceintervals.
Statistical analysis was done using SPSS software version 23
with p<0.05 considered statistically significant.

RESULTS

Demographic data of 150 type-2 diabetic patients who were
divided into three groups based on the study protocol revealed

Table 1. Modified diabetes quality of life -17 questionnaire

Domains Response category and scores

General health 1(100)

2 (75) 3(50) 4 (25) 5 (0) -

How is your overall health after being

1 diagnosed as diabetic? Excellent Very good Good Fair Poor -
2 Diabetes has worsened your quality of life? ~ Not at all Slightly Moderately Quite a bit Extremely -
3 You get sick quite often compared to others? fDaT;:ltEIy Mostly false Don't know Mostly true ﬁimtely
Physical functioning 1(100) 2 (50) 30 - - -
4 Walking for normal daily chores (like going to  No not Yes limited ~ Yes limited ) )
work or market?) limited at all  a little a lot
_ . . No not Yes limited  Yes limited
? - - -
5 Climbing several flights of stairs? limited at all  a little a lot
No not Yes limited  Yes limited
imbi i irs? - - -
6 Climbing one flight of stairs? limited at all  a little a lot
Role limitations due to physical health 1(100) 2 (75) 3 (50) 4 (25) 5(0) -
7 Diabetes is affecting your work life? Not at all Slightly Moderately Quite a bit Extremely -
Emotional well being 1(100) 2 (80) 3 (60) 4 (45) 5 (20) 6 (0)
8 Do you feel downhearted or depressed? None of the A little of Spme of A good bit of Most of the All of the
time time time time time time
9 Is diabetes affecting your peace of mind? None of the A little of Spme of A good bit of Most of the All of the
time time time time time time
10 Do you feel scared when you think about None of the A little of Some of A good bit of Most of the  All of the
living with diabetes? time time time time time time
Role limitations due to emotional wellbeing 1 (100) 2 (80) 3 (60) 4 (45) 5 (20) 6 (0)
" Whether diabetes made you feel lost since it  None of the A little of Some of A good bit of Most of the  All of the
restricts the food items you like? time time time time time time
Is diabetes making you lose your confidence None of the A little of Some of A good bit of Most of the  All of the
in your abilities? time time time time time time
Social functioning 1(100) 2 (75) 3 (50) 4(25) 50 -
13 Is diabetes is affecting your family life? Not at all Slightly Moderately Quite a bit Extremely -

Do you feel embarrassed managing your

14 Diabetes in public (like taking tablets/ None of the A little of $ome of Agood bit of Most of the All of the
L .. time time time time time time
injecting the medicine?)

15 Whether diabetes is a hindrance when you None of the A little of Some of A good bit of Most of the  All of the
are planning for any travel time time time time time time

16 Is diabetes bringing up economic burden to None of the A little of Some of A good bit of Most of the  All of the
you? time time time time time time

Energy fatigue 1(100) 2 (80) 3 (60) 4 (45) 5(20) 6 (0)

. None of the A little of Some of A good bit of Most of the  All of the

17 Do you feel energetic?

time

time time time time time
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that most patients affected by diabetes were male (more than
50%) compared to females in all three groups. The mean age of
the patient found in this study was 50 + 6.2 years and BMI was
(27.7 + 0.6 kg/m?). All the patients were having type-2 diabetes
mellitus for more than 10 years and were taken from both in
patient (14 + 2%) and out-patient (84 + 4%) departments in all
three groups. No statistical difference was found in all three
groups of patients. The patient with diabetes was admitted to
the hospital, not due to diabetes or its complication. They were
admitted to the hospital due to other illnesses and diabetes
was found as a comorbid condition (Table 2). Drug prescribing
patterns in recruited patients were studied and analyzed on
the basis of symptoms and existing comorbid conditions. The
major categories of drugs prescribed were oral hypoglycemic
agents (monotherapy or dual therapy) with anti-hypertensive,
anti-platelets, statins, and antibiotics.

The mean FBG decreased (170 + 1311 mg/dL to 162 + 26.23
mg/dL) with oral hypoglycemic agents such as sulfonylureas
and biguanides in group 1, whereas in group 2 when oral
hypoglycemic agents were given with vitamin D supplementation
FBG levels decreased (176 + 09.54 mg/dL to 169 + 11.72 mg/dL)
and in group 3 the level of FBG was at maximum decline i.e. (167
+17.22 mg/dL to 139 + 11.59 mg/dL) with calcium and vitamin D
supplementation.

The RBG post supplementation was decreased non-significantly
(328.45 + 19.49 mg/dL to 249.45 + 18.43 mg/dL) in group 2,
whereas a statistically significant (p<0.05) decrease was seen
in group 3 (305.10 + 17.45 mg/dL to 20210 + 12.37* mg/dL).

The serum insulin levels were also found to be on the lower side
(30 + 11.27 plU/mL to 29 + 16.75 plU/mL) in group 1, whereas
in group 2 after supplementation of vitamin D without calcium
the serum insulin levels were (28 + 9.65 plU/mL to 24.67 +11.95
plU/mL) but statistically significant (p<0.05) decrease (29 =
7.39 plU/mL to 20.76 = 6.23* plU/mL) was seen in group 3 post
supplementation (Table 3).

The mean baseline serum vitamin D levels for group 1, group
2, and group 3 were 25.78 + 5.3 ng/mL, 28 + 4.1 ng/mL and
28 + 53 ng/mL, respectively. The levels of vitamin D were
significantly (p<0.05) increased 62.71 + 7.8* ng/mL in group 3,
after giving vitamin D with calcium supplementation for three
months. However, a non-significant increase in mean serum
vitamin D level was observed in group 1 and group 2 compared
to baseline after three months i.e. 25.73 + 6.2 ng/mL and 29.98
+ 5.3 ng/mL, respectively (Figure 2).

When calcium was given with vitamin D (group 3), a decrease in
HbAIlc levels from baseline i.e. 14.05 + 2.65% to 12.04 + 2.21%
was observed after three months of supplementation. However,
there was a slight increase in HbAlc levels (14.64 + 3.2%) in
group 1and a non-significant decrease in levels of HbA1C (13.99
+ 316%) was observed in group 2 with respect to baseline
parameters (1493 + 2.4%) and (14.64 + 3.48%), respectively
(Figure 3).

The mean calcium levels among individuals of group 2 revealed
a non-significant increase (9.06 + 0.63 mg/dL to 91 + 0.49 mg/
dL) from the baseline level among type-2 patients with diabetes.
In group 3, the levels of serum calcium after supplementation
for 3 months were found significantly (p<0.05) increase (10.1 +
0.71* mg/dL) compared to baseline (8.7 + 0.54 mg/dL), while no
change was observed in mean serum calcium levels in group 1
from (8.3 + 0.42 mg/dL to 8.41 + 0.51 mg/dL) (Table 3). Vitamin
D supplementation gradually increased phosphate levels (3.7 +
0.25 mg/dL) and (3.4 + 0.51 mg/dL) compared to their respective
mean baseline levels (3.3 + 0.43 mg/dL) and (3.1 + 0.33 mg/dL)
in group 2 and 3 (Table 3).

After supplementation for 3 months, only 2% of patients in
group-1 and 5% patients of group-2 experienced a better QoL,
but nearly 20% of the patients from group 3 scored more than
70 in MDQolL scoring. Moreover, the number of patients scoring
less than 50 score remains unchanged in group 1, whereas
compared to baseline scores of poor QoL class a decrease of

Table 2. Demographic data of study population

Population (n= 150)

Serial no Parameters
Group 1 (n=50) Group 2 (n= 50) Group 3 (n=50)

Age

1 - 41-50 46% (n=23) 48% (n= 24) 56% (n=28)
- 51-60 54% (n=27) 52% (n= 26) 44% (n=22)
Gender

2 - Male 58% (n=29) 62% (n=31) 54% (n=27)
- Female 42% (n=21) 38% (n=19) 46% (n=23)

3 BMI (kg/m?) 269 £ 0.5 289+ 0.7 272 +0.8
Duration of type-2 DM

4 - 10-15 years 44% (n=22) 42% (n=21) 46% (n=23)
- 15-20 years 56% (n=28) 58% (n=29) 54% (n=27)
Type of patient

5 - In patient 12% (n= 6) 16% (n=8) 14% (n="T1)

- Out patient 88% (n= 44)

84% (n= 42) 86% (n=43)

BMI: Body mass index, DM: Diabetes mellitus
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5% and 18% was seen in groups 2 and 3, respectively, post
supplementation. However, gradual changes have been seen
in moderate QoL score ie. 2% of patients experienced an
improvement in their QoL in groups 1 and 3, respectively, after 3
months of supplementation. This improvement is due to proper
adherence to oral hypoglycemic agents and vitamin D with or

without calcium supplementation (Table 4).

VITAMIN D

Serum Vitamin D Levels (ng/ml)

m Baseline @ At the end of study

Figure 2. Serum vitamin D concentrations at baseline and at the end of
the study

*p<0.05 was significant when compared with baseline value
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Figure 3. Serum HbA1lc concentrations at baseline and at the end of the
study

HbA1lc: Hemoglobin Alc

DISCUSSION

In this study, we investigated the relationship of diabetes with
respect to glycemic profile. Our study results revealed that
males are most frequently affected by type-2 diabetes compared
to females. Our study results are similar to the previous study
by Bahendeka et al!* has shown the prevalence of diabetes
among males (1.6%) is more dominant than in females (1.1%).
Sedentary lifestyle is considered as a reason for increased
body fat, increased BMI, and increasing the probability of
occurrence of metabolic diseases like type-2 diabetes mellitus,
dyslipidemia, and hypertension.® Because of our study patients
having BMI-25-29 kg/m? and this lead to the progression of
diabetes. Another major reason behind the increasing trend of
diabetes type-2 is vitamin D deficiency. Various studies have
shown that vitamin D stimulates the absorption of intestinal
calcium by increasing the reabsorption of calcium from the
distal tubule and by stimulating calcium mobilization from bone,
whereas vitamin D also helps in phosphorous absorption by
stimulating bone mobilization.” Asian and European populations
are found to be vitamin D-deficient!?” Thus, prescribing vitamin
D and calcium supplementation to diabetes patients perhaps
helps manage glycemic control in patients with diabetes.
Therefore, we evaluated the patients to measure the effect of
vitamin D and calcium after oral vitamin D supplementation of
60.000 IU/week without and with calcium supplementation of
1000 mg/day for 12 weeks. However, calcium supplementation
alone did not find any therapeutic effect on glucose levels,
insulin secretion or HbAlc levels.® Vitamin D controls insulin
secretion indirectly and normalizes the extracellular calcium
by ensuring normal calcium flux through cell membranes.”
Therefore, combination therapy of vitamin D and calcium
was found to be significantly more effective in managing the
glycemic profile of study participants than vitamin D or calcium
as monotherapy. We also found decreased mean baseline
serum vitamin D levels in patients with diabetes and our results
are similar to Scragg et al.?°, who also stated that there was
a strong inverse association between diabetes and low levels
of vitamin D, whereas normalizing these levels will result in
55% relative reduction in the risk of developing type-2 diabetes
mellitus. Numerous studies have also confirmed the effects of
vitamin D supplementation on glucose metabolism.”?' Present
study results follow previous studies. Reduction of FBG,

Table 3. Blood biochemical parameters before and after the supplementation of vitamin D and serum calcium

Group 1 (n=50)

Group 2 (n=50) Group 3 (n=50)

Serial Biochernical parameters Baseline Values after 3 Baseline Values after 3 Baseline Values after 3
ne and units values months values months values months

(mean + SD) (mean + SD) (mean + SD)
1 Fasting blood glucose (mg/dL) 170 + 13.11 162 + 26.23 176 + 09.54 169 + 11.72 167 +17.22 139 + 11.59
2 Random blood glucose (mg/dL) 308.36 +18.26  287.36 +13.65 328.45 +19.49 249.45 +18.43 30510 +17.45 20210 + 12.37*
3 Fasting serum insulin (uiU/mL) 30 = 11.27 29 £16.75 28 + 9.65 2467 £ 1195 29 +7.39 20.76 + 6.23*
4 Serum calcium (mg/dL) 83+0.42 8.41 + 0.51 9.06 + 0.63 91+ 0.49 8.7 + 0.54 101 £ 0.71*
5 Serum phosphate (mg/dL) 29+ 047 31+0.39 33+043 37+0.25 31+0.33 3.4 +0.51

p<0.05 was significant when compared with baseline value. SD: Standard deviation
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Table 4. Quality of life on basis of MDQoL scoring

Group 1 (n=50) Group 2 (n= 50) Group 3 (n=50)

Classification on basis

Qol. score of MDQoL scoring (Baseline) (After 3 months)  (Baseline) (After 3 (Baseline)  CAfter 3
months) months)
Less than 50 Poor QoL 54% 54% 56% 51% 60% 42%
50-70 Moderate QoL 28% 26% 32% 32% 30% 28%
More than 70 Better QoL 18% 20% 12% 17% 10% 30%

MDQoL: Modified diabetes quality of life

RBG, and HbAlc after administration of vitamin D along with
calcium; thus, managing glycemic control.?2"?? Initially, serum
calcium levels were tested to rule out hypercalcemia due to
supplementation but the concentration of serum calcium was
lower in patients with diabetes. Previous studies have also
shown an inverse correlation between calcium and disease
progression.?® These levels gradually began to increase
after supplementation. However, the mean levels of calcium
remained within the normal range at the end of the study, no
hypercalcemia was found because of supplementation and
our study results followed previous studies.?? Results of this
study also suggest that the mean level of phosphate was in the
normal range yet they were slightly increased from baseline
parameters, which are similar to previous studies.® The
reason behind this increase irrespective of the medication
and supplementation, is usually caused by a kidney problem
associated with natural diabetes progression.?*?® The present
study also assessed the QoL in patients with diabetes on the
basis of various domains including physical and emotional
wellbeing, mental state, and social functioning. We observed an
inverse correlation between QoL and disease progression, it is
suggesting that progression in diabetes has a negative impact
on QolL. Results were supported by previous studies which
stated that QoL was way better in patients at a younger age
without complications, with a BMI of <18.4 kg/m? and HbAIlc
level between 7.1-8.0%.26%" Diabetic patients with a diabetic
history of more than 10 years were found to have a poor QoL
in this study, whereas, the MDQoL score for the patients on
vitamin D with calcium supplementation along with diabetic
therapy was improved than the patients on oral hypoglycemic
agents only. This may be attributed to the fact that using vitamin
D with calcium as an adjuvant therapy gives better glycemic
control and improves the QoL and decreases the rate of disease
progression along with other diabetic complications.?®

Study limitations

The small sample size and time constraints were
the limitations of our study that impacted our results.

CONCLUSION

The study indicates that the administration of vitamin D with
calcium supplementation in type-2 patients with diabetes
significantly improved QoL by controlling or reducing HbAI1C,
fasting, and RBG levels improved in patients with diabetes.
Therefore the study suggests that vitamin D and calcium can
be considered add-on therapeutic supplements along with

other anti-diabetic regimens for managing diabetic-related
consequences and other diabetic complications.
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ABSTRACT

Objectives: Bionanocomposites (BNCs) are biopolymers or a natural polymers embedded in a combination of two or more different chemicals using
natural carriers or bio. BNCs are widely used in drug formulation and in the development of new drugs for various therapeutic drugs, new dosage
forms and in pharmacological medicine.

Materials and Methods: Useful and improved melting was achieved by converting selected Biopharmaceutics Classification System (BCS) class |l
drug into BNCs using natural carriers such as the gums of Moringa oleifera Lam. and Aegle marmelos (L.) Correa, respectively. The current work
focuses on the enhancement of the novel natural polymers such as M. oleifera and A. marmelos, used to prepare BNC for BCS class Il orlistat using
a microwave system designed for the distribution method. The natural polymer helps improve the melting of the dispersion when it converts them
into BNC. Definitions of orlistat, natural carriers, and prepared BNCs were developed and studied comparatively. The fourier transform infrared
spectroscopy (FTIR), differential scanning calorimetry (DSC) study revealed that there was no communication between drug associations and
environmental carriers.

Results: Crowd reduction studies were conducted to investigate the material that enhances the melting of BNC compounds dissolving and in vitro
disposal of BNCs prepared by DSC, scanning electron microscopy, X-ray diffraction studies, and FTIR. BNCs affect orlistat: M. oleifera (OSMO-
BNC-1: 3), orlistat: A. marmelos (OSAM-BNC- 1: 4) is well developed.

Conclusion: Ornat BNCs developed with M. oleifera and A. marmelos provide significant improvements in dissolve and highlight their use in reducing
fortification. Additionally, land melting limits were applied and determined for the melting of BNCs prepared using the Hansen Solubility parameters
in particular, Hoy's, Fedor and Van Krevelen system and it was found that this report there was a significant increase in the melting of batches
prepared for BNCs.

Key words: Bionanocomposite, BCS class I, orlistat, Moringa oliefera, Aegle marmelos, microwave-assisted fusion method, Hansen parameters
parameter

INTRODUCTION

The therapeutic efficacy of a drug depends on its availability
and ultimately in the formulation of chemicals hydrophilic
compounds of the compound and the dissolution of drug
molecules. It is a great deal of difficulty in preparing and
developing the most effective form of improper water solubility
of many drugs. Innocence is a parameter for achieving the
desired combination of drugs in the distribution of the system
so that the therapeutic response is shown. It is estimated
that 40% or more of the drug molecules identified during the
experiment of compounds do not dissolve well in water. There

is a need for systematic and simple preparation and structural
methods to make less-soluble drugs available. Making these
drugs unavailable means that they show enough absorption
after oral administration or they may be injected with 3-4
injections.

The main purpose of this work is to prepare, mark the structural
requirements of the hydrophilic environment, to construct
and test the bionanocomposite (BNC) of orlistat with its low
water content, reducing its drug absorption, which reflects the
Biopharmaceutics Classification System (BCS) class-Il drug
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profile. Current work is being done to provide alternative drug
delivery with improved solubility and a level of detoxification in
the form of nanocrystal drugs that will overcome the problems
in the existing dosage form.® Many methods have been used
to stabilize moisture, such as salt formation, co-crystallization,
co-solvency, hydrotropic, solvating agent and nanotechnology
by chemical modification. Under the body modification to reduce
particle size, crystal behavior modification, gravity, mixing with
surfactants and drug distribution to carriers.

Nanocomposite is a combination of two or more different
chemicals that have different properties and blends, to
combine these two beautiful structures. The combination has
two elements of different textures and the combination of
those displays is enhanced in its larger structures.” The body
composition of the drug and its natural or bio-carrier compounds
are nanotechnology and their experimental parameters, such
as in vivo and in vitro profiles and biological detection, are
therefore called BNC.2 BNC for microwave irradiation can be
used in various ways such as improved melting, melting and the
availability of drug-soluble drugs.® Microwave radiation contains
frequent frequencies between infrared and radio waves, in the
range of 0.3-300 GHz. It passes through objects and causes
their molecules to glide, releasing heat. Microwaves, which can
penetrate into anything, allow heat to be produced at any time
in the sample at a specific time®

Orlistat is a lipase inhibitor for managing obesity, which
functions by inhibiting the absorption of saturated fats. Orlistat
is a modified inhibitor of gastric and pancreatic lipase. The
orlistat falls under category Il according to BCS, which means
it exhibits poor oral discretion due to low melting. In this study,
the microwave-induced diffusion (MIND) process was used to
increase the melting and oral availability of orlistat using Moringa
oleifera and Aegle marmelos gum as the leads. Performance
tests of the method, physicochemical composition, and in vitro
dissolution are presented in this report. The promotion and use
of new polymers such as M. oleifera and A. marmelos gum to
improve the melting of orlistat and its converted form through its
combination of nano-composition using a microwave-assisted
process and the drug spread into a natural gum carrier. Gum
carriers, orlistat and integrated BNC were tested for solubility,
drug content, solubility, in vitro and spectral readings, and
thermal and nanoscale temperatures for BNCs prepared by
fourier transform infrared spectroscopy (FTIR), differential
scanning calorimetry (DSC), and scanning electron microscopy
(SEM)." The rate of melting of the drug and the reduction of the
drug for the desired liquid soluble drug does not only reflect the
availability of the drug. Additionally, melting was determined
using the parameters of Hansen solubility and hildebrand
solubility by bringing them closer to various systems such as
Hoy's system, Fedor's constant, and Van Krevelen equation. The
use of this method in determining the melting of BNC prepared
in pharmaceuticals highlights the best systematic approach
to obtain the need for the study reported here to ensure the
melting of prepared BNCs.

Hansen solubility parameters (HSPs)

Hildebrand and Scott introduced the concept of solubility
parameter (3), which suggested that objects with similar
values could be felt (Hildebrand and Scott, 1964) HSP model
1967 predicting liquid reactions, incompatibility of polymer
mixtures, soil moisture and pigmentation on HSP surface. After
predicting the ineffectiveness of active substances/carriers in
the strong distribution of HSPs in medical science. Guessing
the compatibility of pharmaceutical materials, and their use
is recommended as a tool in pre-construction and tablet
development is recommended by HSPs. The study found that
drug and substance abuse disorders, as predicted by deceptive
tools that could be used, could be used to predict the co-crystal
formation, orlistat was selected as an active drug ingredient
(APD. The group donation methods used to calculate HSPs for
conformers and orlistat were used.!?" The three-component
tools used were used to predict the orlistat and conformer
irregularities laboratory tests for co-crystals were performed
using thermal and fluid-assisted methods in the prediction of
inaccuracies. Heat exchangers and powder X-ray diffraction
(XRD) were used for co-crystal precision.

AH=V_ V(EVI/VmT) - V(AEV2/Vm2)* 01.02 Q)

AH is the heat of mixing, V| is the total volume, AE, is the
energy of vaporization, V_is the molar volume, ¢ is the volume
fraction, and 1 and 2 stands for the solute and solvent. The
energy of vaporization per unit volume as the cohesion energy
density (CED) explained.

& = (CED)*® = (AE/V)°® (2)

Here, V is the molar volume.

Hansen determined that total cohesion energy is the sum of
dispersion E_, polar E, and hydrogen bond energy E

E, = E+E+E, 3
The total HSP or Hildebrand solubility parameter 8T by dividing
both sides of the equation by molar volume V.

0% = 9% +0% 407,

Where:
0: Total solubility parameters
O: Dispersion interactive (London) force

& Permanent dipoles in interacting molecules, called dipole -
dipole interactive forces

d: Hydrogen bonding force

According to equation (1) if 8, of both solute and solvent are
a like, this will allow predicting solubility. (J/m® 0.5, MPa
0.5 or (cal/em® 0.5, where one (cal/cm® 0.5 is equivalent to
2.0421 MPa 0.5 or (J/m® 0.5 are commonly used units for 8
in literature. § calculation methods were different between
practical and theoretical ones according to either direct/indirect
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measurement of essential properties of material as evaporation
temperature, viscosity, solubility in preset solvents, etc.!*"

Orlistat testing/prediction for co-crystallization

Group donation methods are applied to the limits of melting of
soluble solvents using Hoys molar attraction constants, Fedor's
substants, and Van Kreevalen which are currently used methods.
Inthis study, these methods were used to reach the melting point
parameters. The resulting structure has an open combination of
chains and open rings are the basic steps of Fedor’'s method.
Then, using the potential possible lumps. This is summarized
and the melting point is calculated as the square root of the
total energy mixing of the variable elements separated by the
number of times the volume of molar substituent constants.
The rate of constant molar attraction to the molar volume is
expressed by the Hoys process. Drug effects and compounds
are compared and their durability status is expressed. The
selection of drug-related conformer, group donation method is
used in the calculation of the doctrine. HSPs determine whether
the drug and conformer are compatible and form the molecular
structure of the drug and the conformer. Fedor’s, Hoys', and
Van Kreevlens's methods of calculation are derived from atomic
or molecular attachments to form a structure. These methods
are used in the calculations of melting theory.

MATERIALS AND METHODS

Orlistat was received as a gift sample at INTAS Pharmaceuticals
Ltd., (Ahmadabad, and Gujarat, India). The drug was stored in
an amber glass container wrapped in aluminum foil and stored
in a refrigerator at 5-7°C. M. oleifera and A. marmelos gum were
collected from a local garden, Waranananagar. M. oleifera gum
was collected by making a hole in the trees (an area damaged
by trees). Gum was collected in a suitable air-tight container
followed by air drying. Another natural gum, A. marmelos was
collected as beal fruit contains a lot of gum, and after breaking,
the beal fruit gum was carefully collected in a suitable air
container followed by sun and wind suspension.?2

No need to ethical committee approval.

Extraction and purification of natural gum?+2

Gums M. oleifera and marmelos collected are dried on the ground
under the sun. Dry gum was passed through Sieve no: 80. Dry
gum (10 g) was stirred in distilled water (250 mL) for 6-8 h
at room temperature. Through centrifugation, supernatant was
obtained and the remains were washed with distilled water.
The process was repeated four times. Finally, a precipitant with
a strength of more than 500 mL was twice treated with acetone
volume for continuous movement. The products were burned
and washed with distilled water and the same products were
dried at 50-60°C under a machine.

Swelling characteristics

Measured 10 g of natural carrier is placed in a measuring
cylinder of 100 mL. The first dose of powdered gums was
noted, and the cylinder was filled with refined water up to
100 mL. The cylinder was kept aside for 24 h, and the volume
of the swollen powder was noted. The inflammation index is

expressed as a percentage and is calculated according to the
following equation:

% inflammation = (Xt-X0) / X0 A x 100... (3)

There, X0 is the first height of the powder on the graduated
cylinder and Xt refers to the constant height of the swollen
gums after 24 h.

Viscosity determination®?°

The viscosity of the cleaned gums was determined by taking
1 g each M. oleifera and A. marmelos gum, respectively and
dispersed in 100 mL (1% w/v) water. The estimated distribution
viscosity was measured by Rheometer (Spindle 3, Brookfield
DV-E, Brookfield Engineering Laboratories, Inc., Middleboro,
MA, USA).

Foaming index

The dynamic index of the carrier term is measured to determine
the functional properties. One gram of carrier was dispensed in
100 mL of distilled water and stirred vigorously for 2 min. The
overflow index of network company is measured to establish
its operational structures. The foam index is calculated using
the following equation:

Foam guide = Vf-Vi... (4)

There, Vf is a 1% w/v solution for network company after
a shake and Vi is a 1% w/v solution for a network company
solution before shaking.

Ash value

Three samples of purified gum were placed on pre-measured
crucibles and measured. These are then placed in a preheated
oven at 300°C for 3 h. The temperature of the furnace then
rose to 600°C until the hot metal samples were white to ash.
Samples were then extracted using lumps and allowed to
cool in the desiccators. After cooling, crosses containing the
samples were weighed again. The amount of ash obtained by
subtracting the combined weight of ash samples and crosses
from the combined weight of new samples and crucibles.

Total ash value: 5 g of purified gum powder was ignited in an
electric furnace at 600°C in a silica crucible until the sample
reached a constant weight.

Water-soluble ash value: Total ash obtained was heated up to
600°C with the addition of 25 mL water for 10 min. It was
filtered through whatman paper no. 41 and the residue was
ignited in the furnace to get a constant weight.

Acid-insoluble ash value: Total ash obtained was heated with
the addition of 25 mL of 0.1 N HCL for 10 min. It was filtered
through whatman paper no. 41 and the residue was ignited in
the furnace to get a constant weight.

Physical mixtures

A portable combination of drugs containing natural doses
extracted from the gums was prepared in sequence with a
simple drug mix with natural carriers in the required dosage
(1:1 to 1:10 drug:carriers) for 10 min.
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Bionanocomposites by microwave-induced diffusion®3

The preparation of BNC by two groups such as orlistat and M.
oleifera gum (OSMONC) and A. marmelos gum (OSAMNC) was
performed. The clear combination of the drug and the natural
agent is made by mixing similar to each sample. Weight loss
(w/w) dose of the drug in the manager is taken as required by
the values that maintain the constant value of the combination.
After that 4 mL of water was added to each gram of the drug
carrier mixture to form a consistent slurry (water is added to
the carrier hydration). The prescribed amount of slurry (5 g)
was placed on a glass board with a teflon stirrer (exposed to
microwaves) and treated with microwave radiation at various
times with a power of 560 W. The temperature of the compound
was recorded at the end of the treatment using a built-in
temperature test. The samples were then milled in a glass
mortar and the same sample was filtered to obtain a particle
size of 80-250 um.

BNCs were prepared by incorporating the weight-bearing drug
orlistat and the M. oleifera and A. marmelos gum carrier at 1:1 to
1:10 w/w size (Table 1). The same physical combination of OS
and network company was prepared using mud and a pestle.
The slurry was prepared by adding 4 mL of distilled water to
each gram of the drug-carrying compound. A limited amount
of slurry (5 g) was placed in a glass beaker and radiated by
microwave radiation at 700 W (IFB Microwave Oven, Model 17
PM-MEC1, Kolkata, India) for continuous operation. Temperature
was noted using a temperature measurement built-in within
the end of treatment. BNCs were laid using mud and pestle to
obtain the required size of 80-250 pm. The synthetic BNCs of
natural-containing orlistat (M. oleifera and A. marmelos) vary in
the appropriate process for preparing OSMONC and OSAMNC.

Evaluation of bionanocomposite

Solubility

The melting study of BNCs (OSMONC and OSAMNC) was
conducted by adding a higher dose of orlistat (equivalent to 30
mg) and BNCs to 150 mL of distilled bottled water. The resulting
mixture was stirred 24 h at atemperature of 25°C using an orbital
shaker incubator. The excess liquid was collected and filtered
through 0.2 membrane filters and analyzed by a ultraviolet
(UV)-visible spectrophotometer of 203 nm wavelength at 28
sequences. The optimization ratio (drug:carrier) is done on the
basis of the best melted detection.

Drug content

The amount of orlistat added to BNCs such as OSMONC and
OSAMNC, was determined by extracting 100 mg of the drug
from BNC by diluting it into 25 mL enough methanol. The
resulting solution was filtered through a 0.2 and membrane

filter and analyzed by a UV-visible spectrophotometer (UV-
Carry 60, Agilent) at a wavelength of 215 nm, respectively,
against methanol as a blank 8.

Powder dissolution

Powdered extraction tests performed on BNCs followed
the USP XXIV Apparatus 6 (paddle) method in 900 mL of
dissolved media stored in 37 + 0.5°C powder containing 5
mg APl added to dehydration sources. 1 mL sample was
withdrawn periodically and the resulting solution was filtered
through a 0.2 ym membrane filter and analyzed by a UV-visible
spectrophotometer (UV-Carry 60, Agilent) at a wavelength of
215 nm, respectively, against methanol as empty 8. All tests are
made in 3 steps. BNC dispersion profiles were compared with
the pure drug under similar experimental conditions.

Characterization of bionanocomposites

A well-defined BNC standardization was performed by FTIR,
DSC, XRD, and SEM to ensure the best results of the current
drug and polymer study.

Fourier-transform infrared spectroscopy

FTIR spectra of impure drug (orlistat), pure polymers (M. oleifera
and A. marmelos gum), and BNCs of individual polymers (M.
oleifera and A. marmelos gum) were developed to monitor drug
compatibility polymer. Drug BNCs with each polymer (OSMOM,
OSAMM, were stored directly in the sample holder and scanned
using the FTIR spectrophotometer (Cary 60, Agilent Corp.,
Germany) in terms of drug interactions with the polymer. The
materials were scanned in the range from 400 to 4000 cm’
with 1 at a resolution of 4 cm™. The peak properties of orlistat,
M. oleifera and A. marmelos were compared to BNCs designed
to test drug compatibility-polymer. IR detectors were used to
determine and predict BNC melting by the HSP.

Differential scanning calorimetry

DSC studies of orlistat, M. oleifera and A. marmelos gum,
and BNCs of drugs with individual polymers (M. oleifera and
A. marmelos gum) were conducted to detect improved drug
availability. The DSC thermogram was obtained using a
scanning calorimeter (DSC 60; Shimadzu) at a temperature of
11°C/min from a temperature of 0°C to 250°C in an inert state
and the physical, chemical interaction between the drug and the
polymer that helps determine and predict the melting of BNCs
with Hansen parameter.

X-ray diffraction studies

XRD studies of drugs (orlistat), pure polymers (M. oleifera and
A. marmelos gum), and BNCs of individual polymer drugs (M.
oleifera and A. marmelos gum) were intended to test changes
in crystallinity the drug is mixed with gums. The crystallinity

Table 1. Formulation design for bionanocomposites batches

Drug + carrier 1:1 1:2 1:3 1:4 1:5 1:6 1.7 1:8 1:9 1:10
0S® - MO® gum 1:1 1.2 1:3 1:4 1:5 1:6 1.7 1:8 1:9 1:10
0S - AM¢ gum 1:1 1:2 1:3 1:4 1:5 1:6 1.7 1:8 1:9 1:10

20S: Orlistat, °"MO: Moringa oleifera gum, “AM: Aegle marmelos Gum
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property is associated with the physicochemical properties of
the material. XRD patterns of orlistat, gums and BNCs were
recorded using (Bruker, D8) and Cu-kcy radiation.

Scanning electron microscopy

The surface morphology of orlistat BNCs was detected by
SEM. Samples were placed directly on a two-dimensional SEM
adhesive sample and the images were recorded at the required
amplification of 15 kV power and 8 mm working distance on
XL30-SFEG Philips (Lab exchange, Burladingen, Germany).

Theoretical prediction of solubility

Fedor’s substituent constants

o= /Z§f¥i )
SAV

Where,
*AAU is constant for energy mixing
**AV is constant for molar volume

Hoys method/Hoys molar attractions
According to [(cal cc) 1/2 mol”] unit

52 Yymolarattraction )

v

Van Kreevalen's solubility parameters

The given calculation of solubility parameter and molar volume
by Van Kreevalen's method is based on experimental molar
volume and measured cm®mol™.

dd=yFd/V ®)
op=VsFpz/v (D
dsh=V3Uh/V  (8)
82T= 3d+3p?+dh?  (9)

RESULT AND DISCUSSION

Physical characterization of carriers

The inflammatory properties and viscosity of M. oleifera and A.
marmelos gum were low (Table 2). Due to the low viscosity of
M. oleifera and A. marmelos gum, they were considered for the
melting and elimination of selected BCS class-Il drugs. Both
gums were therefore more efficient and easily exploited in
improving the melting and degradation rate of orlistat.

Rheological characterization of gums

Rheological description of M. oleifera L. A. marmelos was
performed using a rheometer R/S-CPS + rheometer with the
calibration system: C75-2. Viscosity and thixotropic analysis
were performed (Table 3 and Figure 1), low viscosity was
obtained. As shown in Figure 2, thixotropic analysis obtained
13.23 Pa/s of A. marmelos and 17.63 Pa/s of M. oleifera gum.
Therefore, both gums exhibit stability and help increase the
solubility of BCS class-Il drugs by preparing its BNCs and can
withstand the microwave radiation.

Table 2. Organoleptic and physical characterization of natural

gums

Sr. no. Par&;meters/ Moringa Aegle
particulars oleifera marmelos
Colour Brownish Yel!owish

black white

Odour Characteristic Characteristic
Taste Mucilaginous  Mucilaginous
Swelling index + SD? 19.7 £ 2.21 20.3 +1.01
Foaming index + SD 17 + 0.92 16 + 0.65
Angle of repose 33° 31°
?gﬂ}:}el_r)‘sny 071 gm/mL  0.67 gm/mL
(T;m;dge”s“y 123gm/mL 125 gm/mL
(C()Z;npressibility index 4727% 52 71%
Hygroscopicity 17% 16%
f’:&g:\f’ Index 197 203
Loss on drying 11% w/w 9% w/w
Total ash 2.6% 3.3%
Insoluble matter 0.03% w/w 0.02% w/w
pH 55 6.5

?All values are represented as means + SD (n= 3), SD: Standard deviation

Table 3. Rheological characterization of Aegle marmelos and

Moringa oleifera gum

Parameter 2:1’;6,103 Z:i?:r%a
Viscosity (Pa.s) 0.5740 1.5442
Torque (mNm) 0.6772 41996
Speed (1/min) 16.8300 16.8302
Shear stress (Pa) 6.1317 38.0230
Shear rate (1/s) 50.4901 50.4907
Density (g/cm?) 1.0000 1.0000
Angular velocity 0.0000 0.0000

Characterization of the bionanocomposites

Solubility

Melting is mainly focused on the use of M. oleifera and A.
marmelos, which are used to stabilize the moisture content of
water-soluble drugs. Melting was performed and expressed in
mg/mL by the clear combination of the selected BCS class-II
drug. It was noted that the melting of a more visible compound
than that of orlistat (Figure 3).
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The orlistat insoluble study, conducted by comparisons similar
to their body composition with BNCs prepared, found that there
was a significant increase in the solubility as the polymer
drug dose increased. After the OSMO-BNC ratio of 1:3 and the
OSAM-BNC ratio of 1:4, there was no clear improvement in
melting as shown in Figure 3.

The solubility (mg/mL) of the prepared BNCS of orlistat with M.
oleifera and A. marmelos was observed to be a well-developed
dose of OSMO-BNC (1:03) and OSAM-BNC (1:04) selected
after practice melting research. This well-performed measure
was then confirmed by the removal of the powder and found
to be increasing in melting. Soluble reinforcement of OSMO-
BNC (1:03) and OSAM-BNC (1:04) is widely available and this
is due to the foam index and viscosity profile of M. oleifera and
A. marmelos gum, a drug spread in gum form I. Its BNC has a
structural modification that is made of a type of hydrophilic drug
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Figure 1. Viscosity diagrams of (A) Aegle marmelos (B) Moringa oleifera
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Figure 2. Thixotropic analysis of Aegle marmelos and Moringa oleifera
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Figure 3. Solubility of orlistat in physical mixture and bionanocomposite
with Moringa oleifera and Aegle marmelos (OSMO-PM; OSAM-PM and
OSMO-BNC, OSAM-BNC)

OSMO: Orlistat, Moringa oleifera gum, BNC: Bionanocomposite, OSAM: Orlistat,
Aegle marmelos

enriched with hydrogen bonding and this hydrogen compound
helps the molecule disperse and open the rings by producing
molar volume without affecting its parental function. This type
of hydrophilic has apparently been used to stabilize improper
water solubility.

Drug content

The differential distribution of orlistat in BNCs is determined
by the drug content analysis. It was found that 95% - 98% of
the drugs were trapped in BNCs, showing the same prevalence.

Powder dissolution

Powder dispersion tests are performed to check the stability
of the enhancement components. The degradation profile
of the clear compound showed a surprising improvement
in the degradation rate compared to orlistat and their clear
combination with natural carriers. The combination of orlistat
with both gums showed good results. As reported in Figure 4,
the dosage of prescription drugs in % of the pure drug orlistat
was found to be 54.69 + 4.5. The combined drug release of
OSMO-PM1 body composition was observed 70.2 + 7.5%, of
OSAM-PM 3 was 61.1 + 7.5 after 60 min.

BNC orlistat with both gums showed good results. As reported,
the cumulative drug release in % of the orlistat was found to
be 54.69 + 4.5. The cumulative drug release of BNCS, such
as OSMO-BNC was 97.22 + 11%, for OSAM-BNC was 70.21
+ 1.9% after 60 min (Figure 5). From the observed results, it
was clearly shown that the ornate BNCs the orlistat (suggested
batches) showed better drug release compared to their pure
form and body composition form, it was concluded in the study
that a natural polymer was used for microwave BNC included in
the separation the dispersion rate is improved in the prepared
BNCs.

Characterization of bionanocomposites

Fourier transform infrared spectroscopy analysis

FTIR spectroscopy of orlistat shows a high values of 3301.30
(OH simple hydrogen bond), 2918.302 (simple CH alkanes
group), 2853.553 (CH stretching alkanes group), 1721.653 (C=0
carboxylic expansion group), 1665.0 (C=C amide extraction
amide), 1201.904 (COtodilute alcohol),and 1841144 (C= Extension
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Figure 4. Powder dissolution of physical mixture of orlistat with Moringa
oleifera and Aegle marmelos

0S: Orlistat, OSMO: Orlistat, Moringa oleifera gum, OSAM: Orlistat, Aegle
marmelos
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of anhydrides) respectively (Figure 6). Whole-gum exudates
from M. oleifera was found to contain L-arabinose,-galactose,
glucuronic acid, and L-rhamnose, -mannose, and xylose, while
a single polysaccharide, with a gum polysaccharide containing
G-galactose, -glucuronic acid and iron; certain metals such as
sodium, potassium, calcium and magnesium; and L-mannose
have been found in mild hydrolysis of all acids. For the most part,
the gum has frames with large branches that contain different
units of sugar with many possible variations in terms of branch
level, branch length and type of connection. The IR spectrum
(Figure 6) shows a height of 3301 and 3263 cm™ due to the OH
of the main alcohol extraction. The absorption height of 2928
cm™ indicates that -CH extends vibration of the methyl group.
1603 cm™ bands are a C=0 element of aldehyde. The height at
1.310 cm™ is due to the variability of the CH, equation with the
C-OH group. Weak bond at 770 cm™ because r contributes to
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Figure 5. Powder dissolution study of bionanocomposite of orlistat with
Moringa oleifera and Aegle marmelos

0S: Orlistat, OSMO: Orlistat, Moringa oleifera gum, OSAM: Orlistat, Aegle
marmelos, BNC: Bionanocomposite
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Figure 6. FTIR studies of pure Moringa oleifera (MO) Aegle marmelos (AM),
orlistat (OS) and BNCs such as OSMO-BNC, OSAM-BNC

FTIR: Fourier transform infrared spectroscopy, OSMO: Orlistat, Moringa oleifera
gum, OSAM: Orlistat, Aegle marmelos, BNC: Bionanocomposite

ringing binding and ring flexion of a-D- (1-4) and a-D- (1-6).
All of this in conjunction with the polysaccharide structure
indicates that, either starch or cellulose, but there were certain
peptide cross links and other amino sugars.

Active data of the A. marmelos group showed that the major
neutral sugars are a-D-glucose, 3-D-glucose, and galactose as
shown in the composition of osazone. The IR spectrum, shown
in Figure 7, indicated to rises to 3296.65 cm™ due to -OH to
extend the main alcohol. The absorption height at 2977 cm”
indicated that -CH extends the vibration of the methyl group.
The absence of a large fragrant stretch in the region of 1838
cm™ and the weakness of the fibers means that there is a limited
number of cross-linked peptides. Belts at 1633 cm™ element
C=0 aldehyde. The height at 1315 cm™ is due to the variability of
the CH, equation with the C-OH group. A weak bond at 821 cm’!
because r contributes to ringing binding and ring conversion of
a-D-(1-4) and a-D-(1-6).

Scanning electron microscopy

SEM research was conducted to look at the surface morphology
of the drug particles. Orlistat particles were made of a smooth
surface, while OSMO and OSAM particles had unequal shape
and size. From this study and writing 7, it is clearly shown
that the crystal structure of orlistat was completely changed
in OSMO-BNC and OSAM-BNC showing orlistat crystals
embedded in the matrix.

Differential scanning calorimetry analysis

Pharmaceutical DSC thermograms (OS), polymers (M. oleifera
and A. marmelos) and BNCs for each drug with each polymer
are shown in Figure 8. Orlistat DSC showed high endothermic
intensity at 51°C indicating melting of orlistat. Dimethyl sulfoxide
OSMO-BNC and OSAM-BNC showed the same endothermic
intensity as that of the pure drugs but with less energy, which
may be due to a decrease in the crystal type of drug. A slight
change in the melting point showed a reduction of the drug to
a nanocrystalline form. The high rate of exposure showed that
most of the drug was converted to the nanocrystalline form. No
chemical interactions between the drug and the polymer were
observed. The physical interaction is the way a drug is bound to
a polymer. These studies have confirmed that as the crystalline
nanoparticle size of the crystal decreases; its melting point
decreases slightly. A slight change in the melting point showed
a reduction of the drug to a nanocrystalline form. The high rate

Figure 7. SEM images of orlistat and its BNCs i.e. OSMO-BNC and OSAM-
BNC with Moringa oleifera and Aegle marmelos®

SEM: Scanning electron microscopy, BNCs: Bionanocomposites, OSMO: Orlistat,
Moringa oleifera gum, OSAM: Orlistat, Aegle marmelos
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of exposure showed that most of the drug was converted to the
nanocrystalline form.

No chemical interactions between the drug and the polymer
were observed. The physical interaction is the way a drug
is bound to a polymer. These studies have confirmed that as
the crystalline nanoparticle size of the crystal decreases; its
melting point decreases slightly (Figure 8).

X-ray diffraction

XRD was performed to assess the physical condition of the
body and its BNCs. XRD patterns of impure drug (OS), pure
polymer (M. oleifera and A. marmelos) and its BNCs are shown
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Figure 8. Differential scanning calorimetry of (A) orlistat and its BNCs i.e.
(B) OSMO-BNC (C) OSAM-BNC with Moringa oleifera, and Aegle marmelos

BNCs: Bionanocomposites, OSMO: Orlistat, Moringa oleifera gum, OSAM:
Orlistat, Aegle marmelos

in Figure 9. The XRD pattern of pure orlistat showed a high
crystalline value between 100 and 600, 14.50, 17.50, 19, 21, 24,
25.50, 28, 30, 32 and 35 with a very high value of 24 indicating
the crystalline form of orlistat. The XRD patterns of OSMONC
and OSAMNC showed a significant decrease in elevation due to
the decrease in crystallinity. Decreased levels of BNCs may be
due to a decrease in drug size to nanolevel.

Theoretical prediction of solubility

Fedor’s method
Fedor has proposed a method for determining the melting
parameter without using the compound density. The contribution
of the largest number of active groups has been tested, and the
method only requires knowledge of the formula formulation of
the combination.

Based on Fedor’s succession

§ = V (AAU/AV); = (32700)/37.44) = 29.55 H
*U always meets a combination of forces
**AV retains the molar volume

The result obtained from the above calculation of Fedor's stable
orlistat was found to be 29.55 H. The hydrogen concentration is
determined after the opening of the ring in the orlistat structure.
The total strength must determine the molecular weight in
relation to the molar volume (Table 4).

Orlistat bionanocomposite (OSMO-BNC)

A modified BNC je. OSMO-BNC (orlistat with M. oleifera),
where it was considered to dissolve, was found at the time
of cracking and in the amount observed in FTIR. There was
hydrogen binding possible and the melting parameter helped
determine it. Fedor’s permanent effect was 11.08 H, due to the
strong hydrogen bonding in the molecule and the conversion
of the other two bonds into bonds that bind together Fedor’s
BNC orlistat bond also increases and this number of hydrogen
bonding increases eventually increases the melting of molecules
i.e. smaring constantly in Fedor. Additionally, the molar volume
is less representative of their numbers.

Orlistat bionanocomposite (OSAM-BNC)

The BNCs prepared namely OSAM-BNC (orlistat with A.
marmelos), when considered for its detection was found at
the time cracking and in the amount observed in FTIR. There
was a high hydrogen binding and the melting was determined
by a parameter, Fedor's continuous effect & was 11.56 H. Due
to excess hydrogen molecular bonding and the conversion
of other double bonds to its binding bonds Fedor’s constant
of BNC, orlistat also increases and this increase in hydrogen
bonding ultimately leads to increased molecular melting, which
means an increase in Fedor's consistency.

Hoy’s method

The small scheme provided an easy way to measure the amount
of solubility parameter in most solvents and polymers. However,
the list of constants is not complete. Hoy has published many
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jaw-dropping features found in the pressure points of various
groups (Table 5).

According to [(cal/cc) 1/2 mol-1] unit
Ymolar attraction ~ 3110.4

v " 317958
By using Hoy's formula, the molar attraction for pure orlistat

= 9.78H
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Figure 9. XRD studies of orlistat and its BNCs i.e. OSMO-BNC and OSAM-
BNC with Moringa oleifera and Aegle marmelos

XRD: X-ray diffraction, BNCs: Bionanocomposites, OSMO: Orlistat, Moringa
oleifera gum, OSAM: Orlistat, Aegle marmelos

was calculated and it was found 9.78 H, where is the sum of
the group molar attraction constants of the compound Hoftyzer
and Van Kreevalen published a series of group molar attraction
constants similar to those of small and Hoy.

Orlistat bionanocomposite (OSMO-BNC)

By using Hoy's formula, the molar embrace for OSMO-BNC
(orlistat with M. oleifera) was calculated and found 23.59 H and
which more than that of the pure orlistat that was 9.78 H.

Orlistat bionanocomposite (OSAMNC)

By using Hoy's formula, the molar magnetism for OSAMNC
(orlistat with A. marmelos) was calculated and found 22.86 H,
which was more than that of pure orlistat which was 9.78 H.

Van Kreevalen's solubility parameters

Van Krevelen derived Fi values for the assistance of atoms i.e.,
C, H, N, 0, halogens, and statutory effects (such as double or
tribal bonds, etc.) solubility parameter (8) can be calculated
using the following equation:

PL
Vm
where § = Fi is the sum of the atomic contributions and Vm is
the molar volume (Table 6).
Calculation of solubility parameter and molar volume of pure

orlistat by Van Kreevalen's solubility parameter was obtained
7.71 H.

Orlistat bionanocomposite (OSMO-BNC)

Calculation of solubility parameter and molar volume of
OSMONC (orlistat with M. oleifera) by Van Kreevalen's solubility
parameter was obtained 8.02 H which is more than the pure
form of orlistat i.e. 7.71 H.

Orlistat bionanocomposite (OSAM-BNC)

The calculation of the melting point and molar volume of
OSAMNC (orlistat with A. marmelos) by Van Kreevalen's melting

Table 4. Calculation of 3 value of orlistat by F, G, and C methods

AV** for each (m™

Fragments/groups No of groups AAU* for each (cal.mol™) Total AAU mol) Total AV
-CH, 4 1125 4500 335 134

-CH, 18 1180 21240 16.1 289.8

-C 2 350 700 19.2 -38.4
-CH 3 820 2460 -1.0 -3

-NH 1 1000 1000 -9.0 -9.0

-0 2 800 1600 3.8 7.6

Ring closer - - - - -
Conjugate bond 3 400 1200 -2.2 -6.6

- - - 3= 32700 - 2= 3744
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parameter was obtained at 9.9 H, which indicates more than the
purest form of the drug i.e., 7.71 H.

It was noted that the combination of hydrogen with the orlistat
molecule was proposed to potentially improve solubility. As
the formation of the impact on the established BNCs will be in
line with the need to study. A greater number of covalent and
hydrogen bonds were formed, when drugs were incorporated
into their BNCs and natural carriers.

From the structure obtained, -O -OH bond to indicate hydrogen
bond and CH-OH meaning bond covalent bond and due to
such an interaction between selected drugs and gums held in
covalent bonds and stated that hydrogen bonding between low
energies must break such bond. Additionally, the weak Vander
Waals strength found in the prepared BNCs is why the molecular
meltdown is enhanced in the proposed way.

CONCLUSION

Application of natural polymers such as M. oleifera and A.
marmelos for the generation BNC of orlistat by MIND simple,
convenient and cost effective method. Further, use of natural
carriers influences the physicochemical properties of drug.
MIND shows promising approach for enhancing the solubility
and dissolution rate of prepared BNCs. The characterization
approach using FTIR, XRD, DSC, and SEM explores that orlistat
generated into the BNCs showed significant liability to enhance
the solubility and increase the dissolution rate. The application of
the HSP and hildebrand solubility parameters including Fedor’s
constant, Hoy's molar attraction, and Van Kreevalen system in
prediction and determination of the solubility of prepared BNCs
were revealed its utilization in pharmaceutical formulation. It
was found that there was significant enhanced solubility of
optimized ratios compared with pure entities. Hence, it was
concluded here HSP provides acceptable determination of
solubility in pharmaceutical science.

Table 5. Calculation of solubility parameter of orlistat based on Hoy's molar attractions

AAU* for each

Fragments/groups No of groups (cal.mol) Total AAU AV** for each (m -1 mol -1) Total AV
-CH, 4 148.36 593.44 21.548 86.192
-CH, 18 1315 2.367 15.553 279954
-C=0 2 262.96 525.62 17.265 34.53
-CH 1 85.99 85.99 9.557 9.557
-NH 1 180 180 8.774 8.774
-0 2 114.98 22996 6.46 12.92
CH=0 1 1712 1712 13.417 13.417
Six membered ring 1 -23.44 -23.44 0 0
Conjugated bond 3 23.26 69.78 0 0

Ortho 2 9.69 19.38 0 0

Meta 2 6.6 13.2 0 0

Base value 0 0 0 0 0

- - - 3= 4178 - 3= 43197

Fragments/groups No of groups  Fd Total Fd Fp Total Fp  Fp2 Uh Total Uh
-CH, 4 420 1680 0 0 0 0 0

-CH, 18 270 4860 0 0 0 0 0

-C=0 2 0 0 0 0 0 0 0

-CH, 1 80 80 0 0 0 0 0

-NH 1 280 280 610 610 372100 8400 8400

-0 2 100 200 410 820 672400 3000 3000
-CH=0 1 200 1800 0 0 0 0 0

6/5 member ring 1 190 190 0 0 0 0 0

- - - 3= 8890 - 3=1044 - - 3= 14400
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ORIGINAL ARTICLE

13, 14-Epoxyoleanan-3-ol-acetate: A Male Fertility-
Enhancing Constituent from Hexane Fraction of
Momordica charantia L. (Cucurbitaceae)

© Oluwasegun ADEDOKUN'™*, ® Adebayo GBOLADE', @ Bunyaminu AYINDE2

Tigbinedion University, College of Pharmacy, Department of Pharmacognosy, Okada, Nigeria
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ABSTRAC T |

Objectives: Male infertility has been associated with oxidative stress-induced and/or microbial induced in some men. The use of medicinal plants
to overcome oxidative stress-induced infertility cannot be over emphasized. Hence, the aim of this research was to isolate the antilipid peroxidation
(an index of usage for treating oxidative stress-induced male infertility) bioactive principle from Momordica charantia using bioactivity-guided
isolation.

Materials and Methods: n-Hexane fraction from the crude ethanol extract obtained by Soxhlet extraction of aerial parts (without fruit) of bitter
melon, M. charantia, was assessed for in vitro lipid peroxidation, followed by bioactivity-guided isolation of bioactive principles using in vitro lipid
peroxidation as an index of aphrodisiac and male fertility enhancer.

Results: Fractionation of the active n-hexane fraction using vacuum liquid chromatography (VLC) gave five pooled fractions on the basis of their
thin layer chromatography (TLC) characteristics (n-hexane: EtOAc, 2:3, sulphuric acid spray). In vitro activity of the most active VLC fraction C was
less than that of the positive control, vitamin E. Further fractionation of VLC-C by open column chromatography on silica gel led to the isolation of
a compound which was purified by preparative-TLC. The purified compound, 10 mg/mL (R, 0.54, TLC silica gel, n-hexane: ethyl acetate; 2:3) was
equipotent with vitamin E (25 mg/mL) in reducing peroxidation of polyunsaturated fatty acids in vitro. Structural elucidation by NMR ('H, *C) and
mean mass spectroscopy confirmed the identity of the new bioactive compound as 13, 14-epoxyoleanan-3-ol-acetate.

Conclusion: This study scientifically validates the traditional claim of M. charantia as an aphrodisiac or male fertility enhancer and suggests that 13,
14-epoxyoleanan-3-ol-acetate might be responsible for the observed activity.

Key words: Momordica charantia, n-hexane fraction, in vitro lipid peroxidation assay, 13, 14-epoxyoleanan-3-ol-acetate, vitamin E, VLC

INTRODUCTION

Sexual dysfunction is a serious medical and social problem
that occurs in 10-25% of men and 25-63% of women.? Among
men aged 40-70 years, estimated 34.8% have moderate to
complete erectile dysfunction.? This condition can be managed
via psychotherapeutic and pharmacotherapeutic approaches.'

Free radicals are present in seminal plasma, some of the

most prevalent reactive oxygen species (ROS) are hydroxyl,

superoxide, and hydrogen peroxide radicals. During oxidative
stress, excessive production of the ROS or free radicals in
seminal plasma tends to have a destructive effect of the sperm
cells and in turn induce oxidative stress induced male infertility.
Moreover, antioxidants in seminal plasma aid in scavenging the
harmful effect of the ROS via the donation of electrons to the
electron-impaired radicals, thereby reduce their influence.
Spermatozoa in mammals are rich in polyunsaturated fatty acids
(PUFA) as a result of that they are very prone to membrane lipid
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peroxide ion and ROS attack. Moreover, a balance is maintained
between the amount of ROS produced and that scavenged
arises, when this disturbed equilibrium toward pro-oxidants in
semen and vaginal secretions can induce an oxidative stress on
spermatozoa, which in turn can cause its damage and cause
infertility.4

Theoretically, oxidative stress-induced sperm cells results
in decreased sperm motility, presumably by a rapid loss of
intracellular adenosine triphosphate leading to axonemal
damage, decreased sperm viability and increased midpiece
morphology defects, with deleterious effects on sperm
capacitation and acrosome reaction.® However, the key
mechanism of ROS-induced sperm damage leading to infertility
is principally induced by the effect peroxidation of sperm
membrane lipid.* Among the medicinal plants used in treating
numerous diseases including male sexual dysfunction and
infertility is Momordica charantia L. (Cucurbitaceae).®™ It is a
climbing vine commonly found in the tropics and subtropics. It
is also a tropical vegetable employed in ethnomedicine for the
treatment of various diseases including diabetes, malaria and
dysentery, and as a stomachic, stimulant, emetic, antibilous,
and laxative."

Previously, M. charantia has been investigated for analgesic
and antipyretic,”® antimicrobial,’ and anti-HIV activities.
Bioactive compounds responsible for the widely investigated
antidiabetic and hypoglycemic activities have been linked
to  cucurbitanetriterpenoids'™  The  cucurbitane-type
triterpenoids have been extensively isolated from various parts
of M. charantia"™

Until date, literature information is unavailable on male fertility
enhancing the potential of M. charantia, and only a mention
of traditional use of the Nigerian plant as an aphrodisiac is
known.”?'¢ We therefore investigated in vitro fertility activity
(using lipid peroxidation as index) of the most active hexane
fraction of the aerial parts (it contain no fruit) by lipid
peroxidation assay, and isolated the bioactive constituent to
rationalize the traditional claim of the plant as an aphrodisiac
plant by the people of Esan community in Edo State, Nigeria.

MATERIALS AND METHODS

Plant collection and authentication

M. charantia used in the research was collected from wild in the
Ewu community of Esan-Central Local Government Area of Edo
state (Nigeria) in January 2012 and authenticated at the herbaria
in Paxherbal Laboratories, Ewu (Nigeria) by Professor J. C.
Okafor and the Federal Forestry Research Institute of Nigeria,
Ibadan, Oyo State (FHI 109577). Voucher specimens were also
deposited in these herbaria and at the herbarium of Department
of Pharmacognosy, Faculty of Pharmacy, University of Benin,
Nigeria.

Extraction and solvent partitioning

1.2 kg of the dried aerial part of the plant was extracted to
exhaustion with absolute ethanol in a Soxhlet apparatus.
The extract was reduced in vacuo to yield a residue that was

refrigerated at 4°C until needed. The crude ethanol extract
was partitioned into n-hexane, chloroform, and water using
a separatory funnel and total yield of the fractions was
determined.

Chromatographic studies

Vacuum liquid chromatography (VLC): n-Hexane fraction (21.00
g) was packed onto a sintered glass Buchner filter funnel,
loaded with silica gel for analytical thin layer chromatography
(TLC) without binder and eluted with n-hexane, chloroform, and
methanol mixtures to yield 17 fractions (x 200 mL each). The
fractions were bulked according to their TLC profile (n-hexane:
EtOAc, 2:3; H,S0, spray reagent) into 5 main fractions (A-E),
weighed and bio-assayed in vitro.

Bottom of form

Column chromatography (CC)/preparative-TLC: Conventional
open CC (30 cm long and 5 cm diameter) of the most active
VLC fraction C was done. The silica gel used was 70-230 mesh
size (0.063-0.200 mm) particle size. The silica gel was loaded
on top of the column and allowed to settle. VLC fraction C (3
g) was diluted, adsorbed onto silica gel and poured on top of
the column which was eluted with n-hexane, chloroform, ethyl
acetate, and methanol mixtures. Eluates (151 fractions x 10 mL)
were collected into test tubes and bulked according to their
TLC characteristics (silica gel, n-hexane: ethylacetate, 2:3;
H,S0, spray reagent) into 5 main fractions CC (A-E), dried,
and weighed. The most active fraction, i.e. CC-D (0.63 g), was
subjected to prep-TLC (commercial type) with n-hexane: ethyl
acetate (4:6). The bands were scrapped, eluted with methanol,
filtered, and evaporated in a fume closet to yield needle-shaped
crystals.

Spectroscopic studies

1D NMR ('H and ®C NMR) as well as 2D NMR (DEPT, HMBC)
experiments were performed on the isolated compound.
Mean mass spectroscopy (MS) was recorded on an Agilent
Technologies S973 network mass selective detector and the
spectrum was compared with database NISTO2 reference
spectra library.

In vitro lipid peroxidation assay

Fresh but frozen Titus fish (Scomber japonicum) were
purchased from the Ekpoma market in Benin City, washed, and
fleshy muscular parts will be used. The tissue homogenate
was prepared as described earlier as the modified method of
Luotola and Luotola.” Twenty grams of raw fish muscle tissue
was turned into a paste in a mortar. 200 mL distilled water
was added and the mixture was cooked at a temperature of
100°C for 15 min followed by thoroughly blending in an electric
blender (10% w/v). This, in turn, was filtered and unbroken cells
along with cell debris were removed by centrifugation at 1500
rpm for 15 min. The supernatant thus obtained was termed as
a homogenate and used for the in vitro lipid peroxidation study.
A lipid peroxidation study was conducted almost immediately
after the homogenate preparation. 1 mL of each VLC fraction
(100 mg) was added to 1 mL of the fish homogenate and mixed
together. Thiobarbituric (TBA) reactivity in the homogenate
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was determined by following a modified method of Luotola and
Luotola!” 3 mL of 20% trichloroacetic acid was added, mixed,
and centrifuged for 15 min. Then, TBA (0.67% w/v, 1 mL) was
added to 2 mL supernatant, mixed, and kept in a boiling water
bath for 10 min, which, after, cooled down to room temperature.
TBA chromogen (intensity of the pink coloured complex)
was measured at 532 nm against blanks using a ultraviolet
spectrophotometer (Thermo spectronic, Genesys 20 model).
Vitamin E was used as the reference. A graph of absorbance
against concentration will be plotted using the data obtained
for pure vitamin E. Thiobarbituric acid reactive substances
(TBARS) of the extract were evaluated from the standard curve
and expressed as nmol TBARS per mg of tissue. This procedure
was repeated for the positive control (vitamin E, 25 mg/mL),
negative control (5% Tween 80, 1 mL), column fractions, and
the isolated compound (10 mg/mL). All results were replicated
three times and the mean was determined.

Statistical analysis

All data collected from the entire study was analyzed using
Microsoft excel and Statistical Package for Social Sciences
(SPSS) version 17 (when needed). All values in the test
were presented as mean * standard error of mean (SEM).
Statistical differences between the means of the various
groups were evaluated by One-Way ANOVA and tested at 0.05
level of significance. The results were considered statistically
significant if the p values were 0.05 or less.

RESULTS
Lipid peroxidation of bulked VLC fractions of the hexane fraction

From an earlier study described by Adedokun et al®, the n-hexane
fraction was the most active aphrodisiac agent, in vivo and in
vitro of the three fractions from the crude ethanol extract of M.
charantia. The result of lipid peroxidation of the entire bulked VLC
fractions (VLC-A to VLC-E) is shown in Table 1.

The values above represent the mean + SEM of 5 replicates.
Values with superscripts indicate significant different relative
to the negative control (5% Tween 80) at p<0.05 across the

column for each time using One-Way ANOVA (non-parametric).

From Table 1, VLC-C showed the highest degree of inhibition
of polyunsaturated fatty acids in the fish tissue over time with
lowest and highest amounts of malondialdehyde observed at O
min and 240 min as 98.00 + 0.01 and 171.00 + 0.08 respectively,
significantly different from negative control at p<0.05 at a
similar time interval as shown in Table 1.

Lipid peroxidation of isolated compound and vitamin E

The result of comparative lipid peroxidation study of isolated
compound X (10 mg/mL) with both vitamin E (26 mg/mL) as
well as the negative control (5% Tween 80) is shown in Figure
1. No significant difference was observed in the activity of
compound X (10 mg/mL) and positive control (vitamin E) 26
mg/mL using an in vitro model.

Spectroscopic analysis of compound X

Compound X was subjected to spectroscopic analysis to
identify the nomenclature of the unknown bioactive compound,
NMR studies ('H, ®C, DEPT, and HMBC) and MS, as shown in
Figures 2-6.

DISCUSSION

Bioactivity-guided studies by VLC with the n-hexane,
chloroform, and methanol mixtures gave five bulked VLC
fractions: -VLC-A (2.8 g, 13.4%), VLC-B (2.6 g, 12.5%), VLC-C
(3.1g,14.7%), VLC-D (11.6 g, 55.2%), and VLC-E (0.8 g, 4.0%).
In in vitro aphrodisiac screening of the VLC fractions (100 mg/
mL each), ability of the fractions to reduce lipid peroxidation
significantly increased with time (Table 1.

The potency of the fractions can be ranked as the following:
VLC-C > VLC-D > VLC-A > VLC-B > VLC-E. Of all five VLC
fractions, VLC-C had the highest potential in reducing the
destruction of sperm, giving 171 nmoles malondialdehyde per
gram of fish tissue in 240 min, which is less than 28 nmoles
malondialdehyde per gram of fish tissue produced by the
positive control, vitamin E, implying 16% potency.

VLC-C, upon open CC and elution with n-hexane, ethyl acetate,
methanol mixtures gave six bulked fractions CC (A-E) of which

Table 1. In vitro lipid peroxidation of bulked VLC fractions of hexane fraction

n moles of malondialdehyde/gm tissue/time

Sample 0 min 60 min 120 min 180 min 240 min
VLC-A (100 mg/mL) 300.00 + 0.01 324.00 + 0.03 334.00 + 0.01 335.00 + 0.11 330.00 + 0.13
VLC-B (100 mg/mL) 327.00 + 0.21 448.00 £ 0.14 500.00 + 0.16 548.00 + 0.22  523.00 + 0.20
VLC-C (100 mg/mL) 98.00 + 0.01* 124.00 + 0.07* 137.00 + 0.09* 161.00 + 0.09*  171.00 + 0.08*
VLC-D (100 mg/mL) 206.00 + 0.08 334.00 + 0.04 224.00 + 0.09 241.00+0.05  290.00 + 0.05
VLC-E (100 mg/mL) 647.00 + 0.01 635.00 + 0.03 633.00 + 0.02 610.00 £ 0.04  614.00 + 0.05
Vitamin E (positive control, 25 mg/mL) 2517 + 0.02* 40.67 + 0.23* 2792 + 0.05* 2833+ 0.07* 28.08 + 0.09*
5% Tween 80 (negative control, 1 mL) 275+ 0.05 282 +0.03 295 + 0.01 299 + 0.06 302 + 0.02

The values above are mean of three replicates. n= 3. n + SEM. Samples with superscript * indicate significant difference at p<0.05 relative to negative control using
One-Way ANOVA (Kruskal-Wallis test) while samples with no superscript * indicate no significant difference at p<0.05 relative to negative control using One-Way

ANOVA (Kruskal-Wallis test). VLC: Vacuum liquid chromatography
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CC-D (1 g) was the most active in vitro. A bioactive compound
(50 mg) was finally isolated from CC-D by prep-TLC (hexane:
ethyl acetate, 6:4). It gave R, 0.54 (TLC silica gel, n-hexane:
ethyl acetate; 2:3, brown on spraying with concentrated H,S0O,).
In vitro antilipid peroxidation bioassay of this compound showed
a high degree of reduction of the peroxidation of PUFA that
was stable over the experimentation period and parallel that
of 25 mg of vitamin E (a-tocopherol) producing 30 nmoles
malondialdehyde per gram fish tissue in 240 min (Figure 1.

Spectroscopic information from NMR studies ('H, '*C, DEPT,
and HMBC) and MS suggested the bioactive compound to be
a pentacyclic triterpene, 13, 14-epoxyoleanan-3-ol-acetate (M*
470, C,H,,0,) as shown in Figures 2-7 below.

31’50
This is the first time this compound has been reported
in M. charantia and according to the literature, no direct
pharmacological property has been associated with this
compound.

To date, only the structurally-related oleanan compounds,
soyasaponins |-lll have been isolated from the Japanese M.
charantia.® However, Venktesh et al.®* recently reported the
isolation of 3-hydroxy-21-normethyl-19-vinylidenylursane, an in

350 4

Negative control(5% Tween-0)

Nmole of TBARS produced per gram fish
rissuep

50 - Compound X (10mg)
= Positive control(vitaminE)

0 min 60min 120min 180 min
Time of peroxidation (min).

240 min

Figure 1. /n vitro lipid peroxidation of bioactive compound and vitamin E
(25 mg/mL)

Figure 2. 'H NMR of isolated compound X

vivo aphrodisiac compound, from a Bombacaceae plant, Durio
zibenthinus fruit. A wide variety of cucurbita triterpenes and
triterpene saponins have been isolated from M. charantia. Notable
among these triterpenes are di- and tri-hydroxycucurbitadienes
with antidiabetic activity, momordicolide (10E)-3-hydroxy!-
dodeca-10-en-9-olide and momordicophenoide A, cucurbitane-
type triterpenoid saponins such as momordicosides M, N, O,
L, F1, F2, G, L, A K, U, V, and W.?"23 However, none of these
triterpenes is associated with aphrodisiac activity.

According to Kumar et al'® M. charantia has been reported
to negatively affect fertility in both male and female animals,
without mention of any active constituent. The present study
has established improvement in sexual activity of normal male
rats by M. charantia. Apart from M. charantia, other Nigerian
medicinal plants with reported in vitro lipid peroxidation activity
are Syzygium aromaticum flower bud and Fadogia agrestis stem
and Terminalia catappa seeds from elsewhere.”?2" Reviews
on aphrodisiac and male fertility enhancing plants have been
published.?*"® antioxidant activity of M. charantia might be
connected with its ability to reduce lipid peroxidation, and
hence protect sperm.??" |t therefore has potential for treating
sperm-related male infertility. M. charantia is one of a traditional
aphrodisiac plant that has not yet been fully explored. This
study is a continuation of our investigation into the aphrodisiac
activity of M. charantia.

CONCLUSION

This investigation establishes in vitro male fertility enhancing
activity forthe aerial partof M. charantia and suggested bioactivity
to be due to a pentacyclic triterpene 13, 14-epoxyoleanan-3-ol-
acetate isolate from the most active n-hexane fraction for the
firsttime. It has not been previously isolated from Cucurbitaceae
or elsewhere. The in vitro aphrodisiac activity of the compound
compared with that of vitamin E. Its structure was confirmed
by NMR, MS, and by comparison with a computer database. The
study further lends credence to the ethnopharmacological claim

Agilent Technologies
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ABSTRACT

Objectives: Multi-drug resistant bacteria have been implicated in various debilitating infections that have led to life loss. This study developed an
approach to tackle multidrug resistant Acinetobacter baumannii infection in a chronic wound model through A. baumannii phage encapsulation with
resuspension in hydrogel.

Materials and Methods: Two isolates of A. baumannii-specific lytic phases $pAB140 and $AB150 alone, in combination (cocktail) encapsulated
within a chitosan (CS) microparticle was suspended in CS hydrogel and evaluated for their therapeutic efficacy to ensure bacterial clearance
in A. baumannii induced diabetic wound infection. Microencapsulation of the phage was carried out using ionic gelation techniques Biological
characterization via cell cytoxicity, in vivo wound healing, histology and histomorphometry was carried out.

Results: Two characterized A. baumannii phages (6AB140 and $AB150), specific to twenty A. baumannii isolates, were isolated. The encapsulated
CS microparticle hydrogel exhibited a pH of 5.77 + 0.05. The wound size reduction was most pronounced in formulation C2, which showed
statistically significant wound seize reduction on days 4 and 7, 56.79 + 2.02% and 62.15 + 5.11%, respectively. The optimized concentration of C2
was not toxic to the cells as it adequately supported cell growth with a proliferation rate of 215 + 7.89% compared to control (107.32 + 4.55%).
Conclusion: Microparticle carrier technology was used to show the lytic activity against multi drug-resistant A. baumannii. In vivo results showed
significant wound size reduction that was most pronounced in formulation C2 on day 4.

Key words: $AB140 and $pAB150 phage, microparticle hydrogel, chronic wound, cytotoxicity

INTRODUCTION copper; nutritional status, associated illnesses/immunity and
Wound healing requires collagen synthesis, cell migration, patient age.®> Blood glucose level, diabetic neuropathy, immune
angiogenesis, blood clotting, extracellular matrix adhesion, system deficiencies, infections, mechanical stress, chemical
and immune/inflammatory response,' amongst other complex stress and pressure are some of the local factors affecting

biological processes to ensure the complete restructure
of the skin in the area where the wound occurred.? Diabetic
wound healing is however mitigated by both systemic and

diabetic wound healing.® Diabetic wounds are also promoted by
the presence of microorganisms antimicrobial-resistant.

local factors. Systemic factors include the use of steroids, Infection of diabetic wounds impairs the inflammatory phase
antineoplastic agents and non-steroidal anti-inflammatory of natural wound healing.® This is due to pathogenic microbes
drugs, deficiencies of vitamins A, C and E, magnesium, zinc and competing with macrophages and fibroblasts for limited
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resources, hence impairing neutrophil function, chemotaxis,
phagocytosis and decreased T-cell response, leading to
necrosis in the wound bed; sepsis and perhaps death.* In
a bid to combat antimicrobial resistance, encapsulation of
bacteriophage has been used to tackle systemic infections
caused by Staphylococcus sp. and Mycobacterium sp.*®
Liposome entrapment of bacteriophages has been used as a
veritable approach for treating bacterial associated infections
after encapsulation of phage cocktail facilitated tissue healing
in a diabetic excision wound infection associated with
Staphylococcus sp.®

The prevalence of antibiotic resistant infections in individuals
living with diabetes was measured and compared against non-
diabetics and found to be 63.4% in patients with diabetes as
against 50% in non-diabetics.®” Multidrug-resistant organisms
(MDRO) were more prevalent in the population with diabetes
and co-infections were also higher. In a more recent study
by Lee et al’, high levels of antibiotic resistance and MDRO
were observed to limit the treatment options of individual
with diabetic wound ulcers® Chitosan (CS)-based hydrogels
have been used as carriers for other therapeutic molecules in
enhancing diabetic wound healing." They are ideal to promote
wound healing as they serve as both wound dressings and
drug delivery systems!? Different polymeric and oil-based
drug delivery platforms have been examined for delivery of
bacteriophages, however, these drug delivery platforms for
bacteriophage delivery of $pAB140 and $AB150 have not been
documented.®"" A simplified stepwise system for drug delivery
involving bacteriophages for translation to bedside use in
the management of chronic life threatening and debilitating
infections is currently unavailable. This study presents a
novel attempt to encapsulate $AB140 and $pAB150. This study
developed an approach to tackle MDR Acinetobacter baumannii
infection in a chronic wound model through A. baumannii phage
(pAB140 and $AB150 phage) encapsulation resuspension in
hydrogel.

MATERIALS AND METHODS

Chemicals and reagents

CS (MW 80.000 g/mol, degree of deacetylation 80%),
polyether sulfone, sodium chloride, polyethylene glycol, sodium
tripolyphosphate (TPP), alloxan monohydrate and DNase (were
obtained from Sigma-Aldrich, St. Louis, USA), glutaraldehyde,
acetic acid, tween 80, and hydrochloric acid were obtained from
Fluka, Steinheim, Germany, pepsin, KH,PO,, sodium hydroxide,
pancreatin, and BCA solution were obtained from (Macklin
Biochemical Co. Ltd, Pudong China). Ketamine and xylazine
were obtained from Tocris Bioscience Bio-Techne Corporation
MN, USA. High performance liquid chromatography acetonitrile
and phosphate buffered saline (Merck Darmstadt, Germany).
The water used in formulation development was Milli-Q water.
All other chemical reagents were of analytical grade and
were used without further purification. Ethical approval was
obtained from the Health Research Ethics Committee, College

of Medicine, University of Lagos (approval number: CMUL/
HREC/09/19/676).

Bacterial strains

Fifty wound samples were collected from Medical Microbiology
Laboratory of Teaching Hospital in Lagos University, Nigeria.
The samples were subcultured on varying media including
MacConkey and blood agar at 37°C with time equals 24 hrs.
Bacteria strain was identified by conventional methods and
confirmed using microbact 12A and B system.®™ The identified
A. baumannii isolates were confirmed using microbact 12A and
B system.

Antibiotic susceptibility test

Kirby-Bauer method was used to undertake antibiotic
susceptibility screening of the A. baumannii isolates. Seventeen
antibiotics in various concentrations including but not limited
to 10 pg imipenem, 30 pg cefepime, 10 pg levofloxacin, 10 pg
meropenem, 30 pyg amikacin etc. were used in this study in line
with the procedure from Tanner.®

Phage isolation and purification

Ten MDR A. baumannii strains were selected for the isolation of
A. baumannii-specific phage. Sewage and canal water samples
were used for phage isolation. Sewage water was collected
from sewage treatment plant of the Department of Works and
Services, University of Lagos, while the canal water sample
was collected from the canal behind Teaching Hospital of Lagos
University. The phage was isolated using enrichment protocol
as previously described.

Two clonal differences in the A. baumannii isolates ($¢AB140
and $AB150) that showed very distinct and clear plaques were
picked for further purification tests. The phage was purified
through optimization and biokinetic measuring process as
previously described.® The phage was amplified against their
specific host bacterial stains and titer quantified; this was
followed by storage at 4°C.

Chitosan microparticle encapsulating Acinetobacter baumannii
phage cocktails (pAB140 and pAB150) in hydrogel matrix

CS (0.1% w/w) was dissolved in 10 mL acetic acid (4% v/v).
Fifty microliter of A. baumannii phage cocktails (1x10" PFU/
mL) was added to the CS solution under magnetic stirring
and continuous sonication to obtain a homogenized fluid at
25 + 0.5°C. Using a gauge 25 needle, 20 mL of the phage- CS
dispersion was then added drop wise into 100 mL of 2% w/v
TPP with continuous sonication. The droplets instantaneously
gelled into discrete Phage-CS microcapsules upon contact
with the crosslinking agent. The microparticle suspension was
subsequently centrifuged for 25 min (2750 rpm). The pellet
was resuspended in Milli-Q water to wash the microparticles
and centrifuged again. This washing procedure was repeated
twice and the encapsulated phage was stored overnight in an
amber glass vial.®

To prepare the plain gel to be used as the control, CS (0.1% w/v)
was dispersed in Milli-Q water and 0.1% v/w acetic acid. The
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gel was homogenized at 200 rpm for 1 h and 50 pL of the phage
cocktail (1x10" PFU/mL) was mixed with 20 mL of the gel and
homogenized at 100 rpm for 30 min and then stored in a glass
vial at 25 + 0.5°C.

Formulation C1 contained 20 mlL hydrogel alone whilst
formulation C2 contained 20 mL of hydrogel and 50 pL of
bacteriophage component comprising A. baumannii phage
cocktail.

Physical evaluation and morphological characterization of the
gels

The hydrogels were evaluated for homogeneity. The pH of
the gel was recorded in triplicate and the viscosity was also
examined with the use of a DV-E digital viscometer, Brookfield
viscometer at 25°C, 20 rpm using spindle 04. Scanning electron
microscopy (SEM) using JEOL JSM-6360\L instrument was
used to determine approximate shape, size, and uniformity of
the microparticles.

Microparticle entrapment and yield determination
Microparticle  suspension (10 mL) was centrifuged
(20.0000xg/30 min), followed by supernatant decantation
from the microparticle pellets. The pellets were freeze-
dried to ensure that all residual moisture was removed.
Dried microparticle powder was weighted and percentage
microparticle yield determined by dividing the weight of the
microparticles by the cumulative weight of total solids including
CS, TPP. The weight of the phage particles was excluded from
the microparticle yield calculation (equation 1).

microparticle weight

Total solids (CS + TPP - 1) weight
Equation 1

Microparticle yield (%) = x 100

A. baumannii phage microparticle suspension was evaluated
for entrapment efficiency. Under centrifugal force of 21700xg
for 15 min. Aided the concentration in the supernatant was
determined by bicinchoninic assay where the supernatant
from CS nanoparticles is used as the blank sample. Using
bicinchoninic assay the phage entrapment efficiency was
determined using equation 2.

(Total phage - 1-(free phage - 1

% Entrapment efficiency = x 100

total phage -1
Equation 2

Fourier-transform infrared spectra (FTIR)

Using a Shimadzu 8400 FTIR spectrophotometer, FTIR spectra
of free and vacuum dried encapsulated phage in CS containing
samples were recorded. FTIR analysis was done at Agilent
Technology to determine the various bands and compounds
in the CS molecule. Twenty scans per spectra were recorded
between 4000 and 400 cm.

Accelerated stability studies

The stability of CS microparticle encapsulating A. baumannii
phage cocktails (¢AB140 and ¢$AB150) in hydrogel matrix
(formulation C1 and C2) was determined by the resuspension

of the formulation in sterile distilled water at the concentration
of 20% w/w using a modified method of Pirnay et al."* The
hydrogel was incubated at 25°C + 2°C and analysed for their
size different time intervals (O, 10, 15, 30, 60, and 90 days)
using SEM as previously described.

Accelerated stability testing of the CS microparticle
encapsulating A. baumannii phage cocktails (6AB140 and
®AB150) in the hydrogel matrix was then evaluated using the
ICH guidelines (40°C/75% RH). Formulations C1 and C2 were
stored in amber colored vials and kept in a stability chamber
with set temperature and relative humidity. The formulations
were subjected to accelerated stability testing at both room
temperature and at 40°C and parameters were recorded on
days 0, 10, 15, 30, and 90. The formulations were evaluated for
pH, homogeneity, appearance, and viability of the phage within
the formulation using earlier described methodology.

Biological characterization

Antimicrobial determination of A. baumannii encapsulated
phage hydrogel in vitro

To investigate the lytic activity of A. baumannii phage cocktail
(pAB140 and $AB150) hydrogel against multi drug-resistant
A. baumannii isolates, a spot test was performed. Bacterial
lawn was prepared using double layer agar plate method
with Luria Bertani agar. The lawn was allowed to set and four
microparticles of formulation C1 and C2 were spotted on the
bacterial lawns, the plates were left uncovered within aseptic
zone for 5 min to allow the spots to dry and incubated (37°C for
24 h) and lytic activity observed. Draize tests were performed
to ensure non-reactivity of the developed hydrogels on intact
skin®

In vitro release study

®AB140 and ¢ABI50 release from CS microparticle
encapsulating A. baumannii phage cocktails in the hydrogel
matrix was determined 25 mg microparticles were transferred
to a tube with 5 mL 50 mM phosphate buffered saline maintained
atpH7and 37°C £ 1°C. At predetermined time intervals (2, 4, 6, 8,
10,12, and 24 h), 2 mL sample was removed after centrifugation
at 21.700xg for 30 min, and 2 mL of the supernatant removed
was replaced with fresh 50 mM phosphate buffered saline. The
sample from each time interval was analysed by bicinchoninic
acid (BCA) assay to determine the concentration of the released
protein.

Cell toxicity assessment

Using the method of llomuanya et al!’, double enzymatic
digestion, isolation of keratinocytes obtained from human
(a waste product of male circumcision) was carried out.
The formulation was carried using aseptic technique and,
hence, it was not necessary to conduct sterilization. The
CS-based microparticles were also cultured to ensure
that no bacterial contamination occurred in line with good
quality control measures.!” 3-(4,5-Dimethylthiazol-2-yD-2,5-
diphenyltetrazolium bromide assay was carried out using
CS-based microparticle-encapsulated A. baumannii phage at
concentrations of (0, 0.05, 0.1, 0.25, 0.5, 0.75, and 1 mg/mL).
Cell cultured in wells devoid of phage was taken as control.
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In vivo wound healing

Sixty thirteen-week-old rats breed specifically for research
without exposure to medications and weighing between 150 and
165 g were used for the study after a seven-day acclimatization
period. The animals were housed at a steady thermostatically
controlled condition (12 hr night/day cycle; 29 + 2°C; 45 + 10%
RH). Standard feeding conditions were provided in line with
international best practices, as stated within the study ethical
approval (CMUL/HREC/09/19/676).

Experimental timelines (Figure 1) show that the wound healing
study was conducted within a 14 day period. Diabetes was
induced using 150 mg/kg body weight alloxan monohydrate
in 2 day time lapse in the fasted rodents® After the alloxan
injection was administered rats having fasting blood glucose
levels above 190.5 + 8.1 mg/dL with the random blood glucose
levels of above 350 mg/dL were considered severely diabetic
and selected for infection studies.”®

Wound model

Overnight culture of MDR A. baumannii isolates corresponding
to 1x10° CFU/mL was prepared. Diabetic rats were taken
and distributed in four different groups of six animals each
randomly distributed. Epilation was carried and the skin
cleaned with rubbing alcohol before wounding through the skin
to the panniculus carnosus using a 5 mm diameter punch. The
wounds in group 1, 2, 3 and 4 were left open and inoculated
with 0.1 mL of A. baumannii (1.5x108 CFU/mL) suspension. The
animals were given ibuprofen suspension (5 mg/kg bwt) to
reduce pain. The infection was allowed to take hold for 24 h
before the treatment protocol started as follows.

Group 1: The infected rats that received no medication.

Group 2: The infected rats were treated with gentamicin
ointment twice a day.

Group 3: Formulation C1 was applied on infected wounds, twice
a day.

Group 4: Formulation C2 was applied on infected wounds,
twice a day.

Wound size was determined using a digital camera with an
image calibration capacity and calculated using relative wound
size reduction measurements was calculated based difference
in wound diameter A_and A; on treatment time in days /.e. initial
wound diameter and diameter at predetermined time intervals
respectively (equation 3).

Ao - At

Relati dsi duction%=— .
elative wound size reduction % Ao x 100 Equation 3

Bacterial load in wounds

TIMELINE FOR WOUND HEALING STUDY

| sccLnvaTioN ‘g}’;m | WOUND HEALING STUDY | HisToLoGy |
I il | T 1
DAY -7 2 4 18 1920

Wound infection

Figure 1. Experimental timelines

MDR A. baumannii on the surface of the wound, samples were
collected from the wound surface using a sterile swab stick for
three times on day 7, 10, and 14. The samples were processed
via nutrient broth inoculation and a 12 hour incubation at 37°C
before identification and evaluation of the presence of MDR A.
baumannii'®"

Histology
Fourteen days post-treatment of the infected wound, skin
sections fixed in 10% formaldehyde was stained using
hematoxylin/eosin and Masson's trichome and histological
profiles recorded using a microsystems microscope (Mannheim,
Germany).2

Histomorphometry

DMI-300 camera (South Korea) was used as the Image analyser
was used to evaluate the histological skin samples. Percentage
re-epithelialization was calculated as in equation 4.

[Total wound length (mm) - Desquamated

epithelium region (mm)]
Re-epithelialization %= P ¢ x 100

Total wound length (mm)

Equation 4

Statistical analysis

Graph pad prism software ver. 5 was used for statistical
analysis using data obtained in triplicate. All reported date is
expressed as mean + standard deviation of experimental values
for each variable.

RESULTS

Phage isolation and purification

MRD A. baumannii was used in the study. Five A. baumannii-
specific phages were isolated among ten A. baumannii strains
used for phage isolation. However, two unique phages ($AB140
and $AB150) were selected for the study amongst the five-
phage library based on high lytic activity, broad host range and
the plaque size formation (Figure 2A, B). The encapsulated
phage was freely released and highly sensitive to host bacteria
(108 CFU/mL, 1x10° CFU/mL) when tested using spot method on
double agar layer technique (Figure 20C).

Physical evaluation and pH determination of the gels

The encapsulated CS microparticle hydrogel exhibited pH of
5.77 £ 0.05, however after encapsulation of A. baumannii phage
(pAB140 and $AB150) the pH of the formulation increased

Figure 2. Plate A and B showed the lytic activity and the titer of Acinetobacter
baumannii phage (dpAB140 and $AB150) on double agar layer spot test.
Plate C showed lytic activity of chitosan-based microparticle encapsulated
A. baumannii phage cocktails (¢AB140 and $AB150) on host strains
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to 6.54 + 0.03. This pH is still in tandem with the range of
formulation pH required for the management of chronic
wounds. The viscosity of the C2 (1099 + 2.15 MPa) was slightly
lower than that of C1 (1120 + 1.09 MPa). The viscosity of the
formulations promotes ease of application as well as deters
run-off of the formulation from the site of application.

Morphological characterization

SEM analysis showed that CS-based microcapsule presented
as spheres of 30-40 um in size. The shape was uniform
throughout the sample and microparticles existed as discrete
particles. As shown in Figure 3C, CS-based microparticle
encapsulated A. baumannii phage presented as spherical shape
approximately 40-60 um in size (Figure 3A). The microparticles
were suspended in hydrogel matrix to obtain formulation C1
and C2 and the SEM shows homogeneity of the microparticles
within the hydrogel matrix (Figures 3B and D).

Microparticle entrapment and yield determination

The microparticle yield of CS microparticles and CS-based
microparticle encapsulated A. baumannii phage was 8712 +
2.93% and 80.99 + 3.66% respectively. Entrapment efficiency
of A. baumannii phage into CS microparticles was found to be
60.72 + 3.09%.

Fourier-transform infrared spectroscopy

The development of CS-based microparticle-encapsulated A.
baumannii phage using plain CS microparticles as reference
was analysed evaluated using FTIR. Sample C1 contained
plain CS microparticles showed C-H stretches at 2875 cm’
with corresponding stretch vibration at 3283 cm™ reflecting-
NH hydroxyl linkages (Figures 4A and B). The presence of the
encapsulated A. baumannii phage caused a slight shift form
2128 cm™ to 2105 cm™ and shows eminent microparticle protein
entrapment. The various bands seen include 1066 and 1021 cm™,
which represent a C-O bending vibration accompanied by a peak,
1215 cm™ a representation of stretching vibration of P=0 with
a peak being observed, the bending of C-H formation is given
within the range of 1457-1483 cm”, gives-H bending deformation,
the carbony! group of the amide bond is given as 1632 cm™ with
a trough, C=0, the amine bond present N-H is given as 1580 cm™,
and the C-H vibration stretch at 2867 cm™. The broad band N-H
from the spectrum in Figure 4A, B is represented majorly as 3290
cm™and 3253 cm™.

Accelerated stability studies

Formulations C1 and C2 were seen to be stabile after
resuspensionand storage atdifferenttimeintervalsat25°C +2°C.
There was no change in the morphology of the microparticle. C1
and C2 were stable, when challenged with accelerated stability
testing. There was no statistically significant variation in pH,
lytic activity of the formulation and viscosity when exposed to
ICH guidelines of 40°C/75 %RH (Table 1).

In vitro antimicrobial determination of encapsulated A.
baumannii phage in hydrogel matrix
Bacterial load in wounds

The A. baumannii infection was observed after 2, 7, 10, and 14"
days on the wound surface in the no treatment (NT), control

treatment (CT) and CS microparticle suspended in hydrogel
group C1 and C2. A. baumannii contamination infection was
not detected on days 7, 10, and 14 in the groups receiving the
microparticle encapsulated A. baumannii phage hydrogel as in
Table 2.

In vitro release study

The cumulative release of ¢AB from CS microparticle
encapsulating A. baumannii phage cocktails in the hydrogel
matrix was found to be 72.9 + 7.09% after 24 h of incubation.
An initial reinase 32.76 at 2 h followed by burst release of 72.24
which was sustained from 6 h to 24 h as shown in Figure 5.

Cell toxicity assessment
Microparticle encapsulated A. baumannii phage ($AB140 and
®AB150) were non-toxic to the cells at all concentration utilized.

Figure 3. SEM images of chitosan-based microparticle encapsulated
Acinetobacter baumannii phage cocktail (¢AB140 and $AB150) (A) in
hydrogel C2 (B), encapsulated chitosan microparticles (C) in hydrogel C1
(D)

SEM: Scanning electron microscopy
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Table 1. Accelerated stability testing on the microparticle encapsulated Acinetobacter baumannii phage cocktail in hydrogel (p<0.05)

Time (duration) Formulation pH Lytic activity of formulation Viscosity (mPas at 40 rpm)

C1 5.77 £ 0.05 Absence of lytic activity 1120 + 1.09
Day O

c2 6.54 + 0.03 Presence of lytic activity 1099 + 2.15

1 579 +0.10 Absence of lytic activity 1120 + 2.05
Day 10

c2 6.53 + 0.04 Presence of lytic activity 1098 + 2.31

C1 5.79 £ 0.09 Absence of lytic activity M9 +£1.72
Day 15

c2 6.53+0.10 Presence of lytic activity 1101 + 2.00

1 5.78 + 0.07 Absence of lytic activity 1121+ 118
Day 30

c2 6.5+0M Presence of lytic activity 1100 + 1.45

C1 5.77 £ 0.07 Absence of lytic activity Mo £11
Day 60

c2 6.55 + 0.05 Presence of lytic activity 1097 +1.33

1 579 +0.02 Absence of lytic activity 1121+ 0.98
Day 90

c2 6.55 + 0.04 Presence of lytic activity 1100 + 1.32

Table 2. The assessment of the colonization of drug resistant Acinetobacter baumannii on the wound surface

Presence of multi drug resistant A.

Group :)':ta;::jnt Chemotherapy utilized baumannii at

Day 2 Day 7 Day 10 Day 14
1 NT No treatment Positive  Positive  Positive  Positive
2 CT Gentamicin ointment Positive  Positive  Positive  Positive
3 C1 Chitosan microparticle suspended in hydrogel Positive  Positive  Positive  Positive
4 c2 Microparticle encapsulated A.baumannii phage cocktail in hydrogel Positive Negative Negative Negative

NT: No treatment, CT: Conventional treatment

At the highest concentration of 1 mg/mL, C1 and C2 showed 100
similar percentage (117 + 8.01% and 121 + 2.83% respectively,

after 24 hours following 183.03 + 3.77% and 215 + 7.89% after g 80 T I I
120 hrs) of cell proliferation with control. With respect to % cell E J J
proliferation, both hydrogels exhibited statistically significant Y 60
difference at 120 hours compared to the value at t=24 hr. g o
The optimized concentration of C2 adequately supported cell § ';3 40
growth with a proliferation rate of 215 + 7.89% compared to i g
control (107.32 + 4.55%) showing a lack of cell toxicity. g 20
©
In vivo wound healing E .
The cumulative release of ¢AB from CS microparticle 3 5 10 15 20 25 30
encapsulating A. baumannii phage cocktails in hydrogel matrix 20 Time in Hours
was found to be 72.9 + 7.09% after 24 h of incubation. An initial
release 32.76 at 2 hours followed by burst release of 72.24
which was sustained from 6 hours to 24 hours as shown in Figure 5. Release profile of $AB from chitosan-based microparticle
Figure 5. encapsulated Acinetobacter baumannii phage ($AB140 and ¢ABI150)

cocktail (C2) at pH 7 at different time intervals
Histology and histomorphometry

There was an absence of hemarrhaging seen on the infected 7, 56.79 + 2.02 and 62.15 + 5.11%, respectively. C1 containing

wounds in all groups including the control post product plain hydrogel and CT showed a wound size reduction of 31.766
application on the infected wound surface. The wound size + 3.07% and 31.28 + 2.63% respectively. On day 14", only C2
reduction was most pronounced in formulation C2 that showed showed completed wound closure with wound size reduction

statistically significant wound seize reduction on days 4 and of 100% (Figure 6). Histologic section of tissue of animals in
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the NT group showed skin with dermis containing oil glands, as
well as presence of clusters of inflammatory red cells (Figure
6A). Histologic section of tissue of animals treated with C2
reflected an absence of abnormalities after at day 14". The
desquamated epithelial region for C1 measured at 1.55 mm that
was statistically lower than control C1 and conventional drug
measured at 2.91 + 0.01 mm and 3.9 + 0.03 mm, respectively. NT
group had desquamated epithelial region measured at 6.7 + 0.10
mm due to increased inflammation in the dermis (Figure 7). The
thickness of epidermis to the dermis in C2 was significantly
higher than C1 (Figure 7B). The thickness of the central region
in C1 (2.45 mm 0.09) was a clear indication of facilitated re-
epithelization pathway that was not impaired by drug-resistant
A. baumannii infection. Re-epithelization rates were highest for
C2 at 83.44 + 217% compared to 32.78 + 0.11%, 23.68 + 1.01%,
and 11.99 + 0.97% for C1, conventional drug and NT groups,
respectively (Figure 7C).

DISCUSSION

This study developed encapsulated A. baumannii phage cocktails
(pAB140 and ¢ABI150) using chitosan and resuspended
the microparticles in hydrogel to treat chronic wounds. A.
baumannii phages were encapsulated using CS and then
suspended in a hydrogel matrix. A. baumannii phages exhibited
bactericidal activity in vitro. More so, in vivo lytic activity of
the CS-based microparticle-encapsulated A. baumannii phage
cocktails in hydrogel matrix against methicillin-resistant A.
baumannii was studied in an animal model. In the in vivo animal
wound experiment, we demonstrated that the phage cocktail in
hydrogel was not toxic in the rodent model used in this study.
Phage application in wound infections effectively reduced

Wound Size (mm)

Time (Days)

Figure 6. (A) Representative sections stained with hematoxylin and eosin
after post treatment. (B) Wound size/biometric analysis (mm) of wound
area of Acinetobacter baumannii (1.5x108 CFU/mL). Infected animals (n= 6,
each group) following NT, CT with gentamicin ointment, C1 and C2. Wound
area was measured on various days post-infection. Error bars represent
the standard deviation from three independent values. *p<0.05 indicate
statistically significant differences between infected control and treated
groups

NT: No treatment, CT: Conventional treatment

the number of bacteria isolates from the treated animal and
all visible infection symptoms (red, swollen-purulent wound)
disappeared. MDR A. baumannii is a rapidly emerging pathogen
in the healthcare setting, it causes bacteremia, pneumonia, %
meningitis, urinarytract, and wound infection.?*?' The organism'’s
ability to survive under various environmental conditions and to
persist for extended time on surfaces make it a frequent cause
of outbreaks of infection. It also promotes its endemicity hence
making it a healthcare-associated pathogen.® The developed
microparticle phage formulation containing bacteriophages
were stable and exhibited good organoleptic properties suitable
for use as a wound healing formulation. There was also an
absence of irritation displayed on intact skin when tested
before the wound healing study. The encapsulation of the
phages followed by resuspension in a biomimetic hydrogel base
ensured phage preservation within the drug delivery platform
whilst aiding ease of usage in the clinical setting. Additionally,
the use of CS based microparticle-encapsulated phage cocktail
in hydrogel matrix sufficiently solved the problem of dropping
of phage titer and inactivation of phage by immune cells around
wound sites. Similarly, Colom et al.2? encapsulated Salmonella
spp. phages that were stable showed excellent bioavailability in
the intestine thus increasing its therapeutic effect.

The animals treated with C2 containing bacteriophage exhibited
bacterial clearance as there was an absence of colonization
drug-resistant A. baumannii on the wound surface. Kim et
al.? evaluated safety tests of phage lysin reflecting success
in systemic infection clearance of A. baumannii. This study,

{vessles/m
(cell/mma2 of field)
§888¢8 3

Number of inflammatory cell
»
8

* I I I

a =]

°

o3888%8
[

I .
]
a [

No treatment Conventional

D
rug

d

w
N
3

B E

*
]

No treatment  Conventional 2 No treatment  Conventional
drog drug

~
@

from epidermisto dermis)
o

granulation tissue (%/mm2 of field)
o 8 8 8 & 8 8
I

Thickness of central regi
Percentage occupiedby collagenin

°
o & =

a
2
2

No treatment Conventional

N [«

Desquamated epithelial region (mm)

Re-epithelization rates (%)
o38888383888

o

- |
> *
(= Notreatment  Conventional a [ No treatment  Conventional

drug drug

2
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(hydrogel without bacteriophage) *p<0.05. The compositions of hydrogels
C1and C2 are provided in Table 1
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however, showed that hastened lysis of A. baumannii resulting
in septic shock when 500 pg of phage was used. The
encapsulation of the phage that was carried out in this study
ensured that bacterial clearance occurred via sustained release
of the phage through the microparticles.

The microparticle phage formulation C2 could facilitate
complete wound closure by day 14. Similarly, Vinod Kumar et
al.?* Staphylococcus aureus clearance from wounds in immune
compromised rats eight days post-treatment with phage. The
presence of drug-resistant A. baumannii in the wound bed
preclude the control drug and C1 treatment from achieving
wound closure due to the inability of the formulation achieve
bacterial clearance due to lack of sensitivity and specificity for A.
baumannii clearance. Cell proliferation and collagen deposition
facilitate angiogenesis in the development of granulation tissue.
The animals treated with formulation C2, displayed an increase
in granulation tissue with evidenced fewer inflammatory
cells and increased collagen deposition. The percentage of
granulation tissue which was collagen occupied was increased
in C2 compared to C1 with increased fibroblast agglomeration
seen in the tissue. The enhanced collagen deposition seen in
animal treated with C2 was associated with well-organized
collagen bands found within thin barrier blood vessels
largely distributed throughout the granulation tissue with C2
exhibiting 50 microvessels within the granulation tissue. Weak
scaffolds of collagen fibers accompanied by a low number of
microvessels at the tissue surface was observed for C1 and
conventional drug treatment groups. C1 contained CS hence its
ability to stimulated wound bed re-epithelization comparable
with that seen in the convention treatment. The utilization of
the hydrogel matrix as well has been seen to facilitate wound
healing in contrast untreated wounds exhibited incomplete
maturation of epidermal layer few fibroblasts, reduced number
of microvessels, and irregularly arranged collagen fibers that
appeared coarse and lacking a compact structure.

The cytotoxicity of the microparticles is crucial for their in vivo
use in clinical setting. CS-based microparticle-encapsulated
A. baumannii phage cocktail was studied for their in vitro
cytotoxicity on human keratinocyte cells and showed high
cell viability (1 mg/mL) of microparticles. The present study
corroborated that C2 was non-toxin on human keratinocyte
cells. The use of phage cocktail provides an effective solution
which readily delivered the wounded animals without any
delay, making cocktail phage therapy potentially more effective
clinically than mono-phage therapy. Similarly, Chhibber et al.?®
demonstrated that fast reduction in bacterial concentration and
hastened wound healing occur in an animal model treated with
phage cocktail therapy.

CONCLUSION

Microparticle carrier technology was used to show the lytic
activity against multi drug-resistant A. baumannii phage. In vivo
results showed significant wound size reduction that was most
pronounced in formulation C2 on day 4. Complete clearance
of A. baumannii isolates was detected on days 7, 10, and 14

in all groups that received the microparticle encapsulated
A. baumannii phage hydrogel as treatment. The optimized
concentration of C2 is safe, non-toxic and effect in complete
clearance of MDR A. baumannii infection from the wound bed.
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ABSTRACT

Objectives: Cyclosporine A (CYA), is an immunosuppressant drug used to prevent graft rejection, but it may initiate neuropsychological problems
such as depression. The aim was to evaluate the antidepressant-like effects of creatine (Crt), a mediator of oxidative phosphorylation, and alpha-
lipoic acid (ALA), a cofactor for the mitochondrial respiratory chain following CYA administration.

Materials and Methods: Female mice (27 + 2 g) were used, immobility time during the forced swimming test (FST) was measured, and hippocampal
brain-derived neurotrophic factor (BDNF) level was evaluated. CYA 20 mg/kg, ALA 40 mg/kg, fluoxetine 20 mg/kg, and Crt 10 mg/kg (oral) were
administered for 6 consecutive days, and the tests were performed on day 7.

Results: ALA, but not Crt, treatment alone decreased immobility in the FST (i.e., decreases depression-like behavior). CYA administration increased
immobility in the FST (175.1 + 1316 s, vs. vehicle 130.9 + 13.5 s, p= 0.0364), and this depression-like behavior was prevented by co-administrating,
ALA (100 £15.9 s, p= 0.020) or Crt (93.5 + 16.6, p= 0.009) and the positive control, fluoxetine. Notably, there was a synergistic effect of Crt-ALA co-
administration since CYA-induced immobility was lower in this group than in the groups pretreated with Crt or ALA. These behavioral changes were
observed without treatment effects on locomotor activity in an open field. CYA treatment increased hippocampal BDNF protein levels prevented by
co-administration of ALA (with or without Crt) or fluoxetine.

Conclusion: CYA-induced depression-like behavior might be related to hippocampal mitochondrial dysfunction as ALA and Crt prevented the
development of this behavioral phenotype. ALA, similar to fluoxetine, prevented BDNF alteration and its possible neurological changes.

Key words: Cyclosporine, depression, creatine, alpha-lipoic acid, brain-derived neurotrophic factor

INTRODUCTION

Calcineurin, a calcium-dependent protein phosphatase enzyme,

disturbance.® Additionally, CYA may induce neurotoxicity by
interaction with brain mitochondria functioning.® Brain-derived

is well known for its effect as a modulator of the immune
response. It also participates in neurotransmission, neuronal
structure, and neuronal excitabilit’? Calcineurin inhibiting
drugs, such as cyclosporine A (CYA), are immunosuppressive
drugs that have developed the organ transplantation process by
extensively reducing allograft rejection rates in individuals.®*
However, some patients that receive these agents suffer from
neuropsychological problems such as depression, anxiety,
confusion, and tremor.> Peripheral administration of high dose
(60 mg/kg) CYA has decreased the release of serotonin and
dopamine and caused prefrontal cortex dysfunction that could
be responsible for the increased anxiety and social behavior

neurotrophic factor (BDNF) belongs to the neurotrophin family;
it is the most plentiful neurotrophin in the central nervous
system (CNS) and is related to neural cell survival and neural
transmission.” Reduction of BDNF expression in hippocampal
neurons would cause severe stress and influence learning,
inspiration, and mood.%’

Creatine (N-aminoiminomethyl-N-methylglycine; Crt) can be
endogenously synthesized by the liver, kidney, pancreas, and to
some extent in the brain from the amino acids arginine, glycine,
and methionine. Crt is also provided in diets having meat or
fish.!° Adenosine triphosphate (ATP) is the primary energy
source in the brain that is closely joined to phosphocreatine
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(PCr). The isoenzymes of Crt kinase are specially localized in
high-demanding ATP sites like the neurons to regenerate ATP in
situ via PCr.° Therefore, oxidative phosphorylation and Crt/PCr
system prepare high energy that is critical for CNS function." Crt
has various properties in the CNS, including antioxidant, anti-
inflammatory, anti-apoptotic, and neuromodulatory activity.%”?
These effects have provoked further research regarding Crt
monohydrate efficacy for treating neurological disorders.

Alpha-lipoic acid (ALA) naturally occurs in vegetables
like broccoli, spinach, and tomatoes!”® ALA is an essential
cofactor for mitochondrial respiratory chain enzymes a-keto-
dehydrogenase complexes. ALA and its reduced metabolite
dihydrolipoic acid have been noticed as antioxidants against
hydroxyl radicals and an inhibitor of lipid and protein oxidation.
Interestingly, this free-radical quenching antioxidant, in contrast
to vitamin E (fat-soluble), is soluble in both fat and water; thus, it
deactivates free radicals in both fatty and watery areas of cells.
ALA can readily spread into CNS and induce protective effects
on the nervous system, leading to its promising therapeutic
effects on brain disorders.”

Since  CYA might induce depression side effects and
administrating prophylactic antidepressant drugs would
expose the individual to unnecessary medication and
polypharmacy, the aim was to introduce an alternative
medicine. Therefore, treatment with two supplements, ALA
(cofactor for mitochondrial respiratory chain) and Crt (mediator
of mitochondria oxidative phosphorylation), was evaluated on
mice's CYA-induced behavior changes. Novelty of the study was
that the antidepressant effects of Crt and ALA were evaluated
following CYA administration in mice, and finally, the BDNF
levels were assessed in mice brains.

MATERIALS AND METHODS

Animals

Female NMRI mice (weighing 27 + 2 g, 6-8 weeks old) were
housed six in each cage and kept at room temperature 21
+ 2°C on a 12 h light and 12 h dark cycle (lights on at 06:00
AM); standard mice chow and tap water ad libitum. Cages
were placed in the behavioral laboratory 24 h prior to the
experiments to acclimatize. The experiments were carried out
according to the Care and Use of Laboratory Animals Guidelines
Issued by The National Ethical Committee of Vice-Chancellor
in Research Affairs-Medical University of Isfahan (ethical no:
IR.MUI.RESEARCH.REC.1399.200). All the attempts were made
to reduce animal distress and the number of animals used in
the research.

Drug administration

CYA (Sandimmun, 50 mg/mL; Novartis, Switzerland) 20 mg/
kg was injected intraperitoneal (IP) after diluted in 2% v/v
EtOH/normal saline!® Crt monohydrate (Karen Pharma and
Food Supplement, Iran) 10 mg/kg was administered by daily
gavage feeding tube,® ALA (Sigma Aldrich, India) 40 mg/kg
was injected IPM A selective serotonin reuptake inhibitors
(SSRIs) fluoxetine (Sigma-Aldrich, Germany) 20 mg/kg was

injected IP.® Control groups were injected with normal saline
or received normal saline by gavage feeding tube. In a separate
group of mice, Crt and ALA were co-administration with CYA.
The volume for all of the injections was 10 mL/kg.

Experiment design

Totally 9 groups of animals consisting of 6 mice in each group
were studied. Groups included: groups that received each of
the drugs (ALA, Crt) alone and the control group that received
normal saline (data for IP injection and gavage were similar;
therefore, one group was considered here). The CYA alone
group and the vehicle group (2% v/v EtOH/normal saline).
Three groups that received ALA, Crt or fluoxetine (the positive
control) concomitantly with CYA; finally, a group that was
treated with ALA+Crt together with CYA. All the treatments
were administered for 6 consecutive days, and the tests were
performed on day 7. The locomotor and forced swimming tests
(FST) for measuring animal despair behavior were performed
on each animal. After the animals were decapitated, the brain
was carefully removed on ice and stored in -70 for BDNF
evaluation.

Locomotor test

The locomotor activity of mice was assessed in an open arena
(45x45 cm) (Borj Sanat, Iran) divided into 15 zones by red
beams. Mice were allowed to explore the field for 3 min;’"
by passing through the beams, the number of zone entries
(horizontal exploration) was counted automatically, while rears
on back-legs (vertical exploration) were recorded manually.
The total activity for each animal was calculated, which was
the sum of zone entries and rears on the back legs.

Forced swimming test

During FST, mice were forced to swim in 25°C water in a
2-liter Pyrex beaker (diameter 12.5 cm, depth 12 cm) for 6 min;
the first 2 min was considered for habituation.?® The animals’
despair behavior was evaluated by measuring the immobility
time during the last 4 min of the trial. It was considered
when animals had no additional activity required to keep the
animals’ heads above the water. Swimming behavior, defined
as horizontal movement throughout the beaker, which involved
at least two limbs, and climbing behavior, defined as upward
movements of the forepaws along the side of the beaker, was
also recorded. The entire experiment was recorded by a camera
and analyzed later. After 6 min, the mice were dried carefully to
avoid hypothermia and returned to their home cage.

Brain BDNF enzyme-linked immunosorbent assay (ELISA)

Mice were rapidly decapitated after CO, euthanasia, and
the whole brain was quickly removed, weighed, and the
hippocampus was dissected on a cold tile. After that, the frozen
samples were kept at -70°C until further assay. Hippocampus
of each sample was homogenized for 30 sec with ice-cold
extraction buffer containing 50 mM Tris-HCl, 0.6 M NaCl, 0.2%
Triton-X 100, 1% bovine serum albumin, 0.1 mM benzethonium
chloride, 1 mM benzamidine, and 0.1 mM phenylmethylsulfony!
fluoride at pH 7.4. According to the manufacturer’s instructions,
a mice BDNF ELISA kit (Picokine TM ELISA, catalog no:
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EKO309, Boster Biological Technology, Canada) was used.
Briefly, the homogenates were centrifuged (10.000xg, 25 min,
4°C), and the supernatant was separated.?’ After dilution, 100
pL of samples were added to each empty well and incubated
at 37°C for 90 minutes. After washing the wells, 100 pL of
biotinylated anti-mice BDNF antibody working solution was
added and incubated at 37°C for 60 minutes. Then all of the
wells were washed three times with poly(butylene succinate)
and incubated with avidin-biotin-peroxidase complex working
solution at 37°C for 30 minutes. Finally, TMB color was added
to each well and kept in the dark for 30 minutes. After changing
the color to yellow following TMB stop solution addition, the
plate optical density absorbance was read at 450 nm using a
Synergy HTX microplate reader (BioTek, USA). All of the tests
were run in duplicate. The standard curves ranged from 9.5 to
380 pg/mL BDNF with a 4 pg/mL sensitivity. The intra-assay
coefficient of variation varied from 2.5 to 5.1%, and the inter-
assay coefficient of variation varied from 4.8 to 6.3%. BDNF
levels were calculated as pg/mg of total protein.

Statistical analysis

Results were expressed as group mean + standard error of the
mean. All behavior results were analyzed by One-Way ANOVA,
followed by Tukey's multiple comparison tests. BDNF results
were analyzed by One-Way ANOVA, followed by Tukey’s multiple
comparison tests. P values less than 0.05 were considered
significant. Excel 2010 and GraphPad Prizm (version 8) used
the software programs for data analysis and making graphs.

RESULTS

Effect of Crt, ALA, and CYA on the behavioral tests

The locomotor activity results in Figure 1a show no statistically
important difference in the total activity between Crt and ALA
alone groups compared with the control group [F (2, 15)=3.544,
p=1.724]. Also, there was no significant difference in the total
activity between CYA and the pretreatments with Crt, ALA,
or fluoxetine groups compared with the vehicle group [F (5,
30)=1.445, p= 2.055]. The results of immobility time during FST
are presented in Figure 1b; Crt insignificantly reduced immobility
time in normal animals while ALA significantly reduced
immobility time (81.6 + 15.9 s vs. control 142 + 9.7 s, p= 0.0094).
CYA significantly increased immobility time (175.1 + 1316 s,
vs. vehicle 130.9 + 13.5 s, p= 0.0364), and by pretreatments,
with ALA (100 + 15.9 s, p= 0.020) or Crt (93.5 £ 16.6, p= 0.009)
the immobility time significantly decreased compared to CYA
alone. By co-administration of ALA-Crt following CYA injection,
immobility time dropped dramatically (12.2 + 2.59 s, p<0.001 vs.
CYA). The result was significantly lower than pretreatment with
ALA (p= 0.0022) or Crt separately (p= 0.0052). Fluoxetine as
the reference antidepressant drug reduced immobility in CYA-
treated animals (47.7 + 18.8 s, p<0.001 vs. CYA group).

According to Table 1, swimming time during the FST following
ALA administration was significantly higher than control (141 +
13.9 s vs. control 76.9 £ 11 s, p= 0.002) Crt also slightly increased
swimming time. By administrating Crt and CYA, swimming
time was significantly higher (p= 0.0393) than CYA alone.

Similarly, co-administrating ALA-Crt increased swimming time
compared to CYA alone (p= 0.0030). The table also shows that
treating with ALA-Crt significantly increased the climbing time
compared to CYA alone (p= 0.0298). Climbing time was also
significantly higher in animals treated with fluoxetine than CYA
alone (p<0.007).

Brain BDNF level

The results of brain BDNF levels are depicted in Figure
2. BDNF level was not different following administrating
ALA or Crt compared to the control group (571 + 431 pg/mg
protein). Interestingly CYA significantly increased BDNF levels
compared with vehicle (1059 = 81.0 pg/mg protein, p= 0.0093).
Treatment with Crt did not change the result, while treatment
with ALA similar to fluoxetine significantly reduced BDNF
levels compared with CYA alone (684 + 103 pg/mg protein, p=
0.0454). Administrating ALA-Crt also significantly decreased
BDNF levels compared with CYA alone (p= 0.0413). Table 2
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Figure 1. Effect of Crt, and ALA, on mice behavior following CYA
administration. Total activity during locomotor test = (horizontal + vertical)
exploration (a), and immobility time during FST (b). The control and vehicle
groups received normal saline and 2% v/v EtOH/normal saline. Results
are expressed as group mean + SEM and analyzed by ANOVA followed by
Tukey's comparison test (n= 6). “p<0.05, compared with the control; 'p<0.05,
compared with the vehicle. *p<0.05, **p<0.01, and ***p<0.001 compared
with CYA group. ##p<0.01 as shown

ALA: Alpha-lipoic acid, Crt: Creatine, CYA: Cyclosporine A, SEM: Standard error
of the mean
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Table 1. Swimming and climbing time during the FST

Groups (n= 6) ﬁrv:(ienzrsr;ing Elsl;mbing time
Control 769+ 2114 £12.01
ALA 141 +£139" 17.50 £ 10.16
Crt 113 £ 9.65 8.50 + 3.26
Vehicle 763 £ 174 1.66 + 0.91
CYA 69.7 +18.3 316 +1.68
CYA+ALA 117 £101 22.50 + 9.60
CYA+Crt 132 £ 18.2* 2017 + 8.64
CYA+ALA+Crt 174 £18.1**W 5417 +18.67*

CYA+fluoxetine 84.2 +21.2 91.50 £ 15.51***

The control and vehicle groups received normal saline and 2% v/v EtOH/
normal saline. Results are expressed as group mean + SEM and analyzed
by ANOVA followed by Tukey's comparison test (n= 6). *: p<0.05, compared
with the control; *: p<0.01, compared with the vehicle. *: p<0.05, **: p<0.01,
compared with CYA group. FST: Forced swimming test, ALA: Alpha-lipoic
acid, Crt: Creatine, CYA: Cyclosporine A, SEM: Standard error of the mean
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Figure 2. Normalized brain-derived BDNF level. The control and vehicle
groups received normal saline and 2% v/v EtOH/normal saline. Results
are expressed as group mean + SEM and analyzed by ANOVA followed
by Tukey's comparison test (n= 6). ¥p<0.01, compared with the vehicle;
*p<0.05, compared with the CYA group

BDNF: Brain-derived neurotrophic factor, SEM: Standard error of the mean,
CYA: Cyclosporine A, ALA: Alpha-lipoic acid, Crt: Creatine

shows the percentage of the hippocampus to whole-brain
tissue; in CYA treatments, it was significantly higher than the
vehicle group, and ALA and Crt reversed it, but not fluoxetine.

DISCUSSION

This research proved that the complementary drugs, ALA and
Crt, prevent depressive-like behavior initiation by CYA in mice,
and ALA-Crt showed a synergistic antidepressant effect. While
CYA increased the brain BDNF level, treatment with Crt did not
change the BDNF level, and ALA reduced it. This study was
carried out on female mice since it was shown previously that
Crt effects on depressive behavior in FST are sex-dependent,
and female rats had shown better antidepressant-like
response.?

Table 2. Hippocampus to whole-brain percentage

%
Hippocampus

Groups (n=5)

to the whole

brain
Control 9.02 + 0.44
ALA 715 +£1.22
Crt 6.31+0.52"
Vehicle 8.06 + 0.32
CYA 10.34 + 0.54"
CYA+ALA 742 + 0.98*
CYA+Crt 8.58 + 0.51
CYA+ALA+Crt 8.22 + 0.76
CYA+fluoxetine .31+ 0.31Y

The control and vehicle groups received normal saline and 2% v/v EtOH/
normal saline. Results are expressed as group mean + SEM and analyzed
by ANOVA followed by Tukey's comparison test (n= 6). *: p<0.05, compared
with the control; ¥: p<0.05, compared with vehicle; *p<0.05, compared with the
CYA group. ALA: Alpha-lipoic acid, Crt: Creatine, CYA: Cyclosporine A, SEM:
Standard error of the mean

FST is the most commonly used behavior test used for
antidepressant screening.?® Rodents perform a typical immobile
posture following initial escape attempts movements in the
inescapable water-filled beaker. Immobility time during FST
was measured as a certain depressive-like phenotype that
is despair behavior. The locomotor activity was evaluated
prior to the FST since no noticeable difference was observed
between different therapies and normal animals; thus, changes
in the immobility time in FST could be interpreted as animal
depressive-like behavior. CYA administration increased
immobility time, indicating animal despair behavior. It was also
reported previously that following CYA single-dose injection,
immobility time measured after 4 h and 24 h in separate groups
of animals increased in FST. After nephrotoxicity, neurotoxicity
is the most severe CYA-related side effect that was proved to
be related to drug interface with brain mitochondria.®

In the following experiment, Crt prevented CYA-induced despair
behavior, as the immobility time was significantly lower than the
CYA group. It has been proven that Crt could protect neurons
against neurotoxic substances such as harmful excitatory
amino acid glutamate levels by buffering ATP levels.?* The
mitochondrion and Crt and PCr establish a critical system in
energy homeostasis in high energy demanding organs, such as
the brain. Crt buffers against ATP depletion since it increases
PCr as a substrate for Crt kinase, which converts adenosine
diphosphate to ATP and, therefore, exerts its neuroprotection
effect.?® Therefore, by stimulating the rate of ATP synthesis
and producing high amounts of PCr, Crt may have prevented
the CYA-induced neurotoxicity and depressive-like behavior
in mice. Pretreatment with Crt also increased the swimming
time, although neurotransmitters were not measured on the
downside of the study; according to previous studies, the
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serotonergic system may be involved in the antidepressant-
like effects. The SSRI drugs increase the swimming time
while the catecholamine-related antidepressants increase the
climbing time.?® However, the pretreatment of fluoxetine with
CYA showed unexpected results as the climbing time was
significantly higher than control because of the interaction
between CYA and fluoxetine. It was shown previously that high
dose CYA decreases serotonin release.®

Pretreatment with ALA also reduced CYA-induced depression-
like behavior, as immobility time was reduced significantly.
ALA has been recognized as a potent antioxidant naturally
found in diets; indeed, there would be increased functional
capacity when given as a supplement.? ALA antioxidant
capacity could be the reason for its protective effects
against CYA-induced depression. In support of our study,
animal studies have shown that ALA, along with reducing
neurodegeneration in the hippocampus, reduced peripheral
oxidative damage by increasing total anti-oxidative potential.?®
In addition, supplemented ALA in old rats has increased
mitochondrial membrane capacity and declined oxidative
damage.?? Therefore ALA has prevented CYA neurotoxicity
through interaction with brain mitochondria functioning.® The
most exciting finding was that co-administrating ALA-Crt had a
synergistic antidepressant-like effect as immobility time during
FST reduced dramatically. Meanwhile, climbing and particularly
swimming time significantly increased. It was supposed that
serotonin and mitochondria have a close interconnection
since by improving mitochondrial functioning, swimming
time increased. Variable mitochondrial activity equals energy
demand to energy supply throughout the neurons and controls
replacing mitochondria in the periphery.® Researchers have
found that serotonin and 5-HT1A receptors in hippocampal
neurons are involved in mitochondrial trafficking.®

In the present study, brain BDNF levels almost doubled following
CYA administration, and AlA similar to fluoxetine prevented this
effect. BDNF and its receptor tyrosine kinase receptor B play
essential roles in cell survival, neurogenesis, synaptic plasticity,
and neuron survival during life 3 Previous studies have shown
that chronic administration of CYA in rats for 30 days reduced
brain BDNF levels that could be responsible for the depressant
effect of CY.® It was observed that following 14 days of
treatment with fluoxetine, BDNF expression was decreased.*®
However, following 21 days of fluoxetine administration, BDNF
expression was upregulated.® It was also reported that BDNF
level increased in an animal model of schizophrenia, and it was
suggested that this elevation is in response to toxic materials
as a defensive mechanism.®3¢ After 7 days of BDNF infusions
into the ventral tegmental area, latency to immobility in the FST
declined, suggesting a depressive-like behavior against the
BDNF role proposed in the hippocampus.® In addition, some
studies have shown that increased BDNF level is related to
depression.® According to these studies, different therapies
and exposure time could influence brain BDNF levels. In our
study, after depressive-like behavior initiated by CYA, BDNF
levels increased, that might be related to CYA neurotoxic effect.
However, although Crt pretreatment had an anti-immobility

effect in FST, it did not alter the rise in BDNF levels. Only ALA
pretreatment reduced BDNF levels similar to fluoxetine, and
probably, ALA is more effective in preventing CYA neurotoxic
initiation; this warrants further investigation. In addition, the
higher hippocampus to whole-brain ratio and elevation of
BDNF level in CYA treated groups are related to the increased
immobility during FST.

CONCLUSION

In conclusion, the present study showed that mitochondrial
antioxidant ALA and Crt prevented CYA-induced depressive-
like behavior. Therefore, it was postulated that at least part of
CYA induced depressive effect is mediated by mitochondrial
dysfunction neurotoxicity. Also, we observed that ALA could
hinder BDNF alteration and its possible neurological changes
as effective as fluoxetine.
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ABSTRAC T |

Objectives: The novel coronavirus disease-2019 (COVID-19) that emerged in China, is a highly transmittable and pathogenic viral infection caused by
the severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2); the disease has been declared by the World Health Organization as a Public
Health Emergency of International Concern. The unavailability of approved therapeutic agents or vaccines is of great concern. This study performed
molecular docking and absorption, distribution, metabolism, excretion and toxicity (ADMET) analysis of some compounds isolated from Neocarya
macrophylla (Sabine) Prance ex F. White (Chrysobalanaceae) against three targets of SARS-CoV-2 proteins (3C-like protease, spike protein, and
papain-like protease).

Materials and Methods: Phytoconstituents isolated from N. macrophylla were screened against key targets of SARS-CoV-2 using Auto Dock Vina,
while the ADMET analysis was performed using swiss ADME and pkCSM ADMET descriptors algorithm protocols.

Results: The in silico computational studies revealed that the compounds (catechin, catechin-3-rhamnoside, quercetin, and epicatechin) isolated
from N. macrophylla can effectively bind with high affinity and lower energy values to the three target proteins of SARS-CoV-2. ADMET analysis was
used to predict important pharmacokinetic properties of the compounds, such as aqueous solubility, blood-brain barrier, plasma protein binding,
CYP2D6 binding, intestinal absorption, and hepatotoxicity.

Conclusion: The findings of this study have shown that N. macrophylla contains potential leads for SARS-CoV-2 inhibition and thus, should be
studied further for development as therapeutic agents against COVID-19.
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INTRODUCTION

Coronavirus disease-2019 (COVID-19) is a major public health
problem. From December 2019, when it was first presented
in Wuhan, China,' it rapidly spread to several countries around
the world, necessitating the declaration of the disease as a
Public Health Emergency of International Concern by World
Health Organization on the 30" January 2020.2 The life cycle

of coronavirus mediates its infection in few typical steps
viz.; (i) attachment that must do with transmission inside the
human body as well as binding of the virus spike protein with
angiotensin-converting enzyme-2 (ACE-2) receptors of the cell
membrane, (ii) penetration, which involves membrane fusion of
the virus through endocytosis and release of the viral genome
inside the cell, (iii) biosynthesis, which encompasses the
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synthesis of replication-transcription complex and replication
of viral RNA, (iv) maturation i.e. transcription of subgenomic
mRNAs, (v) release that must with the translation of the viral
proteins, assembly of new virions, and release of the virion
from infected cells via exocytosis and infect new healthy cells.3#
There is presently no specific drug or vaccine targeted at the
severe acute respiratory syndrome-coronavirus-2 (SARS-
CoV-2) virus but different classes of drugs, including anti-viral,
anti-inflammatory, steroids, or anti-coagulants are employed
for the symptomatic treatment. There is thus, an urgent need for
research to develop an alternative, effective and safe therapy
for managing COVID-19, and natural products have been known
historically as a veritable source of medicines.

Few studies have reported the potential of medicinal plants as
a novel approach for the effective management of the COVID.?
There are several anecdotal accounts of the use of plant
extracts, including Artemisia annua L., Pyrrosia lingua (Thunb.)
Farw., Lindera aggregata (Sims) Kosterm, Zingiber officinale
Roscoe, Syzygium aromaticum (L.) Merr. & L.M.Perry, and Allium
sativum L., singly or as a combination for managing COVID-19.6 A
recent in silico drug repurposing study identified several natural
product compounds with excellent binding affinity against the
three selected COVID-19 viral protein targets.®” Phytochemicals
containing biologically active polyphenols have been reported
as effective agents against COVID-19 disease.®

Neocarya macrophylla (Sabine) Prance ex F. White is a West
African plant species belonging to the Chrysobalanaceae family.
It has been used in ethnomedicine to treat different diseases
such as pulmonary troubles, inflammations, breathing disorders,
internal troubles, and other gastrointestinal tract (GIT) related
issues.” Chemically, steroids, flavonoids, and glycosides are
the major secondary metabolites found in the plant.® Based on
the anecdotal uses and some observed biological effects’® of
N. macrophylla, this has strengthened us to perform molecular
docking and absorption, distribution, metabolism, excretion, and
toxicity (ADMET) analysis of some compounds isolated from
the plant against three targets of SARS-CoV-2 proteins [3C-like
protease, spike protein, and papain-like protease (PLP™)].

MATERIALS AND METHODS

Ligand selection and preparation

Catechin, catechin-3-rhamnoside, epicatechin, and quercetin
(Figure 1) were previously isolated from the stem bark and
leaves of N. macrophylla using a combination of silica gel and
a Sephadex LH-20 column. The structures of the compounds
were established using one-dimensional (1D) and two-
dimensional (2D) nuclear magnetic resonance spectroscopic
analysis and by direct comparison of data obtained with those
reported in the literature™? The SDF files of catechin (CID:
9064), catechin-3-rhamnoside (CID: 21626704), epicatechin
(CID: 72276), and quercetin (5280343) were retrieved from
PubChem (https://pubchem.ncbi.nlm.nih.gov/). The structures
were prepared and converted to protein data bank (PDB) format
using Chimera 1143

Protein preparation

Crystallography structures of the SARS-CoV-2 main protease
(PDB: 6LU7), spike protein (PDB ID: 6LZG), and PLP® (PDB:
6W9C) were retrieved from the PDB (https://www.rcsb.org).
The 3D structures of the proteins were prepared by removing
all water molecules and non-standard residues to alleviate
errors and as a cleanup of a PDB file retaining only ATOM and
TER records and it was modified by adding hydrogens and
minimized.®

Molecular docking

Molecular docking studies were conducted to estimate
the binding energies of the compounds isolated from N.
macrophylla against the three protein targets of SARS-CoV-2
using AutoDock Vina software!* The prepared proteins and
the ligands were converted into PDB partial charge, and atom
type format using AutoDock tools. The grid box dimensions
for each protein were noted as indicated in Table 1. Molecular
docking was performed using AutoDock tools in PyRx software
and post docking analysis was conducted using the BIOVIA
Discovery studio visualizer 2020 and Chimera 1.14.”

In silico ADMET and drug-likeness prediction

The physicochemical properties of the compounds (catechin,
catechin-3-rhamnoside, epicatechin, and quercetin) and their
ADME and toxicity were determined using swiss ADME and
pkCSM ADMET descriptors algorithm protocol’®® The drug-
likeness properties of the compounds were predicted using
the Molinspiration Cheminformatics free web service (https://
www.molinspiration.com/cgi-bin/properties) by inserting the
Canonical SMILES of the compounds.

No statistical data were used for this study.

RESULTS

Molecular docking data

The four compounds (catechin, catechin-3-rhamnoside,
epicatechin, and quercetin) isolated from N. macrophylla were
screened against three important protein targets of SARS-
CoV-2, including main protease, spike protein, and PLpro by
conducting a molecular docking analysis using AutoDock Vina
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Figure 1. 2D-structures of the ligands isolated from Neocarya macrophylla
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tools in PyRx. The docking scores of the four ligands at the
active sites of the three proteins are shown in Table 2.

Based on the analysis of the docking results (Figure 2),
interactions between the ligands (i.e. catechin, catechin-3-
rhamnoside, epicatechin, and quercetin) and the binding sites
of the main protease of the SARS-CoV-2 were consistent;
the binding energies for the best pose against the SARS-
CoV-2 main protease ranged from -8.0 to -6.9 kcal/mol with
catechin-3-rhamnoside having the highest docking score. All
the ligands interacted with key active site residues such as
HIS41 and CYS145. Catechin formed five conventional hydrogen
bonds with GLU166, ARG188, and THR190. Quercetin formed a
hydrogen bond with GLU166 only and catechin-3-rhamnoside
formed hydrogen bonds with THR26, LEU141, ASN142, GLY143,
and MET165, while epicatechin interacted with LEU141, HIS163,
and GLN189 via H-bond (Table 3).

The interaction of the spike protein with the compounds is shown
inFigure 3. The ligands exhibited lower binding energies ranging
from -7.1 to -6.3 kcal/mol. Catechin-3-rhamnoside indicated the
highest affinity (-7.1) toward the receptor, while epicatechin
had the least affinity (Table 2). All the compounds interacted
with similar amino acid residues of clinical importance such as
TYR505 (active site residue). Catechin-3-rhamnoside formed
a conventional hydrogen bond with TYR449, and GLY496.
Quercetin was found to form four conventional hydrogen bonds
with TYR505, ASN501, GLY496 and GLN493. Catechin formed
a hydrogen bond with ASN501 and GLY496, while epicatechin
interacted (H-bond) with TYR505 at the active sites (Table 3).

The interaction formed between the ligands and the PLP™® of
SARS-CoV-2 coronavirus is shown in Figure 4. Epicatechin had
the lowest docking score and highest affinity while catechin
was the least. Catechin-3-rhamnoside formed five hydrogen
bonds with residues ARG166, ASP164, TYR264, TYR268,
and GLY163. Epicatechin formed three hydrogen bonds with
ASP302, ASN267, TYR264, and TYR268. Also, pication was
built between the ligand and ARG166. Two hydrogen bonds
were formed with residues ASP302 and ARG166 for catechin,
whereas quercetin formed only one hydrogen bond with
ARG166 (Table 3).

In silico ADMET and drug-likeness evaluation

The results of the in silico ADMET screening and drug-likeness
of the compounds are presented in Tables 4 and 5. The analysis
of different parameters, including physicochemical properties,
ADMET and drug-likeness was performed.

DISCUSSION

COVID-19, a highly transmissible disease, has rapidly spread all
over the world™® This necessitated the need for research to
develop effective and safe therapy for managing the disease in
the absence of therapeutic drug(s) and vaccine. Natural products,
either singly or in combination, have proven to be effective in
the management of COVID-19 N. macrophylla has been used
traditionally to treat pulmonary troubles, inflammations, breathing
disorders, internal issues, and other GIT related issues.? In this
study, we selected three important coronavirus protein targets

i.e. the main protease, spike protein, and PLP®, which were
docked with four compounds isolated from N. macrophylla
(catechin, catechin-3-rhamnoside, epicatechin, and quercetin)
as ligands®”? The spike glycoprotein (SGp) of coronavirus
attaches to ACE-2 receptor, thereby allowing viral entry.? Viral
genome replication will thereafter set in by RNA-dependent RNA
polymerase (RdRP) gene.?’ The main proteinase (3CLP°) and
PLe™ facilitates the process of proteolysis of the viral polyprotein
into functional units.* In order words, the proteins SGp, ACE-
2, 3CLpro, PLpro, and RdRP are directly involved in either the
establishment of the disease, translation, and replication or
facilitate the proliferation of the virus in the host cell.?

The docking scores of the compounds against the individual
proteins revealed binding energies ranging from -6.3 to -8.0
kcal/mol, which was higher compared to the docking scores
reported for remdesivir, hydroxychloroquine, ribavirin, and
arbidol that were used as control!” All the ligands interacted
with key active site residues of the SARS-CoV-2 main protease,
such as HIS41 and CYS145.22 Shah et al.?® reported that the OH
group of lopinavir interacted with GLU166 and HIS41. Besides,
remdesivir and methisazone have also been reported to form
H-bond with GLU166, ASN142, and THR190 for the main
protease. Peterson' also reported a higher docking score
(-7.7 kcal/mol) for quercetin. The main protease plays a vital
role in viral replication. Thus, inhibiting the activity of the
main protease could block the replication of the coronavirus
inside infected cells. Hence, based on the results of our study,
phytoconstituents of N. macrophylla may be potential inhibitors
of the main protease of SARS-CoV-2.

SGp of SARS-CoV-2 plays an important role in facilitating the
viral attachment, fusion, and viral entry into the host cells.?°
Phytoconstituents with lower binding energy toward the
receptor could serve as a potential drug for further studies. The
ligands demonstrated lower binding energy and have a higher
affinity for the spike glycoprotein. Non-covalent interactions
of the compounds detected by AutoDock Vina tools in PyRx
revealed that all compounds interacted with catalytic residue
TYR505 (active site) of the spike protein. Chikhale et al.?
reported similar docking results and interactions for quercetin-
3-0-galactosyl-rhamnosylglucoside, hydroxychloroquine, and
lopinavir. However, the binding affinities of the tested ligands
(catechin, catechin-3-rhamnoside, epicatechin, and quercetin)
were higher than those of hydroxychloroquine (-3.57 kcal/mol),
remdesivir (-4.41 kcal/mol), and lopinavir (-4.22 kcal/mol).?*
Pandey et al.* also reported a lower binding affinity of -5. 6 for
hydroxychloroquine.

The PLP™ plays a vital role in processing viral polyproteins
to generate a functional replicase complex and enable viral
spread®?” and it is also implicated in cleaving proteinaceous
post-translational modifications on host proteins as an evasion
mechanism against host antiviral immune responses.?®%°
The selected ligands could dock into an entirely different
binding pocket of PLP® with lower binding energy compared
to the standard inhibitor, o-ketoamide 13 b (-8.24 kcal/mol) as
reported by Gurung et al.”
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The ADMET analysis of catechin, catechin-3-rhamnoside,
epicatechin, and quercetin was predicted by Swiss ADME and
pkCSM ADMET descriptors algorithm protocol.>'® The important
parameters related to ADMET properties such as Lipinski's®
rule of five, the solubility of drug, pharmacokinetic properties,
molar refractivity, and drug likeliness were evaluated.
According to the rule, molecules should have molecular weight
<500, hydrogen bond donors <5 and acceptors <10, calculated
octanol-water and -partition coefficient, and log p<5 possess
good membrane permeability and molar refractivity should
be between 40-130.3" The ADMET and drug-likeness results
indicated that all compounds have satisfied the limitations
and drug-likeness. The study assisted in screening the best
compound(s) with drug-likeness in a biological system and the
compounds were considered to be well absorbed based on the
predicted values of intestinal absorption, which were >30%
and Caco2 permeability values were also normal. Human VDss

of the compounds ranged from -1.559 to 2.001 L/kg that was
within the range; thus, values of 0.71 L/kg are considered low
and 2.81 L/kg as high. Blood-brain barrier (BBB) permeability
log BB of <-1is considered as poorly absorbed, while a value

Table 1. Grid box dimensions

S/no Name of the Grid box center

protein (PDB? ID) Grid dimension

Main protease

1 (PDB: 6LUT) 258x133x562  54x69 x 64
Spike protein

2 (PDB ID: 6L.76) 321x280x212  44x54x 61
Papain-like

3 protease (PDB: -223x-2.84x243  44xT4xTT
6W9C)

2PDB: Protein data bank

Table 2. Docking scores of the compounds against three target proteins SARS-CoV-2

Docking scores (kcal/mol)

Compound name Compound ID Main protease Spike protein Papain-like protease
Catechin 9064 -1.0 -6.6 -6.4
Catechin-3-rhamnoside 21626704 -8.0 =71 -6.9

Epicatechin 72276 -6.9 -6.3 =71

Quercetin 528043 -6.9 -6.7 -7.0

Table 3. Interactions of the compounds against the three target proteins of SARS-CoV-2

Interactions

Compound . . . -
name Main protease Spike protein Papain-like protease
H-bond: GLU166, ARG188, THR190 H-bond: GLY496, ASN501 H-bond: ARG166, ASP302
Others: PHE140, LEU141, SER144, LYS145, HIS163, Others: ARG403, GLU406, Others: LEU162, GLY163, ASP164,
Catechin HIS164, MET165, HIS172, GLN189, GLN192 LYS417, TYR453, PHE497, VAL165, MET208, SER245,
TYR495, GLN498, TYR505 ALA246, PRO248, SER262,
TYR264, ASN267, TYR268,
TYR273, THR301
H-bond: THR26, LEU141, ASN142, GLY143, MET165 H-bond: TYRd449, GLY496 H-bond: GLY163, ASP164, ARG166,
Catechin-3- Others: THR25, LEU27, HIS41, CYS44, MET49, Others: ARG403, TYR453, TYR264, TYR268
rhamnoside TYR54, PHE140, SER144, CYS145, HIS163, HIS164, SER494, TYR495, PHE497, Others: VAL165, LEU162, MET208,

GLU166, ASP187, VAL186, ARG188, GLN189, GLN192

GLN498, ASN501, GLY502,
TYR505

PRO248, TYR273, ASN267,
THR301

H-bond: LEU 141, HIS163, GLN189

Others: HIS41, CYS44, MET49, PHE140, ASN142,
Epicatechin  SER144, CYS145, HIS164, MET165, GLU166, ASP187,
ARG188,

H-bond: TYR505

Others: ARG403, GLU406,
LYS417, TYR453, LEU455,
TYR495, GLY496, PHE497,
GLN498, ASN501

H-bond: ASN267, TYR268,
ASP302

Others: VAL165, ASP164, ARG166,
MET208, MET243, SER245,
ALA246, PRO248, SER262,
TYR264, GLY266, TYR2T73,
THR301

H-bond: GLU166

Others: HIS41, CYS44, MET49, TYR54, CYS145, HIS164,
MET165, LEU167, PRO168, ASP187, ARG188, GLN189,
THR190, ALA191, GLN192

Quercetin

H-bond: GLN493, GLY496,
ASN501, TYR505
Others: ARG403, TYR453,

GLN493, TYR495, SER494,

GLN496, PHE497, GLN506

H-bond: ARG166

Others: LEU162, ASP164, GLY163,
MET208, SER245, PR0O248,
ASN267, TYR268, TYR273,
THR301, ASP302

SARS-CoV-2: Severe acute respiratory syndrome-coronavirus 2
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Table 4. In silico ADMET properties of compounds from Neocarya macrophylla

Properties Quercetin Catechin Epicatechin ~ Catechin-3-rhamnoside
Physicochemical properties

Formula CH,,0, C.H..0, C.H..0, C,H,.0,
Molecular weight (g/mol) 302.24 290.27 290.27 436.41
Fraction Csp3 0.00 0.20 0.20 0.43
H-bond donor 5 5 5 7
H-bond acceptor 7 6 6 10
Molar refractivity 78.03 74.33 74.33 105.56
TPSA 131.36 A2 110.38 A2 110.38 A2 169.30 A2
Absorption

Water solubility (log mol/L) -2.925 -3n7 -3n7 -2.98
Caco2 permeability (log Papp in 10 cm/s -0.229 -0.283 -0.283 -0.002
Intestinal absorption (human) (% absorbed) 77.207 68.829 68.829 48.902
Skin permeability (log Kp) -2.735 -2.735 -2.735 -2.735
P-glycoprotein substrate Yes Yes Yes Yes
P-glycoprotein inhibitor | No No No No
P-glycoprotein inhibitor Il No No No No
Distribution

VDss (human, log L/kg) -1.559 1.027 1.027 2.001
Fraction unbound human (Fu) -0.206 0.235 0.235 0.309
BBB permeability (log BB) -1.098 -1.054 -1.054 -1.345
CNS permeability (log PS) -3.065 -3.298 -3.298 -3.988
Metabolism

CYP2D6 substrate No No No No
CYP3A4 substrate No No No No
CYP1A2 inhibitor Yes No No No
CYP2C19 inhibitor No No No No
CYP2C9 inhibitor No No No No
CYP2D6 inhibitor No No No No
CYP3A4 inhibitor No No No No
Excretion

Total clearance (log mL/min/kg) 0.407 0.183 0.183 -0.393
Renal OCT2 substrate No No No No
Toxicity

Maximum tolerated dose (human) (log mg/kg/day) 0.499 0.438 0.438 0.449
Oral rat acute toxicity (LD,.) (mol/kg) 241 2.428 2.428 2.446
Oral rat chronic toxicity (LOAEL) (log mg/kg_bw/day) 2.612 2.500 2.500 2.808
Hepatotoxicity No No No No
Tetrahymena pyriformis toxicity (log pg/L) 0.288 0.347 0.347 0.285
Minnow toxicity (log mM) 3.721 3.585 3.585 6.116
Drug-likeness

MiLogP 1.68 1.37 1.37 0.69
TPSA 131.35 110.37 110.37 169.30
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Table 5. Boiled-egg model for ADMET/drug-likeness of the compounds from Neocarya macrophylla

Compounds 2D structure Boiled egg model for ADMET/drug likeness
OH LIPC
FLEX SIZE
HO O o OH
Catechin 21
OH INSATU POLAR
LIPO
FLEX SIZE
o
HO o T—
Epicatechin oH
o
oH
INSATU POLAR
INSOLU
OCH,
OH LIPO
HO O o e

Catechin-3-rhamnoside

£}

(] o]
- H INSATU POLAR
OH OH ©
CHs
INSOLU
O
HO
OH LIPO
OH
FLEX SIiZE
. HO 0
Quercetin
NsaTU T FOLAR
OH
OH 0] INSOLU

of >0.3 is considered as well. A drug can penetrate central
nervous system, when the logPS is >-2, however, logPS of -3
is considered as poor. A compound is considered toxic, when
Tetrahymena pyriformis value is >-0.5 pg/L and high acute
toxicity for compounds can as well be attributed to a minnow
toxicity LC,; of <-0.3 Mm.*°

All the compounds had five hydrogen bonds except catechin-
3-rhamnoside, which had seven and the hydrogen bond
acceptors were within the range. The hydrophilicity of the
compounds determined by calculating the log p value indicated

that the compounds have good absorption. Thus, higher
log p values result in poor absorption. The calculated polar
surface area (PSA) was within the range of 7.0-200.0 A. One
violation of Lipinski's rule (PSA, molecular weight, number of
hydrogen donors, and acceptors) was observed for catechin-
3-rhamnoside, which indicates the compound’s potential as a
drug-like molecule.

Boiled-egg for ADMET/drug-likeness is an accurate predictive

model used to estimate various stages of drug discovery;
it works by computing the lipophilicity and polarity of small
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molecules. The pink area represents the optimal range for
each property constituting lipophilicity, molecular weight,
polarity, solubility, saturation, flexibility among others.

CONCLUSION

In conclusion, we have screened four compounds (catechin,
catechin-3-rhamnoside, epicatechin, and quercetin) isolated
from N. macrophylla using molecular docking, in silico ADMET,
and drug-likeness prediction. The findings of this study have
shown that the plant N. macrophylla may contain potential
leads for SARS-CoV-2 inhibition and thus, should be studied
further for development as effective therapeutic agents against
COVID-19.
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ABSTRAC T |

Simple, novel and selective reverse phase-high performance liquid chromatography (RP-HPLC) and ultraviolet (UV) spectroscopic methods have
been developed and optimized for the determination of remogliflozin etabonate (RMZ) in bulk and dosage forms. In the HPLC method, the principal
peak and internal standard peak were eluted separately at different retention times (RT) with the chromatographic conditions such as, mobile phase
consisting of 0.02 M ammonium acetate buffer (pH was adjusted to 4.0 by 1.0 M ortho phosphoric acid), acetonitrile and tetrahydrofuran in the
ratio 50:45:05, respectively (v/v) and the stationary phase used was C18, 5 um, 4.6 mm x 250 mm kromasil column. The flow rate was 2.0 mL min,
sample injection volume was 10 pL, and the wavelength of detection was fixed at 228 nm. In case UV spectroscopic method, the RMZ was diluted
with pure ethanol. The RMZ showed a maximum absorbance at 228 nm. Hence throughout analysis 228 nm was used for the determination of RMZ.
The RT of RMZ and internal standard, atorvastatin (ATST) were 6.2 min and 7.0 min, respectively. The resolution between the peaks was found to
be more than 2.0. The total run time was fixed at 10 min. The linearity range for RP-HPLC method was found to be 10 yg mL" to 50 pg mL", at a
fixed concentration of ATST. The linearity range for the UV spectroscopic method was found to be in the range of 100 to 250 pg mL". Regression
coefficients (R2) were found above 0.999 for both of the techniques. The limit of detection and quantification for RMZ were found to be 1.0 pg
mL" and 3.5 ug mL" respectively, in RP-HPLC method and 10.0 pg mL" and 40 ug mL", respectively, in UV spectroscopic method. The developed
methods were found to be simple, accurate, reproducible, and precise. The RMZ can be analyzed in dual techniques, i.e., chromatographic and UV
spectroscopic methods for its routine analysis.

Key words: Remogliflozin etabonate, RP-HPLC, UV spectroscopy, bulk and dosage forms

INTRODUCTION

Remogliflozin etabonate (RMZ) (Figure 1) chemically known
as (5-methyl-4-[4-(1-methylethoxy) benzyll-1-(1-methylethyl)-
1H-pyrazol-3-yl 6-0-(ethoxycarbony)-B-D glucopyranoside),
belongs to the gliflozin category. It is a pro-drug of gliflozin,
which is used mainly for the non-alcoholic steatohepatitis
and type 2 diabetes. RMZ helps reduce the sodium-glucose,
transport proteins, and it is accountable for glucose re-
inclusion in the kidney."?

Thorough literature review revealed that few methods were
developed and validated by different analytical instruments for
the determination of RMZ*1% An analytical method has been
developed by ultra-performance liquid chromatography (UPLC)
in bulk and in formulations for the simultaneous estimation
of RMZ and metformin hydrochloride. The mobile phase used
was phosphate buffer (pH: 4.5) and acetonitrile in the ratio
60:40 v/v.' An ultraviolet (UV) spectrophotometric method was
developed for the simultaneous estimation of empagliflozin

*Correspondence: manjunathdh@gmail.com; manjunathdh@davangereuniversity.ac.in, Phone: +91-9886646232, ORCID-ID: orcid.org/0000-0002-0634-6198
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Figure 1. Chemical structure of RMZ

and metformin hydrochloride in bulk and dosage forms.® The
method showed that there were two methods, i.e. A and B, in
method A the absorption was measured at 272 nm and 234 nm
for empagliflozin and metformin hydrochloride, respectively.
Method B used the absorbance ratio (Q-analysis), in which
the absorbance was measured at 254 nm and 226 nm for
empagliflozin and metformin hydrochloride, respectively.? A
liquid chromatographic method was developed and validated
for simultaneous estimation of metformin, pioglitazone, and
glimepiride in dosage forms.* This method determined the
diabetic drugs except RMZ. reverse phase-high performance
liquid chromatography (RP-HPLC) method has been developed
for the simultaneous determination of dapagliflozin and
saxagliptin in the bulk and pharmaceutical dosage forms.®
Stability indicating HPLC method was developed for the
determination of saxagliptin and metformin in the bulk forms.®
A RP-HPLC method was developed and validated for the
simultaneous determination of metformin and saxagliptin in
the formulations.” The simultaneous estimation of metformin
hydrochloride and canagliflozin by stability-indicating RP-
HPLC method was developed by Kommineni et al.® An assay
method was developed and validated for simultaneous
determination of metformin hydrochloride and canagliflozin by
RP-HPLC instrument.® Ayoub developed spectrophotometric
and chemometric methods for the simultaneous determination
of empagliflozin and metformin in the pharmaceutical
formulations.® An UV derivative spectrophotometric method
was developed for the simultaneous determination of metformin
and remogliflozin by Attimarad et al" A thorough statistical data
analysis of the reported methods and proposed methods are
given in Table 1. The reported methods were not simple in a way
that they have a long run time or having a complicated mobile
phase. The UPLC instrument is sophisticated, but expensive so
that the small-scale industries and laboratories cannot afford.
Keeping these points in view, we proposed the RP-HPLC and
UV spectroscopic methods for the determination of RMZ in
bulk and formulations. The results of the proposed methods

indicated that the HPLC and UV spectroscopic methods for the
determination of RMZ in pure and dosage forms are simple,
accurate and rugged. The RP-HPLC method was developed with
atorvastatin (ATST) as an internal standard. For the proposed
UV spectroscopic method, the absorbance was measured at
228 nm. Both the methods were validated according to the ICH
guidelines?

MATERIALS AND METHODS

Instruments

The proposed method was developed and validated using
Shimadzu prominence-i HPLC, which consists of an auto-
injector, UV detector with a deuterium lamp as the source of light
and a quaternary pump. The output signal and chromatographic
data were processed using lab solution software. Eutech pH
meter was used for measuring the pH of the buffer solution. An
ultrasonic sonicator bath was used to degas the solvents and a
nylon membrane of 0.45 um filter paper was used for filtration.

For  UV-spectroscopic ~ method, agilent  UV-visible
spectrophotometer (carry 60 model), which consists of a
deuterium lamp as a source of light was employed. The
spectra were monitored and processed by Win lab software.
The solvents used in the experiment were degassed using an
ultrasonic bath.

Chemicals and reagents

RMZ and ATST compounds (>98% purity) were provided by
Karnataka Antibiotics and Pharmaceutical Ltd. (Bengaluru,
India) as gift samples. HPLC grade ammonium acetate,
tetrahydrofuran (THF), and ethanol (99.9% purity) were
purchased from SD Fine-Chem Ltd. (India). Acetonitrile and
ortho-phosphoric acid were procured from Merk Ltd. (India).
The ultra-purified water was prepared by Siemens purifier
instrument (India). Column Kromasil, C18, 5 um, 4.6 mm x 250
mm, was obtained from Waters Ltd. for the UV spectroscopic
method development, pure ethanol was used as the diluent.

Preparation of mobile phase, standard solutions and dilutions
The mobile phase was prepared by mixing 0.02 M ammonium
acetate buffer (pH adjusted to 4.0 using 1.0 M ortho-phosphoric
acid), acetonitrile and THF, in the ratio of 50:45:05, respectively
(v/v/v). The standard solution was prepared by transferring
accurately weighed 100 mg RMZ to 100 mL standard flask,
followed by making up to the mark with the mobile phase. The
concentration of the resultant stock solution was 1000 pg mL™.
From this stock solution, 0.1 mL solution was pipetted out into
another 100 mL standard flask and made up to the mark with
the mobile phase. The concentration of the resulting working
standard solution was 1.0 yg mL™. Similarly, to obtain a linearity
graph, the stock solution was diluted to get the concentrations
ranging from 10 to 50 pg mL". A 30 yg mL"of internal standard
(ATST) was prepared in the mobile phase. For the development
of the UV spectroscopic method, a similar procedure was
followed. The standard stock solution and working standard
solutions were prepared by taking ethanol as the diluent.
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Chromatographic conditions

The mobile phase was composed of a buffer solution consisting
of 0.02 M ammonium acetate buffer (pH adjusted to 4.0 with 1.0
M ortho-phosphoric acid), acetonitrile and THF in the ratio of
50:45:05, respectively (v/v/v).The flow rate of the mobile phase
was maintained at 1.0 mL min™. The column temperature was

kept at 25°C and the stationary phase was kromasil column
(C18, 5 um, 4.6 mm x 250 mm). The wavelength of detection
was fixed at 228 nm. The sample injection volume was 10 pL.
The retention times (RT) of RMZ and ATST were 6.2 and 7.0

min, respectively.

Table 1. Comparison of the statistical data of the reported methods and proposed methods

Ref. no.  Analytical method Drug(s) analyzed Result(s) Remarks
Simultaneous determination Linearity range: 10-100 ng mL" UPLC is very expensive;
1 UPLC/PDA of RMZ and metformin LOD: 5 and 10 ng mL" small scale industries and
hydrochloride LOQ: 10 and 50 ng mL" laboratories cannot afford
Simultaneous determination of ~ Linearity range: 5-25 and 2-12 ug mL" Glifolizine Pro—'drug .used
uv- I . - for determination with
3 . emphagifolizine and metformin ~ LOD: Not available .
spectrophotometric 4 hloride LOQ: Not available metformin
y ' Not included RMZ
L Simultaneous determination Linearity range: 1-20 pyg mL" . .
4 ';'hii'n‘iato o of RMZ and metformin LOD: 0.180 pg mL" Narrow linearity range
graphy hydrochloride LOQ: 0.560 pg mL"
Simultaneous determination of Linearity range: 20-70 and 20-70 Glifolizine pro-drug used for
5 RP-HPLC dapasliflozin and saxagliotin LOD: 0.109 and 0.58 pg mL" determination
pag sip LOQ: 0.332 and 1.77 pg mL" Not included RMZ
. o Linearity ranﬁge: 5.00-125.00 and 2.50- Other than RMZ drug
Simultaneous determination of ~ 62.50 ug mL" .
6 HPLC . . . determined
saxagliptin and metformin LOD: 0.45 and 0.19 pg mL" Not included RMZ
LOQ: 1.50 and 0.66 pg mL
Linearity range: 10-50 and 20-100 pg
7 RP-HPLC Metformin hydrochloride and mL” Other than RMZ drug
sitagliptin phosphate LOD: 0.016 and 0.14 pg mL" determined
LOQ: 0.048 and 0.42 pg mL"
Linearity range: 25-150 and 2.5-15 pg
8 RP-HPLC Metformin hydrochloride and mL” Other than RMZ drug
canagliflozin LOD: 0.17 and 0.50 pg mL" determined
LOQ: 0.01 and 0.50 pg mL"
Linearity range: 25-150 and 2.5-15 pg
9 RP-HPLC Metformin hydrochloride and mL” Other than RMZ drug
canagliflozin LOD: 0.134 and 0.124 pg mL" determined
LOQ: 0.406 and 0.376 pg mL"
Spectrophotometric Linearity range:
10 and Chemometric Empagliflozin and metformin LOD: 0.20 and 0.19 pg mL" dO;T:rrn’:?::dRMZ drug
methods LOQ: 0.59 and 0.58 pg mL"
UV derivative Linearity range: 1-20 and 2.5-35 pg mL" Derivative method
" Spectrophotometric ~ Metformin and RMZ LOD: 0.180 and 0.660 pg mL" Narrow linearity range
Methods LOQ: 0.560 and 1.850 pg mL" yrang
HPLC method
Linearity range: 10-50 pg mL
LOD: 1.00 pg mL
P d RP-HPLC and UV LOQ: 3.50 pg ml" Employed int | standard
ropose X an Remogliflozin etabonate UV spectroscopic method mproyed Internal standard.
methods  spectroscopic Simple, sensitive and rugged

Linearity range :100-250 pg mL"
LOD: 10.00 pg mL"

LOQ: 40.00 pg mL"

R?: 0.999

UPLC: Ultra-performance liquid chromatography, UV: Ultraviolet, RP-HPLC: Reverse phase-high performance liquid chromatography, RMZ: Remogliflozin etabonate,
LOD: Limit of detection, LOQ: Limit of quantification
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Spectroscopic conditions

The stock solution of RMZ was scanned between 200 - 400
nm, which showed maximum absorbance at 228 nm by a UV
spectrophotometer. Further, to confirm the analysis, different
concentrations of RMZ drug solutions were scanned. The
source of the detector contained a deuterium lamp and quartz
cuvettes were used as sample holders.

RESULTS

Method development

The mobile phase equilibrium was primarily conceded using a
stationary phase column (kromasil). Initially, the mobile phase
used for different trials was ammonium acetate and acetonitrile
with different concentrations and ratios. In another experiment,
0.02 M ammonium acetate buffer (pH adjusted to 4.0 with 10%
dilute acetic acid) and methanol in the ratio 50:50 was tried.
In this trial, it was possible to detect peaks, but elution was
inaccurate. Further trials were carried out with different ratios
of 0.02 M ammonium acetate (pH: 4.0), acetonitrile and THF.
However, with the mobile phase of ratio 50:45:05, respectively
(v/v/v), the peaks of RMZ and ATST internal standard were
eluted with good shape and resolution. Hence, the mobile phase
of the ratio 50:45:05 was considered for the entire RP-HPLC
method development and validation. The flow rate of the mobile
phase was kept at 1.0 mL min™. With these experimental trials,
the resulting peaks were eluted as satisfactory, in accordance
with ICH guidelines. In this method, the total run time was 10
min for the elution of both peaks. For detecting the eluted peaks,
the wavelength of detection was fixed at 228 nm. The proposed
method was validated as per the ICH guidelines."

The UV spectroscopic method development was carried out by
scanning the RMZ drug in the UV region ranging between 200
nm to 380 nm at different concentrations in the scan mode.
The RMZ showed a maximum absorbance at 228 nm. Hence,
A of 228 nm was fixed for the entire method development
process. The RMZ solution was subsequently diluted with the
ethanol to obtain different concentrations according to the
desired parameters. All the obtained results are satisfactory
and are tabulated in Table 2. The parameters were well within
the limits as specified in the ICH guidelines." For the proposed
research, the ethics committee approval is not required. Since
we have not used any matrices for human beings and animals.
The statistical data (obtained results of all parameters) was
revealed in tables form with respect to the parameter results.

System suitability

The proposed HPLC method has consistent RT for RMZ and
ATST at 6.2 and 7.0 min, respectively. There were no changes
in the RT throughout the analysis. The percentage of relative
standard deviation % (RSD) from six individual spikes (analytes)
was found to be less than 2.0% at least concentrations,
i.e, 0.74% and 0.82% for the RMZ and ATST, respectively.
The system suitability data are tabulated in Table 2 and the
characteristic chromatograms are shown in Figure 2A. The

resultant data indicate that the developed method has good
sensitivity for RMZ. The limit of detection (LOD) and limit of
quantification (LOQ) was found to be 1.0 yg mL'and 3.5 pg mL",
respectively, and S/N ratios found for LOD and LOQ were 6.5
and 21, respectively. The results were found to be satisfactory
and within the limits as shown in Table 3.

In the case of the UV spectroscopic method, the percentage of
RSD was found to be less than 2.0%. The LOD and LOQ were
found to be 10 ug mL"and 40 pg mL" respectively. The results
were found to be satisfactory and are tabulated in Table 3.

Table 2. RP-HPLC system suitability parameters

Parameter RMZ ATST Limit
Number of theoretical plates 6269 6465 NLT* 2000
Retention time (t.) in min 6.10 7.00 -
Resolution - 2.90 NLT* 2.0
Peak asymmetry (AJ) 1.06 1.09 NMT** 2.0
% RSD* 0.74 0.82 NMT** 2.0

*NLT: Not less than, **NMT: Not more than, *Average of 6 injections, RP-HPLC:
Reverse phase-high performance liquid chromatography, RMZ: Remogliflozin
etabonate, ATST: Atorvastatin, RSD: Relative standard deviation

Table 3. Calibration curve results, limit of detection and limit of

quantification

Parameter RP-HPLC UV-
spectroscopy

Linear dynamic range (ug mL™) 10-50 100-250

Regression equation (Y?) - -

Slope (b) 0.028 0.003

Intercept (c) -0.015 -0131

Correlation coefficient (r) 0.999 0.999

LOD (ug mL™ 1.00 10.00

LOQ (ug mL" 350 40.00

% RSD* 0.24 0.92

Y2 = bX + ¢, where X is concentration of drug in pug mL", *Average of 6
injections and/or scans. RP-HPLC: Reverse phase-high performance liquid
chromatography, LOD: Limit of detection, LOQ: Limit of quantification, UV:
Ultraviolet, RSD: Relative standard deviation

] I Detector A ﬂ
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Figure 2A. A typical HPLC chromatogram of the RMZ and ATST
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Linearity

In UV spectroscopic method development, five different
concentrations of RMZ solutions ranging from 100 to 250 ug mL"
were scanned using a UV spectrophotometer. RMZ is absorbed
at a maximum absorbance at 228 nm. The resulting linearity
overlay spectra are shown in Figure 2B and the linearity graph
was plotted by the absorbance against the concentration of
RMZ and the regression coefficient (R?) was found to be more
than 0.999. The results are tabulated in Table 3.

1.0

0.8

0.6

Abs

0.4

0.2

0.0

T T T 1
210 22'o 230 240 250 260
Wavelength (nm)

Figure 2B. Overlapped linearity graphs of UV-spectroscopic method
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Figure 3. Linearity graphs plotted by RP-HPLC data (A) and UV-visible
spectroscopy data (B)

In case of HPLC method, RMZ and ATST peaks were eluted at
different time intervals. The working standard solutions of RMZ
ranging between 10 yg mL"to 50 pg mL'were eluted along with
the internal standard ATST. The concentration of the ATST was
fixed at 30 ug mL™. The linearity graph was plotted by taking the
values of the peak area ratio of RMZ to ATST. With the resulting
straight line obtained from the linearity graph as shown in
Figures 3A and B, we could validate the precision of the analyst
using this method. The regression coefficient (R?) value was
found to be more than 0.999, following the equation Y = MX + C.
The results are tabulated in Table 3.

Recovery

This parameter shows that the study of accuracy estimation
accomplished by the standard solution of the lower, middle,
upper and blank, spiked at 60, 80, and 120% against 100%. The
results were calculated using the standard procedures and the
recovery data were found to be satisfactory. The values were
shown in Table 4. The accepted limits of recovery were in the
range of 98-102%. All the observed outcomes were within the
range. Hence, the proposed method can be adopted in industry
units and in educational labs for the assay of RMZ.

Therecovery parameter in spectroscopic method was performed
by the standard solution of the lower, middle, upper and blank,
spiked at 60, 80, and 120% against 100%. The outcomes were
found to be satisfactory. The results are tabulated in Table 4.

Precision

Precision results of the developed methods were found to be
good and in compliance with ICH guidelines. Based on the
results of the precision parameter, the HPLC method was found
to be precise. The results are revealed in Table 4. Repeatability
testing was performed by six individual spikes. The outcomes
of inter-day and intra-day analysis revealed that there was not
much deviation in the results and RSD% was found to be less
than 2.0%. Therefore, the system suitability of the proposed
HPLC method was excellent and thereby precision of the
system. The results are shown in Table 4.

In the spectroscopic method, intra-day and inter-day precision
was studied by estimating the consistent responses at three
different time intervals on the same day and on three different
days by taking different working standard solutions. The
percentage of RSD was found to be less than 2.0% i.e., 0.96,
and 0.85 for the intraday and inter-day, respectively, which
indicates good reproducibility. These results, which are
tabulated in Table 4, indicated that the precision of the UV
spectroscopic method is good.

Robustness studies

The robustness of the HPLC method was studied by a slight
deviation in the boosted conditions of the method by injecting
a solution of a known concentration. The distinctive conditions
correspond to variation of flow rate in the mobile phase ranging
from 0.9 mL min™ to 11 mL min™ and change the column oven
temperature at 25°C and 30°C. The results are tabulated in
Table 5, which revealed that robustness values are satisfactory
and there was not much variance in results and therefore,
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Table 4. Recovery and precision data

Concentration Amount of the drug is taken RP-HPLC UV spectroscopy Limit

RMZ % RSD* ATST % RSD*  RMZ % RSD**
60% 60 mg mL 99.50 0.95 101.00 0.60 98.50 0.85 98%-102%
80% 80 mg mL 99.00 0.82 99.00 0.65 98.80 0.92 98%-102%
120% 120 mg mL” 98.50 0.75 99.50 0.74 99.50 0.97 98%-102%
Intraday 0.65 0.72 0.96 NMT-2.0
Interday 0.59 0.65 0.85 NMT-2.0

*Average of 6 injections, **Average of 6 scans, RSD: Relative standard deviation, RMZ: Remogliflozin etabonate, UV: Ultraviolet, ATST: Atorvastatin

Table 5. Robustness evaluation parameters

Parameter Variations RMZ retention time ATST retention time
1.9 mL min” 6.45 732
Flow rate 2.0 mL min” 6.10 7.00
21 mL min” 5.85 6.64
25°C 6.10 710
Temperature
30°C 6.20 7.20

RMZ: Remogliflozin etabonate, ATST: Atorvastatin

Table 6. Assay results

Label claims of

Obtained result Assay

Name of the drug Instruments market sample in mg in mg per tablet values (%) Limit
per tablet
HPLC 200 199 99.5 98.00%-102%
RMZ
UV spectroscopy 200 197 98.5 98.00%-102%

HPLC: High performance liquid chromatography; RMZ: Remogliflozin etabonate, UV: Ultraviolet

the projected method can be used under different conditions.
However, in the case of UV spectroscopic method, the
robustness parameter was performed by a slight modification
in the detection wavelength by + 2 nm and outcomes were
found to be satisfactory.

Ruggedness

In the ruggedness parameter, standard working solutions were
examined by the same chromatographic system on different
days using the same column. It was observed from the results
that there was a small variation in the peak area and there
were no large differences in the RT. The percentage of RSD
was found to be less than 2.0% for RMZ. The resulting data
revealed that the developed method is rugged. In the alternate
days, the same detector responses were observed and it was
successfully found that the projected method is capable of
achieving results with great precision on different days. Also,
ruggedness was determined using different HPLC instruments
by injecting a known concentration of a solution. The detector
response, good reproducibility, and no variations in RT indicated
that the method is fundamentally rugged. In the spectroscopic
method, the ruggedness parameter was examined using

different concentrations of the solution and a slight change in
the wavelength. The percentage of RSD did not diverge much
with the absorbance value. Hence, the developed method was
rugged and can be adopted for the assay of RMZ.

Specificity

Assay

This parameter was carried out by successive separation of
RMZ and ATST, which was established against placebo, which
contains potential excipients. In the assay parameter, sss
interference found and both peaks were sharp and separated at
the baseline. It was found that no interference of the excipients
in the test solution. Therefore, the projected HPLC method was
established specifically. The obtained results were found to be
satisfactory and are shown in Table 6.

In the case of the spectroscopic method, no interferences were
found by the placebo of tablet formulations. Thus, the obtained
results were acceptable and the results are shown in Table 6.

DISCUSSION

Most of the diabetic drug formulations contain pro-drug of
gliflozin derivatives like RMZ to prevent diabetic disorder.
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Several formulations of the diabetic drug contain gliflozin
derivative drugs. The literature survey revealed that few
analytical methods have been developed and validated for the
determination of RMZ, viz., UPLC, HPLC and UV spectroscopic
methods. But most of these methods have one or the other
drawbacks. For example, the UPLC is very expensive and
hence small-scale industries and laboratories cannot afford.
Some HPLC and UV spectroscopic methods were developed
for the determination of pro-drugs of gliozzi but not included
RMZ. Through statistical data analysis (Table 1) of the reported
methods, it was planned to develop and validate HPLC and UV
spectroscopic methods for the assay of RMZ. These analytical
methods are simple, sensitive, rapid, rugged, use inexpensive
chemicals, involve small sample volumes, and show good
recovery. The results of the parameters comply with ICH
guidelines.

CONCLUSION

A few RP-HPLC methods have been developed for the
determination of gliozzi derivatives such as canagliflozin,
empagliflozin, and metformin hydrochloride. These methods
were carried out for the determination of either one or two of
the above-mentioned drugs or a single drug along with other
combinations. The projected methods are distinctive from the
reported methods. In RP-HPLC method, the total run time was
10 min. The linearity range for RP-HPLC method was found to
be from 10 pg mL"to 50 yg mL"and for the UV spectroscopic
method, it was found to be in the range of 100 to 250 pyg mL".
The values of regression coefficients (R?) were found to be more
than 0.999 for both techniques. The LOD and LOQ values for the
UV and HPLC methods were found to be 10.0 yg mL"and 1.0 pg
mLT and 40 yg mL" and 3.5 ug mL", respectively. The developed
methods were found to be simple, accurate, reproducible and
precise. The obtained data of both the methods clearly showed
that RP-HPLC method was relatively more sensitive than the
UV spectroscopic method.
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ABSTRACT

Co-crystallization (CCs) is a less studied phenomenon related to its applicability and reliability as it is directly related to the generation of newer
multicomponent solids like co-crystals (CS), eutectic, salts or solid solutions etc. having improved physicochemical properties compared to their
pure components. Further, the design and structural aspects of these multicomponent systems remain hindered compared to other techniques such
as nanotechnology or solid dispersion. CC is a newer technique to modify the physicochemical as well as pharmaceutical characteristics of various
drugs having issues like solubility, stability, etc. without altering or hindering their pharmacological activities. For drug delivery purpose, CC process
has numerous advantages over nanotechnology and solid dispersion drug delivery techniques. CCs can modify the physicochemical properties of
active pharmaceutical ingredients (API) have issues like sensitivity toward environmental hazards like temperature, moisture, or photostability
issues. The availability of large numbers of conformers makes this technique favorable for the researchers in designing CS of newer and older.
Although, solid dispersion and nanotechnology techniques are being utilized to a larger extent still there are some drawbacks of these techniques
like stability, toxicological factors and protection from environmental factors need to be considered, while the CCs process drastically modifies the
various pharmaceutical parameters without altering the pharmacological properties of API's. Salts, design of CS, their methods of preparation, and

their application in various fields with special emphasis on their applicability in the pharmaceutical industry.
Key words: Co-crystals, eutectic, salts, cocrystallization, chromophores, cosmetic

INTRODUCTION

Since the last decade, the interest of pharmaceutical scientists
shifted toward co-crystallization (CC) process, because of their
interest in improvising the physicochemical characteristics
of an active pharmaceutical ingredients (AP without any
alteration in its pharmacological activity, which led them to be a
better option for patents and for development of these drugs into
a newer marketable formulation.! But a proper definition of co-
crystals (CS) is still a matter of debate because there are only
a few studies available, which significantly made differences
between CS, eutectic or salts as a products of CCs.2 In most
of the studies, it has been assumed that when heteromolecular
interaction between two molecules compensate or balance
the homo-molecular interactions, the resultant product will
be a CS, on the other hand, when homo-molecular interaction
comes into action, then chances of eutectic formation
increased. Some studies also concluded that eutectic were

similar to solid solutions and they called it as “conglomerates
of solid solutions” formed due to interactions between couples
of molecules lacking geometrical fit and on the other point CS
were found to be more stable compared to eutectic as these
are geometrically fir components and various studies related to
the CCs process have settled various parameters, which govern
the formation process of CS, while in case of eutectic, solid
solutions or salts, much literature is not available.?

On the basis of literature, most of the studies conclude that
CS are component solids carrying a crystalline structure. The
latest guidelines of United States Food and Drug Administration
(FDA) related to CS, these are “Crystalline materials composed
of two or more molecules within the same crystal lattice”®
There are numerous publications, which have provided a more
constricted definition as these are crystalline substances,
whose components remain solids in their pure states under
ambient circumstances and all the components should be
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present in a fixed stoichiometric ratio of drug and coformers
(CFs). A recent perspective, authored by 46 scientists,
provided a different explanation about CS as “CS are solids
that are crystalline single-phase materials composed of two or
more different molecular and/or ionic compounds generally in
a stoichiometric ratio, which are neither solvates nor simple
salts”. In this context, the definition of pharmaceutical CS is
different compared to the definition of CS, as in the case of
pharmaceutical CS, one component is drug and the other is
CFs.% In the crystal engineering technique, the pharmaceutical
properties of drugs are changed without disturbing their
inherent structures. Presence of various chemical groups’
viz. carboxylic acids, carbohydrates, amides, amino acids and
alcohols in the co-crystal formers lead to the formation of CS
with different drugs.

Synthons are responsible for holding the molecules, when
the formation of a compound occurs through non-covalent
interactions. Due to their strength, directionality and higher rate
of recurrence, hydrogen bonds are often used for designing co-
crystals. In 1991, Etter gave three rules for hydrogen bonding
pattern’ every available hydrogen molecule could be used in
the formation of bonding, every acceptor of hydrogen bond
could participate, if an H bond acceptor is present there as
well as the H bonding is possible when a good acceptor and
donor H bond are present in the molecule. The formation of
synthons is governed by the strength of hydrogen bonding
between co-crystal formers, not by the total number of groups
available. With the use of the above discussed rules, we can
predict the formation of synthons within different functional
groups. Synthons are essential structural entities between
supramolecules that formed via non-covalent bonding and
are made up of molecular fragments and supramolecular
links among them. Supramolecular synthons could be
classified into two categories: Supramolecular homosynthons
and heterosynthons. The first one is composed of self-
complementary functional groups, while the second one is
composed of dissimilar but complementary functional groups.
Supramolecular heterosynthons formation occur by non-
covalent interactions between various drugs that leads to a co-
crystal formation. The concept of the supramolecular approach
is used for CS screening but now-a-days Cambridge Structural
Database (CSD) is used for the selection of suitable CFs for
various drugs.

So, in broad terms, CCs is the process of generation of newer
crystalline substances by manipulating the intermolecular
interactions of two components, which remain solids in their
pure states at ambient conditions and interact with each other
in a fixed stoichiometric ratio. But CS are not the only target
during CCs, there are different multicomponent solids are also
present viz. eutectic, salts, polymorphs, hydrates, solvates etc.,
which are the side products of the CC process.® In the case
of CS, the interaction between drug and CFs occurred through
non-covalent interactions like hydrogen bonding or ionic
interaction. While in case of eutectic, mostly weak van der waals
interactions occurred in anunfit geometric pattern, and that's
why eutectic became less stable compared to CS.° So, here

in this review, we have briefly discussed various significant
factors and chemistry involved during the CCs process along
with the differences between CS, salts and eutectic. Screening
methods for CS, their methods of preparation, and their
applications CS in pharmaceutical and allied industries are
been discussed in later sections.

Co-cocrystals vs. eutectic

The literature is full of studies related to the development
of newer drug delivery techniques to improvise the
pharmaceutical properties of API's including dissolution profile,
ss thermostability, material compressibility during tablet
production process.® When we discuss crystal engineering,
the most useful point is understanding of supramolecular
synthon formation. These are the fundamental building blocks
of the products obtained during the CCs process. When there
is an interaction between two similar functional groups like
the -COOH functional group of the drug and API interact,
formation of homosynthons occurred, while interactions
between two different functional groups lead to the generation
of heterosynthons. As we discussed above in the introduction
section, the chances of CS or eutectic formation depends upon
these two synthons. Generally, it has been hypothesized that,
heterosynthon formation leads to the generation of CS, while
homosynthon formation goes to generate eutectic, but recent
studies proved this wrong as numerous CS has been reported
via homosynthon formation.’

Eutectics are basically multi-component crystalline solids
closely related to solid solutions® Both are well-documented
in inorganic systems as alloys." There are numerous studies in
the literature, which have defined eutectic on the basis of their
lower melting point patterns and on the basis their compositions.
The term eutectic was derived from the Greek term “eutectos”,
which means fused.”? Yet the formation of eutectic has not much
studied compared to solid solutions,® as these are defined on
the basis of their composition or arrangements of solutes and
solvents in the crystalline lattice! The detailing of internal
structural composition via X-ray diffraction (XRD) studies of
eutectic are rarely available compared to solid solutions A
deep analysis of structural detailing is required for eutectic
in pharmaceutical scenarios the famous tin-lead eutectic was
studied by inorganic chemists.” In the past eutectic have been
considered solid solutions and recently it has been considered
CS for pharmaceuticals and organic systems.' However, CS has
been reported to form eutectic and solid solutions™ and some
studies considered eutectic as an intermediate step between
CS and solid solutions, which is crucial for the formation of CS,
but the exact mechanism for eutectic formation still remains a
matter of discussion.®"® Thus, CS, eutectic and solid solutions
are correlated with each other but most of the studies that
differentiate them focused on the phase diagram studies and
binary composition properties of multicomponent crystalline
studies. We discussed the inter-relationships of these
multicomponent solids on the basis of their intermolecular
interactions and structural inter-relationships and proposed
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that detailed structural data are required to differentiate
between eutectic, solid solutions and CS.%°

Cocrystals vs. salts

The development of a multicomponent system into CS or salts
depends upon the degree of proton transfer within a hydrogen
bonded synthon. To form a multicomponent crystalline system,
interactions between different components at the molecular
or ionic level are necessary and for multicomponent systems
like CS, salts or any other type, such interactions should be
non-covalent and supramolecular.??2 The level of interactions
and the geometrical arrangements between two isolated
molecules (gaseous phases) comparably remain open, which
makes them easy to understand, while in the case of a closed
and 3D packing system, it becomes a challenging task to
understand it.2® Finally, the methods like computational crystal
structure prediction (CSP) methods retain the key to resolving
the problems by understanding the full and clear spectrum
of interactions at the intermolecular level within a crystalline
system. Undeniably, it becomes the only reliable source for
understanding the influence of every short- or long-range
interaction made by the molecules in a crystal and this leads to
predicting the most stable crystal compound.?* Even after this,
the various stages in crystal developments like nucleation and
growth considerations play their important roles, which cannot
be explained by the experimental level studies; hence, it must
understand intermolecular interactions at all points of crystal
development stages. For understanding such developments,
CSP method® is not a sufficient tool, but recently, Cambridge
blind tests provided some significant approaches for this.? In
case of the CSP method, the presence of additional degrees
of freedom leads to the generation of a possible structure
enabled by the occurrence of the second component and this
made the CSP method a more discouraging technique? while
to understand the development of multicomponent systems,
we required gathering of more empirical and rationalized data.
However, the more precise calculation, understanding of various
associated modes and inclusion of empirical data during the
study, could help in the prediction of CS or salt formation.28%
Recently, engineering of ternary CS been designed on the
understanding of pKa values, supramolecular synthon history
and hydrogen bond basicity. Ternary CS system like acridine-3-
hydroxybenzoic acid- 2-amino-4,6-dimethylpyrimidine, due to
its smaller size of proton, its causes transfer of protons with
small steric significance and leads to the protonation of the
base by an acid. This phenomenon was a great example of
understanding the electronic factors along with the solvation
characteristics of acid, base and their salt3® The pKa value
represents the pH value at which all the solubilised-ionisable
components are fifty percent charged and fifty percent
remained protonated and it depends upon the acidic or basic
strength of the molecule! The concept of prediction of salt and
CS formation mainly depends upon the difference in pKa values
of acid and base, which has been explained in detail in screening
methods. By using the pKa value, the equilibrium concentration
of ions can be calculated, and if the difference in pKa values of
acidic and basic components is found to be more than 2 or 3

units, in that case proton transfer takes place® and the chances
of salt formation increase, but currently, newer theoretical
and high pressure techniques based studies exhibited that
proton transfer in pyridine-formic acid system depends upon
the concentration of formic acid present in the solution.®? The
charged ions and the polar molecules of the aqueous medium
interact with each other, which makes salts more hygroscopic,
especially in case of anions,they are found to be conjugated
bases of strong acids like chloride and sulfates. In terms of
interactions at the intermolecular level, the rationalization
becomes easier in at least in broad terms (Figure 1).4

Methods of cocrystal preparation

Numerous methods for the formulation of CS, but traditional
crystallization was carried via solution with suitable degrees
of super saturation viz. cooling, evaporation and includes
substances having properties of the solubility lowering. CCs
with the solvent evaporation technique did not provide favorable
results.®® Generally, two methods are used for CCs: solution-
based and grinding-based techniques. Solution-based methods
are generally preferred because of the formation of CS, which
can qualify the testing with a single XRD (SXRD). The grinding-
based techniques include neat-grinding and solvent drop-
grinding techniques. Currently, newer techniques are available,
viz. hot-stage microscopy, ultrasound assisted and CCs via
supercritical fluid.®

Grinding method

CC products usually prepared with grinding method are
consistent compared to those prepared from a solution.
The main drawback of this method is its inability to prepare
significant arrangements of CS before due to the stability of
early phases. The solvent method is better than the grinding
method in another way also as grinding method leads to solvent
inclusion in supramolecular structure stabilization. Solvent drop
grinding might enhance the kinetics and assist the formation of
CS leading to increased interest as a CC technique.”

Neat-grinding technique can be performed by vibratory mills,
mechanical-grinding or manual-grinding, while the solvent drop-

Pharmaceutical Cocrystals: A Brief Summary
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Figure 1. An overview of pharmaceutical cocrystals
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grinding can be performed by the addition of suitable solvent at
regular intervals with grinding ensure that the solvent should is
capable of dissolving the solid material. Caffeine-glutaric acid
CS polymorph compared with the solvent evaporation technique
is cost effective, eco-friendly, and effective for CS formation.®

Solid state-grinding

In solid state grinding, the particulate size reduced with
increased covalent reactivity within the mixture. This technique
helps in improving in simplicity and selectivity over solution-
based CCs technique.®® Six CS formulations of sulfadimidine
with salicylic acid using solid state grinding technique while
with grinding anthranilic acids were prepared and studied.
Anthranilic acid replaced salicylic acid due to the general
arrangement of hydrogen bonds of both CS. In this technique,
the major shortcoming is that the polymorphic transition leads
to serious side effects, causing product withdrawal by the
market.®

Solvent dro- grinding

It is almost same as solid state grinding method with the
introduction of the solvent in a smaller quantity. Here solvent
act as catalytic agent.® Primarily, CS formation occurred via
a solution crystal growth manner. Most of the crystals grow
faster with the solid grinding technique while others proceed
further slowly. For those crystals, solvent drop method was
found to be effective.® For the preparation of CS of caffeine
and glutaric acid solvent drop grinding technique was found
to suitable compared to solid state grinding. Preparation of
succinic acid (SA):anthranilic acid and indomethacin:saccharine
was done with solvent drop-grinding method and optimum
outcomes of studies revealed an increment in physical stability
and dissolution rates.*

Co-crystallization from the solution

Here the key requirement is the same solubility profile for
both compounds undergoing CCs, otherwise the least soluble
compound will get precipitated out completely from the solution.
While similar solubility profile of both components could not
promise a positive result. It is probably beneficial to trust
polymorphic complexes that occur in additionally compared
to solitary crystalline arrangement as CC compounds. When a
molecular component occurs in various polymorphic states, it
reveals a structure-based tractability and cannot be locked into
a packing model.*® For large-scale production, water-jacketed
vessel with a circulating water bath facility for temperature
control was being used. Teflon blades were used for continues
to stir. The drug and CFs were dissolved in alcoholic solvent
at 70°C under reflux for 1 h. The reduction in temperature with
10°C rate was done to precipitate out the co-crystals. Literary to
increase solid retrieval reduced the surplus heat.®

Solvent evaporation

This is the most traditional method used for CCs, including
super saturation of solution by cooling, evaporating, and
solvent addition having solubility changing properties. It is
assumed that molecules undergo hydrogen bonding, when
mixed in appropriate quantities. CS of fluoxetine hydrochloride

with different CFs viz. fumaric acid, SA, and benzoic acid
was prepared using this method for enhancing their intrinsic
solubility.® In another study, CS of norfloxacin with malonic
acid, maleic acid and isonicotinamide was also prepared with
improved physicochemical properties.®

Slurry crystallization

The process of addition of a suitable crystallization solvent to
the API and its co-former is known as slurry crystallization,
the use of this process is governed by the physical stability
of the crystallization solvent compared to that of the API and
CFs. The synthesis of CS through slurry crystallization was
used with sixteen CS system.® Different solvents can be used
for slurry crystallization, around 100 mL of liquid solvent is
poured and for a few days, stirring was done to the suspension
room temperature. The suspension was then allowed to
decant and the CS was dried under nitrogen.*® Examples
of slurry polymerization include CS of trimethoprim and
sulfamethoxazole using distilled water. Slurry crystallization
possess one major disadvantage is that it requires a large
amount of solvent.”

Hot melt extrusion

Hot melt extrusion is an efficient CS synthesis method, which
does not require any solvents; however, the selection of this
process depends on the thermodynamic stability of the API
and CFs. Holt melt extrusion can be optimized using the
solvent drop extrusion technique, which an extra advantage to
conduct hot melt at the lowest temperature. Examples include
carbamazepine nicotinamide CS.*

Sonocrystallization method

The use of sonocrystallization to synthesize CS is very
rarely explored, this method is suitable for the preparation
of nanocrystals. The ultrasound method was used for the
preparation of caffeine-maleic acid CS, theophylline and
L-tartaric acid as a CFs.®

Screening of co-crystals
Various methods for screening of CS are discussed below:

ApKarule is widely used for CS screening by using the following
equation.

ApKa=[pKa (base) - pKa (acid)]

When the difference in pKa values is >2-3, transfer of proton
will occur between acids and bases. pKa values less than O
exhibit the formation of CS, while more than 2-3 value revealed
the formation of salts*% In CSD 6465 possible CS were
studied to validate and quantify this rule. The increment in the
pKa value of free base to one digit directly increased one unit
of pH,__ . To attain this condition practically, we need to modify
the drug molecule. In the same way one-digit increment in the
intrinsic solubility profile of a free base affects directly one-
unit increment in pH__ again. This also required modification
in drug molecule.*® While one decrement in salt solubility leads
to an increment of one unit in pH__ . This characteristic can be
modified using a counter ion with different properties and if salt
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Table 1. Relation of pKa values with possibility of formation of complexes®?

Possibility of formation of complexes pKa values
Non-ionized complexes ApKa <-1
ApKa <4

lonized complexes

(lonizable complex formation possibility increases by 17% by increasing ApKa by 1 unit from

10% at ApKa= -1to 95% at ApKa= 4)

Table 2. Relation of cocrystal formation with DSC screening®”

Endothermic peak

Cocrystal formation

Three endothermic and a couple of exothermic peaks

CS with stoichiometric variety

Two endothermic and one exothermic

One CS formation with certain molar ratio

One endothermic

No CS formation

DSC: Differential scanning calorimetry, CS: Cocrystals

formation occurred, it would be stable over a greater pH range
but having a lower solubility profile (Table 1.

Fabian's method used molecular descriptors, viz. (atom,
functional groups, bond, hydrogen donor-acceptors, size,
shape, molecular and surface area descriptors etc.) for
calculation and screening of CS. In this method, mostly polarity
and shape descriptors are used to predict the possible formers
of CS. Other molecular descriptors are also important as well
for prediction of CS formers.®

Conductor-like screening model for real solvents was used for
checking the miscibility of CFs with super cooled liquid (melt)
phase. The excess enthalpy, between the pure compounds
and the mixture of drug and CFs reveals the capability of CCs
between the drug and CFs.%

Calculated gas phase MEPS technique used the difference in
energy AE difference between CS and pure solids in various
stoichiometries, to determine the possible formation of CS
between the two solids. The outcome of the study revealed that,
when AE is more than 11 kJ/mol, chances of CS formation are
enhanced by 50% more. Over 1000 compounds were screened
to validate this method including (caffeine and carbamazepine)
and the results were satisfactory enough.?

Co-crystal cocktail method is a very useful and smaller time-
consuming method. In this method, more than three CFs were
simultaneously grounded with the drug leading to the formation
of homo or heterosynthons between the drug and CFs, which
could be analyzed with thermal analysis methods by checking
their endothermic peaks.?

Differential scanning calorimetry (DSC) is a rapid thermal
method for screening of CCs.? In this method, we check the
endothermic peaks for the formation of CS by heating the
mixture of drug and CFs in DSC pans. We hypothesized that CS
formation is an exhibition of three endothermic and a couple of
exothermic peaks in thermogram represent the formation of CS
with stoichiometric variety.®® In the case of thermal techniques,
it is a general hypothesis that during CCs, the melting point of
CS remains between the melting points of the drug and CFs
while in case of a eutectic mixture, generally the melting point

of product comes before the melting point of both the drug
and CFs. But there are numerous studies present in literature,
where the melting point of CS comes before and after the
melting points of parent components. In a study related to the
behavior of melting point in CCs, Schultheiss and Newman?
in 2009 determined that around 51% of CS possess a melting
points between drugs and CFs, while 6% possess greater
melting points and around 39% possess lower melting points
compared to drug and CF respectively. The melting point of CS
is generally altered by the melting point of CFs. If we choose
a CF with a higher melting point, the resultant product should
possess a higher melting point and vice versa. This technique
can be applied to those drugs, which have thermostability
problems (Table 2).4

Hot stage microscopy or the Kofler contact method offers
a visualization of the total phase number that is exhibited by
the system when two compounds are heated. When the high
melting point compounds start melting and recrystallization
occurs before other melted compounds comes in contact with
it leading to the formation of zone of mixing.3*4°

Saturation solubility technique involved the measurement of
the saturation solubility of API's and conformer separately at
the reference temperature. The saturation temperature of the
solvent system is measured by heating with a rate of 0.3°/
min. If the increase in saturation temperature is more than 10°
compared to reference temperature, chances for co-crystal
formation increases.“*2 The study of carbamazepine and
nicotinamide-based CS revealed that the solubility profile of
drug directly depends upon the concentration of CS in the drug
and CF solution. This study concluded that the solubility of a
drug could be increased only when it gets complexed with CFs
during the CC process, otherwise the free drug had no impact
on the increment of solubility profile of the parent components.*

Applications of co-crystallization

Pharmaceuticals

The interest of pharmaceutical industry and researchers have
shifted toward CCs and many drugs, including newer and older
APIs have been included in the preparation of CS and eutectic
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as these formulations improvise the pharmaceutical issues
related to these drugs without altering or modifying their
therapeutic activities.®*** The enhancements in solubility,
stability*® and aqueous solubility have been reported after
CCs of various. With the drastically improved pharmaceutical
characteristics of API's, CC process has been considered the
most effective technique to improvise the bioavailability of
drugs.#” It is evident from literature that by developing a CS
of fluoxetine hydrochloride with different CFs, the solubility of
each formulation was increased. The solubility of fluoxetine
hydrochloride was found to be 11.6 mg/mL while its CS with
fumaric acid and SA were found to be 14.8 mg/mL and 20.2
mg/mL respectively.”® In another study, the solubility profile
of CS of tegafure was found to be much higher compared to
the its pure amorphous state.*” Here, the important point is the
increment in its solubility without affecting the stability of the
pure amorphous form of the drug. A vast literature is available
containing such examples where the solubility and dissolution
behavior of various drugs have been modified without
changing their original therapeutic properties.®®® If we talk
about eutectic, the drug: drugs eutectic have been reported in
literature like 1:1 eutectic mixture of pyrazinamide and isoniazid
exhibiting enhanced solubility profiles, while in some examples,
polyethylene glycol and different APIs are revealing enhanced
pharmaceutical characteristics.***% Eutectic mixture of
ibuprofen-menthol showed an improved dissolution behaviour.#
The similar improved dissolution behavior was recognized in the
case of 2-[4-(4-chloro-2-fluorophenoxy) phenyl] pyrimidine-
4-carboxamide: glutaric acid CS.2 These examples revealed
the effects of CCs in improvement of solubility behavior along
with bioavailability improvement of drugsi.® The 1:1 danazol:
vanillin CS showed increased solubility compared to poorly
soluble pure danazol. The stability of drugs is also improved by
CCs like carbamazepine CS revealed enhanced hydrostability
in caparison susceptibility hydrate formation property of
carbamazepine.® An improved humidity stability of theophylline
and oxalic acid CS have been reported compared to their pure
state (Figure 2).

Mechanical properties
In the CCs process, the API's and CFs create new crystalline

Novelty

As new and distinct solid-state structures,
cocrystals should satisfy the novelty requirement

Utility

Non-Obviousness

of various

rates can offer improved therapeutic techniques, it is now possible to P'Edlc' the
utility structure of coerystals

Commercial
Advantages
Theropeuhc Imporfance of
Patel ation
m Cocl’ys":!‘xaﬁon > -

Figure 2. Application of intellectual property rights in cocrystallization

Cocrystals with enhanced dissolution Due to

structures through non-covalently bonding resulting to a
higher mechanical property. This is evident from previous
studies like caffeine: Methyl gallate CS exhibited improved
tabletting characteristics compared to pure caffeine, while
an enhanced compressibility and mechanical strength during
tabletting were observed in acetaminophen CS compared
to pure acetaminophen. The plasticity and compressibility of
theophylline: methyl gallate CS was found to be much higher
than theophylline alone. All these properties were improved
due to the layered structures of their CS.%®

Compression behaviors

The poor compression and compaction of powdered API's
and ingredients is a bigger problem faced by drug formulation
scientists because the compression is required at the roller
stage to prepare granules, while compaction is the major
requirement for making tablets by reducing the volume of
powders under pressure. The compactness is the ability to
compress the free flow powder in the form of a solid unit
dosage form having the desired tensile strength. Therefore,
the understanding of material's characteristics becomes an
important key to developing and designing newer formulations
with desired physical and chemical properties. Where, a higher
dose or higher amount of drug is required, than compressibility
and compaction become critical parameters to study.”” To date,
the focus of CS researchers mainly focused on improvement
of solubility issue and tabletting property area did not get
much attention. some handful examples in the literature where
this area of research touched like CS of carbamazepine with
nicotinamide and saccharin were found to have increased
tensile strength of 2.00 and 2.19 times, respectively, at 1500
lb/cm?®. But the dissolution rate of these CS was found to be
lesser compared to pure drugs. This signifies the relationship
of higher tensile strength is directly proportional to a lower
dissolution profile.*®

Formulation and dissolution

CS tend to have higher dissolution rates than the corresponding
drugs, due to their higher solubility. However, most studies
have focused on the powder dissolution profile as an indicator
of CS performance. These studies did not comment on the
CS solubility behavior or explain the reasons for improved
dissolution rates in some. Further, suggested approaches or
a mechanistic understanding of overcoming transformation
challenges during dissolution were not discussed. One of the
early examples is CS of itraconazole with a carboxylic acid, i.e.,
fumaric acid, SA, malic acid, and tartaric acid,* all of which had
higher dissolution rates than that of the crystalline drug and
similar rates to that of the amorphous form of the drug.

The dissolution of fluoxetine hydrochloride was compared
with that of CS made with benzoic acid, fumaric acid, or SA.
The dissolution rate of the alt was about twice as high as that
of the benzoic acid CS, similar to that of the fumaric acid CS
and at least 3 times lower than that of the SA CS.52 Celecoxib-
NIC CS had a higher dissolution rate than the drug alone. The
dissolution rate of CS developed with 2% sodium dodecylsulfate
and polyvinylpyrrolidone was better than that of the drug alone
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Table 3. Various drugs and coformers used for cocrystals formation and chemistry involved in their formation

Drug(s) Coformer (s) Method o.f Method of Analysis  Important Points
Preparation
Raman Proline exists as zwitter ion in the crystal
Wet-grindin spectrosco lattice of EZT-PRO. Carbonyl group of
Ezetimibe® . . grinding P PY. EZT formed C-H--O hydrogen bond with
L-proline and imidazole and solution Infrared

crystallization

spectroscopy, DSC,
TGA, PXRD, SCXRD

imidazole. Co-former was selected on the
basis of pKa and complimentary structure.
Improved solubility and solid-state stability

Paracetamol®®

Citric acid

Slow evaporation

Raman
spectroscopy, DSC,
TGA, PXRD, SCXRD

Two paracetamol molecules forms
hydrogen bonds with citric acid molecule,
one of these phenolic-OH acts as hydrogen
bond donor while other as acceptor

Sildenafil®

Acetyl salicyclic acid

Solution
crystallization

PXRD, HPLC, DSC,
ATR-IR, NMR

Sil: asa are held together by C-H-O and
C-H-- forces. 75% improved Intrinsic
dissolution rate

. o ' Reactlop ' DSC, TGA, DVS, FT- CS pro@uced were less hygr'o.scgpm.
6-mercaptopurine®® Isonicotinamide crystallization CS attained maximum solubility in 5-10
IR, PXRD, SCXRD .
method minutes
Theophylline also possesses a good N-H
hydrogen bond donor. N-H- - -O hydrogen
. bond is formed between N-H donor of
Solid state- . S .
. . . - a theophylline by linking with carbonyl
- Oxalic, malonic, maleic and grinding . .
Theophylline . . . SCXRD oxygen from an adjacent theophylline.
glutaric acid and solution e .
recinitation This interaction between N-H and O forms
precip hydrogen-bonded dimers in a cyclic motif.
Improvement of physical properties and
avoidance of hydration
Ultrasonic assisted Raman CCs with maleic acid increases
Caffeine® Maleic acid solution co- solubility of caffeine which decreases
. spectroscopy, PXRD -
crystallization supersaturation
PXRD, morphological
Solvent dro analysis, TGA,
Myricetin® Acetamide indi P dissolution studies, 4 times increased dissolution rate
grinding IR and NMR
spectroscopy
Electronegative chloride anion accepts
PXRD, SCXRD, an H-bond from the best H-bond donor,
Trospium chloride® Urea Solvent NMR, Karl Fischer a hydroxyl groupin trospium molecule.

evaporation

coulometric titration,
TGA, DSC

Urea molecules form an infinite chain on
which chloride anions hang overtrospium.
Increased intrinsic dissolution rate

Theophylline®®

Urea, saccharin, gentisic acid,
salicylic acid, glutaric acid,
sorbic acid, oxalic acid, maleic
acid and nicotinamide

Supercritical
fluid-enhanced
atomization

PXRD, DSC, SEM,
solubility and
dissolution studies

Low soluble CFs produce theophylline CS
with a low dissolving rate while use of
high soluble CFs produce faster dissolving
CS.

Diflunisal®

Nicotinamide

Supercritical
fluid antisolvent
precipitation

XRD, DSC, FT-IR,
Electron microscopy,
dissolution studies

Acetone was chosen as a solvent for
diflunisal and nicotinamide. pH 7.4
phosphate buffer was used to carry out
dissolution studies

Indomethacin®

Saccharin

Anti-solvent
crystallization,
solvent evaporation

XRD, DSC,
DVS, Near-IR
spectroscopy

N-H- - -O bonding was formed between
the caboxcylic acid dimer of IMC and SAC
imide dimer
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Gas antisolvent

HPLC, solubility
studies, XRD,

The CS obtained by this method were
suspected to contain unquantified amount

o M pal .
ltraconazole L-Malic acid crystallization cDoSnS fjm’):iﬁﬂer of amorphous material. GAS CCs may have
dissslution studieys’ improved itraconazole bioavailability
Neat-cogrinding, The sulfamethazine molecules form a
. . solvent drop- DSC, TGA, raman, dimer through the intermolecular O...H--N,
Sulfamethazine®® Theophylline o PXRD, and DVS .
cogrinding and techniques and two O- - -H--N and N- - -H-N keeping
slow evaporation g theophylline molecule attached
Grinding induced amorphous phases are
Carbemazapine® Saccharin Cogrinding SZRC FTIR, PXRD, followed by CS formation. High relative
humidity exposure increases rate of CCs
Raman spectroscopy,
g:][ctéf::gs_) Solvent S,CXRID{,'W'?S;? In vivo bioavailability was increased. CS
P y Glutaric acid issorution STULIES, was found to be physically and chemically

phenyllpyrimidine-
4-carboxamide™

crystallization

pharmacokinetic

evaluation, particle size

evaluation

stable. Increased dissolution rate

Ethenzamide™

Gentisic acid

Slow evaporation

DSC, hot-stage
microscopy, PXRD,
SCXRD

The primary amide anti-N-H of the
ofEthenzamide and the 2-hydroxy group
ofGentisic acid forms two intramolecular
N-H- - -0 and O-H- - -O hydrogen bonds.
Dissolution rate of ethenzamide was
improved by a factor of 2

Artemisinin™

Orcinol and resorcinol

Liquid-assisted
grinding

DSC, FT-IR, PXRD

The interaction of trimeric units is through
a vast network of C-H.- - -O bonds. Every
synthon comprises of O-H- - -O hydrogen
bonds formed between the OH group of
resorcinol and the carbonyl moiety of
artemisinin

Gabapentin™

C-propan-3-ol pyrogallol[4]
areneand C-butyl pyrogallol[4]
arene

Slow evaporation-
aided with
sonication

XRD

Reported CS exhibit bilayer structures
comprising of networks of extensive
hydrogen bonding networks between the
pyrogallol[4]arene, gabapentin molecules

S-naproxen and
RS-naproxen™

D-Proline

Liquid-assisted
grinding

DSC, TGA, PXRD,
SCXRD

Synthon part is mainly composed of
zwitterionic entity. The crystalline network
in the four CS formed is guided by the
amino acid prolinium

Pyrazine™

Dicarboxylic acid,
terephthalic, phthalic, fumaric
and succinic acids.

Pyrazine CS were
synthesised by
neat grinding.
Samples of the
pyr:fum CS (50
mg), which were
prepared by
grinding were
dissolved in a
minimum amount
of acetonitrile

SCXRD, PXRD,
DSC and TGA
measurements IR
spectroscopy

Pyridine-carboxylic acid synthon-based
h-bonded chains is the backbone of the
structure

Theophylline™

Benzoic acid

Both neat-rinding
and liquid-assisted
grinding

X-ray diffraction

Carbony! group of theophylline and the
carboxyl group of benzoic acidforms an
O-H- - -0 hydrogen bond. Another hydrogen
bond is formed between acidic imidazolic
nitrogen atom of theophylline and the
carboxyl oxygen atom of benzoic acid

DVS: Dynamic vapor sorption, PXRD: Powder X-ray diffraction, SCXRD: Single-crystal X-ray diffractometry, HPLC: High performance liquid chromatography, ATR-IR:
Attenuated total reflectance-infrared
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developed with similar excipients, and similar to that of the
amorphous formulation. This was only an empirical formulation
study and the mechanics of the effect of the excipient on CS
behavior have not been investigated.>®

The dissolution of CS of exemestane with maleic acid and
megestrol acetate with saccharine was studied in fasted state
simulated intestinal fluid. The transformation of the exemestane
CS to the drug was fast and dissolution rate was similar to
that of the drug when the particles were fine, whereas higher
dissolution rates than those of the drug were achieved for larger
particle sizes (106-150 and 150-300 m).* The transformation of
megestrol acetate CS was slow and the dissolution rate of the
fine particles was much faster than for the drug, whereas that
of the larger particles was similar to that of the drug.

In another study, the bioavailability of IND-saccharine CS
was investigated in beagle dogs and compared with the
bioavailability of both the marketed product of IND (Indomee®)
and the physical mixture of drug and CFs.*® The CS had similar
pharmacokinetic data to the marketed product but significantly
improved performance compared to the physical mixture. After
preparing and characterizing CS of AMG517, CS of AMG517
with sorbic acid was studied in vivo in Sprague-Dawley rats at
different doses and compared with 500 mg/kg doses of the free
base form of the drug. The result indicated dose-dependent
pharmacokinetics (C__ and area under the curve) for the CS.°'¢?

Cosmetics

In the cosmetic formulation development, the focus remains
on the formulation of a stable and easily applicable preparation
using active ingredients. CCs and eutectic mixtures provide
these basic facilities to the formulation developers. The
inclusion of solid cologne in these cosmetic preparations is a
challenge because a higher temperature must melt these solid
components, which may directly affect the thermostability of
other ingredients used. Some eutectic mixtures of standard
cologne in solid form with benzophenone were developed
which in result convert into liquid form and could be easily
included in the formulation. The flexibility and alterability of
these varieties of binary preparations were evaluated through
binary formulations of solid fragrances and benzogquinone.®®
The eutectic mixture based upon above idea was prepared
using 12-hydroxystearic acid, as well-known benefit of
12-hydroxystearic acid on skin having a higher melting point
and inadequate bioavailability. The other key benefit of CCs is
availing a higher melting point crystalline substance having
more stability. But higher melting point substances could be a
problem for other lower melting point ingredients.®* CS-based
formulation of 3-iodopropynyl butylcarbamate, an antifungal
agent reported in the literature. These CS formulations
exhibit higher physical and chemical stability profiles along
with higher aqueous solubility and thermostability.®> These
systems also provide higher flowability to powders and better
compressibility during tablets or capsule formulation process.
Nicotinamide: p-coumaric acid CS formulations were reported
in the literature to treat acne.®® In another study, the CS of hair
dye colorants exhibit better stability on hair compared to pure

colorant.’” CS could be an important formulation development
system in cosmetic scenario, but the higher melting point of
CS plays a key role and that's why, in the cosmetic industry,
the main focus areas become eutectic systems. Butyl methoxy-
dibenzoylmethane anultraviolet (UV) B absorbing agent, included
in the eutectic mixture with and without 12-hydroxystearic
acid to overcome the challenge of the higher melting points of
both components.®® An anti-sun eutectic formulation based on
n-butylphthalamide and isopropylacrylamide with 1,3,5-triazine
derivatives was prepared revealing higher stability.® The
eutectic mixture preparation of monoethanolamine used in
scalp itching treatment exhibits higher deposition compared to
pure compound.™

Agricultural applications

In the agrochemical sector, there are plentiful patents that
have been completed on CS, which mainly include fertilizers,
insecticides, and fungicides, etc. CS-based fungicide patent
was filled containing two fungicides, namely metalaxyl and
prothioconazole.” In this preparation, the aqueous solubility of
metalaxyl was drastically decreased compared with that of the
pure component. The reason given behind reduced solubility
was the decrement to a surplus of the fungicide in the ground
water streams along with higher efficacy and less requirement
of fungicides for the desired action. This CS-based formulation
is a significant example of the synergistic action of two active
fungicide ingredients. The CS of herbicide 3,6-dichloro-2-
methoxybenzoic acid with different nitrogenous heterocycles
was also reported less water solubility and higher stability.”
But there are some examples of various herbicides suffer from
the Ostwald effect (large size crystals growth) with time, which
has deleterious effects during the storage and processability of
product in production and efficacy during use. Here CS provides
significant improved stability to overcome these issues.
4-Hydroxybenzoic acid-based CS with different agrochemicals
effectively overcome the above discussed problems.” The
increased melting points insecticides were reported by CCs of
these insecticides with oxalic acid. The higher melting point
provides shelf stability and prevents the clumping or Ostwald
effect on pure insecticides with time. A recent patent on CS
of 4-{[(6-chloropyrid-3-yl) methyl] (2,2-difluoroethyl) amino}
furan- 2(5H)-one with salicylic acid was filled higher melting
point and stability.™™

Chromophores

Pigments are a principally fascinating chromophore application
of CS. According to Skotfepova et al.®% it is impossible to prepare
novel pigments in high amounts only through solvent methods,
it can be prepared in high yield through mechanochemical
grinding. The three-colour tuned fluorescein CS formulation
supports this argument mainly. Chromophore CS of titanyl
fluoroalanine with titanyl fluorocytosine was developed by
dry milling and heating. The novel CS has a novel spectrum
along with enhanced sensitivity toward electrophotography
and less dark decay. Bicomponent diazo eutectic was prepared
as red textile pigments. These eutectic pigments exhibit an
equal performance compared to highly toxic dyes in relation
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to thermostability, color fastness, acidic and alkali resistance,
and solubility profile. In another study, proved that CS can be
utilized at a much higher level than just tuning the solubility,
stability, and colour of chromophores. They formulated a series
of CS based upon stilbene-type molecules with different CFs.
The results exhibited a significant and remarkable change
in the form of UV or visible absorbance, quantum yield, and
luminescence emissions.®

Food industry

CS has created a place in food additives. The yerba mate
(an antioxidant) along with sucrose induce CS show a better
flow property and good hygroscopicity during the production
process compared to their pure state.” It is also evident that
the antioxidant properties of yerba mates remain stable in their
CS form. In another example, ethyl much vanilla are required in
mixture form to provide a better taste and fragrance, but during
the manufacturing process, clumping occurred in a simple
mixture of both these substances. But CCs of these compounds
at the individual level provide their powder form carrying good
flow properties and weak clump formation tendency. Menthol:
xylitol-based CS is another good example of CS having optimum
flow properties used for fragrance.’* These CS revealed a
higher solubility profile compared to pure menthol and lesser
hygroscopicity compared to pure xylitol.

Solubilization of cocrystals

CS has risen as a method for the modification of dissolvability,
disintegration, bioavailability, and other physicochemical
properties of drugs, without changing their pharmacological
properties.® CS are a class of multicomponent solids containing
at least two diverse crystalline components in a solitary
homogenous system in a fixed stoichiometry ratio. They are
distinguished from solvates in that the CS components are
solids at room temperature. Pharmaceutical CS are generally
made of a hydrophobic drug molecule and a hydrophilic CFs
molecule.’* The mechanism by which CS go into solution
involves three main steps: (1) Breaking intermolecular bonds
in the CS, (2) breaking intermolecular bonds in the solvent, and
(3) forming intermolecular bonds between the CS molecules
and solvent molecules. The limiting step in dissolving the CS
of hydrophobic drug molecules in aqueous media has been
shown to be solvation and not breaking away from the crystal
lattice. CFs appear to decrease the solvation barrier of CS of
hydrophobic drugs to an extent proportional to that of the pure
CFs. Consequently, CF aqueous solubility is correlated with CS
solubility. However, melting points are not good indicators of
CS aqueous solubility, since it is drug hydrophobicity and not
CS lattice strength that limits solubility (Table 3).%°

CONCLUSION

In the crystal engineering technique, the pharmaceutical
properties of drugs are changed without disturbing their
inherent structures. Presence of various chemical groups’
viz. carboxylic acids, carbohydrates, amides, amino acids,
and alcohols in the co-crystal formers lead to the formation
of CS with different drugs. So, in CC studies, the presence
of a carboxylic acid functional group plays an admirable role.

Synthons are responsible for holding the molecules, when
the formation of a compound occurs through non-covalent
interactions. Due to their strength, directionality and higher rate
of recurrence, hydrogen bonds are often used for the design of
CS. Generally, two methods are used for CCs: Solution-based
techniques and grinding based techniques. Solution-based
methods are generally preferred because of the formation of
CS, which can qualify the testing with a SXRD. The grinding
techniques include neat-grinding t and solvent drop-grinding
techniques. Currently, newer techniques are available viz. hot-
stage microscopy, ultrasound-assisted, and CCs via supercritical
fluid. CS offers numerous commercial applications, which are
under study or less developed. In spite of their less patent
activities, these are potentially critical binary systems because
of their prominent effects. CCs can be used in almost all API's
including acidic, basic, or non-ionic drugs. The availability of a
large number of CFs allowed this technique to be used broadly.
It is evident from previous and recent studies that CC materials
carry higher electrical conductivity compared to their parent
components. So, this is an area of research because of its
potential in the power production sector.
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ABSTRACT

Coronavirus disease-2019 (COVID-19) is one of the greatest pandemics of modern times. More than one hundred eleven million global deaths have
already been associated with COVID-19. The incidence of COVID-19 as well as morbidity and mortality due to COVID-19 have increased in low-
income countries (LICs). COVID-19 has further weakened health systems in LICs, that are already distressed by inadequate funding, lack of human
resources, and poor infrastructure and service delivery. Despite the resource crunch, hospital LICs have been instrumental in treating COVID-19
patients. Pharmacists working in hospitals play an indispensable role in providing pharmaceutical services for infection prevention and control.
This study discusses the contribution of hospital pharmacists and the challenges faced by them for treating COVID-19 patients in LICs before the

COVID-19 vaccine roll-out.
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INTRODUCTION

Coronavirus disease-2019 (COVID-19) is a current ongoing
global threat. It is one of the fatal pandemics in the history of
humankind. As per the World Health Organization (WHO), as
of March 3, 2021, there were 114,140,104 confirmed cases and
2,535,520 deaths globally. Similarly, 828,461 confirmed cases
and 14,749 deaths in low-income countries (LICs).! Among 31
LICs, coronavirus deaths are found in 30 countries, and 83.87%
of countries had community transmission, too.' LICs are those
countries that have a very low, i.e. $1,035 or less gross national
income in 2019.2

Vaccines against COVID-19 have been developed and rolled
over in many countries. Before that, the non-pharmacological
interventions to contain the virus, such as social distancing

and personal hygiene, were only mechanisms that prevent
the transmission. The LICs, often have a huge population
concentrated in a few cities, living in overcrowded conditions.? It
is difficult to maintain social distancing for people. Furthermore,
people did not have access to adequate hand sanitizer and other
protective measures required for preventing transmission.?
Healthcare systems LICs were traditionally developed to deliver
basic health services and treatment of some life-threatening
infective diseases. These systems are already overstretched
and struggling to cope with the increasing burden of non-
communicable diseases.* During this transition phase, the
emergence of COVID-19 had presented significant challenges
to LICs where the accessibility of quality and affordable health
services is poor.>¢
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All healthcare professionals and health institutions must
strengthen themselves against the COVID-19 or any pandemic
situation. Like other healthcare professionals, hospital
pharmacists also play a significant role in preventing and
controlling pandemic. The International Pharmaceutical
Federation (FIP) has developed guidelines for hospital
pharmacists considering their imperative value during
the disaster and pandemic control.”® Various studies have
identified the importance of pharmacists’ roles in providing
pharmaceutical care and services during infection control and
managing disaster complications.®’® Pharmacists are the third
largest healthcare professionals in the world after physicians
and nurses,° but they are still struggling to prove their value
in the healthcare systems of LICs The current review
discusses the hospital pharmacists’ potential contributions in
the management of disasters and the challenges they faced
in LICs. The discussion is based on the situation before the
development of COVID-19 vaccines. The reflection will help
different stakeholders to understand how essential pharmacists
are to healthcare delivery during pandemics and how they
can effectively use hospital pharmacists during any future
pandemics.

METHODS

We performed a narrative review of the existing literature
known to the authors. The literature was searched in PubMed,
MEDLINE, ScienceDirect and Google Scholar from its inception
up to and including May 2020. Key search terms included were
“pharmacist,” “COVID-19,” “low-income countries,” “pharmacy,”
“hospital” and “developing countries.” Along with this, various
synonyms or combinations of these terms have been used.
The authors viz. R.S., S.S. are working as the hospital and
clinical pharmacists in the hospital. S.K., B.S. and B.K.C. are in
academia, but had experience working as a pharmacists in the
past. We have themed potential activities and challenges into
different headings to improve readability. The potential role of
hospital pharmacists is mainly based on FIP and Nepal (a lic)
guidelines for managing COVID-19. The main features of both
guidelines are presented in Table 1.

RESULTS

Potential role of hospital pharmacists in the management of
COVID-19 and pandemics

The healthcare systems in LICs differs from one country to
another. Therefore, it would be difficult to generalize what
exactly a hospital pharmacist can provide in general. However,
we propose these activities (Figure 1), which may be possible in
many LIC jurisdiction under the existing legal and professional
framework. These are the recommended role; some of these
might not be legal in some countries. The role presented in
Figure 1is described below individually in subsequent sections.

Pharmaceutical management
Access to adequate, qualitative, and affordable essential
medicines is challenging in LICs.® Medicine accessibility has

been a problem during COVID-19 because of the disruption in
manufacture, distribution and logistics. Hospital pharmacists
played an important role in this situation viag handling of
medicine logistics via appropriate forecasting, stocking, quality
maintenance, and optimum usage of resources.

In close consultation with clinicians, pharmacists can develop
a strategy for using available therapeutic alternatives, such
as converting the oral dosage form to intravenous, selecting
equivalent alternative medicine to tackle drug shortage!*®
Hospital pharmacies use detailed information about their regular
patients through electronic billing systems or other record-
keeping forms. Therefore, they can estimate and transfer the
required medications of their patients appropriately. Pandemic
has broadly taught about keeping patient's medication record
practice. It must be started if many hospital pharmacies do
not have a system of keeping patient’s medication record.
Medication records are essential not only for better logistics
and distribution but also for measuring patient’s adherence to
medication therapy and effective management of therapy.'®”

Drug information service

Access to reliable information is crucial to the public and
healthcare professionals during a pandemic. Fake or incomplete
information is dreadful. It can even cause severe accidents,
when the public figure personnel become a medium of rumor.

Similarly, more than 700 people in Iran died in about two
months after injecting methanol following the manipulation of
information raised by another misinformation by an influential
global leader regarding the possibility of injecting disinfectant
to cure COVID-19® Therefore, the correct information should
be transmitted to both the general public and healthcare
professionals. Pharmacists have a fundamental professional
responsibility to continuously evaluate the existing literature
and make health professionals and public awareness of the
pandemic and its medicinal management by providing accurate,
unbiased information.®*?' Currently, several medicines and
vaccines are under trial for COVID-19 treatment. Pharmacists
can be a part of the clinical trial team to manage and provide
information on medicine or vaccine under trial. The pharmacist
can also use various informative pictures, pamphlets, and
information sheets to make patient aware, when they visit
hospitals.

Patient screening and triaging

Social distancing is one of the most crucial approaches
to pandemic control. Consequently, the initial screening of
patients visiting the hospital could save unwanted contact
with the hospital staff and patients. The pharmacy department
and hospital pharmacists can play a significant role in initial
screening and triage. The pharmacist can offer the initial
evaluation of the patient. They can either recommend patients
for clinician consultation or send them back home with OTC
medications or non-pharmacological counseling in case of
minor conditions. The pharmacist can also perform rapid
diagnostic tests of suspected patients segregate immediately.
These approaches could save unwanted clinician workload
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Table 1. Guidelines for COVID-19 management by the hospital pharmacy and the pharmacists (FIP and Nepal)"'?

Organization Features of the guidelines

- Ensuring healthy inventory management of pharmaceutical products (both medicines and medical devices) and a

good supply system
International
Pharmaceutical

Federation (FIP) - Promoting health education and counseling

- Liaising with other healthcare professionals in providing patient care and support
- Promoting infection control mechanisms in hospitals

- Ensuring responsible and proper use of the pharmaceutical products and personal protective equipment supplied.
Providing pharmacovigilance services and monitoring treatment outcomes

- Ensuring storage and supply of essential medicinal and surgical products, including mask, a thermometer, goggles

Nepal Pharmaceutical
Association

- Co-ordinating with other healthcare professionals in patient care
- Raising public awareness regarding COVID-19 prevention and control

- Monitoring treatment outcomes and pharmacovigilance
- Ensuring an inventory of medicine in both inpatients and outpatients with COVID-19 pandemic cases

COVID-19: Coronavirus disease-2019, FIP: International Pharmaceutical Federation

Pharmaceutical
Management

Patih\

Psychological Screening
Counseling and
Triaging

;lelt:lrfggh Hospital | Inf(gf:;gﬁon \\
nacy Pharmacist | . )
Service / Service /

Promotion

of Pharmaceutical
Preventive Care
Measures

Extemporaneous
Preparation

Figure 1. The role hospital pharmacists can play in COVID-19 and pandemic
control in LICs

and prevent infection transmission possibility in the pandemic.
The FIP has also made specific guidelines for pharmacists in
disaster and pandemic situations.”® The guidelines instruct
pharmacists to initial screening patients to provide first aid,
triage, screening, and treating minor ailments.”® In some
developed countries, pharmacists have adopted that role earlier,
t0o.22 Therefore, LICs should also attempt to prepare, equip and
use the pharmacy workforce optimally in disaster situations.

Pharmaceutical care

China implemented pharmaceutical care programs as
substantial service in COVID-19 as it was reported to have a
significant impact on patient outcomes.?** Pharmaceutical
care is much needed care for the treatment and management
of COVID-19 patients, especially for elderly patients and
patients with chronic diseases as they are at a higher risk of
developing drug interactions and adverse effects as well as
their use of complex medication regimens.?*?” For instance,
chloroquine, azithromycin, and hydroxychloroquine can cause

QT prolongation and the administration of these medicines to
patients already suffering from cardiovascular conditions can
make them worse.?® Therefore, there was a need for close
monitoring of patient medication status along with therapeutic
outcomes. Hospital pharmacists should monitor and evaluate
the medication dose, administration, drug interaction, and
adverse effects to plan an appropriate medication formulary
and medicine regimen in collaboration with other healthcare
professionals.??>3® However, these clinical roles were not
much emphasized in the guidelines made by LICs such as
Nepal.?

Along with that, pharmacists have a responsibility to provide
information on medication outcomes, assess polypharmacy
issues and monitor the medication compliance of patients.
Patients might not come for regular follow up their medical
condition and require self-medication because of pandemic
fears and movement control order and such restrictive
provisions. Therefore, pharmacists must proactively identify
these patients and get regular updates about their clinical
condition and provide proper counseling and refer them to
hospitals if needed.

Promotion of preventive measures

In many countries, community pharmacies were closed
because of COVID-19; and the hospital pharmacies served as
a primary source to get medicine and precautionary material
like “masks” and “hand sanitizers” to the public. Therefore,
hospital pharmacists are the most accessible and responsible
health professionals in providing pharmacy and preventive
and promotive healthcare services such as an aseptic way of
using the mask, hand washing, social distance values, isolated
coughing, sneezing, required in COVID-19 prevention (12.35).7%
The study has previously shown a significant change in public
health in controlling unhealthy behavior and promoting disease
control, prevention, and drug abuse management through
pharmacist involvement.?#32

Extemporaneous preparation

Healthcare-associated infections result in complications
and even death.® Simultaneously, simple hand hygiene can
prevent diseases.® As pharmacists are trained to conduct
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extemporaneous dispensing, pharmacist can prepare hand
sanitizers, disinfectant liquids, efc., for hospitals internal use
and the community at the time of medical goods scarcity due to
disaster. There have been multiple reports about pharmacists
preparing such products and contributing to society to fight
against COVID-19 in this exceptional circumstance.®

Telehealth pharmacy services (TPS)

Access to pharmacy services was challenging during the
pandemic, when people were not allowed to leave their home.
Approaching pharmacy services by using telecommunication
technology can solve that challenge. Continuous pharmaceutical
care is prominent, particularly for chronic disease patients who
are at higher risk of infection and have already undertaken
multiple medicines. Thus, TPS was a suitable way to reach
the patient. TPS can serve people living in far-off places, self-
quarantined and people unable to visit a hospital pharmacy
using email, phone call, text message, or social media.®**
Hospital pharmacists can collect patient’s medicine and disease
information and supply medicine to a respective patients with
appropriate labeling and counsel on medicine administration
through phone calls or any other online media.3® Furthermore,
pharmacists can advise patients on self-monitoring of medicine
effectiveness and self-management of minor ailments and
whether to continue their medicine or visit a center centre on a
phone call or at the doorstep, while delivering medications.?*3®
Good access to the internet and telecommunication is highly
essential to providing TPS, which may be problematic in many
villages of LICs.

Many developed countries have been using telepharmacy
services.” In response to the pandemic, Australia enhanced its
existing telepharmacy practices,® and China also emphasized
the online pharmacy consultation for COVID-194° Although
online consultation and medicine delivery are difficult in LICs,
the hospital pharmacist must attempt to start this approach
in coordination with their hospital administration, at least in a
disaster situation.

Psychological counseling

Because of the pandemic and lockdown, people could not move
and were forced to confine themselves inside their home. The
changing daily routine and the thought of death, pandemic, and
growing disease progression affect people’s thinking patterns,
leading to anxiety, panic, and depression, to psychological
problems.*“2 Psychological problems can be more pressing
in mentally ill patients, low-socioeconomic groups, and
cardiovascular diseases like chronic illness patients.#34
Therefore, pharmacists should monitor the patient's emotional
states and encourage them to perform stress-relieving activities.

Professional challenges of pharmacists and possible solutions
in disaster management

Although we proposed some roles, they do not come without
challenges. We have identified six challenges related to these
roles and presented them in Figure 2. These problems and
potential solutions are described in the different subheadings
in this section of this manuscript.

« Promoting local entreprenurship
+ Extempraneous preparation of hand sanitizer
« Telehealth pharmacy services

Shortage of safety measures

* Need based minimal medicine prescribing
» Medicine substitution

Difficulty in adequate
medication management

/X L A

« Utilizing pharmacy students and medical
personnel

Long term planning on qualified pharmacy
persoonel development

Shortness of pharmacy
manpower

+

Non-existent or less priority to
pharmaceutical care

 Promotion and utilization of pharmacy personnel
in pharmaceutical care

\  * Assure basic need and health
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Figure 2. Challenges and solutions

Shortage of safety measures

As per the WHO, the appropriate protective materials like
surgical masks, eye protection and face shield, long-sleeved
gowns, and gloves are the basic needs to work in a health
institution during COVID pandemics.® Hospital pharmacists
were at a high risk of getting infected, and they could be a
medium of transmission as they were in close contact with
patients visiting the hospitals.” However, the availability of
precautionary safety materials to healthcare professionals,
including pharmacists, has become challenging in LICs
where there are no manufacturing companies for these
protective supplies.®%# Therefore, LICs should promote local
entrepreneurs to produce personal protective equipment and
mask-like protective measures without relying on imports from
outside. Hospital pharmacists can contribute in this regard by
extemporaneous compounding hand sanitizer gels, sprays, etc.

Difficulty in adequate medication management

Many LICs are not self-reliant and vastly depend on the
import of medication from foreign countries. Thus, due to the
possibility of a drug shortage or delayed supply chain system
due to travel restrictions during a pandemic, adequate and
timely access to essential medicine in healthcare settings can
be challenging in many countries.®® The situation may become
more difficult for people with a chronic condition for whom
missing a few doses of medication can be life-threatening.
The hospital pharmacist had a responsibility to update the
prescribers on available medicines and their inventory. This
helped prescribers make appropriate prescribing decisions like
prescribing only to the needed patients in minimum quantities
to reduce the unnecessary wastage of medicine and prevent
the medicine shortage. It also helped them decide whether to
prescribe multiple refills to one patient or make a single refill to
multiple patients. The appropriate quantification and stocking
of medication-related to COVID-19, such as remdesivir and
chloroquine, were essential based on the clinical practice.
However, it came down to pharmacists’ expertise to forecast
the usage because overstocking may cause a shortage of these
medications for those who require them regularly.*

Furthermore, there might have been a problematic situation
related to brand prescriptions, when patients rely on a particular
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hospital for their continued medication. Brand prescribing is very
common in LICs and a refill of a particular brand or searching for
a particular brand for the patient is very tough, when there is a
shortage due to the lockdown.“® Also, there may come to some
circumstances in disasters or pandemics, where the patient
may not find a generic substitution and clinician consultation.
Furthermore, pharmacists could only be an option to manage
the patients. Therefore, the pharmacists should be allowed to
substitute medicine for therapeutically equivalent alternatives in
consultation withthe prescribers, if they are accessible or without
consultation if the prescribers are inaccessible to consult in a
disaster situation. The FIP in 2016 made a guidelines focusing
on pharmacy personnel’s role in the disaster where pharmacists
can also do some emergency prescribing if needed. That should
be strongly taken into consideration by the responsible bodies
in LICs. At least, pharmacists should be prepared to prescribe
the essential medications during the pandemic and other similar
disaster.2 However, it was not seen in the guidelines made by
LICs,”? which are quite hard to implement for LICs. Convincing
with the local hospital administration and legal body would help
solve this problem to some extent.

Shortage of pharmacy human resources

Pharmacists have been importing a significant role in providing
pharmacy services in pandemic prevention and control.
COVID-19 has already caused the death of many health
professionals in developed countries.®® The situation could be
even more devastating for LICs, where there is already a shortage
of pharmacy human resources.®% The death, hospitalization
or isolation of limited human resources would increase the
workload. Eventually, it hampered the pharmaceutical services
of patients. Therefore, the LICs should work proactively in
developing and equipping sufficient human resources to defeat
disaster challenges. Pharmacy students and non-pharmacy
medical personnel can be used through immediate short-term
training to cope with the current pharmacy workforce shortage
in providing pharmaceutical services. Also, the pharmacy
services can be provided to a large group by small human
resources through the TPS approach.®

Non-existent or less priority to pharmaceutical care

The pharmacy personnel in LICs are primarily focused on the
product approach (procurement, inventory, and dispensing).
Although pharmaceutical care has been determined as
a vital aspect of treatment, the environment of providing
pharmaceutical services and access to quality workforce
still lacks in LICs31405153 | |Cs should learn the importance
of pharmaceutical care or the clinical service of pharmacy
personnel. They must use the available pharmacy personnel
in providing pharmaceutical care, at least, in this disaster.
Eventually, LICs should make appropriate policies and
guidelines to promote the pharmacist in a clinical role in the
healthcare system.

Poor security to healthcare professionals
Healthcare professionals also need motivation and security
during a disaster. Taking personal care of oneself, along

with continuous working for others’ health, was relatively
complicated. Healthcare personnel, including pharmacists,
require appropriate motivation and support from the government
and respective health centers. Pharmacists have been greatly
appreciated even financially in developed countries like New
Zealand for their remarkable contribution during pandemics.?
The respective health institutions and governments of LICs
should also learn from them and provide essential facilities such
as food, lodging for them and their families during this disaster
if they could not reward them as high-income countries did.

Similarly, protecting and preventing infection transmission
to healthcare personnel is supremely essential because
healthcare providers themselves can transmit others while
serving. Previously, up to 10% of COVID cases in China and
up to 9% in ltaly were healthcare personnel>® Infection of
healthcare personnel not only increases patient numbers but
also reduces persons to care for patients. Therefore, stringent
health approaches need to be adopted to prevent infection
transmission. China made a strict guidelines for cleansing,
disinfecting, and controlling human movements to prevent
infection transmission.®® Learning from them, LICs can create
separate allocated places for COVID management, prepare
disinfection guidelines and make designated sites for health
personnel involved in COVID management.

Along with that, healthcare professionals, including hospital
pharmacists, need to be aware and trained in following the
safety procedures of work to prevent being infection and
being a source of infection transmission.®® The concerned
government and hospital administrative body should provide
appropriate training to ensure healthcare providers' safety,
including hospital pharmacist.

Non-favorable legislation

LICs suffer from a lack of appropriate pharmacy education,
skilled and qualified personnel, and professional guidelines
for effective professional functioning.>% Though similar
professionals have significantly impacted the health sector in
developed countries, a pharmacist suffers due to the deficient
role from the concerned authority in LICs.53% Unprepared
pharmacy professionals cannot play a significant role in
emergencies and disaster situations. The recent earthquake
disaster in Nepal taught much about preparing pharmacy
services for disaster management in LICs.>® Many studies have
already talked about the significant contributions pharmacists
have made in pandemic and emergency disasters; therefore,
along with the appropriate policy, pre-qualifying them through
quality education and skill is the only necessity in LICs to defeat
the disaster.®%5" Therefore, the LICs, where the pharmacists
have not been adequately used to provide pharmaceutical
services, should learn from the current COVID-19 pandemic and
equip the pharmacy workforce to manage such possible future
disasters through the appropriate formulation of guidelines
and emergency training preparedness. Additionally, LICs or
hospitals themselves can make separate guidelines for disaster
situations by using FIP guidelines on responding to disasters
for pharmacy personnel as a reference.?
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CONCLUSION

The growing cases of COVID-19 have created significant
challenges to the healthcare system and healthcare
professionals of LICs. During COVID-19, hospital pharmacists
were responsible for ensuring appropriate therapy outcomes,
medication management, health promotion, pharmaceutical
care of patients, and infection transmission prevention. The
study recommends enhancing the hospital pharmacists’
professional role in disaster and management for COVID-19 and
other such disasters in the future.
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