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Turkish Journal of Pharmaceutical Sciences is the official double peer-
reviewed publication of The Turkish Pharmacists’ Association. This
journal is published every 3 months (4 issues per year; March, June,
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* Research articles
* Reviews (only upon the request or consent of the Editorial Board)

e Preliminary results/Short communications/Technical notes/Letters
to the Editor in every field or 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
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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 reviewers must review the manuscript within 21 days.
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 (2016, 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).

Authorship

Each author should have participated sufficiently in the work to assume
public responsibility for the content. Any portion of a manuscript that
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is critical to its main conclusions must be the responsibility of at least 1
author.

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.

The manuscripts are archived according to ICMJE, Web of Science-
Emerging Sources Citation Index (ESCI), SCOPUS, Chemical Abstracts,
EBSCO, EMBASE, Analytical Abstracts, International Pharmaceutical
Abstracts, MAPA(Medicinal & Aromatic Plants Abstracts), Tubitak/
Ulakbim Turkish Medical Database, Tirkiye Citation Index Rules.

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.

The ORCID (Open Researcher and Contributor ID) number of the all authors
should be provided while sending the manuscript. A free registration can
be done at http://orcid.org.

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.

INSTRUCTIONS TO AUTHORS

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 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 title,
name(s) of the authors and author information. The following descriptions
should be stated in the given order:

1. Title of the manuscript (Turkish and English), as concise and explanatory
as possible, including no abbreviations, up to 135 characters

2. Short title (Turkish and English), up to 60 characters

3. Name(s) and surname(s) of the author(s) (without abbreviations and
academic titles) and affiliations

4. Name, address, e-mail, phone and fax number of the corresponding
author

5. The place and date of scientific meeting in which the manuscript was
presented and its abstract published in the abstract book, if applicable
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INSTRUCTIONS TO AUTHORS

Abstract: A summary of the manuscript should be written in both Turkish and English. References should not be cited in the abstract. Use of
abbreviations should be avoided as much as possible; if any abbreviations are used, they must be taken into consideration independently of the
abbreviations used in the text. For original articles, the structured abstract should include the following sub-headings:

Objectives: The aim of the study should be clearly stated.

Materials and Methods: The study and standard criteria used should be defined; it should also be indicated whether the study is randomized or not,
whether it is retrospective or prospective, and the statistical methods applied should be indicated, if applicable.

Results: The detailed results of the study should be given and the statistical significance level should be indicated.

Conclusion: Should summarize the results of the study, the clinical applicability of the results should be defined, and the favorable and unfavorable
aspects should be declared.

Keywords: A list of minimum 3, but no more than 5 key words must follow the abstract. Key words in English should be consistent with “Medical
Subject Headings (MESH)” (www.nlm.nih.gov/mesh/MBrowser.html. Turkish key words should be direct translations of the terms in MESH.
Original research articles should have the following sections:

Introduction: Should consist of a brief explanation of the topic and indicate the objective of the study, supported by information from the literature.
Materials and Methods: The study plan should be clearly described, indicating whether the study is randomized or not, whether it is retrospective
or prospective, the number of trials, the characteristics, and the statistical methods used.

Results: The results of the study should be stated, with tables/figures given in numerical order; the results should be evaluated according to the
statistical analysis methods applied. See General Guidelines for details about the preparation of visual material.

Discussion: The study results should be discussed in terms of their favorable and unfavorable aspects and they should be compared with the
literature. The conclusion of the study should be highlighted.

Study Limitations: Limitations of the study should be discussed. In addition, an evaluation of the implications of the obtained findings/results for
future research should be outlined.

Conclusion: The conclusion of the study should be highlighted.

Acknowledgements: Any technical or financial support or editorial contributions (statistical analysis, English/Turkish evaluation) towards the study
should appear at the end of the article.

References: Authors are responsible for the accuracy of the references. See General Guidelines for details about the usage and formatting required.
Review Articles

Review articles can address any aspect of clinical or laboratory pharmaceuticals. Review articles must provide critical analyses of contemporary

evidence and provide directions of or future research. Most review articles are commissioned, but other review submissions are also welcome.
Before sending a review, discussion with the editor is recommended.

Reviews articles analyze topics in depth, independently and objectively. The first chapter should include the title in Turkish and English, an
unstructured summary and key words. Source of all citations should be indicated. The entire text should not exceed 25 pages (A4, formatted as
specified above).

CORRESPONDENCE

All correspondence should be directed to the Turkish Journal of Pharmaceutical Sciences editorial board;
Post: Turkish Pharmacists’ Association

Address: Willy Brandt Sok. No: 9 06690 Ankara, TURKEY

Phone: +90 312 409 8136

Fax: +90 312 409 8132

Web Page: http://turkjps.org/home/

E-mail: onur@pharmacy.ankara.edu.tr
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Comparative In Vitro Assessment of the Methanol
Extracts of the Leaf, Stem, and Root Barks of
Cnidoscolus aconitifolius on Lung and Breast
Cancer Cell Lines

Cnidoscolus aconitifolius’'un Yaprak, Govde ve Kok Kabuklarinin Metanol
Ekstrelerinin Akciger ve Meme Kanseri Hiicre Hatlarinda Karsilastirmali
In Vitro Degerlendirilmesi
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ABSTRACT |

Objectives: Cnidoscolus aconitifolius Mill. .M.Johnst. is a medicinal plant widely used in ethnomedicine for the treatment of cancer and other
diseases.

Materials and Methods: The effects of methanol extracts of the leaf, stem, and root barks were evaluated on breast (MCF-7) and lung (NCI-H460)
cancer cells at 1-250 pug/mL using the SRB assay and the extracts were screened for phytochemicals using the standard method.

Results: The stem and root extracts showed no activity at the maximum concentration, while the leaf extract at 100 pg/mL showed remarkable cell
growth inhibition against breast (-14.50+0.58) and lung cancer (+53.29+4.57) in vitro. The extracts showed the presence of saponins, terpenes,
cardiac glycosides, and phenolic compounds. Partitioning of the active leaf extract further enhanced its activity as the chloroform fraction exhibited
Gl,, LC,,, and total growth inhibition (TGI) of 22.5, 68.75, and 43.75 pg/mL against breast cancer, respectively, and Gl,, and TGl of 35.4 and 55.8 pg/
mL against lung cancer cells, respectively. However, the aqueous fraction showed no cytotoxicity against either cell line.

Conclusion: These results justified the ethnomedicinal uses of the plant against tumor-related ailments. Isolation of the constituents responsible
for the observed activity needs to be carried out to further support this claim.

Key words: Cytotoxicity, Cnidoscolus aconitifolius, growth inhibition, MCF-7, NCI-H460, cancer cells

Z |

Amag: Cnidoscolus aconitifolius Mill. 1.M.Johnst. kanser ve diger hastaliklarin tedavisinde yaygin olarak kullanilan tibbi bir bitkidir.

Gereg ve Yontemler: Yaprak, kok ve kok kabuklarinin metanol ekstrelerinin etkileri, SRB yontemi kullanilarak 1-250 pg/mL konsantrasyonda
meme (MCF-7) ve akciger (NCI-H460) kanser hicreleri Uzerinde degerlendirilmis ve ekstrelerin fitokimyasal igerigi standart yontem kullanilarak
taranmistir.

Bulgular: Gévde ve kok ekstreleri maksimum konsantrasyonda aktivite géstermezken, yaprak ekstresi 100 ug/mL dozda meme (-14,50+0,58) ve
akciger kanserine (+53,29+4,57) karsi belirgin in vitro hiicre biiyimesi inhibisyonu géstermistir. Ekstrelerde saponinler, terpenler, kardiyak glikozitler
ve fenolik bilesiklerin varligi saptanmistir. Aktif yaprak ekstresinin fraksiyonlanmasi ile kloroform fraksiyonunda meme kanseri hticrelerine karsi
sirasiyla 22,5, 68,75 ve 43,75 pg/mL Gl , LC,, ve toplam biytime inhibisyonu (TGI) degerleriyle; akciger kanseri hiicrelerine karsi sirasiyla 35,4
ve 55,8 pug/mL Gl , ve TGl degerleriyle aktivitenin arttigi tespit edilmistir. Bununla birlikte, sulu fraksiyon her iki hiicre hattina karsi sitotoksik etki
gbstermemistir.

*Correspondence: E-mail: ikpefanemmanuel@delsu.edu.ng, Phone: +234 8062366928 ORCID: orcid.org/0000-0002-8484-423X
Received:24.04.2018, Accepted: 03.07.2018
©Turk J Pharm Sci, Published by Galenos Publishing House.

375


https://orcid.org/0000-0002-8484-423X
https://orcid.org/0000-0002-4259-528X
https://orcid.org/0000-0001-6736-440X
https://orcid.org/0000-0003-3193-088X

376 IKPEFAN et al. In Vitro Anticancer Studies of Cnidoscolus Aconitifolius

Sonug: Bu sonuglar, bitkinin timdrle ilgili hastaliklara karsi etnomedikal kullanimini desteklemistir. Bu kaydin desteklenmesi igin ileri galismalarda

aktiviteden sorumlu bilesiklerin izole edilmesi gerekmektedir.

Anahtar kelimeler: Sitotoksisite, Cnidoscolus aitifitifolius, buytime inhibisyonu, MCF-7, NCI-H460, kanser hucreleri

INTRODUCTION

Traditionally, medicinal plants have found applications in the
formulation and production of modern drugs. They are used
in the treatment of severe life-threatening ailments including
cancer especially in developing countries! Over the years,
cancer patients have relied on surgery, radiotherapy, and
chemical derived drugs for their treatment, which further
damage patients’ health and increase their suffering. Hence,
there is a need to search for and focus on medicinal plants that
are used traditionally in treating tumor-related ailments. One
such plant, Cnidoscolus aconitifolius (Mill.) |.M.Johnst., has been
used as a constituent of herbal preparations for the treatment
of cancer patients by Nigerian herbalists.

C. aconitifolius (Euphorbiaceae) originates from southeast
Mexico and Guatemala and the southwestern part of Nigeria.?
It is locally known as lyana Ipaja.® In Nigerian traditional health
practices, it is also referred to as “Hospital too far” due to its
rapid healing properties against certain health conditions.* In
ethnomedicine, it has been reported to have a blood boosting
effect in both pregnant women and young anemic children,®
and as an antidote for alcoholism, insomnia, and scorpion
bites. Previously, the cytotoxic and antiproliferative activity of
the methanol extracts of C. aconitifolius leaves, stem, and root
barks against tadpoles of Ranicep ranninus and radicle length of
Sorghum bicolor has been reported.® The cytotoxicity of ethanol
extract of its leaf against the brine shrimp has also been
noted.” However, there is presently no report on the anticancer
activity of this plant. Therefore, the present study was aimed at
validating the antitumor ethnomedicinal uses of C. aconitifolius
using human breast and lung cancer cell lines.

MATERIALS AND METHODS

Chemicals

Dimethyl sulfoxide (DMSO), fetal bovine serum, gentamicin
sulfate,  -glutamine  penicillin  streptomycin  solution,
Roswell Park Memorial Institute-1640 medium (RPMI-1640),
sulforhodamine B (SRB), trichloroacetic acid (TCA), tris base,
trypan blue, and trypsin-EDTA were purchased from Sigma (St.
Louis, MO, USA). Acetic acid (Lab Scan, Ireland), amphotericin
B (Formepharma, Pakistan), and doxorubicin (ICN, USA) were
also obtained.

Consumables

The cell culture boats, flasks (25 and 75 cm?), centrifuge
tubes (15 and 50 mL), culture plates (96-well, transparent with
flat bottom), and serological pipettes (1, 5, and 10 mL) were
purchased from Falcon BD (USA). The microcentrifuge tubes
(2 mL) were purchased from Kartel (Italy).

Equipment

The equipment included an analytical balance, milligram
balance, pH meter (Precisia, Switzerland), centrifuge, CO,
incubator (Kendro Lab Products, Germany), safety cabinet class
2 (Heraeus Germany), microscope: inverted TS-100 (Nikon,
Japan), multiwell microplate reader (Stat fax 2100, Awareness
Technology, USA), multiwell plate shaker (PMS 1000, Grant
Instruments, UK), ultrasonic bath (MXB6, Grant Instruments),
and Neubauer’'s chamber (0.1 mm and 0.0025 mm? HBG,
Germany).

Collection and processing of the plant

The leaves of C. aconitifolius (Mill.) .M.Johnst. were collected in
February 2014 at Sabongida-Ora in Edo State, Nigeria, and the
identity of the plant was confirmed by Dr. Shasanya Olufemi,
a plant taxonomist. It was preserved at the Forest Research
Institute of Nigeria, Ibadan, with herbarium specimen number
FHI 109574. The plant material was air dried in the laboratory
for 5 days at room temperature, followed by oven drying at
40°C, and subsequently ground to powder form and stored in
an air-tight container.

Extraction of plant materials

About 2.5 kg of each plant part was exhaustively extracted in
methanol (95%) using a Soxhlet apparatus, and dried using a
rotary evaporator maintained at 40°C.

Preliminary phytochemical screening

Phytochemical screenings of the extracts (leaves stem and root
barks) were carried out using standard methods previously
described.®

Sulforhodamine-B assay
The growth inhibitory activities of methanol extract of C.

aconitifolius and its fractions were tested using human cancer
cell lines [breast (MCF-7) and lung cancer (NCI-H460)].°

The stock solutions of plant extracts and fractions were
prepared as 40 mg/mL in DMSO. However, doxorubicin (1
mM) was prepared in distilled water. On the experimental day,
respective dilutions were prepared in RPMI-1640 containing
gentamicin (50 pg/mL).

Monolayer trypsinization, cell viability determination, and cell
counting from a confluent flask (75 cm?) were carried out.
Cells (10,000 cells/well/100 pL for MCF-7 and NCI-H460)
were seeded for monolayer formation and incubated in a CO,
incubator at 37°C for 24 h. Various concentrations of methanol
extracts of C. aconitifolius (1, 10, 50, 100, 200, and 250 ug/mL)
and fractions (1, 25, 50, 75, and 100) were added (100 pL/well) in
appropriate wells, followed by incubation for 48 h. Appropriate
controls and blanks (drug and extract) were also prepared. At
the end of 48 h, time zero-1(T , plate) and time zero-2 (T , plate)
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plates were fixed with gentle addition of 50% w/v cold TCA (50
uL/well) before and after the addition of extract and fractions
in experimental plates. These were left at room temperature
for 30 min, washed (3x), and dried overnight. After 48 h, the
experimental plates were also fixed in a similar manner.

The dried fixed plates were stained with 100 pL of sulforhodamine
solution (0.4% wt/vol prepared in 1% acetic acid) for 10 min,
followed by washing (5x) with 1% acetic acid to remove excess
stain, and air-dried. Finally, 100 pL of tris base solution (pH
10.2, 10 mM) was added to solubilize protein bound stain and
absorbance was recorded at 545 nm using a microplate reader.
All the experiments were conducted in triplicate. The results of
the extracts and fractions were presented as Gl,, TGI, and LC_,
(ug/mL) values.

50"

Fractionation of methanol extract of the leaf of C. aconitifolius
About 25.0 g of the crude methanol extract was re-dissolved
in methanol-water (1:1) and partitioned exhaustively with
chloroform (400 mLx4) volumes in a separating funnel. The
chloroform layer (lower) was collected first, followed by the
aqueous fraction. This was repeated until a clear lower layer
was obtained. The aqueous and the chloroform fractions were
concentrated to dryness on a rotary evaporator and their
respective yields noted.

RESULTS

The 2.5 kg of the powdered leaves, stem, and roots of C.
aconitifolius yielded 87.65, 71.10, and 68.43 g of the methanol
extracts, corresponding to 3.5%, 2.8%, and 2.7%, respectively.

Phytochemical screening of extract of the leaves, stem, and
roots of C. aconitifolius showed the presence of saponins,
tannins, terpenes, and flavonoids in varying intensities.
However, alkaloids and anthraquinones were absent (Table 1).

Results of the effect of the methanol extracts on MCF-7 and
NCI-H460 cell lines

The methanol extract of leaves produced growth inhibitory
and cytotoxic effects on MCF-7 to varying extents. At a
concentration of 50 pg/mL, the extract had +63.08+3.63%
growth inhibition, which became more cytotoxic at 200 and 250
pg/mL as -14.70+0.76, and -26.25+2.18% were recorded. The

Gl,, and TGl were recorded as 26.67+3.33 and 95 ug/mL while
the LC, was greater than 250 pg/mL (Table 2). At the maximum
concentration of 250 pg/mL, stem and root barks extracts of
C. aconitifolius showed no significant activities against breast
cancer cell lines.

Extract of C. aconitifolius at 50-100 pg/mL exhibited cell growth
inhibitory effects on the lung cells unlike the breast cancer cells.
Significant growth inhibition ranging between ~28% and 77%
was recorded in a concentration-dependent manner against the
human lung cancer cell line (NCI-H460). A Gl value of ~59.67
ug/mL was recorded, while LC,, and TGl were greater than 250
pg/mL (Table 3).

Effects of the aqueous and chloroform fractions of C. aconitifolius
against breast (MCF-7) and lung cancer (NCI-H460) cell lines
The chloroform fraction at 25 pg/mlL displayed significant
growth inhibition of ~48.62% against MCF-7 cells, which
became cytotoxic at 50-100 upg/mL in a concentration-
dependent manner with G, LC,, and TGl of 22.50, 68.75, and
43.75 pg/mL, respectively (Table 4).

Similar effects were also observed with the chloroform fraction
against NCI-H460 cells, giving Gl , and TGl of 35.40 and 55.8

Table 2. Cytotoxicity of methanol extract of C. aconitifolius against

breast cancer cell line (MCF-7)

Extract (pg/mL) % Growth Gl,, LC,, TGl
inhibitic.vn./ (ug/mL)
cytotoxicity

1 +18.04+0.61 +26.67+3.33 250 95+0
10 +42.38+2.99
50 +63.08+3.63
100 -4.07+0.58
200 -14.70+0.76
250 -26.25+2.18

Control absorbance in MCF-7 at 545 nm=1.9+0.1
Each value represents % mean + standard error of mean of three independent
experiments as compared to control. Growth inhibition=+ and cytotoxicity=-; Gl

and TGl=Concentration

of drug causing 50% and 100% growth inhibition of cells.

LC,,=Lethal concentration of drug that killed 50% cells. The order of activity was
significantly different from each other.
TGI: Total growth inhibition

Table 3. Cytotoxicity of methanol extract of C. aconitifolius

against lung cancer cell-line (NCI-H460)

Table 1. Results of the phytochemical screening of methanol Methanol  Conc. % Growth Gl,, LC,, TGl
extracts of the leaves, stem, and roots of C. aconitifolius extract (pg/mL) inhibition/ (ug/mb)
Phytochemical groups Leaves Stem bark  Root bark Cytotoxicity
Alkaloids _ ] ] 1 0.00£0.00  +59.67:0.75  >250 »250
10 +28.45+4.26
Anthraquinones - - - 50 +46.24+3.24
Tannins/phenolic compounds 4 + + 100 +93.29+4.57
P P 200 +6473:2.79
Flavonoids + - - 250 +77.68+1.96
Saponins ++ + + Control absorbance in NCI-H460 at 545 nm=2.0+0.1
Each value represents % mean + standard error of mean of three independent
Cardiac glycosides + + ++ experiments as compared to control. Growth inhibition=+ and cytotoxicity=—; Gl
and TGI=Concentration of drug causing 50% and 100% growth inhibition of cells.
Terpenes 4+ + ++ LC,,=Lethal concentration of drug that killed 50% cells. The order of activity was

+++: Appreciable amount, ++: Moderate amount, +: Minute amounts, -: Not detected

significantly different from each other.
TGI: Total growth inhibition
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pg/mL with LC,_ >100 pg/mL. The aqueous fraction did not show

any activity at 100 ug/mL on either cell line (Table 5).

Table 4. Cytotoxicity of the aqueous and chloroform fractions of C.

aconitifolius against breast cancer (MCF-7) cell line

Chloroform  Conc. % Growth Gl,, LC,, TGI
fraction (pg/mL) inhibition/ (ug/mL)
cytotoxicity
1 +8.32+1.60 22.50 68.75 43.75
25 +48.62+5.30
50 -16.10+2.30
75 -58.30+6.70
100 -72.00£910
Aqueous 100 <50 >100 >100  >100

fraction

Each value represents % mean + standard error of mean of three independent
experiments as compared to control. Growth inhibition=+ and cytotoxicity=—;
Gl,, and TGI=Concentration of drug causing 50% and 100% growth inhibition
of cells. LC,=Lethal concentration of drug that killed 50% cells. The order of
activity was significantly different from each other.

TGI: Total growth inhibition

Table 5. Cytotoxicity of the aqueous and chloroform fractions of C.

aconitifolius against lung cancer (NCI-H460) cell line

Chloroform Conc. % Growth Gl,, LC, TGl
fraction (pg/mL) inhibitign/ (ug/mb)
cytotoxicity
1 +3.00+0.72 35.40 100 55.8
25 +21.00£2.10
50 -2.00+1.30
75 -9.60+1.20
100 -22.00+11.00
Aqueous 100 <50 >100 >100 >100
fraction

Control absorbance in NCI-H460 at 545 nm=2.0+0.1

Each value represents % mean + standard error of mean of three independent
experiments as compared to control. Growth inhibition=+ and cytotoxicity=—; Gl
and TGI=Concentration of drug causing 50% and 100% growth inhibition of cells.
LC,,=Lethal concentration of drug that killed 50% cells. The order of activity was
significantly different from each other.

TGI: Total growth inhibition

DISCUSSION

Among all human diseases, cancer remains the most deadly
and life-threatening pathological condition.® The global burden
of this disease has continued to surge due to the adoption of
high level of cancer-inducing lifestyles such as smoking, eating
of a westernized diet, and physical inactivity."

According to global cancer statistics, breast and lung cancers
are the most frequently diagnosed cancers in females and males,
respectively? The commonly employed treatment includes
chemotherapy, radiotherapy, and in some cases surgery, which
also exhibit series of side effects among patients.”® Due to this,
research into ethnomedicinal plants with antitumor properties
as an alternative medicine at the early stage of the disease has
become necessary.

Phytochemical screening of extracts revealed the presence of
various phytochemicals including tannins and flavonoids, which

are known to possess free radical scavenging activity, hence
preventing the development of diseases. The higher activity
demonstrated by the leaf extract over the stem and root extracts
could be due to the abundance of one or more secondary
metabolites such as terpenes and phenolic compounds, which
are known for their antifree radical potentials and inhibition of
carcinogenesis.”®

Our previous work demonstrated that the extracts from the
leaf, stem, and root barks of C. aconitifolius displayed cytotoxic
and antiproliferative effects on guinea corn radicle length
and tadpoles in vitro. The present study further validates the
previous results with the leaf extract being most active against
breast and lung cancer cells. This could happen due to variation
in the chemical constituents of the different morphological
parts of the plant occasioned by translocation.

The leaf extract exhibited a concentration-dependent effect
with higher growth inhibitory effect against breast cancer by
~2x than that of lung cancer cells. Partitioning of the extract
was observed to increase the activity compared to the crude as
the chloroform fraction at 100 ug/mL produces cytotoxicities
of -72+91% and -22+11% as well as Gl of 22.5 and 35 pg/mL
against MCF-7 and NCI-H460 cells, respectively. This variation
in sensitivities of the crude extracts and fraction could be as a
result of the interference of some molecular process at some
stages in the cell division processes, e.g., the G2/M phase and
the induction of some apoptotic process such as mitochondrial
transmembrane depolarization.™

The results obtained have validated the traditional uses of this
plant in the treatment of cancer. However, further work towards
the isolation of the constituents responsible for the observed
activities is required.
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ve Hipoglisemik ve Antienflamatuvar Aktivitelerinin Taranmasi ile
Molekuler Doking Calismalari

@ Srikanth Kumar KARUMANCHI', ® Lakshmana Rao ATMAKURI'*, @ V Basaveswara Rao MANDAVA2, @ Srikala RAJALA3

V. V. Institute of Pharmaceutical Sciences, Department of Pharmaceutical Chemistry, Gudlavalleru, Andhra Pradesh, India
2Krishna University, Department of Chemistry, Machilipatnam, Andhra Pradesh, India
3Sree Vidyanikethan College of Pharmacy, Department of Pharmaceutical Chemistry, Tirupati, Andhra Pradesh, India

ABSTRACT

Objectives: The aim was the synthesis of novel substituted 5-[morpholino(phenylmethyl]-thiazolidine-2,4-diones and screening for their in vivo
hypoglycemic activity and in vitro anti-inflammatory activity, as well as molecular docking studies to find out active potential lead molecules.
Materials and Methods: Substituted aromatic aldehydes, thiazolidine-2,4-dione, and morpholine on Mannich reaction gave the title compounds.
They were characterized by physical and spectral methods. In vivo hypoglycemic activity was examined in alloxan induced Wistar albino rats by
tail tipping method. In vitro anti-inflammatory activity was tested by human red blood cell (HRBC) membrane stabilization and protein denaturation.
Using AutoDock, molecular docking studies were carried out to find out the best fit ligands.

Results: Series of substituted 5-[morpholino(phenyDmethyll-thiazolidine-2,4-diones were synthesized and chemically they were confirmed by
spectral techniques. Acute toxic studies of in vivo hypoglycemic activity results revealed that compounds 4c, 4h, and 4n exhibited good activity
at 35 mg/kg body weight. Chronic toxic study results indicated that compounds 4h and 4n exhibited good activity at 70 mg/kg body weight. Anti-
inflammatory activity results indicated the highest inhibition was shown by compounds 4k and 4f at 500 pg/mL in HRBC membrane stabilization. In
protein denaturation, the highest inhibition was shown by compound 4k at 500 pg/mL. In molecular docking studies, compounds 4h and 4n exhibited
higher binding affinity at PPARY receptor protein and compound 4k exhibited higher binding affinity at COX-1 and COX-2 actives sites.

Conclusion: Microwave irradiation produced high yield in short reaction times. The presence of electron releasing groups at the para position
of the phenyl ring may give the ability to produce hypoglycemic activity and the presence of electron withdrawing groups at the para position of
the phenyl ring causes anti-inflammatory activity. The results showed that some compounds exhibited good hypoglycemic and anti-inflammatory
activities. Compounds 4h and 4n exhibited higher binding affinity at PPARY receptor protein and compound 4k exhibited higher binding affinity at
COX isoenzymes' active sites in molecular docking studies.

Key words: Thiazolidinediones bearing morpholine, Mannich reaction, in vivo hypoglycemic activity, in vitro anti-inflammatory activity, docking
studies

O |

Amag: Bu calismanin amaci, yeni siibstitiie 5-[morfolino(feniDmetill-tiyazolidin-2,4-dionlarin sentezi ve in vivo hipoglisemik ve in vitro anti-
enflamatuvar aktivitelerinin taranmasi ile olasi aktif molekdller igin molekiler doking galismalarinin yapilmasidir.

Gereg ve Yontemler: Bilesikler; stbstittie aromatik aldehidler, tiyazolidin-2,4-dion ve morfolinin mannich reaksiyonu sonucu elde edilmis, elde edilen
bilesikler fiziksel ve spektral yéntemlerle karakterize edilmistir. /n vivo hipoglisemik aktivite, alloxan ile indiiklenen Wistar albino farelerde “tail
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tipping” yontemi, in vitro anti-enflamatuar aktivite ise, insan kirmizi kan huicrelerinde membran stabilizasyonu ve protein denatirasyon yéntemleri
ile gergeklestirilmistir. AutoDock kullanarak, en uygun ligandlari bulmak igin molektler doking galismalari yapilmistir.

Bulgular: Siibstitiie 5-[morfolino(feniDmetill-tiyazolidin-2,4-dion serileri sentezlenmis ve spektral tekniklerle kimyasal yapilari teyit edilmistir. /n
vivo hipoglisemik aktivite sonuglariyla ilgili akut toksik galismalari, 4c, 4h ve 4n bilesiklerinin 35 mg/kg'da, kronik toksisite galismalari da, bilesik 4h
ve 4n'nin 70 mg/kg'da iyi aktivite sergilediklerini gostermektedir. Antienflamatuvar aktivite sonuglari, membran stabilizasyon yénteminde en yiiksek
inhibisyonunun 500 pg/ml’de 4k ve 4f bilesikleri ile gorildugini gostermektedir. Protein denatiirasyonunda, 500 pg/mL'de bilesik 4k en yiksek
inhibisyonu gostermistir. Molekiler doking galismalarinda, 4h ve 4n bilesiklerinin PPARY reseptdr proteinine, 4k bilesiginin de, COX-1ve COX-2 aktif
bolgelerine daha ylUksek baglanma afinitesi sergiledigi gérulmustur.

Sonug: Mikrodalga teknigi duslk reaksiyon surelerinde ytksek verim saglamistir. Fenil halkasinin para pozisyonunda; elektron salici gruplarin
hipoglisemik aktivite olusturabilecegi, elektron gekici gruplarin ise antienflamatuvar aktiviteye neden olabilecegi belirtilmistir. Sonugla, bazi
bilesiklerin iyi hipoglisemik ve anti-enflamatuar aktivite sergilediklerini géstermistir.

Molekdiler doking galismalarinda; bilesik 4h ve 4n, PPARY reseptor proteininde, bilesik 4k da COX izoenzimleri aktif bdlgelerinde daha yuksek
baglanma afinitesi sergilemistir.

Anahtar kelimeler: Morfolin tasiyan tiyazolidinonlar, mannich reaksiyonu, in vivo hipoglisemik aktivite, in vitro antienflamatuvar aktivite, doking

galismalari

INTRODUCTION

Diabetes mellitus (DM) is a common chronic metabolic
syndrome in which high blood sugar levels occur over a
prolonged time and symptoms include frequent urination,
increased hunger, and increased thirst. DM is associated
with severe degenerative complications such as nephropathy,
neuropathy, cataract, retinopathy, accelerated atherosclerosis,
stroke, and increased risk of myocardial infarction. Onset of
these pathologies is a remarkable event in the course of both
type 1 and type 2 diabetes. Prevention and control are still
serious challenging therapeutic problems as they stand for
the foremost causes of morbidity and mortality for diabetic
patients.! Type 1 diabetes is characterized by deficient insulin
production and symptoms include excessive thirst (polydipsia)
and excretion of urine (polyuria), weight loss, constant hunger,
fatigue, and vision changes requiring daily administration of
insulin. Type 2 diabetes results from the body’s ineffective
impaired insulin action. The majority of cases around the world
are type 2 diabetes and it is principally the result of physical
inactivity and excess body weight. Symptoms are similar to
type 1 diabetes, but are less marked. In the past this type of
diabetes was seen only in the adults but at present it is also
happening frequently even in children. Normally in humans up
to 80% of insulin stimulated glucose disposal takes place in the
skeletal muscle, which is the major site of insulin resistance in
type 2 diabetes.?

Worldwide the frequency of diabetes for all age groups was
estimatedto be 2.8% in 2000 and 4.4% in 2030. The total number
of people with diabetes is expected to increase from 171 million
in 2000 to 366 million in 2030. The occurrence of diabetes is
higher in men than in women; however, there are more women
with this diabetes than men. In developing countries, the urban
population is expected to double between 2000 and 2030.
Across the world the most important demographic change to
diabetes prevalence appears to be an increase in the proportion
of people greater than 65 years of age. Therefore, there is a
need to develop novel drug candidates in this region.®

Heterocyclic compounds and their derivatives are a fascinating
field in medicinal chemistry because of their remarkable

biological and pharmacological properties. In the family of
heterocyclic compounds, heterocycles with O, S, and N atoms
have attracted more attention in chemistry research due to their
wide range of biological activities. O and N atoms containing
morpholine have a unique position in heterocyclic chemistry.
Morpholine is a six-member saturated heterocyclic system
having O and N as heteroatoms at the 1% and 4" positions,
respectively. Clinically the morpholine ring contains drugs
used in the market that have considerable importance, such as
timolol (B-adrenergic blocker used in ocular hypertension and
glaucoma), moclobemide (mono amino oxidase inhibitor used
to treat depression and anxiety), reboxetine (norepinephrine
reuptake inhibitor used as an antidepressant), pholcodine
(opioid cough suppressant), emorfazone (nonsteroidal anti-
inflammatory agent), gefitinib (epidermal growth factor receptor
inhibitor used for certain breast, lung, and other cancers), and
linezolid (antibiotic used to treat infections caused by gram-
positive bacteria).*

Similarly, the thiazolidine-2,4-dione (TZD) nucleus is also one
of the most important heterocyclics that has received much
attention especially in the treatment of diabetes. TZD is a five-
member heterocyclic compound that consists of S and N as
heteroatoms in the ring at the 15" and 3™ positions, respectively,
along with ketone functional groups at the 2™ and 4" positions.
The TZD class of drugs includes troglitazone, ciglitazone,
rosiglitazone, and ciglitazone with an insulin sensitizing
property. Troglitazone was withdrawn from the market in 2000
due to its hepatotoxicity producing nature. TZDs are found to
produce hypoglycemic activity by lowering the blood glucose
levels significantly through the activation of peroxisome
proliferator-activated receptor gamma (PPARYy) receptors.?
TZDs enhance the insulin action and promote glucose utilization
in the peripheral tissues. The exact mechanism of TZDs has
not been elucidated, but is expected to exhibit pharmacological
actions by binding and agonistic properties at the PPARy
nuclear receptor.®

Recently TZDs have been found to possess a wide range of
biological activities such as antidiabetic,” protein tyrosine
phosphatise 1B inhibitory,® 15-hydroxyprostaglandin
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dehydrogenase (15-PGDH) inhibitory,” hypolipidemic,”® aldose
reductase inhibitory," anti-inflammatory,? antimicrobial,”
antitubercular," antioxidant,”® antitumor,'® and antiproliferative.”
From the literature observations, we made an attempt to design
and develop novel TZD derivatives bearing morpholine in their
structures using the Mannich reaction by both conventional
heating and microwave irradiated methods. Microwave
techniques give high yields, decrease by-product formation,
and decrease the decomposition of products as compared to
the conventional heating reaction methods.®" The developed
compounds were characterized and screened for biological
activities. By using AutoDock molecular docking software the
binding energies of the designed ligands and their interactions
at the target protein were studied.

MATERIALS AND METHODS

All the chemicals required for the synthesis of novel
thiazolidinediones such as reagents and solvents were obtained
from commercial suppliers in Merck grade and further they were
used without purification. Reaction progress and completion
were monitored by thin layer chromatography with the help of
0.25 mm E. Merck grade silica gel 60GF-254 precoated TLC
plates; spots were observed under ultraviolet (UV)-light and in
an iodine chamber. Fourier Transform Infrared Spectrometer
(FT-IR) spectra of the compounds were recorded with a
Bruker FT-IR analyzer spectrophotometer by compression of
compound with anhydrous KBr under vacuum using the KBr
pressed pellet technique. Chemical shifts in 8, ppm of proton
nuclear magnetic resonance ('H-NMR) and carbon-13 nuclear
magnetic resonance (®C-NMR) spectra were recorded on a
Bruker AMX 400 MHz spectrometer using deuterated dimethyl
sulfoxide (DMSO) solvent and tetramethylsilane as internal
standard. Mass spectra of the compounds were recorded on
an Agilent LC-MSD 1200 mass spectrometer. For conventional
synthesis normal reflux condenser setup and microwave
assisted synthesis was performed on an RGSSIRR model
Raga's scientific microwave system having different power
levels from 140 W to 700 W. Melting points were determined by
electrical melting point apparatus and were uncorrected. The
Wistar albino rats used in the hypoglycemic study were divided
into various groups and each group contained 6 rats (n=6).

Chemistry

Synthesis of thiazolidine-2,4-dione (3)

A. Conventional synthesis: Chloroacetic acid (20 mmol) and
thiourea (20 mmolL) were separately dissolved in 5 mL of
water. The contents of the vessels were transferred into
a three-necked round bottom flask and stirred until white
precipitate was obtained. The reaction mixture was cooled and
conc. Hydrochloric acid [(HC) 6 mL] was added slowly to it
from the dropping funnel. It was refluxed by applying gentle
heat for about 10-12 h at 100-110°C. The contents of the flask
were cooled to solidify them and they were filtered to obtain
the product by washing with water. Recrystallization was done
using ethyl alcohol.?®

B. Microwave irradiation synthesis: A mixture of chloroacetic
acid (10 mmolL) and thiourea (10 mmol) dissolved in 5 mL of
water was transferred into the microwave synthesizer reaction
vessel. The reaction vessel was closed with the help of lids and
condenser and stirred for about 1 h in cold condition. Then 3 mL
of conc. HCl was added to the reaction mixture and irradiated
for 6 min using 280 W power level at 120°C. The reaction
mixture was cooled to room temperature and the obtained solid
was filtered, dried, and recrystallized from ethyl alcohol.?

78.42% (conventional synthesis yield), 90.25% (MWI synthesis
yield), white crystalline powder, melting point 124-126°C, R,
value 0.62 from using 9:1 v/v of chloroform and methanol.
IR [KBr v cm]: 3321.46 (-NH-), 1689.94 (C=0), 2968.89 (C-
H), 1303.29 (C-N), 626.69 (C-S). 'H-NMR [400 MHz, &, ppm,
DMSO0-d,: 12.015 (s, TH, NH), 4132 (s, 2H, CH,). *C-NMR [400
MHz, 8, ppm, DMSO-d,]: 35.80, 173.06, 173.82. ESI-MS: (M") m/z
nr.

General procedure for synthesis of compounds 4a-4n

A. Conventional synthesis: 0.01 mol of TZD (3) was dissolved
in 5 mL of ethanol and 0.01 molL of substituted aromatic
benzaldehyde was added to this solution. The mixture was
stirred for about 30 min at room temperature. To the reaction
mixture 0.01 moL of morpholine and a catalytic amount of conc.
HCLl (3-5 drops) were added, followed by refluxing for 5-6 h.
Completion of the reaction was monitored by TLC using mobile
phase n-hexane and ethylacetate (9:1). The reaction mixture
was allowed to cool for about 2-4 h and then it was poured
into ice cold water. The product was collected by filtration and
washed with cold water followed by dry toluene. It was dried
and recrystallized with absolute ethanol.??

B. Microwave irradiation synthesis: 0.01 moL of TZD (3) was
dissolved in 5 mL of ethanol and 0.01 moL of substituted aromatic
benzaldehyde was added to it. The reaction mixture was stirred
for 30 min at RT. To the above solution 0.01 moL of morpholine
and 3-5 drops of conc. HCl were added. It was mixed well and
placed in a Raga's scientific microwave synthesizer vessel and
the reaction mixture was irradiated at 420 W power level for
about 6-10 min at 120°C. The reaction mixture was cooled to
room temperature and treated with ice cold water for the work
up process. The obtained precipitate was filtered, washed, and
dried to get the desired compound. Completion of the reaction
was monitored by TLC using the same mobile phase mentioned
in the above conventional synthesis.®
5-[(4-chlorophenyD-morpholin-4-yl-methyl]-thiazolidine-2,4-
dione (4a)

IR [KBr v cm™]: 3331.29 (-NH-), 1660.56 (C=0), 1263.44 (C-N),
2984.21 (C-H), 3045.20 (=C-H), 615.50 (C-S), 1104.13 (C-0-0),
785.56 (C-CD). 'H-NMR [400 MHz, 8, ppm, DMS0-4,]: 12.105 (s,
1H, NH), 4.305-4.317 (d, 1H, TZD CH), 4.012-4.041 (d, 1H, N-CH),
7.355-7.421 (d, 2H, 3'-H&5'-H), 6.945-7.014 (d, 2H, 2'-H&6'-H),
3.642-3.685 (1, 4H, CH,-0-CH,), 2.475-2.635 (t, 4H, CH,-N-CH,).
C-NMR [400 MHz, 6, ppm, DMSO-d,]: 17315, 166.56, 138.45,
133.74, 130.32, 126.46, 68.44, 59.20, 56.48, 51.52. ESI-MS: (M)
m/z 326.
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5-[(2,4-dichlorophenyD-morpholin-4-yl-methyl]-thiazolidine-
2,4-dione (4b)

IR [KBr v cm™]: 3456.54 (-NH-), 1672.55 (C=0), 1284.56 (C-N),
2949.85 (C-H), 3084.78 (=C-H), 632.04 (C-S), 1131.45 (C-0-0),
796.74 (C-CD. 'H-NMR [400 MHz, 6, ppm, DMS0-d,]: 12.214 (s,
1H, NH), 4.321-4.348 (d, 1H, TZD CH), 4.124-4.168 (d, 1H, N-CH),
7.409 (s, TH, 3'-H), 7.358-7.414 (d, 1H, 5'-H), 6.984-7.021 (d, 1H,
6'-H), 3.748-3.894 (t, 4H, CH_-O-CH,), 2.546-2.798 (t, 4H, CH,-
N-CH,). ®C-NMR [400 MHz, o, ppm, DMSO-d,]: 176.15, 167.08,
140.84, 136.56, 133.45, 131.63, 128.23, 125.46, 69.52, 60.45,
54.62, 50.45. ESI-MS: (M*) m/z 361.
5-[(4-fluorophenyl-morpholin-4-yl-methyl]-thiazolidine-2,4-
dione (4c)

IR [KBr v cm™]: 3425.45 (-NH-), 1673.52 (C=0), 1274.25 (C-N),
2983.44 (C-H), 3063.74 (=C-H), 623.24 (C-S), 1121.47 (C-0-0O),
1345.25 (C-F). '"H-NMR [400 MHz, 8, ppm, DMSO-dé]: 12.046 (s,
1H, NH), 4.215-4.298 (d, 1H, TZD CH), 4.112-4.156 (d, 1H, N-CH),
7.284-7.301 (d, 2H, 3'-H&5'-H), 6.845-7.001 (d, 2H, 2'-H&6'-H),
3.542-3.599 (4, 4H, CH,-0-CH,), 2.546-2.741 (t, 4H, CH-N-CH,).
BC-NMR [400 MHz, 6, ppm, DMSO-délz 175.26, 168.54, 139.74,
134.52, 130.66, 124.48, 67.47, 58.45, 54.74, 50.62. ESI-MS: (M*)
m/z 310.
5-[(4-hydroxyphenyl)-morpholin-4-yl-methyll-thiazolidine-2,4-
dione (4d)

IR [KBr v cm”]: 3415.41 (-NH-), 1681.46 (C=0), 1264.74 (C-N),
2986.21 (C-H), 3085.46 (=C-H), 631.42 (C-S), 1116.22 (C-0-0),
3505.46 (Ph-OH). 'H-NMR [400 MHz, 6, ppm, DMSO-d,]: 11.965
(s, TH, NH), 4.317-4.365 (d, 1H, TZD CH), 9.845 (s, 1H, CH,-
OH), 4.205-4.246 (d, TH, N-CH), 6.935-7.459 (m, 4H, C,H,-OH),
3.645-3.726 (t, 4H, CH,-0-CH,), 2.685-2.784 (1, 4H, CH_-N-CH,).
C-NMR [400 MHz, 6, ppm, DMSO-d,J: 176.46, 167.89, 159.56,
138.46, 133.47, 115.48, 65.32, 59.64, 53.12, 51.32. ESI-MS: (M)
m/z 308.
5-[(4-methylphenyD-morpholin-4-yl-methyl]-thiazolidine-2,4-
dione (4e)

IR [KBr v cm™]: 3335.66 (-NH-), 1666.22 (C=0), 1272.65 (C-N),
2980.67 (C-H), 3095.26 (=C-H), 615.22 (C-S), 1128.27 (C-0-0).
'H-NMR [400 MHz, 6, ppm, DMS0-4,]: 12.025 (s, TH, NH), 4.225-
4.308 (d, 1H, TZD CH), 2.865 (s, 3H, C,H,-CH.), 4.056-4.116 (d,
TH, N-CH), 6.849-7.554 (m, 4H, C,H,-CH)), 3.720-3.842 (1, 4H,
CH,-O-CH)), 2.784-2.951 (t, 4H, CH,-N-CH,). *C-NMR [400
MHz, &, ppm, DMSO-d,]: 178.66, 165.42, 158.45, 137.45, 134.62,
118.61, 66.30, 60.52, 54.11, 52.55, 30.28. ESI-MS: (M*) m/z 306.
5-[(4-nitrophenyl)-morpholin-4-yl-methyll-thiazolidine-2,4-
dione (4f)

IR [KBr v cm]: 3364.22 (-NH-), 1693.45 (C=0), 1274.66 (C-N),
2968.41 (C-H), 3095.45 (=C-H), 618.62 (C-S), 1135.84 (C-0-0O),
1362.04, 1546.15 (NO,). 'H-NMR [400 MHz, o, ppm, DMSO-d,]:
12.546 (s, TH, NH), 4.015-4.068 (d, 1H, TZD CH), 4.325-4.366
(d, TH, N-CH), 6.846-7.387 (m, 4H, C,H,-NO,), 3.862-3.984 (t,
4H, CH,-0-CH,), 2.855-2.948 (t, 4H, CH,-N-CH,). *C-NMR [400
MHz, 8, ppm, DMSO-d,]: 178.79, 168.46, 150.62, 143.52, 130.46,
120.84, 68.32, 59.23, 55.74, 50.85. ESI-MS: (M*) m/z 33T.

5-[(4-methoxyphenyl)-morpholin-4-yl-methyl]-thiazolidine-
2,4-dione (4g)

IR [KBr v cm™]: 3381.47 (-NH-), 1679.22 (C=0), 1269.61 (C-N),
2971.52 (C-H), 3068.94 (=C-H), 629.41 (C-S), 1130.49 (C-0-0).
'H-NMR [400 MHz, 6, ppm, DMSO0-d,]: 11.985 (s, 1H, NH), 4.211-
4.285 (d, 1H, TZD CH), 4.389-4.401 (d, 1H, N-CH), 6.956-7.421
(m, 4H, C.H,-OCH,), 3.986 (s, 3H, 4'-OCH,), 3.745-3.889 (t, 4H,
CH,-O-CH,), 2.651-2.894 (t, 4H, CH,-N-CH,). “C-NMR [400
MHz, &, ppm, DMSO-d,]: 180.22, 169.56, 160.55, 133.52, 129.44,
118.22, 68.45, 64.21, 59.45, 54.66, 51.23. ESI-MS: (M*) m/z 322.
5-[(3,4-dimethoxypheny-morpholin-4-yl-methyl]-thiazolidine-
2,4-dione (4h)

IR [KBr v cm™]: 3421.46 (-NH-), 1685.26 (C=0), 1284.62 (C-N),
2979.85 (C-H), 308913 (=C-H), 620.45 (C-S), 1115.65 (C-0-C).
'H-NMR [400 MHz, 8, ppm, DMSO—dé]: 12.264 (s, TH, NH), 4.145-
4189 (d, 1H, TZD CH), 4.374-4.485 (d, 1H, N-CH), 6.452 (s, 1H,
2'-H), 6.678-6.894 (d, 2H, 5'-H&6'-H), 3.964 (s, 6H, 3'-0CH &4 '-
OCH,), 3.745-3.865 (1, 4H, CH-0-CH,), 2.746-2.89%4 (t, 4H, CH.-
N-CH,). *C-NMR [400 MHz, 6, ppm, DMSO-d,|: 177.88, 169.46,
153.56, 149.25, 132.45, 125.26, 118.24, 113.46, 69.05, 61.85, 58.47,
55.62, 50.43. ESI-MS: (M*) m/z 352.
5-1(3,4,5-trimethoxyphenyl-morpholin-4-yl-methyl]-
thiazolidine-2,4-dione (4i)

IR [KBr v cm]: 3385.41 (-NH-), 1676.74 (C=0), 1268.46 (C-N),
2959.74 (C-H), 3094.25 (=C-H), 628.71 (C-S), 1134.84 (C-0-C).
'H-NMR [400 MHz, 6, ppm, DMS0-4,]: 12.114 (s, 1H, NH), 4.058-
4194 (d, TH, TZD CH), 4.405-4.492 (d, TH, N-CH), 6.248 (s, 2H,
2'-H&6'-H ), 3954 (s, 9H, 3'4'5'-triOCH,), 3.725-3.849 (t, 4H,
CH,-O-CH)), 2.652-2.845 (t, 4H, CH,-N-CH,). ®C-NMR [400
MHz, d, ppm, DMSO-d,]: 179.05, 168.19, 151.42, 140.74, 135.65,
112.27, 68.91, 63.64, 57.41, 53.44, 50.22. ESI-MS: (M*) m/z 382.
5-[(4-hydroxy-3-methoxyphenyl)-morpholin-4-yl-methyl]-
thiazolidine-2,4-dione (4j)

IR [KBr v cm™]: 3325.41 (-NH-), 1675.64 (C=0), 1291.45 (C-N),
2980.65 (C-H), 3091.47 (=C-H), 62211 (C-S), 1125.62 (C-0-0),
3512.22 (Ph-OH). 'H-NMR [400 MHz, 6, ppm, DMS0-4,]: 12.005
(s, TH, NH), 4105-4.184 (d, 1H, TZD CH), 4.357-4.462 (d, 1H,
N-CH), 6.348 (s, TH, 2'-H), 6.548-6.754 (d, 1H, 5'-H), 6.874-
6.994 (d, H, 6'-H), 9548 (s, 1H, C,H,-OH), 3.895 (s, 3H, 3'-
OCH)), 3.765-3910 (t, 4H, CH,-O-CH,), 2.747-2.897 (t, 4H, CH_-
N-CH,). ®*C-NMR [400 MHz, 9, ppm, DMSO-d,]: 175.44, 167.41,
155.22, 148.45, 131.58, 123.21, 119.55, 112.41, 68.08, 62.44, 59.75,
56.32, 50.85. ESI-MS: (M*) m/z 338.
5-[(4-bromophenyD)-morpholin-4-yl-methyll-thiazolidine-2,4-
dione (4k)

IR [KBr v cm]: 3389.81 (-NH-), 1686.35 (C=0), 1271.64 (C-N),
2992.67 (C-H), 3089.45 (=C-H), 62112 (C-S), 1131.83 (C-0-0),
578.63 (C-Br). 'H-NMR [400 MHz, 6, ppm, DMSO-d,]: 12.158 (s,
1H, NH), 4.317-4.397 (d, 1TH, TZD CH), 4.135-4.187 (d, 1TH, N-CH),
7.278-7.314 (d, 2H, 3'-H&5'-H), 6.942-7.108 (d, 2H, 2'-H&6'-H),
3.618-3.685 (t, 4H, CH,-0-CH.), 2.612-2.732 (t, 4H, CH,-N-CH.).
"C-NMR [400 MHz, o, ppm, DMSO0-d,]: 178.54, 166.64, 138.18,
133.79, 130.52, 12215, 66.35, 57.72, 53.23, 50.48. ESI-MS: (M")
m/z 371.
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5-[(3-bromophenyD-morpholin-4-yl-methyl]-thiazolidine-2,4-
dione (40

IR [KBr v cm™]: 3412.54 (-NH-), 1678.75 (C=0), 126918 (C-N),
2987.2 (C-H), 3086.23 (=C-H), 619.84 (C-S), 1128.46 (C-0-0),
584.45 (C-Br). 'H-NMR [400 MHz, 6, ppm, DMSO—dé]: 11.846
(s, TH, NH), 4.365-4.381 (d, 1H, TZD CH), 4.208-4.299 (d, 1H,
N-CH), 7.875 (s, TH, 2'-H), 7.457-7.510 (d, TH, 4'-H), 7.108-7.201
(t, 1H, 5'-H), 6.847-6.912 (d, TH, 6'-H), 3.748-3.8414 (t, 4H, CH,-
0-CH,), 2.546-2.698 (t, 4H, CH,-N-CH,). *C-NMR [400 MHz, o,
ppm, DMSO—d6]: 175.51, 168.25, 13917, 136.85, 133.79, 130.52,
126.62,121.87, 68.55, 58.74, 54.76, 50.08. ESI-MS: (M*) m/z 371.
5-[(4-dimethylaminophenyl)-morpholin-4-yl-methyl]-
thiazolidine-2,4-dione (4m)

IR [KBr v cm™]: 3426.45 (-NH-), 1684.24 (C=0), 1289.47 (C-N),
2992.35 (C-H), 3084.47 (=C-H), 627.74 (C-S), 1118.64 (C-0-0).
'H-NMR [400 MHz, 8, ppm, DMSO—dG]: 12.248 (s, 1H, NH), 4.462-
4510 (d, H, TZD CH), 4.256-4.347 (d, 1H, N-CH), 7.415-7.511
(d, TH, 2'-H&6'-H), 6.917-7.125 (d, TH, 3'-H&5'-H), 3.148 (s, 6H,
H,C-N-CH)), 3.839-3990 (t, 4H, CH,-O-CH,), 2.847-2.954 (,
4H, CH,-N-CH.). ®C-NMR [400 MHz, 6, ppm, DMSO—délt 178.77,
169.71, 152.82, 135.54, 129.64, 119.55, 68.74, 65.46, 59.44, 57.62,
43.25. ESI-MS: (M) m/z 335.
5-[(4-isopropylphenyD-morpholin-4-yl-methyl]-thiazolidine-
2,4-dione (4n)

IR [KBr v cm]: 3386.62 (-NH-), 1693.24 (C=0), 1276.48 (C-N),
2989.42 (C-H), 3090.48 (=C-H), 613.75 (C-S), 1125.64 (C-0-0).
'H-NMR [400 MHz, &, ppm, DMSO-d6]: 12156 (s, 1H, NH), 4.324-
4.398 (d, TH, TZD CH), 4.158-4.205 (d, TH, N-CH), 7.146-7.205
(d, TH, 2'-H&6'-H), 7.452-7.512 (d, 1H, 3'-H&5'-H), 2.421-2.564
(dd, 6H, H,C-CH-CH)), 2.875-3105 (m, TH, H,C-CH-CH)), 3.754-
3.897 (t, 4H, CH,-O-CH), 2.759-2.851 (t, 4H, CH,-N-CH,).
BC-NMR [400 MHz, 8, ppm, DMSO-dé]: 174.32, 168.46, 150.41,
136.52, 129.22, 122.48, 67.71, 64.41, 58.32, 54.40, 35.46, 27.56.
ESI-MS: (M) m/z 334.

Biological evaluation

In vivo hypoglycemic activity screening

Wistar albino rats of both sexes weighing 160-200 g for acute
and chronic studies were purchased from Sainadh Agencies
Laboratory animal suppliers, Hyderabad. Acute and chronic
studies were carried out on alloxan induced Wistar albino rats
by tail tipping method.?*?* The rats were acclimatized for a
week to the normal laboratory conditions prior to commencing
the experiments, with ad libitum access to tap water and
pellets. The rats were housed in cages with 12 h/12 h dark
and light cycle at room temperature. Intraperitoneally alloxan
monohydrate 120 mg/kg in normal saline was administered to
the acclimatized animals, kept fasting for 24 h with water ad
libitum. To overcome the early hypoglycemic phase, 5% dextrose
solution was given for a day. After 72 h, by tail tipping method a
drop of blood from the tail vein was collected and blood glucose
levels as well as biochemical parameters were measured using
a digital Accu-Chek active digital glucometer and Robonik
biochemical analyzer, respectively. Rats having blood glucose
levels above 150 mg/dL were selected for the study and

divided into six groups. For the acute study, 36 mg/kg body
weight dose was calculated by considering thiazolidinedione
derivatives equivalent to average human intake 200 mg/kg.
The test compounds were given orally by mixing with CMC-
0.25% solution. Rosiglitazone at 30 mg/kg body weight dose
was used as the standard drug. AtOh,1h,2h,4h,6h,and8h
blood samples were withdrawn and analyzed for blood glucose
level. Based on the acute study results limited compounds were
selected for the chronic study. Doses of 35 and 70 mg/kg body
weight were taken into consideration in the chronic study. On
day 7 and day 15, decrease in blood glucose was observed by
measuring the blood glucose levels.

In vitro anti-inflammatory activity screening

In vitro anti-inflammatory activity was evaluated by human red
blood cell (HRBC) membrane stabilization method and protein
denaturation method.?-2®

HRBC membrane stabilization method

Fresh whole blood was collected from a healthy human
volunteer who had not used any nonsteroidal anti-inflammatory
drug 2 weeks prior to the experiment and mixed with an equal
volume of sterilized Alsever’s solution (0.8% sodium citrate,
2% dextrose, 0.42% sodium chloride, and 0.05% citric acid in
water). At 3000 rpm the blood was centrifuged for 10 min and
the packed cells were washed three times with 0.85% isosaline
(pH 7.2). The volume of blood was measured and reconstituted
with isosaline as 10% v/v suspension. Different concentrations
(50, 100, 300, and 500 pg/mL) of the test solutions were
prepared in isosaline. To 1 mL of test solution were added 2
mL of hyposaline (0.25% w/v NaCD, 1 mL of 0.15 M phosphate
buffer (pH 7.4), and 0.5 mL of 10% HRBC in isosaline. For the
test control, 1 mL of distilled water used instead of hyposaline,
while the product control lacked red blood cells. The mixtures
were incubated at 37°C for 30 min and centrifuged at 3000 rpm
for about 20 min. Diclofenac sodium (100 pg/mL and 200 ug/
mL) was used as the reference drug. The hemoglobin content in
the suspension was estimated using a UV-spectrophotometer
at 560 nm. Percentage inhibition activity was calculated as
follows:

s OD of test
% inhibition = 100 - [ﬁx 100]
or contro

where optical density (OD) of test sample is OD or absorbance
of the test sample absorbance and OD of control is OD or
absorbance of the negative control.

Protein denaturation method

Denaturation of proteins is a well-documented cause of
inflammation. Salicylic acid, phenylbutazone, diclofenac,
and flufenamic acid are anti-inflammatory drugs that have
shown dose dependent ability for thermally induced protein
denaturation. Agents that can prevent protein denaturation
would be advisable for anti-inflammatory drug development.
Each 0.5 mL of test sample solution consists of 0.45 mL of 5%
w/v aqueous bovine serum albumin solution and 0.05 mL of
test sample of different concentrations (50, 100, 300, and 500



KARUMANCHI et al. Synthesis and Hypoglycemic and Anti-inflammatory Activity 385

ug/mL), while 0.5 mL of test control solution consists of 0.45
mL of 5% w/v aqueous bovine serum albumin solution and 0.05
mL of distilled water, and 0.5 mL of standard solution consists
of 0.45 mL of 5% w/v aqueous bovine serum albumin solution
and 0.05 mL of different concentrations (100 and 200 ug/mL)
of diclofenac sodium. All the solutions were adjusted to pH 6.3
using 1 N HCL. The samples were incubated at 37°C for 20 min
and the temperature was raised to keep the samples at 57°C
for 3 min. After cooling, 2.5 mL of phosphate buffer was added
to the above solutions. The absorbance was measured using
a UV-visible spectrophotometer at 600 nm. The percentage
inhibition of protein denaturation was calculated as follows:

9% inhibition = 100 - [{ OD of test - OD of product control }x100]
OD of test control

MOLECULAR DOCKING

Docking studies were performed to identify novel insulin
sensitizers by observing the molecular interactions of designed
ligands with PPARY receptor protein and to determine the potential
anti-inflammatory agents at cyclooxygenase (COX)-1 and COX-
2 isoenzymes. The selection of the target protein for docking
is based on several factors such as it must possess resolution
between 2.0 and 3.0 /& the structure should be determined by
X-ray diffraction, it consists of co-crystallized ligand, and it does
not have any protein breaks in the selected protein’s 3D structure.
PPARY receptor protein is the most promising target for the
identification of antidiabetic drugs possessing a thiazolidinedione
nucleus.?* The crystal structure of the PPARY target receptor
protein was obtained from the protein databank PDB ID: 2PRG
having resolution of 2.3 A. cox isoenzymes were the targets
for determining the anti-inflammatory activity and the target

Table 1. Physical characterization data of synthesized compounds 4a-4n

proteins were downloaded from a protein databank PDB ID: 1TEQG
(COX-1) and PDB ID: 1CX2 (COX-2) having a resolution of 2.6 A
and 3.0 A, respectively.® AutoDock 4.2.6 software was utilized
to know the type of interactions of the designed 3D-structured
thiazolidinediones with the 2PRG, 1EQG, and 1CX2 active site
regions. ChemDraw Ultra 8.0 software was used to draw the
designed structures and they were converted into suitable 3D
models. By applying molecular mechanics they were subjected to
energy minimizations, which are required for molecular docking
and for the preparation of corresponding pdb files. Docking
studies were preformed to find out the possible locations for the
ligand in the active site region of the receptor. Grid-based docking
studies was carried out using default parameters and docking
was performed by considering rosiglitazone, indomethacin, and
celecoxib as standard ligands at PPARYy receptor protein, COX-1,
and COX-2 active sites, respectively.

RESULTS AND DISCUSSION

Chemistry

Initially TZD (3) was synthesized conventionally, which on
further reaction with various substituted aromatic aldehydes
and morpholine as secondary amines underwent the Mannich
reaction to yield the series of designed and title Mannich bases
represented in Scheme 1. TZD (3) and the title Mannich base
compounds 4a-4n were also prepared by microwave-assisted
irradiation with 280 W and 420 W power levels at different
steps of the synthesis. The physical characterization data, the
comparative studies of conventional synthesis and microwave
irradiation synthesis with respect to percentage yields, and
their reaction time intervals are shown in Table 1.

Compound R m.p. CC) Molecular formula ~ m.w. Conventional synthesis Microwave synthesis
% yield Reaction time % yield Reaction time
4a 4-chloro 186188 C,H N,CO,S 32680 6345 5h 7495  8min
4b 2,4-dichloro 202-204  C,H /NCLOS 36124 6842  6h 7468 7 min
4c 4-fluoro 192194  C,H.N,FO,S 31034 5932  5h 7235 10 min
4d 4-hydroxy 186188 C,H/N,0,S 30835 7045 55h 77.46 7 min
4e 4-methyl 204-206 C.H.NOS 30638 6915  65h 8072 6min
4f 4-nitro 200-202  C,H.N.,0.S 33735 7148  6h 82.94 10 min
4g 4-methoxy 190192 C,H.N,0,S 32238 6974  6h 7948 9 min
4h 3,4-dimethoxy 200-202 C,H,N,0.S 35241 6484 55h 7822  8min
4 3,4,5-trimethoxy 212-214  C_H,NOS 38243 6348 5h 7918 8 min
4j 4-hydroxy-3-methoxy ~ 234-236 C_H.N,0S 33838 6923 6h 80.46  8min
4k 4-bromo 214-216  C,H.N,Br0S 37125 7051  65h 7925 10 min
4l 3-bromo 198-200 C,H N,BrO,S 37125 6826 55h 8015 9 min
4m 4-dimethylamino 210-212  C,H,N0,S 33542 6943  6h 7867  8min
4n 4-isopropy! 216-218  C_H,N,0,S 33443 7024 6h 81.64 8 min
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The designed and synthesized Mannich bases 4a-4n were
confirmed by the IR absorption bands at 3300-3500 cm’
characteristic of -NH- of TZD, 1640-1690 cm™ characteristic of
-C=0 of TZD, 3000-3100 cm™ characteristic of =C-H stretching
of the aromatic phenyl ring, and 1050-1300 cm™ characteristic
of C-0 stretching of morpholine. The '"H-NMR spectra produced
a singlet at 11-12.5 ppm that is characteristic of the NH proton of
TZD, triplets at 2-3.8 ppm indicating methylene group protons
of morpholine, doublets at 4-4.5 ppm indicating CH of TZD,
and N-CH protons, aromatic protons, were exhibited at 6.5-8
ppm. In ®C-NMR, the signal appeared at 165-200 ppm indicating
C=0 of TZD, signals at 120-160 ppm indicate aromatic carbons,
10-50 ppm signals indicate aliphatic carbons, and 30-60 ppm
signals indicate ~CH,-N-CH,- carbons.

In vivo hypoglycemic activity
In vivo hypoglycemic activity study protocols were approved by
the Institutional Animal Ethics Committee under the supervision

of Committee for the Purpose of Control and Supervision
of Experiments on Animals (CPCSEA), New Delhi, bearing
registration number: 1847/P0O/Re/S/16/CPCSEA. Blood glucose
levels and body weights were expressed as mean + standard
error of the mean (SEM). The values were analyzed by one-way
analysis of variance followed by Dunnet’s “t” test and they were
considered significant when compared to the normal group.
The acute and chronic study results are given in Tables 2 and
3, respectively. The acute study results showed compounds 4c,
4h, and 4n exhibited good hypoglycemic activity and they were
subjected to the chronic study at 35 and 70 mg/kg body weight.
The chronic study results indicate that compounds 4h and 4n
exhibited good activity at a dose of 70 mg/kg body weight.

In vitro anti-inflammatory activity

As a part of the in vitro anti-inflammatory activity investigation,
the compounds were tested for HRBC membrane stabilization
and protein denaturation by taking diclofenac sodium as

Ve

~
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Cl + )L > % 0
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R b
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Scheme 1. Reaction conditions and reagents
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standard. Percentage inhibition of test compounds at various
concentration levels was calculated and the results are given
in Tables 4 and 5. HRBC membrane stabilization indicated
the standard drug diclofenac sodium showed 90.78+0.87%
inhibition at 300 pg/mL concentration. The highest inhibition
of 90.64+0.26% and 89.61+0.25% was exhibited by compounds
4k and 4f, respectively, at 500 pg/mL concentration. Protein
denaturation indicated the standard drug diclofenac sodium
showed 95.34+0.92% inhibition at 300 pg/mL concentration. In
protein denaturation, the highest inhibition of 93.72+0.61% was

exhibited by compound 4k at 500 pg/mL concentration. All the
values were expressed as mean + SEM, n=3.

Molecular docking

Molecular docking studies at PPARYy receptor protein, COX-1,
and COX-2 active site regions give the data of binding energy
(kcal/moL), number of hydrogen bonds, hydrogen bond length,
and interacted amino acid residues, shown in Tables 6, 7, and
8. In comparison with the standard ligand rosiglitazone (binding
energy -8.26 kcal/moL), compounds 4h and 4n showed higher

Table 2. Effect of synthesized compounds 3a-3l on blood glucose level in alloxan induced diabetic rats (acute study)

Compound

Mean + SEM of blood glucose level mg/dL

Oh 1h 2h 4 h 6h 8h
Normal 121.24+2.56 123.64+2.04 122551 12154347 120.5+4.22 120.33+2.3
Standard 398 2644 22 242341548 192144.29* 148.64+3.46* 110.35+4.65 100.55£5.26**
4a 326.45+2.64 2943244 41%* 265.61+4.68 250.3148.61 2531248.32** 290.5+4.85
4b 315.224815** 254.26+6.78 235.8146.34* 175524351 165.4545.61* 200.612.46
4c 325.648.55 249.645.44** 199.72+714* 150.4£6.45 1181246 47%* 125.47+3.84
4d 322.3+4.22 299.52+6.38* 23542428 1685+2.64 154.8.3:6.55 198.2415.24**
4e 315.88+5.64 305.1147.34 296.5845.42 235.25+2.65** 258.4416.54 272.05+7.56
4f 305.4415.26** 297.53+6.48 285£712* 252.56+5.29 278.3245.48* 30846.24*
48 316.048.54* 2915+6.44* 252.5+4.62 230.45+4.69 268.2+5.48* 274.68+8.47
4h 335.78+8.95 250.55:437**  200.48:548**  15351+4.62** 112.4£512 125.4245.46
4i 334.54+418* 309.85£4.68** 29523618 25416 4T* 2891415 61* 306.47+5.28
4 309.52+2.84 300.15£6.15* 2853752 265.9+4.28** 27358+435**  298.094551
4 338.4£6.41% 310.68+3.48 279.5£6 45 254.3045.49 281.2115.41 298.45£6.32**
4l 325.64:2.54 308+5.48 285.461817 265.48+6.48 2851545 48** 310.5644.29*
4m 319.25+5.35* 318.62+4.65 294.32+6.21* 268.48+715** 294.54+4.62 300.5845.42**
4n 320.61£5.16** 260.46+316 210.45+4.65* 145.68+5.49 120.64+4.68 130.64+6.48*

All values expressed as mean + standard error of the mean, n=6. Standard drug: Rosiglitazone; Statistical analysis is done by one-way One-Way Analysis of Variance followed
by Dunnet’s “t" test; **p<0.01 (considered significant when compared to normal group), *p<0.001.
SEM: Standard error of the mean

Table 3. Effect of synthesized compounds 4c, 4h, and 4n on fasting blood glucose level and body weight in alloxan induced diabetic rats

(chronic study 15 days)

Compound Blood glucose in mg/dL Body weight in g
Day O Day 7 Day 15 Day 0 Day 7 Day 15

Standard 368.25+4.24 200.65+3.63 178.9115.61 196.5+4.27 193.2243.25 194.245.24
4c (35 mg/kg bw) 325.56+2.59* 260.46+3.24* 216.22+2.44 194.20£2.43 196.5+3.34 194.224517**
4c (70 mg/kg bw) 32718441 228461354 2091643.28 199.31+2.64* 197.22+2.26* 195.21£2.77
4h (35 mg/kg bw) 336.64+4.22**  250.61:2.64 228421516 196.31+4.14 198.47+2.67** 195.44£312
4h (70 mg/kg bw) 319.61+2.58 205.22+4.51 179.6243.61** 199424316 197.61+3.21 198.55+4.67*
4n (35 mg/kg bw) 320.38+4.55 254.35+314 211.28+2.45 198.66+2.61* 199.3412.61 195.24+2.34*
4n (70 mg/kg bw) 320.64£3.27 20637+2.48**  180.55:3.22**  200.61+3.64 198.46+3.48 197.41£4.54

All values expressed as mean + standard error of the mean, n=6. Standard drug: rosiglitazone; Statistical analysis is done by one-way One-Way Analysis of Variance followed
by Dunnet’s “t” test; **p<0.01 (considered significant when compared to normal group), *p<0.001.
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binding energy (-8.32 kcal/moL and -8.29 kcal/mol) at the

Table 4. Effect of compounds 4a-4n on human red blood cell active site region of PPARY receptor protein. Figure 1 depicts
membrane stabilization the 3D structure of PPARY receptor protein, binding mode of

Compound % Inhibition at different concentrations rosiglitazone and compounds 4h and 4n at the active site region

50 pg/mL 100 pg/mL 300 pg/mL 500 pg/mL of PPARy protein (PDB ID: 2PRG). Compound 4k gave the
Diclofenac  ----- 86.79+043  90.78+0.87  ---- highest binding energy (-7.47 kcal/moL and -10.98 kcal/moL)
sodium with the two COX targets used in comparison with the binding
4a 5333:038 58674032 61331046 68.0040.62 energy of the standard ligands indomethacin (-7.14 kcal/mol)

and celecoxib (-10.89 kcal/moL). Figure 2 depicts the binding
mode of indomethacin at the active site region of COX-1 (PDB
4c 42.67+0.32 52.00+0.62 6133+0.28 68.00+0.32 ID: 1TEQQG), celecoxib at the active site region of COX-2 (PDB ID:

4b 37.33x0.18 48.00+0.46 52.67+0.22 65.33+0.32

4d 46.00:032 54674022 65331046 72.00+052 1CX2), and compound 4k interaction with the two targets.
4 40.00¢032  46.00:052 52.00+0.36 54.00+0.42
Af 64.25¢0.45 82.62:0.40 8546:0.32 89.61:0.25
“8 5234:0.36  6148:0.85 72.42:0.60 85.82:+0.46
4h 58.64t0.42 70.84:0.23 76.55:044 8112£0.52
4 51.65:0.75  60.33:048 71.64:0.68 78.45:0.72
4 49.25+0.24  58.6410.44  6598:0.52 74.23+0.75
Binding mode of rosiglitazone at active site region of
4k 6142+0.61  80.43:0.64 84.28:0.48 90.64:0.26 » ‘ _ Frsrpon EOB ARG
4l 54.40:0.44  6344:0.74  71.68:0.80 78.710.64 K
4m 58.6410.62 6549:0.82 70.18:0.42  76.48+0.34
4n 57.82:0.48  6247+0.62 7214:0.54 78.91:0.46

All values expressed as mean + standard error of the mean, n=3

Table 5. Effect of compounds 4a-4n on protein denaturation

o N X Binding mode of compound 4 h at active site region  Binding mode of compound 4 n at active site region of
Compound % Inhibition at different concentrations of PPARy protein PDB ID: 2PRG PPARy protein PDB ID: 2PRG

50 pg/mL 100 pg/mL 300 pg/mL 500 pg/mL

Figure 1. Molecular docking studies at active site region of PPARy protein

SD;Zli?,f;nac """ 88.89:0.36  95.34:0.92 - receptor (PBD ID: 2PRG)

4a 80.27:0.20 8347:035 86.80:015 88.80+0.42 PPARY: Proliferator-activated receptor gamma

4b 66.53:0.28 84.53:0.42 86.00:0.35 86.80+0.45

4c 54.67+018  6133x012  7193:0.45 84.93:013

4d 6133:0.46 71.80+0.35 78.67:0.38 86.00+0.28

4e 7147:035 78.60:0.42 82.93:0.36 86.80+0.25

4f 83.42+0.35 86.49:0.28 87.42:033 94.82+0.44 - .

4g 78.64:0.54 82.66:0.42 88.48:040 91.62+0.64 Binding mode of indomethacin at active site region of _ Binding mode of celecoxib at active site region of
COX-1 PDB ID: 1IEQG COX-2 PDB ID: 1CX2

4h 81.80:0.24 86.48:0.22 88.64:0.86 92.75+0.32

4 74.63:0.26 80.46:0.26 87.42:+034 90.66:0.28

4 78.62+0.42 81.66:0.48 86.94:0.55 90.48+0.36

4k 81.26+0.32 85461046 90.46:0.22 93.72+0.61

4l 8146+0.62 8592:0.68 88.33:0.82 92.6410.46

4m 72.61£0.64  7945:0.40 84.24:0.28 88.49+0.62
Binding mode of compound 4k at active site region of  Binding mode of compound 4k at active site region of

4n 69461052 T72.24+0.64 7618:+038 82.81:012 COX-1 FDB ID: 1EQG COX2FDBID: 10Xz

All values expressed as mean + standard error of the mean, n=3 Figure 2. Molecular docking studies at active site region of COX isoenzymes

(COX-1PBD ID: 1EQG & COX-2 PDB ID: 1CX2)
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CONCLUSION

In this investigation various thiazolidinedione derivatives
possessing morpholine and substituted phenyl appendages
that are attached to the common methyl group were developed
as Mannich bases by simple Mannich reaction. The title
compounds were synthesized by conventional as well as

microwave-assisted synthesis. Microwave irradiation produced
high yield in a shorter reaction time in comparison with
traditional conventional heating synthesis. Characterization of
the compounds was done physically and spectrally. They were
evaluated for in vivo hypoglycemic activity and in vitro anti-
inflammatory activity because of the existing thiazolidinedione

Table 6. Binding energy and amino acid residues interacted by the compounds 4a-4n with the target PPARYy protein (PDB ID - 2PRG)

Compound Binding energy (kcal/moL) Number of hydrogen bonds Hydrogen bond length Interacted amino acid residues
Rosiglitazone -8.26 3 311,3.01,2.82 Ser289, His449, His323
4a 764 2 315, 2.64 Leu284, Ser289

4b -812 2 294,322 Ser289, Cys258

4c 764 3 2.84,312, 2.61 GIn284, Tyr388, Met348
4d -7.86 2 3.26,2.82 Leu288, His449

4e -7.85 3 3.24,2.84,2.28 Ser289, Met326, Leu284
4f 7.24 2 2.98, 2.42 Cys258, Tyr471

48 -7.61 3 1.86, 2.64, 191 Thr246, Ser289, His449
4h -8.32 2 293,308 Lys367, His449

4i 712 3 248,227,192 Leu284, Ser289, Met298
4 -757 2 340, 2.50 Cys255, GIn286

4k -7.28 2 2.53,1.94 Ser289, Thr246,

4l -7.08 3 314,192, 2.68 Tyr388, Ser289, His449
4m -6.89 2 196, 2.44 Tyr471, Met348

4n -8.29 3 310, 2.94, 3.22 Arg288, His449, Leu284

PPARY: Proliferator-activated receptor gamma

Table 7. Binding energy and amino acid residues interacted by the compounds 4a-4n with the target COX-1 isoenzyme (PDB ID: 1EQG)

Compound Binding energy (kcal/moL) No. of hydrogen  Hydrogen Interacted amino acid residues
bonds bond length

Indomethacin 714 2 2.62,3.21 Leu352, Tyr355

4a -7.01 2 2.32,2.81 Arg120, Tyr355

4b -6.58 3 1.87,2.65, 317 Ala527, 11e523, Met522

4c -6.48 1 2.84 Tyr3s5

4d -6.74 3 2.56, 311,198 Met522, Leu352, Tyr385

4e -7.02 2 2.22,2.95 Tyr385, Ser530

4 -6.91 4 2.91,2.05, 346, 2.07 Met522, 11523, Tyr385, Argl20

4g -6.65 2 197, 3.08 Leu352, Tyr355

4h -6.46 3 191,197, 312 Tyr385, Met522, 11e523

4i -7.01 4 215, 2.04, 3.26, 191 Tyr355, Leu352, Ala527, Ser530

4 -6.54 1 316 Arg120

4k T4T 3 196, 2.42, 317 Argl120, Leu352, Tyr385

4l -6.22 2 2.64,178 Argl20, Tyr355

4m -6.81 2 2.74,3.26 Tyr385, Leu352

4n -6.74 5 2.08,2.34,2.65, 2.84,2.26  Tyr385, Ser530, Ala527, 1le523, Met522
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Table 8. Binding energy and amino acid residues interacted by the compounds 4a-4n with the target COX-2 isoenzyme (PDB ID: 1CX2)

Compound Binding energy (kcal/moL)  Number of hydrogen bonds Hydrogen bond length Interacted amino acid residues
Celecoxib -10.89 5 2.25,2.08, 2.16, 2.84, 3.46 His90, GIn192, Leu352, Ser353, Phe518
4a -8.59 3 1.95, 2.64, 3.66 Ala527, His90, Ala527
4b -7.99 3 3.22,1.94, 2.65 Ala527, Ser530, Val523
4c -9.47 2 3.42,2.68 Tyr355, VAL349
4d -8.98 4 2.31,318,1.97, 318 Leu352, Argl120, Ser353, Tyr385
4e -919 2 1.88, 2.86 Ser253, Val349
af -9.86 3 194, 2.09, 2.72 His90, Arg120, Ser353
4g -8.89 2 2.55,3.74 Argl120, Val349
4h -7.49 3 219,292,315 His90, Ser353, Val523
4i -9.05 3 3.22,210,1.94 Val349, Ser253, Leu352
4 -9.39 4 1.89, 2.54, 3.30, 2.38 Tyr355, Tyr385, Ala527, Ser530
4k -10.98 2 2.32,2.87 Arg120, Ser353
4 -8.33 2 195, 2.40 Tyr355, Tyr385
4m -9.81 3 3.62,2.31,2.48 Arg120, Val349, Ser353
4n -1.45 2 2.85,3.23 Argl120, Val349
and morpholine moieties. From the data of in vivo hypoglycemic REFERENCES

activity screening, compounds 4h and 4n exhibited good
hypoglycemic activity in both acute and chronic toxic studies.
In the in vitro anti-inflammatory activity investigation by HRBC
membrane stabilization method and protein denaturation
method, compound 4k exhibited good activity among all.
From the viewpoint of structure-activity relationship, it was
identified that compounds with electron releasing groups at the
para position of the phenyl ring may have the ability to produce
hypoglycemic activity and the presence of electron withdrawing
groups at the para position of the phenyl ring causes anti-
inflammatory activity. Molecular docking studies with PPARYy
receptor protein (PDB ID-2PRG) and compounds 4h and 4n
exhibited higher binding affinity. In molecular docking studies
with COX isoenzymes (PDB IDs: 1EQG and 1CX2) for potential
anti-inflammatory activity, compound 4k exhibited higher
binding affinity.
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Intrinsic Stability Study and Forced Degradation
Profiling of Olopatadine Hydrochloride by RP-
HPLC-DAD-HRMS Method

RP-YBSK -DAD-HRMS Yontemi ile Olopatadin Hidrokloridin Gercek
Stabilite ve Zorlanmis Bozunma Profilinin Olusturulmasi
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ABSTRACT

Objectives: Forced degradation determines the intrinsic stability of a molecule by establishing degradation pathways in order to identify the likely
degradation products (DPs). The objective of the present research was to establish intrinsic stability and forced degradation profiling of olopatadine
hydrochloride.

Materials and Methods: The intrinsic stability of olopatadine hydrochloride was evaluated by RP-HPLC, where a mixture of 0.1% formic acid and
organic phase (methanol:acetonitrile; 50:50 % v/v) was used as mobile phase at 1.0 mL/min in gradient mode. Different stress conditions were
employed to explore the intrinsic stability of olopatadine hydrochloride.

Results: In acidic condition, five DPs, i.e. OLO1, OLO2, OLO3, OLO4, and OLO5, were observed. OLO5 was the major DP that increased with time and
the peak area of OLO was decreased. In addition to OLO3 and OLO5, two more DPs were observed in alkaline condition, i.e. OLO6 and OLO7. OLOS
and OLO6 were two major DPs; OLOS increased with time while OLO6 had a zigzag pattern of peak area with time. All DPs of neutral condition were
also found in acidic condition while OLO3 and OLO5 were common in all three types of hydrolytic degradation.

Conclusion: Thus, OLO has similar pattern of degradation profiling in all hydrolytic conditions (acidic, alkaline, and neutral). No degradation was
found in thermal, ultraviolet light, or oxidative conditions over 10 days. OLO-Imp was recognized as an analogue structure of OLO and proposed as
11-[(3-dimethylamino)-propylidenel-6,11-dihydro-dibenz[b,e]oxepin-2-propanoic acid in standard drug. OLO1 was identified as (2-(4-(dimethylamino)
butyl) phenyDmethanol, which may be formed by cleavage of the tricyclic ring in neutral condition.

Key words: Olopatadine hydrochloride, forced degradation, HPLC

(OZ |

Amag: Zorlanmis bozunma, muhtemel bozunma trinlerini (DP) tanimlamak igin bozunma yollari olusturarak bir molekilin gergek stabilitesini
belirler. Bu arastirmanin amaci, olopatadin hidrokloridin gergek stabilitesini ve zorlanmis bozunma profilini olusturmaktir.

Gereg ve Yontemler: Olopatadin hidrokloridin gergek stabilitesi, %0,1 formik asit ve organik faz karisimi (metanol: asetonitril;% 50:50 h/h) mobil
faz olarak 1,0 mL/dak'de gradyan modunda kullanimiyla RP-YBSK ile degerlendirilmistir. Olopatadin hidrokloridin gergek stabilitesini arastirmak igin
farkli stres kosullari kullanilmistir.

Bulgular: Asidik kosulda, bes DP, yani OLO1, OLO2, OLO3, OLO4 ve OLO5 gézlenmistir. baslica DP OLOS5 idi, pik stresi artmis ve OLO'nun pik alani
azalmistir. OLO3 ve OLOS5'e ek olarak, alkali kosullarda, iki DP daha, OLO6 ve OLOT7 gézlenmistir. OLO5 ve OLO6 iki ana DP idi; OLO5 zamanla
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artarken OLO6 zamanla zikzak bir tepe alani diizenine sahipti. Nétral kosullardaki biitiin DP'ler asidik kosullarda da bulunurken, OLO3 ve OLO5 (g

hidrolitik bozunma tipinde de ortakti.

Sonug: OLO, ttim hidrolitik kosullarda (asidik, alkali ve nétr) benzer bir bozulma profiline sahiptir. Termal, ultraviyole 15181 veya oksidatif kosullarda
10 giin boyunca higbir bozulma bulunamamistir. OLO-Imp, OLO'nun analog bir yapisi olarak kabul edilmis ve standart ilagta 11-[(3-dimetilamino)
-propiliden]-6,11-dihidro-dibenz [b, e] oksepin-2-propanoik asit olarak énerilmistir. OLO1, trisiklik halkanin nétr kosulda bélinmesiyle olusturulabilecek

(2-[4-(dimetilamino) butil] feni) metanol olarak tanimlanmistir.
Anahtar kelimeler: Olopatadin hidroklorid, zorlanmis bozunma, YBSK

INTRODUCTION

Forced degradation involves degradation of a new drug
substance or drug product at more severe conditions than
accelerated conditions. Forced degradation studies afford
information for the identification of possible degradants,
degradation pathways, and the inherent stability of the active
pharmaceutical ingredient. It also yields information about
any possible polymorphic or enantiomeric substances and
the difference between drug related degradation and excipient
interferences. A New Drug Application (NDA) registration
requires data of forced degradation studies in the form of forced
degradation products (DPs), degradation reaction kinetics,
structure, mass balance, drug peak purity, etc. Therefore, forced
degradation and impurity profiling is one of the inputs for an
NDA registration manuscript.! Due to the presence of impurities
or DPs The Food and Drug Administration has recalled finished
pharmaceutical products; they include adagen (pegademase
bovine) injection, azelastine hydrochloride ophthalmic solution,
brimonidine tartrate ophthalmic solution, ciclopirox gel,
diflorasone diacetate cream, fludeoxyglucose F18 injections,
hydroxyzine hydrochloride oral solution, leflunomide tablets,
pediatric atropine sulfate injection, prednisolone sodium
phosphate oral solution, ropinirole hydrochloride tablets,
and topiramate tablets.? The intrinsic stability of armodafinil
hydrochloride was explored by forced degradation and impurity
profiling, where the structures of four DPs were established
and a possible pathway was postulated. In the present work,
the whole research methodology was adopted from Jain and
Basniwal.?

Chemically, olopatadine (OLO) is 11-((2)-3-(dimethyl-amino)
propylidene)-6,11-dihydro-dibenz[b,e] oxepin-2-acetic acid* and
is indicated for allergic rhinitis, urticaria, and itching resulting
from skin diseases such as eczema/dermatitis, prurigo,
pruritus cutaneous, psoriasis vulgaris, and multiform exudative
erythema. OLO primarily acts as a selective histamine H1
receptor antagonist. It also inhibits the production and release
of chemical mediators such as leukotriene and thromboxane,
and the release of the neurotransmitter tachykinin.>® Analytical
methods for OLO determination in different matrices have
been reported, i.e. radioimmunoassay, liquid chromatography
(LC) with tandem mass spectrometry,” LC-ESI-MS-MS,2”
capillary zone electrophoretic method,”™ high performance
LC (HPLC), and high-performance thin-layer chromatography
(HPTLC),”® but there is no study reported on forced degradation
profiling including the intrinsic stability of OLO. The objective of
forced degradation is to provide guidance for the development
of executing purposeful degradation experiments for

pharmaceutical drug candidates. The International Council for
Harmonisation of Technical Requirements for Pharmaceuticals
for Human Use (ICH) Guideline provides some guidance on
stress testing or purposeful degradation stress testing helps to
determine the intrinsic stability of the molecule by establishing
degradation pathways in order to identify the likely DPs.”® The
objective of present research was to establish intrinsic stability
and forced degradation profiling of OLO by reverse phase
(RP) HPLC diode array detector (DAD) high-resolution mass
spectrometry (HRMS).

EXPERIMENTAL
MATERIALS AND METHODS

Chemicals and reagent

Working standard of OLO hydrochloride was gifted by Ranbaxy
Laboratories Limited, Gurgaon, Harayana. HPLC grade solvents
(methanol and acetonitrile), formic acid, hydrochloric acid,
sodium hydroxide, and hydrogen peroxide were procured
from Merck Specialties Private Limited, Mumbai, India. Triple
distilled water was prepared in-house.

Instrument and chromatography

All dilutions, mobile phase, and other solutions were filtered
through a 0.2-um nylon filter and chromatographed by an Agilent
Infinity 1260 series system equipped with a 1260 binary pump
VL 400 bar, 1260 manual injector 600 bar, Rheodyne 7725i
T-port sample injection valve with 20 pL fixed loop, ZORBAX
Eclipse Plus C18 (250%x4.6 mm, 5 um), 1260 DAD VL, 20 Hz
detector, standard flow cell 10 mm, 13 uL, 120 bar, OpenLab
CDS EZChrom Ed. Workstation, and syringe 50.0 uL, FN, LC
tip. Micromass Q-TOF micro (Waters) LC-mass spectrometry
(MS) was performed in HRMS mode using electrospray positive
jonization. The parameters desolvation gas (500 L/h), cone gas
(25 L/h), desolvation temperature (250°C), source temperature
(120°C), capillary voltage (3000 V), cone voltage (30 V), and
collision energy (10 V) were used for HRMS analysis. All
dilutions, mobile phase, and other solutions used for the
analysis were filtered through a 0.2-um nylon filter (Ultipor®
N66 Nylon 6,6 membrane, Pall Sciences, Pall India Pvt. Ltd.
Mumbai, India). The mobile phase was composed of water
adjusted to 0.1% formic acid (A) and acetonitrile and methanol
(50:50) (B) in gradient mode (Tmin/A:B; T0/70:30; T4/70:30;
T14/20:80; T22/80:20; T25/70:30). The flow rate was set to
1.0 mL/min with UV detector wavelength fixed at 300 nm. The
injection volume was 20 ulL.
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Standard solution

An accurately weighed amount of 100 mg of OLO was dissolved
in 100 mL of methanol to prepare stock P (1000 ug/mL). An
aliquot of stock P was diluted to prepare stock Q (100 ug/mL),
which was used to prepare a series of standard dilutions, i.e. 2,
4, 6,8, and 10 ug/mL OLO.

Method validation

As per ICH guidelines,”™ the proposed method was validated
for the stability indicating assay and to establish the inherent
stability of OLO drug with forced degradation profiling in different
conditions by RP-HPLC determination. The developed method
was validated to assure the reliability of results of analysis for
different parameters, i.e. linearity, range, accuracy, precision,
robustness, limit of quantification (LOQ), limit of detection
(LOD), and specificity. The serial dilutions (2-10 ug/mL) of the
OLO in 50% methanol in triplicate were used for the linearity
determination. Accuracy was determined by recovery method
by spiking the standard solution into pre-analyzed samples.
The precision of the method was studied under the head of
repeatability and intermediate precision. The six replicates
of 10 ug/mL were chromatographed subsequently to assure
repeatability. The intermediate precision was determined by
day-to-day analysis variation and analyst-to-analyst variation
in the linearity range. The robustness of the method was
studied with variation in the temperature (20, 25, and 30°C)
and content of formic acid (0.1%) in aqueous phase variation
by 5% change. LOD and LOQ were determined by signal-to-
noise ratio. The specificity was ascertained by degrading the
drug sample in stressed conditions. Sample solution stability
was demonstrated by analyzing six replicates of 10 ug/mL
OLO standard samples at different time intervals with freshly
prepared mobile phase each time.

Forced degradation

Forced degradation studies of bulk drug included appropriate
solid state (thermal and photolytic) and solution state stress
conditions (hydrolytic and oxidative). The stock solution was
used for the forced degradation study to provide an indication
of the stability indicating the property and specificity of the
proposed method. Accurately weighed about 100 mg of OLO
was dissolved in 50 mL of methanol and the volume was made
up to 100 mL with water/0.2 N HCl/0.2 N NaOH to perform
hydrolytic degradation in neutral (water), acidic (0.1 N HCD, and
alkali (0.1 N NaOH) conditions, respectively, followed by refluxing
at 60°C. Bulk drug (powder form) was exposed to 60°C (hot
air oven) and ultraviolet (UV) light separately for temperature
and UV degradation, respectively. Oxidative degradation of OLO
was performed in 3% and 10% H,0, solution. Prior to injection,
samples were withdrawn at the appropriate time, neutralized (in
the case of acid and alkali hydrolysis), and the solutions were
diluted with 50% methanol. Thermal and photolytic degraded
drug (solid powder) was dissolved in 50% methanol to prepare
samples for injection.

RESULTS AND DISCUSSION

Optimization of chromatographic conditions

OLO was eluted at 3.77 min by the mixture of 0.1% formic
acid and methanol (35:65) on a ZORBAX Eclipse Plus C18
column (250x4.6 mm, 5 ym) at 1.0 mL/min flow rate and it
was successfully applied for determination of the OLO drug in
dosage form,?° but it was not suitable for separation of the DPs
along with OLO.

Thus, chromatographic conditions were optimized to develop
a stability-indicating assay to separate the related compounds
and DPs from the drug content. RP-HPLC mode chromatography
was selected based on the solubility and pKa value of OLO. A
ZORBAX Eclipse Plus C18 column (250x4.6 mm, 5 um) was used
to separate all degradants along with the drug. The wavelength
of 300 nm was selected due to maximum absorbance of all
the DP and drug, which was optimized by 1260 DAD VL, 20 Hz
detector.

Peak broadening and splitting were observed with both mobile
phases, methanol and water (50:50) and acetonitrile and water
(50:50). The drug'’s peak was merged with the diluent’s as the
organic phase was increased. After using the acidic aqueous
phase (pKa of drug 4.29), the broadening and tailing of the OLO
peak persisted. It was improved by increasing the organic phase
(methanol) up to 65%. Further, methanol content was reduced
to 60% to resolve 4-5 grouped peaks in degraded samples,
where little separation was found, but the peak shapes were
not acceptable. Then acetonitrile content was incorporated in
the organic phase along with methanol (50:50). All peaks of
degraded samples were very sharp but not well resolved with
0.1% formic acid and above organic phase (40:60). Degradant
peaks were well separated up to 6 min when this ratio was
reversed (60:40), but high tailing was observed in the drug's
peak. Thus, degradants were well resolved in 60:40 ratios
while the drug eluted in 40:60; then it was concluded to run
gradient mode.

DPs were resolved before the drug peak but a few of them
were merged with the drug peak between 11 and 13 min and
two DPs were merged with each other at 16.5 min in gradient
mode (Tmin/A:B; TO/70:30; T7/70:30; T9/30:70; T17/70:30;
T20/70:30). Basically, the above elution mode is not purely
gradient; it was a combination of more isocratic and less
gradient mode. Fine resolution was observed up to 16 min,
when gradient mode was increased (Tmin/A:B; T0/70:30;
T5/70:30; T16/30:70; T17/70:30; T20/70:30), but groups of DPs
were observed between 16 and 19 min. Therefore, the run time
was extended to 25 min with increased gradient mode (Tmin/
A:B; T0/70:30; T4/70:30; T20/30:70; T22/70:30; T25/70:30).
Most of the DPs were resolved but tailing in the drug peak was
seen, which may have been due to less exposure to the organic
phase, and so it was decided to increase organic content in
the mobile phase (Tmin/A:B; TO/70:30; T4/70:30; T14/20:80;
T22/70:30; T25/70:30). In this gradient mode, OLO and all DPs
in different forced degradation conditions were well separated
with acceptable resolution.
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Method validation

The consistence performance of the HPLC system was assured
by system suitability parameters. Six replicates of OLO samples
were injected, and column performance parameters like tailing
factors, retention time, and number of theoretical plates were
observed. The values of % relative standard deviation (RSD)
for these parameters were within the acceptance criteria of
system performance. OLO has better separation in the set of
conditions as the higher theoretical plates (59526) with less
than one unit of % RSD (0.88). The tailing factor was 0.68
with acceptable % RSD. The capacity factor was 15.02, i.e.
OLO has sufficient opportunity to interact with the stationary
phase, resulting in differential migrations. The co-elution of
impurities or degradants is generally investigated by examining
peak purity using a PDA detector. The three-dimensional view
of the chromatogram confirmed that there was no peak around
the OLO elution time. Here the peak purity at 11.62 min was 1.0;
there was no interference with elution of OLO at retention time,
or nothing was co-eluting along with OLO at 11.62 min. Thus,
all system suitability parameters were within the acceptance
criteria.

The linear regression equation was Y=16751x+26.50 with
correlation coefficient r2=0.999 and a calibration graph was
plotted for concentration versus area found in the chromatogram.
The accuracy of the developed method was assured at all
levels of linearity. It was 99.50-100.28% by the recovery
method with % RSD of 0.32, which shows the reliability for
accuracy of the developed RP-HPLC method. The developed
method was performed under two heads: repeatability and
intermediate precision. The repeatability of sample injections
was measured as the determined amount of OLO in six different
serial replicates, which was expressed as 99.89% with %
RSD of 0.08, while intermediate precision was evaluated on
the heads of interday analysis as well as analyst-to-analyst.
Both parameters were determined near to 100% (99.93% and
99.95%) with less than unit % RSD (0.11 and 0.12) at all three
levels of concentration.

The robustness of the developed method was assured by the
variation in the amount of formic acid (0.1%) in the aqueous
phase of mobile phase composition and temperature of
real-time analysis. The three variations in formic acid in the
aqueous phase (0.105%, 0.100%, and 0.095%) and temperature
variation (20, 25, and 30°C) had no significant effect of change
in parameters on the results. These were found to be 99.97 and
100.17, with % RSD 0.13 and 0.29, respectively. The LOD and LOQ
were determined by signal-to-noise ratio. These were found to
be 0.045 pg/mL and 0.149 pg/mL, respectively, which show
the sensitivity of the developed method. The % RSD value was
less than two. Analysis of degraded drug sample in stressed
conditions was evidence for specificity of the method. The
retention time, peak symmetry, peak purity, and UV spectrum
of the recorded chromatograms of different samples were
confirmed to assure the specificity. The AUC of the OLO peak
in the chromatogram decreased with an increase in the AUC
of the degradant'’s peak. This experimental evidence confirmed
that the developed method was specific for the analysis of OLO.
The stability of OLO was assured during analysis by response

ratio. The response ratio of the drug at all concentration level
varied between 16565.67 and 16973.33 with % RSD of 0.89. This
is evidence that the drug is stable in selected solution at room
temperature and the RP-HPLC method is continuously sensitive
toward the analyte.

Forced degradation profiling

Acidic degradation: Five DPs, i.e. OLO1 (5.17), OLO2 (7.87), OLO3
(11.11), OLO4 (12.65), and OLO5 (12.91), were observed in acidic
condition (Figure 1). OLO5 was the major DP that increased with
time and the peak area of OLO was decreased. All DPs appeared
on the first day except OLO1 and OLO2, which appeared on
fourth and second day, respectively. The peak area of OLO3 and
OLO4 increased first and then decreased. The other two DPs,
OLO1 and OLO2, increased with time.

Alkaline degradation: OLO was gradually degraded into four DPs,
i.e. OLO3 (1111, OLO6 (12.07), OLO5 (12.91), and OLO7 (17.48),
in alkaline condition (Figure 2). OLO3 and OLO5 were common
DPs in acidic and alkaline conditions, while OLO6 and OLO7
were newer DPs in basic degradation. OLO5 and OLO6 were
two major DPs; OLOS5 increased with time while OLO6 had a
zigzag pattern of peak area with time. Concentrations of both
OLO3 and OLQO7 increased with time.

Neutral degradation: All DPs in neutral condition were also found
in acidic condition, while OLO3 and OLOS5 were common in all
three types of hydrolytic degradation (Figure 3). OLOS was the
major DP in all conditions. OLO was gradually degraded and the
peak area of all DPs increased with time in neutral condition.

Figure 1. Representative chromatogram of OLO in acidic condition
OLO: Olopatadine

Figure 2. Representative chromatogram of OLO in alkaline condition
OLO: Olopatadine
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RP-HPLC analysis of stressed samples of OLO in thermal,
oxidative, and photolytic degradation showed that there was no
degradation in these conditions. It might be possible that due
to solid sample in thermal stress condition no degradation was
observed.

Thus, in acidic condition, five DPs, i.e. OLO1, OLO2, OLO3, OLO4,
and OLO5, were observed. OLOS was the major DP that increased
with time and the peak area of OLO was decreased. In addition
to OLO3 and OLO5, two more DPs were observed in alkaline
condition, i.e. OLO6 and OLO7. OLO5 and OLO6 were two major
DPs; OLOS increased with time while OLO6 had a zigzag pattern
of peak area with time. All DPs of neutral condition were also
found in acidic condition, while OLO3 and OLO5 were common in
all three types of hydrolytic degradation. Thus, OLO has a similar
pattern of degradation profiling in all hydrolytic conditions (acidic,
alkaline, and neutral) (Figure 4). No degradation was found in
thermal and UV light exposure, as these were performed on solid
powder of OLO, and so it is possible that degradation is less likely
in the solid powder. Similarly, oxidative degradation was also not
observed over 10 days.

Degradation pathway and impurity profiling

Standard drug OLO: LC-MS was performed in positive mode
using leucine enkephalin as standard, where OLO and its
impurity (OLO-Imp) were observed at relative retention time
(RRT) of 1.00 and 1.1, respectively. The ESI mass spectrum of

o

Figure 3. Representative chromatogram of OLO in neutral condition
OLO: Olopatadine
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Figure 4. Degradation profiling of OLO in acidic, basic, and neutral
conditions

OLO: Olopatadine

OLO showed a protonated molecular ion [M+H]* and its isotopic
abundance [M+2H]* at m/z 3381671 and 3391663 with ppm
errors in mass 2.08 and 4.45, respectively. It was advocated
by its further fragmentation pattern into its daughter products
as: 3371678 — 2921099 — 221.0961 — 2471117 — 165.0546
(Table 1, Figure 5).

An impurity, OLO-Imp (OLO5), was observed in the ESI
spectrum, and its protonated molecular ion [M+H]* was
observed at m/z 3521840 along with its isotopic abundance
(Figure 6). lts structure was an analogue of OLO and proposed
as 11-[(3-dimethylamino)-propylidene]-6,11-dihydro-dibenz[b,e]
oxepin-2-propanoic acid (Figure 6). It was also used as internal
standard for the metabolite study.”

Acidic degradation: In addition to OLO, sodium salt of OLO (OLO3)
and OLOS (OLO-Imp) were observed in the MS spectrum of
the acidic condition sample at RRT of 0.96 and 1.11. OLO3 was
observed in all three degradation conditions. Its protonated
molecular ion [M+H]* was observed at m/z 360.1502, which
showed its carboxylic acid analogue at m/z 338.1684. The MS-
MS fragmentation pattern into its daughter products indicated
the purposed structure as: 3591497 — 3371678 — 2791623

~
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Figure 5. Chromatogram of OLO by TOF MS-MS spectrum and proposed
fragmentation pattern of OLO

OLO: Olopatadine, MS: Mass spectrometry
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Figure 6. Chromatogram of OLO-Imp by TOF MS-ES+ and proposed
structure of OLO-Imp

OLO: Olopatadine, MS: Mass spectrometry, ES: Electrospray
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Figure 7. Chromatogram of OLO5 by TOF MS-ES* spectrum and proposed
structure of OLOS in acidic condition

OLO: Olopatadine, MS: Mass spectrometry, ES: Electrospray
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Figure 8. Chromatogram of degraded OLO in alkaline condition by TOF MS-
MS spectrum and proposed fragmentation pattern of OLO3

OLO: Olopatadine, MS: Mass spectrometry, ES: Electrospray
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Figure 9. Chromatogram of degraded OLO in neutral condition by TOF MS-
ES+ spectrum and proposed fragmentation pattern of OLO1

OLO: Olopatadine, MS: Mass spectrometry, ES: Electrospray
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Figure 10. Proposed structure of OLO-Imp and proposed degradation
pathway of OLO in acidic, alkaline, and neutral conditions

OLO: Olopatadine

Table 1. Observed m/z values for [M+H]* ions and major fragments of OLO and its impurity

Analyte code RRT in LC MS MS-ES or m/z value Measured mass  Best possible Exact mass ppm error
MS-MS molecular formulae
OoLO 1.00 MS-ES 338.1671 3371671 C21H23NO3 3371678 2.08
3391663 3371663 C21H23NO3 3371678 4.45
340.1701 3371701 C21H23NO3 3371678 -6.82
1.00 MS-MS 338.1661 3371661 C21H23NO3 3371678 5.04
3391667 3371667 C21H23NO3 3371678 3.26
2931109 2921109 C19H1603 2921099 -3.42
2471098 2471098 C18H150+ 2477 7.69
221.0982 221.0982 C16H130+ 221.0961 -9.50
165.0556 165.0556 C9H903+ 165.0546 -6.06
OLO-Imp 11 MS-ES 3521840 3511840 C22H25N03 3511834 -1.7
3531835 3511835 C22H25N03 3511834 -0.28

RRT: Relative retention time, OLO: Olopatadine, LC: Liquid chromatography, MS: Mass spectrometry, ES: Electrospray
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— 157.0891 (Table 2). OLO was also characterized in acidic
degradation at RRT of 1.00. MS-ES* scanning revealed the
protonated molecular ion [M+H]* of OLO at m/z 3381676 with
isotopic abundance. MS-MS of OLO in acidic condition showed
the fragmentation pattern in the mass spectrum as: 337.1678
— 2921099 — 247.1117; 165.0546 (Table 2). The protonated
molecular ion [M+H]* of OLO5 was observed at m/z 3521821
with isotopic abundance at 353.1839 (Figure 7). The ppm error
in mass was less than five units (Table 2).

Alkaline degradation: The MS spectrum of the alkaline sample
of OLO was similar to the MS spectrum of acidic condition. The
degradation pathway and fragmentation pattern of OLO and its
DPs were similar to those in acidic condition (Figure 8). Only
ppm error in mass varied from acidic condition (Table 3).

Neutral degradation: In neutral condition, the tricyclic ring
underwent cleavage and OLO1 was formed (RRT=0.44). OLO3
was also formed in a similar pattern to acidic and alkaline
conditions (RRT=0.96). OLO5 (OLO-Imp) was also observed
in the MS spectrum similar to all other conditions. Only one
additional DP (OLO1) was observed in neutral condition, whose
protonated molecular ion [M+H]* was found at m/z 208.1615
and identified as (2-(4-(dimethylamino)butyl) phenyl)methanol
(Figure 9). The proposed structure was further advocated by
its degradation pattern (2071623 — 1771154 — 157.0891) (Table
4). OLO3, OLO, and OLOS were also characterized in neutral
condition similar to above both acidic and alkaline conditions.
The ppm error in mass is different from the above conditions
but most of the error is below 5 units (Table 4).

Thus, OLO and its impurity (OLO-Imp) were observed at RRT
of 1.00 and 111, respectively, in the LC-MS study. OLO-Imp was
recognized as an analogue structure of OLO and proposed as
11-[(3-dimethylamino)- propylidene]-6, 11-dihydro-dibenz[b,e]
oxepin-2-propanoic acid (Figure 10). In addition to OLO, sodium
salt of OLO (OLO3) and OLOS5 (OLO-Imp) were observed in the
MS spectrum of acidic and alkaline conditions samples at RRT
of 0.96 and 1.11. OLO3 was observed in all three degradation
conditions and identified as sodium salt of OLO (OLO is a
carboxylic acid derivative). Additionally, OLO1 (RRT=0.44) was
identified as (2-(4-(dimethylamino)butyl) phenyDmethanol,
which may be formed by cleavage of the tricyclic ring in neutral
condition. OLO is an acetic acid derivative along with oxepin
ring and tertiary nitrogen, which is quite a stable form of drug.
There is no vulnerable functional group liable to convert or
break down into DPs under stressed or forced degradation
conditions. Thus, OLO forms relatively slow and fewer DPs.

CONCLUSION

OLO has a similar pattern of degradation profiling in all hydrolytic
conditions (acidic, alkaline, and neutral), while no degradation
was found in thermal, UV light, and oxidative conditions over
10 days. OLO-Imp was recognized as an analogue structure
of OLO and proposed as 11-[(3-dimethylamino)-propylidene]-
6,11-dihydro-dibenz[b,e]oxepin-2-propanoic acid. OLO3 was
observed in all three degradation conditions and identified
as sodium salt of OLO (OLO is a carboxylic acid derivative).
Additionally, OLO1 was identified as (2-(4-(dimethylamino)

Table 2. Observed m/z values for the [M+H]* ions and major fragments of OLO and its degradation products in acidic condition

Analyte code RRT in LC MS  MS-ES or m/z value Measured mass Best possible molecular ~ Exact mass ppm error
MS-MS formulae
OLO3 0.96 MS-ES 360.1502 3591502 C,H,,NNaO, 3591497 -1.39
3381684 3371684 C,H,,NO, 3371678 -1.78
0.96 MS-MS 360.1491 3591491 C,H,,NNaO, 3591497 1.67
361.1488 3591488 C,H,,NO, 3591497 2.51
3381676 3371676 C,H,,NO, 3371678 0.59
280.1625 2791625 C,H,,NO 279.1623 -0.72
158.0883 157.0883 C,H,N 157.0891 5.09
OoLO 1.00 MS-ES 3381676 3371676 C,H,,NO, 3371678 0.59
3391698 3371698 C,H,,NO, 3371678 -593
1.00 MS-MS 3381695 3371695 C,H,,NO, 3371678 -5.04
3391688 3371688 C,H,,NO, 3371678 -297
2931102 2921102 CoH,c0, 2921099 -1.03
2471132 2471132 CgH, 0" 2477 -6.07
165.0552 165.0552 CH,0, 165.0546 -3.64
OLO5 1m MS-ES 3521821 3511821 C,,H,;NO, 3511834 3.70
3531839 3511839 C,,H,.NO, 3511834 -1.42

RRT: Relative retention time, OLO: Olopatadine, LC: Liquid chromatography, MS: Mass spectrometry, ES: Electrospray
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Table 3. Observed m/z values for the [M+H]* ions and major fragments of OLO and its degradation products in alkaline condition
MS-ES or Best possible

Analyte code RRT in LC MS MS-MS m/z value Measured mass molecular formulae Exact mass ppm error
0LO3 3601507 3591507 C, H,,NNao, 3591497 278
096 MS-ES 3381686 3371686 C,H,,NO, 3371678 237
3601498 3591498 C, H,,NNao, 3591497 -0.28
3611499 3591499 C,H,,NO, 3591497 -0.56
3381672 3371672 C,H,,NO, 3371678 178
2801629 2791629 C,H,NO 2791623 215
096 MS-MS 158.0890 157.0890 C,H,N 157.0891 0.64
0LO 3381696 3371696 C,H,,NO, 3371678 -5.34
3391688 3371688 C,H,,NO, 3371678 297
1.00 MS-ES 3401675 3371675 C,H,,NO, 3371678 0.89
3381685 3371685 C,H,,NO, 3371678 -2.08
3391688 3371688 C,H,,NO, 3371678 297
2931108 2921108 C,H,O, 2921099 -3.08
2471110 2471110 C,H, .0’ 2477 2.83
1.00 MS-MS 165.0540 165.0540 C,H,0," 165.0546 364
3521828 3511828 C,,H,.NO, 3511834 171
0LOS5 1 MS-ES 3531839 3511839 C,,H,.NO, 3511834 142

RRT: Relative retention time, OLO: Olopatadine, LC: Liquid chromatography, MS: Mass spectrometry, ES: Electrospray

Table 4. Observed m/z values for the [M+H]* ions and major fragments of OLO and its degradation products in neutral condition
MS-ES or Best possible

Analyte code RRT in LC MS MS-MS m/z value Measured mass molecular formulae Exact mass ppm error
208.1615 2071615 C,H,NO 2071623 3.86
1781164 1771164 C,H.NO 1771154 -5.65
OLO1 0.44 MS-ES 158.0883 157.0883 C,H.N 157.0891 5.09
360.1489 3591489 C,H,,NNaO, 3591497 2.23
361.1498 3591498 C,H,.NO, 3591497 -0.28
3381666 3371666 C,H,,NO, 3371678 3.56
280.1618 2791618 CH,NO 2791623 1.79
OLO3 0.96 MS-ES 158.0888 157.0888 C,H.N 157.0891 191
OoLO 338.1681 337.1681 C,H,.NO, 3371678 -0.89
1.00 MS-ES 3391685 337.1685 C,H,.NO, 3371678 -2.08
338.1687 3371687 C,H,.NO, 3371678 -2.67
3391667 3371667 C,H,,NO, 3371678 3.26
2931118 292118 CH.O, 2921099 -6.50
2471119 2471119 CH.0" 247117 -0.81
221.0965 221.0965 CH.0" 221.0961 -1.81
1.00 MS-MS 165.0551 165.0551 CH.O, 165.0546 -3.03
3521856 351.1856 C,,H,NO, 3511834 -6.26
OLO5 111 MS-ES 3531825 3511825 C,,H,NO, 3511834 2.56

RRT: Relative retention time, OLO: Olopatadine, LC: Liquid chromatography, MS: Mass spectrometry, ES: Electrospray
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butyDphenylDmethanol, which may be formed by cleavage of the
tricyclic ring in neutral condition.
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ABSTRACT |

Objectives: The present study aimed to investigate the inhibitory activities of enzymes related to diabetes mellitus and Alzheimer's disease of the
methanol and water extracts of Ficus carica leaf extracts. The bioactive compounds and anticancer, antioxidant, and antimicrobial effects of the
extracts were also investigated.

Materials and Methods: The bioactive compounds in the extracts were determined by gas chromatography-mass spectrometry. The antioxidant
activity was evaluated by 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2"-azino-bis(3-ethylbenzothiazoline-6 sulphonic acid) (ABTS) radical scavenging,
total phenol and flavonoid content, ferric reducing power, and iron chelating method. The anticancer, anticholinesterase, and antimicrobial effects
were investigated using the XTT assay, Ellman method, and microdilution, respectively.

Results: Our results showed that between the water and methanol extracts there was a difference in terms of chemical composition. The antioxidant
results suggested that both extracts have strong antioxidant activity. Similarly, both extracts showed strong a-glucosidase and a-amylase inhibition
activity, while the water extract had higher inhibition activity than the methanol extract against acetylcholinesterase and butyrylcholinesterase. The
methanol extract of F. carica exhibited significant anticancer activity on MDA-MB-231 cells and showed moderate antimicrobial activities against
Escherichia coli and Staphylococcus aureus.

Conclusion: Our results suggest that F. carica leaves could be a valuable source for developing a promising therapeutic agent in cancer, diabetes,
and Alzheimer's disease.

Key words: Ficus carica, Alzheimer's disease, diabetes, antioxidant activity, anticancer and antimicrobial activities
s |

Amag: Bu galismada, Ficus carica yapraklarina ait su ve metanol ekstrelerinin diyabet ve Alzheimer hastaligi ile iliskili enzimlerin inhibisyonu tzerine
etkisinin arastirilmasi amaglanmistir. Ayrica, ekstrelere ait biyoaktif bilesenler, antikanser, antioksidan ve antimikrobiyal etkiler de arastirilmigtir.
Gereg ve Yontemler: Ekstrelerdeki biyoaktif bilesikler gaz kromatografisi-kitle spektrometresi metodu ile belirlenmistir. Antioksidan aktivite,
11-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6 sulphonic acid) (ABTS) radikal stpurtcd, toplam fenol ve flavonoid
igerigi, ferrik indirgeme gicl ve demir selasyon ydntemleriyle degerlendirilmistir. Antikanser, antikolinesteraz ve antimikrobiyal etkinlikler ise
sirastyla XTT yontemi, Ellman yéntemi ve mikrodiltisyon teknigi yontemi ile belirlenmistir.

Bulgular: Elde ettigimiz sonuglar su ve metanol ekstreleri arasinda kimyasal bilesim agisindan farklilik oldugunu ve her iki ekstrenin de giglu
antioksidan aktiviteye sahip oldugunu gostermistir. Benzer sekilde, her iki ekstrede gigli a-glikozidaz ve a-amilaz aktivite gdsterirken, su ekstresi
metanole gére daha giglu asetilkolinesteraz ve butirilkolinesteraz inhibisyon etkiye sahiptir. F. carica metanol ekstresi MDA-MB-231 hucreleri
tzerinde giiclu antikanser etki, Escherichia coli ve Staphylococcus aureus’e karsi ise orta dizeyde antimikrobiyal etki géstermistir.

Sonug: Bulgularimiz, F. carica yapraklarinin kanser, diyabet ve Alzheimer hastaliginda umut verici bir terapstik ajan gelistirmek igin degerli bir
kaynak olabilecegini disUndtrmektedir.

Anahtar kelimeler: Ficus carica, Alzheimer hastaligl, diyabet, antioksidan aktivite, antikanser ve antimikrobiyal aktivite
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INTRODUCTION

Ficus carica L. belongs to the family Moraceae and is a native
of southwest Asia. It is cultivated worldwide and has been
traditionally used in indigenous systems of medicine, such as
Ayurveda and homeopathy, for cardiovascular and hypertensive
diseases!? Its fruit possesses several vitamins, minerals,
carbohydrates, and phenolic compounds, for instance, phenolic
acids, flavonols, and flavones, which play a significant role in
its therapeutic efficiency.>® Many reports also stated that the
polyphenolic ingredient of the fruit has anti-inflammatory,
antioxidant, antimicrobial, and anticancer effects.®

In recent years, due to increasing cancer cases and similar
health problems, the demand for products with antioxidant
properties has been increasing day by day. In this context,
plants that have antioxidant and anticancer properties have
attracted wide attention. It is well known that antioxidants have
significant inhibitory effects on various free radical species
and also neutralize nonradical species such as hydrogen
peroxide. Additionally, they can prevent the production of many
reactive oxygen species in various diseases such as cancer
and diabetes.™

Diabetes mellitus is a chronic metabolic disease that causes
elevation of blood sugar due to insufficient insulin secretion
or insulin resistance. a-Glucosidase and a-amylase inhibitors
are used in some cases to control the level of postprandial
blood glucose in the treatment of diabetes mellitus. These two
enzymes are involved in the conversion of food polysaccharides
into  monosaccharides. However, synthetic hypoglycemic
agents have been reported for several side effects such as
hepatotoxicity and gastrointestinal disorders. Accordingly,
researchers are looking for new potential antidiabetic agents
from natural sources with less adverse effects.’

Alzheimer's disease (AD) is the most common form of
dementia, characterized by memory loss and other cognitive
disabilities. Down-regulation of acetylcholine is associated
with the development of AD. Acetylcholinesterase (AChE) and
butyrylcholinesterase (BChE) are responsible for the hydrolytic
metabolism of the neurotransmitter acetylcholine (ACh) into
choline and acetate in the brain. Based on the cholinergic
hypothesis, a defect in the cholinergic system is involved in the
development of AD.° Therefore, the current treatment strategy
for AD is directed to the inhibition of AChE and BChE. There
are some AChE inhibitors such as galantamine, physostigmine,
and tacrine approved for the treatment of AD. However, these
drugs have side effects, including hepatotoxicity, limiting the
use of these drugs in clinical practice. Hence, researchers are
looking for new treatments to control the disease and improve
the quality of life for people with AD from natural resources.

Cancer is one of the most significant health issues worldwide
and the second leading cause of death globally after
cardiovascular diseases." Conventional treatments used in
the clinic such as chemotherapy, surgery, and radiotherapy
have several serious side effects and can cause damage to
noncancerous tissues!? Moreover, due to increasing drug
resistance especially in cancer treatment, plants have become

increasingly important in the search for new chemotherapeutic
agents. In the clinic, there are many antitumor drugs derived
from plants such as vincristine, vinblastine (Catharanthus sp.),
paclitaxel (Taxus sp.), and epipodophyllotoxins (Podophyllum
sp.).® Furthermore, research continues at a great pace for the
discovery of new drugs with more effective and less side effect
profiles. F. carica is one of the medicinally important plants
with therapeutic potential. Many researchers have reported
the antimicrobial effects of F. carica leaf extracts against
oral bacteria, nosocomial infectious agents, food poisoning
bacteria, fungi, and viruses.*" Moreover, the fruit, root, and
leaves of F. carica are utilized medicinally for treating various
diseases as a respiratory, gastrointestinal, anti-inflammatory,
and antispasmodic remedy.”®

To the best of our knowledge, the fruit and different parts of
this plant have been mostly studied, and the number of study
on the leaves is limited. Thus, this study was carried out to
evaluate differences between water and methanol extracts
for antioxidant, antimicrobial, enzyme inhibition activity
(AChE, BChE, a-glucosidase, and a-amylase), and anticancer
properties in vitro. It was also aimed to analyze the content of
extracts by gas chromatography-mass spectroscopy (GC-MS).

EXPERIMENTAL

This study was conducted in the laboratories of the Faculty of
Pharmacy, Sivas Cumhuriyet University, Sivas, in 2018. The
plant materials were collected in July 2017 from the wild flora
of Saklikent/Fethiye. The experiments were performed in a
completely randomized design with three replications.

Preparation of extracts

The plant leaves were milled with a grinder and then dried in
the shade and the dry leaves were ground in a blender (Blue
house). Ten grams of the leaf was soaked in 50 mL of methanol
(Sigma) and water for 24 h with intermittent shaking. At the end
of the extraction, it was filtered through No. 1 Whatman filter
paper. The filtrate was concentrated to dryness under reduced
pressure in a rotary evaporator at 40°C and this was repeated
three times. The obtained extracts were analyzed using GC-
MS.”

In vitro antioxidant activity

The antioxidant activity of the methanol and water extracts of
F. carica leaves was tested using different methods, namely
DPPH, ABTS radical scavenging activity, total phenol/flavonoid
content, ferric reducing power, and iron chelating method.

DPPH radical scavenging activity

The free radical scavenging activity by methanol extracts was
determined according to the method reported by Miser Salihoglu
et al.2% First 150 pL of the extract was mixed with 50 pL of
1.0x103 M freshly prepared DPPHe methanol solution in 96-well
plates. Methanol was used as the control of the experiment.
After 30 min of incubation at 25°C, the reduction of the DPPHe
was measured reading the absorbance at 517 nm with a
microplate reader (Epoch, USA). Butylated hydroxytoluene
(BHT) was used for the positive controls and the percentage
inhibition was calculated with the following equation:
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% Inhibition=[Absorbance of control-Absorbance of test
sample/Absorbance of control]x100

ABTS radical scavenging activity

For determining the ABTS radical scavenging activity of the
extracts, the method described by Re et al.? was followed with
slight modification. The stock solution of ABTS was made by
reacting 7 mM ABTS solution with 2.4 mM potassium persulfate
solution in equal volume for 16 h. The working solution was
then prepared by diluting the stock ABTSe* solution with
methanol to give an absorbance of 0.7+0.02 units at 734 nm
using a microplate reader (Epoch, USA). In each experiment,
the ABTSe* solution was prepared freshly. Fifty microliters of
the extract was mixed with 150 pL of ABTSe* working solution
and the resulting mixture was left for 10 min in a dark place.
All the analyses were conducted in triplicate and the results
expressed as the mean + standard deviation. Appropriate blanks
(methanol) and standard (BHT) were run simultaneously.

Determination of total phenolic content (TPC)

In order to measure the TPC in the extracts, the
spectrophotometric Folin-Ciocalteu method was used as
previously described by Clarke et al.,?2 with slight modification.
Briefly, 20 pL of extract in DMSO was mixed with 100 pL of
freshly 1/10 diluted F-C reagent with distilled water. After
5 min, the solution was mixed with 80 uL of 7.5% Na,CO,
solution, and incubated for 30 min at 25°C. The measurement
of absorbance was performed at 650 nm in a microplate reader
(Epoch, USA). All the analyses were performed in triplicate and
the results expressed as the mean + standard deviation (SD).
Appropriate blanks (DMSO) and standard (gallic acid in DMSO)
were run simultaneously, after which the TPC was calculated
as milligrams gallic acid equivalents per gram of dry extract.

Estimation of total flavonoid content (TFC)

For determination of TFC, the aluminum chloride colorimetric
method was used as previously described by Molan and Mahd?®
using catechin as the reference standard. Briefly, 25 pL of 1
mg/mL test sample solution, 100 pL of dd. H,0, and 7 pL of 5%
NaNO, were mixed together in 96-well plates. After 15 min of
incubation at room temperature, 7 uL of 10% AICL, was added.
After 5 min, 50 pL of 1 M NaOH and 60 pL of distilled water were
added to each well. Then the absorbance was measured at 490
nm in a microplate reader (Epoch, USA). All determinations
were carried out in triplicate. The content of total flavonoids
was expressed as milligrams of catechin equivalent per gram
of the dry weight of the extract.

Iron chelating activity

The iron chelating activity of the extracts was determined
according to their interaction with the formation of the ferrozine-
Fe? complex. Previously described procedures were used.
Briefly, a mixture of 200 L of 0.1 mM FeSO,, 200 pL of extract,
and 400 pL of 0.2 mM ferrozine was allowed to react at 25°C.
The mixture absorbance was read after 10 min of incubation at
562 nm. EDTA was used as positive control.

Ferric reducing antioxidant power (FRAP) assay

The FRAP reagent is used as a reducing agent in redox
colorimetric reactions of antioxidants. The FRAP assay was
conducted according to the previously reported method with a
slight modification.?®?® The stock solution of each extract was
prepared in DMSO. The working solution of FRAP reagent was
prepared by mixing 0.3 M pH 3.6 acetate buffer and a solution
of 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 0.04 M HCl and
0.02 M FeCl, solution in the ratio of 10:1:1 at the time of use. All
solutions were prepared fresh on the day of the experiment.
Thirty microliters of the sample solution and 270 pL of FRAP
working solution were mixed together in 96-well plates and
warmed at 37°C for 4 min. All determinations were performed in
triplicate. The absorbance was measured at 593 nm. A standard
calibration curve was prepared using different concentrations
of FeSO, solution. The results were expressed as FRAP values.

Acetylcholinesterase/butyrylcholinesterase inhibition assay
The assay was carried out according to the Ellman method?’
as follows. The mixture consisting of 20 uL of test sample/
reference standard of various concentrations, 140 pL of 0.1
mM phosphate buffer (pH 6.8), 10 pL of 3 mM 5,5'-dithio-bis-
nitrobenzoic acid (DTNB), and 20 pL of enzyme (0.22 U/mL
for acetylcholinesterase/0.1 U/mL for butyrylcholinesterase)
prepared in phosphate buffer was incubated for 5 min at
25°C. Following preincubation, 10 uL of the substrate (0.71 mM
acetylthiocholine iodide/0.2 mM butyrylthiocholine chloride in
phosphate buffer) was added to start the reaction, followed by
further incubation for 10 min. The developed yellow color was
measured at 412 nm (Epoch, USA). Galantamine was used as
the positive control.

Alpha-glucosidase inhibition activity

The a-glucosidase inhibition method was reported by Kumar et
al.?® Acarbose was used as a positive control, while phosphate
buffer was used as a negative control in place of the sample.
Each concentration was carried out in triplicate. Twenty-
five microliters of sample solution diluted with buffer was
mixed with 25 pL of a-glucosidase (0.5 U/mL) and incubated
for approximately 10 min at 25°C. Then 25 pL of 0.5 mM
4-nitrophenyl-B-D-glucuronide (pNPG) was added to each
well as substrate and incubated for a 30 min at 37°C. After the
incubation period, 100 pL of 0.2 M sodium carbonate was added
to terminate the reaction and the absorbance was read at 405
nm.

Alpha-amylase inhibition activity

The a-amylase inhibition method was reported by Kumar et
al.?? Acarbose was used as a positive control, while phosphate
buffer (0.02 M PBS, pH 6.9) was used as a negative control in
place of the sample. Each sample was tested in triplicate with
different concentrations. The reaction mixture containing 50 pL
of sample solution diluted with buffer and 25 pL of a-amylase
from porcine pancreases (0.5 mg/mL) was incubated for
approximately 10 min at 25°C. Then 50 pL of freshly prepared
0.5% starch solution (w/v) was added to each well as substrate
and incubated for 10 min at 25°C. After the incubation period,
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100 pL of 1% 3,5-dinitrosalicylic acid (DNS) was added as the
color reagent, followed by heating in a water bath for 10 min.
The absorbance was read at 540 nm.

Antimicrobial activity

Microdilution broth method

The microdilution broth method with slight modification was
used to determine the minimum inhibitory concentration (MIC)
of the water and methanol extracts of F. carica against the
microorganism.*® In the present study, Staphylococcus aureus
(ATCC 29213), Enterococcus faecalis (ATCC 29212), Pseudomonas
aeruginosa (ATCC 27853), Escherichia coli (ATCC 25922),
Klebsiella pneumoniae (ATCC 13883), and Candida albicans (ATCC
10231) strains were used. The extracts were dissolved in 50%
dimethyl sulfoxide (DMSO) and the final concentrations of the
extracts were 50 mg/mL. Mueller Hinton Broth (Accumix®
AM1072) and Sabouraud Dextrose Broth (Himedia MEO33) were
used for dilution bacteria and C. albicans cultures, respectively.
In the first row of the plate, 90 pL of broth was added to the
wells and 50 pL of broth was added to all other wells. The 11t
wells were used as the reproductive controls and 100 pL of
broth was added. In the first line of the microtiter plate, 10 pL of
extract was added and serial two-fold dilutions were prepared
from the diluted extracts to give concentrations ranging from
2.5 to 0.004 mg/mL. The bacteria and fungi suspensions (50
pL) were added to prepared samples. The final inoculum size
was 5x10° CFU/mL in the bacteria wells and 0.5-2.5x10° CFU/
mL in the C. albicans wells (CLSI, 2002, CLSI, 2012). The plates
with the added bacteria and C. albicans were incubated at 37°C
and 35°C for 16-24 h, respectively. Afterwards, to observe
microbial growth, 50 pL of 2,3,5-triphenyltetrazolium chloride
(TTC) (Merck, Germany) was added to each well. The microtiter
plates were further incubated at 37°C for 2 h. The first well in
which the density of formazan's red color was reduced was
accepted as showing the MIC. The experiment was performed
in duplicate and the standard deviation was zero.

Cytotoxicity

Cell lines and reagents

Human breast adenocarcinoma (MDA-MB-231) cells and mouse
fibroblast (L929) cells were obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA). Dulbecco’s
modified Eagle’s medium (DMEM), fetal bovine serum (FBS),
and sterile phosphate buffer saline (PBS) were purchased from
PAA Ltd. (France). Trypsin-EDTA was supplied from Biological
Industries Ltd. (Haemek, Israel). DMEM without phenol red
and L-glutamine-penicillin-streptomycin solutions were from
Sigma-Aldrich (Steinheim am Albuch, Germany). XTT reagent
(2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide) was purchased from Roche Diagnostics.

Cell culture

The cytotoxicity of the F. carica leaf extracts was tested against
MDA-MB-231 and L929 cell lines. During the experiments, both
celllines were grown in DMEM supplemented with 10% FBS, 1%
L-glutamine, 100 1U/mL penicillin, and 10 mg/mL streptomycin

in 25 cm? polystyrene flasks and maintained in a humidified
atmosphere with 5% CO, at 37°C. Growth and morphology were
monitored, the culture medium was changed every 2 days,
and the cells were passaged when they had reached 80-90%
confluence.

Cell viability assay

The antiproliferative activity of the F. carica leaf extracts was
evaluated by XTT colorimetric assay against the MDA-MB-231
and L929 cells. Extracts were dissolved in DMSO and diluted in
DMEM prior to treatment. Initially, cancer and control cells were
seeded at a density of 5x10° cells per well in 96-well culture
plates in 100 pL of culture medium and were allowed to attach
overnight before treatment. The next day, these cells were
treated with serial concentrations (0.0625, 0.125, 0.25, 0.5, 1
mg/mL) of F. carica for 24 h. Furthermore, nontreated cells and
cells treated with DMSO (0.5%) were used as negative controls
and solvent controls, respectively. After that, the treatment
medium was removed and wells were washed twice with 200
uL of PBS. At the end of these periods, for determination of
living cells, 100 pL of DMEM without phenol red and 50 pL of
XTT labeling mixture were added to each well and then the
plates were incubated for another 4 h. The absorbance of XTT-
formazan was measured using a microplate reader (Epoch,
USA) at 450 nm against the control (the same cells without
any treatment). All experiments were performed in three
independent experiments and cell viability was expressed in %
related to the control (100% viability).

Statistical analysis

Data obtained from in vitro antioxidant and antidiabetic activity
were expressed as the mean + SD. Cytotoxicity results were
evaluated statistically using one-way analysis of variance
(ANOVA) at 95% confidence levels for multiple comparisons.
The Tukey test was used as the post-hoc test. P values less than
or equal to 0.05 were considered to be statistically significant.
The 50% inhibitory concentrations of the extract and reference
compounds were calculated through an extract dose-response
curve in GraphPad Software (San Diego, CA, USA).

RESULTS AND DISCUSSION

GC-MS analysis of the water and methanol extracts of F. carica
The chemical compositions of the water and methanol extracts
of F. carica leaves were studied using GC-MS and the results
are shown in Table 1. According to the GC-MS results, more
different components were obtained in the methanol extract
than in the aqueous extract of F. carica. Namely, six and 28
different compounds were determined in the water and
methanol extracts, respectively. While the most abundant
components are benzene, methoxy-(3.32%), 4-methyl-1,4-
heptadiene (6.85%), 1-pentene, 2,3-dimethyl-(2.72%) for the
water extract, they were 2H-furo[2,3-H]-1-benzopyran-2-one
(53.64%), bergapten (19.27%), 9]12,15-octadecatrienoic acid,
methyl ester, (Z,Z,2)-(4.05%) for the methanol extract.
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Table 1. Chemical components of the water and methanol extracts

from F. carica

When the extracts of the F. carica leaves were compared, we
can see that the solubility of the methanol extracts was much
greater than that of the water extracts, because the number

Chemical components RT Water  Methanol
(min) (%) (%) of components is much higher in the methanol extracts.
2_Furanmethanol (CAS) 6.692 . 036 However, when we compare the enz.ym'e.ihhibitio.n .a.ctivities,
‘ the water extracts showed higher inhibition activities than
2-Cyclopentene-1,4-dione 7493 - 010 the methanol extracts (Table 2). This is most likely caused
Benzene, methoxy- 8.654 332 - by the water extracts’ components. It is also interesting that
1,2-Cyclopentanedione 8.849 . 031 almost noﬁne of the.se components are present in the methanol
extract. Likewise, in the study conducted by Konyalioglu,*' the
Phenol (CAS) 298 -002 014 amount of alpha-tocopherol in fig leaves was determined by
4H-Pyran-4-one, 2,3-dihydro-3,5- 16.677  --- 0.30 HPLC and correlated with antioxidant activity. In our study, GC-
dihydroxy-6-methyl- MS analysis of the F. carica leaves shows that the antioxidant
4-Methyl-14-heptadiene 17.031 685  --- vitamin alpha-tocopherol (vitamin E) was found in the methanol
1-Pentene, 2,3-dimethyl- 18576 272 - extract.
2-Furancarboxaldehyde, 19274 - 0.01 In vitro antioxidant activity
5-(hydroxym ethyD- In vitro radical scavenging activity
5-Acetyl-2-furanmethanol 20.545 113 - In some physiopathologic circumstances, there is excessive
Benzoic acid, 3-hydroxy-, methyl 26770 147 — production of free radicals, leading to the occurrence of oxidative
ester (CAS) stress. This later is related to the appearance of many diseases
Cyclododecane 28218 - 0.66 including Alzhe|mer§ cﬁsease.s, F:e?rdloyascul'ar. d|sea§e, and
] cancer.”® Natural antioxidants inhibit their activity by different
2,7-Naphthalenedial (CAS) 28630 - 0.82 mechanisms such as scavenging of reactive oxygen species,
Phenol, 2,4-bis(1,1-dimethylethyD)- 29.288  --- 0.64 metal chelating, activation of antioxidant enzymes, and inhibition
1H-Imidazole, 4-methyl-5-nitro- 30.827  --- 010 of oxidase. Therefore, it is necessary to use different methods to
67-Dimeth i ; 31931 010 evaluate the antioxidant activity of extracts in plants. Previous
,-Dimethoxyquinoxaline - — : studies have shown that the fig of F. carica has antioxidant
acrylic acid dodecany! ester 33436 --- 0.69 activity.®2In our study, leaf extract of F. carica scavenged DPPH
(-)-Loliolide 35.084  --- 0.48 and ABTS radicals in a concentration-dependent manner. As
2H-Furo[2,3-H]-I-benzopyran-2-one 36280 - 53 64 shqwn in Figure Ta and 1b, the IC_, of ABTS radical scavenging
activity of the methanol and water extract was 559.39 pg/mL
7H-Furo[32-gll1lbenzopyran-7-one  36.640 --- 010 and 428.51 pg/mL, while DPPH scavenging activity was 1.45
Hexadecanoic acid, methyl ester 37705  --- 0.66 mg/mL and 1.83 mg/mL, respectively.
Hexadecanoic acid (CAS) 38357  --- 2.30 The total phenolics (mg GAE/g of sample) and flavonoid (mg
Bergapten 4014 - 1927 CE/g of' s.amp!e) in the different extract of the F. carica leaves
— are exhibited in Figure 1c. F. carica leaf methanol extract (16.11
912,15-Octadecatrienoic acid, 40526 - 0.80 mg GAE/g) exhibited higher phenolic contents as compared to
methyl ester (CAS) water extract (6.29 mg GAE/g), while the total flavonoid content
7-Oxabicyclo[4.1.0lheptane, 40.709  --- 140 was almost the same as that of methanol (11.29 mg CE/g) and
1,5-dimethyl- water (11.06 mg CE/g) extract. The phenolic compounds in fig
Heptadecanoic acid, 16-methyl-, 40886  --- 010 leaves were quantitatively determined using HPLC-DAD by
methyl ester — -
Table 2. Enzyme inhibitory activity (%) of the water and methanol
912,15-Octadecatrienoic acid, 41.207 i 4.05 extracts from F. carica leaves (at 2 mg/mL concentrations)
methyl ester, (£,2,2)- Anticholinesterase activity Antidiabetic activity
Methyl (2)-5,1114,17- 41424 - 010 Extracts AChE BChE o-glucosidase a-amylase
eicosatetraenoate
Methanol 53.33+3.21 5797+5.61 64.93+1.09 67.32+2.46
Ferruginol 43970  --- 0.28
Water 62.88+3.65 73.02+4.28 69.56+0.61  69.08+6.05
4,812,16-Tetramethylheptadecan-4- 44176 --- on
olide Reference drugs
Isosteviol methyl ester 45.899 - 0.38 Galantamine 93.87+ 0.56 89.89+0.01 --- L
hydrobromide D DA
Docosa-2,6,10,14,18-pentaen-22-al, 51.272 --- 1.07
2,6,10,15,18-pentamethyl-, alltrans Acarbose -—- --- 5756+0.52 58.40+0.63
Vitamin E 55.563 J— 0.35 AChE: Acetylcholinesterase, BChE: Butyrylcholinesterase
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Teixeira et al.** We also achieved similar results using a different
method in our study. In another study, by Ali et al.* it was
shown that antioxidant and anti-inflammatory activities of fig
leaves are associated with flavonoids and phenolic compounds
found in the leaves.

It is well known that the ferrous and cupric ions stimulate lipid
oxidation by breaking down hydrogen and lipid peroxides to
reactive free radicals via the Fenton reaction. Therefore, metal
chelating agents play an important role in terms of retarding the
radical degradation by reducing the concentration of transition

metal.® According to our results, water extracts exhibited
better iron chelating activity than methanol extract (Figure 1e).

In the FRAP assay, the reductants (antioxidants) present in the
extract reduce a Fe*-TPTZ complex to form blue Fe*-TPTZ.
The change in absorbance at 593 nm is proportional to the
FRAP value of the antioxidants in the sample.® The results of
the FRAP assay are given in Figure 1d. In this assay, the higher
activity was noted for methanol extract than water extract at
higher concentration, but the ferric reducing power was the
same at the lower concentration.
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Figure 1. /n vitro antioxidant activity of the methanol and water extracts from F. carica leaves; a) DPPH radical scavenging activity; b) ABTS radical
scavenging activity; c) total phenol and total flavonoid contents; d) ferric reducing power as FeSO, equivalent; e) iron chelating activity.
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AChE and BChE inhibition activity

The methanol and water extracts prepared from F. carica leaves
were evaluated for their inhibitory effects against AChE and
BChE, which are Alzheimer’'s disease-related enzymes. The
water extract exhibited stronger activity and showed 63% and
73% inhibition of AChE and BChE, which was lower than the
standard drug galantamine (with 93% and 90% inhibition) at
the same concentration (Table 2). According to the report by
Ahmad et al.¥, the n-butanol fractions displayed the best anti-
AChE activity, while ethyl acetate soluble fraction demonstrated
the best anti-BChE activity among different solvent fractions of
F. carica fruit. In the study by Orhan et al.,*® the n-hexane and
acetone extracts of leaves exhibited notable inhibition activity
against both AChE and BChE. However, in our study, the
aqueous extract was found to be more active than the methanol
in terms of these two enzyme inhibitions. This may be due
to the more polar compounds present in the aqueous extract
active against AChE and BChE enzyme inhibition.

In vitro a-glucosidase and a-amylase enzyme inhibition activity

It is known that a-amylase and a-glucosidase are enzymes that
catalyze the hydrolysis of polysaccharides and disaccharides
to monosaccharides. The inhibition of these two enzymes
hinders the rapid uptake of blood glucose levels by delaying
the digestion of carbohydrates.® The results of the inhibitory
activity of the F. carica leaf methanol and water extracts against
a-glucosidase and a-amylase enzyme are presented in Table
2. When compared to each other, the water extract (69.56%

=~ Ficus carica Water Extract
-=~ Ficus carica Methanol Extract
- 1004
=
Z 75 1Cs> 1 mg/ml
Z 754
E 1C5y= 0.081 mg/mL
2 504
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Figure 2. Effects of the water and methanol extracts from F. carica
on the viability of MDA-MB-231 cell line, after treatment with various
concentrations (range: 0.065-1 mg/mL) for 24 h. Both extracts showed no
toxicity in normal cells

and 69.08%) was found to be higher than the methanol extract
(64.93% and 67.32%) in inhibiting a-glucosidase and a.-amylase
enzyme activity, and both extracts were found to be potential
inhibitors against a-glucosidase and a.-amylase compared with
the standard antidiabetic drug acarbose (57.56% and 58.4%) at
the same concentration (2 mg/mL). In a recent study, similar
antidiabetic activities were reported for the ethyl acetate and
ethanol extracts of F. carica fruit® In another study, the ethyl
acetate extract of F. carica leaves showed antidiabetic activity
by stimulating insulin production from regenerated pancreas
beta cells.”’ Similar results were reported for the water and
methanol extracts of F. carica leaves in our study.

Antimicrobial activity

The antimicrobial activities of F. carica methanol and water
extracts against S. aureus, E. faecalis, P. aeruginosa, E. coli,
K. pneumoniae, and C. albicans were detected using the
microdilution technique at the concentration range 0.156 to 2.5
mg/mL (Table 3). It has been reported that the antimicrobial
activity of plant extracts was evaluated as significant with MIC
value less than or equal to 0.1 mg/mL, moderate with 0.1< MIC
<0.625 mg/mL, and weak with MIC value greater than 0.625
mg/mL." According to these criteria, the methanol extract of
F. carica showed moderate antimicrobial activities against
E. coli (0.625 mg/mL) and S. aureus (0156 mg/mL) and weak
antimicrobial activity against the other bacteria and C. albicans
(2.5 mg/mL). Similarly, the water extract of F. carica displayed
moderate antimicrobial activity against S. aureus (0.625 mg/mL)
and weak antimicrobial activity against the other bacteria and
C. albicans (=2.5 mg/mL).

F. carica methanol extract has been studied against various
bacteria and showed moderate to strong antibacterial activity.
Inan in vitro study, Jeong et al.*? reported that F. carica methanol
extract had strong antibacterial activity on oral bacteria. In
another study, Keskin et al.®® investigated the antimicrobial
activity of different extracts of F. carica. Their study reported
that the MIC values of the methanol and aqueous extracts of
F. carica against bacteria and C. albicans were MIC 25-400<
ug/mL and MIC 200-400< pg/mL, respectively.® In the present
study, E. coli and S. aureus were more susceptible to the
methanol extract. Our results revealed that the methanol and
water extracts of F. carica exhibited weak antimicrobial effects
against other bacteria and C. albicans.

Cell viability
The XTT cell proliferation assay was used to evaluate the

antiproliferative effects of the water and methanolic extracts
of F. carica on MDA-MB-231 and L929 cell lines. As shown in

Table 3. Antimicrobial activity results of F. carica methanol and water extracts

Microorganisms and MIC values (mg/mL)

E. coli S. aureus P. aeruginosa E. faecalis K. pneumoniae C. albicans
Methanol 0.625 0.156 »2.5 »2.5 >2.5 25
Water 2.5 0.625 »2.5 2.5 >2.5 25

MIC: Minimum inhibitory concantrotion
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Figure 2, the methanol extract at all concentrations significantly
inhibited MDA-MB-231 cell proliferation (p<0.05) in a dose-
dependent manner (IC,=0.081 mg/mL). On the other hand,
concentration of 1 mg/mL of the water extract moderately
decreased the cell viability (IC_>1 mg/mL) (p<0.05). However,
neither extract exhibited any significant cytotoxicity on the
.929 cell line in the concentrations range (1-0.0625 mg/mL).

Our cytotoxicity results clearly indicated that the methanol
extract is more toxic than the water extract of F. carica. This
may be due to the fact that the methanol extract has richer
active ingredients than the water extract, as shown in Table
1. Additionally, the anticancer effects may be associated with
antioxidant features due to its polyphenolic components quantity
(Figure 1). To the best of our knowledge, this is the first study
of the anticancer effect of fig leaf extracts on MDA-MB-231.
However, different parts of F. carica and different extracts of fig
leaf have already been found to be cytotoxic on various cancer
cells such as the stomach and cervix.®44

CONCLUSION

Overall, in this study, the components and antioxidant,
antimicrobial, anticancer, enzyme inhibition, and antidiabetic
effects of F. carica leaf methanol and water extracts were
investigated. Despite the several antioxidant activities of F.
carica leaves, to the best of our knowledge there are no reports
on the comparative study of extracts with different polarity as
well as other antioxidant methods such as iron chelating and
ferric reducing power. Our results indicated that especially
the methanol extract has strong anticancer, antioxidant, and
antidiabetic activities. There is a correlation between anticancer
and antioxidant activity and total phenolic content. Moreover,
the richer chemical content of the methanol extract may be
associated with higher biological activity. Consequently, the
methanolic extract of the leaf of F. carica may be considered
a potential therapeutic agent in cancer and diabetes mellitus.
However, further studies, particularly in vivo experiments, are
needed to verify these effects.

Conflicts of interest: No conflict of interest was declared by the
authors.
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ABSTRAC T |

Objectives: Simple, specific, accurate, precise, sensitive, and cost effective spectrophotometric methods were developed and validated for
quantification of the drugs lornoxicam (LOR) and mesalamine (MES) in pure form and in pharmaceutical formulations.

Materials and Methods: A Shimadzu UV-1800 double-beam UV-Visible spectrophotometer having a spectral bandwidth of 0.1 nm with wavelength
accuracy +0.1 nm with a pair of 1 cm path length matched quartz cells was used to measure the absorbance of the resulting solution.

Method | was used for the quantification of LOR, based on measurement of the absorbance of bluish green chromogen complex at 760 nm, which is
formed by the reaction of LOR with ferric chloride and potassium ferricyanide (redox technique). Method Il was used for the quantification of MES,
based on measurement of the absorbance of yellow chromogen at 400 nm, which is formed by the condensation reaction of the primary amino
group of MES with salicylaldehyde reagent (SA) (Schiff base formation).

Results: Both methods obeyed Beer's law in the concentration range of 0.5-4.5 ug/mL and 0.2-1.7 pg/mL with good correlation coefficients of 0.9974
and 0.998 for methods | and Il, respectively.

Conclusion: The developed method is simple, sensitive, and specific, which was validated statistically as per ICH guidelines, and can be used in the
routine analysis of LOR and MES in pharmaceutical dosage forms.

Key words: Ferric chloride, lornoxicam, mesalamine, salicylaldehyde reagent, visible spectrophotometry

s

Amag: Lornoksikam (LOR) ve mesalaminin (MES) hem saf formda hemde farmasétik formulasyonlarda tayini igin basit, spesifik, dogru, duyarli ve
dustk maliyetli spektrofotometrik yontemler, gelistirmek ve valide etmektir.

Gereg ve Yontemler: Elde edilen ¢ozeltilerin absorbanslari Shimadzu UV-1800 gift isinli spektrofotometrede 0,1 nm spektral bant genisligi ve +0,1
nm hassasiyetle 1 cm’lik kuvars kuvetler kullanilarak 6lguldd.

Bulgular: Metot |, LOR'nin demir Il klorur ve potasyum ferrisiyanur (redoks teknigi) ile reaksiyonu sonucu olusan mavimsi yesil renkli kromojen
kompleksinin absorbansinin 760 nm’'de &lgiimiine dayanan yontemdir. Metot I, MES'nin primer amino grubunun salisilaldehit reaktifi (SA) (Schiff
baz olusumu) ile kondensasyon reaksiyonundan olusan sari renkli kromojenin absorbansinin 400 nm'de &lgiimiine dayanan yéntemdir. Metot | ve
Il igin; her iki yéntemde de, sirasiyla 0,5-4,5 pg/mL ve 0,2-17 ug/mL’lik konsantrasyon araliklarinda, Beer yasasina sirasiyla 0,9974 ve 0,9980°lik
korelasyon katsayilari ile iyi bir uygunluk géstermislerdir.

Sonug: Gelistirilen yontemler; LOR ve MES'nin farmasétik dozaj formlarinin rutin analizinde kullanilabilecek ve ICH y&nergelerine gére valide
edilmis basit, hassas ve spesifik yontemlerdir.

Anahtar kelimeler: Demir Il klorur, lornoksikam, mesalamin, salisilaldehit reaktifi, géruntr spektrofotometri
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INTRODUCTION

Lornoxicam (LOR) has the IUPAC name 6-chloro-4-hydroxy-
2-methyl-N-2-pyridinyl-2H-thieno ~ [2,  3-el]-1,2-thiazine-3-
carboximide 1,11-dioxide. It belongs to the class of oxicams
and it is a nonsteroidal anti-inflammatory drug with analgesic
properties (Figure 1).'Mesalamine (MES) has the IUPAC name
5-amino-2-hydroxy benzoic acid (Figure 2). It is an anti-
inflammatory drug used to treat inflammation of the digestive
tract (Crohn’s disease) and mild to moderate ulcerative colitis.

A literature survey revealed that numerous analytical methods
have been published for the analysis of both LOR and MES
by ultraviolet (UV) spectrophotometric and high performance
liquid chromatography (HPLC) methods.2"® Most of the reported
procedures are not simple for routine analysis and require
expensive or sophisticated instruments. Hence, it is always
required to develop simple, fast, and inexpensive analytical
methods that can be readily adopted for routine analysis at a
relatively low cost for the different requirements of analytical
problems.

Visible spectrophotometry, because of its simplicity
and cost effectiveness, sensitivity and selectivity, fair
accuracy, precision, and easy access in most quality control
laboratories, has remained competitive in the area of
chromatographic techniques for pharmaceutical analysis.
Visible spectrophotometric methods based on diverse
reactions have been reported for the determination of LOR
and MES in pharmaceutical dosage forms.*?* However, most
of the reported visible spectrophotometric methods suffer
from disadvantages like narrow range of determination,
poor sensitivity, and temperature and pH maintenance. In
the present work, two simple and sensitive extraction-free
spectrophotometric methods based on the redox reaction and

NN OH O
Z e
N | ° Cl
/N\ /
S
7\
0

Figure 1. Structure of lornoxicam

Figure 2. Structure of mesalamine

condensation reaction are proposed for the determination of
LOR and MES in bulk drug and pharmaceutical dosage forms.

MATERIALS AND METHODS

Preparation of reagents and solutions

Ferric chloride solution (3% w/v) was prepared by dissolving 3
g in 100 mL of 0.1 N hydrochloric acid. Potassium ferricyanide
(0.3% w/v) was prepared by dissolving 300 mg in 100 mL of
distilled water. Salicylaldehyde reagent (5% v/v) was prepared
by diluting 0.5 mL to 10 mL using ethanol.

LOR stock solution was prepared by weighing 10.0 mg of LOR
and dissolving it in a few milliliters of 0.01 M NaOH and the
volume was made up to 100.0 mL with 0.01 M NaOH to acquire
100 pg/mL solution. Further dilutions were made from stock
solution to obtain the required concentration for method .

MES stock solution was prepared by weighing 10.0 mg of MES
and dissolving it in a few milliliters of 01 M NaOH and the
volume was made up to 100.0 mL with 0.1 M NaOH to acquire
100 pg/mL solution. Further dilutions were made from stock
solution to obtain the required concentration for method Il.

Preparation of sample solutions

Redox-complexation method

Aliquots of standard drug solution of LOR ranging from 0.05 to
0.45 mL were taken into a series of 10.0-mL volumetric flasks.
Then 0.5 mL of 3% w/v ferric chloride, 0.5 mL of 0.3% w/v
potassium ferricyanide, and 0.5 mL of 1 N hydrochloric acid
were added. The volume was made up to the mark with water
to prepare a series of standard solutions containing 0.5-4.5
pg/mL. The solutions were kept aside for 30 min and later the
absorbance was measured at 760 nm against the corresponding
reagent blank.

Condensation method

Aliquots of standard drug solution of MES ranging from 0.02
to 0.17 mL were prepared in a series of 10.0 mL volumetric
flasks. To this 1 mL of 5% v/v salicylaldehyde was added. The
volume was then made up to the mark with ethanol to prepare
a series of standard solutions containing 0.2-1.7 pg/mL. The
complete color development was attained after 45 min. Then
the absorbance of the colored chromogen was measured at
400 nm against the corresponding reagent blank.

In both methods (I and I), calibration curves were prepared and
the linearity in pure solution was checked over concentration of
0.5-4.5 pg/mL for LOR and 0.2-1.7 ug/mL for MES. The relative
standard deviation (RSD) and correlation coefficient of the
standard curve were calculated.

Assay of pharmaceutical dosage form

Method |

The contents of 20 tablets (Lornoxi 4 and 8; Lorsaid 4 and
8) were weighed and powdered. The equivalent quantity to
4 mg of active ingredient was dissolved in 0.01 N NaOH and
the volume was made up to 10.0 mL and was filtered using
Whatman filter paper. Appropriate dilutions of the prepared
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solution were made to prepare its working solution and the
procedures under linearity were followed. The absorbance of
the colored chromogen was measured at 760 nm against the
corresponding reagent blank.

Method Il

The contents of 20 tablets (Mesacol 400 mg) were weighed
and powdered. The equivalent quantity to 10 mg of active
ingredient was dissolved in 0.1 N NaOH and the volume was
made up to 10.0 mL and was filtered using Whatman filter paper.
Appropriate dilutions of the prepared solution were made to
prepare its working solution and the procedures under linearity
were followed. The absorbance of the colored chromogen was
measured at 400 nm against the corresponding reagent blank.

RESULTS AND DISCUSSION

To attain a sensitive and specific photometric method for
quantification of LOR and MES, distinct experimental conditions
were investigated such as concentration of chromogenic
agent, strength of the medium, concentration of oxidizing
agent, temperature conditions, and time for stability of the
chromogenic complex.

Redox-complexation method

LOR exhibits a reducing property due to the presence of
functional moieties vulnerable to oxidation selectively with
oxidizing agents such as ferric chloride. Under controlled
experimental conditions when treated with a known excess
amount of oxidant, LOR undergoes oxidation, giving products of
oxidation (inclusive of reduced form of oxidant Fe(ll) from Fe(lID)
besides unreacted oxidant. It is possible to estimate the drug
content colorimetrically, which is equivalent to either reduced
oxidant or reduced form of oxidant formed. The reduced form
of Fe(llD), i.e. Fe(l), has a tendency to give a blue green complex
on treatment with potassium ferricyanide. The absorbance of
the bluish green complex formed was measured at 760 nm
(Scheme 1).

Condensation method

MES undergoes a condensation reaction with salicylaldehyde
giving a yellow Schiff base product. MES contains a primary
amine group, which reacts with an active carbonyl group in
salicylaldehyde forming Schiff bases [compounds containing
an imine or azomethine group (-RCH=N-)] of stable yellow
exhibiting absorption maxima at 400 nm and the reaction
proceeds in ethanol (Scheme 2).

Method validation
Validation of the analytical method was carried out according

to International Conference on Harmonisation (CH)
recommendations [ICH, Q1A (R2), 2005].%

Linearity and range

The linearity of an analytical method is its ability to elicit test
results that are directly or by a well-defined mathematical
transformation proportional to the concentration of analyte
in samples within a given range. The calibration graph
showed that a linear response was obtained over the range
of concentrations used in the assay procedure. The linearity
ranges are 0.5-4.5 ug/mL and 0.2-1.7 ug/mL for methods | and
Il respectively (Figures 3 and 4). The correlation coefficients of
drugs in methods | and Il were 0.9974 and 0.998, respectively.
These data clearly demonstrate that the developed methods
have adequate sensitivity to the concentration of the analytes
in the sample. The optical characteristics of both methods such
as absorption maxima, Beer's law limits, molar absorptivity,
Sandell’s sensitivity, and regression equation are reported in
Table 1.

Precision

Precision of the method was determined by intraday and
interday precision as per ICH guidelines. Intraday precision was
investigated by preparing six replicate sample solutions on the
same day. Interday precision was assessed by analyzing newly
prepared sample solutions in triplicate over three consecutive

lornoxicam

Fe(l) 4 KsFe(lll)(CN),

V/,
H /.
h 1m
+ Fe(lll) — | o ; =
_-N ¢

—_—

Oxidation product of lornoxicam

+ Fe(ll) + UnreactedFe(lll)

K;Fe**[Fe*?(CN),]

Coloured complex

Scheme 1. Reaction mechanism of LOR with potassium ferricyanide in the presence of ferric chloride

LOR: Lornoxicam
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days. The obtained RSD % was within the acceptable range.
The results of this study are summarized in Table 2.

Accuracy

Accuracy of the methods was assured by applying the standard
addition technique where good percentage recoveries were
obtained, confirming the accuracy of the proposed methods.
The average percentage recovery and RSD % were statistically
calculated. The % recovery values for both the methods are
shown in Table 3.

O OH
ethanol \

H CHO
5
HO
H OH =

R ——
i COOH

mesalamine salicylaldehyde

Scheme 2. Reaction mechanism of MES with salicylaldehyde
MES: Mesalamine

re =760nm

4
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A (n;n)

Figure 3. Absorption spectra of lornoxicam with potassium ferricyanide
and ferric chloride
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Figure 4. Absorption spectra of mesalamine with salicylaldehyde

Limit of detection (LOD) and limit of quantification (LOQ)

The LOD and LOQ for methods | and Il by the proposed method
were determined using calibration standards. LOD and LOQ
were calculated by using 3.3 o/s and 10 o/s, respectively, where
s is the slope of the calibration curve and o is the standard
deviation of the y intercept of the regression equation. The LOD
and LOQ were 0.0094 pg/mL and 0.0154 pg/mL for method |
and 0.0129 pg/mL and 0.0392 pg/mL for method Il, respectively.

Application of the proposed method (analysis of commercially
available formulations)

The proposed method was successfully applied to the analysis of
both the drugs in their respective pharmaceutical formulations.
The results obtained were in good agreement with the label
claim as concluded from the satisfactory values of % assay and
% RSD shown in Table 4. The assay values were compared with

Table 1. Optical parameters for methods | and Il

Parameters Method | Method I
Absorption wavelength (nm) 760 400
Beer's law range (ug/mL) 0.5-4.5 0.2-1.7
Molar absorptivity 11x10 1.2x10%
(Lem/mol)

Sandell’s sensitivity 0.0038 0.0048
(ug/cm?)

Limit of detection (ug/mL) 0.0094 0.0129
Limit of quantification 0.0154 0.0392
(pg/mL)

Correlation coefficient (r?) 0.9974 0.9984
Slope (m) 0.2343 0.306
Intercept (c) 0.0083 0.0m

Regression equation Y=0.2343x+0.0083 Y=0.306x-0.011

Table 2. Precision for methods | and Il

Intraday precision Interday precision

Concentration Concentration % RSD* Concentration % RSD?
(pg/mL) estimated estimated

(pg/mL) (ng/mL)

AM + SD* AM + SD*
Precision values for method |
0.5 0.524+0.002 0.381 0.512+0.0012  0.234
25 2.428+0.004 0.164 2.524+0.0045 0.178
45 4.621+0.001 0.021 4545+0.0026 0.057
Precision values for method Il
0.5 0.501+0.004 0.279 0.505+£0.0012  0.237
11 114+0.0028 0.245 1.12+0.0032 0.285
1.7 1.73+0.0056 0.323 1.72+0.0026 0151

*Mean value of 6 determinations. Relative standard deviation (%).
RSD: Relative standard deviation, SD: Standard deviation
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Table 3. Accuracy studies for methods | and Il

Brand name Recovery level (%) Amount taken ~ Amount of drug Theoretical amount  Amount recovered % Recovery %
(mg) spiked (mg) of drug (mg) mg + SD* RSD

Accuracy studies for method |

Lornoxi 4 80 2 1.6 3.6 3.69+0.016 102.5 0.433
100 2 2.0 4.0 3.82+0.024 95.0 0.628
120 2 2.4 4.4 4.34+0.074 98.6 1.705

Accuracy studies for method Il

Mesacol 80 5 4 9 8.82+0.015 98 017

400 100 5 5 10 10.03£0.022 100 0.21
120 5 6 n 11+0.089 100 0.80

RSD: Relative standard deviation, SD: Standard deviation

Table 4. Assay of methods | and Il

Formulation Label claim (mg) Amount found (mg) AM + SD" % Assay % RSD
Proposed method Reference method®" T-test value

Lornoxi 4 4 3.92+0.015 4.02+0.008 0.882 99 0.377

Lornoxi 8 8 7.99+0.062 7.95+0.011 0.21 99.8 0.775

Lorsaid 4 4 3.96+0.045 3.93+0.012 0.09 99 0.303

Lorsaid 8 8 7.97+0.012 8.04+0.017 0.5 99.8 0.150

Mesacol 400 mg 399.4+0.6 399.5+0.017 0.01 99.8 015

*Mean of three determinations.
RSD: Relative standard deviation, SD: Standard deviation

reference method values using Student’s t-test. The calculated
values were less than the tabulated t-value (t=2.571 at p<0.05),
which revealed that there is no significant difference between
the proposed method and the reference method (similarity of
the methods).

CONCLUSION

The contemplated method was simple, sensitive, accurate, and
precise for the quantification of LOR and MES in pharmaceutical
dosage forms. The assay values were in good concord with their
respective dosage form. The developed spectrophotometric
methods were found to be enhanced because of their specificity,
sensitivity, no extraction procedures, time saving nature, cost
effectiveness, and involving very simple procedures. Besides
the simplicity and sensitivity of the procedures, the relative
inexpensive apparatus and cost effective reagents demonstrate
their advantageous characteristics when compared to HPLC
techniques. These advantages indicate that the contemplated
method can be routinely used in quality control for analysis of
LOR and MES in pharmaceutical dosage forms.
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Considering the Effect of Rosa damascena Mill.
Essential Oil on Oxidative Stress and COX-2 Gene
Expression in the Liver of Septic Rats

Rosa damascena Mill. Ucucu Yaginin Sepsis Olusturulmus Sicanlarin
Karacigerinde Oksidatif Stres ve COX-2 Gen Ekspresyonu Uzerine
Etkilerinin Degerlendirilmesi
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ABSTRAC T |

Objectives: Sepsis is a clinical illness with a high rate of mortality all over the world. Oxidative stress is considered the main phenomenon that
occurs in sepsis. Rosa damascena Mill. is an ancient herbal plant with high pharmacological activities.

Materials and Methods: Cecal ligation and puncture (CLP) as a standard model was used to induce sepsis in rats. Male adult rats were randomly
divided into 5 groups. Different doses of R. damascena essential oil (50 and 100 mg/kg.bw) were gavaged orally for 14 days and on day 15
CLP was performed. After 24 h, blood samples and liver tissues were removed in order to measure oxidative stress [myeloperoxidase (MPO),
malondialdehyde (MDA), glutathione (GSH), glutathione-S-transferase, and ferric reducing ability of plasma (FRAP)] and biochemical parameters
[alkaline phosphatase (ALP), aspartate transaminase (AST), alanine transaminase (ALT), and bilirubin] together with plasma prostaglandin E,
(PGE,) and COX-2 expression.

Results: The essential oil was capable of modulating all of the oxidative stress, antioxidant, and anti-inflammatory parameters induced by CLP
as characterized by elevations in MPO and MDA levels as well as increases in AST and ALT concentrations concomitant with PGE, and COX-2
increments. The antioxidant defense system such as GSH and FRAP was also increased in the essential oil treated groups.

Conclusion: Our results showed that the essential oil has antioxidative and hepatoprotective activities through reducing the oxidative injury in
sepsis caused by CLP.

Key words: Sepsis, Rosa damascena Mill., oxidative stress, CLP, hepatoprotective activity
(O

Amag: Sepsis, tim dinyada yUksek 6lum oranina sahip klinik bir hastaliktir. Oksidatif stres sepsiste ortaya gikan énemli bir olgu olarak kabul edilir.
Rosa damascena Mill., farmakolojik aktiviteleri ylksek olan eski bir bitkidir.

Gereg ve Yontemler: Standart bir model olarak gekal ligasyon ve ponksiyon (CLP), siganlarda sepsis olusturmak igin kullanilmistir. Erkek yetiskin
sicanlar rastgele 5 gruba ayrilmistir. R. damascena ugucu yaglari (50 ve 100 mg/kg) 14 giin boyunca oral yolla verilmis ve 15. giinde CLP uygulanmistir.
Yirmi dért saat sonra, plazma plazma prostaglandin E, (PGE,) ve COX-2 ekspresyonu ile birlikte oksidatif stres (MPO, MDA, GSH, GST ve FRAP)
ve biyokimyasal parametreleri [alkalen fosfataz, aspartate transaminase (AST), alanin transaminaz (ALT) ve bilirubin] 6lgmek igin kan 6rnekleri ve
karaciger dokulari gikarilmistir.
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Bulgular: Ugucu yag, MPO ve MDA seviyelerinde ylkselme, PGE, ve COX-2 artisi, AST ve ALT konsantrasyonlarindaki artisla sonuglanan CLP-
nedenli tim oksidatif stres, antioksidan ve anti-enflamatuvar parametreleri dizenlemistir. GSH ve FRAP gibi antioksidan savunma sistemi de ugucu

yag verilen gruplarda artmistir.

Sonug: Elde ettigimiz sonuglar, ugucu yagin, CLP'nin neden oldugu sepsiste oksidatif hasari azaltarak antioksidan ve hepatoprotektif aktivitelere

sahip oldugunu gdosterdi.

Anahtar kelimeler: Sepsis, Rosa damascena, oksidatif stres, CLP, hepatoprotektif aktivite

INTRODUCTION

Sepsis is an ancient and serious clinical disease with high
mortality in critically ill patients? Although all parasites and
microorganisms have the potential to cause sepsis, the best
known and most effective causes of pathogenesis of sepsis are
Gram-negative and Gram-positive bacteria and fungi.® Sepsis is
the result of assaulting microbial pathogens or their products,
like toxins in the bloodstream, expressed by the systemic
inflammatory response to infection.*®

In the initial stages of sepsis, a pathogenic microorganism
stimulates the body to produce large amounts of chemokine and
cytokines.® The imbalance between pro-inflammatory and anti-
inflammatory parameters is responsible for the susceptibility
to and outcome of sepsis.” By increasing oxidative stress and
reactive oxygen species (ROS), the body’s antioxidant system
is impaired, leading to effects on the cells and mitochondria and
finally causing organ dysfunction.?

To investigate the pathogenesis of sepsis and its mechanisms,
three methods are usually utilized: 1) injection and using
lipopolysaccharides (LPS) and other exogenous toxin like
zymogens; 2) applying different fatal and vivid pathogens; 3)
elimination or changing the endogenous protective barrier, like
cecal ligation and puncture (CLP) and colon ascendens stent
peritonitis.” All of them try to simulate pathophysiological
changes, which are very similar to septic shock.” Among them,
CLP is the most accepted method to imitate human sepsis; it is
considered a gold standard model. For the first time, Chaudhry
in 1970 developed CLP among others! It is surgery involving
cecum ligation and piercing, which can cause penetration
microbial and pathogen factors, and finally causing sepsis.”

Due the increase of oxidant and inflammatory elements, a
substitute for chemical drugs with high curative features
and less side effects is noteworthy!® The Damask rose (Rosa
damascena Mill) is an ancient herbal drug used for treatment
of illnesses in the past! It belongs to the family Rosaceae, is
considered an ornamental plant, and is known as the king of
flowers.® Nowadays, this plant is cultivated all over the world
for its products, essential oil and rosewater.

On the other hand, previous research has confirmed some
pharmacological properties such as antioxidant, anti-HIV, and
antibacterial activities!” Different features of R. damascena
were proposed in the distant past to cure bleeding and
digestive problems and to treat abdominal pain in traditional
medicine!® Many studies have proved the antioxidant activity
and other therapeutic effect of extract or essential oils of R.
damascena®” It was reported that hydroalcoholic extract of R.
damascena has analgesic and anti-inflammatory effects by the

formalin-induced method.® The R. damascena essential oils as a
natural antioxidant showed preventive effects against oxidative
damage.?’ However, there is no research on the therapeutic
effect of R. damascena on hepatic injuries especially induced
by sepsis. Thus, the present study was performed to evaluate
the hepatoprotective and antioxidant activities of R. damascena
essential oils against oxidative stress caused by CLP in the rat.

MATERIALS AND METHODS

Essential oil extraction

R. damascena essential oils were purchased from Barij Essence
Pharmaceutical Co, Kashan Iran. A voucher specimen (Batch
No: 714043, sample Serial No: AE932009) has been deposited
at the Barij Essence company.

GC and GC-mass analysis of Rosa damascena essential oils
The R. damascena essential oils were qualitatively and
quantitatively determined by GC of a Thermo Finnegan Trace
GC (Thermo Electron, Waltham, MA, USA), consisting of an Al/
AS 3000 auto sampler equipped with a Thermo Finnegan Auto
Mass quadruple mass spectrometer (Thermo Electron).

The GC analyzer was equipped with a TR5 fused silica column
(30 m, 0.025 mm, 0.025 m coating thick). The analytical
conditions were as follows: the column temperature was
initiated at 50°C for 1 min, then planned to rise to 280°C at a
rate of 10°C/min held by isothermal process. Helium was used
as the carrier gas at the rate of 1.0 mL/min. Identification of the
constituent was based on the comparison of GC retention with
those stored in the Wiley mass spectra library.

Free radical scavenging activity (DPPH assay)

The radical scavenging activity of R. damascena essential oils
was determined by DPPH assay. The absorbance of DPPH was
read against the blank at 517 nm. The inhibitory effect of the
essential oils in percent (I %) was calculated by the following
equation:

| %=(Ablank-Asample/Ablank)x100

B-Carotene/linoleic acid bleaching assay

To determine the antioxidant activity of R. damascena essential
oils, the P-carotene/linoleic acid bleaching assay was
performed. The oxidation of the (-carotene was monitored
spectrophotometrically by measuring absorbance at 470 nm
over 60 min. The antioxidant activity of the essential oils was
expressed as inhibition percentage with reference to the control
after 60 min of incubation using the following equation:

AA=100(DRC-DRS)/DRC
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where AA=antioxidant activity; DRC=degradation
rate of control=[In(a/b)/60]; DRS=degradation rate of
sample=[In(a/b)/60]; a=absorbance at time 0; b=absorbance at
60 min.

Treatment of animals

Two-month-old male Wistar rats (200-250 g) were purchased
from the animal breeding house of the Pasteur Institute, and
were kept in the animal facility at the Qom Azad University
animal room. The animals were acclimatized for 2 weeks in
standard conditions and kept in a photoperiod of 12 h light/12
h dark at 20-25°C. All the rats were fed a laboratory pellet diet
and drinking water ad libitum.

The animals were divided into 5 groups (n=10): 1) Negative
control (C): in the negative control group, dimethyl sulfoxide
(DMSO0), as solvent of essential oils, was orally administrated
to the rats for 14 days following laparotomy surgery.

2) CLP group: as the control group, the rats received DMSO for
14 days following CLP surgery.

3 & 4) CLP+R. damascena essential oils (50 and 100 mg/kg bw):
the rats received orally essential oil of R. damascena once a day
for 14 days dissolved in DMSO following CLP surgery.

5) CLP+IND (2 mg/kg bw): the rats were treated with
indomethacin once a day for 14 days along with CLP.

Sepsis induction

Sepsis was induced by CLP. The rats were anesthetized by i.p.
injection of ketamine and xylazine. Under sterile conditions, the
cecum was exposed through a 1- to 2-cm incision in the lower
left abdomen, ligated on the ileocecal valve with 3-0 silk, and
then was punctured twice with a 20-gauge needle. The cecum
was replaced in the peritoneum and the abdomen was closed
with surgical staples. The rats were injected with 5 mL of saline
s.c. for fluid resuscitation and were placed on a warming pad
until they recovered from anesthesia.

Preparation of tissue homogenate and plasma

At 24 h after CLP induction, the rats in all groups were
anesthetized with diethyl ether. Blood samples were withdrawn
by heparinized syringe, followed by centrifugation at 3000 x g for
10 min. Plasma samples were collected and maintained at -20°C
for biochemical purposes. In addition, the liver tissues were
removed and homogenized completely with buffer phosphate in
an ice bath to evaluate oxidative stress biomarkers. A portion
of that was also fixed in 10% formalin, for histopathological
studies.

Determination of the oxidative stress and antioxidant
parameters in the liver homogenate

Glutathione (GSH) estimation

The level of reduced GSH, as an antioxidant factor, was
measured in liver homogenate as described by Sedlak and
Lindsay.? The GSH level in samples was calculated by plotting
a standard curve of absorbance against different concentration
of GSH standard solution.

Measurement of tissue myeloperoxidase (MPO) activity

The extent of neutrophil accumulation in the liver was
evaluated by assaying MPO activity. MPO activity in the liver
was measured by the procedure reported by Hillegass et al.??

Measurement of tissue malondialdehyde (MDA)

To investigate the rate of lipid peroxidation, the concentration
of MDA was measured spectrophotometrically according the
method of Buege and Aust.?®

Measurement of tissue glutathione-S-transferase (GST) activity
GST activity was measured according to Habig et al.®* by
investigating the conjugation of 1-chloro-2, 4-dinitrobenzene
with reduced glutathione. The conjugation was done by an
increase in the absorbance at 340 nm.

Ferric reducing ability of plasma (FRAP)

The total antioxidant activity of plasma was measured by FRAP
assay based on the Benzie method.?> According to this, at low
pH, ferric tripyridyltriazine_complex (Fe,-TPTZ) is reduced to
the ferrous (Fe,) form. In this reaction, an intense blue color is
created with absorption at 593 nm.

Determination of prostaglandin E, (PGE,) concentration

PGE, was assessed by ELISA kit (BioAssay System) according
to the kit's instructions.

Determination of COX-2 gene expression using quantitative
real time-polymerase chain reaction (RT-PCR)

Total RNA extracted from the rat livers, by RNA total kit (BioBasic
Inc, Canada), was surveyed quantifiably by Nano Drop 2000.
Then to synthetic cDNA, each sample was reverse transcribed
into compulsory DNA (cDNA), using a PrimeScript™ RT reg Kit
(TaKaRa and oligo dt primers). The cDNA was stored at -20°C
until use.

In order to use specific primers of COX-2, Gene Runner
software version 3.05 and primer 3 servers were applied.

Expression of COX-2 genes was investigated by real-time
PCR system (Rotor-Gene Q-QIAGEN). The RT-PCR analyses
were done using SYBER green real-time PCR Master Mix. The
reaction compositions were Tag polymerase, dNTP, MgCL,
SYBER green | dye, 0.2 pL of primers, 0.5 pL of cDNA, and 10
uL of H,0. The reaction condition was designed by an initial
degeneration stage at 95°C for 2 min, 40 cycles at 95°C for
15's, 60°C for 20 s, and then held 72°C for 20 s. Each sample
was measured in triplicate. At the completion of each run,
melting curves for the amplicons were measured by raising
the temperature by 0.3°C from 57 to 95°C while monitoring
fluorescence. The comparative cycle threshold Ct method
was used for the relative quantification of gene expression.
Evaluation of the relative expression of mRNA was done and
normalized to GAPDH reported as a housekeeping gene.

Assessment of liver injury parameters

To determine the functional injuries to the liver caused by
polymicrobial sepsis, the plasma levels of alanine transaminase
(ALT), aspartate transaminase (AST), alkaline phosphatase
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(ALP), and total bilirubin were evaluated by Pars Azmoon kit
(Iran).

Histological analysis

Tissue samples were fixed with 10% buffered formaldehyde,
dehydrated, and embedded in paraffin. A liver section (5 um)
was stained with hematoxylin and eosin and examined under
light microscopy (Olympus CX31RBSF) to assess the hepatic
changes.

Quantitative and semiquantitative histological analysis was also
used for scoring the histopathological variables by a veterinary
pathologist. The mean numbers of marginated and infiltrated
neutrophils were counted in 10 random high power fields of the
microscope. Thereafter, scoring was performed between O and
4 as follows: score 0=0 up to 9 neutrophils, score 1=10 up to 19
neutrophils, score 2=20 up to 29 neutrophils, score 3=30 up to
39 neutrophils, score 4=more than 40 neutrophils. In addition,
mononuclear cell infiltrations and Kupffer cell hyperplasia
scoring were as follows: score O=normal condition, score
1=mild changes, score 2=average changes, score 3=severe
changes, score 4=more severe changes.

Statistical analysis

The data of this study were analyzed statistically with SPSS
v.19. The data were expressed as mean + standard deviation.
One-way analysis of variance was applied to compare the mean
values. The significance was considered as p value <0.05.

RESULTS

Essential oil analysis and antioxidant activities

As a result of the GC and GC-mass analysis, 24 chemical
components were identified. The major constituents of R.
damascena essential oils were characterized which were
citronellol (66.11%), trans-geraniol (11.56%), phenylethy! alcohol
(5.33%), and other constituents such as linalool, pinene, citral,
methyl eugenol, and geranene, presented in Table 1.

The DPPH and B-carotene-linoleic acid bleaching assays were
used to evaluate the antioxidant activities of R. damascena
essential oils. Essential oil was capable of reducing the
concentration of DPPH free radicals, which was higher
compared to Trolex (Figure 1. In addition, the B-carotene-
linoleic acid bleaching test showed high antioxidant activity in
comparison with the positive control (BHT) (Figure 2).

The effect of R. damascena essential oil on the oxidative stress
and antioxidant parameters

According to the data presented in Table 2, hepatic GSH level
was decreased due to CLP (p<0.05). Accordingly, similar to the
indomethacin treated group, R. damascena essential oils (50
and 100 mg/kg bw) followed by CLP increased the level of GSH
to reach the level in the control group (p<0.05).

Table 1. GC and GC-mass analysis of the R. damascena essential oils

Compound Percentage RI

1 a-Pinene 1.81 920.967742
2 Sabinene 0.08 953.225806
3 B-Pinene 0.3 956.989247
4 Myrcene 0.36 965.591398
5 Linalool 142 1056.45161
6 Rose oxide (Isomer) 0.47 1065.5914
7 Phenylethyl alcohol 5.33 1072.04301
8 Rose oxide (Isomer) 0.22 1079.56989
9 Citronellol 66.11 1162.84153
10 Carvone 0.76 1176.50273
1 Trans Geraniol 11.56 1181.42077
12 Citral 11 1194.53552
13 Citronellol acetate 0.69 1252.40964
14 Eugenol 0.83 1263.25301
15 Nerol acetate 0.89 1277.71084
16 Methyl eugenol 2.36 1297.59036
17 Caryophyllene (isomer) 0.69 1315.06024
18 a-Guaiene 0.54 1326.50602
19 Caryophyllene (isomer) 0.52 1340.96386
20 Germacrene 1.44 1362.04819
21 Bisabolene 0.25 1373.49398
22 Bulenensene 0.41 1378.31325
23 Tetradecane 1.41 151013514
24 Farnesol 0.45 1534.45946

Table 2. Effect of R. damascena essential oil on oxidative stress parameters

Groups GST (nmol/min/mg protein) ~ GSH (nmol/mg protein) MDA (nmol/mg protein) MPO (U/mg protein) ~ FRAP (pmol/L)
Control 1126+61.61 1142111 10.34+1.18 9.46x0.7 407+21.76
CLP 11733211 7.28+0.67* 18.51£1.53* 26.13+0.7* 257+10.98*
RD50 1838+38.39 13.51£0.78** 12.66+0.93** 11.06+0.92** 377+£9.8**
RD100 2044+85.88 13.58+0.61** 11.78+0.84** 10.46+0.98** 367+12.18**
IND 1076+48.22 11.26+£0.95** 11.8+0.87** 6.58+0.2** 280+18.2

*p<0.05 is considered significant between the control group and cecal ligation and puncture group. **p<0.05 is considered significant between the cecal ligation and puncture

group and treated groups. Data are presented as mean + standard deviation
CLP: Cecal ligation and puncture, IND: Indomethacin
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CLP induced significant increases in MPO activity as compared
to the control group (p<0.05). On the other hand, decreases in
MPO activity were seen in both groups treated by R. damascena
essential oils (50 and 100 mg/kg bw) (p<0.05) as shown in the
indomethacin group (Table 2).

Hepatic MDA level was significantly evaluated as an indicator
of lipid peroxidation in the CLP group in comparison to the
control group (p<0.05, Table 2). Treatment of rats with the
essential oils significantly decreased the level of MDA in the
liver (p<0.05, Table 2).

Concerning the effect of sepsis on FRAP level (Table 2), CLP
caused a significant decrease in FRAP level in comparison to
the control group (p<0.05). In addition, treatment of rats with
R. damascena essential oils in doses of 50 and 100 mg/kg bw
increased the level of FRAP to the ideal condition (p<0.05, Table
2).

CLP did not change the GST activity (Table 2), but treatment of
rats with 50 and 100 mg/kg bw of R. damascena essential oils
increased the activity of GST compared to the control and CLP
groups (p<0.05).

DPPH assay
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Figure 1. DPPH radical-scavenging activity of R. damascena essential oil.
The different letters are significantly different at the p<0.05 level. Samples
were done in triplicate (n=3)
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Figure 2. fp-Carotene/linoleic acid bleaching assay of R. damascena
essential oil. The different letters are significantly different at the p<0.05
level. Samples were done in triplicate (n=3)

R.damascena essential oils inhibited CLP-induced concentration
of PGE-,

In the present study, the evaluation of PGE, concentration
clearly indicated that CLP caused a significant increase in
plasma level of PGE, as compared to the control group (p<0.05,
Table 3). On the contrary, treatment of rats with R. damascena
essential oils (50 and 100 mg/kg bw) significantly decreased
plasma PGE, concentration in comparison to the CLP group
(p<0.05).

R. damascena essential oil inhibited CLP-induced expression
of COX-2

Table 3 shows the alteration of COX-2 expression in the
different groups. The rats which received CLP showed a
significant increase (p<0.05) in COX-2 expression as compared
to the control group. On the contrary, the rats that received
R. damascena essential oils in 50 and 100 mg/kg bw followed
by CLP had higher levels of COX-2 expression (p<0.05, Table
3), which were also seen in indomethacin treated group, their
levels were lower than the CLP group.

The effect of R. damascena essential oils on plasma biomarker
for liver injuries

As shown in Figure 3, the plasma levels of AST and ALT
significantly increased (p<0.05) in the CLP group in comparison
with the control group (Figures 3A and B), but, after treatment
with the essential oils in doses of 50 and 100 mg/kg bw, the
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Figure 3. A) concentration of aspartate transaminase in different groups; B)
concentration of alanine transaminase in different groups; C) concentration
of alkaline phosphatase in different groups; D) concentration of bilirubin in
different groups. In the control group the rats underwent just laparotomy
after 14 days administering DMSO orally. In the cecal ligation and puncture
(CLP) group the animals received just DMSO for 14 days. RD50 and RD100
essential oil (50 and 100 mg/kg bw) was administered orally in 14 days and
CLP was done. IND, treated as CLP group, with the difference that the rats
received indomethacin orally incubation. Values represent mean + SD of the
each group: *p<0.05 is considered significantly different from the control
group within each parameter. *p<0.05 is considered significantly different
from the CLP group within each parameter

RD: Rosa damascena ALT: Alanine transaminase, AST: Aspartate transaminase, ALP:
Alkaline phosphatase, CLP: Cecal ligation and puncture
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Figure 4. Histopathological studies. A) Control group, the portal tract and
the hepatocytes in normal condition. B1) cecal ligation and puncture (CLP)
group, neutrophil infiltration in the portal tract (arrows). B2) CLP group,
neutrophil infiltration in the sinusoids, which can be seen easily with their
dark nuclei (arrows). C) RD 50, the liver in normal condition without any
neutrophil infiltration. Hematoxylin and eosin (H&E), 400x. D) RD 100
group, the portal tract and parenchyma in normal condition without any
neutrophil infiltration. H&E, 400x. E) Indomethacin group, there is no sign
of neutrophil infiltration in the portal tract or in the parenchyma. H&E, 400x

Table 3. Effect of R. damascena essential oil on COX-2 expression
and PGE2 level in CLP rats

Groups PGE2 (ng/mL) COX-2 expression (log,)
Control 508+26.7 0+0.03

CLP 796+20.7* 0.43+0.05*

RDS50 632+23.9** 0.21£0.03**

RD100 531+8.2** 0.25+0.04**

IND 536+32.8** 0.15+£0.01**

*p<0.05 is considered significant between the control group and cecal ligation
and puncture group. **p<0.05 is considered significant between the cecal ligation
and puncture group and treated groups. Data are presented as mean * standard
deviation

CLP: Cecal ligation and puncture, IND: Indomethacin

levels of these markers were decreased (p<0.05). Meanwhile,
plasma ALP and total bilirubin had no considerable differences
during the experiment in all groups (Figures 3C and D).

Histological findings

Histopathologic assessment of the liver specimens revealed
that there were some mild changes consisting of congestion and
granular degeneration of the hepatocytes in the control group
(Figure 4A), whereas severe congestion, interstitial edema, and
margination of neutrophils in the venules and sinusoids were
observed in the CLP group. Neutrophils and mononuclear cells
were also infiltrated in the portal tracts and sinusoids in the
septic group. Kupffer cell hyperplasia and granular degeneration
were the other observed changes in the CLP group. There
were no signs of necrosis in hepatocytes. All the changes in
the CLP group revealed a kind of hepatitis called nonspecific
reactive hepatitis (Figures 4B1 and B2). However, the essential
oil treatments obviously reduced neutrophil infiltration in the
portal tract and parenchyma of the liver tissues (Figures 4C and
D). In addition, in the indomethacin group, there was no sign of
neutrophil infiltration in the portal tract or in the parenchyma
(Figure 4E).

As shown in Table 4, the CLP group obviously showed neutrophil
margination and infiltration, mononuclear cell infiltration,
and Kupffer cell hyperplasia as compared with the control
group (p<0.05). Concerning portal inflammation, it was also
meaningful in the CLP group in comparison with the control
group (p<0.05). However, there were no obvious difference
regarding granular degeneration and inflammatory foci between
all the study groups (p>0.05). To confirm the results seen in
Figure 4, all the treatment groups had prominently reduced
neutrophil margination and infiltration, mononuclear cells
infiltration, Kupffer cell hyperplasia, and portal inflammation in
comparison with the CLP group (p<0.05).

DISCUSSION

Sepsis is a generalized inflammatory response of different
parasites and their toxins in the body and can be regarded as
a main part of the systemic inflammatory response system.
Nowadays, sepsis is the major causes of death in intensive
care units. The importance of sepsis in terms of mortality and
morbidity and treatment difficulties makes it a public health
concern.? Oxidative stress can define an incongruence between

Table 4. Mean values and standard error of histopathologic variables of the liver specimens in the study groups

Study groups

Neutrophil margination and  Granular degeneration Inflammatory foci

Mononuclear cells infiltration &  Portal inflammation

infiltration Kupffer cell hyperplasia
Control 0+0 0.4+0.24 0+0 0+0 0+0
CLP 2.75+0.25* 0.75+0.75 15+0.86 3+0.4* 2.25+0.25*
RD50 1.4£0.24** 0.2+0.2 0.2+£0.2 1.2+0.2** 0.6£0.24**
RD100 0.8+£0.2** 0.2+0.2 0+0 1.6+0.24** 1£0**
IND 0.5+0.28** 0+0 0+0 1£0** 0.25+£0.25**

*: Having significant difference in comparison with the control group, **: Having significant difference in comparison with the cecal ligation and puncture group

CLP: Cecal ligation and puncture, IND: Indomethacin




422 DADKHAH et al. The Effect of Rosa damascena Essential Oil in CLP Rats

oxidants and the body’s antioxidant system.?” It can activate
immune systems that promote a destructive effect on lipid,
protein, and DNA. The antioxidant defense system can confront
sepsis and its consequences by combating free radicals. The
role of antioxidant agents in treating sepsis was proved by
different studies. Therefore, in the current study, the antioxidant
and hepatoprotective activities of R. damascena essential oils
were investigated, for the first time, through assessing the main
antioxidant/oxidative stress and anti-inflammatory parameters.
In the present study, the levels of ALT, AST, MPO, and MDA as
well as PGE, and COX-2 expression (p<0.05) significantly rose
FRAP and GSH levels (p<0.05) fell in the septic rats (Tables 2
and 3 and Figure 3), but they were modulated the R. damascene
essential oils.

Polymorphonuclear leukocyte infiltration following systemic
inflammatory response could be created during sepsis, which
canresult in vascular as well as parenchymal cell dysfunctions.
Leucocyte aggregation and activated neutrophils leading to
tissue injuries were increased due to the rise of ROS elements.
Activated neutrophils can cause MPO secretion and free radical
production,?® meaning the MPO assay is a valuable indicator to
evaluate neutrophil accumulation and severity of inflammation
in sepsis, which was reversed in rats treated with antioxidative
R. damascena essential oils (50 and 100 mg/kg bw) (p<0.05)
(Table 2). Our results were in agreement with other studies,
which showed that MPO activity as neutrophil accumulations
was elevated by sepsis, while pretreatment with selenium,
n-acetylcysteine, and simvastatin decreased MPO activity
by scavenging free radical generation, which suppressed the
severity of sepsis./02>%

One of the consequences of sepsis is an event called lipid
peroxidation, which is considered as the main oxidative stress
parameter and which was increased by the impact of free
radicals and MPO increment.© Lipid peroxidation can cause cell
and mitochondria damage, which initiate protein degeneration,
cell lysis, and necrosis.® Treatment of rats with the essential
oils decreased (p<0.05) lipid peroxidation, which eventually
resulted in diminishing MDA level (Table 2). Our results were
confirmed by, Ozdulger et al.2> who reported that MPO activity
and MDA concentration were increased in the lungs by sepsis,
which showed the intensity of neutrophil infiltration and
oxidative stress in rats. Applying estrogen could diminish MDA
concentration and as a result of decreasing lipid peroxidation,
which protected the ileum and liver from the sepsis-induced
and oxidative stress condition.

It is thought that there is a direct link between lipid peroxidation
and GSH depletion in sepsis. GSH is considered an important
natural antioxidant system that can deal with ROS production by
neutralizing them. By establishing the oxidative stress condition
in the body, ROS changed the antioxidant power. In other words,
the antioxidant defense system in the body was compromised,
leading to increased lipid peroxidation concomitant with changes
in GSH and antioxidant enzymes such as GST, CAT, and SOD.* In
our study, we observed that CLP induction caused a decrease in
GSH level in comparison to the control group (p<0.05, Table 2).

On the contrary, treatment rats with R. damascena essential
oil restored the level of GSH in ideal concentration (p<0.05),
indicated that inhibiting GSH depletion has curative efficiency
that increases the defense ability system, which protects the
body from oxidative stress by preventing lipid peroxidation. Our
results are in agreement with those published by Bouzenna
et al** who reported that the administration of Citrus limon
essential oil had a hepatoprotective effect on the oxidative stress
caused by aspirin as revealed by decreasing lipid peroxidation
and amplifying the antioxidant defense system (GSH, CAT,
and GPx). Moreover, the present study revealed a significant
decline in FRAP in sepsis, while administration of the essential
oils caused a significant increase (p<0.05) in the plasma FRAP
(Table 2). A decrease in FRAP levels, as a factor in oxidative
stress/antioxidant balancing, led to increase resistance and/or
decreased susceptibility of the liver to free radical attack.®> On
the contrary, GST activities in the liver did not change (p>0.05)
in the treated groups (Table 2), which indicated no probable
effective role of this enzyme in the detoxification of septic rats.

On the other hand, in sepsis, changes in cytokine levels
were clearly seen, showing the imbalances between pro-
inflammatory and anti-inflammatory cytokines.* It seems that
expression of COX-2 increased by pro-inflammatory cytokines,
which simulate PGE, level (Table 3). COX-2 is an enzyme that
could simulate production of prostaglandins like PGE,, which
can initiate oxidative damage in tissue.” Increases in COX-
2 expression stimulated the production of PGE,, resulting in
increases in its plasma level. In other words, COX-2 expression
is the key principle to immunologic disharmony in septic rats,
and so ceasing the COX-2 expression diminishes the effect
of oxidative stress.® In our study, the treatment of rats with
R. damascena essential oils had an inhibitory effect on the
production of cytokines and ROS, leading to decreased COX-
2 expression together with plasma PGE, level. Huang et al.¥
reported that LPS has a negative effect on COX-2 expression
and PGE, production. LPS significantly increased PGE, levels
and COX-2 transcription and also production of tumor necrosis
factor-a, interleukin (IL)-1B, IL-6, and IL-10. They proved that
Bupivacaine significantly decreases COX-2 expression and
PGE?2 and cytokine production.

In addition, the plasma levels of ALT and AST, which are
considered the most important biomarkers of liver enzymes,
could be considerably elevated by hepatocellular injuries.*
Hepatic injuries are characterized by irregular biomarkers of
liver that can be confirmed by elevations in AST and ALT levels.
Elevations in the concentrations of these enzymes indicated
loss of integrity of the liver, apoptosis, and necrosis. Due to the
induction of CLP, the concentrations of these enzymes increased
compared to the control group (p<0.05, Figures 3A and B). Liver
injuries in the pathologic study confirmed these changes (Figure
4). After hepatic injuries, these enzymes released by cellular
necrosis and the elevation of these enzymes showed the rate
of damage on integrity of the liver. Treatment of rats with R.
damascena essential oils as well as indomethacin had ability to
reduce hepatoinjuries by diminishing these biomarkers (Table
4 and Figures 3 and 4).
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On the other hand, ALP is related to injuries in the bile duct and
integrity of the cell membrane. Total bilirubin is also considered
a parameter of liver injuries.* In the present study, there was no
difference in the serum level of ALP and total bilirubin did not
differ between the CLP-induction group and the other groups
(p<0.05, Figures 3C and D), indicating that CLP does not cause
considerable damage to the liver or biliary ducts.

The present study indicated a significant relationship between
in vitro antioxidative effects of R. damascena essential oils and
in vivo anti-inflammatory effects. Citronellol (66.11%), trans
geraniol (11.56%), and phenylethyl alcohol (5.33%) are the main
constituents of the essential oils (Table 1), which possessed
antioxidant activities proved by DPPH and B-carotene/linoleic
acid bleaching assays. According to recent studies, these
components are completely related to the antioxidant and
radical scavenging ability of the essential oil as it was reported
that fresh juice of R. damascena has antioxidant potential
against rats that received CCl, as a toxic material that can cause
hepatoinjuries.®

CONCLUSION

This study confirmed that R. damascena essential oils had
antioxidative and hepatoprotective effects against CLP-induced
sepsis caused by reactive species. The essential oils decreased
oxidative stress parameters, improving the antioxidant defense
system, and restoring the ideal concentration of inflammatory
parameters and it was confirmed by histopathology assessment.
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Effect of Surfactant on Azithromycin Dihydrate
Loaded Stearic Acid Solid Lipid Nanoparticles

Azitromisin YUkl Stearik Asit Kati Lipit Nanopartikullerde Surfaktan Etkisi

© Sayani BHATTACHARYYA*, ® Priyanka REDDY

Krupanidhi College of Pharmacy, Department of Pharmaceutics, Bangalore, India

ABSTRACT

Objectives: Azithromycin dihydrate is a macrolide antibiotic used for the treatment of several types of bacterial infections. The drug shows low
oral bioavailability due to its low solubility. In the present work solid lipid nanoparticles of azithromycin dihydrate were formulated, keeping in view
enhancement of the solubility and rate of dissolution of the drug.

Materials and Methods: Azithromycin dihydrate loaded stearic acid nanoparticles were formulated by high shear homogenization using three
different surfactants, namely Tween 20, poloxamer 188, and poloxamer 407, at a varied lipid surfactant ratio while keeping the quantities of the
active ingredient constant. Twelve such formulations were prepared. The nanoparticles obtained were evaluated for drug content, % drug loading, %
entrapment efficiency, particle size analysis, zeta potential, surface morphology, Fourier transmission infrared spectroscopy, in vitro drug release,
and stability.

Results: All the formulations showed good entrapment efficiency and high percentage of in vitro release with a particle size suitable for lymphatic
absorption. The nanoparticles formulated with poloxamer 188 showed better characteristics compared to the other surfactants.

Conclusion: This study indicates that stearic acid nanoparticles of azithromycin dihydrate prepared by high shear homogenization can be
successively used for improvement of dissolution and thereby oral bioavailability of the drug.

Key words: Azithromycin dihydrate, solid lipid nanoparticles, zeta potential, particle size, entrapment efficiency, drug release
OZ |

Amag: Azitromisin dihidrat, gesitli bakteriyel enfeksiyon tiplerinin tedavisinde kullanilan bir makrolid antibiyotiktir. Etkin madde dusik ¢ézUnurligu
nedeniyle distk oral biyoyararlanim gésterir. Bu galismada, etken maddenin ¢dzunurldgini ve ¢dzinme hizini arttirmaya yonelik olarak azitromisin
dihidratin kati lipit nanopartikdlleri formdle edilmistir.

Gereg ve Yontemler: Azitromisin dihidrat yuklU stearik asit nanopartikdlleri, etken madde miktarini sabit tutarken, farkli lipit ytzey aktif madde
oraninda g farkli ytzey aktif madde, Tween 20, Poloksamer 188 ve Poloksamer 407 kullanilarak ytksek hizli homojenizasyon yéntemi ile formdle
edilmistir. Bu ydntemle on iki formilasyon hazirlanmistir. Elde edilen nanopartikiller etken madde igerigi, % etken madde yikleme, % enkapsilasyon
etkinligi, partikdl boyutu analizi, zeta potansiyeli, ylizey morfolojisi, Fourier Transmisyon kizilotesi spektroskopisi, in vitro etken madde salimi,
stabilite galismasi igin degerlendirilmistir.

Bulgular: Tim formdlasyonlar, iyi yukleme etkinligi ve lenfatik absorpsiyon igin uygun bir partikil buytkligu ile yuksek oranda in vitro salim
gostermistir. Poloksamer 188 ile formile edilen nanopartikdller, diger surfaktanlara kiyasla daha iyi 6zellikler gostermistir.

Sonug: Bu galisma, yiksek hizli homojenizasyon y&ntemiyle hazirlanan azitromisin dihidratin stearik asit nanopartikdllerinin, ¢dzinmenin ve
dolayisiyla ilacin oral biyoyararlaniminin iyilestirilmesi igin kullanilabilecegini gostermistir.

Anahtar kelimeler: Azitromisin dihidrat, kati lipit nanopartikdller, zeta potansiyeli, partikdl buyukligu, enkapstlasyon verimi, ilag salimi
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INTRODUCTION

In recent years, solid lipid nanoparticles (SLNs) have received a
lot of attention in drug delivery systems with the aim to improve
solubility and bioavailability and to provide controlled delivery
of drugs.! They are submicron colloidal carriers. The particle
size varies in a wide range between 50 and 1000 nm.2 They
are biodegradable and biocompatible, possess low toxicity, and
are preferred as potential carriers for a wide variety of poorly
soluble drugs. The solid lipid core matrix of SLNs can be used
to solubilize lipophilic molecules. They are characterized by
their unique properties of smaller size, large surface area, and
high drug loading. They have higher potentials than polymeric
nanoparticles, fat emulsions, micelles, and liposomes. The
suitability of SLNs as carriers is seen in the improvement of
biopharmaceutical parameters of poorly soluble drugs, mainly
enhancement of bioavailability, drug stability, drug targeting
and thereby minimizing toxicity. From the manufacturing point
of view they offer limited or no use of organic solvents and
ease of scale up for large-scale production.®®

Azithromycin dihydrate (AZT) is a new generation macrolide
antibiotic. It is an azalide with a 15-membered azalactone
ring. It is derived from erythromycin and possesses enhanced
antimicrobial activity. It is prescribed for once daily dosing
because of its long half-life. According to the Biopharmaceutical
Classification System, AZT can be classified as a class Il
drug; therefore, the rate-limiting step in the process of drug
absorption is the dissolution of the drug, which accounts for
its low bioavailability.>” Furthermore, it is a substrate of the
p-glycoprotein transport system, which is further responsible
for its low bioavailability due to ileal clearance (biliary plus
intestinal excretion clearance).®?

Therefore, the present investigation aimed to prepare and
characterize azithromycin loaded SLNs using stearic acid
with different surfactant combinations with a view to improve
the solubility of AZT. It can be used as an alternative carrier
transport system to improve the dissolution and bioavailability
of AZT.

MATERIALS AND METHODS

Materials

AZT was a gift sample from Strides Ltd, Bangalore. Stearic
acid was procured from Loba Chemicals Pvt. Ltd, Mumbai,
India. Tween 20 was procured from SD Fine Chem Ltd.
Poloxamer 188 and poloxamer 407 were obtained from Dr.
Reddy’s Laboratories. All other reagents and solvent used were
of analytical grade.

Methods

Preparation of AZT SLNPs by high shear homogenization

The SLNs of AZT were prepared using stearic acid and
different surfactants in varied proportions by high shear
homogenization!® Table 1 reports the composition of AZT
loaded SLNs. The selected lipid and the different surfactants
were varied in ratio from 1:1 to 2:1. Melting of stearic acid was

carried out above its melting point. The drug was dispersed
in the molten lipid. A solution of surfactant in distilled water
at the same temperature of the molten drug lipid mixture was
added to the drug lipid mixture and emulsified by a high shear
homogenizer (Polytron PT 1600E Kinematica AG, Switzerland)
at 25,000 rpm for 20 min. The nanoemulsion thus formed
was subjected to cooling at room temperature. Azithromycin
loaded SLNs were finally obtained and stored in a desiccator
for further evaluation.

Evaluation of solid lipid nanoparticles

Drug content

For determining drug content, 250 mg of SLN was weighed
accurately and dissolved in phosphate buffer pH 6.0 up to
250 mL. Then 1 mL was taken and diluted to 100 mL with
phosphate buffer pH 6.0 and the solution was analyzed
spectrophotometrically at 482 nm using 13.5 mol/L sulfuric
acid as color developing agent. Percentage drug content was
calculated using the formula;"

Absorbance of test

%Drug content= x100
Absorbance of standard

at the same dilution

Determination of entrapment efficiency and drug loading

The entrapment efficiency was determined by centrifugation.
SLN dispersion equivalent to 10 mg drug was centrifuged at
15,000 rpm for 60 min using a Remi cooling centrifuge (Mumbai,
India). The supernatant layer was diluted with phosphate buffer
pH 6.0 and the absorbance was measured at 482 nm in a
ultraviolet visible spectrophotometer (Shimadzu 1800, Japan)
using 13.5 mol/L sulfuric acid as color developing agent.” The

Table 1. Compositions of azithromycin dihydrate loaded solid lipid

nanoparticles
AZT -SLN dispersion (% w/w)*

Formulation

code Poloxamer 407

Stearic Tween Poloxamer 188

acid 20

Fi 1 - -

F2

F3

N w N
|
1

F4

F5

Fé6

F7

F8

N N N w N N N w N N N
1

N W N

F12 3 - -

For each formulation azithromycin dihydrate concentration is 1% w/w. AZT:
Azithromycin dihydrate, SLN: Solid lipid nanoparticles
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percentage entrapment efficiency and percentage drug loading
were calculated from the following equations:™™

(Weight of initial drug-Weight of free drug)
% Entrapment efficiency= x100

Weight of initial drug

) Amount of entrapped drug in SLNs
% Drug loading= x100

Total weight of SLNs

In vitro dissolution studies

The in vitro release of different SLN dispersions of azithromycin
was carried out using a USP type Il apparatus (paddle type).
Formulation equivalent to 250 mg of drug was taken in the
dissolution chamber containing 900 mL of phosphate buffer pH
6.0. The temperature of the dissolution chamber was maintained
at 37x0.5°C, samples were withdrawn at predetermined
intervals for 45 min, and the same were replenished with fresh
buffer to maintain the sink condition. The drug content of each
sample was determined spectrophotometrically at 482 nm after
suitable dilution with phosphate buffer pH 6.0 using 13.5 mol/L
sulfuric acid as color developing agent. The amount of drug
released from the nanoparticles was calculated.®

Particle size analysis

The mean particle size and polydispersity index (PDI) were
determined by dynamic light scattering (Zetasizer nano ZS,
Malvern Instruments, UK). Samples after appropriate dilutions
in Milli Q water were taken for analysis.”® Particle size analysis
for the formulations was carried out following proper dilutions
in Milli Q water at 25.1°C with equilibration time 70 s in triplicate.

Zeta potential analysis

Electrophoretic light scattering was used to achieve the
electrophoretic mobility of nanoparticles using a Zetasizer nano
ZS (Malvern Instruments, UK). Measurements were carried out
in triplicate at 25.1°C using water as a dispersant (refractive
index: 1.330) in a clear disposable zeta cell.

Scanning electron microscopy

To study the surface morphology scanning electron microscopy
was used.” The study was carried out at low accelerating
voltage of about 15 kV with load current about 80 mA and
working distance WD=91 mm using a standard error mean
(SEM) (Model JSM 840 A, Jeol, Japan).

Fourier transform infrared spectroscopy

The compatibility study of AZT, stearic acid, and the other
surfactants was performed by attenuated total reflection (ATR)
at ambient temperature using a Bruker Model Alpha E (USA)
through direct sampling. The microfine powered drug was
sprinkled on the ATR crystal. This facilitated the refraction.
The fourier transform infrared spectroscopy (FTIR) spectra
of the physical mixture of drug and excipients thus obtained
ascertained the compatibility of the drug with the excipients.®

Stability studies

The nanoparticles of AZT were stored in capped glass vials at
40+2°C/T5% RH+5% RH for 90 days. Samples were evaluated
periodically for particle size, drug content, and % release at the
end of 30, 60, and 90 days."

Differential scanning calorimetric study

The differential scanning calorimetric (DSC) thermograms of
pure drug, stearic acid, blank formulation, and AZT loaded SLNs
were recorded using a Mettler-Toledo differential scanning
calorimeter (Mumbai, India). A suitable quantity of sample was
weighed and heated in a closed pierced aluminum pan at a
scanning rate of 10°C/min between 30 and 200°C and with 20
mL/min nitrogen flow.

RESULTS AND DISCUSSION

Drug content

The drug content of nanoparticles of AZT was in the range
of 88.03% to 97.86%. The high shear homogenization method
for preparing SLNs of azithromycin with varied proportion of
stearic acid and different surfactants at different concentrations

was found to be effective. The results are summarized in Table
2.

Entrapment efficiency and drug loading

To achieve high entrapment of drug in the different
concentration of lipid matrix of stearic acid, the type and
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Figure 1. In vitro drug release profile (pure drug, F1to F4)
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Figure 2. In vitro drug release profile (F5 to F8)
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concentration of surfactants were varied in the ratio from 1:1 to
2:1. It was observed that as the drug was moderately lipophilic
the entrapment efficiency of the drug in the matrix was highly
satisfactory. The range of the percentage entrapment and drug
loading was in the range from 69% to 89% and 23% to 30%,
respectively, and is summarized in Table 2.
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Figure 3. In vitro drug release profile (F9 to F12)

Figure 4. SEM of F2 formulation

SEM: Scanning electron microscopy
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Figure 5. SEM of Fé formulation

SEM: Standard error mean

Cumulative drug release

In vitro release of the AZT loaded nanoparticles in phosphate
buffer pH 6 was studied in a USP type Il dissolution apparatus
over 45 min. Data from the percentage release of drug from
the SLNs are illustrated in Figures 1, 2, and 3. Formulations
(F1, F5, F9, F4, F8, and F12) containing high lipid surfactant
ratios showed less drug release within 45 min. This may be
attributed to the hydrophobicity of the matrix and affinity of the
drug to the lipid component. Formulations containing relatively
high amounts of surfactant (F3, F7, and F11) showed improved
dissolution probably due to a reduction in interfacial tension
with the increase in surfactant concentration. Better release
was obtained from formulations with 1:1 ratio of lipid and
surfactant. Formulations F2, F6, and F10 showed better release
than any other formulations. This may be attributed to the effect
of the concentration of surfactant on the physical properties
of the nanoparticles. Poloxamer 188 was the best probably
due to its low molecular weight and thereby low viscosity and
high HLB compared to other surfactants, which enhanced the
release of drug from the lipid matrix.>2°

Table 2. Drug content, entrapment efficiency, and drug loading of

AZ N dispersions

Sl.  Formulation Drug Entrapment Drug % Drug
no. code content (%) efficiency  loading (%) release at 45
+SD (%) = SD +SD min + SD

1 F1 90.59+0.03 69.38+1.78 24.7+0.57 81.54+0.22
2 F2 9316+0.02 88.5+1.56 299+098 98.10+0.38
3 F3 92.93+0.02 79.57+2.53 23.07+1.26 94.03+0.64
4 F4 9316+0.04 85.97+2.23 29+0.78 93.45+0.43
5 F5 88.03+0.02 71.53+2.89 24.78+0.63 85.66+0.13
6 F6 97.86+0.04 89.79+1.56 30.08+1.98 99.06+0.36
T FT7 89.74+0.02 72+0.89 25.2+¢236  95.31+0.19

8 F8 9316+0.03 86.3+2.67 25.2+094 93.50+0.19

9 F9 96.5£0.03 71.82+3.25 25.64+0.81 87.61+0.28

10 F10 97+0.03 83.84+1.86 29.9+1.94  98.90+0.45
mn 94.01+0.02 81+2.31 26.4+0.63 95.93+0.36
12 F12 94.27+0.03 82.31+2.78 23.93+213 91.65+0.47

*All results are measured in triplicate, AZT: Azithromycin dihydrate, SLN: Solid lipid
nanoparticles, SD: Standard deviation

Table 3. Particle size and zeta potential of AZT-SLN dispersion

Formulation code Particle size  Zeta potential Polydispersity

(nm) = SD (mV) = SD index
F2 1431+3.91 -301+035  0.24
Fé6 144.7x2.72  -31.8+110 0.20
F10 167.2+2.70  -30.6+0.26  0.25

*All the results are taken in triplicate, AZT: Azithromycin dihydrate, SLN: Solid lipid
nanoparticles, SD: Standard deviation



BHATTACHARYYA and REDDY. Solid Lipid Nanoparticles of Azithromycin 429

Figure 6. SEM of F10 formulation

SEM: Standard error mean
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Figure 7. FTIR spectra of pure azithromycin dihydrate (a), physical mixture
of drug with stearic acid and poloxamer 188 (b), drug with stearic acid and
poloxamer 407 (c), drug with stearic acid and Tween 20 (d)

FTIR: Fourier transform infrared spectroscopy

Farticle size, PDI, and zeta potential measurement

AZT loaded SLNs that showed the highest entrapment efficiency
and drug release were subjected to further characterization
of particle size, zeta potential, and PDI as shown in Table
3. The selected formulations showed a mean particle size
between 143 and 167 nm. The particles were in an acceptable
nanometer range, favored for lymphatic uptake. A PDI less
than 1 indicated that the formulations were monodisperse in
the system. Estimation of zeta potential helps in determining
surface charge and potential stability of the dispersed system.
Usually high positive or negative zeta potential is required for
SLNs as the same charge results in electrostatic repulsion and
thereby avoids aggregation of particles. The zeta potential of
the selected formulations F2, F6, and F10 was -30.1 mV, -31.8
mV, and -30.6 mV, respectively.

Scanning electron microscopy

The surface morphology of the SLNs was studied by SEM.
Formulations F2, F6, and F10 were subjected to size and
morphology studies. The photographs (Figures 4, 5, and 6)
revealed that all particles were discrete entities, slightly
spherical with a smooth surface. Thus the employed method
of preparation of SLNs by hot homogenization was found to be
appropriate for formulation of nanoparticles.
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Figure 8. Stability study data of formulations F2, F6, and F10 on particle
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FTIR studies

The FTIR spectrum of pure AZT showed the characteristic
peaks at 2971.30 cm™ (C-H stretching), 1718.56 cm™ (C=0
ketone), 1375.53 cm™ (C-H deformation in alkane), and 1186.97
cm™ (C-0-C ether stretching).
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Figure 10. DSC thermogram of pure azithromycin dihydrate (a) and
formulation F6 (b)

DSC: Differential scanning calorimetry
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Figure 11. DSC thermogram of stearic acid (c) and blank formulation F6 (d)

DSC: Differential scanning calorimetry

The FTIR spectra of the 1:1 physical mixtures of drug, stearic
acid, and surfactants had all the characteristic peaks (Figure 7)
and the band values of AZT confirming that all the functional
groups were well preserved.

This study clearly indicated the absence of any chemical
interaction between the drug and the excipients, and they were
compatible with each other.

Stability studies

The selected formulations were subjected to short-term stability
studies for 90 days at 40+2°C/75%+5% RH. Both physical
and chemical changes were observed during the study at an
interval of 30 days. Physical stability was analyzed in terms of
particle size, whereas chemical stability was analyzed by the
determination of drug content and change in the release profile.
The drug content was found to be 93.21%, 97.53%, and 97.11%
for formulations F2, F6, and F10, respectively, at the end of the
study. Figures 8 and 9 reveal that all the formulations retained
their size and release profile during the study period. Therefore,
the formulations were found to be stable at 40+2°C/75%+5%
RH.

DSC studies

DSC was used to investigate the thermal behavior of the
pure drug in the lipid surfactant mixture. AZT showed an
endothermic peak at 115.77°C with onset at 9311°C and end
set at 125.54°C corresponding to the melting point of AZT as
shown in Figure 10a. It was noted that there was a shift in the
melting point from 115.77°C to 47.07°C (Figure 10b), indicating
that AZT must be molecularly dispersed in the formulations.?
The complete fusion of drug in the matrix was further proved
by the thermograms of pure stearic acid and the blank SLN
corresponds to F6 as shown in Figure 11.

CONCLUSIONS

This study demonstrated that AZT loaded SLNs were
successfully prepared and characterized. All the formulations
showed improved dissolution of AZT with satisfactory
entrapment efficiency and drug loading. The characterization
of formulations in terms of their particle size, zeta potential,
PDI, surface morphology, and enhancement of dissolution
proved the suitability of high shear homogenization to entrap
AZT successfully in SLN carriers. From this study it can be
concluded that poloxamer 188 is the best surfactant among the
three surfactants used for improvement of solubility of AZT in
the formulation of SLNs.
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Some New Hydrazone Derivatives Bearing
the 1,2,4-Triazole Moiety as Potential
Antimycobacterial Agents

Antimikobakteriyel Etki Gostermesi Beklenen Yeni Bazi 1,2,4-Triazol Yapisi
Tasiyan Hidrazon Turevleri
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ABSTRACT

Objectives: The aim of this study was to synthesize, characterize, and screen some new 1-(4-((2-(4-substitutedphenybhydrazono)methyl)phenyD-
1H-1,2,4-triazole derivatives for their antimycobacterial activities.

Materials and Methods: The target compounds (2a-h) were gained by condensation of 4-(1H-1,2,4-triazol-1-yDbenzaldehyde with appropriate
phenylhydrazines. Their structures were elucidated by IR, 'H-NMR, and mass spectrometry. The antimycobacterial activities of the compounds
were determined in vitro against Mycobacterium tuberculosis H37Rv.

Results: The biological assay results showed that the methylsulfonyl-substituted derivative 2f displayed the highest antimycobacterial activity in
this series.

Conclusion: Although the methylsulfonyl-substituted derivative exhibited significant antimycobacterial activity, none of the synthesized compounds
was as effective as isoniazid, rifampin, ethambutol, and ciprofloxacin against M. tuberculosis.

Key words: Hydrazone, 1,2,4-triazole, antimycobacterial activity

(OZ |

Amag: Bu galisma, 1-(4-((2-(4-sUbstitiefeniDhidrazono)metiDfenil-1H-1,2,4-triazol tirevlerinin sentezlerini yaparak yapilarini aydinlatmayi ve
antimikobakteriyel aktivitelerini incelemeyi amaglamaktadir.

Gereg ve Yontemler: Bu galismada hedef bilesikler (2a-h), 4-(1H-1,2,4-triazol-l-iDbenzaldehidin uygun fenilhidrazinlerle kondenzasyonu ile elde
edilmistir. Bilesiklerin yapilari, IR, TH-NMR ve kitle spektrometrisi ile aydinlatiimistir. Antimikobakteriyel aktiviteleri, Mycobacterium tuberculosis
H37Rv'ye karsl in vitro olarak incelenmistir.

Bulgular: Aktivite sonuglari incelendiginde, metilslfonil stbstitte turevin 2f serinin en aktif Gyesi oldugu bulunmustur.

Sonug: Metilsulfonil substitte turevin dikkate deger antimikobakteriyel aktivite gdstermesine ragmen, sentezlenen bilesiklerin higbirinin M.
tuberculosis'e karsi izoniazit, rifampin, etambutol ve siprofloksazin kadar etkili olmadiklari bulunmustur.

Anahtar kelimeler: Hidrazon, 1,2,4-triazol, antimikobakteriyel aktivite
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INTRODUCTION

Tuberculosis (TB), caused by Mycobacterium tuberculosis, is
the ninth leading cause of death worldwide and the leading
cause from a single infectious agent. In 2016, there were an
estimated 10.4 million newly infected persons with 600,000
of the cases resistant to rifampicin (RIF), the most effective
first-line drug, of which 490,000 had multidrug-resistant TB
(MDR-TB). MDR-TB is characterized by resistance to at least
the two most powerful first-line anti-TB drugs, isoniazid and
RIF. Moreover, extensively drug-resistant TB (XDR-TB), defined
as additional resistance to at least one fluoroquinolone and one
second-line injectable drug (amikacin, kanamycin), is spreading
rapidly all over the world! The World Health Organization
declared an urgent need to develop new drugs and strategies
for efficient treatment because of the increasing resistance
of M. tuberculosis strains.?

RIF, isoniazid, ethambutol (EMB), and pyrazinamide have
been used as first-line drugs for TB chemotherapy for more
than 50 years.®* Second-line and third-line drugs, which are
expensive, less effective, and more toxic than the first-line anti-
TB drugs, are administered in combination for the treatment of
MDR-TB.5¢ Treatment approaches for MDR-TB have shown that
increasing the number of medications used is more successful
than increasing the duration of treatment.”® Current treatment
regimens have not been able to reduce the number of MDR-
TB and XDR-TB infections while achieving reductions in the
number of TB infections and death. Despite all this knowledge
and notable efforts, only two new anti-TB drugs, bedaquiline
and delamanid, were approved for TB therapy in the last half-
century!®? However, the adaptation of M. tuberculosis has
already led to the emergence of resistant strains for these
drugs. For this reason, more chemotherapeutic agents are still
needed.”

Azole antifungal/antimycobacterial drugs, containing one of the
most important classes of heterocycles, such as econazole,
miconazole, and clotrimazole, stop the growth of bacteria
by inhibiting P450 enzymes (CYP51, CYP121, and CYP130)
and show inhibitory potential against MDR-TB in vitro and in
vivo (infected mice)*™ It was also shown that some azole
derivatives display a mixed-function oxidase on sterol synthesis
in eukaryotic organisms.”

Hydrazones possessing an azometine -NHN=CH- moiety have
been extensively investigated for their potential as anti-TB drug
candidates as well as for other biological and pharmacological
activities!®2

In the light of above-mentioned considerations, we designed and
synthesized new hydrazone compounds carrying a 1,2,4-triazole
ring in order to investigate of their antimycobacterial activity
against M. tuberculosis.

MATERIALS AND METHODS

Chemistry
Melting points were determined with a Thomas-Hoover
Capillary Melting Point Apparatus and are uncorrected.

Attenuated total reflection-fourier transform infrared (ATR-
FTIR) spectra were obtained using the MIRacle ATR accessory
(Pike technologies) in conjunction with a Spectrum BX FTIR
spectrometer (PerkinElmer) and are reported in cm™ The
'H-NMR (400 MHz) spectra (DMSO-d,) were recorded on a
Varian Mercury 400 FT NMR spectrometer using TMS as an
internal reference (chemical shift represented in 6 ppm). The
electrospray-ionization-mass spectrometry (ESI-MS) spectra
were measured on a Micromass ZQ-4000 single quadruple
mass spectrometer.

Synthesis of 1-(4-((2-(4-substitutedphenylDhydrazono)methy!l)
phenyl-TH-1,2,4-triazole derivatives (2a-h)

Equimolar amounts of 4-(1H-1,2,4-triazol-1-yDbenzaldehyde (1)
and an appropriate phenylhydrazine derivative were refluxed
in ethanol in the presence of acetic acid (1-2 drops) as a
catalytic reagent for 4 h. The solid precipitate was filtered and
crystallized from acetonitrile.

1-(4-((2-phenylhydrazono)methylDpheny)-1H-1,2,4-triazole
(2a)

Yield 44% (white solid). Mp 184-187°C. IR (ATR, cm™); 3232, 3124,
3038, 1603, 1591, 1563, 1517, 1494, 1266. 'H-NMR (DMSO-d,,
ppm); 8 10.45 (1H; br; -NH-), 9.27 (1H; s; triazole), 8.22 (1H; s;
triazole), 7.85 (2H; d; ar. J: 8.8 Hz), 7.84 (1H; s; -N=CH-), 7.78
(2H; d; ar. J: 8.8 Hz), 7.20 (2H; t; ar. J: 7.6 Hz), 7.06 (1H; d; ar. J:
7.8 Hz), 6.74 (2H; t; ar.). ESI-MS (m/2); 286 [M+Nal*, 264 [M+H]*.
Anal. Calcd. for C _H N.: C, 68.43; H, 4.98; N, 26.60. Found: C,

15" 13" °5°

68.71; H, 4.57; N, 26.77.

1-(4-((2-(4-methoxyphenyDhydrazono)methylDpheny)-1H-
12 4-triazole (2b)

Yield 42% (white solid). Mp 212-216°C. IR (ATR, cm™); 3174,
3112, 3020, 1608, 1540, 1503, 1223, 1137. 'H-NMR (DMSO0-d,,
400 MHz, ppm); 8 9.33 (1H; s; triazole), 8.24 (1H; s; triazole),
7.84-7.82 (3H; m; ar. and -N=CH-), 7.74 (2H; d; ar. J: 8.8 Hz),
7.01 (2H; d; ar. J: 8.8 Hz), 6.81 (2H; d; ar. J: 8.8 Hz), 3.79 (3H: s;
-OCH,). ESI-MS (m/2); 316 [M+Nal, 294 [M+H]". Anal. Calcd. for
C HNO: C, 65.52; H, 515; N, 23.88. Found: C, 65.65; H, 5.43;
N, 23.64.

1-(4-((2-(4-carboxyphenyDhydrazono)methylDpheny)-1H-
1,2,4-triazole (2c)

Yield 41% (white solid). Mp>265°C. IR (ATR, cm™); 3418, 3255,
3049, 1680, 1649, 1598, 1519, 1264. 'H-NMR (DMSO-d,, 400
MHz, ppm); 8 12.29 (1H; br; COOH), 10.90 (1H; br; -NH-), 9.31
(TH; s; triazole), 8.22 (1H; s; triazole), 7.96 (1H; s; -N=CH-), 7.88-
7.79 (6H; m; ar), 711 (2H; d; ar.; J: 8.8 Hz). ESI-MS (m/2); 330
[M+Na], 308 [M+H]". Anal. Calcd. for C_H_N.O: C, 62.53; H,

16" 137 572"

4.26; N, 22.79. Found: C, 62.90; H, 4.38; N, 23.06.

1-(4-((2-(4-cyanophenylhydrazono)methylDpheny)-1H-1,2,4-
triazole (2d)

Yield 71% (white solid). Mp>265°C. IR (ATR, cm™); 3232,
3112, 3036, 2209, 1610, 1599, 1572, 1521, 1503, 1276. 'H-NMR
(DMSO-d,, 400 MHz, ppm); & 1111 (1H; br; -NH-), 935 (1H; s;
triazole), 8.25 (1H; s; triazole), 8.01 (1H; s; -N=CH-), 7.92-7.85
(4H; m; ar), 7.62 (2H; d; ar. J: 9.2 Hz), 718 (2H; d; ar. J: 8.4 Hz).
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ESI-MS (m/2); 311 [M+Nal*, 289 [M+H]*. Anal. Calcd. for C, .H_N.:

16" 12" 6"

C, 66.66; H, 4.20; N, 2915. Found: C, 67.00; H, 4.61; N, 29.23.

1-(4-((2-(4-sulfamoylphenylDhydrazono)methyDpheny)-1H-
1,2,4-triazole (2e)

Yield 76% (white solid). Mp>265°C. IR (ATR, cm™); 3359, 3272,
3130, 1591, 1572, 1515, 1308, 1132, 1094. 'H-NMR (DMSO0-d,, 400
MHz, ppm); 8 10.96 (1H; br; -NH-), 9.34 (1H; s; triazole), 8.24
(1H; s; triazole), 7.98 (1H; s; -N=CH-), 7.89-7.83 (4H; m; ar.), 7.65
(2H; d; ar. J: 8.8 Hz), 716 (2H; d; ar. J: 8.8 Hz), 7.05 (2H; br;
-NH,). ESI-MS (m/z); 365 [M+Nal*, 343 [M+H]". Anal. Calcd. for
C.H,NO.S:C,52.62; H, 412; N, 24.55. Found: C, 52.89; H, 4.47;

1514 7672

N, 24.83.

1-(4-((2-(4-(methylsulfonylDphenylDhydrazono)methyl)
pheny-T1H-1,2,4-triazole (2f)

Yield 77% (white solid). Mp>265°C. IR (ATR, cm™); 3269, 3134,
3082, 1591, 1572, 1518, 1263, 1124, 1087. 'H-NMR (DMSO-d,, 400
MHz, ppm); 8 11.03 (T1H; br; -NH-), 9.32 (1H; s; triazole), 8.23 (1H;
s; triazole), 7.99 (1H; s; -N=CH-), 7.90-7.84 (4H; m; ar.), 7.72 (2H;
d; ar. J: 8.4 Hz), 7.21 (2H; d; ar. J: 8.8 Hz), 3.09 (3H; s; CH,). ESI-
MS (m/z); 364 [M+Nal*, 342 [M+H]*. Anal. Calcd. for C_H N.O.S:

16" 15 572

C, 56.29; H, 4.43; N, 20.51. Found: C, 56.08; H, 4.68; N, 20.87.

1-(4-((2-(4-nitrophenyDhydrazono)methylpheny)-1H-1,2,4-
triazole (2g)

Yield 59% (white solid). Mp>265°C. IR (ATR, cm™); 3191, 3126,
3038, 1609, 1592, 1521, 1306, 1274, 1109. 'H-NMR (DMSO-d,, 400
MHz, ppm); 8 11.37 (1H; br; -NH-), 9.33 (1H; s; triazole), 8.23 (1H;
s; triazole), 8.11 (2H; d; ar. J: 9.6 Hz), 8.06 (1H; s; -N=CH-), 7.92-
7.87 (4H; m; ar.), 718 (2H; d; ar. J: 8.4 Hz). ESI-MS (m/2); 331
[M+Nal*, 309 [M+H]*. Anal. Calcd. for C H_N.O.: C, 58.44; H,

15° 127 "6 2"

3.92; N, 27.26. Found: C, 58.76; H, 4.01; N, 27.33.

1-(4-((2-(2,4-dinitrophenyDhydrazono)methyDpheny)-1H-
1.2 4-triazole (2h)

Yield 68% (white solid). Mp>265°C. IR (ATR, cm™); 3286, 3097,
1608, 1583, 1497, 1321, 1270, 1134, 1085. 'H-NMR (DMSO-d,, 400
MHz, ppm); 11.69 (1H; br; -NH-), 9.37 (1H; s; triazole), 8.84 (1H;
d; ar. J: 2.4 Hz), 8.72 (1H; s; -N=CH-), 8.35 (1H; dd; ar. J: 2.8
J,: 9.8 Hz), 8.26 (1H; s; triazole), 811 (1H; d; ar. J: 10 Hz), 7.98-
7.93 (4H; m; ar.). ESI-MS (m/2); 376 [M+Nal*, 354 [M+H]*. Anal.
Calcd. for C_H.N_O,: C, 51.00; H, 3.14; N, 27.75. Found: C, 51.36;

15° 11 7740

H, 3.46; N, 28.02.

Antimycobacterial activity assay

In vitro antimycobacterial activity assays of the synthesized
compounds were carried out using the microplate Alamar
blue assay method against M. tuberculosis H37Rv in duplicate.?
Ciprofloxacin, isoniazid, EMB, and rifampin were used as
reference compounds. The stock solutions of the compounds
were prepared in DMSO. Sterile deionized water (200 pL) was
added to all outer-perimeter wells of sterile 96-well plates to
minimize evaporation of the medium in the test wells during
incubation. The wells received 100 pL of Middlebrook 7H9GC
broth and two-fold serial dilutions of the target compounds/
positive controls were prepared in a volume of 100 pL directly on
the plate to get final concentrations of 25, 12.5, 6.25, 313, 1.56,

and 0.78 pug/mL. The inoculum was adjusted to a McFarland tube
No. 1 and diluted 1:20. Then 100 uL of M. tuberculosis inoculum
was added to the wells. The plates were incubated at 37°C for
5 days. Next, 50 pL of a freshly prepared 1:1 mixture of Alamar
Blue (Accumed International, Westlake, Ohio) reagent and 10%
Tween 80 was added to the plates, followed by incubation at
37°C for 24 h. A blue color in the well was interpreted as no
growth, and a pink color was scored as growth. The MIC was
determined as the lowest drug concentration that prevented
a color change from blue to pink. MICs of the compounds are
reported in Table 1.

RESULTS

The starting compound, 4-(1H-1,2,4-triazol-1-ylDbenzaldehyde
(1), was synthesized by the method described in the literature.?®
The target compounds (2a-h) were obtained by condensation
of  4-(1H-1,2,4-triazol-1-yDbenzaldehyde with appropriate
phenylhydrazines in ethanol in the presence of acetic acid
(Scheme 1.

The structures of the target compounds were characterized
using spectral methods (IR, 'H-NMR, and ESI-MS). The bands at
around 1610 and 3200 cm™ in the IR spectra of the compounds
(2a-h) were evidence of the presence of a hydrazone moiety.
In the '"H-NMR spectra of 2a-h, the signals belonging to imine
and N-H protons were observed at around 8.00 and 11.30
ppm, respectively. Moreover, signals were seen at 12.29, 7.05,
3.79, and 3.09 ppm according to substituted moieties (COOH,
SO,NH,, OCH,, and SO,CH,, respectively) in the H-NMR
spectra. Additionally, the structures of all the target compounds
were confirmed by the peaks belonging to [M+Nal]* and [M+H]*
seen in the ESI mass spectra.

The target compounds 2a-h were evaluated for their
antimycobacterial activity in vitro against M. tuberculosis
H37Rv using the microplate Alamar blue assay method. The
results of the antimycobacterial activity (MIC values) are

Table 1. Antimycobacterial activities of the compounds

Compound R MIC in pM
2a H 190.11
2b OCH, 85.32
2c COOH >162.87
2d CN 173.61
2e SONH,  146.20
2f SO,CH, 7331
2g NO, 2162.34
2h 2/4-diNO, 14164
INH - 0.36
Rifampin _ 012
Ethambutol - 765
Ciprofloxacin - 4.71
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Scheme 1. Synthetic route of the compounds. Reagents and conditions: (i) K,CO,, DMSO, ultrasonic irradiation, (ii) CH,COOH__, MeOH, reflux

reported in Table 1. As can be seen, the best antimycobacterial
activity was obtained by compound 2f (MIC= 73.31 uM) in
the series. 2f possessed a methylsulfonyl group that is
an electron acceptor moiety connected to the phenyl ring.
However, the introduction of electron acceptor groups (COOH,
CN, NO,) other than methylsulfonyl moiety to the phenyl
ring deteriorated antimycobacterial activity. Furthermore,
replacing the methylsulfonyl moiety with sulfamoyl reduced
the antimycobacterial activity of 2e (MIC= 146.20 uM). In the
case of nitro-substituted compounds (2g and 2h), increasing
the number of nitro groups on the phenyl ring did not improve
the antimycobacterial activity. It was interesting that methoxy-
substituted compound 2b showed antimycobacterial activity
similar to that of 2f, independent of electronic properties of
substituents in the series.

CONCLUSIONS

In conclusions, a series of 1,2,4-triazole-containing hydrazone
compounds were synthesized as potential antimycobacterial
agents. The biological assay results showed that the
methylsulfonyl-substituted derivative 2f showed the highest
antimycobacterial activity in the series. Based onthe preliminary
results, compound 2f was considered a lead antimycobacterial
compound for further optimization.

Conflict of Interest: No conflict of interest was declared by the
authors
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Flavonoids Isolated from Vitex grandifolia, an
Underutilized Vegetable, Exert Monoamine A & B
Inhibitory and Anti-inflammatory Effects and Their
Structure-activity Relationship

Az Kullanilan Bir Bitki, Vitex grandifoliadan izole Edilen Flavonoidlerin
Monoamin A & B inhibitor ve Anti-enflamatuvar Etkileri ve Yapi-aktivite
[liskisi
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ABSTRACT |

Objectives: Vitex grandifolia belongs to family Lamiaceae; it consists of flowering plants and it is also called the mint family. The Yoruba people of
southwest Nigeria called it “Oriri” or “Efo oriri”. This plant is classified as an underutilized vegetable and little is known about its phytochemistry
or its biological evaluations.

Materials and Methods: Methanol extracts of the dried leaves and stem of the plant were subjected to fractionation and isolation using vacuum
layer and column chromatography methods. The structures of the compounds were elucidated using spectroscopic techniques including IR, 1D-,
and 2D-NMR and by comparison with the data reported in the literature. They were evaluated in vitro for the inhibition of monoamine recombinant
human MAO-A and -B and anti-inflammatory activities.

Results: Three known flavonoids were isolated from the methanolic extract of the leaves of V. grandifolia for the first time to the best of our
knowledge, i.e. isoorientin (1), orientin (2), and isovitexin (3). Most of the isolated compounds showed selective inhibition of monoamine oxidase B,
inhibition of MAO-B by isoorientin (1) and orientin (2) were 9-fold more potent (IC, (ug/mL) of 11.08 and 11.04) compared to the inhibition of MAO-A
(IC,, (ug/mL) of >100), while clorgyline and deprenyl were used as positive standards. The isolated flavonoids displayed good activity against the
NF-xb assay with IC_, (ug/mL) of 8.9, 12, and 18. This study establishes a link between the structure and the biological activities on the basis of the
different patterns of substitution, particularly the C2=C3 double bond and the position of glucose moiety.

Conclusion: This study is the first to establish the phytochemistry of the polar part of V. grandifolia and the anti-inflammatory and neuroprotective
role of these isolated compounds.

Key words: Vitex grandifolia, underutilized vegetable, lupeol, MAO-A and B, neurodegenerative

Z |

Amag: Vitex grandifolia, Lamiaceae familyasina aittir; gigekli bitkilerden olusur ve ayni zamanda nane ailesi olarak da bilinir. Giineybati Nijerya'daki
Yoruba halki bitkiyi “Oriri” veya “Efo oriri” olarak adlandirmaktadir. Bu bitki az kullanilan bir bitki olarak siniflandirilir ve fitokimyasi veya biyolojik
etkileri hakkinda gok az bilgi bulunmaktadir.

Gereg ve Yontemler: Kurutulmus yaprak ve govdelerden hazirlanan metanol ekstreleri tzerinde, vakum ve agik kolon kromatografisi metotlari
kullanilarak fraksiyonlama ve izolasyon galismalari yapilmistir. Bilesiklerin yapilari, IR, 1D- ve 2D-NMR teknikleri kullanilarak ve literattrdeki verilerle
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karsilastirilarak aydinlatilmistir. Bilesikler, monoamin rekombinant insan MAO-A ve -B inhibisyonu ve anti-enflamatuvar aktiviteleri yoninden in

vitro olarak degerlendirilmistir.

Bulgular: V. grandifolia'nin yapraklarinin metanollu ekstresinden bilinen g flavonoid bilesigi izoorientin (1), orientin (2) ve isoviteksin (3) ilk kez
izole edilmistir. izole edilen bilesiklerin cogu, monoamin oksidaz B'ye karsi secici inhibisyon etki géstermistir, MAO-B'nin izoorentin (1) ve orientin
(2) tarafindan inhibisyonu (IC,; (ug/mL), 11.08 ve 11.04), MAO-A'nin inhibisyonuna (IC, | (ug/mL) >100) kiyasla 9 kat daha etkili bulunmustur. Kloril ve
deprenil pozitif standartlar olarak kullanilmistir. izole edilen flavonoitler NF-zb testine karsi 8.9, 12 ve 18 IC,, (ug/mL) degerleri ile ylksek aktivite
gostermistir. Bu galisma, yapidaki degisik stibstitisyonlara, 6zellikle C2=C3 arasindaki gifte bag ve glukozun konumuna bagli olarak yapr ile biyolojik

aktivite arasinda bir baglantinin oldugunu ortaya koymustur.

Sonug: Bu galisma V. grandifolia’'nin polar fraksiyonunun fitokimyasal profilini ortaya koyan ve izole edilen bilesiklerin anti-enflamatuvar etkisini ve

noroprotektif rolund gdsteren ilk galismadir.

Anahtar kelimeler: Vitex grandifolia, az kullanilan bitki, lupeol, MAO-A ve B, nérodejeneratif

INTRODUCTION

Pathological and neurodegenerative paths, cancer, and
Alzheimer, coronary and Parkinson diseases are the result of
free radical-mediated reactions and reactive oxygen species
from the human body? In the many epidemiological studies
carried out, it was discovered that there is a strong connection
between people whose diets are rich in fresh fruits and leafy
vegetables and low incidence of cardiovascular diseases,
neurodegenerative diseases, and some particular forms of
cancer.? Many studies and investigations have been dedicated to
the antioxidant effects of compounds in fruits, medicinal plants,
and vegetables so as to improve human health and regulate
physiological functions. Monoamine oxidases (MAO-A and
MAO-B) are mitochondrial enzymes that oxidatively deaminate
monoaminergic neurotransmitters and (potentially harmful)
dietary monoamines. Their major purpose is the regulation
of noradrenaline, dopamine, serotonin, and adrenaline in the
brain.* The study of MAO-A and -B has been of significant
pharmacological attention recently and their inhibitors (MAOIs)
have found extensive medical use for the management of
numerous neurological and psychiatric maladies. These
enzymes remove as well as catalyze exogenous amines. The
MAO-A inhibitors are important in managing anxiety and
depression while the MAO-B inhibitors are effective in inhibiting
and treating Alzheimer and Parkinson diseases.>”

Medicinal plants, i.e. vegetables, botanical extracts, and
herbal products from natural sources, have been viewed
as an important and primary basis for MAOs' inhibitors and
this validates the cultural application of many botanicals as
substitutes for the management of depression, Parkinson
disease, and other neuropsychiatric as well as neurological
disorders.® Flavonoids as secondary metabolites are one of
the most popular polyphenols present in medicinal plants, they
are broadly distributed in many plant species, and they can
be found in various parts of these plants, i.e. bark, flowers,
fruits, leaves and stems.’'? Flavonoids have been reported
to display a large variety of biological activities; some of
these are antioxidants and enzyme inhibitors, while others
have anti-inflammatory, anticancer, antihyperglycemic, and
hepatoprotective activities.>1

In recent times, research on medicinal plants has globally
increased tremendously, and volumes of reputable evidence
have been gathered to portray the enormous prospects of

medicinal plants used in traditional systems.!""® Many of these
herbal plants have been identified and studied using current
scientific methods, and the results revealed the immense
promise of medicinal plants in the field of medical science.”
Vitex grandifolia, which belongs to the family Lamiaceae, bears
fruit that is edible and used to make an alcoholic drink by the
locals, while the bark is used to treat stomachache, diarrhea,
bronchial complaints, rickets, sores, and fever. It is also used in
the treatment of colic, infections of the umbilical cord, toothache,
rheumatism, and orchitis. Epidi and Odili® (2009) reported the
biocidal effect of the powdered leaf of V. grandifolia against
Tribolium castaneum in stored groundnut Arachis hypogaea. The
plant is a shrub or small tree about 10-12 cm in length and 5-7
cm in width, trunk to 60 cm girth, bearing a spreading crown, in
high deciduous forest or secondary jungle. Local names of this
plant species are Oori odan (Yoruba, Nigeria), ofonma (Egun,
Republic of Benin), and ofofrin (Setangun, Republic of Benin).?'
Surprisingly, this plant’s phytochemistry has not being looked
into although it is a vegetable. Thus, its study and that of the
isolated compounds, i.e. biological activities from this plant, will
be considered worthwhile. Hence, the present study reports the
isolation, characterization, and in vitro inhibition of MAO-A and
-B of the constituents from polar extract of V. grandifolia.

MATERIALS AND METHODS

Collection of plant samples

The leaves with the stem of V. grandifolia was collected in April-
October 2015 from lIlorin metropolis, Kwara State, Nigeria.
The collected plant was identified by a taxonomic botanist in
the department of Plant Biology, University of llorin, llorin,
where a voucher number was obtained after the deposit of the
specimen. The leaves and stem were air dried, powdered, and
stored for further analysis.

Extraction of the plant materials

The air-dried and powdered plant material was defatted with
hexane and then was prepared by maceration (1.5 kg) with 7 L of
methanol (MeOH) at ambient temperature for 24 h. The process
was repeated three times, and the filtrates were combined and
evaporated under vacuum to dryness.

General experimental procedure

Precoated TLC plates (AluO); Silica gel 60 F,,; layer thickness
0.25 mm (Merck). Precoated TLC plates (Glass); RP-18 F

254"
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layer thickness 0.25 mm (Merck); Silica gel 60; 40-63 pm
mesh size (Merck); RP-18; 40-63 pm mesh size; Sephadex LH
20; 25-100 ym mesh size (Merck). Silica gel 60 and RP C-18,
Diaion HP-20 was used for column chromatography.'H NMR,
3C NMR, and 2D NMR were recorded on 400, 500, and 600
(MH2z) instruments (Agilent and Bruker Inc., California, USA).
Chemical shifts were expressed in parts per million (8) using
TMS as internal standard. Values of coupling constant J are
reported in Hz. Infrared spectroscopy was performed using
a PerkinElmer FT-IR Spectrum Two spectrometer and the
masses of the compounds were determined using an Agilent
1260 liquid chromatography system (Agilent, USA) equipped
with a quaternary solvent delivery system, and a Triple quad
6410 MS system and Agilent Technologies 6540 UHD Accurate
Mass Q-TOF liquid chromatography-mass spectrometer
(Agilent, USA).

Fractionation and isolation

The extract of V. grandifolia was defatted using hexane and
then extracted with MeOH. MeOH extract of V. grandifolia was
added to reverse phase silica gel (RP-18) using vacuum layer
chromatography (VLC) for fractionation. Water with increasing
MeOH was used as eluting solvent and the eluates were
collected and concentrated on a Rotavapor. TLC was used
to check and monitor the isolates and combine the eluates.
Eleven fractions were obtained; the first fraction (H,O only)
was picked for further fractionation because the TLC revealed
promising compounds. This fraction was subjected to a Diaion
HP-20 column for isolation. The column was eluted with water
first and then with increasing MeOH and the eluates were
collected and concentrated. Twelve fractions were obtained. All
fractions were collected, concentrated, and monitored by TLC.
The eighth fraction was loaded onto the column in CH,Cl using
65:35:10 (CH,Cl: MeOH: H,0) as eluting solvent. Six fractions
were obtained; the third fraction gave compound 3, which was
purified using CC in CH.Cl with 65:35:10 (CH,Cl: MeOH: H,0O) as
eluting solvent. Fractions 1 and 2 were combined using TLC and
two compounds (1 and 2) were isolated from the first fraction
after further purification with CC in CH,Cl with 8:2:0.5 (CH,CL:
MeOH: H,0) as eluting solvent. Compounds 1 (19 mg), 2 (14.7
mg) and 3 (10.5 mg) (Figure 1) were isolated in pure form after
purification.

Monoamine oxidase inhibition assays (MAO)

To evaluate the outcome of the isolated compounds from V.
grandifolia on MAO-A and MAO-B, the kynuramine deamination
assay was used for 96-well plates as expressed previously.?
The method used was adapted from the reported literature.?>%
The isolated constituents did not display any interference with
fluorescence measurement, but clorgyline and deprenyl were
used as positive controls for the experiment.

Anti-inflammatory activity
Inhibition of iINOS activity

The assay was performed using mouse macrophages 915 (RAW
264.7, obtained from ATCC). Cells were cultured in phenol 916 red

free RPMI medium supplemented with 10% bovine calf serum,
100 U/mL penicillin G sodium, and 100 pg/mL streptomycin at
37°C in an atmosphere of 5% CO, and 95% humidity. Cells were
seeded in 96-well plates at 5x10* cells/well and incubated for 24
h. Test compounds diluted in serum-free medium were added to
the cells. After 30 min of incubation, LPS (5 ug/mL) was added
and the cells were further incubated for 24 h. The concentration
of nitric oxide (NO) was determined by measuring the level of
nitrite released in the cell culture supernatant using Griess
reagent.> Percent inhibition of nitrite production by the test
compound was calculated in comparison to the vehicle control.
IC,, values were obtained from dose curves. Parthenolide was
used as a positive control.26?

Inhibition of NF-xB activity

The assay was performed in human chondrosarcoma (SW1353,
obtained from ATCC) cells as described earlier. Cells were
cultured in 1:1 mixture of DMEM/F12 supplemented with 10%
FBS, 100 U/mL penicillin G sodium, and 100 pg/mL streptomycin
at 37°C in an atmosphere of 5% CO, and 95% humidity. Cells
(1.2x10") were washed once in an antibiotic and FBS-free
DMEM/F12, and then reintroduced in 500 pL of antibiotic-free
DMEM/F12 containing 2.5% FBS. NF-xB luciferase plasmid
construct was added to the cell suspension at a concentration
of 50 pg/mL and incubated for 5 min at room temperature.
The cells were electroporated at 160 V and one 70-ms pulse
using BTX disposable cuvettes, model 640 (4-mm gap), in
a BTX Electro Square Porator T 820 (BTX |, San Diego, CA,
USA). After electroporation, cells were plated onto the wells
of 96-well plates at a density of 1.25x10° cells per well. After
24 h, cells were treated with different concentrations of test
compound for 30 min prior to the addition of PMA (70 ng/mL)
and incubated for 8 h. Luciferase activity was measured using
the Luciferase Assay kit (Promega). Light output was detected
on a Spectra-Max plate reader. Percent inhibition of luciferase
activity was calculated as compared to vehicle control and IC_,
values were obtained from dose curves. Sp-1 was used as a
control transcription factor that is unresponsive to inflammatory
mediators (such as PMA). This is useful in detecting agents that
nonspecifically inhibit luciferase expression due to cytotoxicity
or inhibition of luciferase enzyme activity.?”

Figure 1. Basic skeleton or structure of flavonoids
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RESULTS

MAO-A and -B

Most of the isolated compounds showed selective inhibition of
either MAO-A or MAO-B as shown in Table 1. The inhibition
of MAO-B by both isoorientin (1) and orientin (2), two of the
flavonoids isolated from V. grandifolia, was 9-fold more potent
(IC,, (ug/mL) of 11.08 and 11.04) compared to the inhibition
of MAO-A (IC_; (ug/mL) of >100). Isovitexin (3), a flavonoid
isolated from this wild vegetable for the first time displayed
fair selective activity against MAO-A (IC, (ug/mL) of >100) to
MAO-B (IC,, (ug/mL) of 21.3) like the other two flavonoids, while
clorgyline and deprenyl were used as positive standards.

Anti-inflammation

The isolated flavonoids, i.e. isoorientin (1), orientin (2), and
isovitexin (3), from V. grandifolia displayed good activity against
the NF-kb assay (IC,, (ug/mL) of 8.9, 12, and 18), although
orientin (2) showed moderate activity against the Sp-1 assay
with IC_, of 23 pg/mL, while the others displayed poor activity
when compared with the positive standard with IC,_, of 8 ug/mL
as shown in Table 2. Isovitexin (3) exhibited moderate activity
against the iNOS assay, while the others, i.e. isoorientin (1) and
orientin (2), displayed poor activity with IC_ of 48 and 54 ug/
mL. The positive standard used in this study was parthenolide.

Isolated compounds

Compound 1

Compound 1 (Figure 1) was isolated as a yellow solid. Its
molecular formula was deduced to be C,H, 0O, from a
combination of 'H NMR and *C NMR data. '"H NMR (600 MHz,
DMSO0-d6) d: 13.2 (1H, brs, 5-0OH), 7.55 (1H, dd, J=2.5, 9.0 Hz,

60-H), 7.45 (1H, d, J=2.5 Hz, 20-H), 6.85 (1H, d, J =9.0 Hz, 50-H),

Table 1. IC, values of isolated compounds as MAO-A and -B

inhibitory agents

Sample name MAO-A (IC, ) MAO-B (IC,))
1 Isoorientin (1) >100 11.08
2 Orientin (2) >100 11.04
3 Isovitexin (3) >100 21.3
4 Clorgyline 1.6 NT
5 Deprenyl NT 0.48

Table 2. IC_, values of isolated compounds as anti-inflammatory
agents

NF-kxB SP-1 iNOS % Cell death at the

highest conc (100

Test compounds

pg/mL)
1 Isoorientin (1) 8.9 63 48 63.89
2 Orientin (2 12 23 54
3 Isovitexin (3) 18 4 21
4 Parthenolidle 09 65 018
5

Parthenolide 0.6 8 015

6.63 (1H, s, 3-H), 4.7 (1H, d, J=9.7 Hz, 100-H). *C NMR (150 MHz,
DMSO0-d6) d: 163.24 (C-2), 102.68 (C-3), 182.32 (C-4), 160.74 (C-
5), 108.88 (C-6), 164.41 (C-T), 98.53 (C-8), 156.36 (C-9), 102.68
(C-10), 122.24 (C-1"), 114.34 (C-2)), 146.22 (C-3), 150.16 (C-4"),
116.00 (C-5", 119.71 (C-6)), 73.76 (C-1"), 70.13 (C-2"), 7912 (C-
3"), 70.06 (C-4"), 82.35 (C-5"), 62.01 (C-6"). Compound 1 was
identified as isoorientin, by NMR analysis and comparison with
its literature data.?®

Compound 2

Compound 2 (Figure 1) was obtained as a yellow solid.
Its molecular formula was deduced to be C,H, 0, from a
combination of '"H NMR and C NMR data. '"H NMR (400 MHz,
DMSO0-d6) d: 3.22-3.88 (6H, m, glucosyl-H), 4.69 (1H, d, J =99
Hz, H-1"), 6.25 (1H, s, H-6), 6.64 (1H, s, H-3), 6.86 (1H, d, J
= 8.4 Hz, H-5, 6.86 (1H, dd, J=2, 8.4), 7.48 (1H, d, J=2.0 Hz,
H-2, 7.54 (1H, dd, J=2.0, 8.4 Hz, H-6"), 13.20 (1H, s, 5-OH). *C
NMR (100 MHz, DMSO-d6) d: 164.4 (C-2), 102.7 (C-3), 182.3 (C-
4),160.74 (C-5), 98.53 (C-6), 163.24 (C-7), 104.91 (C-8), 156.86
(C-9), 104.28 (C-10), 122.24 (C-1"), 114.34 (C-2"), 146.22 (C-3"),
150.16 (C-4"), 116.00 (C-5", 19.71 (C-6), 73.76 (C-1"), 7113
(C-2"), 7912 (C-3"), 71.06 (C-4"), 82.35 (C-5"), 62.04 (C-6").
Compound 2 was identified as orientin by NMR analysis and
comparison with its literature data.?’

Compound 3

Compound 3 (Figure 1) (19 mg) was isolated as a yellow
amorphous powder and the melting point is 219-221°C; IR v
max (cm™): 3320 (-OH), 1697 (C=0), 1645 (C=0); the molecular
formula was deduced to be C,H, O, from a combination of 'H
NMR and ®C NMR data. 'H NMR (DMS0-d6é): ,, : 13.55 (1H, brs,
5-0OH), 793 (2H, d, J=8.8 Hz, 3', 5" -H), 6.93 (2H, d, J = 8.4 Hz,
2', 6" -H), 6.78 (1H, s, 3-H), 6.51 (1H, s, 8-H), 4.55 (1H, d, J=9.8
Hz, 1”- H), 311-4.03 (6H, m, glucosyl-H). *C NMR (500 MHz,
DMS0-d6) d.: 164.36 (C-2), 104.25 (C-3), 182.81 (C-4), 161.52
(C-5),109.75 (C-6), 164.17 (CT7), 94.48 (C-8), 157.08 (C-9), 103.65
(C-10), 121.96 (C-1), 12934 (C-2', 6'), 116.84 (C-3', 5), 162.04
(C-4", 7391 (C1"), T1.47 (C-2"), 79.80 (C-3"), 71.06 (C-4"), 82.46
(C-5"), 62.34 (C-6"). Compound 3 was identified as isovitexin
by NMR analysis and comparison with its literature data.’*-%

Structure-activity relationship

Anti-inflammatory activity

The following preliminary structure-activity relationship (SAR)
profile is proposed based on the anti-inflammatory effects
of the flavonoids that were isolated from V. grandifolia; these
are summarized as the following: (a) the C,=C, double bond
might contribute to the activity of these flavonoids as anti-
inflammatory agents; Wang et al.** reported that the C,=C, double
bond might contribute to molecular planarity, and this was
discovered from the more significant anti-inflammatory effect
displayed by diosmetin than hesperetin, and its nonexistence
(C,=C, double bond) resulted in a greater volume/ratio;*
(b) Hydroxylation substitution (-OH) noted at both C-3' and
4’ i.e. tertiary increases activity especially at ring B moiety,
i.e. isoorientin (1), orientin (2); Wang et al*® reported the
hydroxylation pattern, its importance in C- 3'-hydroxylation in
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the case of fisetin and 5-hydroxylation in the case of isoflavones
gives significant effects for inducing cell delineation (apigenin
vs. chrysin) especially ring B moiety;* (c) the position of
the sugar moiety and glycosides on ring A gives better anti-
inflammatory activity than on rings B and C; Isoda et al. gave
an assessment that glycosides with significant hydrophilicity
displayed lower anti-inflammatory activity, which may be due to
lower hydrophobicity as well as steric interference, lessening
membrane permeability.®

MAO-A and -B

The following preliminary SAR profile is proposed based on
the inhibitory effects of the flavonoids against MAO-A and -B
isolated from V. grandifolia; these are summarized as follows:
(a) Hydroxylation substitution pattern (-OH) noted at both C-3'
and 4', i.e. tertiary increases inhibitory activity of MAO-A and
-B mostly at ring B moiety, i.e. isoorientin (1) and orientin (2)
(Figure 2) but reduced activity was noted in isovitexin (3)
(Figure 2), although Spencer et al. attested to the fact that
both unsaturation degree of the C,=C, double bond and the
hydroxylation pattern on ring B moiety have great significant on
the anti-neurodegenerative effects on flavonoids in general.*®

DISCUSSION

Compounds 1-3 (Figure 2) were known based on their 1D
and 2D NMR and by comparison of their NMR data with those
reported in the literature.?®? |soorientin (1), orientin (2), and
isovitexin (3) were isolated from V. grandifolia for the first
time to the best of our knowledge. The observation in the UV
spectrum was an indication of the presence of hydroxy!l groups
at C-4', C-5, and C-7. Compound 1 showed hydroxyl (3376 cm™),
carbonyl (1660 cm™, and aromatic groups C=C, CH,, and C-H
bending at 1561, 1446, 845, and 800 cm™ absorptions in its IR
spectrum. The 'H NMR spectrum of compound 1 indicated that
B ring protons H-2" and H-6' gave a multiplet at 6 7.80 and an
H-5" proton signal was observed at 6.8 ppm as a doublet (J=9
Hz). H-8 and H-3 protons were at & 6.75 (1H, s) and 8 6.25
(1H, s), respectively. An anomeric proton was observed at
493 (1H, d, J=T7 Hz, C-glucosyl H-1") and sugar proton signals
overlapped at & 3.5-4.8. The spectroscopic results correlated
well to the reported data; hence compound 1 is isoorientin. The
complete 'H and *C NMR assignments of compound 2 were

conducted by a combination of 'H, ®C, *C DEPT, COSY, HSQC,
and HMBC experiments and by comparing with assignments
published in the literature as orientin. The presence of a -OH
group at C-5" and C-4" in flavonoid was confirmed. In the ™C
NMR spectrum, 2 displayed one anomeric carbon signal at 8
104.8 and other sugar moiety signals due to glucopyranoside,
indicating that there was one glucose unit. The UV spectrum in
MeOH showed absorption at 345 nm, which is a characteristic
absorption of orientin3% Compound 3 was elucidated by
a combination of 'H, *C, *C DEPT, COSY, HSQC, and HMBC
experiments and by comparing with assignments previously
reported for isovitexin.®*4 The UV spectrum of compound
2 was an indication of hydroxyl groups at C-4’, C-5, and C-7
because of the presence of a bathochromic shift with NaOMe,
NaOAc, and AICL/HCL in its UV spectrum. The IR spectrum of
compound 3 showed absorptions at 3440 cm™ (OH), 1660 cm
(C=0), 1620 cm™ (C=0), 1523, 1475 cm™ (aromatic group), and
1017 cm™ (C-0). The 'H NMR spectrum of compound 3 showed
six aromatic proton resonances from o 6 to 8. A set of four
AA'BB' proton signals at & 7.62 (2H, d, J=8 Hz, H-2" and H-6")
and 6.84 (2H, d, J=8 Hz, H-3', H-5) were located on ring B,
and H-8 and H-3 protons were observed as singlets at 8 6.5
(1H) and 6.25 (1H), respectively. The anomeric proton showed a
doublet at 4.88 ppm (1H, d, J=8 Hz, glucosyl H-1"). Sugar proton
signals overlapped at 3.5-4.7 ppm. This ion was formed by the
loss of C,H, O, from the molecular ion. On the basis of UV, IR,
NMR, and El mass data, which correlated with the literature,
compound 3 was identified as isovitexin.

Extracts and concoctions from medicinal plants still play vital
functions in managing primary health requirements in most
developing countries. Most of the world’s population (80%)
depends on these herbs and botanicals as reported by the World
Health Organization, and there are active chemical constituents
present in these plants responsible for the biological activity.*
It is therefore of immense concern to evaluate these plants
in order to validate their employment in old-age medicine
and to reveal the secondary metabolites responsible for
pharmacological activity. Most of these medicinal plants
reportedly contain flavonoids. Various flavonoids have been
isolated from such, i.e. apigenin, galangin, kaempferol,
quercetin, luteolin, naringenin, and other flavonoids, and many

Figure 2. Isolated flavonoids from Vitex grandifolia
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are MAO inhibitors.*> Zarmouh et al.** reported the selective
MAO-B inhibitors of isolated compounds from the ethanolic
extract of Psoralea corylifolia seeds, a medicinal plants known
for its antiaging effects. In that work, human recombinant
MAO-B and MAO-A iso-enzymes were employed for the
inhibition of enzymes studies. The authors discovered that,
out of the eight compounds isolated, only two flavonoids, i.e.
bavachinin and genistein, showed significant selectivity of
MAO-B inhibition; these two flavonoids showed significant
reduction in H,O, produced by MAO-B as compared to MAO-A %
Lee et al® isolated four flavonoids, namely isoquercitrin,
quercitrin, quercetin, and rutin from the leaves of Melastoma
candidum D. Don for the first time. These flavonoids displayed
selective inhibitory activity against MAO-B with IC,, values
of 19.06, 11.64, 3.89, and 10.89 uM, respectively.”> Monoamine
oxidase inhibitors (MAOIs) differ by their selectivity of the MAO
receptor. Some MAOIs inhibit both MAO-A and MAO-B equally.
Other MAOQIs have been developed and found to target one over
the other.“¢ Some studies here corroborate our work that some
flavonoids from natural sources can selectively inhibit MAO-B.

CONCLUSION

There is growing attention on the assessment of medicinal
plants especially for inhibition of MAO, owing to the likely daily
and cultural use as food and vegetables. Chemical constituents
in medicinal plants help in the management of disorders
associated with the nervous system together with their likely
connections with medicines and the diet abundant in dietary
monoamines. The present study ascertained that the isolated
compounds from V. grandifolia are moderate MAO-B inhibitors,
and this result could be of importance for better application of
this wild vegetable in traditional neuropharmacological use.
The use of V. grandifolia as a vegetable is widely accepted
although tagged as a “poor man's” food, and this study hopes
to promote its pivotal role as a source for the development
of nutraceutical products. No work or study has reported the
inhibition of MAO-A and -B by constituents of this plant with
anti-inflammatory activity.

Conflict of Interest: No conflict of interest was declared by the
authors
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ABSTRAC T |

Objectives: Pseudomonas aeruginosa can cause life-threatening infections that are difficult to treat due to its high resistance to antibiotics and its
ability to form antibiotic tolerant biofilms. Ceragenins, designed to mimic the activities of antimicrobial peptides, represent a promising new group
of antibacterial agents that display potent anti-P. aeruginosa activity. The aim of this study was to evaluate the antibacterial and antibiofilm activities
of ceragenins in comparison to colistin and ciprofloxacin against P. aeruginosa strains.

Materials and Methods: Biofilm formation and determination of minimum inhibitory concentration (MIC) values of ceragenins (CSA-13, CSA-44,
CSA-131, and CSA-138), ciprofloxacin, and colistin were evaluated against 25 P. aeruginosa isolates. Four good biofilm-producing strains were
chosen for biofilm studies, and sessile MICs and inhibition of molecule adhesion and biofilm formation were evaluated.

Results: The MIC50 (ug/mb) values of CSA-13, CSA-44, CSA-131, CSA-138, ciprofloxacin, and colistin were 8, 8, 8, 16, 1, and 2, respectively. The
sessile MICs for molecules were greater than planktonic MICs. CSA-13, CSA-44, and CSA-131 were more efficient after 4 h incubation while CSA-
138, ciprofloxacin and colistin were more efficient after 1 h incubation. The most efficient agent for inhibition of adhesion was colistin (up to 45%).
CSA-131, CSA-138, and colistin were the most efficient agents for inhibition of biofilm formation (up to 90%).

Conclusion: Our study highlights the potential of CSA-131 and CSA-138 as potential alternative agents to conventional antibiotics for the eradication
of biofilms of P. aeruginosa.

Key words: Pseudomonas aeruginosa, biofilm, ceragenin

O |

Amag: Pseudomonas aeruginosa, antibiyotiklere oldukga direngli ve biyofilm olusturma yetenegi nedeniyle hayati tehdit eden enfeksiyonlara neden
olabilmektedir. Antimikrobiyal peptidlerin aktivitelerini taklit eden cerageninler, P. aeruginosa’ya karsi da giglu etki gdsteren yeni umut verici
ajanlardir. Calismamizin amaci, cerageninlerin P. aeruginosa suslarina karsi antibakteriyel ve antibiyofilm aktivitelerini degerlendirerek, kolistin ve
siprofloksasinle karsilastirmaktir.

Gereg ve Yontemler: Yirmi bes P. aeruginosa susunun biyofilm olusturma tzellikleri ve CSA-13, CSA-44, CSA-131, CSA-138, siprofloksasin ve kolistine
karsi duyarliliklari arastirilmis ve antimikrobiyal ajanlarin minimal inhibitér konsantrasyon (MiK) degerleri belirlenmistir. Biyofilm calismalari igin
kuvvetli biyofilm olusturan dort sus segilerek, antimikrobiyal ajanlarin sesil MiK degerleri ve adezyon ve biyofilm olusumuna etkileri arastiritmistir.
Bulgular: CSA-13, CSA-44, CSA-131, CSA-138, siprofloksasin ve kolistinin MiK50 (ug/mL) degerleri sirasiyla 8, 8, 8,16, 1ve 2, olarak bulunmustur. Sesil
MIK degerlerinin ise planktonik MIK degerlerinden daha buyik oldugu bulunmustur. CSA-13, CSA-44 ve CSA-131'in, 4 saatlik inkiibasyondan sonra,
CSA-138, siprofloksasin ve kolistinin ise 1 saatlik inkiibasyondan sonra biyofilme karsi daha etkili olduklari tespit edilmistir. Adezyon inhibisyonu
icin kolistinin (%45'e kadar inhibisyon), biyofilm olusumu inhibisyonu igin ise yine kolistin, CSA-131 ve CSA-138'in (%90'a kadar inhibisyon) en etkili
ajanlar olduklari tespit edilmistir.
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Sonug: Calismamizda CSA-131 ve CSA-138'in P. aeruginosa'nin biyofilmlerine karsi konvansiyonel antibiyotiklere alternatif olarak kullanilabilecegi

vurgulanmistir.
Anahtar kelimeler: Pseudomonas aeruginosa, biyofilm, ceragenin

INTRODUCTION

Biofilms are communities of bacterial cells surrounded by an
extracellular matrix.! According to the National Institutes of
Health, biofilms are estimated to account for over 80% of all
nosocomial infections and are particularly common with device
implants, such as contact lenses, ventricular assist devices,
vascular and urinary catheters, and endotracheal tubes.?*
Pseudomonas aeruginosa forms a highly virulent biofilm that
has been associated with higher mortality rates compared with
other bacterial pathogens, and there are growing concerns
over its increased antimicrobial and multidrug resistance.
Because the use of conventional antimicrobial compounds
in many cases cannot eradicate biofilms, there is an urgent
need to develop alternative compounds and approaches to
combat biofilm-based infections.>® One frequently studied
target is the bacterial membrane. Most antimicrobial peptides
display broad-spectrum antibacterial activities and target the
bacterial membrane. However, many antimicrobial peptides
are difficult to synthesize and purify due to their complexity
and size. In addition, antimicrobial peptides can be substrates
for proteases, which limit their in vivo half-lives!® Recently,
a series of cationic derivatives of cholic acid have been
synthesized and have been found to have properties that
may make them useful antimicrobial agents. The ceragenins,
designed to mimic the activities of antimicrobial peptides,
are a new class of antimicrobial agent. Ceragenins are not
peptide based, are not salt sensitive, and are relatively simple
to prepare and purify on a large scale!” CSAs, which stands
for cationic steroidal antimicrobials, are strongly associated
with anionic cell surfaces and in the formation of transient
pores in the membrane, resulting in membrane depolarization
and cell death. As well as their antibacterial activities against
resistant strains of P. aeruginosa, Acinetobacter baumannii,
and Staphylococcus aureus, these molecules can also display
candidacidal, antiviral, antiparasitic, and anticancer effects.>'®
Additionally, previous studies have demonstrated the efficacy
of ceragenins, especially the leading ceragenin CSA-13, on
sessile cells including P. aeruginosa!® However, there has
been no study in the literature describing the efficacy of CSA-
44 and CSA-131 against P. aeruginosa biofilms. The present
work examines the in vitro antibiofilm activities of CSA-13,
CSA-44, CSA-131, and CSA-138 in comparison to colistin and
ciprofloxacin against P. aeruginosa strains.

MATERIALS AND METHODS

Bacterial isolates

Atotal of 25 P. aeruginosa isolates from various sources including
blood, catheters, urine, endotracheal aspirate, esophageal
aspirate, ears, sputum, abscesses, and bronchoalveolar lavage
fluid submitted to the Clinical Microbiology Laboratories of

Cerrahpasa Faculty of Medicine Hospitals in Turkey (2011)
were used. All the strains were identified using APl 20 NE
(BioMérieux, France) systems. P. aeruginosa ATCC 27853 strain
was used as the quality control strain.

Antimicrobial agents

The CSAs CSA-13, CSA-44, CSA-131, and CSA-138 were
synthesized from a cholic acid scaffold technique as previously
described (Figure 1. Colistin and ciprofloxacin were kindly
provided by their respective manufacturers. Stock solutions
of CSAs from dry powders were prepared in water and the
antibiotics were prepared according to the manufacturers’
recommendation and stored frozen at -80°C for up to 6 months.
Final concentrations of antimicrobials were prepared in cation-
adjusted Mueller-Hinton broth (CAMHB, Difco Laboratories,
Franklin Lakes, NJ, USA) prior to use.

Media

Tryptic soy broth supplemented with 1% glucose (TSB-
glucose, Difco Laboratories) was used for biofilm production
and to determine minimum biofilm eradication concentration
(MBEC) values, CAMHB was used to determine the minimum
inhibitory concentration (MIC), and tryptic soy agar (TSA, Difco
Laboratories) was used for culturing bacteria.

MIC determinations

MICs of CSA-13, CSA-44, CSA-131, CSA-138, ciprofloxacin,
and colistin were determined against P. aeruginosa (planktonic
forms) by the microbroth dilution technique as described by
CLSIL2° MIC, is the MIC that inhibits 50% of isolates.

Biofilm formation

Biofilm formation by P. aeruginosa strains was evaluated
using a crystal violet staining method.?"?? Briefly, populations
of suspensions of bacteria were adjusted with TSB-glucose.
Biofilms were formed by pipetting cell suspensions into wells
of microtiter plates (Greiner Bio-One, Kremsmuenster, Austria)
followed by incubation for 24 h at 37°C. After incubation, the
remaining medium was aspirated gently, nonadherent cells
were removed, and the wells were stained with 0.1% crystal
violet, followed by measurement of optical density (OD) at
600 nm. For each isolate, biofilm production was measured in
triplicate and P. aeruginosa ATCC 27853 was used as a standard
strain. The extent of biofilm production (weak, moderate, and
strong) was calculated. Four strong biofilm-producing clinical
isolates of P. aeruginosa (PA-1, PA-2, PA-3, PA-4) and control
strain biofilms were selected. Biofilms were formed in the
wells of microtiter plates as previously described by Dosler
and Karaaslan®? with some modifications. An overnight culture
of isolates from 24 h growth in TSA was inoculated in TSB-
glucose in an orbital shaker at 37°C overnight. Cultures were
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centrifuged (about 3000 rpm, 5-10 min) and washed twice with
sterile phosphate-buffered saline (PBS) and resuspended in
TSB-glucose to a cellular density equivalent to 1x10° cells/mL.
Biofilms were formed by pipetting 200 pL of the standardized
cell suspension into selected wells of sterilized polystyrene
flat-bottomed 96-well tissue culture microtiter plates and
incubated for 24 h at 37°C. After incubation, the waste medium
was aspirated gently, and nonadherent cells were removed by
washing the biofilms three times with sterile PBS.

Biofilm attachment assay

Biofilm attachment assays were performed using a previously
described method with some modifications.?2?* The overnight
cultures of isolates were prepared to cellular density equivalent
to 1x10° cells/mL, as described above. Four strong biofilm
producing clinical isolates of P. aeruginosa were added to each
well of 96-well tissue culture microtiter plates with 1X MIC of
CSAs and antibiotics. A positive control without antimicrobial
agent and a negative control without cells were also prepared.
The plates were incubated for 1, 2, and 4 h at 37°C. After
incubation, the wells were washed twice with PBS and were
measured spectrophotometrically at OD 450 nm on a microplate
reader (BioRad Novapath).

Inhibition of biofilm formation

Four strong biofilm producing clinical isolates of P. aeruginosa
strains (1x10¢ cells/mL) were added to each well of 96-well
tissue culture microtiter plates with 1X MIC, 1/10X MIC, and
1/100X MIC of ceragenins and antibiotics.?2?* A positive control
without antimicrobial agent and a negative control without cells
were prepared. The plates were incubated for 24 at 37°C. After
incubation, the wells were washed twice with PBS and were
measured spectrophotometrically at OD 450 nm on a microplate
reader (BioRad Novapath).

MBEC determinations

To evaluate the activities of antimicrobial agents on 24-h-old
mature P. aeruginosa biofilms, biofilms were formed as
described above and metabolic activities of the biofilms were
assessed using the standardized static microtiter plate model
and measured by 2,3-bis (2-methoxy-4-nitro-5-sulfophenyD-
5-[8phenylamino) carbonyl]-2H-tetrazolium hydroxide (XTT,
Sigma-Aldrich, St. Louis, MO, USA) reduction assay.? The 24-h
biofilms in 96-well tissue culture microtiter plates were washed
three times with 200 pL of PBS solution and air-dried. Doubling
concentrations of antimicrobials were added to the pre-formed
biofilms. Aliquots of 200 pL of each concentration were added
to each corresponding well and the plates were incubated for 24
h at 37°C. Drug-free biofilm wells containing only TSB-glucose
were used as controls. After incubation, the medium was
aspirated and washed with PBS three times. An XTT solution
was prepared as previously published and added to each well.
The microtiter plates were incubated in the dark for 6 h at 37°C.
Biofilm growth was measured spectrophotometrically at 480
nm on a microplate reader (BioRad Novapath). MBECs were
determined as the minimum antibacterial drug concentration
that caused 50% reduction of biofilm compared to drug-free
untreated biofilm controls. Each experiment was performed in
four wells and was repeated twice.

RESULTS

Susceptibility results against planktonic cells (MIC)

The in vitro activities of the studied antimicrobials against 25
P. aeruginosa isolates are summarized in Table 1. Susceptibility
testing demonstrated that the MIC,; (ug/mL) values of CSA-13,
CSA-44, CSA-131, CSA-138, ciprofloxacin, and colistin were 8,
8, 8,16, 1, and 2, respectively (Table 1). CSA-13, CSA-44, and
CSA-131 showed similar MIC_ results. The highest MIC results
were obtained with CSA-138.

HzNJ\/\o

N"\/\/W\/\
osgp

Hal Nf\/\o /‘\/\NH

CSA-131

HEN/\\/\O‘

Figure 1. Chemical structures of CSA-13, CSA-44, CSA-131, and CSA-138
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Inhibition of adhesion

Inhibition of adhesion rates depended on time. CSA-13, CSA-
44, and CSA-131 were more efficient after 4 h incubation, while
CSA-138, ciprofloxacin, and colistin were more efficient after 1
h incubation. The most efficient agent for inhibition of adhesion
was colistin (up to 45%) (Figure 2).

Inhibition of biofilm formation

Inhibition of biofilm formation rates depended on concentration;
the highest inhibition rates were shown at MICs for all agents,
as expected. CSA-131, CSA-138, and colistin were the most

Table 1. MICs and MIC_ s of the tested antimicrobial agents
(pg/mL)

Antimicrobial agents MIC Number of  MIC,,
isolates
CSA-13 4 4 8
8 12
16 7
32 2
CSA-44 8 17 8
16 5
32 3
CSA-131 4 8 8
8 15
16 2
CSA-138 4 1 16
8 9
16 8
32 7
CIP 0.5 4 1
1 10
2 5
4 6
CoL 0.5 1 2
1 2
2 17
4 5
CIP: Ciprofloxacin, COL: Colistin, MIC: Minimum inhibitory concentration
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Figure 2. Inhibition of adhesion rates of antimicrobials after 1, 2, and 4 h
incubation

efficient agents for inhibition of biofilm formation (up to 90%)
(Figure 3).

Susceptibility results against biofilm cells (MBEC)
We showed that ceragenins are also active against four biofilm
producing clinical isolates of P. aeruginosa and ATCC 27853
strains. However, MBECs were greater than MICs; ceragenins’
MBEC values differ from 16 to 512 pg/mL. Susceptibility results
demonstrated that the MBECs (ug/mL) of CSA-13, CSA-44,
CSA-131, and CSA-138 were 32-64, 32-256, 16-128, and 128-512,
respectively. Ciprofloxacin and colistin showed similar MBEC
100+
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et EE 1/10MIC
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Figure 3. Inhibition of biofilm formation rates of antimicrobials at different
concentrations

Table 2. MBECs of the tested antimicrobial agents (ug/mL)

CSA-13 CSA-44 CSA-131 CSA-138 CIP COL

PA-1 64 256 128 256 16 16
PA-2 64 512 16 128 32 8
PA-3 32 32 64 256 8 8
PA-4 64 64 128 128 64 64
P. aeruginosa 64 64 128 512 32 32
ATCC 27853

CIP: Ciprofloxacin, COL: Colistin, MBEC: Minimum biofilm eradication concentration

values (8-64 ug/mL) (Table 2). Among the tested ceragenins,
CSA-13 was the most effective agent against mature biofilms.

DISCUSSION

Ceragenins are unique, low molecular mass, cationic steroid
compounds. These compounds mimic the activity of naturally
occurring antimicrobial peptides. Previous studies have shown
that ceragenins, especially CSA-13, are potent antimicrobials
against various microorganisms including multidrug-resistant
P. aeruginosa™ In the present work, in addition to CSA-13, we
investigated the effect of CSA-44, CSA-131, and CSA-138 on
the formation and adhesion of a biofilm by five good biofilm
forming strains of P. aeruginosa using the crystal violet staining
method. Ciprofloxacin and colistin were used as comparative
conventional antibiotics. Here we report that the MIC,, (ug/mL)
values of CSA-13, CSA-44, CSA-131, CSA-138, ciprofloxacin,
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and colistin were 8, 8, 8, 16, 1, and 2, respectively, for 25 P.
aeruginosa strains and these results are similar to those of
other published studies.

Chin et al!" investigated the efficacy of CSA-13 against 50
clinical isolates of P. aeruginosa, and compared them with
various antibiotics. CSA-13 was shown to have a 1-32 pg/mL
MIC range and 16 pg/mL MIC,,. Bozkurt Guzel et al.?> showed
the antibacterial activities of CSA-13 against clinical isolates
of P. aeruginosa with 8-16 pg/mL MIC range and 8 pg/mL MIC,,
(Poster presentation, ECCMID, 2017). In another study, Vila-
Farrés et al.*® determined the MIC, (ug/mL) values of CSA-13,
CSA-44, CSA-131, and CSA-138 against P. aeruginosa strains as
4, 4,1, and 2, respectively. As shown in previous studies and
our study, CSA-13, CSA-44, and CSA-131 showed similar MIC,
results. In our study the highest MIC and MIC, results were
obtained with CSA-138 against P. aeruginosa.

Biofilms are specific and organized communities of cells
under the control of signaling molecules, rather than random
accumulations of cells resulting from cell division. It is well
known that biofilm embedded microorganisms possess
resistance to both antimicrobial agents and host immune
responses when compared to their planktonic forms! In the
present study, MBECs of ceragenins and antibiotics were higher
than MICs, as expected. Ciprofloxacin's and colistin's MBECs
were less than those of ceragenins, but among the ceragenins
CSA-13 was the most effective agent against mature biofilms. In
contrast to the antimicrobial effects against bacteria and fungi,
the antibiofilm activity of ceragenins is not well defined against
biofilms. Only a few studies showed that ceragenins, especially
CSA-13, have antibiofilm effects against P. aeruginosa.?”?

Novel approaches to biofilm control might take one of three
main forms: effective reduction of planktonic cells before
biofilm formation, inhibition of cell adhesion and biofilm
formation, or removal of established biofilm.?23° A novel field
of research has accordingly focused on preventing biofilm
development and adherence. For this purpose in the present
study, we investigated the inhibition of bacterial attachment to
the surfaces, as well as the inhibition of biofilm production by
MIC or subMIC values of ceragenins, ciprofloxacin, and colistin.
Although inhibition of adhesion and biofilm formation rates
depended on time and concentration, it was shown that CSA-
131 and CSA-138 were the most efficient agents with inhibition
rates of adhesion of 11.38 and 11.97 and biofilm formation of 90.7
and 88.69 (%), respectively, at MIC. Our results clearly showed
that ceragenins are much more effective on biofilm formation
rather than attachment. These results indicated that biofilm
formation can be prevented by inhibiting not only attachment
but also other mechanisms.

In one of our studies the effects of CSA-13, CSA-8, CSA-44,
CSA-131, and CSA-138 were evaluated on adhesion and biofilm
formation of C. albicans and it was shown that all of the studied
CSAs inhibited C. albicans biofilm formation in a concentration-
dependent manner.®

Recently, Olekson et al.*® also showed antibiofilm activities
of various ceragenins including CSA-13, CSA-44, CSA-131,

CSA-138, CSA-142, and CSA-192 against preformed mixed-
species biofilms of P. aeruginosa and S. aureus. Nagant et al.
2129 demonstrated that CSA-13 affected biofilm formation, the
surface of biofilms, and the inside of established biofilms of
P. aeruginosa. Gu et al.®® showed that CSA-138 also inhibited
biofilm formation of P. aeruginosa on lenses. Our results were
similar to those of these studies.

CONCLUSION

To the best of our knowledge this is the first report to evaluate
the antibiofilm activities of CSA-44 and CSA-131 against P.
aeruginosa. According to our results, ceragenins, especially
CSA-13, CSA-131, and CSA-138, appear to be good candidates
in the treatment of Pseudomonas infections as well as biofilm-
related ones. Therefore, CSAs are promising candidates for
further research as antibacterial drugs and as agents for
treatment of biofilm infections. Future studies should be
performed to correlate the safety, efficacy, and pharmacokinetic
parameters of these molecules.
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Methyldopa at a Poly (p-Aminobenzene Sulfonic
Acid) Modified Sensor
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ABSTRACT

Objectives: The aim was to modify carbon electrodes with (p-aminobenzene sulfonic acid) and use them as a sensor for sensitive and reliable
detection of methyldopa (MD) and ascorbic acid.

Materials and Methods: Electropolymerization was performed by cyclic voltammetry in 0.1 M KCl solution. The modified sensor has a high
electrocatalytic effect for oxidation of MD, which appeared in the pH range of 2-11 by differential pulse voltammetry (DPV) techniques.

Results: For the voltammetric determination of MD, the best results were acquired by DPV in phosphate buffer solution (PBS) (pH 3). The calibration
plot of the proposed sensor is linear in two concentration ranges of 1.0-30 and 30.0-300.0 pM. The calibration equations over these ranges are
/pa (UA)=1.21xC (UM)+30.81, R?=0.994 and 1, (uA)=0.53xC (uM)+53.30, R?=0.9975, respectively. In the sensitivity studies, the limit of quantification
and the limit of detection were 10.6 nM and 5.0 nM, respectively. The modified sensor was used for the simultaneous determination of interfering
substances such as MD and ascorbic acid in real samples.

Conclusion: The obtained results revealed that the prepared modified electrode and the proposed method have good sensitivity, repeatability,
reproducibility, and stability.

Key words: Methyldopa, voltammetry, poly (p-aminobenzene sulfonic acid), ascorbic acid, glassy carbon electrode

OZ |

Amag: Karbon elektrotlarin poli (p-aminobenzen sulfonik asit) ile modifikasyonu ve metildopa (MD) ve askorbik asitin hassas ve givenilir bir sekilde
tayini igin bir sensor olarak kullaniimasi.

Gereg ve Yontemler: Elektropolimerizasyon, 0.1 M KCl ¢ozeltisi igerisinde déntsimld voltametri (CV) ile gergeklestirildi. Modifiye edilmis sensér
metildopanin oksidasyonu igin ytksek elektrokatalitik etkiye sahiptir, bu da 2-12 pH araliginda diferansiyel puls voltametri teknigi ile gdzlenmistir.
Bulgular: MD'nin voltametrik tayini igin, en iyi sonuglar fosfat tampon ¢6zeltisinde (PBS) (pH 3) DPV teknigi ile elde edildi. Bu araliklarda kalibrasyon
denklemi sirasiyla: /pa (uA)=1,21xC (uM)+30,81, R?=0,994 ve /,m (uA)=0,53xC(uM)+53,30, R?=0,9975. Duyarlilik ¢alismalarinda, kantitatif tayin siniri
(LOQ) ve en kugik tayin siniri sirasiyla 10,6 nM ve 5,0 nM'diir. Duyarlilik galismalarinda, tayin alt siniri ve tayin siniri sirasiyla 10.6 nM ve 5.0 nM idi.
Modifiye edilmis sensér, MD ile askorbik asit gibi girisim yapan maddelerin gergek érneklerde es zamanli tayini igin kullanildi.

Sonug: Elde edilen sonuglar, modifiye edilmis elektrot ve dnerilen yontemin iyi duyarlilik, tekrarlanabilirlik, tekrar Uretilebilirlik ve kararliliga sahip
oldugunu ortaya gikard.

Anahtar kelimeler: Metildopa, voltametri, poli (p-amino benzen sulfonik asit), askorbik asit, camsi karbon elektrot
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INTRODUCTION

Methyldopa (MD) is a catecholamine that is known by its
chemical name 2-methyl-3-(3,4-dihydroxyphenylD)-DL-alanine
(Figure 1, and it is widely used to lower blood pressure. MD
is a centrally acting adrenal receptor that reduces high blood
pressure and sympathetic tone. In adrenergic nerve terminals, it
is converted to a-methyl noradrenaline, and its antihypertensive
effect seems to be due to this agent stimulating the central
adrenoreceptors.?

Various methods like high-performance liquid chromatography
with ultraviolet (UV) detection,® polarography,* potentiometry,’
UV visible spectrophotometry,® and flow injection techniques’®
were reported previously for the determination of MD. However,
many of these techniques require expensive equipment and are
time consuming. In addition, since these catecholamines are
electrochemically active, it is also possible to determine the
nature of the molecules that provide neurotransmission by
electrochemical methods. Therefore, it is important to detect
MD in the presence of ascorbic acid (AA) by a reliable method
that has good selectivity and sensitivity.

AA (vitamin C) is a biologically and industrially important
substance’ The coexistence of AA, MD, and other
catecholamines with very similar oxidation potentials leads
to the response obtained by electrochemical techniques. For
this reason, the increased sensitivity and selectivity of the
new sensors produced to the MD has long been the subject
of research. Using polymer modified electrodes solves this
problem. The electrochemical behavior of MD was studied at
various polymer electrodes.”®'

However, some disadvantages exist in the previously reported
modified electrodes. AA exists as an anion in physiological pH
(7.4), whereas MD exists as a cation. There are high electron
density sulfo groups and electron-rich N atoms in the structure
of p-aminobenzene sulfonic acid (ABSA). For this reason, a
negatively charged polymer film is required to eliminate the
interference of AA in the determination of MD. The p-ABSA
molecule has high electron density sulfo groups and p-ABSA
films are negatively charged. Due to the electrostatic repulsion
between the negatively charged sulfo groups and the AA
anions in the modified sensor, the AA shifts to a more negative
potential and the dopaminic acid can be easily separated from
it. The p-ABSA modified sensor can show high selectivity
against MD."®

In the present study, electroanalytical methods were developed
to detect MD in drug samples rapidly, reliably, and sensitively
using an electrode modified with poly (p-ABSA). It has been

HO COOH

H,N CHs

HO

Figure 1. Molecular structure of methyldopa

determined that the modified sensor can be utilized for MD
determination even in the presence of AA at the same time.
Another significant advantage of these techniques over
other ones is that they can be applied directly to the analysis
of pharmaceutical dosage forms and biological samples
without the need for extensive sample preparation, as there
is no interaction between the adjuvants and the endogenous
substances.

The analytical determination parameters such as the limit
of detection (LOD), the limit of quantification (LOQ), and the
concentration range were determined, and the amount of MD
in the drug tablets and blood serum was found. To test the
accuracy of the applied voltammetric method, MD recovery
studies were performed in real samples.

MATERIALS AND METHODS

Materials

Alfamet tablets containing 250 mg of MD were kindly supplied
by LLE. Ulagay (Turkey). All chemicals were of analytical purity
and were procured from Merck (Darmstadt, Germany) or Sigma
Chemical Company. Prior to the polymerization the solutions of
monomer were held in nitrogen gas atmosphere for about 10
min, and during the electropolymerization the electrochemical
cell was covered with nitrogen gas. Voltammetric experiments
were carried out in phosphate buffer solution (pH 3.0). MD and
AA solutions were freshly prepared before the experiments. All
solutions were prepared with ultrapure water.

Instrumentation

In the voltammetry experiments, a BAS (Bioanalytical Systems,
Inc.) T00BW electrochemical analyzer was used. This analyzer
is connected to a personal computer and the device is controlled
and data stored and processed by means of software loaded and
running under MS Windows. An electrode system consisting
of a Ag/AgCl reference electrode (CHI), a glassy carbon disc
working electrode (geometric area: 6.85 mm?, CHI) and a Pt
wire coil as auxiliary electrode (CHI) was used.

Modification of poly (p-ABSA) sensor

Before modification, the working glassy carbon electrode (GCE)
was cleaned using 0.3 and 0.05 pm ALQ, slurry on polishing
materials. Then the polished GCE was sonicated in 1:1 nitric
acid solution for 10 min and washed with ultrapure water.
Afterwards, the GCE was electrochemically cleaned by cycling
20 times in the potential range of -0.7 to 1.7 V with a scan
rate of 100 mV/s in 0.5 M H,SO,. After that, the electrode was
plunged into 0.1 M KCl solution containing 5.0 mM p-ABSA and
the modification procedure was performed by cyclic sweeping
from -1.5 to 2.5 V for 14 cycles at 50 mV/s. Then the modified
sensor was conditioned by cyclic voltammetry in the potential
range of -0.5 to 0.5 V with 100 mV/s in pH 3.0 phosphate buffer
solution (PBS) and was stored in PBS (pH 3.0).

Preparation of real samples
Tablets of MD with the commercial name Alfamet were prepared.
Each tablet contains 250 mg of MD. Five MD tablets were finely
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powdered using a mortar and pestle and then an appropriate
amount of this sample containing a known amount of the active
material was weighed and dissolved with double distilled water.
The prepared mixture was filtered using filter paper and diluted
to appropriate amounts with double distilled water. The serum
samples were collected from a research hospital and were
sonicated (15 min with 5000 rpm) and then diluted 10 times
with double distilled water without any additional pretreatment.
Before voltammetric determination, appropriate amounts of the
prepared real samples were added to 10 mL of phosphate buffer
solution with optimum pH (pH 3.0), followed by transfer to the
electrochemical cell for electrochemical measurements. The
standard addition method was used to determine MD in the real
and spiked samples.

RESULTS

Electropolymerization of p-aminobenzene sulfonic acid

Figure 2 shows the electropolymerization of p-ABSA at the
GCE surface. The electropolymerization was performed in 0.1
M KClI solution containing 5.0 mM p-ABSA at a GCE by cyclic
voltammetry in the potential range of -1.5 to 2.5 V. In the first
cycle, two reduction peaks were obtained at 0.452 V (peak A)
and 0.449 V (peak B), which might be related to the reduction
of p-ABSA. Again, in the first cycle, an oxidation peak was
observed at 0.824 V (peak C). In the next and subsequent cycles,
following the continuous scan, broader peaks were monitored,
indicating that the polymer film was constantly growing. It
could be observed that film growth was faster for the first five
cycles than for the other cycles and also the next cycles no
longer existed. These findings show that p-ABSA was coated
on the GCE surface by electrodeposition. A brown polymer was
formed that was properly bonded on the GCE surface.

The effect of film thickness on MD response

The film thickness, which is determined by the number of cycles
of electropolymerization, is one of the most important factors
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Figure 2. Cyclic voltammetries of 5 mM p-aminobenzene sulfonic acid in
0.1 M KCl at glassy carbon electrode, scan rate: 50 mV/s, 14 cycles

determining the polymer film selectivity property. By altering the
amount of charge consumed during electropolymerization, it is
possible to obtain poly (p-ABSA) films at desired thicknesses.
Different film thicknesses were obtained by varying the cycles
of the cyclic voltammetry. The selectivity of poly (p-ABSA)
sensors prepared in the range of 8-18 cycles to MD and AA
was systematically examined. From the DPV results of MD,
it was observed that regular and repetitive responses could
be obtained at 14 cycle film thickness. This can be seen from
Figure 3. Furthermore, the effect of the number of cycles on
the electropolymerization was calculated as 64.42%. This value
was calculated from the ratio of the highest peak current to the
peak current of the first polymer film.

Electrochemical behavior of MD at poly (p-ABSA) modified sensor
The voltammograms achieved by cyclic voltammetry of MD
show a reduction wave at a potential of nearly 200 mV and an
oxidation peak of nearly 220 mV (Figure 4). The electrochemical
oxidation of MD was studied by cyclic voltammetry at the
surface of the bare and poly (p-ABSA) modified GCE. The
oxidation of MD shows a weak peak on the bare GC at nearly
0.590 V but the experimental results for the modified GCE show
a well-defined anodic peak at the peak potential of 0.220 V with
respect to the Ag/AgCl reference electrode. The peak current
and peak potential values recorded at the GCE electrode were
0.61 pA and 0.590 mV, respectively. However, at the poly
(p-ABSA) electrode these values were observed to be 30.48
pA and 0.220 mV, respectively (Figure 4). Consequently, in
comparison with the data recorded from the bare GCE electrode,
an increase in peak current and a decrease in overpotential of
MD were obtained at the modified GC electrode. Therefore, it
was assessed as an electrocatalytic effect for the oxidation
of MD on the modified surface. It could be observed that the
oxidation peak current for the modified electrode significantly
increased and it was almost 50 times higher than that for the
unmodified electrode. This behavior is due to adsorption of
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Figure 3. Differential pulse voltammetries of increasing film thicknesses
of 0.01 mM methyldopa (MD) in 0.1 M phosphate buffer solution (pH 3.0)
at poly (p-aminobenzene sulfonic acid) modified sensor. The relationship
between film thickness and the peak current of MD (inset)
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MD on the surface of p-ABSA by interaction of MD functional
groups such as NH,, COOH, and OH with carboxyl groups
of activated p-ABSA on the surface of the electrode. Thus
sensitivity was significantly enhanced due to preconcentration
of MD on the active surface of p-ABSA. Moreover, as shown
in Figure 4B, the onset potential for MD oxidation at the poly
(p-ABSA) electrode is lower than its oxidation at the bare GCE
(Figure 4B) because of the catalytic behavior of the modified
electrode. However, the potential peak at the bare GCE (0.59 V)
is higher than the potential peak at the modified GCE (0.220 V).
The effect of scan rate on the oxidation peak current of 0.01
mM MD was studied. With the scan rate increasing, the anodic
peak current increased. A good linearity between the square
root of scan rate and peak current was obtained in the range
of 10-250 mV s™. The linear regression equation was [ (pA)=
0502v1/2 0.899 with correlation coefficient R?= 0998 The
correlation coefficient is very close to 1.0, showing that the
oxidation process is diffusion controlled. Furthermore, the plot
of the logarithm of peak current versus logarithm scan rate has
a slope of 0.63, which is almost the theoretical value of 0.56.
The equation was log/p(pA):O.63logv—O.7041 (R?=0.998) on
the modified electrode. This indicates a diffusion controlled
electron process of MD oxidation at the poly (p-ABSA) modified
GCE.

DISCUSSION

The electrostatic interaction between the modified GCE
electrode and MD contributed to the enhancement of sensitivity
and electroactivity. The oxidation peak of MD at pH 3.0 is
irreversible and thus with an increase in peak height the peak
potential shifts to lower potential. However, onset potential,
which shows the kinetic of the reaction, decreased for the
modified GCE compared to the bare GCE and thus sensitivity
and selectivity increased because of these effects.

Electrolyte type effect on voltammetric behavior of MD
By selecting an appropriate supporting electrolyte solution, a
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Figure 4. Cyclic voltammetries of 0.01 mM methyldopa in 0.1 mM
phosphate buffer solution (pH 3.0) (A) glassy carbon electrode, (B) at poly
(p-aminobenzene sulfonic acid) modified sensor. Scan rate: 50 mV/s

conductive environment is created between the submerged
electrodes.

The choice of supporting electrolyte depends on MD's
resolution, dissociation degree, and nucleophilic character.
For this purpose, voltammograms of MD in Na,SO,, PBS (pH
7.0), NaNO,, NaClO,, NaCl, and KCl supporting electrolytes
(electrolytes concentration, 0.1 M) were recorded (Figure
5). While a voltammogram was taken at pH 7.0 for PBS,
voltammograms were taken at the native pH of the other
electrolyte species.

Effect of pH on the peak potential and peak current of MD

The peak current and potential are dependent on the pH of
the solution. To find the optimum pH, the influence of pH over
the range of 2.0-11.0 on the performance of the sensor was
investigated. Experimental results for MD are shown in Figure
6. It was found that the anodic peak current of MD increased
with increment of acidity, and reached its maximum value at pH
3.0. Therefore, pH 3.0 was selected as the optimum pH for the
determination of MD. Increasing peak current with the increase
in acidity showed that the mechanism for oxidation of MD was
a proton dependent reaction.

It was observed that as the pH of solution was increased, the
oxidation peak potential shifted to negative potential values.
The negative shift and the peak potential showed a linear
relationship with a slope of -52.4 mV/ pH in the pH range of
2.0-5.0. This slope approximately revealed that the number of
protons in the process was equal with the number of electrons
transferred in the oxidation reaction of MD.

Determination of MD in the presence of AA

Determination of MD in poly (p-ABSA) was done with differential
pulse voltammetry. Differential pulse voltammograms of
different concentrations of MD on the poly (p-ABSA) modified
GCE are shown in Figure 7. The data of the obtained calibration
charts are shown in Table 1. The calibration plot of the proposed
sensor is linear in two concentration ranges of 1.0-30.0 and
30.0-300.0 pM.
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Figure 5. Electrolyte effect on voltammetric analysis of 0.01 mM
methyldopa at poly (p-aminobenzene sulfonic acid) sensor. A) Phosphate

buffer solution (pH 7.0), B) NaClO,, C) KCl, D) NaCl, E) NaNO,, and F)
Na,SO,. Electrolyte concentration was 0.1 M
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Figure 6. Differential pulse voltammetry responses of 0.01 mM methyldopa
and 1.0 mM AA at modified sensor in phosphate buffer solution medium at
different pHs: 2.0, 3.0, 4.0, 5.0, 7.0, 9.0, 11.0. Scan rate, 50 mV/s
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Figure 7. Differential pulse voltammograms and calibration graphs in
increasing concentration of methyldopa in 0.1 M phosphate buffer solution
(pH 3.0) at poly (p-aminobenzene sulfonic acid) modified sensor. The
calibration chart of 1.0-300.0 uM methyldopa (inset)

Table 1. The data of calibration charts

Linear concentration range (M)

Parameters 1.0-30.0 30.0-300.0
Correlation coefficient 0.9944 0.9975
Standard error of slope 0.0263 0.0075
Standard error of intercept 0.3538 1167

The calibration equations over theses ranges are
1, (WA=1.21xC (uM)+30.81, R?=0.9944, and l, WA=0.53 C
(uUM)+53.30, R?=0.9975, respectively. LOD and LOQ were
calculated as 5.0 nM and 10.6 nM (S/N=3), respectively. The
relative standard deviation (RSD) for MD and 5 repeated
measurements was less than 3%.
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Figure 8. The increasing concentration of methyldopa (0.01, 0.015, 0.020,
0.025, 0.030, 0.035 mM) with 0.5 mM ascorbic acid at poly (p-aminobenzene
sulfonic acid) modified sensor in 0.1 M phosphate buffer solution (pH 3.0)
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Figure 9. The increasing concentration of ascorbic acid (0., 0.2, 0.3, 0.4,
0.5 mM) in the presence of 0.01 mM methyldopa at poly (p-aminobenzene
sulfonic acid) in 0.1 M phosphate buffer solution (pH 3.0)

It is readily seen from Figure 8 that peak currents increase
linearly with increasing MD concentration even in the presence
of AA. In addition, the MD peak current was unaffected by the
increasing AA concentration (Figure 9). Moreover, from the
successive runs of the modified electrode in the binary mixture,
it was observed that the voltammetric responses were almost
invariable. The RSD for MD and 5 repeated measurements was
less than 3%. This reflects that the stability of the modified
electrode was satisfactory.

Analytical applications

Five Alfamet tablets containing 250 mg of MD in each tablet
were directly weighed and powdered in a mortar. The calculated
amount of MD corresponding to 100 mM concentration stock
solution was weighed and transferred to a 10-mL volumetric
flask and the volume was supplemented with ultrapure water.
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Table 2. Detection of methyldopa in commercial tablets

Parameters Labeled, Found, RSD*, % Bias, Recovery, RSD* Bias
mM mM % % of recovery, % of recovery, %
Proposed method 1 0.979 014 0.84 979 0.77 1.98
Blood serum 1 0.764 0.22 0.79 76.4 0.82 2.00
Each value is an average of five determinations.
*RSD: Relative standard deviation
The contents of the flask were subjected to centrifugation 2. Katzung EG, Masters SS, Trevor AJ. In: Katzung BG, ed. Basic and
at 5000 rpm for 15 min to effect Comple‘[e dissolution. The Clinical Pharmacology (12" ed). New York; McGraw-Hill; 2012:79-96.
prepared mixture was filtered using paper filter and diluted 3. Zecevic M, Zivanovic L, Agatonovic SK, Minic D. The use of a
using appropriate amounts of double distilled water. The serum response surface methodology on HPLC analysis of methyldopa,
samples were collected from a research hospital and were ;gg;’;‘j?;’;d%y;gOCh|°r°th'az'de'”tablerS'JPharm Biomed Anal.
centrifuged (15 min at 5000 rpm) and then diluted 10 times e
with double distilled water without any additional pretreatment. 4. Ballantine J, Woolfson AD. Determination of catecholamines in
Before the voltammetric determination, appropriate amounts of pharmaceutical preparations by dlfferentlal'pulse polarography at the
glassy carbon electrode. Int J Pharmaceutics. 1979;3:239-246.
prepared real samples were added to 10 mL of phosphate buffer _ A
solution with optimum pH (pH 3.0) and then transferred to the 5. Badawy SS, Issa YM, Tag-Eldin AS. Potentiometric determination
. . of L-dopa, carbidopa, methyldopa and aspartame using a new
electrochemical cell for electrochemical measurements. The - . .
. . . trinitrobenzenesulfonate  selective electrode. Electroanalysis.
standard addition method was used to determine MD in the real 1996:8:1060-1064.
and spiked samples. . . . R
. ) 6.  Wahbi AM, Abdine H, Korany M, Abdel-Hay MH. Sodium cobaltinitrite
The quantity of MD in the tablets was computed from the as a reagent for determining some phenolic drugs. J Ass Anal
suitable calibration graphs. Furthermore, the accuracy of the Chem. 1978;61:1113-1117.
proposed techniques was checked by carrying out recovery 7.  Nagaraja P, Vasantha RA, Sunitha KR. A new sensitive and selective
studies. Recovery results obtained from the calibration graph spectrophotometric method for the determination of catechol
can be seen in Table 2. The proposed method was successfully derivatives and its pharmaceutical preparations. J Pharm Biomed
performed on real samples in the presence of interferences. Anal. 2001;25:417-424.
8.  Abdulrahman LK, Al-Abachi AM, Al-Qaissy MH. Flow injection-
CONCLUSION spectrophotometric determination of some catecholamine drugs in
p p
A poly (p-ABSA) modified electrode was applied for pharrrTa.ceutlcal pre.paratlon.s via OX|dat|ve.coupl|ng reaction with
. L . . p-toluidine and sodium periodate. Anal Chim Acta. 2005;538:331-
electrocatalytic assay of MD. The modified GCE indicated high 135
electrocatalytic activity for MD. The modified GCE provides ) ) ] ) ) )
much sensitivity and selectivity in the assav of MD. Moreover 9. Levine M. New concepts in the biology and biochemistry of ascorbic
nSHvity y y o ML ' acid. N Engl J Med. 1986:314:892-902.
the modified electrode showed easy regeneration and good ) ‘ o
repeatability and stability. The modified GCE can be used under 10. Kfapyal Y. Sulga|f'lH, Iwaktur'a'C, ?(oneys'rlm'wa : IGIUCOSE §§nsmvn()1/
. . . of polypyrrole films containing immobilized glucose oxidase an
the selected conditions (in PBS, pH 3) for the determination .of hydroguinonesulfonate ions. Anal Chem. 1991:63:49-54.
MD. The results show that the proposed method can be easily ) ) )
. S . . 1. Arrigan DWM, Lowens MJ. Polypyrrole films doped with an
used in the determination of MD in drug samples and clinical i . .

. electroactive sulfonated chelating reagent: electrochemical
fanaly.ses' It has been observed that this method can be used to characterization and the detection of metal ions. Electroanalysis.
identify MD in blood serum. 1999:11:647-652.

12. Gholiv MB, Amiri M. Preparation of polypyrrole/nuclear fast red
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Rapid Stability Indicating HPLC Method for the
Analysis of Leflunomide and Its Related Impurities
in Bulk Drug and Formulations

Bulk Ilag ve Formiilasyonlarda Leflunomid ve ilgili Safsizliklarinin Analizi
icin Hizli Stabilite Gostergeli YBSK Yontemini
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ABSTRAC T |

Objectives: Leflunomide (LFNM) is a drug that belongs to isoxazole derivatives and has immunosuppressive and anti-inflammatory activities.
A literature search confirms that there is no method reported for the simultaneous estimation of LFNM and its related impurities A and B in
pharmaceutical dosage forms or in bulk drug. Hence the present work aimed to develop a simple stability indicating RP-HPLC method for the
separation and quantification of LFNM and its impurities A and B.

Materials and Methods: Systematic trials of method conditions like mobile phase ratio, pH, flow rate, stationary phase, and detector wavelength
were performed for the simultaneous analysis of LFNM and its related impurities A and B. The developed method was validated as per the ICH
guidelines including forced degradation studies in different stress conditions.

Results: Optimized separation was achieved on a Thermo Scientific Hypersil ODS C18 column (250 mmx4.6 mm; 5 um id) using mobile phase
composition of acetonitrile, methanol, and 0.1 M sodium perchlorate in the ratio of 40:30:30 (v/v), pH 4.6, at a flow rate of 1.0 mL/min in isocratic
elution. UV detection was carried out at a wavelength of 246 nm. Well-resolved peaks were observed with high numbers of theoretical plates, lower
tailing factor, and reproducible relative retention time and response factor. The method was validated and all the validation parameters were found
to be within the acceptance limits. Stability tests were done through exposure of the analyte solution to five different stress conditions, i.e. 1 N HC|,
1N NaOH, 3% H,0,, thermal degradation of powder, and exposure to UV radiation. The method can successfully separate the degradation products
along with both the impurities studied. The % degradation was also found to be less.

Conclusion: The method developed for LFNM is simple and precise and can be applied for the separation and quantification of LFNM and its related
impurities in bulk drug and pharmaceutical formulations.

Key words: Leflunomide, impurity A, impurity B, stress degradation, HPLC
os

Amag: Leflunomid (LFNM), izoksazol tirevine ait ve immine stpresif ve antienflamatuvar aktiviteye sahip bir ilagtir. Literattr taramasi, farmasotik
dozaj formlarinda ve bulk ilaglarda LFNM ve ilgili safsizlik A ve B'nin degerlendirilmesi igin rapor edilen bir yontemin olmadigini dogrulamaktadir.
Bu nedenle bu galisma, LFNM'nin ve A ve B safsizliklarinin ayristirilmasi ve miktarinin belirlenmesi igin hizli stabilite géstergeli RP-YBSK yontemini
gelistirmeyi amaglamistir.

Gereg ve Yontemler: LFNM ve ilgili safsizlik A ve B'nin es zamanli analizi igin mobil faz orani, pH, akis hizi, stasyoner faz ve detector dalga boyu
gibi metod kosullarinin sistematik testleri gergeklestirilmistir. Gelistirilen yéntem farkli stress kosullarinda zoraki bozunma galismalarini igeren ICH
yonergelerine gore valide edilmistir.

Bulgular: Optimal ayristirma, Thermo Scientific Hypersil ODS C18 kolonu (250 mmx4,6 mm; 5 um id) tizerinde, 40:30:30 (h/h) oraninda asetonitril,
methanol ve 0,1 M sodium perklorat bilesiminden olusan mobil faz kullanilarak elde edilmistir; izokratik eliisyonda 1,0 mL/dak akis hizinda pH 4,6
idi. UV saptamasi 246 nm dalga boyunda gergeklestirilmistir. lyi-kararli pikler, ok sayida teorik plaka, daha az kuyruklama faktsrii ve tekrarlanabilir
goreceli retansiyon siresi ve tepki faktord ile elde edilmistir. Yontem valide edilmistir ve tim validasyon parametreleri kabul limitinde bulunmustur.

Stabilite testleri, analit ¢dzeltisinin bes farkli stress kosuluna, yani TN HCl, 1 N NaOH, %3 H,O,, tozun termal degradasyonuna ve UV radyasyonuna
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maruz kalmasi yoluyla gergeklestirilmistir. Yontem, bozunma urlnlerini galisilan safsizliklarla birlikte basarili bir sekilde ayirabilmistir. Yuzde

degradasyon da daha az bulunmustur.

Sonug: LFNM'nin ayrilmasi ve miktar tayini igin gelistirilen yontem basit ve kesindir ve bulk ilag ve farmasétik formilasyonlarda LFNM'nin ve ilgili

safsizliklarinin ayristirilmasi ve analizi igin uygulanabilir.

Anahtar kelimeler: Leflunomide, safsizlik A, safsizlik B, stress bozulmasi, YBSK

INTRODUCTION

Leflunomide (LFNM) is an isoxazole derivative having both
immunosuppressive and anti-inflammatory activities! LFNM
acts as a dihydroorotate dehydrogenase inhibitor used for
the treatment of rheumatoid arthritis.?® It is also used to treat
psoriasis, psoriatic arthropathy,* and other inflammatory
conditions like bullous pemphigoid, Felty syndrome, Sjégren
syndrome, Wegener granulomatosis, and vasculitis.® The
most common side effects associated with LFNM are nausea,
vomiting, diarrhea, abdominal pain, alopecia, and hypertension.®

The literature reveals that methods are reported for the
estimation of LFNM in pharmaceutical formulations using
high performance liquid chromatography (HPLC),™ UPLC”®
and spectrophotometer.’®” Only one HPLC method was
reported for the simultaneous estimation of LFNM with other
NSAIDs.® Bioanalytical methods are reported for estimation
of LFNM in biological samples using HPLC” HPTLC,?° and
liquid chromatography.?’ The other methods reported were
determination of the active metabolite of LFNM in biological
samples using HPLC.22%* No methods are reported for
the estimation of LFLM and its USP related impurities in
pharmaceutical formulations. Hence in the present study we
attempted to develop a simple method for the estimation of
LFLM  (5-methyl-N-[4-(trifluoromethyl) phenyl]-isoxazole-4-
carboxamide) and its related impurities A (a,a,0-trifluoro-p-
toluidine, 4-(trifluoromethyDaniline, 4-aminobenzotrifluoride)
and B (2-cyano-3-hydroxy-N-(4-trifluoromethylphenyl)
crotonamide) in pharmaceutical formulations. The molecular
structure of LFNM and its related compounds in the study are
given in Figure 1.

MATERIALS AND METHODS

Instrumentation

The separation and estimation of LFNM with impurities A
and B were conducted on a PEAK HPLC (India) system. The
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Figure 1. Molecular structure of LFNM and its related compounds in the study
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mobile phase was pumped into the column using an LC-P7000
isocratic pump. A 20-pL fixed volume sample was injected for
the analysis using a Rheodyne injector (model 7725) with a
fixed 20-pL loop. A variable wavelength programmable (Waters
486) ultraviolet (UV)-visible detector was used for detecting
the compounds. The detector response signals were monitored
and integrated using Young Lin Autochro-3000 software
(Korea). Samples were injected using a Hamilton (USA) manual
HPLC syringe. A double beam UV-visible spectrophotometer
(Teccomp UV-2301, India) was used for the spectral analysis.
A Denver electronic analytical balance (SI-234) was used for
weighing the standards and samples. pH of the mobile phase
was adjusted using a Systronics (India) digital pH meter (Sr
No: S 1326).

Chemicals and reagents

The active pharmaceutical ingredient LFNM with 99.20% purity
and its two impurities A and B were obtained as gift samples
from Torrent Pharmaceuticals Limited, Secundrabad, Telangana,
India. The marketed formulation of LFNM (Lefno®-10 mg) was
purchased in a local pharmacy. Laboratory reagent grade
sodium perchlorate monohydrate (NaClO,.H,0) and perchloric
acid (HCIO,) were purchased from SD Fine Chem. Limited,
Mumbai. HPLC grade methanol, acetonitrile, and water were
purchased from Merck Chemicals, Mumbai, and 0.2-um nylon
membrane filter papers were used for filtration of samples and
mobile phase and were purchased from Millipore (India).

Preparation of solutions

Sodium perchlorate solution (0.1 M)

First 14.046 g of NaClO,.H,0 was weighed accurately and
dissolved in 500 mL of water (HPLC grade). Then it was
sonicated for 2-5 min to dissolve the compound completely in
the water. The final volume was made up to the mark in a 1000-
mL volumetric flask using water. The solution was filtered
through a 0.45-pym nylon membrane filter paper.

OH
/L'““‘CHB

I

Impurity B
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Perchloric acid solution (0.1 M)

First 70% perchloric acid having molarity 11.6 M was used for
the preparation of 0.1 M solution. Then 8.6 mL of HCIO, was
pipetted and was further made up to 1000 mL using water.
The solution was sonicated and filtered through 0.45-um nylon
membrane filter paper.

Standard drug and impurity solutions

First 100 mg of standard drug LFNM was weighed accurately
and then put in a 100-mL volumetric flask. The drug was
dissolved in approximately 75 mL of methanol. Then the final
volume was made up to 100 mL with methanol. LFNM standard
stock solution of 1000 ug/mL was obtained and 1 mL of it was
accurately pipetted into a 100-mL volumetric flask and the final
volume was made up to the mark to get LFNM working standard
solution of 10 ug/mL.

The procedure explained for the preparation of LFNM standard
solution was followed for the preparation of 10 pg/mL Imp A
and Imp B separately. Ten milliliters of LFNM, Imp A, and Imp B
were mixed separately and the mixture solution was used for
method development.

Formulation solution

Ten tablets of LFNM (Lefno®-10 mg) were powdered using a
sterile mortar and pestle to get a fine powder. From the tablet
powder an amount of drug equivalent to 10 mg of LFNM was
weighed accurately and was dissolved in 10 mL of methanol. The
solution was kept in an orbital shaker for 15 min to dissolve the
drug completely in solvent. Then it was filtered through 0.45-
pgm nylon membrane filter paper. Sample solution containing
1000 pg/mL LFNM was obtained. The sample stock solution
was further diluted to get a working sample solution having a
LFNM concentration of 250 pg/mL. This solution was used for
the identification and estimation of LFNM and its impurities A
and B in pharmaceutical formulations.

Method development

The standard drug solution containing 10 pg/mL concentrations
of both impurities and LFNM was initially used for method
development studies. The wavelength of the detector was
maintained based on the iso-absorption wavelength obtained
by UV spectrophotometer for LFNM and impurities A and B.
System suitability, resolution, response factor (RF), and peak
symmetry are the key factors that are taken into consideration
for optimization of the mobile phase. The mobile phase was
confirmed by changes in different solvent ratios, strength of
organic modifiers, and pH. Separation was performed on
different column configurations and manufactures. The flow
rate of the mobile phase also changed in order to get better
resolution. The conditions that give the best resolution,
response, and peak symmetry were considered suitable
conditions and these conditions were further validated for the
applicability of the method for the estimation of LFNM and its
related impurities A and B in pharmaceutical formulations.

Method validation
The method was validated as per ICH guidelines.?®

System suitability

System suitability tests were carried out on a freshly prepared
standard solution at three concentrations (10, 20, and 30 pg/
mL) of the LFNM, Imp A, and Imp B to scrutinize the various
optimized parameters such as retention time, relative RF (RRF),
resolution, tailing factor, and USP plate count.

Linearity and range

Standard calibration curves were prepared with six calibrators
over a concentration range of 0.5-3.0 pg/mL for LFNM, Imp A, and
Imp B. The solutions were analyzed in triplicate in the optimized
conditions. The data of peak area vs. drug concentration were
analyzed using linear least square regression.

Precision

Precision was determined using six standard solutions
containing 2 pg/mL LFNM, Imp A, and Imp B that were prepared
and analyzed in the optimized method conditions. For intraday
precision the solutions were prepared and analyzed six times
on the same day at different time intervals and for interday
precision the solutions were analyzed on three different days.
Peak area responses of six replicate analyses were calculated
in terms of relative standard deviation (RSD).

Ruggedness

Ruggedness of the method was studied by different analysts
analyzing standard solutions containing 8 pug/mL LFNM, Imp A,
and Imp B in the optimized conditions in the same laboratory
conditions. %RSD values of peak area responses of six replicate
analyses were calculated.

Robustness

Robustness of the proposed method was tested by slight
variation in optimized method conditions. Change in +5 nm of
detector wavelength, +5 mL variation in mobile phase organic
and pH moadifier, +0.1 mL mobile phase flow rate, and +0.1 factor
of pH was studied. In each of the changed conditions, standard
solutions containing 8 ug/mL LFNM, Imp A, and Imp B were
analyzed in triplicate. The percentage change was calculated.

Recovery

The standard addition method was carried out for determining
the accuracy of the method. For this, 50%, 100%, and 150%
level concentrations were spiked into a known concentration of
1T ug/mL. Accuracy was determined by comparing the difference
between the spiked value and the actual found value.

Force degradation studies

Acid hydrolysis

First 50 mg of drug was mixed with 50 mL of 0.1 N HCl
solutions. After incubation for 12 h (AH 1) and 24 h (AH 2),
the sample solution was neutralized and diluted up to standard
concentration of 250 pg/mL and was analyzed in the developed
method conditions.

Base hydrolysis

First 50 mg of drug was mixed with 50 mL of 01 N NaOH
solutions. After incubation for 12 h (BH 1) and 24 h (BH 2),
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the sample solution was neutralized and diluted up to standard
concentration of 250 pg/mL and was analyzed in the developed
method conditions.

Oxidative degradation

First 50 mg of drug was mixed with 50 mL of 3% H.O,
solution. After incubation for 12 h (OD1) and 24 h (OD2), the
sample solution was neutralized and diluted up to standard
concentration of 250 pg/mL and was analyzed in the developed
method conditions.

Photolytic degradation

First 50 mg of drug sample was kept in UV light (254 nm). After
incubation for 12 h (PD 1) and 24 h (PD2), the sample solution
was neutralized and diluted up to standard concentration of 250
ug/mL and was analyzed in the developed method conditions.

Thermal degradation

First 50 mg of drug sample was kept in an oven at 60°C. After
incubation for 12 h (TD 1) and 24 h (TD 2), the sample solution
was neutralized and diluted up to standard concentration of 250
ug/mL and was analyzed in the developed method conditions.

Formulation analysis

Formulation sample solution of 250 ug/mL prepared from
marketed formulation tablets of LFNM (Lefno®-10 mg) was
analyzed in triplicate in the optimized conditions. The peak
area response obtained in the formulation analysis was used
to determine the applicability of the developed method for the
estimation of LFNM in pharmaceutical formulations.

RESULTS AND DISCUSSION

The aim of the present work was to develop a simple, accurate
reverse phase-HPLC-UV method for the quantification of
LFNM and its related impurities A and B in pharmaceutical
formulations. A literature survey reveals that no method was
reported previously for the separation and qualitative and
quantitative analysis of LFNM and its related impurities A and
B. Hence the attempt made here is novel and has significant
importance in simultaneous detection and quantification of
LFNM and its related impurities A and B.

The mobile phase was confirmed by change in different solvent
ratios, expected peak shape, and resolution achieved using the
mobile phase composition of acetonitrile, methanol, and 0.1 M
sodium perchlorate in the ratio of 40:30:30 (v/v). The pH of the
mobile phase was adjusted to 4.6 using 0.1 M perchloric acid.
The mobile phase was pumped at a flow rate of 1.0 mL/min in
isocratic elution. UV detection was carried out at a wavelength
of 246 nm and separation was achieved on a Thermo Scientific
Hypersil ODS C18 column (250 mmx4.6 mm; 5 pym id). In the
optimized conditions, well retained, resolved, and symmetric
peaks are observed in the standard chromatogram containing
10 pg/mL LFNM, imp A, and imp B. The standard chromatogram
obtained in the optimized conditions is given in Figure 2.
The blank analysis was performed by analyzing the mobile
phase and it confirmed that no detection was observed in the
blank chromatogram (Figure 3). This proved that the method

developed was specific and no mobile phase interference was
observed in the chromatogram.

Prior to validation of the developed method, repeatability
and system suitability were determined at standard solution
concentrations of 10, 15, and 20 pg/mL. The standard solutions
were prepared and were analyzed in the developed method
conditions in triplicate. The system suitability conditions like
plate count, asymmetric factor, and resolution were determined
and found to be within the acceptance limits. The RF, RRF,
and relative retention time were also calculated and found to
be reproducible. Hence the developed method was found to
be reproducible and all the system suitable parameters were
within the acceptable limits (Table 1.

A six point linear calibration curve was obtained in the
concentration range of 0.5-3.0 pyg/mL. The linear regression
equation was found to be y=50344x+2396.2 (R=0.999),
y=33020x - 16916 (R=0.999), and y=42853x + 606.76 (R=0.999)
for LFNM, imp A, and imp B, respectively. A very high correlation
coefficient value (more than 0.999) was observed for LFNM
and both impurities, confirming that the method follows a linear
relation accurately within the concentration range studied. The
linearity results are given in Table 2 and the calibration curve is
shown in Figure 4.

Precision of the developed method was tested by analyzing
the standard solution at a concentration of 2.0 ug/mL. The
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solution was analyzed six times on the same day for intraday
precision and on three different days for interday precision.
The same concentration of solution was prepared and analyzed
on three days by three different analysts for ruggedness. The
%RSD was calculated and was found to be 0.383, 0.394, and
0.915 in intraday precision, 0.258, 0.236, and 0.281 in interday
precision, and 0.578, 0.458, and 0.491 in the ruggedness study
for impurities A and B and LFNM, respectively. The results
confirm that the developed method was rugged and precise.

Robustness was tested by analyzing the standard solution in
the optimized conditions that were changed deliberately. The
percentage change in each changed condition was calculated
and was found to be less than 2 (Table 3). This confirms that
a small change in the analytical conditions did not influence
the chromatographic separation and detection of LFNM and its
related impurities A and B. Hence the method was found to be
robust.

Accuracy of the method was determined by spiked recovery
studies. For this, 50%, 100%, and 150% concentrations were
spiked and analyzed in triplicate into a known concentration
of 1 pg/mL. The percentage recovery was found to be within
the acceptance limit of 98-102% (Table 4). The %RSD in each
spiked level was calculated and was found to be within the

acceptance limit of <2. Hence the proposed method was found
to be accurate.

The standard drug was exposed to different stress conditions
and was analyzed in the optimized conditions and the results
were compared with those of an unstressed standard (Figure
5). The percentage degradation was found to be very high in
the acid degradation study. In this condition the drug was found
to be degraded up to 2.518% in 12 h and 10.808% in 24 h of
stress exposure. The number of degradation products was also
found to be high in this condition. Three additional peaks along
with both impurities and LFNM were detected in acid condition
(Figure 6). In the base degradation study, the drug was found to
be degraded up to 2.19% and 8.619% after 12 and 24 h of stress
exposure, respectively. One additional peak after 12 h and two
additional peaks after 24 h (Figure 7) of stress exposure along
with LFNM and both impurities were detected in base conditions.
In oxidative degradation, very low degradation of 114% was
observed at 12 h with no additional degradation compounds,
whereas after 24 h one additional peak was detected and the %
degradation was found to be 5.289 (Figure 8). In the photolytic
degradation, 313% degradation with one additional detection
was observed at 12 h and two additional degradation products
with % degradation of 8.887 (Figure 9) were observed. In the
thermal degradation, 5.581% degradation was observed and the

Table 1. System suitability results

Compound Concentration in pg/mL Retention time (min) RRT RRF Theo plate* Tail factor* Resolution*
LFNM 10 12.109+0.008 --- --- 9933 0.745 11.524

15 12.155+0.019 --- --- 9862 0.740 11.607

20 12144+0.010 --- --- 9863 0.757 11.850
Impurity A 10 5.132+0.001 0.423+0.004 0.649+0.005 4270 1157 ---

15 5133+0.028 0.422+0.002 0.647+0.001 4277 1160 ---

20 5.137+0.010 0.423+0.003 0.651+£0.002 4333 1163 ---
Impurity B 10 6.654+0.018 0.050+0.002 0.843+0.001 6055 1.540 5.980

15 6.672+0.009 0.549+0.001 0.834+0.005 6157 1.485 5.877

20 6.611£0.009 0.544+0.003 0.846+0.002 6086 1.540 5.893

*Values given in table are the average values of three replicate experiments

RRT: Relative retention time, RRF: Relative response factor, LFNM: Leflunomide, min: Minute

Table 2. Linearity results

S. no. Concentration in pg/mL Peak area observed

Imp A Imp B LFNM
1 0.5 16243+198.596 22220+314.079 26647+185.176
2 1 32607+533.094 42538+227.027 52314254161
3 15 50051+109.768 65490+173.463 80610+109.587
4 2 65467+360.266 86523+253.997 102530+1945.648
5 2.5 82575+117.091 108259+1057.730 128587+2427.108
6 3 98748+152.533 128567+761.748 152506+1489.122

*Values given in table are the averagetstandard deviation of three replicate experiments

LFNM: Leflunomide
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Figure 4. Linear calibration curve for LFNM, Imp A, and Imp B in the
developed method

LFNM: Leflunomide

chromatogram shows one additional detection along with LFNM
and both impurities (Figure 10). In all degradation conditions,
the % degradation was found to increase with an increase
in time. The % degradation and the formation of a number of
degradation products increased with an increase in the stress
degradation time from 12 h to 24 h in all the conditions studied.
The additional detection observed in the stress degradation
study along with LFNM and both impurities studied may be
unknown impurities formed or the compound degraded due
to the stress study. These additional compounds were not
observed in the standard unstressed chromatogram. Both the
impurities and the degradation products were successfully
separated in the optimized conditions and hence the method
can separate and quantify the potential impurities in LFNM. The
forced degradation results are given in Table 5.

Table 3. Robustness results

S.no.  Condition Robustness at 2 pg/mL

Imp A Imp B LFNM

Peak area % Change Peak area % Change Peak area % Change
1 Optimized 65467 - 86523 - 102530 -
2 MP 1 65633 0.253 85901 0.719 102981 0.439
3 MP 2 65782 0.481 85257 1.464 103102 0.557
4 WL1 64990 0.728 85637 1.024 103392 0.840
5 WL 2 64628 1.281 86030 0.569 103782 1.221
6 pH 1 65125 0.522 86132 0.451 103075 0.531
7 pH 2 64528 1.434 85998 0.606 102903 0.363
8 FR1 64593 1.335 85813 0.820 102745 0.209
9 FR2 64520 1.446 86121 0.464 102134 0.386

MP (Mobile Phase) 1: acetonitrile, methanol and 0.1 M sodium perchlorate in the ratio of 34:35:30 (v/v), MP 2: acetonitrile, methanol and 0.1 M sodium perchlorate in the ratio of
45:25:30 (v/v); WL (Wavelength) 1: 241 nm, WL 2: 251 nm; pH 1: 4.5, pH 2: 4.7; FR (Flow rate) 1: 0.9 mL/min, FR 2: 1.1 mL/min.

LFNM: Leflunomide

Table 4. Recovery results

S.no.  Compound Recovery level  Concentration in pg/mL % Recovery*
Target Spiked Final Amount recovered*
1 Imp A 50% 1 0.5 1.5 1.491+0.003 99.359+0.165
2 100% 1 1 2 1.980+0.010 99.011£0.522
3 150% 1 15 25 2.464+0.009 98.548+0.373
4 Imp B 50% 1 0.5 1.5 1.489+0.004 99.254+0.243
5 100% 1 1 2 1.979+0.002 98.977+0.116
6 150% 1 1.5 25 2.487+0.004 99.504+0.183
7 LFNM 50% 1 0.5 1.5 1.497+0.006 99.803+0.409
8 100% 1 1 2 1.974+0.003 98.699+0.141
9 150% 1 1.5 25 2.495+0.017 99.838+0.685

*Values given in table are the averagetstandard deviation for three replicate experiments

LFNM: Leflunomide
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Figure 11. Formulation chromatogram of LFNM (Lefno®-10 mg)
LFNM: Leflunomide

was found to be suitable for the quantification of LFNM and can
separate and analyze impurities A and B.

CONCLUSION

A simple, validated, and fast stability indicating HPLC method
is established for quantification of LFNM and its potential USP
impurities A and B. In the literature no method was found to be
established for the simultaneous quantification of LFNM and
its potential impurities A and B. Hence the method represents
the first report about a stability indicating method for the
determination of LFNM in the presence of impurities. The
proposed method achieves satisfactory separation of LFNM
from impurities and the degradation products, an extended
linear range, and rapid analysis time. A high recovery of LFNM
in formulation was obtained. The proposed method ensured
precise and accurate determination of LFNM in pharmaceutical
formulations. The excipients present in the formulation were
not interfering in the method. Hence the method is simple,
convenient, and suitable for analyzing LFNM in bulk and in
pharmaceutical formulations in the presence of its potential
impurities A and B.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Sargassum wightii Greville'nin Fitokimyasal Taramasi ve Wistar Sicanlardaki
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ABSTRACT

Objectives: The present study was conducted to identify the phytoconstituents present in different extracts of Sargassum wightii and to assess the
toxicity of its ethanol extract.

Materials and Methods: Successive solvent extraction and total ethanol extraction of S. wightii were performed and preliminary phytochemical
screening was carried out. The acute toxicity of ethanol extract of S. wightii (ESW) was studied. The subchronic toxicity of ESW was tested with
doses of 100, 200, and 400 mg/kg. The animals were observed for changes in body weight and food and water intake. At the end of the study, the
relative weights of vital organs were noted, followed by histopathological examinations. Various hematological and biochemical estimations were
also carried out.

Results: Phytochemical screening of S. wightii revealed the presence of alkaloids, carbohydrates, glycosides, phenolic compounds, and tannins.
ESW did not induce any mortality or pre-terminal death in the acute toxicity study. There were no significant differences in body weight, relative
weight of vital organs (except the brain), or food or water intake compared to the control group. The histopathological examination showed normal
architecture, suggesting absence of pathological lesions. Hematological and biochemical parameters were also comparable to those of the control
group except for reductions in glucose and cholesterol levels, which are postulated to be beneficial.

Conclusion: The presence of various phytoconstituents in S. wightii is evidence that it could be a potential source for treating different ailments. No
significant toxic effects were observed after treatment with ESW. Thus, it is proposed to be safe and can be recommended for long-term treatment.

Key words: Sargassum wightii, phytochemical screening, acute toxicity, subchronic toxicity
o |

Amag: Bu galisma, Sargassum wightii'nin farkli ekstrelerinde bulunan fitokimyasallari tanimlamak ve etanol ekstresinin toksisitesini degerlendirmek
igin yapilmistir.

Gereg ve Yontemler: S. wightii'den total etanol ekstraksiyonu ve ardisik ¢ézict ekstraksiyonu yapilarak ekstreler Gzerinde 6n fitokimyasal tarama
yapilmistir. S. wightii'nin etanol ekstresinin (ESW) akut toksisitesi arastirilmistir. ESW'nin subkronik toksisitesi, 100, 200 ve 400 mg/kg'lik dozlarla
test edilmistir. Hayvanlar, vicut agirigindaki ve yiyecek ve su alimindaki degisiklikler igin gézlenmistir. Calismanin sonunda, hayati organlarin relatif
agirliklari, ardindan histopatolojik incelemeler yapilmistir. Cesitli hematolojik ve biyokimyasal degerlendirmeler de yapilmistir.

Bulgular: S. wightii'nin fitokimyasal taramasi, alkaloitler, karbonhidratlar, glikozitler, fenolik bilesikler ve tanenlerin varligini ortaya koymustur.
ESW, akut toksisite galismasinda mortalite veya terminal éncesi 6lime neden olmamistir. Hayvanlar, viicut agirligindaki ve yem ve su tiketimindeki
degisiklikler yénunden gdzlenmistir. Calismanin sonunda, hayati organlarin (beyin harig) relatif agirliklari, yem ve su tuketiminde kontrol grubuna
kiyasla anlamli farkliliklar bulunamamistir. Histopatolojik incelemede patolojik lezyonlarin olmadigini gdsteren normal bir yapi izlenmistir. Hematolojik
ve biyokimyasal parametreler, yararli oldugu dustndlen glukoz ve kolesterol seviyelerinde azalma haricinde, kontrol grubu ile de karsilastirilabilir
duzeyde bulunmustur.

Sonug: S. wightii'de gesitli fitokimyasallarin varligi, farkli hastaliklarin tedavisi igin potansiyel bir kaynak olabileceginin kanitidir. ESW ile tedaviden
sonra 6nemli bir toksik etki gézlenmemistir. Bu nedenle, givenli oldugu ve uzun sureli tedavide kullanilabilirligi 6nerilmistir.

Anahtar kelimeler: Sargassum wightii, fitokimyasal tarama, akut toksisite, subkronik toksiste
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INTRODUCTION

Sargassum is a significant genus of brown marine algae
belonging to the family Sargassaceae. The well-known
bioactive compounds of Sargassum include meroterpenoids,
phlorotannins, fucoidans, sterols, and glycolipids. It is
reported to possess antioxidant, hypolipidemic, hypoglycemic,
neuroprotective, antimicrobial, anticancer, anti-inflammatory,
anticoagulant,  antimelanogenic, and  hepatoprotective
activities”?

Sargassum wightii Greville (S. wightii) is an abundant marine
brown alga commonly found on the shorelines of India. It is dark
brown, 21-40 cm in height, richly branched, and the midrib is
spherical to ellipsoidal and 5-8 mm long and 2-4 mm wide.”
It is @ macroscopic, multicellular, photosynthetic, nonvascular,
pelagic marine species rich in sulfated polysaccharides that
manifest potent free radical scavenging and antioxidant effects
and hypolipidemic and anti-inflammatory effects.™"® Fucoidan
is one of the well-known components of S. wightii with diverse
biological activities including anti-inflammatory, anticancer,
antimicrobial, and a-p-glucosidase inhibitory activity!* The
present study was designed to screen the phytoconstituents
present in different extracts of S. wightii and to assess the
toxicity of total ethanol extract of S. wightii. Ethanol extract was
chosen for the toxicity study as it is known to possess various
potent bioactive phytoconstituents compared to other solvent
extracts and also because of interest in further pharmacological
studies with ethanol extract of S. wightii.

MATERIALS AND METHODS

Study material

Fresh seaweed of S. wightii was collected from coastal regions
of Rameshwaram, Tamil Nadu, India, during October 2015. It
was authenticated by Dr. Yoganarasimhan, a taxonomist, and
a voucher specimen (#52) was prepared as per the guidelines
and deposited at the Herbarium of the Faculty of Pharmacy,
M. S. Ramaiah University of Applied Sciences, Bangalore, for
future reference.

During collection, the seaweed was washed thoroughly with
sea water to get rid of any superfluous matter such as sand
particles, salt, epiphytes, or any other foreign materials.
Later, the seaweed was thoroughly washed with running tap
water and then distilled water. It was shade dried at room
temperature, powdered, and then packed in airtight containers.
The study material was stored in a refrigerator for further
study. Macroscopic analysis including the size, shape, color,
base, and margin of S. wightii was carried out.”

Extraction

Successive solvent extraction

Successive solvent extraction of S. wightii was carried out
using a Soxhlet apparatus. The solvent order was according
to their polarity such as petroleum ether, toluene, chloroform,
95% ethanol, and cold maceration. The extract with each
solvent was filtered and dried to concentrate. The color and
consistency of the extracts were noted and the percentage yield
was calculated.

Total alcohol extraction

The coarsely powdered plant material was defatted using
petroleum ether (60-80°C) and extracted using 95% v/v ethanol
in a Soxhlet apparatus. The extract was filtered and evaporated
and accurate weight of the extract was recorded. The color and
consistency of the extracts were noted and percentage yield
was calculated.

Phytochemical screening

Preliminary phytochemical screening was carried out for the
extracts obtained from successive solvent extraction and total
alcohol extraction according to standard procedures.”®

Toxicity studies

Experimental animals

All the animals used for this study were obtained from the
Animal House Facility, Faculty of Pharmacy, M. S. Ramaiah
University of Applied Sciences (Registration number: 220/
PO/ReBi/S/2000/CPCSEA/ 02.05.2016). Acute toxicity was
carried out on three female Wistar rats. For the subchronic
toxicity study, Wistar rats of either sex weighing between 195
and 235 g were used in the present study. They were divided
into four groups, each group consisting of six animals.

The animals were housed in polypropylene cages. The
temperature in the experimental animal room was maintained
at 22°C (¢3°C), with relative humidity 50-60% and artificial
lighting, the sequence being 12 h light, 12 h dark. Each animal
in the cage was marked on the tail with methylene blue dye
for appropriate identification. Food but not water was withheld
overnight for the experimental animals. The experimental
procedures were conducted in accordance with the guidelines
provided by the Institutional Animal Ethics Committee and prior
approval was obtained with the approval no. MSRFPH/PFP-
59/2015.

Acute toxicity study

The acute toxicity study was designed as per the OECD
Guidelines 423! Although S. wightii is a traditional medicine,
with no reports of mortality'® even in large doses, a limit test
was carried out. A single oral dose (2000 mg/kg) of ethanol
extract of S. wightii (ESW) was given to three female Wistar
rats.

After dosing, for the first 30 min, the animals were monitored
individually. They were given special attention for the first 4 h
for any toxic signs. The observation was extended first to 24
h and then daily thereafter for a total of 14 days. The animals
were observed individually for any toxic signs or pre-terminal
deaths and they were recorded if they occurred. Once a week,
individual body weight was monitored in all the animals to
determine any drastic changes. The color and consistency of
feces and changes in fur and skin, mucous membranes (nasal),
and eyes of the animal were observed on a weekly basis.

Physical observations such as changes in the circulatory (heart
rate), respiratory (rate), autonomic (piloerection, lacrimation,
salivation, urinary incontinence, and defecation), and central
nervous system (drowsiness, ptosis, gait, eye prominence,
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eyelid closure, convulsions, biting, Straub’s test, motor in-
coordination, writhing, stereotypy, aggression, righting reflex,
pinnal reflex, corneal reflex, tremors, and convulsions) were
monitored and recorded if present.

Subchronic toxicity

The subchronic toxicity study was carried out as per OECD
guidelines 407! The animals were divided into four groups,
each group consisting of six animals. The grouping of animals
was as follows:

Group | - Normal control vehicle treated 1% sodium CMC.
Group Il - Ethanol ESW 100 mg/kg (low dose).

Group Il - Ethanol ESW 200 mg/kg (medium dose).
Group IV - Ethanol ESW 400 mg/kg (high dose).

Group | received 1% sodium CMC, while groups II-IV received
ESW in doses of 100, 200, and 400 mg/kg orally once daily
for 28 days. The doses were selected depending on the results
obtained from the acute toxicity study. Dosing time was kept
constant to minimize any biological variation among animals.

At the end of the study, the animals were anesthetized and a
blood sample was collected through the retro-orbital plexus
into nonheparinized tubes for biochemical parameters and
heparinized tubes for hematological parameters. Biochemical
analysis was carried out to explore major toxic effects intissues,
specifically the liver and kidney. Biochemical investigations
included sodium, potassium,® glucose,? total protein and
albumin,?®?* urea,®® creatinine,? total cholesterol,?"?® alanine
amino transferase (ALT), and aspartate amino transferase
(AST).?? Hematological parameters such as hemoglobin
content, total leucocyte count, erythrocyte count, and platelet
count were estimated.®*® Urine analysis was carried out during
the last week of the study and included timed urine volume and
pH.

All animals in the study were subjected to a complete, detailed
gross necropsy. It included thorough examination of the
external surface of the body, all orifices, and thoracic, cranial
and abdominal cavities. The vital organs such as the liver, lungs,
spleen, brain, kidneys, and heart were isolated and adherent
tissue was cleared. The wet weight of organs was recorded
immediately after dissection to avoid drying. Individual organs
were also examined macroscopically for any gross lesions in
all the animals. The following tissues were preserved in the
fixation medium for histopathological examination: brain,

stomach, small intestines, liver, kidneys, spleen, heart, lungs,
bone, testes, ovary, and pancreas.

Statistical analysis

The data were expressed as mean + standard error of the mean
(n=6). Significant differences between groups were determined
using one-way ANOVA, followed by Tukey’s multiple comparison
test. P<0.05 was considered significant.

RESULTS

The macroscopic characters of S. wightii leaves were as follows:
4 to 8 cm length, linear to oval, dark brown, with tapering base
and entire margin. The color, consistency, and percentage
yield of various extracts are presented in Table 1. The color of
extracts varied from dark green and greenish brown to brown.
Consistency was mostly semisolid except for the extract of cold
maceration, which was solid. Percentage yield of extract ranged
from 0.69 to 2.98. The highest yield was from cold maceration
(2.98%) and the least was from toluene extraction (0.69%).
Phytochemical screening revealed the presence of alkaloids,
phenolic compounds, carbohydrates, glycosides, and tannins.

Acute toxicity study

ESW did not induce any mortality or pre-terminal death. No
changes were observed in salivation, lacrimation, perspiration,
piloerection, micturition, or defecation. The animals were
observed for ptosis, drowsiness, stereotypy, aggression,
tremors, convulsion, Straub’s test, motor in-coordination, and
writhing and no abnormalities were observed in any of the
treated animals. Gait, righting reflex, and corneal reflex were
normal. Skin, fur, eyes, and body weight of the animals were
also normal. Tremors, lethargy, diarrhea, and coma were not
observed during the study.

Subchronic toxicity study

Body weight changes were documented on a weekly basis
and the results are presented in Table 1. The body weights of
animals treated with 100, 200, and 400 mg/kg extract showed
no significant changes and were comparable with those of
the control group. The results of the subchronic toxicity study
on food and water intake are presented in Tables 2 and 3,
respectively. Food as well as water intake was monitored in
all the groups on a daily basis and the results are presented on
a weekly basis. There were no significant changes in food or
water intake between the control and extract-treated groups.

Table 1. Body weight changes in ESW-treated rats

Groups Group | (Control) (g) Group Il (100 mg/kg) (g) Group 1l (200 mg/kg) (g) Group IV (400 mg/kg) (g)
Day 0 199.67+17.47 202.33+4.37 195.33+4.80 235.33+8.40

Day 7 21816£15.27 214+4.03 2142179 238.33+9.98

Day 14 216.33+14.61 217.66+7.42 210.83£5.52 232.83+10.60

Day 21 219.33+14.61 218.83+6.18 211.66£9.90 23241353

Day 28 224.66+5.65 224.67+5.65 215.3316.95 234.5+15.56

Values are expressed as mean + standard error of the mean; (n=6)
ESW: Extract of S. wightii
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The results of the biochemical analysis are reported in Table
4. There were no significant changes in parameters such as
albumin, total protein, urea, creatinine, sodium, or potassium at
the end of 28 days of treatment. AST and ALT did not show any
significant difference in the extract-treated groups and were
comparable with those in the control group.

There was a statistically significant decrease in blood glucose
levels in the extract-treated groups. Cholesterol level was
significantly reduced in the animals treated with doses of 100
and 200 mg/kg extract, whereas 400 mg/kg did not show any
significant differences.

Hematological parameters were estimated at the end of 28
days and the results are presented in Table 5. There were slight

variations but no significant changes in the levels of red blood
cells (RBC), white blood cells (WBC), platelets, or hemoglobin in
the extract-treated groups when compared to the normal group.
The results of urine analysis (Table 6) were comparable with
those of the control group.

The gross anatomy of every organ was examined
macroscopically by direct observation. The macroscopic
architecture of organs was normal in all the treatment groups
and there were no signs of abnormalities. The organ weight of
the control and extract-treated animals were noted at the end
of the study (Table 7). There were no significant changes in the
weights of vital organs including the heart, kidney, liver, spleen,
and lungs, whereas there was a slight increase in the weight of
the brain with the dose of 400 mg/kg.

Table 2. Food intake in ESW-treated rats

Groups Group | (Control) (g) Group Il (100 mg/kg) (g) Group 1l (200 mg/kg) (g) Group IV (400 mg/kg) (g)
Week 1 22.68+0.64 24.26+0.49 23.41x0.97 231+1.08

Week 2 22.61+0.77 2317+0.99 211£1.20 2317+1.20

Week 3 21.58+1.89 20 £112 19.95+1.59 19.05+1.57

Week 4 21.21£1.35 20.52+0.58 2115+1.52 21.84+114

Values are expressed as mean + standard error of the mean; (n=6)
ESW: Extract of S. wightii

Table 3. Water intake in ESW-treated rats

Groups Group | (Control) (mL) Group Il (100 mg/kg) (mL)  Group Ill (200 mg/kg) (mL)  Group IV (400 mg/kg) (mL)
Week 1 46.7+2.71 49774157 48.78+2.78 46.324+3.28

Week 2 50.02+2.40 52.66+193 51.21£4.2 53.69+2.77

Week 3 55.64+1.70 55.84+2.31 56.3+1.87 54154137

Week 4 55.69+1.73 57.92+0.99 58.43+2.30 52.83+1.49

Values are expressed as mean + standard error of the mean; (n=6)

ESW: Extract of S. wightii

Table 4. Biochemical parameters in ESW-treated rats

Groups Group | Group Il (100 mg/kg) Group llI Group IV
(Control) (200 mg/kg) (400 mg/kg)
Glucose (mg/dL) 82.98+2.80 46.17+2.56° 47.75+1.61° 36.49+1.74°
Cholesterol (mg/dL) 78+1.78 51.83+1.64° 52.5+1.92° 61.83+7.86
Albumin (g/dL) 3.92+0.09 3.68+0.13 3.48+0.09 3.7320.16
Total protein (g/dL) 7.02+0.20 7+0.14 6.92+0.19 6.45+0.29
Creatinine (mg/dL) 0.57+0.02 0.55+0.03 0.57+0.01 0.55+0.02
ALT (U/L) 53.83+2.69 57.5+2.87 53.67+1.41 51.541.48
AST (U/L) 221.5+415 221£3.25 213.33+2.81 218.5+1.89
Urea (mg/dL) 30.67+1.26 34.83+0.91 33+1.21 32.5+£1.06
Sodium (mEg/L) 150.83+1.68 15117£1.78 150.33+1.08 150.17+1.35
Potassium (mEq/L) 4.83+0.23 4.88+0.24 4.80+0.24 4.92+0.21

Values are expressed as meansstandard error of the mean (SEM); °p<0.01 (°p<0.01 indicates significance with p value less than 0.01 when compared to control); 2p<0.001
(®p<0.001 indicates high significance with P value less than 0.001 when compared to control); (n=6)
ESW: Extract of S. wightii, ALT: Alanine amino transferase, AST: Aspartate amino transferase
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A histopathological evaluation was conducted on various
organs such as the kidney, lungs, testes, ovary, bone, stomach,
brain, pancreas, spleen, intestine, liver, and heart. The testes
showed seminiferous tubules with normal spermatogenesis in
the low dose-treated groups. An increase in spermatogenesis
with normal architecture was observed in the medium and
high dose-treated groups (Figure la-d). With low dose, the
glomeruli appeared normal with mild tubular epithelial damage.
Medium dose-treated animals showed mild infiltrations
in the glomeruli with tubular epithelial cell damage and
the damage was comparable to that in the control group

(Figure 2a-d). All the groups showed functionally efficient nerve
fibers with normal astrocytes (Figure 3a-d). Normal pancreatic
acini and pancreatic islet cells with intercalated and lobular
ducts were observed in all the groups (Figure 4a-d). All the
groups showed normal cardiac muscle bundles with myocytes
and no signs of damage or changes were observed (Figure
5a-d). Congestion of alveolar tissue with normal alveolus was
observed with low doses, whereas mild infiltrations were
observed in alveolar tissue with normal alveolar epithelium,
alveolus, and air spaces in high doses (Figure 6a-d). All
the treated groups showed normal spleens with lymphoid

Table 5. Hematological parameters in ESW-treated rats

Groups Group | (Control) Group Il (100 mg/kg) Group I1l (200 mg/kg)  Group IV (400 mg/kg)
RBC (10°/mm?) 11.440.25 12.32+0.24 11.86+0.38 11.06£0.19

WBC (10%/mm?) 1013+0.34 11.58+0.87 12.75£1.02 1318+0.95

Platelets (Lakhs/cu.mm) 4.27+0.26 4.30+0.21 419£017 4504012

Hb (g/dL) 13.63+0.439 13.83+0.45 14.88+0.55 14.47+0.52

Values are expressed as mean + standard error of the mean; (n=6) RBC: Red blood cells, WBC: White blood cells, ESW: Extract of S. wightii, Hb: Hemoglobin

Table 6. Urine analysis of ESW-treated rats

Sl. no. Animal groups Urine volume pH Appearance

1 Group | (control) 1.5 mL 7 Clear, pale yellow
2 Group I1 100 mg/kg) 2mL 7 Clear, pale yellow
3 Group Il (200 mg/kg) 1.5 mL 7 Clear, pale yellow
4 Group IV (400 mg/kg) 1T mL 7 Clear, pale yellow

ESW: Extract of S. wightii

Table 7. Organ weights in ESW-treated rats

Groups Group | (Control) Group Il (100 mg/kg) Group 1l (200 mg/kg) Group IV (400 mg/kg)
Heart (g) 0.833£0.042 0.792+0.044 0.733+0.038 0.742+0.022

Kidney (g) 0.71£0.029 0.841£0.019 0.818+0.042 0.873+0.064

Liver (g) 8.41+0.572 7.40£0.425 7.81:0.701 8.60+0.972

Spleen (g) 0.853+0.058 0.855+0.103 0.812+0.058 0.795+0.064

Brain (g) 1.65£0.047 1.88+0.030 1.80+0.094 1.90+0.050°

Lungs (g) 1.69+0.096 1.95+0.153 216+0.305 2.04£0.277

Values are expressed as mean + standard error of the mean. °p<0.05 (°p<0.05 indicates significance with p value less than 0.05 when compared to control), ESW: Extract of S.

wightii

Ia) Normal control

1b) SW 100 mg/kg

Figure 1. Histopathology of testes

Ic) SW 200 mg/kg 1d) SW 400 mg/kg
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aggregation (Figure 7a-d). Normal ovarian stroma with corpus
luteum and follicles were seen in all the treatment groups
(Figure 8a-d). Extract-treated groups showed gastric glands
with normal parietal cells and gastric mucosa (Figure 9a-d).
Normal columnar epithelial cells, intestinal villi, and goblet cells
were observed in the intestine (Figure 10a-d). The bone showed
normal osteoblasts with bone matrix in all the extract-treated

groups (Figure 11a-d). Control group animals showed normal
hepatocytes with a central vein, whereas those treated with a
low dose showed normal hepatocytes with mild congestion of
blood vessels and edema. Dilatation of sinusoids with normal
hepatocytes was seen in the medium dose-treated animals.
High dose group animals showed eosinophilic cytoplasm with
mild infiltrations of mononuclear cells/heterochromatic nuclei

2a) Normal control

2b) SW 100 mg/kg

Figure 2. Histopathology of kidney

o Te.

3a) Normal control 3b) SW 100 mg/kg

Figure 3. Histopathology of brain

4a) Normal control 4b) SW 100 mg/kg

Figure 4. Histopathology of pancreas

5a) Normal control 5b) SW 100 mg/kg

Figure 5. Histopathology of heart

2d) SW 400 mg/kg

3c) SW 200 mg/kg

3d) SW 400 mg/kg

4c) SW 200 mg/kg 4d) SW 400 mg/kg

5c) SW 200 mglkg 5d) SW 400 mglkg
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6a) Normal control 6b) SW 100 mg/kg

Figure 6. Histopathology of lungs

7a) Normal control

Figure 7. Histopathology of spleen

8a) Normal control

Figure 8. Histopathology of ovary

9a) Normal control 9b) SW 100 mg/kg

Figure 9. Histopathology of stomach

10a) Normal control 10b) SW 100 mg/kg

Figure 10. Histopathology of intestine

6c) SW 200 mg/kg

9c) SW 200 mg/kg

10c) SW 200 mg/kg

6d) SW 400 mg/kg

9d) SW 400 mglkg

10d) SW 400 mglkg
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(Figure 12a-d). The interpretations of all the treated groups
were done in comparison with the control group.

DISCUSSION

Herbal medicines are thought to have lower risk compared to
synthetic drugs, but the concept is becoming outdated since
it is evident that herbal medicines also have potential risks.
Various studies have reported the toxicity of herbal compounds
and it becomes mandatory to rule out any such possible toxicity
profile.®

The preliminary phytochemical analysis revealed the presence
of many active constituents that may be pharmacologically
beneficial. The animals were found to be free of any major toxic
signs during as well as at the end of the acute and subchronic
toxicity study. There were no abnormal signs of any motor or
sensory functions.

Reduction in body weight is known to be one of the most
common indices to understand the toxicity profile of drugs.®
Minor insignificant changes in body weight were observed
throughout the treatment period. Any changes in food intake or
water drinking pattern indicate a toxic impact on or abnormality
in metabolism.® Statistically insignificant changes in food and
water intake indicate that the extract was safe for long-term
administration and did not induce any alteration in the metabolic
system.

I 1a) Normal control 11b) SW 100 mg/kg

Figure 11. Histopathology of bone

12a) Normal control 12b) SW 100 mg/kg

Figure 12. Histopathology of liver

Groups

Group | - Normal control vehicle treated 1% sodium CMC.

Group Il - Ethanol extract of S. wightii 100 mg/kg (low dose).
Group Ill - Ethanol extract of S. wightii 200 mg/kg (medium dose).
Group IV - Ethanol extract of S. wightii 400 mg/kg (high dose).

The normal ranges of electrolytes, creatinine, and urea indicate
that ESW has no deleterious effect on the renal system.
Generally increased levels of AST and ALT are considered to
be an index of liver damage. Changes can occur in the levels
of these enzymes when there are changes in hepatic cellular
permeability, damage to the hepatocytes, or necrosis.*
Statistically insignificant results for ALT and AST ruled out
any such toxic effects on the liver. The reduction in glucose
level seen in the present study is correlated to already reported
alpha glucosidase as well as alpha amylase inhibitory activity
of S. wightii and fucoidan.®%" Therefore, it is concluded that the
hypoglycemic potential of ESW is comparable to that in studies
previously reported on S. wightii or fucoidan.®%

Cholesterol is known to be one of the major lipids that can
provide information about lipid metabolism.*® Previous studies
have already reported the hypolipidemic property of sulfated
polysaccharides, which could be correlated to the reduction in
cholesterol level observed in the present study. Another study
correlated the hypolipidemic effect of fucoidan to reduction in
HMG CoA reductase expression and an upregulation of LDL
receptor.” Thus these results are consistent with previous
studies available on the hypoglycemic property of sulfated
polysaccharides, which are expected to be the major compounds
present in S. wightii extract.*?

I1c) SW 200 mglkg 11d) SW 400 mg/kg

(: .(:“‘ 4-1‘

/

12c) SW 200 mglkg

12d) SW 400 mg/kg
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The hematological system is one of the most important systems
serving as an indicator of health status. It is also known to be
an easy target for most toxic compounds.®® The results indicate
that the ESW is nontoxic to the hematopoietic system.

Organ weight is known to be one of the main indices to derive
any targeted organ toxicity. The absence of any significant
differences in organ weight eliminates any such organ level
toxicity. No signs of abnormality or organ level damage were
observed in the macroscopic examination of gross anatomy.
In the histopathological examination, all the organs showed
normal architecture. Although some changes were observed,
they were minimal and comparable with the observations in the
control group.

Thus, the present study reveals that ESW is safe up to 2000
mg/kg administered as a single oral dose and long-term
administration of ESW does not cause toxicity to vital organs
at submaximal doses, which encourages the long-term use of
ESW for any further pharmacological investigations.
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Cytotoxic Activity of Sesquiterpenoids Isolated
from Endemic Ferula tenuissima Hub.-Mor &
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Endemik Ferula tenuissima Hub.-Mor & Pesmen'den Elde Edilen
Seskiterpenoidlerin Sitotoksik Etkisi
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ABSTRAC T |

Objectives: This was a phytochemical study of endemic Ferula tenuissima roots and determined the cytotoxic activity of pure compounds on PC-3.
Materials and Methods: Air-dried and powdered roots of F. tenuissima (1 kg) were extracted consecutively with n-hexane, chloroform (CHCL,), and
methanol (MeOH) (3x2 L, each) by sonication at 30°C for 24 h. The extracts were then filtered. The solvents were separately evaporated under
reduced pressure to dryness. The compounds were isolated by chromatographic methods and their structures were determined by spectral
methods (1D and 2D NMR and LC-MS). The compounds were tested for their cytotoxic activities versus the PC-3 cell line by WST assay.

Results: A phytochemical investigation of the dried roots of endemic F. tenuissima was performed and three sesquiterpene esters were isolated.
The daucane-type sesquiterpenes teferidin, ferutinin, and elaeochytrin-A were identified. In the bioactivity study, ferutinin exhibited the highest
cytotoxic activity, with an IC_, value of 19.7 uM.

Conclusion: The results indicate that the main compounds of F. tenuissima roots are daucane sesquiterpenes and ferutinin has a potential effect
on PC-3 cells.

Key words: Ferula tenuissima, daucane sesquiterpene esters, cytotoxicity, prostate cancer

s

Amag: Endemik Ferula tenuissima kdklerinin fitokimyasal yonden incelenmesi ve elde edilen saf bilesiklerin PC-3 tizerinde sitotoksik etkilerinin
belirlenmesidir.

Gereg ve Yéntemler: F. tenuissima ‘nin agik havada kurutulmus ve toz haline getirilmis kokleri (1kg, 24 saat boyunca 30°C'de sonikasyonda n-hexane,
kloroform (CHCL)) ve metanol (MeOH) (3x2 L, her biri) ile sirasiyla ekstre edilmistir. Ekstraktlar daha sonra stzilmustir. Sivi ekstreler, vakum
altinda kuruluga kadar ugurulmustur. Kromatografik yontemler ile bilesikler elde edilmis ve bilesiklerin yapilari spektral yontemler ile belirlinmistir
(1D-, 2D NMR ve LC-MS). Bilesiklerin PC-3 Uzerindeki sitotoksik aktiviteleri WST y&ntemi ile test edilmistir.

Bulgular: Endemik F. tenuissima'nin kurutulmus kéklerinin fitokimyasal incelemesi yapilmis ve Ug seskiterpen esteri izole edilmistir. Teferidin,
ferutinin ve elaeochytrin-A daukan tip seskiterpen esterleri olarak belirlenmistir. Biyoaktivite calismasinda, ferutinin en ytksek sitotoksik aktiviteyi
IC,,: 19.7 uM ile gdstermistir.

Sonug: F. tenuissima koklerinin ana bilesiklerinin daukan seskiterpenler ve ferutininin PC-3 hiicreleri Uzerinde potansiyel bir etkiye sahip oldugunu
gbstermektedir.

Anahtar kelimeler: Ferula tenuissima, daukan seskiterpen ester, sitotoksite, prostat kanseri
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INTRODUCTION

In recent years, cancer has become the main cause of public
health problems and the second leading cause of death in the
world despite advanced imaging and molecular diagnostic
techniques.! Prostate cancer is the most common cancer in
men and is the second leading cause of cancer deaths in the
United States after lung cancer.' Today, most cancer drugs used
as cytotoxic agents are obtained directly from natural products
like plants, marine organisms, and microorganisms or indirectly
by the semisynthesis of molecules from these sources. As a
result, cancer research on natural products is expanding.?

The genus Ferula L. of the family Apiaceae (Umbelliferae)
is represented by about 185 species worldwide and 23
taxa in Turkey.® Several species, such as the roots of Ferula
gummosa and Ferula asafeotida, have been used in folk
medicine as an antidote in poisonings and as an aphrodisiac,
antimicrobial, expectorant, and antihemorrhoidal, as well as
to treat stomachache, colitis in infants, asthma, and urinary
tract disorders. Monoterpenes, sesquiterpenes (especially
daucane-, humulane-, and guaiane-type sesquiterpene esters
and sesquiterpene lactones), and coumarins were found to be
the main constituents of the genus Ferula by phytochemical
studies.>® Phenylpropanoid, sulfur-containing derivates, and
triterpenes and their glycosides were also reported.®" Recent
pharmacological research has demonstrated that different
extracts of Ferula species contain sesquiterpene derivatives
that have in particular proven to be cytotoxic on several cancer
cell lines.?" In addition, the extracts have been reported to have
antimicrobial, anthelmintic, anticonvulsant, antispasmodic,
antihyperglycemic,  antihyperlipidemic, and  antioxidant
activities.*®

EXPERIMENTAL

Plant material

The roots of Ferula tenuissima Hub.-Mor & Pesmen were
collected in the Yarpuz Region, Osmaniye, Turkey (940 m) in
June 2013. The whole plant was identified by Assoc. Prof.
Serdar Gokhan Senol from the Section of Botany, Department
of Biology, Faculty of Science, Ege University. A voucher
specimen (IZEF 6046) was deposited in the Herbarium of Ege
University, Faculty of Pharmacy, izmir, Turkey (www.izef.ege.
edu.tr).

Extraction and isolation

Air-dried and powdered roots of F. tenuissima (1 kg) were
extracted consecutively with n-hexane, chloroform (CHCla), and
methanol (MeOH) (3x2 L, each) by sonication at 30°C for 24 h.
The extracts were then filtered. The solvents were separately
evaporated under reduced pressure to dryness. Yields were
44.31g,990 g, and 45.89 g, respectively. Next 9.27 g of the CHCL,
extract was submitted to silica gel column chromatography and
eluted consecutively with n-hexane: EtOAc gradient (100:0-
0:100, v/v, 10% decreasing polarity, each 500 mL), EtOAc:
acetone (100:0-0:100, v/v, 10% decreasing polarity), and then
acetone: MeOH (100:0-0:100, v/v, 10% decreasing polarity)

to give 15 fractions, named A-O, and monitored by thin-layer
chromatography (TLC). Based onthe TLC profiles 3 fractions, i.e.
fractions B (210 mg), E (233 mg), and G (200 mg), were selected
for further purification. Fraction B was chromatographed
over a silica gel column (150 g) with n-hexane: EtOAc (100:0-
87.5:12.5, with 2.5% increasing polarity) to afford five fractions
(B1-B5). Fraction B3 (83 mg) was rechromatographed over a
silica gel column (75 g) with n-hexane: EtOAc (100:0-90:10, 2%
decreasing polarity) to yield compound 1 (40 mg) purely. Then
33 mg of fraction E was further purified by preparative TLC
(n-hexane:EtOAc, 80:20, silica gel) and isolated and yielded
17 mg of compound 3. Fraction G was submitted to silica gel
column chromatography, eluted with n-hexane: EtOAc (95:5-
50:50; 5% increasing polarity) solvent, and yielded compound
2 (33 mg).

Cytotoxicity assay and cells

Cell toxicity was analyzed by using WST-1 according to the
manufacturer’s protocol. PC-3 and RWPE-1 cell lines were
obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). PC3 cells were propagated using DMEM
F-12 supplemented with 5% FBS, L-glutamine (2 mM), penicillin
(100 U/mL), and streptomycin (100 pg/mL), while RWPE-1 cells
were propagated in keratinocyte growth medium supplemented
with bovine pituitary extract and 5 pM EGF at 37°C with 5% CO,,.
Molecules were dissolved in DMSO and treatments were done so
that DMSO volume would not exceed 0.5% of the culture media
volume. Control cells were treated with the same volume of
DMSO used during the molecule treatments. PC-3 “(8x103)" and
RWPE-1 cells “(104)" were seeded and grown in 96-well plates
and incubated for 24 h. Molecule treatments were performed
for 48 h and WST-1 cell proliferation reagent (roche cat no:
05015944001) was used as recommended. Briefly, WST-1 (1:10
final dilution) was added to the cells at the end of treatments,
and the cells were incubated for an additional 3 h. At the end
of the incubation, absorbance was measured at 450 and 690
nm using a SpectraMaxPlus 384 spectrophotometer (Molecular
Devices). IC, concentrations of the molecules were calculated
through nonlinear regression analysis in GraphPad Prism 6.
All experiments were performed in triplicate. Doxorubicin was
used as the positive control.

Chemicals and other materials

Mass spectra (Thermo-Scientific TSQ Quantum Access Max LC-
MS/MS, ESI). Nuclear magnetic resonance (NMR) spectra were
recorded on a Varian Oxford AS400 and a Bruker DRX-500. The
chemical shifts were measured relative to the residual solvent
peak and are expressed in & (ppm) and the coupling constants
(J) are reported in Hertz (Hz). Column chromatography was
carried out on silica gel 60 (40-63 mm, Merck), Sephadex LH-
20 (GE Healthcare), and Micropore RP-18 (25-40 mm, Merck)
using analytical grade purity solvents (Merck and Sigma). TLC
analyses were carried out on silica gel 60 F254 and RP-18
F254s (Merck) precoated aluminum plates. Compounds were
detected by UV (244-366 nm) and 10% vanillin ethanol solution/
H,SO, reagent followed by heating at 105°C for 1-2 min.
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RESULTS AND DISCUSSION

The powderedroots of F. tenuissimawere extracted consecutively
with n-hexane, CHCL,, and MeOH (3x2 L, each) by sonication
at 30°C for 24 h. The CHCl,-soluble fraction was subjected to
repeated column chromatography (CC) to afford three known
compounds (see Figure 1). All of them were daucane-type
sesquiterpenoids; their structures were established by NMR
and MS and by comparison with published data. Compounds
1 (teferidin),”® 2 (ferutinin),” and 3 (elaeochytrin-A)®° were also
identified by comparison of their spectral data with those in the
literature°2°

Compound 1 (Teferidin)
4p3-Hydroxy-6a-benzoyloxy-5a(H)-dauc-8-ene: Yellow residue,
El MS/MS, [MI* at m/z=34216 for C,_H, 0, 'H, “C NMR
spectroscopic data, see Table 1.

Compound 2 (Ferutinin)

4B-Hydroxy-6a.-(p-hydroxy benzoyloxy)-5a(H)-dauc-8-ene: Yellow
residue, EI MS/MS [M+HI* at m/z=359.06, [M+NH I m/z=37611,
[M+Nal m/z=381.06, [M+K]* m/z=397.03 for C,,H, O,; 'H, *C NMR
spectroscopic data, see Table 1.

Compound 3 (Elaeochytrin-A)
4B-Hydroxy-6a-(0-amino benzoyloxy)-5a(H)-dauc-8-ene. Yellow
residue, EI MS [M+Nal]* m/z=380.34 for C,,H,NO,; "H, *C NMR
spectroscopic data, see Table 1.

All compounds isolated from F. tenuissima were evaluated for
their cytotoxic activity against the PC-3 cancer cell and normal
prostate RWPE cell lines. The IC,, values of compounds that
are active on at least one cell line at concentration are given
in Table 2.

Compound R, R,
1-Teferidin H H
2-Ferutinin (0] H
H
3-Elaeochytrin-A  H NH,

Figure 1. Structure of compounds 1-3

CONCLUSION

Mono-, di-, triesters of humulane, germacrane, eudesmane,
and especially daucane-type sesquiterpenes and coumarin and
lactone derivates are major components of the genus Ferula
L.2" It was observed that the location of the double bond in the
daucane ring affected activity, which was at positions 7-8,
8-9, and 9-10. Furthermore, the presence of hydroxyl groups
at different positions on the daucane ring and the formation
of mono-, di-, and tri-ester structures of this hydroxy!l group,
especially benzoic, angelic, cinnamic, and vanillic acid, increases
the variability in biological activity.?’ The isolated teferidin
compound is jaeschkeanadiol benzoic acid ester isolated from
F. tenuisecta roots for the first time in 1976.2 It has also been
reported from F. hermonis, F. pallida, F. elaeochytris, F. rigidula,
and F. jaeschkeana roots.?' Ferutinin was first described in 1973
by Saidkozev as jaeschkeanadiol p-hydroxy benzoic ester.?®
It was isolated from different Ferula species previously.?
Elaeochytrin-A was first reported from F. elaeochytris roots.?

In our study, it was determined that all compounds were
moderately effective on the PC-3 and RWPE-1 cell lines. The
affinity of the compounds for RWPE-1 cells also indicated that
the selectivity of the compound is not as high as expected.

In a previous study, elaeochytrin-A showed cytotoxic effects
on K562R (imatinib-resistant) human chronic myeloid leukemia
and DA1-3b/M2BCR-ABL (dasatinib-resistant) mouse leukemia
cell lines at IC_, 12.4 and 7.8 pM concentrations, respectively.
In the same study, ferutinin showed cytotoxic activity at IC
25.3 and 291 uM and teferidin at IC_, 55.1 and 29.5 uM. When the
molecular structures were examined, the double bond between
C8 and C9 positions decreased cytotoxic activity.® Ferutinin has
been shown to have an antiproliferative effect on colon cancer
cell lines of WiDr, COLO320-HSR, and LS-174T% and to induce
apoptosis and intracellular Ca*2 pathway in human Jurkat cells.?®
Ferutinin showed ERa and ERf} agonist and antagonist receptor
activity with improving sexual function in male and female rats.*
It has been found that the hydroxyl group at position 3 increases
the estrogen-like effect of the presence of oxygen and the
presence of electrophilic groups in the p-position of the benzene
ring (hydroxyl, oxo, etc.).? Prostate cancer formation, especially
androgenic hormones, is the main cause of uncontrolled
proliferation of cells. Ferutinin molecule studies suggest that
both the effects on sexual function and the activity of in vitro
cytotoxicity studies may be specific antagonist/agonist effects
on androgen hormone receptors.?® As a result of our bioactivity
studies on the PC-3 cell line with compounds isolated from F.
tenuissima roots, the most active cytotoxic agent of ferutinin
synthesis emerged (IC_: 19.69 uM), in addition to the potential
phototherapeutic results of phytochemical and bioactivity studies
of other genus-related species due to the biological activity of the
root extracts of Ferula taxa and daucane-type sesquiterpenoids.
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Table 1. NMR spectroscopic data for compounds 1-3 in CDCI, (8,,7.26 ppm, _ 77.1 ppm)

Positions Compound 1 Compound 2 Compound 3
o, (d ppm, J=Hz) o 8, (d ppm, J=Hz) o, 8, (d ppm, J=Hz) LR
1 - 439 (s) - 44.0 (s) - 44.2 (s)
2 1.43 (m) 41.0 () 1.56 (m) 41.2 (0 1.54 (m) 415 ()
1.20 (m) 1.26 (m) 1.30 (m)
3 192 (m) 32.4 () 1.92 (m) 314 (1) 191 (m) 31.8 (1)
1.50 (m) 1.65 (m) 1.60 (m)
4 - 851 (s) - 87.0 (s) - 86.5 (s)
5 1.96 (d, J=9.6) 59.4 (d) 2.02 (d, J=10.8) 60.1 (d) 2.00 (d, J=10.8) 60.1 (d)
6 5.09 (td, J=10.2, 2.4) 709 (d) 5.27 (td, J=10.4, 2.8) 7.2 (d) 5.27 (ddd, J=10.8, 10.4, 70.7 ()
2.8)
7 2.39 (dd, J=12.8,10.8) 415 2.56 (dd, J=12.4,11.2) 414 (O 2.54 (dd, J=12.4,11.6) 41.6 ()
216 (dd, J=14.0, 12.8) 2.29 (dd, J=14.0, 2.8) 2.27 (dd, J=14.0, 2.4)
8 - 133.7 (s) - 133.5 (s) - 134.4 (s)
9 5.50 (bs) 125.3 (d) 5.55 (bt, J=5.6) 125.3 (d) 5.55 (bs) 125.4 (d)
10 1.96 (m) 409 (1 2.06 (m) 41.0 () 2.05(m) 41.2 (1)
1.85 (m) 1.98 (m) 191 (m)
1 2.10 (sept, J=6.8) 36.5 (d) 1.86 (sept, J=6.8) 37.0 (@) 2.04 (m) 374 (d)
12 0.75 (d, J=6.8) 181 (q) 0.85 (d, J=6.8) 17.6 (@) 0.85 (d, J=6.8) 17.7 (@)
13 0.94 (d, J=6.8) 18.8 (¢) 0.94 (d, J=6.8) 18.5(q) 0.95 (d, J=6.8) 18.7 ()
14 1.01(s) 20.6 (¢) 110 (s) 20.2 (@) 111 (s) 203 (g)
15 1.75 (s) 26.6 () 1.81 (s) 26.4 (q) 1.82(s) 26.6 (@)
v - 131.3 (s) - 1219 (s) - 111.0 (s)
2 7.89 (d, J=T7.2) 129.3 (d) 7.92 (d, J=8.8) 132.0 () - 1511 (s)
3 7.50 (dd, J=8.0, 7.2) 129.0 (d) 6.88 (d, J=8.8) 115.5 (d) 6.67 (dd, J=8.0, 0.8) 117.0 ()
& 7.61(t, J=7.2) 133.3 (d) - 161.1 (s) 7.27 (ddd, J=7.2, 6.8,1.6)  133.7 (d)
5 7.50 (dd, J=8.0, 7.2) 129.0 () 6.88 (d, J=8.8) 115.5 (d) 6.64 (td, J=8.0, 1.2) 116.4 (d)
6 7.89 (d, J=7.2) 129.3 (d) 7.92 (d, J=8.8) 132.0 () 7.78 (dd, J=8.0, 1.6) 131.0 ()
4 - 165.2 (s) - 167.3 (s) - 168.3 (s)

F. tenuissima showed a profile of chloroform extracts with ultraviolet active at 254 and 366 nm, blue-green color visible spots with vanillin/H,SO, reagent for all compounds
NMR: Nuclean magnetic resonance
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ABSTRACT |

Over the past few years, nanocarriers have become an ideal solution for safe and efficient drug delivery and release. This is mainly due to the
extraordinary characteristics that nanomaterials exhibit when compared with their larger scaled forms. A variety of these carriers are more popular
due to their high biocompatibility, ensuring greater efficacy especially in cancer treatments. Nanocrystal, liposomal, and micelle designs of these
materials as nanocarriers for drug delivery and release have been extensively researched throughout the past 50 years. Successful applications
have not only ensured a greater focus on therapeutic development but also created a new solution available in the pharmaceutical market. Herein,
a brief review of research studies focused on nanocarrier materials and designs to achieve superior benefits of drugs for disease treatments is
presented. Nanohydrogels, chitosan, graphene oxide, and solid lipid nanoparticle nanocarrier designs and applications are selectively given due
to the great attention they have gained from being highly biocompatible and easy-to-manipulate nanocarrier options from organic and inorganic
nanocarrier materials. Each summary exhibits the progress that has been achieved to date. With greater understanding of the current state in
the development process of these nanomaterials, there is a rising chance to provide better treatment to patients, which is a desperate need in
pharmaceutical technologies.

Key words: Nanocarrier, drug delivery, nanomaterials, controlled drug release, targeting
os |

Gegtigimiz yillarda, nanotasiyicilar givenli ve verimli ilag dagitimi ve salimi igin ideal bir ¢ézim haline geldi. Bu, temel olarak nanomalzemelerin
daha buytk olgekli formlariyla karsilastirildiginda sergiledikleri olagantstu &zelliklerden kaynaklanmaktadir. Bu tasiyicilarin gesitliligi yuksek
biyouyumluluk nedeniyle daha poptler olup, 6zellikle kanser tedavilerinde daha fazla etkinlik saglar. Son 50 yil boyunca, nanokristal, lipozomal
ve misel tasarimlari bu malzemelerin ilag dagitimi ve salinimi igin gok arastirilmistir. Basarili uygulamalar sadece terapétik gelisimde daha fazla
odaklanma saglamakla kalmadi, ayni zamanda farmasotik pazarda da mevcut yeni bir ¢ozim yaratti. Bu ¢alismada, nanotasiyicilar arastirmalarin
kisa bir derlemesi ve ilag tedavisi igin ilaglarin tstiin yararlarini elde etmek igin nanohidrojel, kitosan, grafen/grafen oksit ve kati lipid nanopargacik
tasarimlari sunulmustur. Bu malzemeler biyouymululugu ytksek ve maniptlasyonu kolay olmalari sebebi ile son yillarda en gok tercih edilen
nanotastyici malzemeleri olmustur. ilag dagitimi ve salinmasinda en fazla ilgi ¢eken bu nanotasiyici malzemeleri, bugiine kadar olan gelisimleri
dzetlenmistir. ilag dagitimi icin nanotasiyici ihtiyacinin ve bu nano malzemelerin gelisim siirecinde mevcut durumun daha iyi anlasilmasiyla,

farmasotik teknolojilerinde hastalara daha iyi tedavi saglama sansi artmaktadir.

Anahtar kelimeler: Nanotasiyici, ilag dagitimi, nanomalzemeler, kontrollt ilag salimi, hedefleme
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INTRODUCTION

Materials that have one or more dimensions lower than 100 nm
are considered nanomaterials.! To be more specific, in 2011 the
European Commission defined a nanomaterial as follows:

A natural, incidental or manufactured material containing
particles, in an unbound state or as an aggregate or as an
agglomerate and where, for 50% or more of the particles in the
number size distribution, one or more external dimensions is in
the size range 1 nm-100 nm."

Nanomaterials have great research and development/product
development potential in medical applications. Some of these
applications include DNA/RNA nanotechnology, diagnosis by
molecular imaging, biosensing, nanomedicine, and nanocarriers
for drug delivery.® A considerable number of nanomaterials have
been developed, produced, and utilized for these application
fields, such as nanohydrogels, chitosan/starch/cellulose
nanoparticles, graphene (GR)/GR oxide (GO) nanosheets,
iron oxide nanoparticles, gold nanoparticles, cerium oxide
nanoparticles, and carbon nanotubes/nanoparticles.

Nanomaterials exhibit extraordinary optical, electronic, and/or
mechanical properties when compared with their greater scaled
forms. They can differ in color, conductivity, reactivity, surface
areato volume ratio, and surface tension from macro forms. Due
to this, nanomaterials have attracted the attention of scientists
for their potential utilization in vaccines, drug development, and
drug delivery.* Over many years, many nanomaterials have been
adopted as nanocarriers, i.e. nanohydrogels, oil-in-water (O/W)
emulsions, liposomes, and nanoparticles based on synthetic
polymers or natural macromolecules.> The very first studies
were conducted by Couvreur et al.® and Kreuter and Speiser.” in
the late 70s, where the team exploited polymeric nanocapsules
as lysosomotropic carriers and adjuvants.

Drug nanocarriers wusually serve two main purposes:
targeted drug delivery to specific tissue, organ, or cells and
controlled drug release. The foundation of drug delivery is
based on biocompatible nanoparticles or nanocapsules and
targeting molecules. Biocompatible materials are selected
and incorporated to enhance the hydrophilicity of hydrophobic
carrier systems or drugs. Targeting molecules are generally
antibodies or avidin/biotins that directly target tissue, organs,
or cells. Drug release features of nanocarrier systems are
provided by the environmentally sensitive structure of the
carrier. Controlling drug release ensures paramount therapeutic
effect by releasing the delivered drug with high efficiency in
the targeted area and preventing any healthy tissue damage
that could be caused by some drugs such as chemotherapy
agents.® Nanocarriers that have been designed from polymer-
based nanoparticles are solid colloidal particles that are
approximately 10-500 nm in size.* Drug incorporation into
nanocarriers is based on 5 methods: dissolution, entrapment,
adsorption, attachment, or encapsulation.® Herein a brief review
of nanocarrier systems is given. A summary of the literature
including easily manipulated popular nanomaterials that
have been adopted as nanocarriers (nanohydrogels, chitosan
(CS) nanoparticles, GR/GO nanocarriers, and solid lipid

nanoparticles) is given. Nanohydrogels and CS nanoparticle
derivatives are the most heavily rotated amphiphilic nanocarrier
materials. GR/GO nanomaterials are favored nanocarriers since
they are present in a wide range of carrier designs. Finally, solid
lipid nanocarriers (SLNs) are currently the most promising and
novel lipophilic drug carriers.”

NANOHYDROGEL CARRIERS

Nanohydrogels can be defined starting with the descriptions
of macro-scaled hydrogels. Hydrogels are three-dimensional
hydrophilic polymer chain networks that are crosslinked.
These networks can consist of natural or synthetic polymers
and display swelling behavior when introduced to water
or physiological fluids. Moreover, they are able to revert to
their initial state when removed from the presence of water/
biological fluids.""® Due to this unique behavior, hydrogels have
gained attention and been adopted in biomedical applications
such as drug delivery, drug release, and vaccine design."

Drug delivery and drug release system designs that utilize
hydrogels have been and are still considered appealing in
medicine due to their crosslink-controlled pore structures.
Moreover, physiochemically, hydrogels are very similar to
the extracellular matrix of the human body. With also a very
high content of water, hydrogels are known to have very
high biocompatibility. A main disadvantage is their viscosity,
which created an alternative solution: nanohydrogels. These
submicron particles made excellent drug carriers that could
easily be extruded through an injector needle. In addition,
decreasing size ensures an increase in surface area that
provides further bioconjugation.™®

Nanogels, in the range of 10-100 nm size, are small enough to
be used as systemic drug carriers. For designs that include
clearance of nanogel carriers by kidney filtration the diameter
is lower than 10 nm. Drug release to tissue, organs, or cells
is through the meshes of nanohydrogels, which are typically
between 5 and 100 nm in size!® Mesh sizes in environmentally
dependent designs such as temperature- and pH-sensitive
ones change with the stimuli according to the crosslink bond
concentration that forms or breaks.® Regulating the breakages
of crosslinking bonds that form the initial mesh size of the
carriers will provide control of drug release acceleration.
Other designs include utilization of the swelling capacity of
nanohydrogels.!” As swelling continues, mesh sizes increase
and gradually release the encapsulated drug.®

Nanohydrogel carriers that are environmentally dependent
include designs sensitive to pH, temperature, electric field,
light, enzyme, calcium, glucose, redox, etc.® In this paper, some
of these designs are summarized according to their sensitivity
features as below. From this summary, it can be stated that as
nanohydrogel carriers there are several popular materials that
are prominent when compared with others. In Table 1, materials
that receive the greatest attention from scientists are listed.
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Temperature-sensitive nanohydrogel carriers
Temperature-sensitive nanohydrogel carriers are systems that
exhibit swelling behavior that is dependent on temperature
changes and are a widely studied field® A temperature-
sensitive drug-release design was reported by Ichikawa and
Fukumori?® in 1999. The design consists of a water-soluble
hemostatic drug core inside a thermosensitive poly[N-
isopropylacrylamide (NIPAAm)] nanohydrogel containing an
ethyl cellulose shell. Ichikawa and Fukumori® stated that the
mentioned shell could change and revert to its initial size with
temperature changes between 30°C and 50°C in water and
that nanohydrogels exhibit positive thermosensitive swelling.
The drug release rate is reported to be not only temperature
dependent but also nanohydrogel concentration dependent.?°
A very recent study introduced thermosensitive 5-fluorouracil
(5-FU; a chemotherapeutic drug employed for solid tumor
treatments) containing methyl cellulose (MC) nanohydrogels
for decreased side effects of chemotherapy. In this 2018 study
Dalwadi and Patel® produced MC nanohydrogels by a tip probe-
sonicator method from MC hydrogels. 5-FU release depends on
both temperature and its biodegradability. Within 48 h the drug
is released in the injected area, preventing a cytotoxic drug
burst in a very large area as in conventional chemotherapy.?'

pH- and/or ionic-strength-sensitive nanohydrogel carriers

pH and/or ionic strength sensitivity allows nanocarriers’ mesh
size to be manipulated according to the environmental pH.
Elsaeed et al.?? synthesized poly(NIPA-co-AAC) nanohydrogels
by inverse microemulsion polymerization method in 2010. On
average, the diameter of these nanohydrogels is reported to
range between 60 and 80 nm. The team delivers a possible
drug release methodology that is pH dependent through poly
(NIPA-co-AAC) nanohydrogel by characterizing its swelling
behavior between the pH values of 4.00 and 8.00 (ionic
strength=0.4). That study shows that the nanohydrogels’
swelling capacity increased with environmental pH.?2 In an
earlier study, in 2004, Dufresne et al.® reported pH-sensitive
poly (N-isopropylacrylamide) derivative copolymers or
poly(alkyl(meth)acrylate) diblock copolymers were produced
as indomethacin (a nonsteroidal anti-inflammatory drug),
fenofibrate (a drug for treating abnormal blood lipid levels),
and doxorubicin (DOX) and aluminum chloride phthalocyanine
carriers. PNIPAM copolymers were stated to be synthesized by
free radical polymerization while the polylalkyl(meth)acrylate]
diblock copolymers were synthesized by atom transfer radical
polymerization. The team carried out both in vitro and in vivo
assays. Dufresne et al?® refer to the PNIPAM derivatives
as a potential safe alternative to Cremophor®EL, a common
carrier for various poorly water-soluble drugs. Furthermore,
polylalkyl(meth)acrylate] derivative [polyethylene glycol (PEG)-
b-(EA-co-MAA)] nanoparticles were stated to be excellent
carriers for hydrophobic drugs that could be used orally. The
carrier system is reported to exhibit dissociation behavior with
increasing pH.%

CHITOSAN NANOCARRIERS

Chitin is a long-chain polymer derivative [poly (b-(1-4)-N-
acetyl-D-glucosamine)] of glucose with significance as the
raw material of CS nanocarriers (CSNs). When chitin is
deacetylated up to about 50%, it transforms into CS, which
has a linear backbone linked through glycosidic bonds.??5 CS's
efficient bio-adhesiveness and permeabilization capacity make
it one of the most popular nanocarrier materials amongst other
hydrophilic polymers.?® Moreover, CS is a nanocarrier that has
a high loading efficiency of drugs. Based on the protonation of
-NH, at the C-2 position of the D-glucosamine repeat, one of the
most important characteristics of CS is its solubility in aqueous
acidic media as given in Figure 1.2 Thus, CS nanocapsules
provide an effective solution for the delivery of hydrophobic
drugs.?” All the mentioned features of CS nanoparticles make it
an excellent nanocarrier material.

Moreover, CS exhibits pH-sensitive behavior due to the
percentage of its acetylated monomers and their distribution in
the chains.?® This behavior is utilized for controlled drug release
by scientists. A common example for this is drug delivery to
tumor cells and controlling release since the pH of tumor cells
is significantly lower than that of healthy cells.? A summary of
the literature that features CSNs as drug delivery systems is
provided in Table 2 in chronological order. Production methods
for CS carriers differ however, the most common method used
being ionotropic gelation, which is based on the capability of
polyelectrolytes to crosslink in the presence of counter ions.*

As can be seen in Table 2, Fernandez-Urrusuno et al®
proposed the use of CS nanoparticles as potential drug
carriers for transmucosal delivery in 1999. In their design the
team loads insulin into CS nanoparticles to be given nasally to
conscious normoglycemic rabbits. It is reported that there was
a 40% reduction in the serum glucose levels.® Aktas et al.*
reported the use of PEG-grafted CS nanoparticles as peptide
drug carriers. They observed nanoparticle formation through
intermolecular hydrogen bonding in an aqueous solution. The
incorporation and release of insulin were dependent on the
degree of introduction of the PEG chain on CS and observed
sustained release phenomenon over time 525 Pérez-Alvarez et
alSreported one of the most recent studies in this field revealing
the state of art in 2019. Their work exploits the designed CSN
as a great candidate for polyoxometalate delivery into tumoral
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Figure 1. Chitosan monomer
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Figure 2. Molecular structure of graphene and graphene oxide

cells. CSN production is achieved by dissolving low molecular
weight CS in 1% (v/v) acetic acid solutions for crosslinking in
inverse microemulsion medium, which results in the attainment
of nanometric CS gel particles. Utilizing the pH-sensitive
characteristics the team managed to inhibit cytotoxic drug
release.”

GRAPHENE AND
NANOCARRIERS

Professor Andre Geim and Professor Kostya Novoselov made
a groundbreaking disclosure by finally discovering a production
method for GR in 2004. The research was outstanding since
it had not been possible previously to produce a single layer
of graphite (carbon atoms with sp2 bonds in the shape of
honeycomb). Later, GR became known as the basic building
block of graphitic materials such as spherical nanoparticles
that are also known as OD fullerenes, 1D carbon nanotubes, and
3D graphite.>8

Following the discovery, scientists began to reveal GR’s unique
characteristics provided by its submicron dimension and
the m-conjugation in its structure. GR is revealed to exhibit
extraordinary thermal, mechanical, and electrical properties.””
Further research provided a better understanding of the
physical and chemical structure of GR's surface, which has
created interest in medical and pharmaceutical technologies as
well as other fields of science. GR is researched and utilized
for nanoscaffolds, chemical/biosensing, imaging, drug delivery
and controlled drug release.” In the area of nanomedicine and
nanocarriers, GR and its composites are important due to its
large surface area where every single atom is exposed on the
surface (2600 m?g™), layer number, lateral dimension, surface
chemistry, and purity.®®2 Hereby, GR could be considered a
superior candidate as an ideal nanocarrier with the mentioned
characteristics that allows a high drug load capacity.*®

GRAPHENE OXIDE

One of the most popular derivatives of GR is GO, GR with
oxygen-containing functionalities (epoxide, carbonyl, carboxyl,
and hydroxyl groups). GR and GO have a major difference

that affects their drug delivery performance when used
as nanocarriers: GO is highly hydrophilic, whereas GR is
hydrophobic so that it requires surface modifications for use
in biological fluids. Thus, any nanocarrier design that uses
GR should take into consideration the possible impurities and
negative effects such as cytotoxicity.¢"® This leads researchers
to gravitate towards GO-containing designs rather than GR
nanocarrier designs.

In Table 3, a summary of GR/GO nanocarrier designs is given.
As can be seen, Hummer's method for production is the most
popular choice, where graphite oxidative exfoliation is applied
with NaNO,. Although Hummer's production method is usually
opted for rather than other complicated methods, over the years
it can be seen that nanocarrier designs have evolved into more
complex systems that apply chemotherapy and photothermal
therapy for treating cancer.

In 2008, Liu et al.®” published a study that demonstrates
PEG-functionalized GO nanocarriers used as a noncovalent
physisorption chemotherapy drug delivery system. The team
reveals that the nanocarriers have an adequate in vitro cellular
uptake capacity.®” A very recent study by Bullo et al.2¢ examined
the state of the art in GO nanocarriers. GO is reported to be
synthesized by Hummer’s method. GO is modified with PEG for
higher biocompatibility and loaded with two chemotherapeutic
drugs: protocatechuic acid and chlorogenic acid. The carrier is
then coated with folic acid to target cancer cells since tumor
surface membranes have a greater number of folate receptors.
The final size of the nanocarrier system is stated to be 9-40
nm with a median of 8 nm. The team reveals that drug release
of this design took more than 100 h, which ensures a steady
therapeutic effect.®

SOLID LIPID NANOPARTICLES

Nanocarriers designed with a polymer foundation have a
certain advantage in terms of the wealth of possible chemical
modifications, including the synthesis of block and comb
polymers.®’ Designs that use SLNs exploit this advantage by
combining the advantages and avoiding the disadvantages of
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Table 1. Popular nanohydrogel materials utilized as nanocarriers

Nanohydrogel carrier material Structure
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Table 2. A literature summary of CSNs

Date Drug Nanocarrier design & advantages CS nanoparticle production Reference
1999 Insulin Blood glucose control lonotropic gelation with Penta- 31
nasal absorption sodium tri-polyphosphate
pH selective release
2005  Epirubicin Chemotherapy Carboxymethylated Chitosan 32
chitosan-bound magnetic nanocarrier covalently bound onto Fe304
nanoparticles
2005 BSA Carboxymethyl konjac glucomannan-chitosan nanoparticles Dropping method 33
2005  Z-DEVD-FMK Cerebral Ischemia Therapy Chitosan acetylation 13.7% 34
CS-PEG-BIO-SA/OX26
2005  Insulin Oral/Nasal Drug Carrier lonotropic gelation 35
CS nanoparticles, CS nanocapsules and CS-coated lipid
nanoparticles
2006  Triclosan Higher solubility in water lonotropic gelation 36
Furoscmide hydroxypropyl cyclodextrin containing chitosan nanocarrier
2006  Protein complex P1 Transmucosal drug carrier lonotropic gelation 37
glucomannan-coated chitosan nanoparticles
2006  Salmon calcitonin Oral drug carrier lonotropic gelation 38
carrier for peptide drugs through the intestinal epithelium
2007 - Transmucosal drug carrier lonotropic gelation 39
hydrophilic cyclodextrin-chitosan core and chitosan coating
2008  Indomethacin Ophthalmic Drug Delivery lonotropic gelation by addition of 40
TPP anions
2009  HP-b-CD complex Oral delivery of drugs that are insoluble in water lonotropic gelation with Penta- 41
simvastatin sodium tri-polyphosphate
2010  Bleomycin Chemotherapy lonotropic gelation with Penta- 42
Fe,O, containing chitosan nanoparticles sodium tri-polyphosphate
2010  siRNA PEGylated Chitosan Nanocarriers Complex coacervation of 43
Imidazole-modified chitosan-IAA nanoparticles nonmodified chitosan or chitosan-
IAA with siRNA
2010  Glutathione Oral Drug Carrier lonotropic gelation 44
Chitosan and Chitosan/cyclodextrin NPs
2010  Mesalazine Colon Specific Drug Delivery lonotropic gelation 45
Superparamagnetic chitosan-dextran sulfate NPs
20M Silver NPs Colon Cancer Apoptosis lonotropic gelation with Penta- 46
Chitosan-based nanocarrier of silver NPs sodium tri-polyphosphate
20M Curcumin Hydrophobic drug delivery for cancer treatment lonic cross linking between 47
Carboxymethyl chitosan nanocarriers carboxyl group
2014 100% iron saturated- Osteoarthritis treatment - 48
bovine lactoferrin
2014 Rosmarinic acid Antioxidant delivery lonotropic gelation with Penta- 49
sodium tri-polyphosphate
2015 Paclitaxel Chitosan based glycolipid-like nanocarrier 50
2019  Polyoxometalates Breast cancer therapy Crosslinked in inverse 51

pH selective release

microemulsion medium

CSN: Chitosan nanocarriers
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Table 3. A literature summary of GR/GO nanocarriers

Date  Drug Nanocarrier Nanocarrier design & GR or go Nanocarrier size Reference
advantages synthesis on average
2010  Camptothecin (CPT) FA-GONS-p-amino Sulfonic acid groups Hummer’'s ~ GONS (thickness) 64
Doxorubicin (DOX) benzenesulfonic acid render stability in method <150 nm
physiological solutions
Target: human breast
cancer cells
2011 Ellagic acid (EA) GONS-Pluronic High drug loading (For Hummer's GONS-F38 65
F38(F38), GONS - GO-T80,1.22gper1g)  method (thickness)=6-7 nm
Tween 80(T80), GONS- GONS-T80
Maltodextrin (MD) (thickness)=7-8 nm
GONS-MD
(thickness) =5-6 nm
2011 Doxorubicin (DOX) PEG-GONS Both chemotherapy Hummer's - 66
and near infrared (NIR)  method
photothermal therapy
Lower systematic
toxicity
2011 Tamoxifen Citrate Pyridinium bromide Enhanced the apoptosis - PY+-Chol-GR 67
(TmO) (PY+-Chol)-Graphene of cancer cells (hydrodynamic
(GR) diameter)=150-200 nm
2013 Doxorubicin (DOX) Polyethylene Photothermally Reduction 100-200 nm 68
Glycol-Branched controlled anti-cancer by hydrazine
Polyethyleneimine- drug delivery monohydrate
Reduced GO Higher cancer cell death
(PEG-BPEI-rGO)
2013 5-fluorouracil (5-FU) Fe,0,-GONS pH dependent Hummer's - 69
chemotherapy method
High drug loading
capacity of up to 0.35
mg mg”
2013 Doxorubicin (DOX) PVP-GONS-FA pH sensitive nanocarrier Hummer’'s ~ GONS=100 nm 70
Both chemotherapy method
and near infrared (NIR)
photothermal therapy
2013 Doxorubicin (DOX) FA-GONS-Chitosan High drug loading Hummer's - 7
(CHD efficiency (0.98 mg/mg)  method
& prolonged drug release
rate
pH sensitive drug release
2014 Doxorubicin (DOX) GO/integrin aVb3 Charge-reversal, target ~ Hummer's ~ GO/PEI/PAH-Cit/ 72
mono-antibody (Abs)/ specific nanocarrier method DOX=20-200 nm
polyethyleneimine Drug release in acidic
(PED/citraconic intracellular organelles
anhydride functionalized
poly(allylamine) (PAH-Cit)
2014 Doxorubicin (DOX) Hyaluronic acid (HA)-  Targeted and pH Hummer’'s ~ GONS 73
GONS sensitive drug delivery ~ method (laterabD=10-200

High loading efficiency
of drug (42.9%)

nm
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2014 poxorubicin (DOX) PEG-Poly (allylamine  pH sensitive drug Hummer's  PEG-PAH-DA- 74
hydrochloride) (PAH)-  release method GONS=70 nm
2,3-dimethylmaleic Both chemotherapy and
anhydride (DA)-GONS  photothermal therapy

2015 paclitaxel (PTX) PEG-GO Nontoxic chemotherapy =~ Hummer's PEG-GO-PTX 75

carrier method (lateral)=50-200
Increased biocompatibility nm

and physiological stability

2015

Irinotecan (IRD Poloxamer 188-GONS ~ Photothermal Hummer's GONS=200 nm 76
Doxorubicin (D) therapy with dual method
chemotherapies in one
system
2015 |ndomethacin (IMC) poly(N- Enhanced thermal Hummer's GONS=0.85 nm 7
Doxorubicin (DOX) isopropylacrylamide) stability method NIPAM-GONS=3.2
(PNIPAM)-GO Improved dispersibility in nm
aqueous and cell medium
2016 poxorubicin (DOX) Gold Nanoparticle Targeted chemotherapy - AuNP-FA-GONS 78
(AuNP) - Folic Acid - and photothermal (Hydrodynamic
GONS ablation size)=188.2+7.2 nm
AuNP-GO
(diagonal)=135 nm
2018 poxorubicin (DOX) Folic acid (FA)- FA linked GONS for high Hummer's 2.7 nm 79
Camptothecin (CPT) Graphene Oxide affinity to method
Nanosheet (GONS) folate receptor
2018 Tetracycline (TC) Carboxymethylcellulose Efficient oral drug Hummer's CMC/MOF-5/GO 80
(CMC)-Zn-Based Metal- delivery method (diameter)=344 nm
Organic Framework Effective protection
(MOF-5)-GO against stomach pH
2018 poxorubicin (DOX) Carboxymethylcellulose Targeted delivery and Hummer's GONS 81
(CMC)-Zn-Based Metal- controlled release of method (Thickness)=30 nm
Organic Framework chemotherapy human CMC/MOF-5/
(MOF-5)-GONS blood cancer cell lines GONS=80 nm
2019 Quercetin (QSR) Polyvinylpyrrolidone High biocompatibility Hummer's GO=166.5 nm 82
Gefitinib (GEF) (PVP)-GO Enhanced anticancer method PVP-GO=300-400
activity within a dosage nm
range
2019 cjs- Maghemitey-Fe,0,-GO  Efficient Malignant Hummer's GO (width)=80-100 83
diamminedichloroplatinum glioma chemotherapy method nm
D (CisPt) GONP accumulates in GO (thickness)=6.3
U87 human glioblastoma nm
subcutaneous tumor
xenografts
2019 Methotrexate (MTX) Polyethylene Glycol Magnetic Iron NPs Hummer's - 84
bis Amin (PEGA)- GO Increased efficacy in method
Magnetic NS (GOMNS)  chemotherapy with pH
dependent drug release
and biocompatibility
2019 5_Fluorouracil (5-FU)  Chitosan-rGO Increased efficiency of - - 85
Curcumin (CUR) chemotherapy against
colon cancer
2019 poxorubicin (DOX) k-Carrageenan (k-Car)- Targeted therapy for Hummer's  x-Car-GONS-biotin 86
GONS-biotin cervical cancer method (thickness)=219 nm

pH-sensitive drug release
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other colloidal carriers.

Lipids are defined as molecules that are hydrophobic or
consisting of both hydrophilic and hydrophobic parts that are
insoluble in water and soluble in organic solvents.”® IUPAC gave
the following further detailed definition in 1995:

“A loosely defined term for substances of biological origin that are
soluble in nonpolar solvents. They consist of saponifiable lipids,
such as glycerides (fats and oils) and phospholipids, as well as
nonsaponifiable lipids, principally steroids.”

SLNs are developed by researchers as a substitute colloidal
carrier with a spherical morphology for drug delivery and drug
release.®> SLNs have an average size of between 150 and 300
nm but could reach up to 1000 nm according to the surfactant
used during production and are composed of roughly 0.1-30
(% w/w) solid fat.”? Size and solid to liquid fat ratio affect the
long-term stability, drug-loading capacity, and drug-release
behavior of SLNs.”® As mentioned, SLNs have several favored
assets such as low to no toxic effect on healthy tissue and ease
of production in greater units of production, ability to load both
lipophilic and hydrophilic therapeutic agents, and high drug load
capacity.® The most common use of SLNs as nanocarriers is for
oral drug delivery. Other than this example, several drugs have
been loaded using SLNs for drug delivery, such as doxorubicin
and idarubicin,’ thymopentin,®> and camptothecin.”

DISCUSSION AND CONCLUSION

Nanocarriers provide researchers with a highly applicable
alternative method for targeted drug delivery and controlled drug
release. The first and foremost reason that nanocarriers have
become such a great focus in pharmaceutical technologies is that
nanomaterials demonstrate extraordinary characteristics when
compared with their larger scaled forms. These characteristics
are summarized in this review as color, visible light, reactivity,
surface area to volume ratio, conductivity, and surface tension.
A variety of these carriers are more popular due to their high
biocompatibility, ensuring greater efficacy especially in cancer
treatments. Successful applications have not only ensured a
greater focus on therapeutic development but also created a
new solution available in the pharmaceutical market. In this
paper, nanocarrier materials that have gained the most attention
in drug delivery and release are summarized under the titles
of nanohydrogels carriers, CSNs, GR and GO nanocarriers,
and SLNs. Besides these nanomaterials there are also a great
number of different nanocarrier designs that are not included in
this review, such as gold nanocarriers,” starch and/or cellulose
nanocarriers,”® cerium oxide nanocarriers,? and carbon nanotube
incorporated nanocarriers.® It is clear that, with further
information gathered on nanocarriers for drug delivery and the
current state in the development process of these nanomaterials,
there is a high possibility to deliver better treatment to patients
desperate in need of efficient treatment strategies.

Conflict of interest: No conflict of interest was declared by the
authors.
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