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AIMS AND SCOPE

The Turkish Journal of Pharmaceutical Sciences is the only
scientific periodical publication of the Turkish Pharmacists’
Association and has been published since April 2004.
Turkish Journal of Pharmaceutical Sciences is an independent
international open access periodical journal based on double-
blind peer-review principles. The journal is regularly published
3 times a year. The issuing body of the journal is Galenos
Yayinevi/Publishing House.

The aim of Turkish Journal of Pharmaceutical Sciences is to
publish original research papers of the highest scientific and
clinical value at an international level.

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

The editorial policies are based on the “Recommendations for
the Conduct, Reporting, Editing, and Publication of Scholarly
Work in Medical Journals (ICMJE Recommendations)” by the
International Committee of Medical Journal Editors (2016,
archived at http://www.icmje.org/) rules.
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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 4 months (3 issues per year; April, August,
December) and publishes the following articles:

¢ 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
in the cover letter that they have no relationship with the commercial
product, drug, pharmaceutical company, etc. concerned; or specify the
type of relationship (consultant, other agreements), if any.

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

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

The Review Process

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

Chief, who reviews the manuscript and makes an initial decision based
on manuscript quality and editorial priorities. Manuscripts that pass

INSTRUCTIONS TO AUTHORS

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):
e1000097.) (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).

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.
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INSTRUCTIONS TO AUTHORS

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.

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, chapter title, book
editors, book title, edition, place of publication, date of publication and
inclusive page numbers of the extract cited.

Example: Herbert L. The Infectious Diseases (1Ist 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

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.
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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
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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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ABSTRAC T |

Objectives: Phenolic compounds exhibit several health protective properties. Galangin, curcumin, pycnogenol, puerarin and ursolic acid are
commonly used plant phenolics in folk medicine. The aim of our study was to evaluate the difference between neutral red uptake (NRU) and MTT
assays using different plant phenolics (galangin, curcumin, pycnogenol, puerarin and ursolic acid) in healthy and cancer cells in different time
periods.

Materials and Methods: In this study, the cytotoxic effects of these phenolic compounds were investigated by NRU and MTT assays in healthy (V79,
Chinese hamster fibroblast cell line) and cancer [human cervix epithelial adenocarcinoma cell line Henrietta Lacks (HeLa) and human mammary
carcinoma cell line (BT-474)] in 18, 24 and 48 h incubation periods.

Results: Our results demonstrated that galangin, curcumin, pycnogenol, puerarin and ursolic acid decreased cell viability of V79, HelLa and BT-474
cells in a dose-dependent manner in 18, 24 and 48 h incubation periods. However, the cell survival rate was much lower in 48 h incubation period.
There was no difference between the results from NRU and MTT assays.

Conclusion: To decide which incubation period and which cytotoxicity study to be used, the cytotoxicity mechanism of the compound must be
known.

Key words: MTT, neutral red, plant phenolics

O |

Amag: Fenolik bilesikler sagligi koruyucu farkli 6zellikler gosterir. Galangin, kurkumin, piknogenol, puerarin ve ursolik asit halk tibbinda yaygin
olarak kullanilan bitkisel fenoliklerdendir. Bu galismanin amaci, nétral kirmizi alim (NKA) ve MTT ydntemleri arasindaki farki saglikli hiicreler ve
kanser hicrelerinde farkli bitkisel fenoliklerin (galangin, kurkumin, piknogenol, puerarin ve ursolik asit) farkli zaman araliklarinda farkli zaman
araliklarinda belirlemektir.

Gereg ve Yontemler: Bu calismada, bu fenolik bilesiklerin sitotoksik etkileri saglikli hiicreler (Cin hamster fibroblast hticre hatti, V79) ve kanser
linsan serviks epitelyal adenokarsinoma hiicre hatti, Henrietta Lacks (HelLa) ve insan meme karsinoma hiicre hatti (BT-474)] hiicrelerinde 18, 24 ve
48 saatlik inklibasyon strelerinde NKA ve MTT y&ntemleriyle degerlendirilmistir.

Bulgular: Bulgularimiz galangin, kurkumin, piknogenol, puerarin ve ursolik asitin V79, HeLa ve BT-474 hicre canliliklarini 18, 24 ve 48 saatlik
inkibasyon strelerinde doza bagimli olarak azalttigini gostermistir. Ancak en az hticre canlilik orani 48 saatlik inktibasyon sonrasi gértlmustir. NKA
ile MTT yontemlerinin sonuglari arasinda fark gérulmemistir.

Sonug: Sitotoksisite analizinde kullanilacak yontem ve inkiibasyon stresinin belirlenmesi igin maddelerin sitotoksisite mekanizmasi bilinmelidir.
Anahtar kelimeler: MTT, nétral kirmizi, bitkisel fenolikler
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INTRODUCTION

Consumption of great amounts of fruits and vegetables rich in
phenolic compounds has been associated with health benefits
such as anti-artherogenic, antiinflammatory, anti-microbial,
antioxidant, anti-thrombotic, and cardioprotective effects."?
Due to the cytotoxicity profile of many phenolic compounds,
it is suggested that these compounds can inhibit the survival
of cancer cells. But the data about the cytotoxicity of these
compounds in healthy cells are limited.

Galangin  (3,5,7-trihydroxyflavone), is present at high
concentrations in propolis and in an Indian root, Alpinia
officinarum, which is a common spice in Asia.® It is suggested
that galangin has antioxidant, antimutagenic, antiinflammatory,
antiviral and anticancer properties.*®

Curcumin (diferuloyl methane), the major yellow pigment from
the rhizomes of turmeric (Curcuma longa L.), have gained
increasing interest because of its chemopreventive properties
against human cancers.® Turmeric, the powdered rhizome is
commonly used as an antiseptic, antidote for poisoning, for
treating respiratory disorders, some skin diseases, and as a
household remedy for treating sprains and swellings caused
by injury.”®

Pycnogenol (PYC) is a standardized natural plant extract
obtained from the bark of the French maritime pine Pinus
pinaster (formerly known as Pinus maritime).® PYC has been
used in European countries as a dietary food supplement. It has
strong antioxidant activity and capacity to efficiently scavenge
reactive oxygen and nitrogen species.”

Puerarin (daidzein-8-C-glucoside) is the main isoflavone
derived from the root of Pueraria lobata (kudzu root)." In
experimental models it is also suggested to be used in the
prevention and treatment of cardiovascular diseases, diabetes,
cancer and osteoporosis.”?

Ursolic acid (33-hydroxy-urs-12-en-28-oic acid) is a pentacyclic
triterpenoid obtained from plants. It has long been used in
traditional Chinese medicine because of its anti-inflammatory,
anti-arthritic, cytostatic and anti-proliferative, hepatoprotective
effects.”

Cytotoxicity assays are widely used in toxicology studies.
The NR uptake (NRU) and 3-(4,5-dimethylthiazol-2-yD-2,5-
diphenyltetrazoliumbromide (MTT) assays are commonly
used cytotoxicity assays to determine the cytotoxic properties
of compounds. NRU assay has been used as an indicator of
cytotoxicity in cultures of primary hepatocytes' and other cell
lines!® Living cells take up the neutral red, which is concentrated
within the lysosomes of cells.* MTT, a water soluble tetrazolium
salt, is converted to an insoluble purple formazan by cleavage
of the tetrazolium ring by succinate dehydrogenase within the
mitochondria. The formazan product is impermeable to the cell
membranes and therefore it accumulates in healthy cells.”

The aim of our study was to evaluate the difference between
NRU and MTT assays using different plant phenolics (galangin,
curcumin, PYC, puerarin and ursolic acid) in healthy (V79,
Chinese hamster fibroblast cell line) and cancer [human cervix

epithelial adenocarcinoma cell line (HelLa) and human mammary
carcinoma cell line (BT-474)] cells in different time periods (8,
24 and 48 h).

MATERIALS AND METHODS

Chemicals

The chemicals used in the experiments were purchased from
the following suppliers: fetal calf serum (FCS), trypsin-EDTA,
penicillinstreptomycin, from Biological Industries (Kibbutz Beit-
Haemek, Israel), minimum essential medium (MEM), dimethyl
sulfoxide, Triton X-100, phosphate buffered saline (PBS),
ethanol, NR, MTT, galangin, curcumin (97%, purity), ursolic
acid from Sigma (St Louis, USA), puerarin from Fluka (St.
Gallen, Switzerland). PYC®, a registered trade mark of Horphag
Research Ltd., (Geneva, Switzerland), was provided by Henkel
Corporation (La Grange, IL, U.S.A).

Cell culture

V79, Hela and BT-474 cells were seeded in 75 cm? flasks in
20 mL MEM supplemented with 10% FCS and 1% penicillin-
streptomycin and then grown for 24 h in an incubator at 37°C in
an atmosphere supplemented with 5% CO,,.

Determination of cytotoxicity by NRU assay

The cytotoxicity of phenolic compounds was performed in V79,
Hela and BT-474 cell lines by NRU assay following the protocols
described by Di Virgilio et al’®® and Saquib et al!®. Following
disaggregation of cells with trypsin/EDTA and resuspension of
cells in the medium, a total of 10° cells/well were plated in 96
well tissue-culture plates. After 24 h incubation, the different
concentrations of galangin, curcumin, PYC, puerarin and ursolic
acid in medium were added. The cells were incubated for 18,
24 and 48 h at 37°C in 5% CO,, then the medium was aspirated.
The cells were then incubated for an additional 3 h in the
medium supplemented with NR (50 ug/mL). The absorbance of
the solution in each well was measured in a microplate reader
at 540 nm and compared with the wells containing untreated
cells. Results were expressed as the mean percentage of cell
growth inhibition from three independent experiments. Cell
viability was plotted as the percent of control (assuming data
obtained from the absence of phenolic compounds as 100%).

Determination of cytotoxicity by MTT assay

MTT assay was performed by the method of Mosmann' with
the modifications of Holst-Hansen and Brinner?® and Kuzma
et al.?. A total of 10° cells/well were plated in 96 well tissue-
culture plates. After 24 h incubation, cells were exposed to the
different concentrations of galangin, curcumin, PYC, puerarin
and ursolic acid in medium for 18, 24 and 48 h at 37°C in 5%
CO, in air. Then, the medium was aspirated and MTT (5 mg/
mL of stock in PBS) was added (10 pL/well in 100 pL of cell
suspension), and cells were incubated for an additional 4 h with
MTT dye. At the end of incubation period, the absorbance of the
solution in each well was measured in a microplate reader at
570 nm. Results were expressed as the mean percentage of cell
growth from three independent experiments. Cell viability was
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plotted as the percent of control (assuming data obtained from
the absence of phenolic compounds as 100%).

RESULTS

Determination of cytotoxicity in V79 cell line

A concentration dependent decrease was seen in the survival
of cells exposed to galangin, curcumin, PYC, puerarin and
ursolic acid in all time periods in both cytotoxicity assays. But
in 48 h incubation period, the cell survival is found much lower
(Table D) (Figure 1, 2).

Determination of cytotoxicity in HelLa cell line
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A concentration dependent decrease was seen in the survival
of cells exposed to galangin, curcumin, PYC, puerarin and
ursolic acid in all time periods in both cytotoxicity assays. But
in 48 h incubation period, the cell survival is found much lower
(Table 2) (Figure 3, 4).

Determination of cytotoxicity in BT-474 cell line

A concentration dependent decrease was seen in the survival
of cells exposed to galangin, curcumin, PYC, puerarin and
ursolic acid in all time periods in both cytotoxicity assays. But
in 48 h incubation period, the cell survival is found much lower
(Table 3) (Figure 5, 6).
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Figure 1. Cytotoxic effects of a) galangin, b) curcumin, ¢) pycnogenol, d) puerarin and e) ursolic acid in V79 cells by neutral red uptake assay
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Figure 2. Cytotoxic effects of, a) galangin, b) curcumin, c) pycnogenol, d) puerarin and e) ursolic acid in V79 cells by 3-(4,5-dimethylthiazol-2-yD-2,5-

diphenyltetrazoliumbromide assay

DISCUSSION

The cytotoxic effects of galangin, curcumin, PYC, puerarin and
ursolic acid were investigated by NRU and MTT assays in V79,
Hela and BT-474 cells in 18, 24 and 48 h incubation periods.
This is the first study about cytotoxic effects of these phenolics
in healthy and cancer cell lines with two different assays
and different incubation periods. Our results demonstrated
that both galangin, curcumin, PYC, puerarin and ursolic acid
decreased cell viability of V79, HeLa and BT-474 cells in a dose
dependent manner in 18, 24 and 48 h incubation periods. But
the cell survival rate was much lower in 48 h incubation period.

In SNU-484 cells, galangin has shown cytotoxic effect in a
dose dependent manner and IC_, value of galangin in this cell
line has found 100 uM.?? In an another cytotoxicity study with
galangin, it has shown that the cytotoxic effect has increased
in a dose dependent manner on HepG2 cells.”® As a result of
the small number of studies carried out that galangin has
no cytotoxic activity under 100 uM in different methods and
different cell lines. Lantto et al.* have studied cytotoxicity of
curcumin in two different cell lines [neuroblastoma (SH-SY5Y)
and fibroblast (CV1-P) cells] by MTT and lactate dehydrogenase

(LDH) leakage assays and their results have indicated that
curcumin significantly decreased the metabolic activity of these
cells.?* Also, Mehta et al.?® have showed anti-proliferative effect
of curcumin on human breast tumor cell lines BT-20, T-47D,
SKBR3 and MCF-7 by MTT assay. The effects of curcumin on
the viability of human leukemia cell lines (U937 and Molt4) by
MTT assay were also determined and dose dependent cytotoxic
effects of curcumin were found.?® Taner et al.?” demonstrated
the cytotoxic profile of PYC in healthy CHO cells. In this study,
PYC has not showed cytotoxic effects at the concentrations of
up to 150 pg/mL in CHO cells during 24 h exposure but above
this concentration the cytotoxicity of PYC has started and the
cell viability was decreased below 50% at 300 pg/mL.?" There is
limited study about cytotoxicity of puearin. In a single study, it is
demonstrated that puerarin has shown cytotoxic effects on HT-
29 cells in a dose and time dependent manner.?® In CaCo-2 cells,
the viability of cells has decreased at concentrations higher than
100 uM with ursolic acid exposure for 48 h?**®° have demonstrated
that ursolic acid decreased the cytotoxic effects of ultraviolet B
on lymphocytes in trypan blue and MTT methods.

It has been reported that different cytotoxicity assays can give
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Figure 3. Cytotoxic effects of a) galangin, b) curcumin, ¢) pycnogenol, d) puerarin and e) ursolic acid in HeLa cells by neutral red uptake assay

different results due to the chemical and the cytotoxicity assay
employed.® Fotakis and Timbrell'’® have compared four different
cytotoxicity assays (LDH, a protein, NRU and MTT assays).
Different sensitivity was observed for each assay. The NRU
and the MTT assays were found to be the most sensitive in
detecting cytotoxic events. Putnam et al.*? have also studied
cytotoxicity of cigarette smoke condensate with eight different
(NRU, LDH release, kenacid blue binding, MTT, XTT, acid
phosphatase activity, sulforhodamine B binding and resazurin
binding) cytotoxicity assays. Four of the more widely used

cytotoxicity assays (NRU, MTT, kenacid blue and LDH) were
also evaluated at 3, 6, 12 and 18 h time points in this study. They
have concluded that assays that measure membrane integrity
(LDH) are useful for short exposure times (1 h), NRU assay was
the most sensitive for moderate (3-6 h) exposure times; and
assays that measure total cell number (NRU and kenacid blue)
were more sensitive for longer exposure times (12, 18 and 24
h).32 But in our study, both phenolics showed similar cytotoxicity
profile in NRU and MTT assays in all exposure times.
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Figure 4. Cytotoxic effects of a) galangin, b) curcumin, c) pycnogenol, d) puerarin and e) ursolic acid in Hela cells by 3-(4,5-dimethylthiazol-2-yD-2,5-
diphenyltetrazoliumbromide assay
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Figure 5. Cytotoxic effects of a) galangin, b) curcumin, ¢) pycnogenol, d) puerarin and e) ursolic acid in BT-474 cells by neutral red uptake assay
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Figure 6. Cytotoxic effects of a) galangin, b) curcumin, c) pycnogenol, d) puerarin and e) ursolic acid in BT-474 cells by 3-(4,5-dimethylthiazol-2-yD-2,5-

diphenyltetrazoliumbromide assay
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Table 1. Viability (%) of V79 cells exposed to galangin, curcumin, pycnogenol, puerarin and ursolic acid

18 h NRU 18 h MTT 24 h NRU 24 h MTT 48 h NRU 48 h MTT
(%) (%) (%) (%) (%) (%)

Negative control 100.00 100.000 100.00 100.00 100.00 100.00
1000 pM galangin 48.263 58.388 52.579 56.372 25.898 28.426
800 puM galangin 53.444 67179 57.996 59.919 28.986 33.411

400 pM galangin 69.153 71.308 67.857 71.913 30.428 36.102
200 pM galangin 62.689 73.759 T4.404 80.607 34105 40.276
100 pM galangin 72.019 e 80.059 84.335 35.405 43.396
50 pM galangin 75.271 76.319 86.388 87.156 37.802 44.670
25 pM galangin 78.559 80.393 90.595 90.845 39.569 47.389
10 pM galangin 83.979 86.929 99.880 93.649 42.799 46.417
5 uM galangin 92.412 92.023 99107 96.603 49.563 50.841
2 pM galangin 96.160 99.959 99.503 98.343 52.244 57.574
1000 pM curcumin 65.148 71.208 65.297 70.663 33.942 38.498
800 puM curcumin 68.951 69.821 66.726 71.680 34.044 42.232
400 pM curcumin 69.098 72.047 75.396 71.555 39.609 41973

200 pM curcumin 75.950 76.251 81.527 80.240 46.008 43764
100 pM curcumin T2.478 76.954 78.373 84.750 43.753 46.957
50 puM curcumin 79.845 79184 85.158 86.513 48.263 47.626
25 puM curcumin 85.430 87.181 90.674 88.853 49.421 50.540
10 pM curcumin 92100 89.417 94.246 89.146 51.635 53.518
5 uM curcumin 95.002 92.465 97.579 91.759 50.903 54.381
2 pM curcumin 95.241 98.774 99.503 96.821 52.447 56.517
1000 pM pycnogenol 46.298 51.899 45.396 52.039 23.014 24.638
800 uM pycnogenol 50.374 55.883 48.571 52.449 26.203 30.837
400 pM pycnogenol 49.770 57.770 50.972 53.896 30.550 31.506
200 pM pycnogenol 60.812 59.709 55.079 59.941 37.863 33.060
100 pM pycnogenol 71.596 63.510 69.642 73.577 41174 35.952
50 puM pycnogenol 77916 66.986 73.948 85.599 43.956 38.261

25 uM pycnogenol 80.984 72.618 83.551 T7.793 44322 42188
10 pM pycnogenol 85.118 77.989 85.436 86.266 46.597 46.310
5 uM pycnogenol 87.304 90.645 94.424 92.311 49.461 49.396
2 pM pycnogenol 95.352 99.739 97.420 92.460 51.046 49979
1000 pM puerarin 50.560 59.885 50.521 55.571 2117 29.802
800 pM puerarin 50.909 69.520 52.480 58.528 29.920 29.258
400 pM puerarin 63.935 77557 56.805 60.408 29.839 30.082
200 pM puerarin 71.284 78.059 61.567 69.788 34125 36.750
100 pM puerarin 76.759 79.807 66.230 78.271 34.470 38.995

50 pM puerarin 80.323 87.101 69.464 82.279 40.706 41.368
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Table 1. Continue

25 pM puerarin 84.751 89.632 75.674 85.421 42.758 42.447
10 uM puerarin 88.444 91.722 80.257 90.123 44.891 46.289
5 uM puerarin 91.163 97.930 87142 99.554 48.446 48.856
2 uM puerarin 96.215 98.212 99.285 97.664 51.635 52.698
1000 puM ursolic acid 54.032 61.724 53.392 61.457 27.483 34.463
800 pM ursolic acid 54143 70.263 56.984 62.659 28.031 35.607
400 pM ursolic acid 52.958 70.540 60.317 73.896 28.639 40.527
200 pM ursolic acid 62.704 75.929 67.797 82.222 34.348 46.396
100 pM ursolic acid 70.825 78.549 70.615 83.284 35.445 49.288
50 pM ursolic acid 73.764 82.182 76.190 86.534 37.314 54.834
25 pM ursolic acid 79.809 87.348 77.718 88.743 41.765 55.028
10 pM ursolic acid 82179 94.796 79.781 91.589 44972 53.949
5 puM ursolic acid 90.685 97.046 90.000 97.643 47328 55.309
2 pM ursolic acid 94.543 99.417 98.075 99.405 50.741 60.898

NRU: Neutral red uptake assay, MTT: 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazoliumbromide

Table 2. Viability (%) of HelLa cells exposed to galangin, curcumin, pycnogenol, puerarin and ursolic acid

18 h NRU 18 h MTT 24 h NRU 24 h MTT 48 h NRU 48 h MTT
(%) (%) (%) (%) (%) (%)

Negative control 100.000 100.000 100.000 100.000 100.000 100.000
1000 pM galangin 58.388 66.607 56.372 63.003 28.426 31157
800 uM galangin 67179 71.725 59.919 65.681 33.41 31m7
400 pM galangin 71.308 70.253 71.913 66.483 36.102 33.633
200 pM galangin 73.759 79.332 80.607 80.417 40.276 36.840
100 pM galangin 7714 86.896 84.335 84.080 43.396 41.520
50 pM galangin 76.319 86.006 87156 82.1M 44.670 41.832
25 pM galangin 80.393 96.149 90.845 95.513 47.389 48.074
10 pM galangin 86.929 101.936 93.649 99.980 46.417 51.415
5 uM galangin 92.023 95.589 96.603 98.088 50.841 49.454
2 pM galangin 99.959 98.790 98.343 96.028 57.574 50.343
1000 pM curcumin 71.208 68.823 70.663 68.510 38.498 33.537
800 uM curcumin 69.821 76.277 71.680 75.226 42.232 33.942
400 pM curcumin 72.047 83150 71.555 80.417 41973 35971
200 pM curcumin 76.251 84.454 80.240 83.619 43.764 41342
100 pM curcumin 76.954 92.018 84.750 91.786 46.957 43.303
50 puM curcumin 79.184 91.823 86.513 91.292 47.626 45.616
25 puM curcumin 87.181 92153 88.853 91.797 50.540 47.782
10 pM curcumin 89.417 98.279 89.146 97.770 53.518 48.094

5 uM curcumin 92.465 103.645 91.759 100.508 54.381 49164
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Table 2. Continue

2 pM curcumin 98.774 106.660 96.821 101.788 56.517 51.059
1000 uM pycnogenol 51.899 45356 52.039 41157 24.638 21395
800 uM pycnogenol 55.883 47.984 52.449 46.920 30.837 28.616
400 uM pycnogenol 57.770 66.816 53.896 66.505 31.506 35.315
200 uM pycnogenol 59.709 70.663 59.941 69.048 33.060 36.327
100 pM pycnogenol 63.510 76.332 73577 T4.542 35.952 36.367
50 pM pycnogenol 66.986 86.626 85.599 86.178 38.261 37132
25 uM pycnogenol 72.618 87.489 77.793 87.498 42188 37.366
10 uM pycnogenol 77.989 88.233 86.266 88.757 46.310 41.721
5 uM pycnogenol 90.645 90.548 92.311 89.291 49.396 47.381
2 UM pycnogenol 99.739 96.153 92.460 95.739 49979 48.830
1000 uM puerarin 59.885 61129 55.571 62.729 29.802 32.204
800 uM puerarin 69.520 79.070 58.528 78.287 29.258 40.004
400 uM puerarin 77.557 89.926 60.408 88.790 30.082 44.395
200 pM puerarin 78.059 89.734 69.788 89.364 36.750 46133
100 pM puerarin 79.807 98.265 78.271 99.198 38.995 48.719
50 uM puerarin 87.101 98.341 82.279 96.858 41.368 50.011
25 pM puerarin 89.632 99.822 85.421 99.691 42.447 50.123
10 puM puerarin 91.722 99.897 90.123 94.659 46.289 48.228
5 uM puerarin 97.930 100.123 99.554 97.615 48.856 51.415
2 uM puerarin 98.212 99.808 97.664 98.940 52.698 49.053
1000 uM ursolic acid 61.724 61.261 61.457 54.489 34.463 28.750
800 uM ursolic acid 70.263 63.663 62.659 56.967 35.607 29.343
400 pM ursolic acid 70.540 64.994 73.896 62.824 40.527 30.443
200 uM ursolic acid 75.929 64.107 82.222 63.668 46.396 29.507
100 pM ursolic acid 78.549 79.582 83.284 76.726 49.288 37129
50 uM ursolic acid 82.182 88.356 86.534 86.300 54.834 45.019
25 pM ursolic acid 87.348 88.331 88.743 87.812 55.028 45.086
10 pM ursolic acid 94.796 94.991 91.589 92.253 53.949 45.621
5 uM ursolic acid 97.046 95.286 97.643 94.307 55.309 49189
2 uM ursolic acid 99.417 99.359 99.405 96.942 60.898 49.610

NRU: Neutral red uptake assay, MTT: 3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazoliumbromide
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Table 3. Viability (%) of BT-474 cells exposed to galangin, curcumin, pycnogenol, puerarin and ursolic acid

18 h NRU 18 h MTT 24 h NRU 24 h MTT 48 h NRU 48 h MTT
(%) (%) (%) (%) (%) (%)

Negative control 100.000 100.000 100.000 100.000 100.000 100.000
1000 pM galangin 59.776 60.333 58.272 58.989 28.589 31.454
800 uM galangin 61.264 62.857 62119 63.301 31.015 32.675
400 pM galangin 65.408 64.506 66.390 64.763 33.596 34.328
200 pM galangin 68.512 67.449 67.759 66.337 35.500 35.949
100 pM galangin 70.992 79.984 71.915 77.078 36.271 42.579
50 uM galangin 75184 87.068 76121 84.103 37.640 46.423
25 pM galangin 82.016 94.622 84.026 91.434 37.514 50.948
10 pM galangin 83.872 98.075 88.900 99.630 38.725 51.458
5 uM galangin 97.472 98.159 96.675 99.958 47191 52.227
2 pM galangin 98.784 98.915 98.142 100.325 54.603 53.811
1000 pM curcumin 59.824 60.786 57164 60.100 32.415 33.252
800 puM curcumin 62.490 61.786 59.511 61181 32179 34.705
400 pM curcumin 64.496 66.611 60.831 66.434 34.209 36.809
200 pM curcumin 74.351 76.456 70.905 79126 34.949 36.725
100 pM curcumin 88.653 87.527 87.074 86.588 35.767 42.567
50 puM curcumin 92.603 94.293 91.263 93.445 41342 44.433
25 puM curcumin 92.960 95.013 92.616 94.414 44.516 45.530
10 pM curcumin 91.536 97.031 93.017 98.698 45.460 49.585
5 uM curcumin 92.544 97.831 93.871 99.296 46.814 50.497
2 pM curcumin 97.648 99.064 97.702 99.930 47939 50.923
1000 pM pycnogenol 35.200 39.491 34.349 33512 17120 16.513
800 uM pycnogenol 38.042 43.412 37.200 36.704 17.589 18.185
400 pM pycnogenol 39.680 46.636 40.456 40.307 19.544 20.785
200 pM pycnogenol 41920 48.808 42.282 50.040 21.526 25140
100 pM pycnogenol 44944 56.079 45.933 56.811 24.312 29.349
50 puM pycnogenol 51.088 58.468 49.845 58.898 25193 30.355
25 puM pycnogenol 53.408 66.865 56.007 67.550 25.854 35.147
10 pM pycnogenol 70.544 84.243 67.710 81.613 35.484 43.310
5 uM pycnogenol 91.888 87.303 88.443 90.637 40.897 44.223
2 pM pycnogenol 98.240 97.328 96.952 96.720 42.014 45532
1000 pM puerarin 52.384 52.263 51.964 48.410 25.885 25.584
800 uM puerarin 56.882 57.004 55175 50.662 26.467 24.906
400 pM puerarin 58.336 59103 62.184 53.354 29.064 25.390
200 pM puerarin 62.653 63.222 62.642 54.300 32.305 29.887
100 pM puerarin 73.376 66.454 72.290 57.206 34.729 31.926
50 pM puerarin 76.768 80.315 75.240 65.467 35.374 32109

NRU: Neutral red uptake assay, MTT: 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazoliumbromide
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CONCLUSION

In conclusion, in this study, the cytotoxic effects of galangin,
curcumin, PYC, puerarin and ursolic acid were examined in
different cell lines by NRU and MTT assays in 18, 24 and 48 h
periods. All of the studied phenolics were decreased the cell
viability of both cells with increasing dose. But the cytotoxic
effects of phenolics were found more in 48 h incubation
period. There is no difference between the results from
NRU and MTT assays. Further investigation such as using
more cell lines and different reliable cytotoxicity assays and
incubations with various concentrations at many time points
should be performed to corfirm beneficial and toxic effects
of phenolics.
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ABSTRACT

Objectives: The objective of the present study was to enhance the solubility, dissolution and hence anti-inflammatory activity of poorly soluble drug
indomethacin (IMN) by formulating into self emulsifying systems.

Materials and Methods: Self emulsifying formulations were prepared using capmul MCM as oil, tween 80 as surfactant, transcutol P as cosurfactant.
Fourier transform infrared spectroscopy and differential scanning calorimetry studies were conducted to know the interaction between drug and
excipients. Pseudo ternary phase diagrams were constructed using surfactant and cosurfactant in 1:1 to 1:4 and 2:1 to 4:1 to know the efficient self
emulsification region. The formulations were evaluated for their particle size, zeta potential, refractive index, viscosity and cloud point. /In vitro
dissolution studies were conducted in one part of pH 7.2 phosphate buffer and four parts of water. The pharmacokinetic parameters were analysed
by Win Nonlin software.

Results: The self emulsification was higher with the ratios 2:1, 3:1 and 1:2 of surfactant and co surfactant and the IMN formulations were prepared.
The formulations were stable at different pH and dilutions. The globule size was in the range of 184.1 nm to 340.5 nm, as the ratio of oil, surfactant
and cosurfactant mixture has varied effects on the size of globule. The negative charge on the globules of all formulations attributes their stability.
The optimized formulation showed better release as compared to marketed product. The AUC of the optimised Self-Emulsifying Drug Delivery
System was significantly higher than the marketed product.

Conclusion: Thus, from the present research, self emulsifying systems of IMN provide a useful alternative to enhance dissolution and hence anti
inflammatory activity.

Key words: Self emulsifying drug delivery system, pseudo ternary phase diagram, zeta potential, anti-inflammatory activity, indomethacin, AUC

(OZ |

Amag: Bu galismanin amaci, kendiliginden emulsifiye edici sistemlere formule ederek, az ¢dztnen ilag indometazinin (IMN) ¢6zUndrldgund,
¢oztnmesini ve dolayisiyla anti-inflamatuvar aktiviteyi arttirmaktir.

Gereg ve Yontemler: Kendi kendine emdilsiyon haline getirici formilasyonlar yag olarak capmul MCM, yiizey aktif madde olarak tween 80, kosirfaktant
olarak transcutol P kullanilarak hazirlandi. Ilag ve eksipiyanlar arasindaki etkilesimi bilmek icin fourier déntstim kizilGtesi spektroskopisi ve
diferansiyel tarama kalorimetrisi galismalari yapilmistir. Pseudo Ugli faz diyagramlari, kendinden emilsiyonlasmis bélgeyi bilmek igin 1:1 ile 1:4 ve
2:1 ile 4:1 arasinda yiizey aktif madde ve kosurfaktant kullanilarak olusturulmustur. Formulasyonlar, pargacik biyuklugu, zeta potansiyeli, kirilma
indisi, viskozite ve bulut noktasi agisindan degerlendirildi. /n vitro gézinme galismalari, pH 7.2 fosfat tamponun bir béliminde ve dért kisim suda
gercgeklestirildi. Farmakokinetik parametreler Win Nonlin yazilimi ile analiz edildi.

Bulgular: Kendiliginden emdlsifikasyon 2:1, 3:1 ve 1:2 oraninda surfaktan ve kosirfaktant oranlarina gore daha yuksekti ve IMN formulasyonlari
hazirlandi. Formulasyonlar, farkli pH ve seyreltmelerde kararliydi. Kire boyutu, 184.1 nm ile 340.5 nm araligindaydi, ¢Unki yag, yuzey aktif madde
ve ko-yuzey aktif madde karisimi orani kirenin boyutuna farkli etkiler yapmistir. Tum formulasyonlarin globdllerinin Gzerindeki negatif yuk,
kararliliklarina atifta bulunmaktadir. Optimize edilmis formilasyon, pazarlanan uriine kiyasla daha iyi salinim gosterdi. Optimize edilmis Kendi
Kendine Emiilsifiye Edici Ilag Tagima Sistemi’nin AUC'si pazarlanan irine gére 6nemli derecede yiksekti.

Sonug: Boylece, mevcut arastirmadan kendi kendine emdilsifiye IMN sistemleri, goztinmeyi ve dolayisiyla anti-inflamatuvar aktiviteyi arttirmak igin
yararli bir alternatif saglar.

Anahtar kelimeler: Oz hazirlama igin ilag dagitim sistemi, sozde Gglii faz diyagrami, zeta potansiyel, anti-inflamatuvar faaliyet, indometazin, AUC
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INTRODUCTION

About 90% of all compounds in today’s pharmaceutical drug
delivery pipelines are reported to be poorly soluble in water!
This poses enormous problems for the industry; for an active
pharmaceutical ingredient that cannot reach its molecular target
in the body if drug remains undissolved in the gastrointestinal
tract (GIT) and is eventually excreted. The ability to increase
aqueous solubility is thus a valuable aid to increase the efficacy
of certain drugs.? So, solubilisation techniques that overcome
this issue by increasing the solubility of drugs are becoming
more and more important to pharmaceutical industry.® Currently
a number of technologies are available to deal with the poor
solubility, dissolution rate and bioavailability of insoluble drugs.
One of the most popular approaches of oral bioavailability and
solubility enhancement is the utilization of lipid-based drug
delivery systems (LBDDS).*> Self-Emulsifying Drug Delivery
System (SEDDS) are proportionate newer LBDDS with huge
promise in oral bioavailability enhancement of drugs. These
formulations avoid the slow and incomplete dissolution of a
drug, increase the extent of its transportation and bypass the
P-gp efflux, thereby strengthen drug absorption from the GIT.¢

The major technique for enhancing bio-availability is SEDDS,
which uses lipophilic, pre-concentrated solutions of the active
pharmaceutical ingredient and excipients (a liquid carrier, a
surfactant and a cosurfactant). They emulsify spontaneously
when, come in contact with fluids of GIT to form oil-in-water
emulsions or microemulsions under mild agitation.” In the
design and development of SEDDS, modified long and medium
chain triglyceride oils, with different degrees of saturation
or hydrolysis are widely used because they offer definite
physiological and formulation related advantages, as their
degradation products simulate that of the natural end products
of intestinal digestion.&1°

Surfactants, being amphiphilic in nature, can solubilize
high amounts of lipophilic drugs. Usually surfactants will be
selected based on hydrophilic-lipophilic balance (HLB) values
and safety." The most widely recommended emulsifiers include
the non-ionic surfactants with relatively high HLB values. Non-
jonic surfactants are considered as safer than the ionic ones.”>™®
Self-emulsification occurs when the entropy change that favors
dispersion is greater than the energy required to increase the
surface area of the dispersion.® Protection of drugs in the gut,
reduction in gastric irritation, consistent drug absorption and
enhanced oral bioavailability are advantages of SEDDS.!™?
So the aim of present work was to develop self emulsifying
formulations of indomethacin (IMN) to enhance its solubility
and hence bioavailability.

MATERIALS AND METHODS

Materials

IMN was a gift obtained from Micro Labs Limited, Bangalore.
Mefenamic acid was obtained from Dr. Reddy's Laboratories
Ltd. (Hyderabad). Acetonitrile was purchased from Qualigens
fine Chemicals (Mumbai). Castor oil, Propylene glycol and PEG
400 was purchased from Merck (Mumbai). Labrafil M 2125,

labrasol, Plurol oleique CC 497, Transcutol P and Labrafac WL
1349 were obtained from Gattefosse India Pvt Ltd. (Mumbai).
Oleic acid was purchased from Merck (Mumbai). Soya bean
oil and sunflower oil were purchased from Genuine chemicals
Co. (Mumbai). Isopropyl myristate was purchased from
Lobachemie Pvt Ltd (Mumbai). Cremophor RH 40 was obtained
from BASF (Mumbai). Tween 80 was purchased from Finar
Chemicals (Ahmadabad). Water (HPLC grade) was purchased
from Qualigens fine Chemicals (Mumbai).

Bioanalytical method

A HPLC method was used to quantify the amount of IMN in the
rat plasma samples obtained during the pharmacokinetic study.
The analysis was performed using Intelligent LC 3000 system,
sodium acetate buffer pH 3.6 and acetonitrile (40:60) was used
as mobile phase with a flow rate of 1 mL/min ODS (C-18), BP 5
pm, 250x4.6 mm was the column used at ambient temperature.
The detector wave length and injection volume were 320 nm
and 20 mL respectively. Linearity (r>=0.998) was obtained in
the concentration range 0.2-5 pg/mlL.?223

Solubility study of IMN in various oils and surfactants

A calibration curve was plotted for IMN in a mixture of
ethanol:water (1:1) in the range of 10-50 ug/mL (Beer's Lambert’s
range) at 320 nm. A good linear relationship was observed
between the concentration of IMN and its absorbance in a
mixture of ethanol:water (r?=0.9986, m=0.0186, n=3). Excess
amount of IMN was placed in glass vials and mixed manually
in 2 mL of various oils/surfactants/cosurfactants. The vials
were sonicated for 2 h and centrifuged at 3000 rpm for 20 min,
followed by filtration. The filtrate was diluted with mixture of
ethanol:water (1:1) and the amount of IMN dissolved in various
vehicles was analysed by ultraviolet (UV) spectrophotometric
method (Shimadzu, Japan).?+2¢

Determination of emulsification efficiency

Equal amount of surfactant and oil was mixed and gradually
heated at 50°C for uniform homogenization. 100 mg of mixture
was diluted with 100 mL of water in a stoppered conical
flask. Emulsification efficiency was determined by number of
inversions required to yield homogenous emulsion. Emulsion
was allowed to stand for 2 h and its percentage transmittance
was determined at 638 nm by UV-Visible spectrophotometer
(Shimadzu, Japan) using distilled water as blank.?

Fourier transform infrared spectroscopy

Compatibility studies between IMN, oil and Smix was studied
by fourier transform infrared spectroscopy (FTIR) (Perkin
Elmer Model 1600, USA). Pure drug and physical mixture were
dissolved in dichloromethane separately. By using a capillary
tube, a smear/thin film of the samples was placed on the NaCl
crystal cell (hexagonal clear, about 2 mm thickness). It was
sandwiched with another NaCl crystal cell. The NaCl cells
with the sandwiched sample were placed in sample holder.
The samples were scanned from 4000 to 400/cm using FTIR
spectrophotometer.
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Differential scanning calorimetry

Compatibility studies between IMN, oil and Smix was studied
by Differential scanning calorimetry [differential scanning
calorimetry (DSC)-60, Shimadzu Corporation, Japan]. Liquid
samples are placed in dome shaped sample holder and sealed.
Then the sample is placed in the right side pocket, with empty
cell on left side as blank. Dry nitrogen was used as effluent gas.
All samples were scanned at a temperature ramp speed of 5°C/
min and the heat flow from 0°C to 200°C.

Construction of pseudoternary phase diagram

Pseudoternary phase diagrams were developed by titrating
capmul MCM, tween 80 and transcutol P mixture with water.
The trails were conducted using oil and Smix in the ratios 1:1
to 1:9. The surfactant and co surfactant ratios 1:1, 1:2, 1:3, 1:4,
4:1, 3:1, 2:1 were tested in the construction of pseudoternary
phase diagrams. After each addition of water the dispersion
was observed physically for clarity. Phase diagrams were
constructed using Tri-Plot V1-4-2.2 The ratios with good
emulsification were further tested.

Thermodynamic stability studies

Thermodynamic stability studies of formulations were carried
by exposing them to heating cooling cycle, centrifugation test
and freeze thaw test.?

Heating cooling cycle

Formulations were kept at 4°C and then at 40°C in a cyclic
way about six times. The formulations were exposed to each
temperature for 48 h. Formulations were observed physically
for turbidity at the end of test period.

Centrifugation test
Formulations were centrifuged at 3500 rpm for 30 min and
observed for any phase separation.

Freeze thaw test

Formulations were kept at -21°C and then at 25°C in a cyclic
way about three times. Formulations were observed physically
for turbidity at the end of test period. Stable formulations were
considered for further evaluation.

Determination of dispersion ability

1 mL of each formulation was added in 500 mL of water at
37+1°C. A standard stainless steel dissolution paddle is used
with rotating speed of 50 rpm which provided gentle agitation.
The invitro performance of the formulations is visually assessed
using the grading system as given in Table 1.%°

Drug precipitation study

IMN SEDDS were taken into 250 mL water and mixed under
continuous stirring (100 rpm) on magnetic stirrer. The formed
emulsion was then observed visually after a period of 24 h for
the precipitation of drug. The self-emulsifying systems were
then considered as stable (without precipitation) or unstable
(with precipitation).”

Preparation of SEDDS
Based onthe solubility, emulsification ability and pseudo-ternary
phase diagram studies excipients were selected. Formulation

was limited to only the SEDDS that passed the thermodynamic
stability studies, dispersion ability and precipitation study.
Accurately weighed amount of IMN was dissolved initially in
capmul MCM (oil). Tween 80 and transcutol P (surfactant and
cosurfactant) mixture were accurately weighed and added
slowly to the drug-oil mixture. The mixture was heated at 40°C
on a magnetic stirrer, until IMN was perfectly dissolved. Then
the mixture was sealed in a glass capped vial and stored at
room temperature until used.

Evaluation of SEDDS
Drug content

A calibration curve was plotted for IMN in a mixture of ethanol:
water (1:1) in the range of 10-50 pg/mL (Beer's Lambert’s range)
at 320 nm. A good linear relationship was observed between
the concentration of IMN and its absorbance in a mixture of
ethanol:water (r2=0.9986, m=0.0186, n=3). Drug from pre-
weighed SEDDS is extracted by dissolving in ethanol:water (1:1)
for IMN respectively and the drug content was analyzed by UV
spectrophotometer (Shimadzu, Japan).?®

Refractive index and percent transmittance

1 mL of formulation diluted to 100 mL with water and a drop of
it was placed on the Abbe’s refractometer prism, Rl value was
determined in the presence of a visible light source (Tungsten
lamp). The percent transmittance of formulations was measured
at 650 nm using UV spectrophotometer (Shimadzu, Japan).
Distilled water was used as a blank.

Viscosity

0.5 gm of SEDDS was diluted to 10 times with distilled water
and viscosity of the resultant emulsion was measured using
Brookfield viscometer with spindle # CPE40.3

Effect of pH and robustness to dilution

SEDDS were subjected to 100 fold dilution with distilled water,
0.1 N HCl and phosphate buffer pH 6.8. The resultant diluted
emulsions were checked for coalescence of globules and phase
separation after 24 h storage.®

Table 1. Visual assessment of efficiency of self emulsification

Time of self
emulsification

Grade Dispersibility & appearance

1 Rapid forming microemulsion which is {1 min

clear or slightly bluish in appearance

2 Rapid forming, slightly less clear emul- {2 min

sion which has bluish white appearance

3 Bright white emulsion (similar to milk in {3 min

appearance)

4 Dull, greyish whitish emulsion with a >3 min
slightly oily appearance that is slow to

emulsify

5 Exhibit poor or minimal emulsification >3 min
with large oil globules present on the

surface
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Size analysis and homogeneity of SEDDS

The mean globule size, zeta potential and polydispersity index
of SEDDS were measured by photon correlation spectroscopy
instrument (Zetasizer 3000HS, Malvern Instruments Corp.,
U.K.) at 25°C.%* For measurement, SEDDS was pre-diluted by
addition of 0.6 mL of SEDDS to 90 mL of distilled water under
slow agitation at room temperature (25°C). The system was
analyzed by dispersing it in 100 mL distilled water as dispersant.
Analysis was done in triplicate and mean results are presented.
The sizing and zeta potential of the SEDDS was determined
in a small volume module. Samples were directly placed into
the module and the data was collected for 10 min. All studies
were repeated in triplicates, with good agreement being found
between the measurements.

Turbidimetric evaluation

Equal quantity of SEDDS and 0.1 N HCl was mixed under
continuous stirring (50 rpm) on magnetic hot plate at 37+0.5°C
temperature. The turbidity was measured by using a turbidimeter
(Digital nephelo-turbidity meter 132, Systronics, India).®3¢

Cloud point measurement

The cloud point value of optimized formulations were
determined and compared. Each formulation was diluted with
water in the ratio of 1:100 and placed in a water bath with
gradual increase (2°C/min) in temperature (from 25 to 80°C).
Cloud point was measured as the temperature at which there
was a sudden appearance of cloudiness as seen visually.?”

In vitro release study

A calibration curve was plotted for IMN in one part of 7.2 pH
phosphate buffer and four parts of water in the range of 10-
50 pg/mL (Beer's Lambert's range) at 320 nm. A good linear
relationship was observed between the concentration of IMN
and its absorbance in one part of 7.2 pH phosphate buffer
and four parts of water (r?=0.9997, m=0.0189, n=3). In vitro
release of optimized formulations capsules filled with (SEDDS),
marketed product and pure drug each containing 25 mg of IMN
were carried using USP type 1 dissolution apparatus (Model No
TDT-08L, Electrolab, Mumbai). One part of pH 7.2 Phosphate
buffer and four parts of water was used as dissolution medium
maintained at 37+0.5°C with the basket rotating at 100 rpm.
Samples (10 mL) were withdrawn at regular intervals and the
same volume of fresh dissolution medium was replaced to
maintain sink condition.?® The samples were filtered, diluted
and analyzed UV spectrophotometrically at 320 nm (Shimadzu,
Japan). Dissolution studies were performed and the mean
cumulative percentage of IMN was calculated and plotted
against time. /n vitro dissolution data was statistically analysed
by one way ANOVA followed by turkey post hoc test for
multiple comparison using graph pad prism. Differences were
considered to be significant at a level of p<0.05. Dissolution
profile of optimized formulations and marketed product
was compared on the basis of their similarity factor (f2) and
difference factor (f1).

In vitro diffusion study
A calibration curve was plotted for IMN in in one part of 7.2 pH
phosphate buffer and four parts of water in the range of 10-

50 pg/mL (Beer's Lambert's range) at 320 nm. A good linear
relationship was observed between the concentration of IMN
and its absorbance in one part of 7.2 pH phosphate buffer
and four parts of water (r?=0.9997, m=0.0189, n=3). In vitro
diffusion studies of optimized SEDDS and marketed products
were carried by dialysis method. 250 mL of one part of pH 7.2
phosphate buffer and four parts of water was used as diffusion
medium for IMN-B1. Temperature was maintained at 37°C with
the paddle speed of 100 rpm. Samples were withdrawn at
regular intervals of time for 12 h and drug concentration was
analyzed by UV spectrophotometer (Shimadzu, Japan). The
data was statistically analysed by t test (p<0.05) using graph
pad prism.*

Pharmacodynamic studies

Anti-inflammatory studies

The anti-inflammatory activity of optimized and marketed
formulations of IMN was evaluated by the carrageenan-induced
rat hind paw edema method by using Digital plethysmometer
(PLM-01 plus, Orchid Scientifics, India). Study protocol was
approved by IAEC (Reg. No. IAEC/SUCP/CPCSEA/08/2013).
The animals were divided into three groups (six animals in
each group) for anti-inflammatory studies.®® Wistar strain
male albino rats weighing between (150-200 g) were used.
The animals were in a light controlled 12 hours cycle with free
access to food and water. Animals were fasted overnight before
experiment with free access to water. Animals were divided
into three groups of six animals each. Group 1 (control) received
water. Group 2 received 10 mg/kg formulated SEDDS and group
3 received 10 mg/kg marketed product. After one hour, paw
edema was induced by injecting 50 pL of 1% w/v carrageenan
into the sub planar region of the left hind paw. Paw volume was
determined after 5 hin all groups. Difference in the paw volume,
determined before and after injection of the edema-provoking
agent indicated the severity of edema. One control group and
reference group were used in this study. Volumes of right hind
paw of controls and treated animals were measured with a
plethysmometer and the percentage inhibition of inflammatory
reaction was determined for each animal by comparison with
control and calculated by the following formula.

0L imlnilit: _ (Vcomrol_vtest)
% inhibition of edema=\_""_" /x 100

control

Where,

mean edema of rats in control group

control

V = mean edema volume of rats in tested group

test

Pharmacokinetic evaluation

Pharmacokinetic study protocol was approved by the IAEC
(Reg. No. IAEC/MNRCOP/CPCSEA/09-04-2013). The oral
pharmacokinetics of IMN was assessed in wistar rats.
Animals were fasted overnight with free access to water for
at least 12 h before dosing. After collecting the zero hour blood
sample (blank), the formulations were given orally (10 mg/kg
body weight). The animals were then anesthetized and blood
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samples were withdrawn from the tail vein and placed in
heparinised centrifuge tubes. The plasma was then separated
and assayed for the concentration of IMN by HPLC. Table 2
shows the specifications of animals used for in vivo study. The
pharmacokinetic parameters were calculated using WinNonlin
software. 3% The animals were divided into three groups;

Group 1: IMN suspension[pureIMNin1% carboxymethylcellulose
(CMO)] administered animals.

Group 2: IMN-B1 administered animals.

Group 3: Marketed product (in 1% CMC) administered
animals.

Stability study

Stability studies were conducted according to the ICH Q1A
(R2) guidelines. Formulations were packed in a screw capped
bottle and were kept in stability chamber at a temperature of
40+2°C and 7525% RH for 6 months. Samples were withdrawn
at the end of 1, 2, 3 and 6 months and analyzed for drug content,
homogeneity, clarity, globule size and release. Zero time
samples were used as control for the study./42

RESULTS AND DISCUSSION

Selection of oil, surfactant and cosurfactant

Solubility of indomethacin in oils, surfactants and co surfactants
The selection of oil, surfactant and cosurfactant for the
formulation of SEDDS was initially based on the solubility of IMN
in these excipients. IMN solubility in various oils and surfactants
is shown in Table 3. Capmul MCM showed maximum solubility
of IMN so it was selected as oil; labrasol and tween 80 which
showed good solubility were selected as surfactants for further
study. The solubility of IMN in surfactant and oil is important, as
cosurfactants on dilution with water may separate out resulting
in micellar dispersion, thus reducing the solvent capacity for
IMN.%® So, all the cosurfactants were further used in the study.

Emulsification ability

The oil, surfactant and cosurfactants which showed good
solubility were tested for their emulsification ability. Capmul
MCM showed good solubility of IMN which helps to prevent
precipitation in the intestinal fluids*, so the emulsification

Table 2. Animal specifications for in vivo study

efficiency of this oil is studied with surfactants labrasol, tween
80 and cosurfactants transcutol P, plurol oleique CC, PG and PEG
400 which showed good solubility of IMN. The emulsification
efficiency results as indicated by inversions and percentage
transmittance are given in Table 4. Better emulsification
efficiency is given by lesser number of inversions.® The number
of inversions required for tween 80, labrasol, transcutol P, PEG
400, PG and plurol oleique CC was found to be 9, 15, 6, 8, 11 and
17 respectively.

Percentage transmittance of labrasol and tween 80 was 94.8
and 99.1 respectively. As the emulsification efficiency and
solubility of IMN was greater with tween 80, it was selected as
surfactant in the further study. The percentage transmittance
of cosurfactants transcutol P, PEG 400, PG and plurol oleique
CC was found to be 96.5, 93.7, 88.3 and 82 respectively. Based
on the solubility and emulsification of IMN with oil, transcutol P
was selected as cosurfactant.

Compatibility studies
The FTIR spectra of IMN and physical mixture are shown in
Figure 1. The characteristic peaks of IMN are unchanged and

Table 3. Solubility of IMN in various oils/surfactants

Oil/surfactant (Sr:lgu/l:]lll-t)y Oil/surfactant (Sr:;l::ll_‘)y
Castor oil 11.48+1.26  Tween 80 119.34+1.20
Oleic acid 6.79+2.71 Cremophor RH 40  90.72+1.82
Labrafil M2125 15.16+£0.93  Labrasol 167.38+0.87
Sunflower oil 10.32+1.59  Transcutol P 192.1+1.39
Soya bean oil 18.48£1.15  Plurol oleique CC  150.17+2.01
\';Vaf;gfj; ipophile 59231096 PG 12121199
IPM 3514+1.84  PEG 400 98.57+0.58
Capmul MCM 51.87+2.11

Mean + standard deviation, n=3, IMN: Indomethacin

Table 4. Emulsification efficiency of surfactants and cosurfactants
with capmul MCM

Species Wistar rats
Number of Percentage

Weight 150-200 gm Surfactant/cosurfactant inversions transmittance
Gender Male/Female Tween 80 9+2 991
No. of animals in each group 6 Labrasol 15+2 94.8
Total time of the study 24 h Transcutol P 613 96.5
No. of blood samples from each animal 12 Plurol oleique CC 17+3 82.0

T PG 112 88.3
Sampling intervals (h) 05,1,15,2,3,4,5, 6, 8,

12,16, 24 PEG 400 8+2 93.7

Volume of the blood sample 01 mL Mean + standard deviation, n=3
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prominently observed in FTIR spectra of physical mixture
suggesting that there was no interaction between IMN and
excipients. DSC thermograms of pure IMN and physical mixture
are presented in Figure 2. The DSC thermograms showed sharp
melting peak for IMN, at 161°C. A small endothermic peak with
low intensity was observed at 161°C in physical mixture, may be
due to reduction in drug crystallinity and molecular dispersion
of IMN in the lipid excipients.

Construction of pseudoternary phase diagram

Pseudoternary diagrams form the basis for selection of
composition of components for SEDDS. They were constructed
with capmul MCM as oil, mixture of tween 80 and transcutol P as
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ingomethacin

Figure 1. FTIR spectra of A: indomethacin and B: physical mixture

FTIR: Fourier transform infrared spectroscopy
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Figure 2. Differential scanning calorimetry thermograms of A: indomethacin
and B: physical mixture

surfactant mixture with IMN and water (Figure 3). The process
of self micro emulsification was observed to be spontaneous
as the energy required to form is less. The selected surfactant
mixture is a combination of low and high HLB value, which
makes it a more efficient SEDDS.#34

The microemulsion region was observed in pseudo ternary
diagrams. The phase diagrams which showed maximum self
emulsification region were with tween 80 and transcutol P in
the ratios 2:1, 3:1 and 1:2. Increase in tween 80 concentration
(2:1 to 3:1) showed spontaneous and better emulsification
which may be due to formation of monolayers of surfactant on
the emulsion globules which increases the stability. A slight
increase in cosurfactant ratio (1:2) showed good emulsification
region as, transcutol P may have fluidized the surfactant making
it flexible to form microemulsion. So the S:Co ratios of 2:1, 3:1
and 1:2 which showed maximum self micro emulsification
region were used and various formulations were made for
further study shown in Table 5.

Dispersion ability

An efficient SEDDS formulation disperses very fast in seconds
provided the condition of gentle stirring.® The dispersion rate

D E

Figure 3. Pseudoternary phase diagram showing the o/w emulsion region
of capmul, tween 80 and transcutol P at Smix ratio of Ais 1:1, B is 1:2, C is
1:3,Dis 1:4, E is 2:1, F is 3:1

Size (d.n... % Intensity Width (d.n...
Z-Average (d.nm): 184.1 Peak1: 2125 100.0 83.84
Pdi: 0.127 Peak 2:  0.000 0.0 0.000
Intercept: 0.959 Peak 3:  0.000 0.0 0.000
Result quality Good
D10(nm): 119 D50(nm): 196 D90(nm): 334

D(89): 475

Size (d.nm)

Figure 4. Globule size data of IMN-B1

IMN: Indomethacin
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depends on the interfacial barrier at the oil and dilution medium
interface. Tween 80 and transcutol P at the ratios 2:1, 3:1 and
1:2 showed good dispersion as shown in Table 6 may be due to
formation of stable interfacial film. Formulations which showed
dispersibility grade of 1 and 2 were selected for further study.

Thermodynamic stability and precipitation study

The stability of the formulations affects the performance and
instability may result in precipitation or phase separation. The
effect of metastable forms, which are difficult to find, can be
eliminated by the thermodynamic studies. The formulations
were subjected to centrifugation, heating, cooling cycles, freeze
thaw test. Results were shown in Table 6. The concentration of
surfactant and cosurfactant has varied effects and is important
for a stable microemulsion formation. Formulations which have
passed the thermodynamic stability study, dispersion test and drug
precipitation study were optimised and further evaluated. IMN-AT1,
IMN-A2, IMN-A3, IMN-B1, IMN-B2 and IMN-C2 were selected as
optimized formulations as they passed the stability study.

Evaluation of optimized IMN SEDDS formulations

Drug content
The IMN content in the formulations is given in Table 7 which

showed uniform distribution. All the formulations have drug
content in the range 99.1+1.92 to 100.3+0.91%.

Percentage transmission and refractive index

Refractive index of the formulations was in the range of
1.434-1.447, nearly same as that of water as shown in Table
7. The percentage transmission was found to be in the range
95.4 to 99.2. The results indicated that the optimized SEDDS
formulations are translucent and clear dispersions.

Viscosity

The viscosity of optimised formulations is shown in Table 7.
Viscosity of the system plays an important role in drug release.
It was reported that low viscosity of the systems will result in
o/w emulsions. The viscosity of the formulations was in the
range of 0.656 cps to 0.932 cps.

Dilution and pH effect

All the formulations were stable when diluted to 100 times
with water, 0.IN HCl and pH 6.8 phosphate buffer. There was
no phase separation or precipitation which indicates the non
ionic surfactants used were stable to change in pH and the
concentration of electrolyte.®® This is necessary for stable
emulsion system as it gets in contact with various physiological
fluids in the system.

Table 5. Composition of SEDDS formulations

S:Co S 2:1

O: Smix 1:1 1:2 1:3 1:4 1:5 1:6
Tween 80 325 433.4 487.6 520 S541.7 557.2
Transcutol P 162.5 216.6 2437 260 270.8 278.6
Capmul MCM 487.5 325 2437 195 162.5 139.3
Indomethacin 25 25 25 25 25 25
Formulation code IMN-A1 IMN-A2 IMN-A3 IMN-A4 IMN-AS IMN-A6
S:CoS 31

O: Smix 1:1 1:2 1:3 1:4 1:5 1:6
Tween 80 365.6 487.5 548.4 585 609.3 626.7
Transcutol P 1219 162.5 182.8 195 2031 208.9
Capmul MCM 487.5 325 2437 195 162.5 139.3
Indomethacin 25 25 25 25 25 25
Formulation code IMN-B1 IMN-B2 IMN-B3 IMN-B4 IMN-B5 IMN-B6
S:CoS 1:2

O: Smix 1:1 1:2 1:3 1:4 1:5 1:6
Tween 80 162.5 216.6 2437 260 270.8 278.6
Transcutol P 325 433.4 487.6 520 S541.7 557.2
Capmul MCM 487.5 325 2437 195 162.5 139.3
Indomethacin 25 25 25 25 25 25
Formulation code IMN-C1 IMN-C2 IMN-C3 IMN-C4 IMN-C5 IMN-Cé6

IMN: Indomethacin, SEDDS: Self-Emulsifying Drug Delivery System
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Emulsion globule size and zeta potential analysis

Diffusion of drug can be faster from smaller emulsion globules,
which increases dissolution of drug into aqueous medium. The
average globule size distribution of the optimised formulations
is given in Table 8. The globule size was in the range of 184.1
nm to 340.5 nm, the ratio of oil, surfactant and cosurfactant
mixture has varied effects on the size of globule.

IMN-A1 to IMN-A3, IMN-B1 to IMN-B2 showed an increase
in globule size which may be due increase in tween 80
concentration in the formulation, which results in more
penetration of water into the emulsion globules resulting in
larger size.”

IMN-C2 showed a globule size of 237.8 nm, which may
be attributed to a higher ratio of transcutol P. Formulation
IMN-B1, has shown the smallest size globules (Figure 4).
The polydispersibility index of the formulations was less
than 1 indicating the uniformity of size distribution within the
formulation.*®

The optimised formulations were checked for their zeta potential
and tabulated in Table 8. Zeta potential values were in the range
of -7.55 to -8.48 mV. From the results, the negative charge
on the globules of all formulations attributes their stability,
by causing repulsion between them and thus preventing their
coalescence (Figure 5).4°

Turbidimetric evaluation

The turbidity which attributes to the clarity and uniformity of
emulsification, hence stability of the formulation was measured.
A measure of turbidity also gives the knowledge of globule
size.®® The turbidity values are shown in Table 8. The lower
values indicate that prepared systems were clear and may have

Mean (mV) Area (%) Width (mV)
Zeta Potential (mV): -7.92 Peak 1: -7.92 100.0 457
Zeta Deviation (mV): 457 Peak 2: 0.00 0.0 0.00
Conductivity (mS/cm): 0.0888 Peak 3: 0.00 0.0 0.00
Result quality : Good
Zeta Potential Distribution
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Figure 5. Zeta potential data of IMN-B1

IMN: Indomethacin

Table 6. Results of thermodynamic stability studies, visual dispersion grading

Formulation code Centrifuge Heating/Cooling cycle Freeze thaw Dispersion grade Inference
IMN-AT1 Pass Pass Pass 2 Pass
IMN-A2 Pass Pass Pass 2 Pass
IMN-A3 Pass Pass Pass 2 Pass
IMN-A4 Pass Pass Pass 2 Pass
IMN-AS5 Pass Fail Pass 3 Fail
IMN-A6 Pass Fail Fail 3 Fail
IMN-B1 Pass Pass Pass 2 Pass
IMN-B2 Pass Pass Pass 2 Pass
IMN-B3 Pass Pass Pass 2 Pass
IMN-B4 Pass Pass Pass 2 Pass
IMN-B5 Pass Fail Pass 2 Fail
IMN-B6 Fail Pass Pass 3 Fail
IMN-C1 Pass Fail Fail 2 Fail
IMN-C2 Pass Pass Pass 2 Pass
IMN-C3 Pass Pass Pass 2 Pass
IMN-C4 Pass Fail Pass 2 Fail
IMN-C5 Fail Pass Pass 3 Fail
IMN-C6 Pass Fail Pass 3 Fail

Mean + standard deviation, n=3, IMN: Indomethacin
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lower globule size.® The decrease in turbidity can be due to the
decrease in emulsion globule size.

Cloud point

The point at which cloudiness appears is known as cloud
point. At a temperature higher than the cloud point, formulation
may undergo phase separation which is due to dehydration
of polyethylene oxide moiety of the non-ionic surfactant. So,
cloud point of the formulation should be more than 37°C. IMN
formulations showed cloud point at high temperature >37°C
(Table 8), indicating stability at physiological temperature.

In vitro dissolution study

Faster release of IMN from SEDDS was observed which may
be due to dissolved state of IMN, spontaneous formation of
microemulsion and smaller globule size, as compared to plain
IMN shown in Figure 6.

Formulation IMN-B1 showed the maximum release which may
due to its oil and surfactant mixture concentration, which leads
to rapid emulsification of oil for finer globules. Nanosized
globule provides larger effective surface area for diffusion
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Figure 6. In vitro dissolution profiles of indomethacin formulations

of solubilised IMN from SEDDS to dissolution media.* In
dissolution study formulation IMN-B1 showed maximum release
of drug (100.12+1.31%) in 40 min. The data was analyzed by ¢
test and significant difference (p<0.05) was observed between
means at 10 to 50 min.

In comparison to marketed product dissolution profile of IMN-B1
showed 100.12+1.31% of drug release at the end of 40 min,
where as marketed product showed 93.68+2.29% release at the
end of 60 min. The data was analyzed by t test and significant
difference was observed between means.

The dissolution profile of the IMN-B1 SEDDS was compared
with the marketed product of powder filled capsule by similarity
(f2) and dissimilarity factor (f1). The low value of f2 (15%) and
more f1 (45%) indicates the dissolution profiles of optimized
and marketed product were not similar. The IMN SEDDS has
improved dissolution rate of IMN than the powder filled capsule
product.

In vitro diffusion study

In vitro diffusion study for IMN-C1 and marketed product were
carried out for 12 h. The percentage release was found to be
81.51£4.56 and 57.96+4.75 for IMN-C1 and marketed product
respectively (Figure 7). The data of in vitro diffusion data was
analyzed by t test and significant difference was observed
between means.

Anti-inflammatory activity

The percentage inhibition and paw edema in rats showed a
significant inhibition (p<0.001) compared to control. IMN-B1
showed significant inhibition (p<0.05 and p<0.01) compared
to marketed product due to increased absorption of IMN from
lipids. IMN-B1 and marketed product showed the maximum
activity at the end of 5" hour of oral administration. Percentage
inhibition of IMN-B1 and marketed product was found to be
76.73+2.84 and 64.73+6.83 respectively. The present study
revealed that IMN-B1 showed better anti-inflammatory activity
over the marketed product.

Table 7. Drug content, refractive Index, percentage transmission and viscosity of IMN SEDDS

Formulation code Drug content (%)

Refractive index

Percentage transmission Viscosity (cps)

IMN-AT1 99.58+1.27 1.446+0.02 97 0.932+1.31
IMN-A2 99.1+1.92 1.434+0.03 99.2 0.845+2.71
IMN-A3 100.3+0.91 1.445+0.02 96.3 0.656+2.11
IMN-B1 99.71£0.84 1.447+0.02 95.4 0.906+3.01
IMN-B2 99.73+1.25 1.444+0.03 96 0.872+1.28
IMN-C2 99.65+0.94 1.439+0.03 975 0.737+0.94

Mean + standard deviation, n=3, SEDDS: Self-Emulsifying Drug Delivery System, IMN: Indomethacin
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Pharmacokinetic studies

Figure 8 depicts the mean plasma concentration-time profiles
of pure IMN, IMN-B1 and marketed product. The plasma level
profiles were significantly increased for IMN-B1 and marketed
product compared to pure IMN. C__ was found to be 1.9+0.22,
7.87+0.33 and 3.58+0.27 pg/mL for pure IMN, IMN-B1 and
marketed product respectively (Table 9). C__ of IMN-B1 and
marketed product was 4.14 and 1.88 times higher than that

of pure IMN respectively. Time required to reach maximum
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Figure 7. In vitro diffusion profile of IMN-B1 and marketed product
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Figure 8. Mean plasma concentration - time profiles of indomethacin

concentration was found to be 2.33+0.58, 1.33+0.29 and 1.5 hr
for pure IMN, IMN-B1 and marketed product respectively.

The low AUC value of pure IMN and marketed product may be
due to less absorption into the body. On the contrary, IMN-B1
showed high AUC values indicating increased/better absorption
of drug and hence improved bioavailability of IMN from
SEDDS. The t,,and Vd of IMN was more with the optimized
IMN-B1 indicating better drug distribution. The time taken to
reach maximum concentration was lesser with IMN-B1 which
indicates fast absorption.

Stability study

No change in the physical parameters such as homogeneity
and clarity was observed during the stability study. A slight
increase in globule size to 193 nm has been observed which
may be due to aggregation of globules. The PDI was within 1
which reflects the uniformity. The drug content and dissolution
behaviour of prepared formulation was well within the limits
during the storage and significant difference (p<0.05) was
observed between means of drug content at 3 and 6™ month.

CONCLUSION

In the present study prepared self emulsifying formulations
showed enhanced release of IMN when compared to the
marketed capsules. SEDDS formed micro emulsion dispersed

Table 9. Pharmacokinetic parameters of IMN in rats after oral dose
of 10 mg/kg

Oral administration

Parameter

Pure IMN IMN-B1 Marketed product
C.ox (H8/mL) 1.9+£0.22 7.87+0.33***  3.58+0.27**###
e () 2.33:058 1.33:0.29 150
AUC, _ (hr/pg/mL) 12274159 4318+14.03*  28.09+3.86
AUC,__(hr/pug/mL) 16.8+1.98 60.12+22.85* 30.03x5.66
t,, (hr) 7.8+1.24 7.73+1.80 5.59+2.17

Mean + standard deviation, n=6, *p<0.05, **p<0.01, ***p<0.001 vs. pure IMN; #p<0.5,
###p<0.001 vs. IMN-B1, IMN: Indomethacin

Table 8. Globule size, PDI, zeta potential, turbidity and cloud point of IMN SEDDS

Formulation Globule size (nm) PDI Zeta potential (mV) Turbidity (NTU) Cloud point (°C)
IMN-AT1 201.7£1.83 0.153+1.32 -7.55+2.81 10.53+£2.79 T4-75
IMN-A2 253.6£2.55 0.264+1.71 -7.83+2.15 1914+3.06 7-73
IMN-A3 340.5+1.74 0.421£21 -1.94+1.84 20.84+3.57 70-71
IMN-B1 184.1£2.07 0.127+1.67 -1.92+211 BLD 63-65
IMN-B2 226.3£1.79 0.199+1.83 -8.48+1.33 14.27+311 62-63
IMN-C2 237.8+1.19 0.151+1.06 -8.1+1.47 17.79+2.85 62-63

Mean + standard deviation, n=3, BLD: Below limit of detection, SEDDS: Self-Emulsifying Drug Delivery System, IMN: Indomethacin
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rapidly with a size range 1841 nm to 340.5 nm, showing
good emulsification. The anti inflammatory activity and
pharmacokinetic study showed improved activity as compared
to marketed product due to solubilisation of drug by the self
emulsification process. Further results show a possible chance
of improvement in bioavailability of IMN with the formulated
SEDDS. Thus this technique helps in improving solubility and
can be applied to similar drugs used in the treatment of various
diseases.
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Development, Internal and External Validation of
Naproxen Sodium Sustained Release Formulation:
an Level A In Vitro-In Vivo Correlation

Naproksen Sodyum Sureli Serbest Formulasyonun Gelistirilmesi, i¢ ve Dis
Olarak Dogrulamast: Bir Duizey A In Vitro-in Vivo Korelasyon
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ABSTRACT

Objectives: The aim of the present study was to develop and validate an in vitro-in vivo correlation (IVIVC) for naproxen sodium-sustained release
tablets and to compare their plasma concentrations over time with the immediate-release tablets.

Materials and Methods: /n vitro release rate data were obtained for each tablet by using the USP Apparatus Il, paddle stirrer at 50 rpm in pH 7.4
phosphate buffer. A four-way crossover study was conducted in 6 healthy subjects by administering naproxen sodium sustained release 375
mg and 500 mg of immediate release tablets. Series of blood samples were collected over 24 hours and estimated by using the validated liquid
chromatography tandem-mass spectrometry method.

Results: The similarity factor was calculated and it was found that values between, 50 and 100 indicates similarity of the profiles. Assessment of
predicted and observed bioavailability was performed and prediction errors (PE) % calculated, as per the Food Drug Administration guidelines,
the average absolute PE% of C__ and AUC of individual formulation was found below 15% for establishment of IVIVC, based on internal prediction
strongly suggesting that the naproxen sodium IVIVC models are valid. During external validation the predicted curve for the naproxen sodium
sustained-release tablets was found to be identical to immediate release tablets and considered as valid.

Conclusion: IVIVC can serve as a surrogate for in vivo bioavailability study and supports biowaivers, supports and validates the dissolution methods
and specification settings and assists in quality control during scale-up and post-approval changes. It may be used to predict the variation in site
change, process changes and to predict the absorption performance of naproxen sodium products with different release rates.

Key words: IVIVC, naproxen sodium, sustained release, dissolution, in vivo bioavailability study, internal and external predictability

s

Amag: Bu galismanin amaci, naproksen sodyumun strekli salim tableti igin in vitro-in vivo korelasyon (IVIVC) gelistirmek, dogrulamak ve zamana
bagli plazma konsantrasyonlarini derhal salinan tabletle karsilastirmaktir.

Gereg ve Yontemler: /n vitro salim hizi verileri, pH 7.4 fosfat tampon icinde 50 dev/dakikada, USP Apparatus Il, palet karistiricisi kullanilarak
her bir tablet igin elde edilmistir. Naproksen sodium 375 mg surekli salim ve 500 mg derhal salim tabletleri 6 saglikli kisiye uygulanarak dort
yonlu bir gaprazlama galismasi gergeklestirilmistir. Yirmi dort saat boyunca toplanan kan drnekleri valide edilmis sivi kromatografisi tandem-kdtle
spektrometresi yontemi kullanilarak tayin edilmistir.

Bulgular: Hesaplanan ve 50-100 arasinda bulunan degerler benzerlik faktérlerini gdstermektedir. C__ ve AUC ortalama degerlerine yakin
bulunmustur. Tahmin edilen ve gézlemlenen biyoyararlanim degerlendirmesi yapildi ve Gida ilag idaresi yonetmeliklerine gére % tahmin hatalari
(PE) hesaplandj; ig tahmin ile IVIVC'nin olusturulmasi igin C__ 'in ortalama mutlak %PE’si ve formiilasyonun bireysel formulasyonun AUC'si %15'in
altinda bulundu, naproksen sodyumun IVIVC modelleri gegerlidir. Dis validasyon sirasinda, naproksen sodyumun strekli salim tableti igin éngérilen
egri, derhal salim tableti ile ayni bulunmasi gegerli oldugunu géstermektedir.

Sonug: Bu IVIVC, in vivo biyoyararlanim arastirmasi igin vekil olarak hizmet edebilir ve biyolojik yénlendiricileri destekler, ¢6zlinme ydntemlerini ve
spesifikasyon ayarlarini destekler ve onaylar, 6lgek buyltme ve onay sonrasi degisiklikler sirasinda kalite kontroliinde yardimci olur. Yer degisikligi,
proses degisiklikleri ve farkli emisyon oranlarina sahip naproksen sodyum drtnlerinin emme performansini tahmin etmek igin kullanilabilir.
Anahtar kelimeler: IVIVC, naproksen sodyum, stirekli salim, ¢6zlinme, in vivo biyoyararlanim galismasi, ig ve dis 6ngorilebilirlik
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INTRODUCTION

In vitro-in vivo correction is a predictive mathematical model
relating the relationship between an in vitro property of a dosage
form and an in vivo response.® In vitro-in vivo correlation (IVIVC)
is most widely established by using formulations with different
release rates i.e. slow, medium and fast, data on the in vitro
release rates and in vivo plasma concentration-time profiles of
developed formulations, and by using deconvolution techniques
to confirm the link between dissolution rate and fraction
absorbed. The Food Drug Administration (FDA) guidelines has
discussed the three categories of IVIVC models: namely, level
A, B, and C models. Level A is a linear is most widely used as
it is developed point to point correlation and stands for in vitro
and in vivo absorption rate of the drug. Level A can be developed
on both deconvolution and convolution-based methods. Level B
compares the mean in vitro dissolution time to the mean in vivo
residence time or the mean in vivo dissolution time. Level C
is a single point comparison of dissolution time point to one
pharmacokinetic parameter [e.g. C__, area under the curve
(AUC), and T__ time of the maximum plasma concentration].
Level Dis arank order analysis.® The development and validation
of IVIVC is vital for optimization of sustained release dosage
form as it predicts the in vivo release profile of the sustained
release (SR) dosage form based on in vitro data.’

Various IVIVC studies have been published for a number of
formulations, including Busprion, propranolol, nevirapine,
metoprolol and other drugs.®™ The concepts and methods used
in establishing the IVIVC are reviewed elsewhere.*5 According to
BCS classification naproxen sodium comes under class 2 drug
and in addition naproxen is relatively having a short life suggest
suitable applicant for modified release formulation.2 The present
work is intended to formulate naproxen sodium sustained
release tablet, develop and validate the internal and external
predictability of level A IVIVC models. /n vitro dissolution study
was performed to check the release profile and bioavailability
study conducted to check the rate and extent of absorption of
developed naproxen sodium sustained release and marketed
immediate release tablet. Further established and validated
IVIVC models can be used as a surrogate for the bioequivalence
study, minimize the time and cost for manufacturers, a quality
control tool to measure the product performance, a waiver for
human studies when the minor changes are done as specified
in the scale-up and post-approval changes (SUPAC)- immediate
release and SUPAC-modified release guidance.

MATERIALS AND METHODS

Chemicals and reagents

Naproxen sodium, HPMC K100M supplied as a gift sample by
Strides Arcolab Limited, Bangalore and Colorcon Asia Pvt.
Limited, Goa, India. All other materials like talc, magnesium
stearate, ethyl cellulose were procured from local dealer.

In vitro dissolution study and data analysis
The drug release profiles were examined by using by using the
United States Pharmacopeia (USP) dissolution apparatus (type

2, paddle) pH 1.2, 4.5, 5.5, 6.8 and 7.4 at 50 & 75 rpm (rotation
per min). The dissolution studies were performed on six tablet
of naproxen sodium 375 mg SR tablets (i.e. slow, medium and
fast) and naproxen sodium 500 mg tablet (marketed immediate
release). Samples were drawn at 0.0, 0.5, 1.0, 15, 2.0, 3.0,
4.0, 6.0, 8.0, 12.0, 18.0 and 24.0 hours and analyzed by using
UV spectroscopy at a wavelength of 332 nm. The percentage
fraction dissolved and percentage release at various time
points were determined. The similarity of dissolution profiles
were evaluated for fast versus slow, slow versus medium and
medium versus fast by using the similarity factor (f2).

In vivo bioavailability study and data analysis

This was an single center, randomized, single-dose, open-
label, 4-way crossover, bioavailability study to compare the
rate and extent of absorption of a naproxen sodium 375 mg SR
tablets (i.e. slow, medium and fast) and naproxen sodium 500
mg tablet (marketed immediate release), in six healthy male
subjects under fasting conditions. Samples were collected at
0.0, 0.5, 1.0, 15, 2.0, 2.5, 3.0, 35, 4.0, 45, 5.0, 5.5, 6.0, 8.0,
10.0, 12.0, 16.0 and 24.0 hours post dose sample. A washout
period of 7 days between the dosing of four periods. The study
was approved by ethics committee and informed consent
were provided by subjects prior enrolled into the study and.
Validation of the method was carried out after the development
of the liquid chromatography mass spectrometry (LCMS)
methods. Validation performed as per the USFDA guidelines
i.e. specificity/selectivity, carry over, linearity, precision and
accuracy, recovery, dilution integrity, ruggedness, stabilities
like freeze thaw stability, bench top stability, long term stability,
stock solution stability. A simple and sensitive validated LCMS/
MS method used for estimation of plasma sample by using
protein precipitate extraction. The calibration curves were
linear in the range of 1167 pg/mL to 163.729 ug/mL for naproxen
sodium. Bioavailability study evaluated through plasma
concentration data by using pharmacokinetic parameters like
C_.» AUC, T . half lifeand estimation performed by using

max

Phoenix 6.4.0 version software.

IVIVC model development

Linear regression analysis was used to study the relationship
between the drug dissolved and the drug absorbed in
percentage. A correlation was established for naproxen sodium
375 mg SR tablets (i.e. slow, medium and fast) formulations
(M/F, S/F, and S/M). A linear regression done by using a
least squares method to estimate the regression parameters.
Determination coefficient (r?) was evaluated. The deconvolution
procedure was used to obtain in vivo input profiles of naproxen
sodium from the sustained release dosage forms. The percent
of dissolved is plotted against the dissolution sampling points
of target formulation to check whether developed IVIVC model
is valid.

IVIVC validation

The objective is to predict the outcome of in vivo profile with a
given model and target formulation of in vitro profile. Internal
validation provides basis for the acceptability of the model and
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external validation is superior and gives the self-confidence
in the model. As per the FDA guidance on IVIVC for level A
criteria as follows: for internal validation the mean absolute
percent prediction error i.e. for C__ and AUC should not exceed
10%, and for individual formulation should not exceed 15%. For
external validation the prediction errors i.e. C__ and AUC, for
the formulation should not exceed 10%, 10% to 20% indicates in
conclusive predictability and demonstrate the requirement for
further study. The percent prediction errors (PE) for C__ and
AUC were calculated as follows:

C,, (observed) - C__ (prediction)

pH 7.4 pH condition at 50 rpm for naproxen sodium SR tablets
(i.e. F2 slow, F5 medium and F4 fast). The in vitro release
characteristics of the fast, medium, and slow sustained release
tablet of naproxen sodium were determined and presented in
Figure 6. The similarity factor (r?) was calculated fast versus
slow 52.52, fast versus medium 69.87 and medium versus slow
64.08 respectively.*

The percentage fraction dissolved for naproxen sodium are in
the rank order of marketed immediate release, fast, medium
and slow sustained release tablets and are presented in the
Figure 6.

x 100 () In vivo bioavailability study and data analysis
%PE. = - . .
Crmax The mean pharmacokinetic profile for all formulations are
C, s (Observed) presented in Table 2. The rank order release in the dissolution
testing was obvious in the plasma concentration profile of
1400
AUC (observed) - AUC (prediction) <100 (2) 1200 ——a . -
O/OPEAUC = E 1000 —
AUC (observed) e
# 500 Y
r}é 4.00 ;S
% 200 : ;;
RESULT AND DISCUSSION o
. . . .DDUU 40 80 120 160 200 240
In vitro dissolution study Tire

The in vitro dissolution studies were performed at different pH
conditions (namely pH 1.2, 4.5, 5.5, 6.8, 7.4) to select appropriate
pH condition. The results of dissolution studies at different pH
conditions with 50 rpm, at pH 1.2 and 50 rpm, drug release
was partial and utmost 11% released from the formulations (F1-
F6; SR tablets composition are mentioned in Table 1) within 3
hours as shown in the Figure 1. At pH 4.5, the drug release
was very slow till 24 hours. The release was incomplete for
all the formulations (F1-F6; SR tablets) as shown in the Figure
2. At pH 5.5 homogeneous and slow release of drug from all
the 6 formulations (F1-F6é; SR tablets) over the period of 24 h,
80.59-99.86% of drug was released as shown in the Figure 3.
At pH 6.8 and 7.4 about 86.79-97.32% as shown in the Figure
4 and 86.95-95.81% release of drug was observed as shown
in the Figure 5. Hence pH 5.5 selected for in vitro dissolution
studies for naproxen sodium. There is no significant changes
observed in drug release when performed with 75 rpm. The in
vitro drug release studies performed as per the USP method i.e.

Table 1. Composition of naproxen sodium formulation (F1-F6)

Figure 1. Percentage cumulative release profiles of naproxen sodium
sustained release formulations (F1-F6) at pH 1.2 and 50 rpm
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Figure 2. Percentage cumulative release profiles of naproxen sodium
sustained release formulations (F1-F6) at pH 4.5 and 50 rpm

Formulation Naproxen sodium HPMC K100M Talc (1.5%) Magnesium stearate (1.5%) Talc (1%) Magnesium stearate (1%)  Ethyl cellulose
F1 375 75 mg - - 450mg 450 mg -

F2 375 150 mg - - 525mg  6.00 mg -

F3 375 225 mg - - 525mg  6.00 mg -

F4 375 375 mg 675mg  6.75mg - - 37.5 mg

F5 375 375 mg 787mg 787 mg - - 37.5 mg

F6 375 37.5 mg 900mg  9.00 mg - - 37.5 mg
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Figure 3. Percentage cumulative release profiles of naproxen sodium
sustained release formulations (F1-F6) at pH 5.5 and 50 rpm
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Figure 4. Percentage cumulative release profiles of naproxen sodium
sustained release formulations (F1-F6) at pH 6.8 and 50 rpm
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Figure 5. Percentage cumulative release profiles of naproxen sodium

sustained release formulations (F1-F6) at pH 7.4 and 50 rpm

naproxen sodium as in the Figure 7. AUC of naproxen slow
release and medium release tablet was significantly higher
compare to immediate release and fast release tablet. There is
significant difference observed in naproxen slow and medium
sustained release tablet compare to marketed immediate
release and fast sustained tablet. AUC of naproxen sustained
release tablets was much higher than immediate release tablet,
may due to change in location of naproxen sodium absorption
in gastrointestinal tract.

In vitro-in vivo correlation development

Level A in vitro and in vivo correlation was developed by
comparing percent dissolved versus the percent absorbed of
naproxen sodium fast, medium and slow sustained release
and marketed immediate release tablets. The IVIVC plot was
constructed using percentage of drug dissolved at pH 7.4
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Figure 6. Percentage fraction dissolved versus time for naproxen sodium
IR tablet and SR tablets (i.e. F2 slow, F5 medium and F4 fast)
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Figure 7. Mean plasma concentrations versus time of naproxen sodium
for marketed immediate release and sustained release tablet (fast, medium
and slow)

Table 2. Mean pharmacokinetic parameter of naproxen sodium for marketed immediate release and sustained release tablet (fast, medium and

slow)

Formulation LG C. .. (ug/mL) AUC (hr*ug/mL)
Immediate release tablet 1.833+0.258 54.209+10.685 147.483+36.265
Fast sustained release tablet 2.167+0.258 73.767+4.889 307.561£7.775

Medium sustained release tablet 2.667+0.258 68.879+4.562 391.273+82.259
Slow sustained release tablet 3.583+0.376 63.199+3.141 391.499+69.217

AUC: Area under the curve
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buffer dissolution media at 50 rpm versus the percentage of
drug absorbed. The slope of the best-fit line was examined
using linear regression analysis and coefficient of correlation
(r2). IVIVC model linear regression of percentage dissolved and
percentage absorbed for naproxen sodium sustained release
tablet presented in the Figure 8-10. The correlation coefficient
(r?) for naproxen sodium SR tablets medium versus slow was

Rsq = 0.987, Intercept = 0, Slope = 1.585
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Figure 8. In vitro-in vivo correlation model linear regression percentage

dissolved and percentage absorbed for naproxen sodium medium and slow
sustained release tablet

Rsq = 0.948, Intercept = 0, Slope = 1.164

J/f
E 7 - Levy Plot
E - d Fabs vs Fdiss Fast
' -1 L /" Fabs vs Fdiss Medium
S ‘," ----- Regression
= -
; 05— ”‘ Unity Line
o
e
-
~
. "
0 T T T T T T T T T 1
0 0.2 0.4 0.6 0.8 1

Fraction_Dissolved

Figure 9. In vitro-in vivo correlation model linear regression percentage
dissolved and percentage absorbed for naproxen sodium fast and medium
sustained release tablet

Rsq = 0.96, Intercept = 0, Slope = 1.317
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Figure 10. In vitro-in vivo correlation model linear regression percentage
dissolved and percentage absorbed for naproxen sodium fast and slow
sustained release tablet

0.987, fast versus medium was 0.948, and naproxen sodium
SR tablets fast versus medium was 0.96 respectively. Good
linear regression relationship observed between all the three
test formulation. Edington et al’ described the dissolution
methodology which discriminates between the formulation and
mimics the in vivo release profile in development of IVIVC.

IVIVC validation

The internal validation of the IVIVC was examined by using the
mean in vitro dissolution data and mean in vivo pharmacokinetics
of the naproxen sodium sustained release tablets (i.e. slow,
medium fast) corresponds to fast/medium/slow SR tablets.
Each of IVIVC model predicted naproxen sodium plasma
concentration versus time profiles were compared to the
experimental data using prediction error metrics. The observed
plasma concentration of naproxen sodium sustained release
tablets (i.e. slow, medium and fast) are presented in the
Figure 11-13, good correlation found between the observed and
predicted plasma concentration.

Internal validation

The validity of correlation assessed by determining how well
the IVIVC model predict the rate and extent of naproxen sodium
as characterized by C__ (maximum plasma concentration) and
AUC (area under the plasma concentration-time curve from
time zero to the time of the last quantifiable concentration).
The prediction error estimated by using naproxen sodium
slow SR tablets as a target formulation refer the Table 3. C__
and AUC were found close to the mean values. The prediction
error estimated by using naproxen sodium fast sustained
release tablets as a target formulation refer the Table 4. C__
and AUC were found close to the mean values. The prediction
error estimated by using naproxen sodium medium sustained
release tablets as a target formulation refer the Table 5. C__
and AUC were found close to the mean values. As per the
FDA for IVIVC the average absolute prediction error should be
10% and in addition individual formulation should not exceed
15%. In the present study relatively low prediction error for
C,. and AUC observed strongly suggest that the naproxen
sodium IVIVC models are valid. Cross validation between the
naproxen sodium sustained release tablets showed well within

Table 3. Prediction errors (%) associated with C__ and AUC for
naproxen sodium fast vs. slow sustained release tablets

Formulation Parameter PE%
Fast AUC 4.852
Fast C.. -21187
Medium AUC 0.794
Medium Coe -26.879
Slow AUC -5.643
Slow C -33.069

AUC: Area under the curve, PE: Prediction errors
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the acceptance limits and provides the self confidence to next naproxen sodium sustained release tablets (i.e. slow, medium

stage of validation. and fast). Figure 14-16 shows the plasma concentration versus

time of predicted formulation (immediate release tablet)

Ext [ validati
xternat vatiaation with naproxen sodium fast, medium and slow SR tablet. The

IVIVC for naproxen sodium immediate release tablet was used predicted curve for the naproxen sodium SR tablets (i.e. slow,

as a target formulation to predict the plasma concentration of medium and fast) are identical to immediate release tablet and

considered model is valid.

Table 4. Prediction errors (%) associated with C__ and AUC for

naproxen sodium fast vs. medium sustained release tablets

Table 5. Prediction errors (%) associated with C__ and AUC for

Formulation Parameter PE% naproxen sodium medium vs. slow sustained release tablets
Fast AUC -18.760 Formulation Parameter PE%
Fast Crnax -35.896 Fast AUC -5.852
Medium AUC 14180 Fast C -31.281
Medium C.oox -40.250 Medium AUC -9.495
Slow AUC 6.8779 Medium Cooe -35.501
Slow Cmax _44.696 Slow AUC -15.271
Slow C -39.791

AUC: Area under the curve, PE: Prediction errors
AUC: Area under the curve, PE: Prediction errors
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Figure 11. Observed and predicted plasma concentration for naproxen

sodium fast sustained release tablet Time (e}

Figure 13. Observed and predicted plasma concentration for naproxen
sodium slow sustained release tablet
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Figure 14. Plot of plasma concentration versus time of predicted
formulation with naproxen sodium fast sustained release tablet

Figure 12. Observed and predicted plasma concentration for naproxen
sodium medium sustained release tablet
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Figure 15. Plot of plasma concentration versus time of predicted
formulation with naproxen sodium slow sustained release tablet
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Figure 16. Plot of plasma concentration versus time of predicted
formulation with naproxen sodium medium sustained release tablet

CONCLUSION

This study established and validated the internal and external
predictability of an IVIVC relationship for naproxen sodium
formulation. Meaningful relationship was observed between the
invitroand in vivo parameters, thus indicates an exceptional IVIVC
model for naproxen sodium SR tablets (i.e. slow, medium and
fast). The resulted prediction errors are within the acceptance
limit as per the USFDA guidelines for both C__ and AUC. It can
support dissolution data to predict the in vivo absorption, act as
a biowaiver for bioequivalence and bioavailability studies and
serve as a model for evaluating the naproxen sodium sustained
release formulation. It can supports and validates the use of
dissolution methods and specification settings, assisting in
quality control which will be supportive for SUPAC.
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Subcutaneous Toxicity of Agmatine in Rats
Sicanlarda Subkutan Agmatin Toksisitesi
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ABSTRACT

Objectives: The aim of this study was to investigate the effects of repetitive agmatine administration on sensorimotor gating in rats first but, as
unexpected, ulcerative necrotic cutaneous lesions appeared, thus, the study was directed primarily to clarify these results.

Materials and Methods: In the first set of experiments, we administered agmatine (40, 80 and 160 mg/kg) and saline (control group) subcutaneously
to male Wistar albino rats (n=8 for each group) for 14 consecutive days. Ulcerative necrotic cutaneous lesions appeared following the third day
of agmatine administration. We decided to explore the potential toxic dermal effects of agmatine and conducted second set of experiments with
two groups (n=8) to compare the effects of subcutaneous vs. intraperitoneal agmatine (80 mg/kg) injection to understand if the injection route
determines the toxicity.

Results: Our results showed that prolonged subcutaneous but not intraperitoneal administration of agmatine leads to a delayed dermal reaction in
rats. Histopathologic examination of skin samples revealed cutaneous aseptic necrosis at the injection site whereas blood tests were found to be
normal.

Conclusion: This finding is important to point out the risks of prolonged subcutaneous administration of agmatine to rats within the concept of
animal welfare. In addition, the results raise questions about the possible risks of over-the-counter use of agmatine among humans although the
agent is taken via oral route.

Key words: Agmatine, skin reaction, subcutaneous route, toxicity, rat

OZ |

Amag: Bu galismanin amaci siganlarda ilk kez tekrarlayan agmatin uygulamasinin sensorimotor kapilama sistemi tzerine etkilerini incelemekti,
ancak subkttan uygulamada karsimiza gikan beklenmedik tlseratif nekrotik lezyonlar bu konuya odaklanmamiza neden oldu.

Gereg ve Yontemler: ilk grup deneylerde, erkek Wistar albino siganlara 14 giin siireyle subkitan yoldan agmatin (40, 80 ve 160 mg/kg) veya salin
(kontrol grubu) enjeksiyonu yapildi (n=8 her bir grup). Uygulamalarin tglncl ginlinden itibaren agmatin verilen gruplarda ulseratif nekrotik deri
lezyonlari gézlendi. Bu etkilerin dermal bir reaksiyona bagli olup olmadigini anlamak igin ayri bir denek grubuna ayni protokolle agmatin (80 mg/kg)
intraperitoneal yoldan verildi (n=8 her bir grup).

Bulgular: Bulgularimiz subkitan yoldan verilen agmatinin ge¢ ddnemde ortaya gikan bir dermal reaksiyona neden olurken, intraperitoneal uygulamanin
bdyle bir etki olusturmadigina isaret etti. Lezyon gozlenen deneklerden alinan deri érneklerinin histopatolojik incelemesinde, enjeksiyon yerindeki
deride aseptik nekroz saptanirken, bu deneklerin kan testleri normal bulundu.

Sonug: Bu bulgu siganlarda uzun streli subkitan agmatin uygulamasinin denek refahi bakimindan risk olusturan toksik bir etkiye neden olduguna
isaret etmektedir. Bu bulgu insanlarda oral yoldan regetesiz olarak alinabilen agmatinin bazi potansiyel riskleri olabilecegi konusunda sorular ortaya
¢ikarmaktadir.

Anahtar kelimeler: Agmatin, deri reaksiyonu, subkitan yol, toksisite, sigan
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INTRODUCTION

Agmatine is a polyamine that is produced through
decarboxylation of L-arginine by the enzyme arginine
decarboxylase. It interacts to various receptors and has been
accepted as a new neurotransmitter in brain. In experimental
studies, agmatine exhibited neuroprotective, anticonvulsant,
antinociceptive, anxiolytic and antidepressant-like actions in
central nervous system (CNS). It also generates some favorable
effects on cerebral damages and withdrawal syndromes
involved in addictive drugs.-®

Agmatine binds a.2-adrenoceptors andimidazoline receptorsand
blocks ligand-gated cation channels like cholinergic, nicotinic,
serotonergic and NMDA receptors.® One of the important
psychiatric disorders is schizophrenia. Schizophrenia is a
severe mental disorder regarding impairment of sensorimotor
gating system.” In some studies, a single dose of 160 mg/
kg agmatine by ip route was found to disrupt the prepulse
inhibition (PPI) of acoustic startle reflex in rats.® Disruption
of PPl is related to sensorimotor gating deficits. In addition,
plasma levels of agmatine in patients with schizophrenia were
found to be almost three-fold elevated compared to healthy
subjects.” Because PPI is an available tool for sensorimotor
gating deficits, agmatine may have some toxic effects on
sensorimotor system which is not proven yet.

Although various studies on experimental animals indicated
that agmatine has some beneficial pharmacological effects>
several polyamines such as putresin, spermine and spermidine
which are also metabolites of agmatine elicit some toxic
effects in both animals and human!® |t is well-known that
fermented foods contain high levels of polyamines such as
cheese, fermented fish and meat, wine, beer, and fermented
vegetables and some non-fermented foods such as fish, meat,
fruits, juices, and vegetables have a considerable amount
of polyamines” Some bioamines are also considered as an
indicator of microbial contamination in foods.® Agmatine which
is produced especially during the fermentation of alcohol (wine
and beer in particular) is known to increase the histamine
toxicity in humans.1820

Although polyamines may have possible toxic effects, some
polyamines such as agmatine is used as over the counter
medications or dietary supplement products. Agmatine
has been used as a dietary supplement for promoting the
functions of both the peripheral and CNS.22® There are several
agmatine containing commercial products that are marketed as
nutraceuticals.

In our laboratory, investigating the effects of repetitive (14 days)
administration of different doses of agmatine on sensorimotor
gating were decided in rats. After we started the test protocol
with 160 mg/kg/day alternating intraperitoneal/subcutaneous
injections of agmatine, we noticed severe skin lesions of rats
after subcutaneous injections. These lesions appeared in all
subjects at the second or third day of drug administration. The
same lesions were also seen in other agmatine groups but not
in the subjects of saline treated control group. In this context, we

organized a second set of experiments to investigate this skin
reaction in detail. Because this statement may have important
public health relevance, the main goal of the present study
if agmatine administration by subcutaneous route has some
unpredictable harmful effects in rats. Here we report the injection
site reaction (ISR) after subcutaneous administration of agmatine
in rats and discuss the possible toxic effects of agmatine.

MATERIALS AND METHODS

Animals and laboratory conditions

In this study, adult male Wistar albino rats were used as the test
animals. The animals were obtained from Uskiidar University
Experimental Research Unit (USKUDAB, istanbul, Turkey). All
experiments were performed in Neuropsychopharmacology
Application and Research Center of Uskiidar University.
Animals were kept under controlled conditions (temperature,
22+2°C; humidity, 50+5%; and a 12 h light/dark cycle, lights
on from 07:00 to 19:00 h). The animals had free access to tap
water and standardized pellet food throughout the procedures.
All experiments were performed at the same time of day and
during the light period. All the experiments were conducted
according to the ethical rules in Helsinki Declaration and Guide
for the Care and Use of Laboratory Animals as adopted by the
National Institutes of Health, USA, which was published and
released in 1996. In addition, this study was approved by the
Local Ethic Committee of the Uskiidar University on 20.10.2015
with a decision number 2015-07. The ethical permissions
included in additional tests.

Study protocol

The test animals assigned into several groups randomly (n=8 for
each group). The study had two sets of experiments that began
with four groups (Table 1). Agmatine sulfate (Sigma Chemicals
Co, USA) was dissolved in 1 mL saline and administered 160,
80 and 40 mg/kg/day to animals for 14 consecutive days in
two times a day. In order to prevent the risk of peritonitis,
the drug was injected intraperitoneally in the morning and
subcutaneously in the evening. Saline was injected as a vehicle
two times a day to the control group. At the third day of agmatine
treatments, skin lesions were appeared almost in all animals.

After 14 days of agmatine administration, all animals were
decapitated under anesthesia (xylazine plus ketamine) and
both blood samples and skin biopsies were collected. Complete
blood count, renal and liver function tests were performed to
assess metabolic function. The skin biopsies were evaluated by
an experienced pathologist.

After the experiments were terminated, second set experiments
were performed with two new groups of animals (n=8 for each
group) to determine whether the lesions were related to the
route of administration of agmatine. Agmatine 80 mg/kg/day
was given intraperitoneally to one group and subcutaneously
to the second group for one week. Post-mortem examination
of the abdominal cavity and organs following the termination
of experiments revealed any obvious abnormalities. Saline
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injections were done by the same routes of agmatine in all
experiments.

RESULTS

Skin lesions

At the second or third day after the initiation of injections, most
of the dorsal skin of the animals of agmatine 160 mg/kg/day
group was observed to turn black without any hair loss. One or
two days after this observation, annular hemorrhagic ulcerative
lesions appeared on the dorsal skin with prominent hair loss
over it. The lesion sites were limited to injections sites and
around. All animals had one or more lesions with diameter of
1.5 cmto 2.5 cm (Table 1). During the 14 days period, old lesions
healed with crust formation resulting hair loss over it but new
lesions continue to emerge with ongoing drug administration.
Only 6 animals in the agmatine 80 mg/kg/day group showed
similar lesions with diameter of 1 cm to 2 cm (Table 1). On the
other hand, similar lesions within the same range of diameters
were observed in the 5 animals of the agmatine 40 mg/kg/day
group (Table 1). There were no skin lesions in the saline treated
group. The general health of all animals was good and vital
signs were between normal ranges.

In the second set of experiments, no skin lesions were
observed in the animals of intraperitoneal agmatine 80 mg/
kg/day treated group. On the other hand, all animals of the
subcutaneous agmatine 80 mg/kg/day treated group developed
the similar skin lesions with a diameter of 1.5-2.5 cm on the
second day which continue to progress and the number of the
lesions were between one and three (Table 1). A skin lesion at
the fifth day of agmatine administration is shown in Figure 1.
These experiments revealed that subcutaneous administration
of agmatine may have toxic effects on rats.

Table 1. Summary of study protocol

Blood tests

There were no prominent differences between control and
agmatine groups in terms of complete blood count, C-reactive
protein, renal and liver function tests (for liver and kidney
function test results see Table 2). Blood tests were not
performed during second set of experiments.

Biopsies

In half of the cases, there were changes secondary to bacterial
infection (purulent exudate collection, bacteria cluster,
prominent dermal edema and neutrophil infiltration). These
changes were also present in subcutaneous tissue. Non-
complicated cases showed subcutaneous vascular thrombosis,
epidermal and dermal necrosis, hyalinization in the dermal
collagen, mild perivascular lymphocyte infiltration, and basal
epidermal separation in the epithelia that located around the
ulcer (Figure 2). The histopathologic examination of lesions
was compatible with injection site cutaneous aseptic necrosis.

Figure 1. A lesion at the back skin of a subject in group 5

) Groups Agent Total Total Route Duration  Animals Number of Lesion Blood Biopsies
] n=8 Dose given (days) with skin  skin lesions  size tests
E volume* reactions  (n) (cm)

a (n

x

w

1 Agmatine 160 mg/kg/day 1ml/day  Alternate 14 8 Tor2 15-25 + +

* i.p./s.c.**

|5

g 2 Agmatine 80 mg/kg/day  1ml/day  Alternateip./s.c. 14 6 Tor2 1-2 + +
a

3

s 3 Agmatine 40 mg/kg/day  1ml/day  Alternateip./s.c. 14 5 1 1-2 + +
g

E 4 Saline - 1mlL/day Alternatei.p./s.c. 14 - - - + -
i

E o 5 Agmatine 80 mg/kg/day  1ml/day s.c. 7 8 Tor3 15-25 - -
3G

= E

§ :.’_ 6 Agmatine 80 mg/kg/day  1mlL/day i.p. 7 - - - - -
n o

*Agmatine was dissolved in saline and given as 0.5 mL solution to subjects two times a day.

**ip.: Intraperitoneal; s.c.: Subcutaneous
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Table 2. Liver and kidney function test results of rats

Group Rat AST ALT BUN Creatinine
u/L u/L mg/dL  mg/dL
1 1 156.6 69.3 1.8 0.2
2 180.1 61.5 13.6 0.2
Agmatine 3 236.5 839 13.3 0.2
160 mg/kg/day 4 181.5 61.8 134 0.2
5 156.6 679 121 0.2
6 146.0 477 12.0 0.2
7 217 124.9 14.2 0.2
8 2395 82.6 121 0.2
2 1 118.3 79.8 191 0.2
2 134.6 81.5 16.8 0.2
Agmatine 3 142.2 97.8 20.0 0.3
80 mg/kg/day 4 114.6 899 17.2 0.2
5 116.5 87.1 16.2 0.2
6 130.8 81.6 16.4 0.2
7 1m.5 69.5 16.8 0.2
8 m.r 92.3 18.5 0.3
3 1 109.3 681 19.4 0.3
2 141.0 75.0 20.8 0.3
Agmatine 3 108.6 76.1 17.8 0.2
40 mg/kg/day 4 Nn3.7 811 17.0 0.3
5 108.0 75.6 221 0.3
6 129.7 7.6 19.8 0.2
7 131.2 98.9 231 0.2
8 131.4 82.4 19.6 0.3
4 1 241.6 4.3 18.8 0.5
2 226.8 60.4 14.9 0.2
Saline 3 142.7 60.0 14.7 0.2
4 3213 96.7 18.9 0.3
5 187.3 68.5 19.6 0.5
6 142.0 69.5 16.2 0.3
7 178.7 64.4 14.8 0.2
8 2199 62.7 14.8 0.3

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; BUN: Blood urea
nitrogen

Figure 2. Splitting at the dermoepidermal junction in epidermis, purulent
exudate on surface with neutrophil infiltration, necrotic cells in epidermis
(an arrow), epidermal necrosis and ulcer with fibrinopurulent exudate
(indicated with a star), dermal collagen hyalinization, hemorrhage in dermis
in 160 mg/kg/day agmatine group (hematoxylin and eosin stain x100)

DISCUSSION

Our results clearly showed that subcutaneous agmatine
administration to rats caused a serious skin reaction with
prominent lesions. This is the first observation reported in
literature that demonstrates the toxic effects of repetitive
agmatine administration to rats. This unexpected and
harmful effect of agmatine seems to be related to the route
of administration due to the lack of similar observation by
intraperitoneal route. In addition, we detected multiple lesions
with cutaneous and subcutaneous changes by histopathological
methods, thus this unexpected effect seems to be a regular ISR.

Polyamines are positively charged molecules that are prevalent
among living organisms and derived from ornithine, methionine,
arginine and lysine.?* They bind to several negatively charged
molecules in cells to conduct vital processes. They have various
roles in cell function as cell growth and proliferation, regulation
of ion channels, protein and nucleic acid synthesis, regulation
of gene expression, protection of cell components and anti-
oxidative effects.?° On the other hand, polyamine levels are
under critical control to prevent its potential toxic effects.
It is indicated that beside direct effects of excess polyamine
levels, some reactive aldehydes and reactive oxygen species
that are produced with the catabolism of polyamines may also
lead to toxicity.® In a tissue culture study, it was shown that
accumulation of polyamines may result in an apoptotic process
where hydrogen peroxide is overproduced.® The neurotoxicity,
nephrotoxicity, hepatotoxicity, inflammatory effects can occur
because of polyamine oxidation.®

Agmatine, a polyamine, is a widely-used workout supplement
especially among body builders. The use of agmatine as an
ergogenic aid is based on its nitric oxide modulating, cardio
protective and hypoglycemic effects.®*34 Beside this, it was
reported that agmatine has potentiating effect on morphine-
induced analgesia in mice.® Therefore, analgesic features of
agmatine which encourage people to push the sports limits
made this polyamine very popular among athletes. The agmatine
sulfate powders or pills generally contain 250-750 mg agmatine
sulfate per serving where daily intake can be up to 7500 mg/
day.®® There are limited studies or case reports which stated
that long-term agmatine use is safe in humans.?*® In one case,
a daily dose of 2.67g oral agmatine sulfate for 5 years was
reported to be safe without evidence of any adverse effects. The
authors indicated that the periodic physical examinations and
laboratory analyses revealed no adverse reactions.?® In another
randomized, double-blind, placebo-controlled clinical study
including patients with lumbar disc-associated radiculopathy,
the same dose of oral agmatine (2.67 g) were given for 14
days. In this study, only three patients had mild-to-moderate
diarrhea and nausea as adverse effects.®® On the other hand,
limited animal studies also introduced evidence about the
safety of agmatine.® In an animal study, oral agmatine sulfate
administration with a daily dose of 100 mg/kg/day of adult
Wistar albino rats for 95 days was reported to be also safe.®® In
other two studies performed on Sprague-Dawley rats agmatine
sulfate were administrated at 40 mg/kg dose intraperitoneally
as once daily injections for 42 and 17 consecutive days. No
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skin lesions were reported.®”*® From the available evidence, it
appears that oral and intraperitoneal administration of agmatine
does not lead to a major toxicity in rodents and human beings.

On the contrary, we observed severe skin lesions with agmatine
administration in rats. Adverse cutaneous drug reactions are
skin and/or mucosa reactions with various morphologies
which are triggered with systemic administration of drugs
in appropriate doses. These reactions may be classified as
non-immunologic and immunologic drug reactions. Non-
immunologic drug reactions have not immunologic processes
and sensitization is not required for this kind of reactions.®*°
However immunologic drug reactions have type 1, type 2, type
3 or type 4 immunologic processes in sensitive individuals.*
The adverse drug reactions triggered with subcutaneous
administration of drugs are called ISRs. These may include
mild reactions like erythema and induration or may progress
to ulcerations as in our study. The possible immune reaction
that underlies the ISR is type IV (delayed) hypersensitivity
which is mediated by antigen-specific effector T cells and
becomes apparent 48-72 h after antigen exposure.”! Although
immuno-histochemical analysis was not performed, delayed
onset of lesions (48-72 hours after administration of agmatine)
and histopathologic results suggest that this process could be
associated with type 4 hypersensitivity reaction.

Delayed hypersensitivity reactions of skin are often induced by
dermal or intradermal exposure to small lipophilic chemicals
(haptens) with a molecular weight less than 500 Daltons.*
Haptens are molecules that can not elicit an immune response
due to their small molecular weight often less than 1 kDa
and need to bind to a protein to become antigenic.”’ Probably
agmatine sulfate served as a hapten with its small molecular
weight (228 Da) and lipophilic structure and bind to the dermal
proteins to form neoantigens. Although the sensitizing potential
of a hapten can not be reliably determined by its chemical
structure, it was shown that most haptens react with amine
(NH2) or thiol (SH) groups of skin proteins.> Another possible
mechanism can be the metabolization of the potential haptens to
reactive metabolites by cutaneous enzymes, however agmatine
metabolizing enzymes are absent in cutaneous tissue. Also, one
can point out the potential toxic effect of sulfate component of
agmatine, but there are several well-known drugs that are used
safely via subcutaneous injection such as morphine sulfate and
heparine sulfate in humans. To our knowledge, the repeated
subcutaneous administration of sulfate containing agents to
rodents seem to be harmless to the skin or other tissues of the
subjects.*% Hence we assume that sulfate component doesn't
seem to be responsible for mentioned skin lesions in this study.

Because lower doses of agmatine were related to a less number
of injured rats, the harmful effect of agmatine observing in
our study seems to be dose dependent. Thus, we did not test
lower doses of agmatine than 40 mg/kg in the present study.
Because all our subjects in the 160 mg/kg/day ip/sc agmatine
treated group and 80 mg/kg/day sc agmatine treated group
developed similar skin lesions, we claim that agmatine act as
a potent hapten in cutaneous/subcutaneous tissue. There are

some drugs which may lead to ISRs in human like HIV-1 fusion
inhibitor enfuvirtide, interferons, anti-TNF drugs adalimumab
and etanercept.®%* Most of these ISRs are mild as erythema
and self-limited, whereas necrotic ulcerative lesions of skin
are rare. There are human cases of cutaneous necrotic ulcers
related with subcutaneous administration of polyethylene-
glycol modified (pegylated) interferon-a-2b,>*" interferon
beta-1b,% and enoxaparine sodium.®® Nevertheless, the overall
rate of skin ulcers among ISRs is relatively rare. On the other
hand, agmatine administration elicited severe lesions in a dose-
dependent manner in most of the animals in our study, which may
be specific to rats for sure. The lack of immuno-histochemical
evaluation of skin samples is the major limitation of this study.
Even so, this study is important because although agmatine is
reported to be safe in mammals, we showed its potential toxic
effects in rats when administrated subcutaneously.

CONCLUSION

In conclusion, our results suggest that subcutaneous injection of
agmatine cause harmful skin reaction in rats. As subcutaneous
administration is one of the commonly used delivery routes
among animals, researchers should be cautious with this route
while using agmatine. Further research is needed to reveal
the underlying mechanism of agmatine related cutaneous/
subcutaneous toxicity via using immunohistochemical methods.
Although this study doesn't provide any data related to the
potential toxicity of agmatine among humans and agmatine
is commonly used via oral route, we suggest that health
professional need to be attentive to possible uncommon routes
of administration of agmatine.
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ABSTRACT

Objectives: The leaf and stem anatomical characteristics of three endemic Ononis L. (Leguminosae) species were studied for the first time for the
evaluated in terms of systematic of similarities and differences in these taxa.

Materials and Methods: Ononis sessilifolia Bornm., Ononis basiadnata Hub.-Mor. and Ononis macrosperma Hub.-Mor. were collected from different
provinces of Turkey. In this anatomical study, transversal and superficial sections from the leaves and transversal sections from stems of the
species were taken and examined by appropriate reagends. Illustrations were obtained by using an Olympus U-DA 2K 17149 drawing tube attached
to an Olympus BX50 microscope. The microphotographs were taken by a Leica DM 4000 B microscope.

Results: O. macrosperma is bifacial leaf, the others are monofacial leaf. The leaf of O. basiadnata has eglandular trihomes. If the anatomical
similarities between species are to be listed, Rubiaceae type stoma was observed in all three species and solitary crystals were found in stem and
leaf sections.

Conclusion: Anatomical characteristics, such as mesophyll structure, transmission bundles and crystal structures, may contribute to the taxonomy
of Ononis species for future work.

Key words: Ononis, leaf and stem anatomy, endemic, Leguminosae, Turkey

s

Amag: Uc endemik Ononis L. (Lequminosae) turiintin yaprak ve govde anatomik zellikleri, bu taksonlarda benzerliklerin ve farkliliklarin sistematik
olarak degerlendirilmesi igin ilk kez galisilmistir.

Gereg ve Yontemler: Ononis sessilifolia Bornm., Ononis basiadnata Hub.-Mor. ve Ononis macrosperma Hub.-Mor. tirleri Turkiye'nin farkli illerinden
toplanmistir. Bu anatomik galismada, turlerin gévdelerinden enine, yapraklardan ise enine ve ylzeysel alinmis ve uygun reaktiflerle incelenmistir.
Gizimler Olympus BX50 mikroskoba bagli bir Olympus U-DA 2K 17149 ¢izim tupU kullanilarak yapilmistir. Mikrofotograflar Leica DM 4000 B
mikroskobu ile gekilmistir.

Bulgular: O. macrosperma bifasiyal yaprak, digerleri monofasiyal yapraktir. O. basiadnata'nin yapragi 6rtd tiytne sahiptir. Turler arasindaki anatomik
benzerlikler siralanacak olursa, her Ug tirde Rubiaceae tirl stoma ve gévde ve yaprak kesitlerinde ise tekli kristaller géralmustdr.

Sonug: Mezofil yapisi, iletim demetleri ve kristal yapilari gibi anatomik zellikler, gelecekteki ¢alismalar igin Ononis turlerinin taksonomisine katkida
bulunabilir.

Anahtar kelimeler: Ononis, yaprak ve gévde anatomisi, endemik, Leguminosae, Turkiye
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INTRODUCTION

Leguminosae, third largest family of flowering plants, is
cosmopolitan family and absent only from Antarctica. Many
species in this family are cultivated for food in the different
regions of worldwide, such as beans, peas, peanuts, and
soybean.'? The genus Ononis L. belonging to the Leguminosae is
represented by 75 taxa worldwide. The genus have 17 species
of which 4 taxons are endemic in Turkey.>® In different regions
of our country, the species of Ononis are used in folk medicine
to diuretic, antiseptic and antimicrobial effects.® In addition, the
aerial part of Ononis arvensis L. has been used in traditional
medicine to treat urinary tract infections and skin diseases.
In the literature, there have been a few anatomical and
morphological studies on some Ononis species.”"? Anatomical
investigations are of great importance in the identification
of medicinal plants® Leaf epidermal studies are useful in
determining their anatomical characteristics thus helping in the
evaluation of a taxonomic relationship according to similarities
and differences between species.™

In this study, the anatomical and morphological properties
of three endemic Ononis species (Ononis sessilifolia Bornm.,
Ononis basiadnata Hub. - Mor. and Ononis macrosperma Hub.
- Mor.) were studied comparatively. In addition, new and
extended findings on three species of Ononis are presented in
comparison with the definitions given in Metcalfe and Chalk™
and anatomical structures of the other Ononis species.

EXPERIMENTAL

Plant materials

Plant materials were gathered from the localities indicated in
Table 1. Voucher specimens are deposited in the Herbarium of
the Faculty of Pharmacy at the University of Ankara, Turkey
(AEPF).

Table 1. Locations and herbarium numbers of the studied Ononis

species

Species Locations Herbarium
number

Ononis C5 Nigde: Gamardi, Demirkazik, (AEF 23979)
sessilifolia Narpizli plateau, channel

around, rocky slopes, s.l. 2073

m, 13.06.2007, Ayse and Sukri

Baldemir
Ononis C4 igel: Gulnar-Mut road, exit of ~ (AEF 23968)
basiadnata Gilnar, fields, among maquis, s.l.

1140 m. 08.06.2007, Ayse and

Sikrd Baldemir
Ononis C2 Antalya: Elmali, Giglikara, (AEF 24698)
macrosperma  entrance of Sinekgibeli, rocky

slopes, Cedrus libani forest, s.l.
1684 m. 29.5.2008, Ayse and Sukru
Baldemir

Anatomical studies

The microscopical studies were carried out on material (aerial
parts of Ononis species) in 7T0% alcohol. Free hand sections
were taken, stained and mounted in Sartur reagent™ and
chloralhydrate solution.

Anatomical drawings of the transversal and superficial
sections were sketched using an Olympus U-DA 2K 17149
drawing tube attached to an Olympus BX50 microscope.
The microphotographs were taken by a Leica DM 4000 B
microscope and some of them were composed by the Adobe
Photoshop 7.0 program.

RESULTS AND DISCUSSION

Anatomical studies
Leaf anatomy of O. sessilifolia

Cross section of leaf blade

The leaf is monofacial. The upper epidermis cells are square
or rectangular-shaped, and are single-layered with anticlinal
walls. Underneath the epidermis there are generally two layers
of palisade parenchyma but sometimes there is a single-
layer. The spongy parenchyma with 2-3 layers is formed of
thin walled, isodiametric parenchymatous cells with few
intercellular spaces. Glandular hairs with a multicellular stalk
and a multicellular head are observed. The lower epidermis
cells are covered with a thin cuticle. Stomata occur on both
sides of the leaves (Figure 1).

Cross section of the midrib

The lower epidermis cells are smaller than the upper ones
and are covered with a thin cuticle. Underneath the epidermis
there are generally two layers of palisade parenchyma
but sometimes there is a single-layer. Sclerenchyma cells
generally form crescent-shaped groups surrounding phloem
(the thin-walled irregular constellation of small cells) and the
xylem (wider vessels and tracheids) is underneath it. Solitary
crystals which are very variable in size and shape (styloids) are
characteristically observed and frequently form a sheath along
the outer boundary of the pericyclic sclerenchyma (Figure 1).

Surface of the lower and upper epidermis

The lower epidermal cells are similar to those in the upper
epidermis in point of small rectangular shape and thin-walled
structure. Rubiaceae type stomata (each stoma is surrounded
by 2 or more subsidiary cells) have 3-4 subsidiary cells. There
are glandular hairs on both the upper and lower epidermis
(Figure 1).

Leaf anatomy of O. basiadnata

Cross section of leaf blade

The leaf is monofacial. The upper epidermis cells are
rectangular-shaped, single-layered with thin anticlinal
walls, and have a smooth cuticle. Similar to O. sessilifolia,
underneath the epidermis there are generally two layers of
palisade parenchyma but sometimes there is a single-layer.
Spongy cells with 2-3 layers, thin walled and isodiametric
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parenchymatous cells, are irregulary arranged. Glandular hairs
is more dense with respect to O. sessilifolia can be classified
into two types: those, with a multicellular stalk (1-4 row cells)
and a multicellular glandular (1-5 row cells) head and those with
a multicellular stalk and an unicellular glandular head. Also,
eglandular hairs are observed densely (Figure 2).

Cross section of the midrib (the central vein of a leaf)

The lower epidermis cells are square or rectangular shape
and thin walled structure, smaller than the upper ones and
are covered with a thin cuticle. Sclerenchyma cells generally
form crescent-shaped groups surrounding phloem which thin-
walled irregular constellation of small cells and the xylem with

.1 mm

Figure 1. O. sessilifolia, a,b) Schematic drawing of the transverse section
of the leaf and photo; c,d) Schematic drawing of transverse section of leaf
blade and photo; e,f) Schematic drawing of transverse section of midrib and
photo; g,h) Drawing of upper surface view of leaf and photo; 1,j) Drawing of
lower surface view of leaf and photo

cu: Cuticle, g: Glandular hair, ue: Upper epidermis, c: Crystal, pp: Palisade parenchyma, sp:
Spongy parenchyma, sc: Sclerenchyma, p: Phloem, x: Xylem, s: Stomata, le: Lower epidermis

vessels and tracheids is underneath it. Unlike O. sessilifolia,
solitary crystals are also abundantly present in the parenchyma
cells of O. basiadnata species. Similarly to O. sessilifolia, crystals
are characteristically observed in the pericyclic sclerenchyma
cells. Also, these crystals have been found in the mesophyll
(Figure 2).

Surface of the lower and upper epidermis

Glandular and eglandular hairs are observed to densely cover
both the upper and lower epidermis. The stomata have 3-4
subsidiary cells which is Rubiaceae type (Figure 2).

Figure 2 O. basiadnata, a,b) Schematic drawing of the cross section of the
leaf and photo; ¢,d) Schematic drawing of transverse section of leaf blade
and photo; e,f) Schematic drawing of transverse section of midrib and photo;
g,h) Drawing of upper surface view of leaf and photo; 1,j) Drawing of lower
surface view of leaf and photo; k) prismatic crystals in sclerenchyma,
general view of glandular and eglandular hairs, vascular bundles in mesophyll
cu: Cuticle, g: Glandular hair, eg: Eglandular hair, ue: Upper epidermis, c: Crystal,

pp: Palisade parenchyma, sp: Spongy parenchyma, sc: Sclerenchyma: p: Phloem,
x: Xylem, s: Stomata, le: Lower epidermis
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Leaf anatomy of O. macrosperma

Cross section of leaf blade

The leaf is bifacial. The upper and lower epidermis cells
consist of a single layer of square or rectangular-shaped cells
with thin walls. The cuticle is thin. Underneath the epidermis
there is usually two layers of palisade parenchyma. The spongy
parenchyma consists of 4-5 layers of usually isodiametrical
cells with few intercellular spaces. Glandular hairs have
two types. The first type consists of glandular hairs with a
multicellular stalk and a multicellular round-head. The second
type consists of a multicellular stalk and a unicellular glandular
head. They are sparsely observed relative to the other two
species. Rubiaceae type stomata are observed (Figure 3).

Cross section of the midrib

The upper and lower epidermis cells are square or rectangular-
shaped cells, and are single-layered with anticlinal walls. The
palisade parenchyma cells have a single layer or two layers.
The spongy mesophyll with 2-4 layers consists of isodiametric
parenchymatous cells with few intercellular spaces. There are
sclerenchyma cells which generally surrounded phloem and
the xylem is underneath phloem. As in the two other species,
solitary crystals with various shapes and sizes (styloids) are
observed and frequently form a sheath along the outer boundary
of the pericyclic sclerenchyma (Figure 3).

Surface of the lower and upper epidermis
The lower epidermal cells are similar to those in the upper
epidermis. Unlike the upper epidermis, striated cuticle is
observed on the lower epidermis. The stomata generally have 3
subsidiary cells. Glandular hairs are sparsely observed on both
the upper and lower epidermis (Figure 3).

Stem anatomy of O. sessilifolia

Cross sections from the stems are rounded. The cuticle is thin-
layered. The epidermis consists of a single-layer of square or
short rectangular cells. Parenchyma cells which have a great
number of large and small prismatic crystals are 3-4 lines. The
pericycle is end of the parenchyma cells and it is not clear.
Sclerenchyma cells which are clustered crescent-shaped and
are interconnected with the end portions are arranged ina circle.
Crystals are lined up on the sclerenchyma cells individually. The
vascular bundles are surrounded with pith and pith rays which
are number of 4-6. Phloem is composed of small and irregularly
shaped cells. The cambium formes 1 or 2 rows at the start of
the xylem. However, it is not very obvious and endodermis
layer is not apparent. While the phloem is located on the outer
side of the cambium, the xylem is located on its inner side. Pith
is formed by rounded and large parenchymatic cells. Also, this
part is identified charactersitically by secretory cells in places.
The stem has many glandular (a multicellular stalk (1-4 row
cells), a multicellular head (1-3 row cells) and fewer eglandular
(unicellular and multicellular) hairs. Eglandular trichomes are
generally multicellular and long (Figure 4).

Stem anatomy of O. basiadnata

The cross sections of the stem are rounded. The cuticle is
thin layered with a crenate margin. The epidermis consists
of a single layer of rectangular cells. Parenchyma cells are
oval-shaped and have 3-5 lines. The sclerenchyma cells,
cluster crystals and vascular bundles (generally 9-11 numbers)
resemble those of O. sessilifolia. Endodermis layer is not clear.
The pith area is narrower than that of O. sessilifolia and number
of pith rays are 5-7. Eglandular hairs were determined to be
more intense than glandular hairs. Also, starch was observed
in the parenchyma cells. Locations of the phloem and xylem are
similar to O. sessilifolia. Pericycle is end of the parenchyma cells,
schlerenchymatous, occasionally parenchymatous (Figure 5).

Stem anatomy of O. macrosperma

The cross sections of the stem are rounded. The cuticle is
thin layered. The epidermis consists of single-layered cells.
The parenchyma cells are oval-shaped with 4-6 lines. The
sclerenchyma cells, cluster crystals and numbers of the
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Figure 3. O. macrosperma, a,b) Schematic drawing of the cross section of
the leaf and photo; c,d) Schematic drawing of transverse section of leaf blade
and photo; e) Schematic drawing of transverse section of midrib; f) midrib
photo and prismatic crystals in sclerenchyma; g,h) Drawing of upper surface
view of leaf and photo; 1,j) Drawing of lower surface view of leaf and photo

cu: Cuticle, ue: Upper epidermis, c: Crystal, pp: Palisade parenchyma, sp: Spongy
parenchyma, sc: Sclerenchyma, pl: Phloem, x: Xylem, s: Stomata, le: Lower epidermis,
g: Glandular hair, ue: Upper epidermis, scu: Striated cuticle
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vascular bundles are generally 9-10 and properties of the
phloem and xylem similar to the other two species. Lines of
pith rays are commonly 3-4. However, crystals are scarce
in comparison to the other two species (O. sessilifolia and O.
basiadnata). The pith area is narrower than that of O. sessilifolia.

005 mm

AN

Figure 4. O. sessilifolia, transverse section of stem, a,b) Schematic drawing
and photo; c¢,d) Anatomical drawing and photo; e) Secretory cells in pith;
f,g) Glandular hairs; h) Glandular and eglandular hairs

e: Epiderma, p: Parenchyma cells, sc: Sclerenchyma, pl: Phloem, ca: Cambium,
x: Xylem, sec: Secretory cells, pt: Pith, g: Glandular hair, eg: Eglandular hair, c: Crystal

Also, secretory cells were detected in the pith O. sessilifolia.
Glandular and eglandular hairs were seen less frequently
than in the other two species. Starch was detected densely in
parenchymatic tissue (Figure 6).

In this study, the anatomical properties of three endemic Ononis
species were investigated. As it stated in Metcalfe (1965), the
three species of Ononis have Rubiaceae type stomata (Figure
1-3). Taia (2004) investigated in leaf characters within tribe
Trifolieae (Family Leguminosae). Unlike to our study, it was found
that Ononis species (Ononis natrix L., Ononis vaginalis Vahl,
Ononis reclinata L., Ononis sicula Guss., Ononis pubescens L.,
Ononis serrata Forssk.) have diacytic, paracytic, brachyparacytic
stomata type. In addition, these species have only multicellular
glandular hair. However, in our study, leaf section of O.
basiadnata was found eglandular hair (Figure 2). The type of
vascular bundle in the leaf is similar to that in the stem at three
Ononis species. O. basiadnata was the most intense in terms of
glandular and eglandular hairs (Figure 5, Table 2). The other
two species, O. sessilifolia and O. macrosperma followed it,
respectively. The arrangements and type of crystals in stem
section were very similar to the leaf anatomy. Furthermore, in
stem anatomical studies of O. macrosperma and O. sessilifolia,
the secretory cells in the pith region were detected (Figure 4,
6, Table 3).

Figure 5. O. basiadnata transverse section of stem, a,b) Schematic drawing
and photo; ¢,d) Anatomical drawing and photo; e) Glandular and eglandular
hairs; f) Crystals in sclerenchyma; g) Starch granules in parenchymva cells;
h) Eglandular hairs

e: Epiderma, p: Parenchyma cells, sc: Sclerenchyma, pl: Phloem, ca: Cambium,
x: Xylem, pt: Pith, g: Glandular hair, eg: Eglandular hair, c: Crystal

Figure 6. O. macrosperma O. macrosperma transverse section of stem,
a,b) Schematic drawing and photo; c,d) Anatomical drawing and photo; e,
f) Secretory cells in pith; g,h) Crystals in sclerenchyma; 1) Glandular hair; j)
Starch granules in parenchyma cells

e: Epiderma, p: Parenchyma cells, sc: Sclerenchyma, pl: Phloem, ca: Cambium,
x: Xylem, sec: Secretory cells, pt: Pith, g: Glandular hair, eg: Eglandular hair, c: Crystal
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Table 2. Comparison of stem cross sections in 3 Ononis taxa growing in Turkey

Epidermal Eglandular Glandular Cortex Pericycle Crystals of Pith
Taxa cells trichomes trichomes parenchyma calcium oxalate
Ononis Square or  Usually multi-  Multicellular stalk ~ 3-5 layers, End of the Individually, Pith area is
sessilifolia rectangular cellular (4-5 and head; multi-  cylindrical or parenchyma cells, lined up onthe  wide, rounded
cell) and long cellular stalk and  oval cells, starch  schlerenchymatous,  schlerenchyma  and large
unicellular head; (=) occasionally cells parenchymatic
unicellular stalk parenchymatous cells, secretory
and head cells (+)
O”?”/S Usually Densely, Multicellular stalk  4-5 layers, End of the Individually, Pith area is
basiadnata rectangular unicellular and  and unicellular rectangular or parenchyma cells, lined up on the narrow, rounded
multi-cellular head, short and oval cells, starch  schlerenchymatous,  schlerenchyma  and large
(2-4 cell), long +) occasionally cells parenchymatic
short and long parenchymatous cells, secretory
cell ()
Ononis Usullay Sparcely, long  Sparcely, 4-6 layers, oval  End of the Sparcely and Pith area is
macrosperma . smalland  and multi- multicellular stalk  cells, starch (+)  parenchyma cells, individually narrow, rounded
rectangular cellular (2-4 and unicellular schlerenchymatous, lined up on the and large
cell head occasionally schlerenchyma  parenchymatic
parenchymatous cells cells, secretory

cells (+)

Table 3. Comparison of leaf cross and surface in 3 Ononis taxa growing in Turkey

Taxa Leaf structure Lower and upper Eglandular Glandular Crystals of Palisade Spongy Stomata
epidermal cells trichomes trichomes calcium oxalate ~ parenchyma parenchyma
Ononis Monofacial ~ The lower - Long: Solitary Usually Isodiametric Rubiaceae
sessilifolia epidermal cells multicellular  crystals 2 layers, parenchymatous type
are similar to stalk and (Styloids) in short and cells, starch (+)  stomata,
those in the head, usually  pericyclic cylindrical, with 3-4
upper epidermis 2-3-celled schlerenchyma starch (+) subsidiary
which is square head cells
or rectangular,
usually small,
these are covered
with a thin cuticle.
O”Q”/S Monofacial ~ The lower Densely, Densely, long:  Solitary Usually Isodiametric, Rubiaceae
basiadnata epidermis simple, multicellular  crystals 2 layers starch (+) type
(rectangular) cells  short: stalk and (Styloids) in and short stomata,
are smaller than unicellular;  head; pericyclic cylindrical, with 3-4
the upper ones long: multicellular ~ schlerenchyma starch (+) subsidiary
(rectangular) and  multicellular  stalk and generally; and cells
these are covered unicellular in mesophyll
with a thin cuticle. head
Ononis Bifacial The lower - long: Solitary Usually 2 Isodiametric, Rubiaceae
macrosperma epidermal cells multicellular  crystals layers and  starch (+) type
are similar to stalk and (Styloids) in cylindrical, stomata,
those in the upper multicellular  pericyclic starch (+) with
epidermis which round-head, schlerenchyma mainly 3
is square or multicellular subsidiary
rectangular, stalk and cells
striated cuticle is unicellular
seen both upper round-head

and lower surface
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CONCLUSION

This study is original in that, similar and different anatomical
features of the three endemic Ononis species growing in Turkey
are revealed in detail for the first time. Our investigations
showed that anatomical studies also proved to be very important
in providing information of taxonomic importance. It is hoped
that this study will form a basis for future research on the other
Ononis species in Turkey. Furthermore, anatomical studies
should be supported by molecular, morphologic and chemical
studies.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Assessment of Vitronectin, Soluble Epithelial-
Cadherin and TGF-f31 as a Serum Biomarker with
Predictive Value for Endometrial and Ovarian
Cancers

Endometrial ve Ovaryum Kanserinde Tanisal Deger Yoninden Serum
Biyobelirteci Olarak Vitronektin, Solubl Epitel-Kaderin ve TGF-1'in
Degerlendirilmesi
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ABSTRACT |

Objectives: Extracellular matrix components, including vitronectin (VN), soluble epithelial-cadherin (sE-cadherin) and transforming growth factor-
beta 1 (TGF-B1), play a key role in the invasion and metastasis of cancer. The objective of the study was to determine the clinical significance of
serum levels of these molecules in patients with endometrial and ovarian cancers.

Materials and Methods: Serum levels of VN, sE-cadherin and TGF-f1 in patients with endometrial (n=28) and ovarian cancers (n=40) and healthy
controls (n=41) were measured by ELISA using commercial kits.

Results: A significant difference was found in VN, sE-cadherin and TGF-f1 levels between patients and healthy controls (p<0.01, p<0.01 and p<0.05,
respectively). Serum VN and sE-cadherin levels were decreased significantly in both endometrial and ovarian cancer patients compared to controls
(p<0.01, p<0.01, respectively). Conversely, TGF-B1 levels were increased significantly in patients with ovarian cancer as compared to controls
(p<0.01). There was no significant difference between healthy controls and endometrial cancer patients.

Conclusion: In conclusion, our study reveals that serum VN, sE-cadherin and TGF-B1 levels can be candidate targets for providing new diagnostic
procedures in endometrial and ovarian cancers.

Key words: Vitronectin, sE-cadherin, TGF-f1, endometrial cancer, ovarian cancer

OZ |

Amag: Vitronektin, ¢éztnur epitelyal-cadherin (sE-cadherin) ve transforming buyume faktori-beta 1'i (TGF-fB1) igeren ekstraselliler matriks
elemanlari kanserin invazyonu ve metastazinda anahtar rol oynamaktadir. Bu galismada endometriyal ve over kanserli hastalarda bu molekdllerin
serum dizeylerinin klinik 6nemini belirlemek amaglanmistir.

Gereg ve Yontemler: Bu galismada, 28 endometriyum kanseri hastasi, 40 over kanseri hastasi ve 41 saglikli kontrol grubuna ait serum vitronektin
(VN), sE-cadherin ve TGF-B1 dizeyleri ELISA yontemiyle ticari kitler kullanilarak 6lgtlmustdr.

Bulgular: Total hasta grubunda, saglikli kontrollere kiyasla VN, sE-cadherin ve TGF-f1 dizeylerinde anlamli bir farklilik bulunmustur (sirasiyla
p<0,01; p<0,01 ve p<0,05). Serum VN ve sE-cadherin dizeyleri hem endometriyal hem de over kanseri hastalarinda kontrol grubuna kiyasla énemli
6lgtde dusk bulunmustur (p<0,01). Buna karsin, TGF-B1 duzeyleri, kontrol grubuna kiyasla over kanserinde anlamli derecede ytkselmistir (p<0,01),
ancak saglikli kontroller ile endometriyal kanserli hastalar arasinda anlamli bir fark bulunamamistir.

Sonug: Calismamiz serum VN ve sE-cadherin dizeylerinin, endometriyal ve over kanserlerinde yeni tani yontemleri saglamak igin aday hedefler
olabilecegini ortaya koymaktadir.

Anahtar kelimeler: Vitronektin, sE-cadherin, TGF-B1, endometriyal kanser, over kanseri
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INTRODUCTION

Currently, cancer ranks the second most common cause of death
following cardiovascular diseases.! Among the gynecological
malignancies; endometrial and ovarian cancers have the
highest mortality rate.? In Turkey the most frequently detected
gynecological cancer is endometrium cancer.® According to The
Association of Public Health Professionals report in Turkey the
ovarian cancer is the seventh most common cause of cancer
related mortality with a frequency of 5%.*

The adherence of cells to the extracellular matriks (ECM)
underlies maintenance of tissue integrity, cellular movement,
and extracellular recognition processes.® It is well known that
cancer cell formation and dispersion is closely associated
with loss of cell-cell adhesion and tissue integrity, due to
excessive proteolytic degradation of the ECM, and altered cell-
ECM adhesion.® Thus, in recent years, some relatively small
molecules have generated great interest as a new research
target in tumor pathogenesis. Vitronectin (VN) is a major plasma
glycoprotein that execute multiple functions in the regulation of
cell differentiation, proliferation, and morphogenesis as a cell
adhesion molecule.” Recent studies have been shown that VN
has a role in pathophysiological processes and its biosynthesis
may be regulated in disease states.®? Plenty of in vitro studies
suggest that tumor invasion is enhanced with modulated VN
activities in some cancer types.o"

Epithelial-cadherin (E-cadherin) is an epithelial adhesion
molecule, the intact function of which is crucial for the
establishment and maintenance of epithelial tissue polarity,
structural integrity, cell proliferation and recognition.”
E-cadherinconsists of an extracellular domain, atransmembrane
segment, and a cytoplasmic domain.™ It plays a pivotal role in
the suppression of tumor invasion and metastasis. Decreased
E-cadherin expressions were observed in epithelial tumor
cells, and its expression levels were found to be closely linked
to loss of cell to cell adhesion and carcinogenesis.”® But, there
are conflicting results about soluble E-cadherin (sE-cadherin)
levels in cancer. Some suggest that serum sE-cadherin levels
were higher® while others were revealed that sE-cadherin
levels were significantly lower™ in patients compared to
controls.

Transforming growth factor-beta (TGF-f) is a member of a
family of multifunctional polypeptides and has a significant
role in regulating cell growth and differentiation, apoptosis, cell
motility, ECM production, angiogenesis, and cellular immunity.”®
TGF-P are widely expressed in all tissues and has a dual role in
cancer, acting both as a tumor suppressor in the early stages
of tumorigenesis by arresting cell cycle progression in late
G, phase in epithelial cells and as a promoter of an epithelial
to mesenchymal transition that has been associated with
increased tumor growth, cell motility, invasion and metastasis.”
Some studies have found that TGF-f1 is quickly activated and
released into the blood and serum and tissue levels of it are
significantly enhanced in cancer patients.?*?' Increased TGF-f1
levels were reported in various cancers.??2®

There are inadequate published data to verify the importance
of serum VN, sE-cadherin and TGF-B1 concentrations in

endometrial and ovarian cancers, up to now. Therefore, the
investigation of changes in VN, sE-cadherin and TGF-p1
expressions and compare patients with healthy individuals was
aimed for both diagnostic and protective purposes in these
cancers.

MATERIALS AND METHODS

Patients

Newly diagnosed sixty eight gynecological cancer patients
(mean age 58.62+1.70 years) and forty one age-matched
healthy volunteers (mean age 56.56+1.78 years) were collected
from Ankara Oncology Training and Research Hospital,
Ankara, Turkey. Control group consists of 41 healthy individual
with no systemic or benign/malign diseases. Patients with
gynecological cancer were divided into two groups; forty of
the patients (n=40) were ovarian cancer and the rest of them
were endometrial cancer (n=28). None of the patients had any
additional disease or had previously undergone any treatment
and none of the control groups had a history of gynecological
cancer. The study was approved by Gazi University Oncology
Training and Research Hospital Medical Ethics Committee, and
written informed consent was obtained from the patients or
their relatives. The Declaration of Helsinki was adhered to in
this study. Gynecological cancer was diagnosed by pathology
reports, definitely.

Methods

Sample collection and analysis

Peripheral venous blood samples were collected from the
patients and healthy controls and immediately placed into sterile
test tubes. The blood samples were centrifugated at 1000Xg for
15 min at 4°C to obtain serum and kept in eppendorf tubes at
-80°C until analysis. In the present study, the serum levels of
VN, sE-cadherin and TGF-B1 from the patients with endometrial
and ovarian cancers and healthy controls were analyzed and
compared by ELISA.

Measurement of serum vitronectin levels

The VN levels in serum were measured spectrophotometrically
by using a commercial assay kit, according to the manufacturer’s
instructions (GenWay, Nancy Ridge Drive San Diego, CA, USA).
To carry out the immunological reaction, 100 pL of antibody-
peroxidase conjugate solution was pipetted into each well
of antibody coated microtiterplate, and subsequently 50 pL
of standard or diluted sample (500-1000 fold) solution was
transferred to the plate. Then the plate was sealed with a
foil and incubated for 2 hours at room temperature by gentle
mixing. Each well was aspirated and washed four times with
400 pL of washing buffer. 100 pL substrate solution was
added to each well, then incubated at room temperature for
15 min for substrate incubation. After incubation period, 100
pL stop solution was added into each well in the same order
as for substrate and the plate was tapped gently to mix. After
stopping the reaction, optical density at 450 nm of each well
was measured by Standard microplate reader, and a blank well
was set as zero. According to the standard concentrations and
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corresponding optical density values, the standard curve was
obtained. The concentration of the VN in each sample was
determined by interpolating from the VN concentration (X axis)
to the absorbance value (Y axis). The range of standard curve is
5-320 ng/mL. The intra-assay CV is <4.4% and the inter-assay
precision is <5.6%.

Measurement of serum sE-cadherin levels

The sE-cadherin levels in serum were measured
spectrophotometrically by using a commercial assay Kkit,
according to the manufacturer's instructions (Aviscera
Bioscience, Suite C Santa Clara, CA, USA). 100 pL of Dilution
Buffer was pipetted to Blank Wells and the same voume of
standard, diluted sample (20 fold) or positive control was added
per well. Then plate was covered with plate sealer and incubated
for 2 hours on micro-plate shaker at room temperature.
Subsequently, each well was aspirated and washed four times
with 300 pL 1X Washing Buffer. 100 pL detection antibody
working solution was added to each well, then incubated at
room temperature for 2 hours on micro-plate shaker. Later
on, aspiration and washing step were repeated for four times.
After the washing step, 100 pL of Streptavidin-Horseradish
Peroxidase Conjugate was transferred to each well and the
plate was incubated again on micro-plate shaker, at room
temperature for 45 min. Next, aspiration and washing steps
were repeated for four times. 100 pL substrate solution was
pipetted to each well and incubated one more time, on micro-
plate shaker, at room temperature for 10 min by protecting
the plate from light. And finally, the reaction was stopped by
adding 100 pL of stop solution into the wells. Optical density of
each well was determined within 15 min, using a micro-plate
reader at 450 nm. By plotting the concentrations of standards
against optical values, standard curve was obtained. The
corresponding sample concentrations were then determined by
comparing the optical density values of samples to the standard
curve. The range of standard curve is 187.5-12000 pg/mL and
the sensitivity is 93 pg/mL. The intra-assay precision is <4.8%
and the inter-assay precision is <6.6%.

Measurement of serum TGF-B1 levels

The  TGF-B1  levels in  serum  were  measured
spectrophotometrically by using a commercial assay Kkit,
according to the manufacturer's instructions (BOSTER
Biological Tech., Fremont, Pleasanton, USA). 100 uL of prepared
with different concentration human TGF-p1 standard solutions
were pipetted into the precoated 96-well plate. For control well,
100 pL sample diluent buffer was used. And 100 pL of properly
diluted sample (7 fold) of serum was transferred to each empty
well. After sealing the plate with a cover, it was incubated at
37°C for 90 min. Plate content was discarded. Following, 100 pL
biotinylated anti-human TGF-f1 antibody working solution was
poured into each well and the plate was incubated again at 37°C
for 1 hour. Then, the plate in question was washed three times
with 0.01 M tris-buffered saline (TBS). After the third washing,
100 pL prepared ABC working solution was added into each
well and the plate was incubated again at 37°C for 30 min. Plate
washed five times with the enough volume of 0.01 M TBS. 90 uL

prepared TMB color developing agent was trasferred into each
well and the plate incubate at 37°C in dark for 25 min. Then,
100 pL TMB stop solution was added and the optical density of
each well was read at 450 nm in a micro-plate reader within
30 min after adding the stop solution. According to the standard
concentrations and corresponding optical density values,
the standard curve was drawn. The corresponding sample
concentrations were then determined by comparing the optical
density values of samples to the standard curve. The range
of standard curve is 15.6-1000 pg/mL and the sensitivity is <1
pg/mL. The intra-assay precision is <4.1% and the inter-assay
precision is €6.0%.

Measurement of other blood parameters

Serum levels of total cholesterol, high-density lipoprotein
(HDL)-cholesterol and  triglycerides were  measured
spectrophotometrically on the Roche-Hytachi P-800
autoanalyser by using a commercial kit (Roche, Mannheim,
Germany) in all subjects recruited in the study. Concentration
of serum low-density lipoprotein (LDL)-cholesterol was
calculated by the standard Friedewald formula.?

Statistical analysis

SPSS packed programme (version 17 software, SPSS Inc.
Chicago, Illinois, USA) was used for statistical analyses. The
results were presented as mean + standard deviation. Student'’s
t-test was used to compare the results between groups. Mann-
Whitney U test was used to evaluate the results between
subgroups. Pearson correlation coefficients were calculated
for relationship between measured parameters. The value
of p<0.05 was considered as statistically significant, in all
statistical analyses.

RESULTS

General characteristics and some biochemical parameters
of patients and control groups were presented in Table 1. No
significant difference was determined between groups in terms
of age and quetelet index (p>0.05).

Table 1. General characteristics and biochemical parameters from

gynecological cancer and control

Healthy

Total patients controls p value
Total number of subjects 68 41 p>0.05
Age (years) 58.62+1.21 58.39+1.25 p>0.05
Quetelet index (kg/m?) 28.72+0.40 27.85£0.59  p>0.05

Biochemical parameters
Total cholesterol (mg/dL) ~ 200.35£6.48  205.10+5.21 p>0.05
HDL-cholesterol (mg/dL)  ¢.97+1.57 4332+2.09 p>0.05
LDL-cholesterol (mg/dL) ~ 128.36+5.01 134.80+4.39 p>0.05
Triglycerides (mg/dL) 155.93+9.22 189.51£14.96  p>0.05

HDL: High-density lipoprotein, LDL: Low-density lipoprotein
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Similarly, no significant differences were determined in
the comparison of total cholesterol, HDL-cholesterol LDL-
cholesterol and triglyceride levels between total patients and
healthy controls (p>0.05).

Serum VN (112.72+4.34 pg/mL) and sE-cadherin (5.150.40
ng/mL) levels of patients were found to be significantly lower
than healthy controls (134.87+4.59 ug/mlL and 23.48+2.12 ng/
mL recpectively) (p<0.01). However, in patients, serum TGF-p1
levels (173.74£12.31 pg/mL) were found to be higher than healthy
controls (133.50+14.37 pg/mL) (p<0.05, Figure 1.

In patients with endometrial and ovarian cancer, serum VN
levels (117.07+5.59 pg/mL and 109.68+6.27 ug/mL, respectively)
were found to be lower than healthy controls (134.87+4.59 ug/
mL) (p<0.01) (Figure 2). The lower VN levels were determined
in ovarian cancer group compared to endometrial cancer group.
Similarly serum sE-cadherin levels in endometrial and ovarian
cancer patient groups (4.76+0.63 ng/mL and 5.42+0.53 ng/
mL, respectively) were found to be lower than healthy controls
(23481212 ng/mL) (p<0.01), but the sE-cadherin levels were
found to be lower in patients with endometrial cancer in
comparison to ovarian cancer patient group. Serum TGF-f1

ETotal Patients
HHealthy Controls

Serum Vitronectin Serum E-Cadherin Serum TGF-$3
(ug/mL) (ng/mL) (pg/mL)

Figure 1. The comparison of serum concentrations of VN, sE-cadherin and
TGF-B1 between total patient group and control group

®: A significant difference from control group (p<0.01), *: A significant
difference from control group (p<0.05), VN: Vitronectin, TGF- p1:
Transforming growth factor-beta 1, sE-cadherin: Soluble epithelial-cadherin

[ g etrial C
200 Endometrial Cancer
BQvarian Cancer

BHealthy Controls
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[ ]
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)Serum Vitronectin Serum E-Cadherin Serum TGF-f
(ug/mL) (ng/mL) (pg/mL)

Figure 2. The comparison of serum concentrations of VN, sE-cadherin and
TGF-B1 between endometrial and ovarian cancers and control group

®: A significant difference from control group (p<0.01), VN: Vitronectin,
TGF- B1: Transforming growth factor-beta 1, sE-cadherin: Soluble epithelial-
cadherin

levels were found to be increased significantly in ovarian cancer
patiens when compared to control group (180.31£11.61 pg/mL
and 133.5014.37 pg/mL, recpectively) (p<0.05). However,
no significant difference was found between endometrial
cancer patients and healthy controls (164.36+25.10 pg/mL and
133.50414.37 pg/mL, recpectively) (p>0.05) (Figure 2).

Using bivariate correlation analysis of the measured
parameters, positive correlations were found between serum
VN and sE-cadherin levels (r=0.775, p<0.01) (Figure 3a) and
negative correlations were found between both VN and TGF-1
(r=-0.379, p<0.05) (Figure 3b) and sE-cadherin and TGF-f1 (r=-

0.373, p<0.05) (Figure 3c) in control group.
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Figure 3a. Correlation between serum VN and sE-cadherin in control
group, The solid line represents the calculated regression line with a
correlation coefficient (r) of 0.775

VN: Vitronectin, sE-cadherin: Soluble epithelial-cadherin
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Figure 3b. Correlation between serum VN and TGF-f1 in control group,
The solid line represents the calculated regression line with a correlation
coefficient (r) of -0.379

VN: Vitronectin, TGF- B1: Transforming growth factor-beta 1,
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Figure 3c. Correlation between serum sE-cadherin and TGF-B1 in control
group, The solid line represents the calculated regression line with a
correlation coefficient (r) of -0.373

TGF- B1: Transforming growth factor-beta 1, sE-cadherin: Soluble epithelial-
cadherin

DISCUSSION

Endometrial and ovarian cancers are the most common of the
gynecologic malignancies in women. Regulation of cellular
adhesion is provided by signaling pathways between tumor cells
and the ECM. Cellular adhesion is controlled by the cell surface
receptor family and integrins. VN, sE-cadherin and TGF-f1 are
important components of the ECM proteins. Thus, we mainly
tried to demonstrate the clinical significance of serum levels of
these molecules in terms of diagnostic purpose in endometrial
and ovarian cancers.

There are inconsistent results in the literature concerning
serum VN levels in various cancer types. In one of the studies,
Kadowaki et al.2> showed that serum VN levels were elevated
in breast cancer patients. They concluded that serum VN level
is very valuable for evaluating clinical assessment of breast
cancer. Contrary to the aforementioned study, Hao et al.?
found that the mean value of serum VN level in patients with
breast cancer at early and late stages were lower than normal
individuals. Yamada et al.?’ studied the plasma concentration
of VN in control subjects and hepatocellular carcinoma (HCC).
They obtain similar lower plasma VN levels in patients with
HCC as compared to control group. No significant difference
in VN levels was reported by Tugcu et al.?® between control
and patient groups in various types of cancers apart from
gynecological cancers. In this study concerning the VN levels
when compared to control group a significant difference was
found both for endometrial and for ovarian cancer patient
groups. Decrease in serum VN levels may be attributed to
matrix metalloproteinase-2 secreted by tumor cells in ECM.

Cell to cell adhesion is basically mediated by cadherins. There
are conflicting results in the literature about sE-cadherin in
cancer. Elevated sE-cadherin levels were reported in gastric
cancer by Katayama et al.?, later on it was confirmed by
Gofuku et al® In newly diagnosed bladder cancer patients,
serum sE-cadherin levels were found to be significantly higher
than normal controls and they suggested that high levels of

sE-cadherin correlate with higher grade tumors.® Similarly,
Liang et al'® were revealed that the serum sE-cadherin in
breast cancer patients were significantly higher than controls.
Shirahama et al®® indicated that the levels of serum sE-
cadherin did not vary significantly from controls in basal cell
carcinoma. In colorectal patients, Velikova et al.** determined
that there was no statistically significant difference between
sE-cadherin levels between controls and patients. However,
Bonaldi et al'” suggested that sE-cadherin was lower in
patients with prostate cancer compared to controls. Several
studies concluded that decreased expression of E-cadherin
facilitated tumor invasion and metastasis in various tumors
such as ovarian, endometrial and cervical cancers.®*%® In our
study we determined that sE-cadherin levels were decreased
in both cancer groups. We think that low serum sE-cadherin
levels may be result of decreased E-cadherin expression in
these gynecological cancers.

For many cancer, circulating levels of TGF-B1 have been
measured up to now. Elevated serum TGF-f1 levels have been
observed in various cancer types and have been linked to
cancers in previous studies. Shim et al.?° evaluated the serum
levels of TGF-P1 in patients with colorectal carcinoma versus
healthy controls and their results showed that TGF-B1 serum
levels in patients were significantly higher than controls. TGF-f31
has been reported to be enhanced in serum in invasive breast
cancer patients.® In a similar manner, it was demonstrated that
serum concentrations of TGF-B1in gastric cancer patients were
significantly higher than controls.®” Han et al.?® were revealed
that patients with cholangiocarcinomas, HCCs and gastric
carcinomas presented increased serum TGF-f1 levels than
non-cancer counterparts. It has been shown that the blockage
of TGF-B causes upregulation of E-cadherin resulting in the
reduction of migration and invasion of carcinoma cells® and
then TGF-B1 expression negatively correlated with E-cadherin
expression.® Our results are consistent with the literature
in terms of elevated serum TGF-p1 levels and reduced sE-
cadherin levels. It was assumed that increased TGF-f1 levels
may be associated with decreased E-Cadherin expression in
endometrial and ovarian cancers.®

CONCLUSION

As a conclusion, our study revealed that when compared
to control group serum levels of VN and sE-cadherin are
significantly decreased whereas TGF-f1 level is elevated
in patients with gynecological cancer. In ovarian cancer, we
have found marked increase of TGF-B1 and decrease of VN.
A remarkable decrease in sE-cadherin concentration has been
determined in patients with endometrial cancer. Although large-
scale studies are required, it was suggested that alterations in
serum levels of mentioned relatively small molecules in ovarian
and endometrial cancer may be associated with disease
progression. Therefore these molecules may be promising
targets for both diagnosis and therapy.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Desloratidin-Euragit® RS100 Nanopartikuilleri: Formulasyon ve
Karakterizasyon
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ABSTRAC T |

Objectives: The objective of the present study was to formulate Desloratadine-Eudragit® RS100 nanoparticles and investigate the characteristics
of the prepared nanoparticles.

Materials and Methods: The nanoparticles were prepared by spray drying method and the quantification of desloratadine (DL) was carried out with
a high performance liquid chromatography (HPLC) method.

Results: DL was successfully loaded to polymer and the developed HPLC method was found to be linear, reproducible, precise, accurate, specific
and selective. Characterization of the nanoparticles including entrapment efficiency, particle size, zeta potential, morphology, polidispersity index,
solid state characterizations and drug release was performed. /n vitro release studies of DL loaded nanoparticles were also examined in the
simulated intestinal fluid (pH 7.4). In vitro release of DL from nanoparticle formulations followed Korsemeyer-Peppas model.

Conclusion: A validated HPLC method was developed for the determination of DL. Proposed spray drying method can be successfully applicable to
the nanoparticle preparation containing DL. In addition, the release studies of all nanoparticles and active substance have been studied comparatively.
Hence, it could be concluded that DL loaded nanoparticles seem to be a promising drug delivery system for the active agent.

Key words: Desloratadine, Eudragit® RS100, HPLC, nanoparticle

OZ |

Amag: Bu galismanin amaci, Desloratadin-Eudragit® RS100 nanopartikdllerini formile etmek ve hazirlanan nanopartikillerin zelliklerini
arastirmaktir.

Gereg ve Yontemler: Nanopartikiller puskirterek kurutma yontemi ile hazirlanmis ve miktar tayini ytksek basingli sivi kromatografisi (YBSK)
yontemi ile yapilmistir.

Bulgular: Desloratadin (DL) basariyla polimere yuklenmis ve gelistirilen YBSK ydnteminin dogrusal, tekrarlanabilir, hassas, dogru, spesifik ve
selektif oldugu bulunmustur. Onerilen puskiirterek kurutma yontemi, DL iceren nanopartikiil preparatinin hazirlanmasinda basari ile kullanilmistir.
Nanopartikullerin karakterizasyonu partikil boyutu, zeta potansiyel, morfoloji, polidispersite indeksi, kati hal karakterizasyonlari ve etkin madde
salimi dahil olmak Uzere yapilmistir. DL ytklt nanopartikillerin in vitro salim galismalari, simile edilmis barsak vasatinda (pH 7.4) incelenmistir.
Nanopartikiil formilasyonlarindan DL'nin in vitro salimi, Korsemeyer-Peppas modeline uymaktadir.

Sonug: DL miktar tayini icin YBSK yontemi gelistirilmistir. Onerilen puskirterek kurutma yontemi, DL igeren nanopartikil preparatina basariyla
uygulanmistir. Ayrica, tim nanopartikdllerin ve etkin maddenin salim galismalari karsilastirmali olarak incelenmistir. Bu nedenle, DL yukld
nanopartikillerin etkin madde igin umut verici bir ilag taslyici sistem oldugu sonucuna varilabilir.

Anahtar kelimeler: Desloratadin, Eudragit® RS100, YBSK, nanopartikdil
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INTRODUCTION

Perennial allergic rhinitis affects up to 21% of the general
population in some countries! With the prevalence of the
disease increasing, even greater numbers of the population will
be affected in the future. Convenient treatment is so important
to ease the signs and symptoms of allergic rhinitis like sneezing,
rhinorrhea, nasal congestion and to improve patients quality of
life. Desloratadine (DL) is a tricyclic antihistamine. It has an
orally active nonsedating, peripheral histamine H1-receptor
antagonist. DL inhibited histamine release from human mast
cells in vitro. It has been used to treat allergy symptoms.? Old
histamine H1 receptor antagonists have the potential for adverse
central nervous system effects and are characterized by poor
receptor specificity.* DL is slightly soluble in water and it has a
reduced drug dissolution rate in gastrointestinal fluid following
oral administration, and consequently, reduced bioavailability.*

In the recent decades nanoparticles containing drugs have
gained increasing interest in pharmaceutic fields owing to
their potential for site-specific drug delivery. The drugs are
incorporated into a polymeric matrix, covalently bind to the
polymer backbone or form electrolyte complexes of oppositely
charged polymer-drug systems.® Drug dissolution rate could
be controlled with different approaches such as formulation of
nanoparticles.®

Eudragit® RS100 is a co-polymer of poly (ethylacrylate, methyl-
methacrylate and chlorotrimethyl-ammonioethyl methacrylate),
contains 4.5-6.8% of quaternary ammonium groups.
Biodegradable drug delivery systems consist of non-toxic,
biodegradable polymers and are well tolerated by the human
body. They are preferred for increasing the absorption of
active substance, for increasing bioavailability and for targeting
therapeutic agents to specific organs.® Eudragit RS-100 is a
widely used polymer for the preparation of controlled release
oral pharmaceutical dosage forms.>®° As a result, Eudragit®
RS100 is a promising polymer for the transport of the active
substance to the targeted region.

In this study, we investigate the possibility of the preparation of
stable DL loaded nanoparticles by using spray-drying method
without any cross-linked agent. The physicochemical properties
of the obtained nanoparticles were characterized. In addition,
the performed formulation and characterization studies results
will be helpful to the future planned in vivo studies and in order
to formulate DL nanoparticles to alternative dosage forms such
as tablets or capsules for the usage in antihistaminic treatment.

MATERIALS AND METHOD

Materials

DL was a kind gift from Morepen Labs. (New Jesey, USA),
Eudragit® RS100 was purchased from Evonic India Pvt. Ltd.
Methanol and acetonitrile were obtained from Merck Chemical
Co. (Germany). All the other chemicals were of analytical grade.

Preparation of nanoparticles

In this study, nanoparticles of DL with the different ratios of DL/
Eudragit® RS100 were prepared using Buchi B-190 mini spray

dryer (Bichi, Switzerland).!®" The spray dryer was connected
to the Inert Loop B-295 (Buchi Labortechnik AG, Flawil,
Switzerland) because of the organic solvent. Carbondioxide gas
was used at a flow rate of 120 L/min. The inlet temperature was
selected as 120°C for having maximum dried nanoparticles.”>"
The residual oxygen level in the system was controlled below
4%. The fully weighed Eudragit polymer was dissolved in
methanol by mixing at magnetic stirrer for 2 hours at 250 rpm.
After the clear solution was obtained, DL was added and stirred
for 10 more min at 250 rpm stirring speed. The transparent
solution was run using 30 min of methanol for conditioning
the device to the desired level in terms of parameters such as
spraying, pump level, inlet temperature, outlet temperature, gas
flow and ambient temperature. After the required conditions
had been met, the clear solution was transferred to a dry nano-
spray dryer, peristaltic pump with an inlet temperature of 120°C
and an outlet temperature of 64°C and delivered to a drying zone
with a 4 um nozzle diameter. After the drying nanoparticles
were collected in the collection chamber.

Characterization studies

The particle size distribution and zeta potential of the
nanoparticles were measured at 25°C by dynamic light
scattering (DLS) (Malvern Zetasizer-Nano ZS, Malvern
Instruments Limited, UK). The morphology of the nanoparticles
were carried out by with scanning electron microscope (SEM)
and also fourier transform infrared spectroscopy (FTIR)
analysis were done, respectively. The stability of spheres
was tested using differential scanning calorimeter (DSC)
analysis and nuclear magnetic resonance analysis ('H-NMR)
analysis. In order to determine release properties in vitro drug
release mechanism was examined in the simulated biological
fluid at pH 7.4. Encapsulation efficiency was also analyzed
for the determination of the drug amount in the nanoparticle
formulations.

Measurement of particle size and zeta potential

The particle size, size distribution and zeta potential of the
nanoparticles were measuredat 25°C by DLS (Malvern Zetasizer-
Nano ZS, Malvern Instruments Limited, Worcestershire, UK).
Samples of all nanoparticles were dispersed in double-distilled
water (adjusted to a constant conductivity of 50 uSecm™ using
0.9% NaCl just prior to analyses. All analyses were repeated
in triplicate.

Scanning electron microscopy analysis

The particle shape and surface properties of the freshly
prepared nanoparticle formulation and DL were investigated by
SEM (Zeiss Ultra Plus Fesem, Germany) after spreading the
formulation and DL onto the double-sided carbon tape pre-
affixed on a specimen stub and were then allowed to dry at
room-temperature. Samples were coated with a thin layer of
gold (100 A) by a sputter coater under 50 mA for 2 min before
observed under SEM. Images were taken at high vacuum mode
with varying magnifications at an accelerating voltage of 3.0 kV.

Differential scanning calorimetry
Thermal analysis of the DL formulation was carried out in
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a pressure-assisted aluminum sample vessel using DSC
(Schimadzu DSC-60, Japan) apparatus at a flow rate of
nitrogen of 50 mL/dk" and at a temperature 25°C to a final
temperature of 180°C at 10°C min™ against aluminum reference.
DSC experiments with pure DL were previously carried out to
identify the melting point peak. As a control, physical mixtures
of DL and polymer were also analyzed.

Fourier transform infrared spectroscopy

The FTIR spectrum of the DL formulations were determined
at a wavelength of 4000-500 cm™ using FTIR (Schimadzu IR
Prestige-21, Japan) instrument.

Nuclear magnetic resonance

'H-NMR of the DL formulation prepared was carried out by
dissolving in deutero chloroform (CDCI3), NMR (Bruker 500
MHz UltraShield NMR, Germany).

Entrapment efficiency

In order to determine the amount of DL in drug loaded
nanoparticles, drug entrapment efficiency study was studied
by validated high performance liquid chromatography (HPLC)
method with the ultraviolet (UV) detection set in 262 nm.
A reversed phase Lichrospher C18 column (150x2.3 mm i.d.,
pore size 5 pm) was used. The mobile phase consisted of a
mixture of acetonitrile:water (60:40 v/v) and the flow rate
was set at 0.8 mL/min. In the first step, in order to find free
DL, the spray-dried nanoparticles (5 mg) were dissolved in
2 mL of distilled water in Eppendorf tube. After being held
in the ultrasonic bath for 20 min, the upper transparent part
was collected by centrifuging for 5 min at 13.000 rpm and the
sample was analyzed through the necessary dilutions (1:1) with
mobile phase. In the second step, 2 mL of the mobile phase,
in which DL and Eudragit® RS100 are soluble, is added to the
remaining residue formulation in the Eppendorf tube. Five
min ultrasonic bath is used to obtain a clear solution and the
sample was also analyzed through the necessary dilutions (1:1)
with mobile phase in order to determine the amount of active
substance entrapped. The experiments were repeated 3 times
for each formulation. Before the injections, all solutions were
previously filtered through a membrane filter (pore size 0.22
pm, Millipore). Entrapment efficiency (EE) was calculated using
equation given below.®

EE (%)= Total DL - Free DL/Total DL x 100

In vitro drug release studies

Studies were performed in simulated intestinal fluid (SIF: pH
7.4), for a period of 24 h'®® A dialysis (cellulose membrane)
method was used to identify release behavior of nanoparticles.
5 mg nanoparticle formulation was weighed into the dialysis
bag with 1 mL of dissolution medium. The dialysis bag which
was sealed with clamps was placed in 50 mL of the SIF at
37+0.5°C under sink conditions and stirred at 100 rpm using
magnetic stirrer. In order to determine the amount of DL
released from the dialysis bag at different time intervals (5 min,

10 min, 15 min, 30 min, 45 min, Th, 2 h,3 h, 4 h, 5h 6 h, 24 h),
1 mL of the samples were picked up and then replaced with the
1 mL of fresh SIF. The concentration of drug released to the
medium was determined by measuring the absorbance at 262
nm using HPLC Shimadzu liquid chromatography equipped with
a model LC-10ATVP binary pump and model SPD-M10AVP PDA
detector using the stationary phase 150x4.6 mm LiChrospher®
100 RP-18 octadecyl silane column (5 pm particle size) (Merck,
Darmstadt, Germany) with integration by LC Solution Version
1.23 SP1 Software (Shimadzu Corporation, Kyoto, Japan). The
mobile phase consisted of acetonitrile:water (60:40). The mobile
phase was prepared daily and degassed by sonication under
reduced pressure and filtered through 0.45 um membrane filter.
The flow rate was set at 0.8 mL/min resulting in a run time of
7 min per sample. The injection volume was 20 pL. Detection
was performed at 262 nm and samples were analyzed at room
temperature. In order to study the mechanism of drug release
from nanoparticles, the release data were fitted to different
equations with DDSolver programme.

RESULTS AND DISCUSSION

In the current study, a simple spray drying methods was used
for the preperation of formulations. Differrent amounts of drug/
polymer was formulated as given in Table 1.

Solubility characteristic of a drug is one of the main factor
to decide about the method of encapsulation.® Spray drying
methods was selected for the formulations.®'2 Spray-drying
parameters are given in Table 2.

All the prepared formulations were in nanometer size and
the size distributions were relatively monodisperse in all the
formulations with the polydispersity index (PDD) values between
0.113+£0.25-0.412+0.30 (Table 3). Most researchers recognize
PDI values <0.3 as optimum values; however, values <0.5 are
also acceptable. According to our Results given in Table 3
formulations were in homogenous size distributions even after
DL was loaded to polymer.415%

Table 1. Composition of DL loaded eudragit RS®100 nanoparticles

Formulation  DL(g  Eudragit RS®100 (g) Methanol (mL)
E1 01 1 100
E2 0.2 1 100
E3 0.3 1 100
Placebo - 1 100

DL: Desloratadine

Table 2. Spray-drying parameters

Inlet air temperature (°C) 120
Aspirator rate (% flow) (m®<h) 50-100%
Nozzle diameter (um) 4

Outlet air temperature (°C) 64
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Particle size is one of the important physical properties of
colloidal systems. Particle size distribution of the formulation
is especially significant in the physical stability (Figure 1)
and activity of colloidal systems was also found that the size
of nanoparticles plays a key role in their adhesion to and
interaction with biological cells.?°

The mean particle size of DL loaded nanoparticles of all
formulations ranged from 312+1.32 nm to 485+1.05 nm with a
relative monodisperse distribution (Table 3). Smaller particles
have higher surface area/volume ratio, which makes it easier
for the encapsulated drug to be released from the nanoparticles
by diffusion and surface erosion and also have advantages for
the drug loaded nanoparticles to penetrate into, and permeate
through the physiological drug barriers.?’ The acceptable
value for PDI is 0.05-0.7; values greater than 0.7 indicate very
broad size distribution and probably no suitability for DLS
technique.®?° Smaller size helps in targeting and increased
penetration of drug through biological membranes.?? Since it
was reported that, change in the organic phase ratio may result
the change in the viscosity of the system, which in turn can
change the characteristics of the nanoparticles (e.g., particle
size, encapsulation efficiency, surface morphology, etc.),
therefore, different ratios of formulations were evaluated. It was
noticed that the mean particle size increase with increases of
drug concentration. Increase in particle size with the increase

Table 3. Drug loading and particle size distribution of nanoparticle

formulations

Particle si Zeta Entrapment
Formulations (nar;)ligslze PDI + SD potential efficiency
- +SD +SD
E1 312+1.32 0.319£1.03  22.50+2.01 75.95+1.13
E2 412+0.29 0.354:0.34 2510£1.74  64.07+1.40
E3 485+1.05 0.412£0.30 28.80+0.56 88.50+1.12
Placebo 12+1.73 0113£0.25 15.40+0.83 -

PDI: Polydispersity index, SD: Standard deviation

EE1 =E2 =E3

Particle Size (nm)
8

0. Time 30th day
Time

Figure 1. Particle size distribution of formulations during 3 months storage
at 25°C

in drug concentration might have occurred due to the fact that it
produces a significant increase in the viscosity and thus leading
to an increase of the nanoparticle size, polymer concentration
had profound effect on average particle size. This effect can
be attributed to the effect of polymer concentration on the
viscosity of the polymeric solution and need more energy to
disperse the system.?24

The measurement of the zeta potential allows predictions of storage
stability of colloidal dispersions.2®?' Zeta potential of nanoparticles
is commonly used to characterize the surface property of
nanoparticles. The mean zeta potential of all formulations ranged
from 15.40+0.83 mV to 28.80+0.56 mV, which may be attributed to
the positive charges on polymer matrices indicating good physical
stability as shown in Table 3. Cationic property of nanoparticles
was determined due to the effect of positively charged quaternary
ammonium groups in Eudragit® RS100 interact with the negatively
charged mucus and open up the tight junctions of epithelial
cells to allow the paracellular transport pathway resulting in an
increase in bioavailability.?>? As a result of the stability studies
of the formulations over 3 months, no statistically significant
change was observed (p>0.05). This indicates the stability of the
formulations.

From the SEM, it was observed that nanoparticles were
usually spherical (Figure 3). The surface of the drug-loaded
Eudragit RS100 nanoparticles manifested the presence of drug
particles.?

DSC has shown to be an important tool to quickly obtain
information about possible interactions between the active
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Figure 2. Zeta potential cahange of formulations during 3 months storage
at 25°C

Figure 3. a) Scanning electron microscope photography of drug, b)
scanning electron microscope photography of drug-loaded Eudragit RS100
nanoparticles (ET)
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and the excipients, according to the appearance, shift, or
disappearance of endothermic or exothermic peaks.® DSC
gives an insight into melting and recrystallization behaviors
of polymeric nanoparticles. No loss in typical peaks or no
appearances of new peaks were recorded upon DSC analyses.
This indicates that there was no physical or chemical interaction
or incompatibility between the formulations prepared.?
Accordingly, DSC measurements were performed on each of
the components, both in their pure forms and the corresponding
drug loaded forms (Figure 4).

FTIR spectroscopy is used as an important technique to
investigate possible chemical interactions between drug and
active substance. The formation of new absorption bands and
the expansion of the absorption bands give the main signals of
the interaction between the drug and the active substance.?®
The FTIR spectra show that the characteristic bands of DL and
polymer individually were not altered in binary mixtures, which
indicates no interactions between DL and the selected polymer
when contact is established in spray dryer. The spectra of DL
show prominent bands at 1141 and 1.435 cm™, which is attributed
to the C-C stretching of aromatic rings, while the bands at 1.172
and 778 cm™ correspond to C-N amines and C-Cl stretching,
respectively and is given in Figure 5.

These results are in agreement with other published datas.?”#
The spectra of DL loaded polymer formulations show the same
absorption bands, indicating that the DL did not decompose in
the range of applied temperatures and successfully loaded to
polymers. Therefore, DL is sufficiently thermally stable to allow
analysis by the DSC method.
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Figure 4. Differential scanning calorimeter curves of desloratadine (A), E1
(B), E2 (C), EC (D) and Eudragit® RS100 (E)

'H-NMR investigations were used to obtain information about
the mobility and structure of both the nanoparticle system and
the incorporated drug. Comparing the drug-loaded nanoparticle
formulations with each other no essential difference could be
observed. On the other hand, the signals of pure drug are also
seen in the same as the drug loaded formulations. This indicates
that the active substance has been successfully loaded into the
formulations. Peaks in 7-8 ppm interval belong to aromatic C-H
peaks, peaks in 3-4 ppm belongs to -CH3 in the spectrum of
DL.3%3" Similar spectra were also obtained for the spectra of
drug loaded nanoparticle formulations indicating the successful
incorporation of drug into the nanoparticles. Physicochemical
characterization was undertaken both by DSC and 'H-NMR
measurements. The combination of both analytical methods
proved very suitable to obtain information about the structure
of the DL loaded polymers 332

A simple and validated HPLC method was adopted and
developed for the determination of DL. The method was
validated for accuracy, precision and linearity with reference
to the International Council for Harmonisation guidelines.®
The separation and resolution of the peaks of the blank
reagent and the formulation could be achieved using a
mixture of acetonitrile:water (60:40 v/v) as the mobile phase
with UV detection at 262 nm.3* The method was found to be
linear and reproducible. For the developed method the linear
regression anaysis of the datas gave the following equation

———— s a
w ol N e o ]
Il: WY i e i
‘/ \’\ /
b
I
C
d
e
— v,—.)-
o T T T } r T T T T T
00 WO 0WO 0 =0 0 0W 0UR SW =0 o =0 o

Figure 5. FTIR bands of Eudragit® RS100 (A), desloratadine (B), E1 (C), E2
(D) and E3 (E) formulations
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A= 4096.6x+13453 with a correlation coefficient of, r=0.9999.
Calibration curve of DL was constructed by plotting absorbance
versus concentration which showed linearity over the
concentration ranges of 100-700 pg/mL (Figure 7). The limit
of quantification was determined as 0.290 pg/mL", and the
limit of detection was calculated as 0.628 pg/mL".>®*Meanwhile
the developed method was spesific for the determination of
DL. The developed method is found to be precise, accurate,
specific and selective. The method was also found to be linear
and reproducible. According to the conditions described, the
retention time was about 1.7 min for DL.
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Figure 6. 'H-NMR-spectrum of Eudragit® RS100 (A), DL (B), E1(C), E2 (D)
and E3 (E) formulations

The accuracy of the proposed method was assessed by recovery
studies at different concentrations of 100 pg/mL", 400 pg/mL",
700 pg/mL". The recovery studies were carried out by adding
the known amount of standard solution of the pure drug. The
solutions were analysed by proposed method, the results were
given in Table 4.

The precision of the method was assessed by carrying out six
replicate determination of three different concentrations of DL
both inter-day and intra-day. The results are shown in Table 5.
The method was found to be precise as indicated by the results
showing % relative standard deviation less than 2.

The encapsulation efficiency explains that it is the percentage
of the amount of the drug that loaded to drug carrier agent. In
this study, the % EE of formulations E1, E2 and E3 were found
as 75.95+113, 64.07+1.40 and 88.50+1.12 respectively. Drug-
polymer composition is most likely the main factor for release
rate, however it seems that a complex phenomena between
drug and polymer molecules may occur, including entrapment
of drug within polymer molecules and the adsorption of drug
molecules on the surface of polymeric matrix as a result of
electrostatic adhesions.>?

Eudragit® RS100 as a water-insoluble carrier was identified to
be able to control drug release in both nanoparticles and solid
dispersions.”® Figure 8 demonstrates the DL release profiles
from Eudragit® RS100 polymers. There were no noteworthy
differences between formulations as stated by the release
profiles. All the nanoparticles revealed slower drug release
rate in comparison with the intact drug. The release rate
was not affected by increasing the Eudragit® RS100 relative
amount in the nanoparticles. The released profiles of DL loaded
formulations exhibited a burst release in one hour time which
was attributed to the drug loaded the surface of nanoparticles.>?°
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Figure 7. Calibration curve of desloratadine

Table 4. Accuracy results of desloratadine

100 1003 0.344 0.833 0.831 0.340 0.874
400 100.6  0.626 0152 0152 0.062 0.160
700 100.1 0.154 0158 0158 0.064 0.166

SD: Standard deviation, RSD: Relative standard deviation, SE: Standard error, Cl:
Confidence level
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When nanoparticles of microcrystalline drug particles, are
sttt ol exposed to aqueous media, the carrier dissolves and the drug is
released as a fine colloidal dispersion, thus resulting in higher
) surface area and consequently, enhanced dissolution rate and
e bioavailability of poorly water soluble drugs.®**

In order to study the mechanism of drug release from
nanoparticles, the release data were fitted to different equations
with DDSolver programme (Table 6).® Furthermore a kinetic
parameter can be used to study the influence of formulation
factors on the drug release for optimization as well as control
of release.®® The kinetic models used were zero-order, first-
order, Higuchi, Korsemeyer-Peppas models. According to
highest k and r2values and according to lowest AIC values, in
vitro release of all DL loaded polymer formulations followed
Korsemeyer-Peppas model** This model indicates a diffusion
controlled drug release mechanism from polymer matrix.“

% Cumulative Release

E B
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Figure 8. In vitro release of formulations and pure desloratadine (n=7)

Table 5. The results of intra-day and Inter-day precision of
desloratadine CONCLUSION

As indicated with this study, formulations of DL-Eudragit®

Concentration Intra-day Inter-day
RS100 nanoparticles applying single spray drying procedure
150 pg/mL Day 1 Day 2 Day 3 . . . . L
H is able to improve the physicochemical characteristics of the
SD 0.833 0.264 0176 0.270 drug. The HPLC method that was validated for DL was also
found to be a simple and rapid method. The DSC and NMR
RSD 0.830 0.263 0175 0.027 studies confirmed the decrease of drug crystallinity in the
Cl (95%) 0.874 0.277 0184 0134 nanoparticles. The intermolecular interaction between DL
and Eudragit® RS100 was identified in the FTIR spectrum of
300 pg/mlL Day 1 Day 2 Day 3 the nanoparticles. DL was successfully formulated as a model
SD 0.610 0.763706 0.763 0.399607 drug in this study. It was shown that all nanoparticles displayed
a slowed release pattern with a burst release in comparison
RSD 0151 0190509 0190 1.553771 with the pure drug powder. The advances in the formulation
Cl (95%) 0.641 0.801461 0.801 019872 technology of nanoparticle delivery systems has been widely
accepted approach as compared to conventional immediate
500 pg/mL Day 1 Day 2 Day 3 release formulations of the same drug. Hence it could be
sSD 1m0 0.765 0352 0.742 cor?cluded that DL loaded nanoparticles seem to be a promising
delivery system for the drug.
RSD 0158 0109 0.050 1479

Additionally, formulation studies that we have undertaken in
Cl (95%) 1165 0.803 0.369 0.369 this study will be helpful to the future planned in vivo studies to
convert DL nanoparticles into alternative dosage forms such as
tablets or capsules for use in antihistaminic treatment.

SD: Standard deviation, RSD: Relative standard deviation, Cl: Confidence level

Table 6. Mathematical modelling of desloratadine loaded nanoparticles

E1 E2 E3
Kinetic model
k r2 AIC* k r AIC* k r2 AlC*

Zero order model 0.005 -0.005 0178 0.005 -0.005 0177 0.005 -0.004 0178
First order model 0.000 -0.003 0.169 0.000 -0.003 0.168 0.000 -0.002 0.167
Hixson Crowell Model 0.000 -0.003 0172 0.000 -0.003 0170 0.000 -0.002 0170
Korsmeyer Peppas model 0.059 0.001 0.081 0.056 0.001 0.080 0.058 0.001 0.070
Higuchi

Model 0.023 -0.002 0.164 0.022 -0.002 0.162 0.024 -0.001 0.163

*AIC: Akaike information criterion
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Antibacterial, Antitubercular and Antiviral
Activity Evaluations of Some Arylidenehydrazide
Derivatives Bearing Imidazo[2,1-blthiazole Moiety

Imidazo[2,1-b]tiyazol Cekirdegi Tasiyan Bazi Arilidenhidrazit Tirevlerinin
Antibakteriyel, Antitiberkuler ve Antiviral Aktivite Tayinleri

Nuray ULUSOY GUZELDEMIRCI™, Berin KARAMAN', Omer KUCUKBASMACI2

listanbul University, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, Istanbul, Turkey
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ABSTRAC T |

Objectives: The aim of this study was to determine the probable antibacterial, antitubercular, and antiviral activities of some N?-arylidene-(6-(4-
chlorophenylimidazol2,1-b]thiazol-3-yD) acetic acid hydrazides (3a-j). Further structural optimization of the identified lead structures can lead us
to new more active potential antibacterial, antitubercular, and antiviral agents.

Materials and Methods: Antibacterial activities of the title compounds against Staphylococcus aureus ATCC 29213, Pseudomonas aeruginosa ATCC
27853 and Escherichia coli ATCC 25922. These molecules were also evaluated for their in vitro antitubercular activity against Mycobacterium
tuberculosis H37TRv (ATCC 27294) using the BACTEC 460 radiometric system and BACTEC 12B medium. Moreover, all the compounds (3a-j) were
also evaluated against some DNA and RNA viruses in Madin-Darby Canine Kidney, Crandell-Rees Feline Kidney (CRFK), Vero, human embryonic
lung (HEL) and Hela cells.

Results: Among the tested compounds, 3i displayed the highest efficacy against S. aureus and E. coli. Compound 3j, 5-nitro-2-furfurylidene derivative
showed the highest antituberculosis activity (IC, : 6.16 ug/mL and IC,: 14.390 ug/mL). Compound 3i showed the most potent antiviral activity against
feline corona virus in CRFK cell cultures (antiviral EC,: 7.5 uM and SI>13). Furthermore, compounds 3c and 3g displayed activity against herpes
simplex virus-1 and vaccinia virus in HEL cell cultures (antiviral EC, values of 9; 16 and 20; 14 pM, respectively).

Conclusion: On the basis of aforementioned results, it can be conluded that imidazo[2,1-blthiazole derivatives bearing hydrazone moieties serve as
promising chemical probes to design therapeutic agents with antibacterial, antitubercular, and antiviral properties.

Key words: Imidazo[2,1-blthiazole, arylidenehydrazide, antibacterial activity, antitubercular activity, antiviral activity

OZ |
Amag: Bu ¢alismanin amaci, bazi N2-ariliden-(6-(4-klorofeniDimidazol2,1-bltiyazol-3-il) asetik asit hidrazitlerinin (3a-j) olasi antibakteriyel,
antitUberkuler ve antiviral aktivitelerinin tayin edilmesidir. Tanimlanmis yapilarin ileri yapisal optimizasyonu, bizi daha aktif potansiyel antibakteriyel,
antitUberkdler ve antiviral ajanlara ulastirabilir.

Gereg ve Yontemler: S6z konusu bilesiklerin antibakteriyel aktiviteleri, Staphylococcus aureus ATCC 29213, Pseudomonas aeruginosa ATCC 27853 ve
Escherichia coli ATCC 25922'ye karsl tayin edilmistir. Bu molekdllerin, Mycobacterium tuberculosis H37Rv (ATCC 27294) karsi in vitro antitiberkuler
aktiviteleri de BACTEC 460 radiometrik sistem ve BACTEC 12B ortami kullanilarak tayin edilmistir. Dahasi, bilesiklerin tUmu (3a-j), Madin-Darby
Canine Kidney, Crandell-Rees Feline Kidney (CRFK), Vero, insan embriyonik akcigeri (HEL) ve HeLa hticrelerinde bazi DNA ve RNA virislerine karsi

tayin edilmistir.
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Bulgular: Test bilesikleri arasinda, 3i, S. aureus ve E. coli'ye karsi en yuksek etkinligi gostermistir. 5-Nitro-2-furfuriliden tirevi 3j bilesigi, en yuksek
antitiberkdler aktivite géstermistir (IC_: 616 ug/mL ve IC_: 14.390 pg/mL). Bilesik 3i, en gclu antiviral aktiviteyi CRFK hicre kdltrlerinde feline
corona virlse karsi gostermistir (antiviral EC,: 7.5 uM ve SI>13). Ayrica, 3c ve 3g bilesikleri HEL hicre kiltrlerinde, herpes simpleks viris-1 ve asl

virtstne karsi aktivite gostermislerdir (antiviral EC_; degerleri sirasiyla 9; 16 ve 20; 14 uM'dir).

Sonug: Yukarida s6zi edilen sonuglara dayanarak, hidrazon ¢ekirdegi tasiyan imidazo[2,1-bltiyazol tiirevleri, antibakteriyel, antitiberkdler ve antiviral

ozelliklere sahip terapétik ajanlar tasarlamak igin umut verici kimyasal problar olarak yarar saglayabilir.

Anahtar kelimeler: imidazo[ZJ-b]tiyazol, arilidenhidrazid, antibakteriyel aktivite, antitiberkdler aktivite, antiviral aktivite

INTRODUCTION

Infectious diseases caused by bacteria have increased
dramatically in recent years. Despite many significant advances
in antibacterial therapy, the widespread use and misuse of
antibiotics have led to the emergence of bacterial resistance
to antibiotics, which is a serious threat to public health. On the
other hand, tuberculosis (TB), still remains the leading cause
of worldwide death among infectious diseases.? In 2014, there
were an estimated 9.6 million new TB cases: 5.4 million among
men, 3.2 million among women and 1.0 million among children.?
Additionally, viral infections caused by the rapid emergence of
antiviral drug resistant strains have become a serious threat
globally.* Many diseases are actually caused by the different
members of DNA- and RNA-containing viruses. Among DNA-
containing viruses, the herpes group of viruses, particularly
herpes simplex virus-1 (HSV-1) primarily causes encephalitis,
stomatitis, ocular infections and HSV-2 primarily causes genital
lesions, skin eruptions or cytomegalovirus is related with severe
morbidity and mortality in patients at risk for disease because
of immune system disabilities and varicella-zoster virus is the
ethiological agent of chickenpox and shingles.>® Influenza (INF)
viruses, parainfluenza-3 virus, alphaviruses (e.g. sindbis virus),
respiratory syncytial virus (RSV) and vesicular stomatitis
virus (VSV) are examples of enveloped single-stranded RNA-
containing viruses. VSV causes an economically important
disease in horses and cattle.” Both RSV and parainfluenza-3
virus are an important cause of respiratory tract infections.8?

Among the heterocyclic rings containing bridgehead nitrogen
atom, imidazo[2,1-blthiazoles derivatives are especially
attractive because of their different biological activities such
us antibacterial,® antituberculosis," antiviral,? anticancer,”
antiinflammatory™ and diuretic™ activities. On the other hand,
arylidenehydrazide moiety are also associated with various
biological properties including antibacterial,'® antitubercular,”
antiviral”® anticancer,” antiinflammatory and analgesic®
activities.

In continuation of our previous studies on the biological
properties of imidazo[2,1-blthiazole derivatives,®? in this
study, we reported the antibacterial, antitubercular and antiviral
activity evaluation of some arylidenehydrazide derivatives
bearing imidazol[2,1-blthiazole moiety.

MATERIALS AND METHODS

Chemistry
Allchemicals were purchased from Merck (Darmstadt, Germany)
or Sigma-Aldrich(St.Louis,MO,USA) chemicalcompanies.Using

a Buchi B-540 melting point apparatus (Flawil, Switzerland)
with open capillaries, melting points were determined and are
uncorrected. Elemental analyses were performed on a Thermo
Finnigan Flash EA 1112 elemental analyser. Infrared spectra
were recorded (in KBr) using a Perkin Elmer Spectrum 100
fourier transform infrared (FTIR) spectrometer and Shimadzu
IRAffinity-1 FTIR spectrophotometer. 'H and ®C-nuclear
magnetic resonance spectra were obtained on Varian YT
INOVA 500 MHz spectrometer using dimetil sulfoxide-d, as
an internal standard. All chemical shifts were reported as 0
(ppm) values and spin-spin couplings (J) were exposed in Hz.
MS (ESI-) were determined on a Finnigan LCQ Advantage Max
mass spectrometer.

General  synthesis  of  N?-arylidene-(6-(4-chlorophenyl)
imidazo[2,1-b]thiazol-3-yDacetic acid hydrazides (3a-3j)%

A solution of 0.005 mol compound 2 and 0.005 moL of an
appropriate aromatic aldehyde in 100 mL ethanol was heated
under reflux for 5 h. The precipitate obtained was purified
either by recrystallization from ethanol or by washing with hot
ethanol.

Biological activity

Antibacterial activity

Minimum inhibitory concentrations (MICs) were determined by
the microbroth dilution method using the National Committee
for Clinical Laboratory Standards recommendations.? Mueller-
Hinton broth (Oxoid, Hemakim, Turkey) was used as the
test medium. An inoculum of approximately 5x10° CFU cm?
was delivered per well. Serial twofold dilutions of the test
compounds (128-0.25 pg/mL) and extra dilutions (256-0.25
ug/mL) for antibiotic standards were prepared. Plates were
incubated for 16-20 h at 35°C in an ambient air incubator. The
lowest concentration of the test compounds inhibiting visible
growth was taken as the MIC value.

Antitubercular activity

In vitro evaluation of antitubercular activity

Primary screening was conducted at 6.25 mg/mL against
Mycobacterium tuberculosis H,Rv in BACTEC 12B medium
using a broth microdilution assay the Microplate Alamar Blue
Assay (MABA).° Compounds exhibiting fluorescence were
tested in the BACTEC 460 radiometric system.® Compounds
effecting <90% inhibition in the primary screen were not
generally evaluated further. Compounds demonstrating at
least 90% inhibition in the primary screen were re-tested at
lower concentrations against M. tuberculosis H,Rv in order
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to determine the actual MIC using MABA. The MIC was
defined as the lowest concentration effecting a reduction in
fluorescence of 90% relative to the controls. Concurrently
with the determination of MICs, compounds were tested for
cytotoxicity (IC_)) in VERO cells at concentrations £6.25 mg/mL
or 10 times the MIC for M. tuberculosis H,,Rv (solubility in media
permitting). After 72 h exposure, viability was assessed on the
basis of cellular conversion of 3-(4,5-dimethylthiazol-2-yD-2,5-
diphenyl tetrazolium bromide into a formazan product using the
Promega CellTiter 96 Non-radioactive Cell Proliferation Assay.
Compounds for which the selectivity index (IC,;: MIC ratio)
SI>10 were assumed to possess in vitro activity confirmed in
the BACTEC 460 at 6.25 mg/mL.

Microplate alamar blue susceptibility assay

Antimicrobial susceptibility testing was performed in black,
clear-bottomed, 96-well microplates (black view plates;
Packard Instrument, Meriden, Connecticut, USA) in order to
minimize background fluorescence. Outer perimeter wells were
filled with sterile water to prevent dehydration in experimental
wells. Initial drug dilutions were prepared in either dimethyl
sulfoxide or distilled deionized water, and subsequent twofold
dilutions were performed in 0.1 mL of 7TH9GC (no Tween 80)
in the microplates. BACTEC 12B-passaged inocula were
initially diluted 1:2 in 7TH9GC, and 0.1 mL was added to wells.
Subsequent determination of bacterial titers yield 1x10° CFU/
mL in plate wells for H,,Rv. Frozen inocula were initially diluted
1:20 in BACTEC 12B medium followed by a 1:50 dilution in
TH9GC. Addition of 1/10 mL to wells resulted in a final bacterial
titers of 2.0x10° CFU/mL for H_Rv. Wells containing drug
only were used to detect autofluorescence of compounds.
Addition control wells consisted of bacteria only (B) and
medium only (M). Plates were incubated at 37°C. Starting at
day 4 of incubation, 20 mL of 10x Alamar Blue solution (Alamar
Biosciences/Accumed, Westlake, Ohio, USA) and 12.5 mL of
20% Tween 80 were added to one B well an done M well, and
plates were reincubated 37°C. Wells were observed at 12 and
24 h for a color change from blue to pink and for a reading of
>50.000 fluorescence units (FU). Fluorescence was measured
in a Cytofluor Il microplate fluorometer (Perseptive Biosystems,
Framingham, Massachusetts, USA) in bottom-reading mode
with excitation at 530 nm and emission at 590 nm. If the B wells
became pink by 24 h, reagent was added to the entire plate. If the
well remained blue or £50.000 FU was measured, additional M
and B wells were tested daily until a color change occurred, at
which time reagents were added to all remaining wells. Plates
were then incubated at 37°C, and results were recorded at 24 h
post-reagent addition. Visual MICs were defined as the lowest
concentration of drug that had prevented a color change. For
fluorometric MICs, a background subtraction was performed on
all wells with a mean of triplicate M wells. Percent inhibition
was defined as 1-(test well FU/mean FU triplicate B wells) x
100. The lowest drug concentration effecting an inhibition of
>90% was considered the MIC.

BACTEC radiometric method of susceptibility testing

Inocula for susceptibility testing were either from a positive
BACTEC isolation vial with a growth index (GI) of 500 or more,

or a suspension of organisms isolated earlier on a conventional
medium. The culture was well mixed with a syringe and 0.1 mL
of a positive BACTEC culture was added to each of the vials
containing the test compounds (6.25 mg/mL). The standard
vials contained rifampicin (0.25 mg/mL). A control vial was
inoculated with a 1:100 dilution of the culture. Each vial was
tested immediately on a BACTEC instrument to provide CO,
in the headspace. The vials were incubated at 37°C and tested
daily with a BACTEC instrument. When the Gl in the control read
at least 30, the increase in Gl (AGI) from the previous day in the
control was compared with that in the drug vial. The following
formula was used to interpret the results:

AGI control > AGI drug = susceptible
AGI control < AGI drug = resistant

If a clear susceptibility pattern (the difference of AGI of control
and the drug bottle) was not seen at the time the control Gl was
30 the vials were read for 1 or 2 additional days to establish a
definite pattern of AGI differences.

Antiviral activity

The compounds (3a-j) were evaluated for activity against
diverse RNA- and DNA-viruses, using the following cell-based
assays®: (a) Madin-Darby Canine Kidney (MDCK) cells infected
with INF A/HIN1 subtype (A/Ned/378/05), INF A/H3N2 subtype
(A/HK/7/87) or INF B (B/Ned/537/05); (b) Crandell-Rees Feline
Kidney (CRFK) cells infected with feline corona virus (FCoV)
or feline herpes virus (FHV); (c) African green monkey kidney
Vero cells infected with parainfluenza-3 virus, reovirus-1,
Sindbis virus, Coxsackie B4 virus or Punta toro virus; (d) human
embryonic lung (HEL) fibroblast cells infected with HSV-1 or
-2, an acyclovir-resistant HSV-1 strain, vaccinia virus, VSV; (e)
human cervixcarcinoma Henrietta Lacks (Hela) cells infected
with VSV, coxsackie B4 virus or RSV.

To perform the antiviral assays, the virus was added to
subconfluent cell cultures in 96-well plates, and at the same
time, the test compounds were added at serial dilutions.
Appropriate reference compounds were included, i.e. the
virus entry inhibitor dextran sulfate 5000, the broad antiviral
agent ribavirin, the antiherpetic drug ganciclovir, and the HIV
inhibitor azidothymidine. After 3-6 days incubation at 37°C
(or 35°C in the case of INF virus), the cultures were examined
by microscopy to score the compounds’ inhibitory effect on
virus-induced cytopathic effect or their cytotoxicity. For some
viruses, antiviral and cytotoxic activities were confirmed by the
colorimetric 3-(4,5-carboxymethoxyphenyl)-2-(4-sulfophenyD-
2H-tetrazolium cell viability assay.

RESULTS AND DISCUSSION

The key intermediate 2 was prepared from ethyl
(6-(4-chlorophenylimidazol2,1-blthiazol-3-yDacetate
hydrobromide (1) and hydrazine hydrate following the literature
method.® The synthetic route of the compounds is outlined
in Scheme 1. Condensation of 2 with appropriate aromatic
aldehyde afforded the corresponding N?-arylidene-(6-(4-
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chlorophenylimidazo(2,1-b]thiazol-3-yDacetic acid hydrazides
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Scheme 1. Synthesis of the title compounds (3a-j)

Compounds 3a-j were evaluated for in vitro antibacterial activity
against Staphylococcus aureus ATCC 29213, Pseudomonas
aeruginosa ATCC 27853 and Escherichia coli ATCC 25922 using
the microbroth dilution method?. As can be seen in Table 1,
3i (2,4-dichlorobenzylidene derivative) showed the highest
activity against S. aureus ATCC 29213 and E. coli ATCC 25922
(MIC: 2 ug/mL, 64 pg/mL, respectively).

Compounds 3a-j were evaluated against M. tuberculosis H, Rv
(ATCC 27294) inBACTEC 12B medium using abroth microdilution
assay, the MABA. The primary antituberculosis screening was
performed in accordance with the protocol of the Tuberculosis
Antimicrobial Acquisition and Coordinating Facility Southern
Research Institute®. Rifampin was used as the control drug
in the tests. Compounds demonstrating a percent inhibition of
bacterial growth of greater than or equal to 90% in the primary
screen were retested against M. tuberculosis H,;,Rv, to determine
the actual MIC in the MABA. The MIC was defined as the lowest
concentration effecting a reduction in fluorescence of 90%,
relative to controls. This value was determined from the dose-
response curve as the IC, using a curve fitting program. Any IC, |
value of <10 pg/mL was considered “Active” for antitubercular
activity. Compounds active in the initial screen were tested
for IC,, in Vero cells. Cytotoxicity was determined from the
dose-response curve as the IC, using a curve fitting program.
Concurrent with the determination of MICs, compounds were
tested for cytotoxicity in Vero cells at concentrations 10x the
MIC for M. tuberculosis H,,Rv. Most of the tested compounds
showed weakly antitubercular activity and cytotoxicities of the
compounds were found to be very high (Table 2).

The compounds (3a-j) were also evaluated against INF A/
HIN1 subtype (A/Ned/378/05), INF A/H3N2 subtype (A/
HK/7/87), INF B (B/Ned/537/05) in MDCK, FCoV, FHV in CRFK,
parainfluenza-3 virus, reovirus-1, sindbis virus, coxsackie B4
virus, punta toro virus in Vero, HSV-1 (KOS), HSV-2 (G), HSV-1

TK KOS ACV, vaccinia virus, VSV, in HEL and VSV, coxsackie
B4 virus and RSV in Hela cell cultures. As can be seen in
Table 3, the most active compound was R=2,4-dichloropheny!
substituted 3i. It inhibited FCoV with EC, of 7.5 uM. R=4-
hydroxypheny! substituted derivative 3¢, inhibited HSV-1 (KOS),
HSV-2 (G), HSV-1 TK KOS ACV, vaccinia virts and VSV with
EC,,of 9, 27, 32, 16 and 32 uM, respectively. R=3-methoxy-4-
hydroxyphenyl substituted 3g showed EC,, values of 20 and
14 uM for HSV-1 (KOS) and v virus, respectively (Table 4).
However, tested compounds (3a-j) didn't show any inhibition
against INF A/HIN1 subtype (A/Ned/378/05), INF A/H3N2
subtype (A/HK/7/87), INF B (B/Ned/537/05), parainfluenza-3

Table 1. Antibacterial activity of compounds 3a-j (MIC mg/mL)

Comp./ R A B (o
*microorg.

3a C6H5 128 28 128
3b C,H,(OH)X2-) »28 128 128
3c C,H,(OH)(4-) 128 128 »128
3d C,H,(OCH3)(4-) 64 128 128
3e C,H,(NO,)(4-) M28 28 128
3f CH,(N(CH,),)(4-) 128 28 128
3¢ C,H OCH)OH)X34-) 128 128  >128
3h C,H(OCH,),(2,5-) »28  >128 128
3i CH(CL)(2,4-) 32 28 64
3 5-nitro-2-furyl 128 128 128
Amikacin - 1 1 2

MIC: Minimum inhibitory concentrations, *A: Staphylococcus aureus ATCC 29213, B:
Pseudomonas aeruginosa ATCC 27853, C: Escherichia coli ATCC 25922

Table 2. Antimycobacterial activity screening results of 3a-j (MIC

mg/mL)

Compound  Assay IC,, (mg/mL) IC, (mg/mL) Activity

3a n.t. n.t. n.t. n.t.
3b MABA  >100 >100 Inactive
3c MABA  22.710 33.060 Weakly active

3d MABA 69170 >100 Weakly active
3e MABA  >100 >100 Inactive

3f MABA  >100 >100 Weakly active
3g MABA  20.670 36.860 Weakly active
3h MABA  44.720 >100 Weakly active
3i MABA  >100 >100 Inactive

3j MABA 616 14.390 Weakly active
Rifampicin 0125

MIC: Minimum inhibitory concentrations, MABA: Microplate Alamar Blue Assay, n.t.:
not tested
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virus, reovirus-1, sindbis virus, coxsackie B4 virus, punta toro
virts, VSV, coxsackie B4 virus and RSV strains (i.e. minimal
antivirally effective concentration =5-fold lower than minimal
cytotoxic concentration) (Table 5).

CONCLUSION

In this work, a series of arylidenehydrazide derivatives bearing
imidazol[2,1-blthiazole moiety was evaluated for antibacterial,
antitubercular and antiviral activities. The results showed that
some compounds exhibited antibacterial, antimycobacterial
and antiviral activities with different percentage of inhibition.
Therefore, we have identified a novel series of imidazo[2,1-b]
thiazoles, which may develop into the potential class of
antibacterial, anti-tubercular and antiviral agents.
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Table 3. Anti-feline corona virus and anti-feline herpes virus

activity and cytotoxicity of the compounds 3a-j in Crandell-Rees
Feline Kidney cell cultures

Compound CC,,* (uM) EC.,> (uM)

FCoV FHV
3a 100 >100 100
3b 50.6 »20 »20
3c 207 20 >20
3d 100 100 100
3e 4.4 4 >4
3f 50.8 »20 »20
3g 245 »20 >20
3h »100 »100 »100
3i 100 75 54.8
3 97 4 >4
HHA (pg/mL) 100 5.3 8.8
UDA (pg/mL) 3100 17.7 129
Ganciclovir (uM) 3100 >100 3.6

FCoV: Feline corona virlds, FHV: Feline herpes virtus, HHA: Hippeastrum hybrid
agglutinin, UDA: Urtica dioica agglutinin, MTS: 3-(4,5-dimethylthiazol-2-yD)-
5(3-carboxymethonyphenol)-2-(4-sulfopheny)-2H-Tetrazolium, °50%  cytotoxic
concentration, as determined by measuring the cell viability with the colorimetric,
formazan-based MTS assay, °50% effective concentration, or concentration
producing 50% inhibition of virus-induced, cytopathic effect, as determined by
measuring e cell viability with the colorimetricformazan-based MTS assay

Table 4. Antiviral activity and cytotoxicity of the compounds 3a-j in human embryonic lung cell cultures

EC,.? (1M)
Compound Mcc
(M) Herpes simplex virus-1 Herpes simplex Herpes simplex virus-1 Vaccinia virus Vesicular stomatitis

(KOS) virus-2 (G) TK KOS ACV' virus
3a >100 >100 >100 >100 >100 >100
3b >100 >100 >100 >100 >100 >100
3c =100 9 27 32 16 32
3d 100 >20 >20 >20 20 >20
3e >100 >100 >100 >100 >100 >100
3f >100 >100 >100 >100 >100 >100
3g 500 20 >100 >100 14 >100
3h 100 >20 >20 >20 >20 >20
3i 100 >20 >20 >20 >20 >20
3 >100 »100 »100 >100 >100 >100
Brivudin >250 0.05 199 10 10 >250
Ribavirin >250 2 2 2 10 >250
Cidofovir >250 0.7 11 35 >250 >250
Ganciclovir >100 0.03 0.03 0.1 >100 >100

2Required to cause a microscopically detectable alteration of normal cell morphology, ®Required to reduce virus-induced cytopathogenicity by 50%
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Table 5. Antiviral activity and cytotoxicity of the compounds 3a-j in Vero cell cultures

EC,,° (uM)

Compound MCcC=

() Parainfluenza-3 virus Reovirus-1 Sindbis virus Coxsackie virus B4 Punta Toro virus
3a >100 >100 >100 >100 >100 >100
3b 100 >20 >20 >20 >20 >20
3c 20 >4 >4 >4 >4 >4
3d >100 >100 >100 >100 >100 >100
3e 20 >4 >4 >4 >4 >4
3f >100 >100 >100 >100 >100 >100
3g 40 8 8 >8 >8 >8
3h 100 >20 >20 >20 >20 >20
3i 220 >20 >20 >20 >20 >20
3j 100 >20 >20 >20 >20 >20
DS-5000 (uM) >100 >100 >100 15 >100 20
(8)-DHPA (uM) >250 >250 >250 >250 >250 >250
Ribavirin (uM) >250 29 146 >250 >250 112

*Required to cause a microscopically detectable alteration of normal cell morphology, ®Required to reduce virus-induced cytopathogenicity by 50%

Conflict of Interest: No conflict of interest was declared by the
authors.
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Activation of Two Different Drugs Used in
Alzheimer’s Disease Treatment on Human
Carbonic Anhydrase Isozymes | and Il Activity: an
In Vitro Study

Alzheimer Hastaliginin Tedavisinde Kullanilan ki Farkli llacin insan
Karbonik Anhidraz | ve Il izoenzim Aktiviteleri Uzerindeki Aktivasyonu:
In Vitro Calisma

Esra DILEK

Erzincan University, Faculty of Pharmacy, Department of Biochemistry, Erzincan, Turkey

ABSTRACT

Objectives: Human carbonic anhydrase | and Il (hCAl, I) isoenzymes were purified from human erythrocyte. Kinetic interactions between the
enzymes and memantine and donepezil, two different drugs used in Alzheimer’s disease (AD) treatment, were investigated.

Materials and Methods: The purification procedure was composed of preparation of homogenate (or hemolysate) and affinity chromatography on
Sepharose 4B-L-tyrosine-sulfanilamide.

Results: Both drug exhibited in vitro activator effects on hCAl and Il enzymes activity. Strong activations were found for these compounds: The CA
values of memantine and donepezil against hCAl were 0.013uM and 1.8 pM, respectively. The K, values of memantine and donepezil against hCAll
were 0.045uM and 3.7 pM, respectively.

Conclusion: Since the levels of CA isoenzymes are low in patients with AD or in the older population, increasing activities of these isoenzymes are
important for these patients. The effect of these drugs used in AD treatment was thought to be caused by positive changes in the levels of carbonic
anhydrase isoenzymes.

Key words: Human CAl, human CAll, enzyme activation, memantine, donepezil

(OZ |

Amag: insan karbonik anhidraz | ve Il (hCAl ve II) izoenzimleri insan eritrositlerinden saflastirildi. Alzheimer hastaliginin (AH) tedavisinde kullanilan
memantin ve donepezil ilaglarinin bu enzimlerle olan kinetik etkilesimleri incelendi.

Gereg ve Yontemler: Saflastirma prosedurl homojenat (ya da hemolizat) hazirlama ve Sefaroz-4B-L-tirozin-silfonamid afinite kromotografisi
yonteminden olusmaktadir.

Bulgular: Her iki ilag da CAl ve Il izoenzim aktiviteleri Gzerinde in vitro aktivator etkisi gdsterdi. Bu bilesikler igin gliglu aktivasyon degerleri elde
edildi: hCAl izoenzimine karsi memantin ve donepezil igin CA degerleri sirasiyla 0.013puM ve 1.8 pM. hCAll izoenzimine karsi memantin ve donepezil
icin K, degerleri sirasiyla 0.045uM and 3.7 uM.

Sonug: AH ve yasli nifusta CA izoenzim seviyeleri duslk oldugu igin, bu hastalarda bu izoenzimlerin aktivitelerinin artmasi 6nem arz etmektedir.
Bahsi gegen bu iki ilacin AH tedavisindeki etkisini CA izoenzimleri seviyesinde yapmis oldugu pozitif artis ile gostermis oldugu dustntlmustur.
Anahtar kelimeler: insan CAl, insan CAll, enzim aktivasyonu, memantin, donepezil
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INTRODUCTION

Carbonic anhydrases (CA) (CA, EC 4.2.1.1) are belong to family of
metalloenzyme and have 16 isoforms in mammals. They catalyze
from the reversible hydration of CO, to the bicarbonate ion and
protons and are expressed as pH regulatory enzyme in most
tissues especially in erythrocytes® Many such CA isozymes
which make these processes are important therapeutic targets
with the potential to be inhibited/activated for the treatment
of diseases such as glaucoma, edema, obesity, osteoporosis,
epilepsy and cancer.?® Activation of several these isoenzymes
was reported to be a possible therapy for increasing of synaptic
efficacy. This increase might represent the new approach for
the treatment of Alzheimer's disease (AD). At the same time, it
may ensure to improvement aging, spatial learning and memory
therapy.’

AD is characterized clinically as a progressive dementia.
The neurobiological mechanisms influencing the progressive
impairments in memory and intellectual performance that
are the hallmarks of AD are not well understood. In addition,
the levels of several CA isozymes, including human carbonic
anhydrase (hCAD, are diminished in patients affected by AD or
in the older population.©

Several classes of CA activators are known. One of them
is histamine. Histamine is an organic compound including
nitrogen and both mediates local immune responses and acts
as a neurotransmitter. It was reported to increase the activity of
CA and to attend the proton shuttling process." Function of CA
activators is to bind at the entrance of the enzyme active site,
at the same time to ease the proton transfer processes between
active site and solvent system. Histidine, phenylalanine,
sildenafil citrate have been shown to be potential activators
of different CA isozymes. D-3,4-dihydroxyphenylalanine;
dextrodopa (D-DOPA), L-Tyr, and 4-amino-L-Phe act as
perfect activators for CAs like the histamine. But LHis, L-Trp,
L-Adrenaline, and dopamine have been demonstrated weak
activating effects for different CAs.2'?15

Generally it is known that activators bind to different site from
the inhibitors within the enzyme active cavity."® Also, they
participate in facilitated the proton transfer processes between
active site and solvent system, shuttling protons with groups
which have an appropriate pKa such as the carboxylate groups.”

Memantine is an antagonist of N-methyl-D-aspartate glutamate
receptors as uncompetitively. It is proposed to treat of patients
with moderate to severe AD. Additionally, benefits of memantine
in AD are reported.®” Memantine was chosen because of its
similarity to histamine which is activator of CA isoenzymes
(Figure 1). Both compounds have -NH, group. Donepezil is a
drug used in the palliative treatment of AD. It is approved for
treatment in patients with mild to moderate AD.20?'

In light of the above information, we thought that these drugs
could activate hCAl and Il isoenzymes. We have purified hCAI
and hCAIl from human erythrocytes and analyzed the in vitro
effects of these drugs memantine (1) and donepezil (2) on these
isoenzymes. We used the esterase activity of hCAl and hCAlIl

and 4-nitrophenyl acetate (NPA) as substrate. We are justified
in our opinion. Because we found that memantine (1) and
donepezil (2) are a potent activator of hCAl and hCAll.

RESULTS AND DISCUSSION

CA purification, assay and activation

We used a simple one step method which is the Sepharose-
4B-L-tyrosine-sulfanilamide affinity chromatography for the
purification of the two CA isozymes.??? These isozymes
have important roles in different tissues.?? In many studies,
they have been purified from different tissues. Theirs activity
have been investigated with various chemicals, pesticides
and drugs.?22330-3% |n this study, activities of purified hCAI and
hCAIl isoenzymes from human erythrocytes were determined
by using the esterase activity method. And we used NPA as
substrate as previous study.®

Activator effects of these drugs memantine (1) and donepezil
(2) on enzyme activities were tested under in vitro conditions.
%Activity / (drug concentration) curves was drawn (Figure 2,
3) and they was used at determination of activation constant
(K)) values of the drugs for CAl and Il isoenzymes. The K,
values of memantine against hCAI was found to be 0.013uM
which whereas that of donepezil was of 1.8 uM. The K, values
of memantine against hCAIl were found to be 0.045 M whereas
that of donepezil was of 3.7 uM (Table 1.

Histamine (3) which taken as the reference compound have

Figure 1. Chemical structures of memantine (1), donepezil (2) and histamine
3)
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Figure 2. %Activity / (drug concentration) curves was used at determination
of K, values of the drugs for CAl isoenzyme
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the K, values against hCAIl and hCAIl of 2 uM, and 125uM,
respectively, being a highly potent activator against both the
isoforms (Table 1).*" The best activator of hCAl is memantine
with respective K, of 0.013 uM. Likewise, the best activator of
hCAIl is memantine with respective K, of 0.045 uM. Donepezil
activated hCAIl almost the same rate compared with histamine.
But it activated hCAIl more activated than histamine (Table 1.
As shown in Figure 1, memantine has bicyclic structure. Other
structures are planar. Memantine has been easily interacted
with the amino acids in active site of CA isoenzymes and these
isoenzymes have been more active.

Memantine and donepezil acted as perfect activators for CAl
and Il isoenzymes like LHis, L-Adrenaline, D-DOPA, L-Tyr, and
4-amino-L-Phe. But these two isoenzymes more activated than
L-Trp and dopamine have been demonstrated weak activating
effects for different CAs.2121°

We reported here the first study on the activator effects of these
drugs memantine (1) and donepezil (2) on the hCA esterase
activity. The structures of active substances were shown in
Figure 1. Consequently, memantine and donepezil are much
more potent compared with histamine. These compounds may
be used as leads for developing novel activators. This study
will contribute to understand the relationship between CA
isoenzymes and AD. Also, it will provide important information
for the diagnosis of AD and its treatment.

EXPERIMENTAL

Chemicals

Sepharose-4B, protein assay reagents, 4-nitrophenylacetate
and chemicals for electrophoresis were purchased from
Sigma-Aldrich Co. All other chemicals were analytical grade
and obtained from Merck.

Furification of carbonic anhydrase

Erythrocytes suspension was obtained from the Blood Center
of the Research Hospital at Erzincan University. The red cells
were washed twice with 0.9% NaCl, and hemolyzed with 1.5
volumes of ice-cold water. The ghost and intact cells were
removed by centrifugation at 3100 g for 30 min at 4°C. The pH of
the hemolysate was adjusted to 8.7 with a solid Tris base, and
applied to the prepared Sepharose 4B-L-tyrosine-sulfonamide
affinity column equilibrated with 25 mM Tris-HC|/22 mM Na,SO,
(pH 8.7).222° The hCAIl and hCAIl isozymes were eluted with 1
M NaCl/25 mM Na,HPO, (pH 6.3) and 0.1 M CH,COONa/0.5 M
NaClO, (pH 5.6), respectively. The absorbance of the protein in

Table 1. Activation constants of hCA isozymes |, and Il with

memantine, donepezil and histamine

K, (uM)
Compound

hCAI hCAIl
Memantine 0.013 0.045
Donepezil 1.8 3.7
Histamine 2 125

K,: Activation constant, hCA: Human carbonic anhydrase

the column effluents was determined spectrophotometrically at
280 nm 222336

CA activation assay

CA activity was assayed by following the change in absorbance
at 348 nm of NPA to 4-nitrophenylate ion over a period of 3
min at 25°C using a spectrophotometer (Shimadzu UV-VIS)
according to the method described by Verpoorte et al.® A
reference measurement was obtained by preparing the same
cuvette without enzyme solution.®® The activation effects of
memantine and donepezil were examined. Different activator
concentrations were used. Stock solutions of activators (10
mM) were prepared in distilled-deionized water and dilutions up
to 0.1-0.9 uM were done thereafter with the assay buffer. Then,
%Activity / (drug concentration) curves was drawn (Figure 2,
3) and they was used at determination of K, values of the drugs
for CA | and Il isoenzymes.

The K, is defined similarly like the inhibition constant (K). It
is obtained with the help of the classical Michaelis-Menten
equation as shown below:

KM
[A] }
[s] (1+ —
( K

A

v=v_/{1+

[Al,is the free concentration of activator and can be represented
in the form of the total concentration of the enzyme ([E]) and
activator ([A]). Because we work at substrate concentrations
considerably lower than K|, ([S] < K ), the obtained competitive
steady-state equation for determining the activation constant is
given by the following equation:

v=v_K,/{K+Al}
-0.5{(A], + [E] + K,) - ([A] +[E] + K,)2 - 4[Al.. [E])1/2}}

v, represents the initial velocity of the enzyme-catalyzed
reaction without activator.'22527

Protein determination

We determined amount of protein during the purification
steps according to the Bradford method. We measure it
spectrophotometrically at 595 nm, using bovine serum albumin
as the standard.®4%-4 We have used ten tubes with different
concentrations of albumin as shown in Figure 2. Then we
mixed them with the Bradford reagent (Coomassie Brilliant
Blue G-250) and measured the absorbance at 595 nm. Our
unknown sample concentration was defined as pg/ulL according
to standard curve in Figure 4.

CONCLUSION

The K, values of memantine against hCAl was found to be
0.013uM which whereas that of donepezil was of 1.8 uM. The K
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Figure 4. Protein standard curve displaying with just ug of protein at 595 nm

values of memantine against hCAIll were found to be 0.045uM
whereas that of donepezil was of 3.7 uM (Table 1).

We used the histamine as the reference compound. It has the K,
values against hCAl and hCAll of 2 uM, and 125 uM, respectively.
For two isoenzymes were reported that it is a highly potent
activator.™” It was reported that histamine attends the proton
shuttling process and increases the activity of CA?

Activation of these isoenzymes can be a potential target for
drug development because of the physiological relevance
of CAs.2 CA activators may be designed as a derivative for
increasing of synaptic efficacy.’” The pharmacological effects
of memantine and donepezil not yet been developed clinically
for hCA | and hCA Il isoenzymes. Thus, in the near future, the
novel therapeutic applications will make for enzyme activators.

Conflict of Interest: No conflict of interest was declared by the
author.
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ABSTRACT N

Objectives: The remarkable properties of hard magnetic cobalt ferrite nanoparticles (CoFe,0,-NPs) and their physicochemical stability lead to
various applications in different industrial and medical fields. Although CoFe,0,-NPs have been reported to cause toxic effects, there is a serious
lack of information concerning their effects on the kidneys. In this study, it was aimed to investigate the toxic effects of CoFe,0,-NPs on NRK-52E
kidney cells.

Materials and Methods: The particle characterisation and cellular uptake were determined using transmission electron microscopy, dynamic light
scattering and inductively coupled plasma-mass spectrometry. Then, the cytotoxicity was evaluated by MTT and neutral red uptake assays, the
genotoxicity by comet assay, and the apoptotic potentials by Annexin V-FITC apoptosis detection assay with propidium iodide.

Results: After 24 h exposure to CoFe,0,-NPs (39£17 nm), it was observed they did not affect the cell viability at concentration ranging from 100 to
1000 pg/mL, but significantly induced DNA damage at concentration <100 ug/mL. No apoptotic or necrotic effect was observed in the exposed cells.
Conclusion: According to the results obtained, CoFe,0,-NPs are promising for safe use in various applications. However, further in vivo studies are
needed to fully understand their mechanisms of action.

Key words: DNA damage, cell death, apoptosis, cobalt ferrite nanoparticle

(OZ |

Amag: Sert manyetik kobalt ferrit nanopartikillerinin (CoFe,0,-NP) dikkate deger &zellikleri ve fizikokimyasal kararliliklari farkli endustri
ve tip alanlarinda gesitli uygulamalarda kullanilmalarina yol agmaktadir. CoFe,0,-NP’lerin bazi toksik etkilere neden oldugu bildirilmis olsa da
bobrek tzerindeki etkileri hakkinda ciddi bilgi eksikligi vardir. Bu calismada, CoFe,O,-NPs'lerinin NRK-52E bobrek hiicreleri tzerine toksik etki
potansiyellerinin arastirilmasi amaglanmigtir.

Gereg ve Yontemler: Partikil karakterizasyonu ve hicresel alim transmisyon elektron mikroskopu, dinamik isik sagilma teknigi ve induktif
eslestirilmis plazma-kutle spektrometrisi ile gergeklestirildi. Sonra, sitotoksisite MTT ve nétral kirmizi alim testi, genotoksisite comet teknigi ve
apoptotik potansiyel propidyum iyodurld Annexin V-FITC apoptoz tayini ile degerlendirildi.

Bulgular: CoFe,0,-NP’lere (3917 nm) 100-1000 ug/mL arasinda degisen konsantrasyonlarda 24 saat stire ile maruz birakilan bébrek htcrelerinde
hiicre canliiginin etkilenmedigi, ancak <100 pg/mL'de dnemli dlgtide DNA hasari meydana geldigi gézlenmistir. Maruz kalan hiicrelerde apoptotik
veya nekrotik etki gozlenmedi.

Sonug: Elde edilen sonuglara gore, CoFe,0,-NP'ler gesitli uygulamalarda giivenli kullanimi vaat etmektedir. Bununla birlikte, etki mekanizmalarinin
tam olarak anlasilabilmesi igin in vivo galismalara ihtiyag vardir.

Anahtar kelimeler: DNA hasari, hiicre 6lum, apoptoz, kobalt ferrit nanopartikuld
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INTRODUCTION

Today nanoparticles are important issue of concern with their
widely application in industrial and medical sectors because
of their special properties, which cause dramatic increases in
intentional and inadvertent oral, dermal and inhalational human
exposure. Also, nanoparticles can found as contaminant in
water, air, and bulky materials as a result of the natural incident
such as volcanic eruptions.? Research database provides that
nanoparticles could cause DNA damage, cell death, oxidative
stress and change cell function and morphology in vitro,
damages and changes in liver, kidney, gastrointestinal and
neuronal systems in vivo.>*

The exceptional features of cobalt based nanoparticles
motivate their uses in different technologies like sensors,
catalysts, pigments, and magnetism and energy storage
devices.>® Because of the high physicochemical stability of
cobalt ferrite nanoparticles (CoFe,0,-NPs), researchers also
focus on using as drug carriers, anticancer treatment, and
as magnetic resonance imaging contrast enhancement.”
However, some researchers have shown that CoFe,0,-NPs
could cause oxidative damage, cell death and inflammatory
responses in exposed mice, guinea pigs, zebrafish and human
cell lines.®™ Therewith, both in vitro and in vivo studies should
be gradually carried out to get comprehensive toxicity profiles
of nanoparticles to predict their effects on human. There is no
study evaluating the effects of CoFe,O,-NPs or any other cobalt
based nanoparticle on kidney. Therefore, we aimed to evaluate
the toxic effects of CoFe,0,-NPs on kidney (NRK-52E) cells by
in vitro assays.

MATERIALS AND METHODS

CoFe,0,-NPs (CAT. No: 773352), neutral red dye and MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium
bromide) were obtained from Sigma Chemical Co. Ltd. (St. Louis,
MO, USA). Dulbecco’'s modified eagle medium (DMEM F-12),
fetal bovine serum (FBS), phosphate buffered saline (PBS) and
antibiotic solutions from Multicell Wisent (Quebec, Canada);
Annexin V-FITC apoptosis detection kit with propidium iodide
(P from Biolegend (San Diego, CA, USA); the other chemicals
from Merck (NJ, USA) were purchased.

To particle size and distribution characterization, CoFe,0,-
NPs were suspended in Milli-Q water and cell culture medium
with 10% FBS, and measured by transmission electron
microscopy (TEM) (Jem-2100 HR, JEOL, USA).>" The average
hydrodynamic size of CoFe,0,-NPs in cell culture medium was
determined by dynamic light scattering (DLS) (ZetaSizer Nano-
ZS, Malvern Instruments, Malvern, UK). One mg CoFe,0,-NPs
was dispersed in cell culture medium, and then the suspension
was sonicated at room temperature for 15 min at 40 W. Ten
pL of the suspension were diluted with cell culture medium to
reach final concentration 10 pg/mL, and sonicated for further 5
min. Then, DLS experiments performed.

NRK-52E rat kidney proximal tubular epithelial cells (CRL-
1571) were obtained from American Type Culture Collection
(Rockville, MD, USA). The cells were incubated in DMEM-12

medium supplemented with FBS (%10) and 100 U/mL antibiotic
solution at 5% CO,, 90% humidity and 37°C for 24 h. The cell
densities were from 1x10* to 1x10¢ cells/mL. CoFe,O,-NPs were
freshly suspended at 1 mg/mL concentration in cell culture
medium with 10% FBS and sonicated at room temperature
for 15 min to avoid the aggregation/agglomeration of the
nanoparticles before exposure>® The exposure times to the
particle suspensions were 24 h.

The cellular uptake of nanoparticle was evaluated with
inductively coupled plasma-mass spectrometry (ICP-MS)
(Thermo Elemental X series 2, USA). After exposure to 200
ug/mL of nanoparticles, the cells were washed several times
with equal volumes of PBS and counted by Luna cell counter
(Virginia, USA)®¢ The acid-digested samples were assayed for
Co amount with ICP-MS. Also, Co content of the untreated cells
for every cell line was measured.

The cytotoxic potentials of CoFe,0,-NPs were determined
by MTT and neutral red uptake (NRU) assay based on
different cellular mechanisms.5¢18® The cell exposed final
concentrations of 0-1000 pg/mL. Optical density was read at 590
and 540 nm for MTT and NRU, respectively, using a microplate
spectrophotometer system (Epoch, Germany). In every assay,
the untreated cells were evaluated as negative control. It was
calculated the inhibition of enzyme activity observed in cells
compared with untreated (negative control) cells. Results were
expressed as ratio of negative control.

The genotoxic potentials of CoFe,0,-NPs were determined by
comet assay.®2%2 The cell exposed final concentrations of 0.1-
100 pg/mL. Hydrogen peroxide (H,0,) (100 pM) and PBS were
used as positive and negative controls, respectively. Briefly, the
cells were layered on microscope slides coated with agarose
gel. The slides were incubated for 1 h at 4°C in lysis solution
(2.5 M NaCl, 100 mM EDTA, and 10 mM tris-HCl, pH 10), added
with 10% DMSO and 1% triton X-100. Then, DNA was unwinded
for 20 min in cold-fresh electrophoresis buffer (0.3 M NaOH, 1
mM EDTA, pH 13) at 4°C and electrophoresis was performed at
4°C for 20 min (20 V / 300 mA). After electrophoresis, slides
were neutralized with 0.4 M tris-HCl buffer (pH 7.5) 3 times
for 5 min. The number of DNA breaks were scored under a
fluorescent microscope (Olympus BX53, Olympus, Tokyo,
Japan) at 400 magnification using an automated image analysis
system (Comet Assay IV, Perceptive Instruments, Suffolk, UK).
DNA damage to individual cells was expressed as a percentage
of DNA in the comet tail (tail intensity %).

Annexin V-FITC apoptosis detection kit with Pl was used to
evaluate the cellular apoptosis or necrosis.®"® In every assay,
negative controls and blank were evaluated. The cell exposed
final concentrations of 0.1-100 pug/mL. The apoptotic or necrotic
cells, distributed on the slides, were immediately counted
at 400 magnification under a phase-contrast fluorescent
microscope (Olympus BX53, Olympus, Tokyo, Japan). Results
were expressed as percent of the total cell amount.

All experiments were done in triplicates and each assay as

repeated four times. Data (n=12) was expressed as mean =
standard deviation. The significance of differences between
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the untreated and treated cells with the nanoparticles was
calculated by one-way ANOVA Dunnett t-test using SPSS
version 17.0 for Windows (SPSS Inc., Chicago, IL). p values of
less than 0.05 were selected as the levels of significance.

RESULTS

The aim of this study is to evaluate the toxicity profiles of
CoFe,0,-NPs in NRK-52E kidney cells that could simulate
specific target organ or system affected by occupational and
environmental exposure to nanoparticles.

According to TEM images, the average size of CoFe,0,-NPs
was 3917 nm with narrow size distribution after dispersing in
water (Figure 1). The nanoparticles slightly agglomerated and/
or aggregated after dispersing in the culture medium, and their
average sizes (range) increased to 101.5 nm (32.6 to 157.1 nm).
The average hydrodynamic size of CoFe,O,-NPs was evaluated
by DLS technique. The nanoparticle size was 183.6 nm (ranging
from 5.6-342.1 nm), and 52% of the particles had a size lower
than 33.6 nm. In addition, the cellular uptake of CoFe,O,-
NPs was evaluated using ICP-MS. Results confirmed that
nanoparticles were taken into the cells. Cobalt concentration
was 8.3 pg/mL/10° cell compared to the negative control.

In the evaluation of their cytotoxic potential, it was shown that
CoFe,0,-NPs did not decrease the cell viability at concentration
<1000 pg/mL (Figure 2). Annexin V-FTIC apoptosis detection
assay with Pl was used to assess the cell death pathway. The
maximum levels of apoptotic and necrotic induction were 4.02
and 2.25 fold, respectively. The induction level was statistically
significant at 100 pg/mL. Our results showed that apoptosis
could be the main cell death pathway in kidney NRK-52E cells
exposed to CoFe,0,-NPs (Figure 3).
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Figure 1. By transmission electron microscopy, the images and a) size
distributions of CoFe,0,-NPs in water and b) cell culture medium

As to Comet assay results, CoFe,0,-NPs could be genotoxic
because it was observed anincrease intailintensity, and induced
DNA damage. The increase in DNA damage was significant in
the range of 10-100 pg/mL, and occurred in a concentration-
dependent manner (p<0.05). At the highest concentration of
CoFe,0,-NPs (100 pg/mL), the tail intensity was approximately
1.7-fold of the negative control. In the positive controls (100 uM
H,0,), the tail intensity was 16.9 (Figure 4).

DISCUSSION

CoFe,0,-NPs toxicity still controversial since the previous
studies have contrary estimations. Horev-Azaria et al®
investigated the in vitro toxicological effects of CoFe,0,-NPs
on lung (A549 and NCIH441), liver (HepG2), kidney (MDCK),
intestine (Caco-2 TCT7), and lymphoblast (TK6) cells in the
concentration range of 11.7-281.5 mg/mL. They reported that
CoFe,0,-NPs produced no toxic effects in all cell types at <46.9
mg/mL. In that study, a significant decrease in viability was
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Figure 2. Effects of CoFe,0,-NPs on cell viability as assayed by MTT and NRU

All experiments were done in triplicates and each assay was repeated four
times, The results are expressed as mean
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Figure 3. Evaluation of the apoptosis- and necrosis-inducing potentials
of CoFe,0,-NPs as assayed by Annexin V-FTIC apoptosis detection assay
with propidium iodide, Results are presented as percentage of the total
cell amount, All experiments were done in triplicates and each assay was
repeated four times, The results are presented as meanzstandard deviation,
*T<0.05 were selected as the levels of significance by one-way ANOVA
Dunnett t-test




172 ABUDAYYAK et al. Safety of Cobalt Ferrite Nanoparticles on Kidney

14
12

10

] 01 10 100

Concentration (ug/mL)

B

Cell death propotion (%)
[ Y]

HWNecrosis M Apoptosis

Figure 4. Evaluation of DNA damage potentials of CoFe,O,-NPs as assayed
by comet assay

All experiments were done in triplicates and each assay was repeated four
times, The results are presented as mean tail intensity (%) with +standard
deviation, NC and PC mean negative and positive controls, respectively,
*p<0.05 were selected as the levels of significance by one-way ANOVA
Dunnett t-test

observed in NCIH441, HepG2, MDCK, and Caco-2 TC7 cells after
72 h, while there was no cytotoxic effect on A549 and TKé cells
even after 24 h of exposure.

Marmorato et al.? reported CoFe,O, caused interference with
lipid metabolism in Balb/3T3 cells depending on concentration.
In another study, CoFe,0,-NPs were observed to have a weakly
embryotoxic effect with an IC_; value of 243.91 and 20.05 mg/
mL in mouse 3T3 fibroblast and D3 embryonic stem cell lines,
respectively.® Human glioblastoma-astrocytoma (U87MG) cells
were observed to have peculiar features including a white
corona around the nucleus and other morphological changes
after exposure to CoFe,0,-NPs at 58 and 235 mg/mL for 24
h. They suggested CoFe,0,-NPs caused cellular stress, and
indicated the vesicles appeared to be lipid droplet organelles.”

The genotoxicity of CoFe,0,-NPs was evaluated by studying
the interaction with Salmon sperm DNA.2® |t was reported the
interaction between CoFe,O,-NPs and nucleic acid occurred,
and the linkage was based on a coordination interaction of the
phosphate groups and the oxygen atoms on the heterocyclic
bases of DNA with metal ions on the particle surface.
Also, Ahmad et al!® pointed out the genotoxicity of CoFe,0,-
NPs. Similarly, Colognato et al.®® reported the induction of
genotoxicity in human peripheral lymphocytes exposed those
CoFe,0,-NPs.

CONCLUSION

In conclusion; CoFe,0,-NPs did not show cytotoxic potentials
on the kidney cells, whereas only their highest concentration
induced DNA damage. The intensity of toxicological effects
of nanoparticles could be varied among different cell lines. In
light of the results and previous researches, low but effective
concentrations of CoFe,O,-NPs could be evaluated to be used
safely in biomedicine, electronic, magneto-optic, sensor, data
storage, catalysis and microwave applications. However, in vivo
studies should be carried out to fully understand the mechanism
of CoFe,0,-NPs toxicity.
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ABSTRACT

Objectives: To synthesize and characterize 4-(substituted benzylidene)-2-(substituted phenyloxazol-5(4H)-one derivatives (E1-E10), and evaluate
them for antioxidant activity.

Materials and Methods: Required oxazole-5(4H)-one derivatives were synthesized in two steps to obtain novel hippuric acid derivatives (7-13);
glycine and acylated appropriate benzoic acid derivatives were used and then, final compounds were obtained with condensation of 7-13 with
appropriate benzaldehydes (E1-E10). These products were purified by column chromatography using ethyl acetate/n-hexane as eluent. All the
compounds were unequivocally characterized using the combination of 'H and C-nuclear magnetic resonance, mass spectrometry (ESI-MS),
and elemental analysis. The inhibition of lipid peroxidation and its effects on hepatic cytochrome P450-dependent ethoxyresorufin-O-deethylase
(EROD) enzyme were determined in rats in vitro.

Results: The most active analogue on the microsomal EROD activity was E3 which inhibited the microsomal EROD activity (89%) and was similarly
better than that of the specific inhibitor caffeine (85%) at 10-3 M concentration.

Conclusion: The findings of this study indicate that the synthesized compounds, such as E3, display significant antioxidant activity.

Key words: Oxazolidinones, synthesis, antioxidant activity, lipid peroxidation, EROD activity

s

Amag: Bu calisma, 4-(substitie benziliden)-2-(stbstittiefeniloksazol-5(4H)-on (E1-E10) tirevlerini sentezlemek, yapilarini aydinlatmak ve
antioksidan etkilerini arastirmaktir.

Gereg ve Yontemler: Oksazol-5(4H)-on turevleri iki yolak ile sentezlenmistir. Yeni hippurik asit turevlerini (7-13) elde etmek igin, glisin ve agillenmis
uygun benzoik asitler kullanildi ve bu bilesiklerin (7-13) uygun benzaldehitler ile kondensasyon reaksiyonu ile de sonug Uriinlere (E1-E10) ulasilmistir.
Bu driinler etil asetat/n-hekzan solvan sistemi kullanilarak kolon kromatografisi ile temizlenmistir. Tim bilesikler igin 'H and *C-niikleer manyetik
rezonans, mass spektrometresi (ESI-MS), elemental analiz yontemleri kullanilarak yapilari tanimlanmistir. Lipid peroksidasyon inhibisyonu ve
karaciger sitokrom P450 bagimli Etoksirezorfin-O-deetilaz (EROD) enzimi tzerindeki etkileri siganlarda in vitro olarak tespit edildi.

Bulgular: Mikrozomal EROD aktivitesi izerinde en aktif analog, EROD aktvitesini %89 ile inhibe eden E3'tlr, benzer sekilde 10-3 M konsantrasyonda
spesifik inhibitor kafeinden (%85) daha iyi idi.

Sonug: Bu calismanin bulgulari, E3 gibi sentezlenen bilesiklerin, énemli antioksidan aktivite sergiledigini gostermektedir.

Anahtar kelimeler: Oksazolidinonlar, sentez, antioksidan aktivite, lipid peroksidasyon, EROD aktivite
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INTRODUCTION

Oxazolone ring is an important scaffold in the area of drug
discovery. Oxazolone and its derivatives make a prominent
structure of number of well established marketed drugs such as
rilmenidine, furazolidone, nifurantoin, oxaprozin, and especially
linezolid, which is an active against methicillin-resistant
Staphylococcus aureus. Indeed, oxazolone based derivatives
have shown diverse biological and pharmacological applications
such as anticancer'?, antibacterial®, antimycobacterial against
tuberculosis® and antioxidant>® activity.

Free radicals, such as hydroxyl, superoxide anion (O,), nitric
oxide (NO) and peroxide ion (RO,), reactive oxygen species, are
involved in different physiological processes. Antioxidants can
act as direct scavengers of free radicals and reactive oxygen
species, or they can indirectly metabolize free radicals or their
intermediates into harmless products. Oxidative damage to
DNA and other macromolecules appears to have a major role
in aging, degenerative diseases and cancer.”"® Due to oxidative
cellular damage, development of cancers, cardiovascular
diseases and ageing increase in the world. Antioxidant agents
are able to either prevent or mitigate oxidative stress to cells
that is an important area of investigation.

In light of the foregoing, novel oxazole-5(4H)-one derivatives
were synthesized and evaluated their antioxidant activity.
Molecular structure of designed compounds (E1-E10) is shown
in Figure 1.

Figure 1. Molecular structure of designed compounds (E1-E10)
R=-H, 4-F, 4-CH,, 4-NO,, 4-Cl|, 4-OCH,, 4-Ph
X=-H, 2,4-di-F, 2,4-di-CH,, 4-Cl

In this study, firstly some of hippuric acid derivatives (7-13)
were synthesized according to the literature. The synthetic
route for hippuric acid derivatives (7-13) is displayed in
Scheme 1.

In the second step, cyclization reactions of hippuric acide
derivatives with corresponding benzaldehydes afforded the
target compounds (E1-E10), which are analogs of 4-(substituted
benzylidene)-2-(substituted phenyl) oxazol-5(4H)-on,
synthesized Among the synthesized
compounds, 9 out of 10 were original except, E1. Compound E1
was synthesized with one step reaction using hyppuric acid as
starting material 6"

were
(see Scheme 2).

S50CL/4h —_—
COOH
S / S Ohir 5 cocl
RN reflux at 90 °C R/\ /
1-6
R 1) Glycine + 0.5 N NaOH
1) 4-F, 2) 4-Cll; 2) 2N HCI

3) 4NO,,  4) 4-C1
5) 4-0CH;, 6) 4-Ph

X/ WY

0
7-13

R mp"C  Literature
T -H 188 Commereial
8) 4F 163-165 |11
9) 4-CH, 184 [12]
10) 4-NO, 133-135 [11]
11) 4-Cl 176 [13]
12) 4-OCTI; 145-149 [14]
13) 4-Ph 218-219 [15]

Scheme 1. Synthesis of hippuric acide derivatives (7-13)

reflux at 90-100°C,
4 hours with PPA

/ \0 OH _T_ CHO
S H/\ﬂ/ "N\ /

o
7-13 3-6'
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Scheme 2. Synthesis of the desired compounds (E1-E10).

EXPERIMENTAL

Chemical methods

Uncorrected melting points were measured on an Electrothermal
9100 capillary melting point apparatus. 'H-NMR and ®*C-NMR
spectra were recorded on a Varian Mercury 400 MHz and 100
MHz FT spectrometer, chemical shifts (8) are in ppm relative
to tetramethylsilane, and coupling constants (J) are reported in
Hertz. Mass spectra were taken on a Waters Micromass ZQ using
the Electrosprey lonization (ESD) (+) method. Microanalyses
were performed by Leco CHNS-932. All chemicals and solvents
were purchased from commercial sources and used without
furter purification. p-Fluorohippuric acid", p-methylhippuric
acid’?,  p-nitrohippuric  acid",  p-chlorohippuric  acid®,
p-methoxyhippuric acid“ and p-phenylhippuric acid® were
prepared according to the literature.

Synthesis of hippuric acid derivatives (T-13): One of appropriate
benzoic acid derivatives 1-6 (1.5 mmol) was refluxed in benzene
(5 mL) with SOCL, (5 mL) for 2 h at 80°C. Then solvent and
excess of SOCl, were evaporated completely. Glycine (0.10 mol)
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was dissolved in a 100 mL of 10% sodium hydroxide solution and
appropriate benzoyl chloride (0.12 mol) was added portion-wise
into it and the reaction mixture was shaked vigorously after
each addition until all the chloride has been reacted for 1 h at
5°C and then at room temperature for 1 h, again. 2N HCl added
to the reaction mixture, until it was acidic to litmus paper. The
resulting precipitate of sufficient benzoyl glycine so obtained
was filtered, washed several times with cold distilled water,
dried and crystallized form carbon tetrachloride (see Scheme 1).

General procedure for the preparation of 4-(substituted
benzylidene)-2-(substituted phenyl) oxazol-5(4H)-on derivatives
(E1-E10): Into a sample of polyphosphoric acid (0.01 mol),
appropriate benzaldehyde (1'-6") and reasonable hippuric acid
(7-13) (0.01 mol) were added. The mixture was heated in an oil
bath (90°C) for 4 h followed by pouring water into the reaction
mixture. The precipitate formed from the mixture was then
washed several times with water, air-dried and then purified by
column chromatography with convenient solvent.

4-Benzylidene-2-phenyloxazole-5(4H)-on (E1): Light yellow
crystal; (yield 75%); ethyl acetate/n-hexane= 1:4; mp: 169.4-
169.9°C (168-169°C%" 'H-NMR (Acetone-d,): & ppm: 7.30 (s, 'H,
=CH), 7.52-7.57 (m, 3H), 7.62-7.67 (t, 2H), 7.71-7.75 (t, 'H), 8.20 (d,
'H), 8.22 (s, 'H), 8.35-8.37 (d, 2H). *C NMR (Acetone-d,): d ppm:
171.7,168.5, 138.6, 138.4, 138.3, 137.2, 135.96, 135.6, 134.0, 1337,
132.9, 130.5; ESI-mass spectrometer (MS) m/z: 250.27 (M+1);
Anal. Calculated for C, ,H, NO, (C, H, N): C 7711, H 4.42, N 5.62;
Found: C 76.77, H 4.26, N 5.97.
4-(2,4-Difluorobenzylidene)-2-(4-fluorophenyl)oxazole-5(4H)-on
(E2): Light yellow solid; (yield 13%), ethyl acetate/n-hexane=
1:9; mp: 229.4-231.3°C; 'H-NMR (DMSO0-d,): & ppm: 7.23 (s, 'H,
=CH), 7.31-7.36 (t, 'H), 7.45-7.53 (m, °H), 8.21-8.24 (dd, 2H), 8.87-
89 (q, H, H); ESI-MS m/z: 350.79 (M+47); Anal. Calculated for
CHgF;NO, (C, H, N): C 63.37, H 2.64, N 4.62; Found: C 63.02, H
2.62,N 4.70, %.
4-(2,4-Difluorobenzylidene)-2-p-tolyloxazole-5(4H)-on (E3):
Light yellow solid; (yield 29.3%), ethyl acetate/n-hexane= 1:4;
mp: 196.9°C. 'H-NMR (DMSO-d,): & ppm: 2.44 (s, *H, -CH,), 719
(s,'H, =CH), 7.32-7.36 (t, 'H), 7.44-7.49 (m, *H), 8.04-8.06 (d, *H,
J=8 Hz), 8.87-8.93 (g, 'H); ESI-MS m/z: 346.81 (M+47); Anal.
Calculated for C_H.F,NO, (C, H, N): C 68.23, H 3.68, N 4.44;
Found: C 68.03, H 3.54, N 4.78, %.
4-(2,4-Difluorobenzylidene)-2-(4-nitrophenyloxazole-5(4H)-on
(E4): Light yellow solid; (yield 13.7%); ethyl acetate/n-hexane=
1:4; mp: 227.5°C; 'H-NMR (DMSO-d,): & ppm: 7.34 (s, 'H, =CH),
7.37 (dd, 'H, H,, J=2 H2), 7.51 (t, 'H, H,, J=2 Hz, J=8 Hz), 8.36-
8.48 (m, “H, Ar-H), 8.86-8.94 (q, 'H, H,). ESI-MS m/z: 377.96
(M+47); Anal. Calculated for C H,F,N,0,.01H,0: C 57.88, H
2.49, N 8.48; Found: C 57.48, H 2.59, N 8.29, %.
4-(2,4-Difluorobenzylidene)-2-(4-chlorophenyl)oxazole-5(4H)-
on (E5): Light yellow solid; (yield 17.7%); ethylacetate/n-
hexane= 1:4; mp: 238-240°C; 'H-NMR (DMSO-d,): 8 ppm: 7.22
(s, 'H, =CH), 7.29-7.34 (t, H), 7.43-7.48 (t, 'H), 7.69-7.72 (d, °H,
J=8 Hz), 811-814 (d, °H, J=8 Hz), 8.84-8.90 (q, 'H, H,); ESI-MS
m/z: 366.79 (M+47); Anal. Calculated for C_H CIF,NO,: C 60.11,

16" '8

H 2.52, N 4.39; Found: C 60.08, H 2.54, N 4.51, %.

4-(2,4-Difluorobenzylidene)-2-(4-methoxyphenyl)oxazole-
5(4H)-on (E6): Light yellow solid; (yield 22%), ethyl acetate/n-
hexane= 1:4; mp: 197.7°C; 'H-NMR (DMSO-d,): 8 ppm: 3.90 (s, *H,
-OCH)), 714 (s, 'H, =CH), 718-7.21 (d, ?H, J=8 Hz), 7.31-7.36 (1,
'H), 7.43-7.49 (t, 'H), 8.09-8.13 (d, °H, J=8 Hz), 8.87-8.94 (q, 'H,
H.); ESI-MS m/z: 316.8 (M+1); Anal. Calculated for C,H,F,NO,:
C 64.76, H 3.49, N 4.44; Found: C 64.51, H 3.54, N 4.43, %.

4-(2,4-Dimethylbenzylidene)-2-(4-fluorophenylDoxazole-5(4H)-
on (ET): Light yellow solid; (yield 70.2%), ethyl acetate/n-
hexane= 1:9; mp: 159.7-160.3°C; 'H-NMR (DMSO-d,): d ppm: 2.34
(s, °H, -CH,), 2.47 (s, *H, -CH)), 718 (s, 'H, H)), 7.21 (d, 'H, H,,
J=8.4 Hz), 7.39 (s, 'H, =CH), 7.48 (t, 2H, Ar-H), 8.16-8.19 (dd, ?H,
Ar-H), 8.65 (d, 'H, H,, J=8.4 Hz); ESI-MS m/z: 328.7 (M+33);
Anal. Calculated for C ;H,,FNO,: C 73.22, H 4.75, N 4.75; Found:

18" 14

C 7318, H 4.58, N 4.84, %.

4-Benzylidene-2-(4-fluorophenyl)oxazole-5(4H)-on (E8): Yellow
solid; (yield 19.5%), ethyl acetate/n-hexane= 1:4; mp: 218.2°C;
'H-NMR (DMSO-d,): & ppm: 7.33 (s, 'H, =CH), 7.44-7.53 (m, °H),
8.17-8.20 (dd, 2H), 8.27-8.30 (dd, 2H, J=2.4 Hz, J=8.4 Hz); ESI-
MS m/z: 300.9 (M+33); Anal. Calculated for C,,H,,FNO,.0.1H,0:
C 71.42, H 3.82, N 5.21; Found: C 71.05, H 3.80, N 5.21, %.
4-(2,4-Difluorobenzylidene)-2-[(4-phenylphenylloxazole-5(4H)-
on (E9): Light yellow solid; (yield 14.6%), ethyl acetate/n-
hexane= 1:4; mp: 213.4-215.9°C; 'H-NMR (DMSO-d,): & ppm:
719 (s, H, =CH), 7.31-7.36 (t, H), 7.42-7.53 (m, “H), 7.76-7.87
(d, 2H), 7.92-7.94 (d, 2H, J=8.4 Hz), 817-8.19 (d, 2H, J=8.4 H2),
8.87-8.93 (g, 'H); ESI-MS m/z: 362.9 (M+1); Anal. Calculated for
C,,H,F,NO,: C 7313, H 3.60, N 3.88; Found: C 73116, H 3.95, N
3.83, %.
4-(4-Chlorobenzylidene)-2-[(4-phenylphenylloxazole-5(4H)-on
(E10): Yellow solid; (yield 13.9%), ethyl acetat/n-hexane= 1:4;
mp: 193.2-195.9°C; '"H-NMR (DMSO-d,): 6 ppm: 7.39 (s, 'H, =CH),
T47 (, H), 7.53-7.57 (t, 2H), 7.63 (d, 2H, J=8.4 Hz), 7.81 (d, °H,
J=7.2 Hz), 797 (d, ?H, J=8.4 Hz), 8.22 (d, 2H, J=8.4 Hz), 8.36
(d, 2H, J=8 Hz); *C NMR (CDCL)): & ppm: 124.31, 127.48, 127.85,
128.73, 129.20, 129.29, 129.49, 130.04, 132.30, 133.74, 133.95,
137.47 139.86, 146.52, 163.97, 167.66; ESI-MS m/z= 360.7 (M+1);
Anal. Calculated for C,H CINO,.0.2 H,0: C 72.71, H 399, N
3.85; Found: C 72.71, H 418, N 3.90, %.

Biological methods

Assay of lipid peroxidation

Male albino Wistar rats (200-225 g) were used in the
experiments. The animals were fed with standard laboratory
rat chow and tap water add libitum. The animals were fasted
for 24 h prior to sacrifice by decapitation under anesthesia. The
livers were removed immediately and washed in ice-cold water
and the microsomes were prepared, as described previously.®

NADPH-dependent lipid peroxidation (LP) was determined using
the optimum conditions determined and described previously.”®
NADPH-dependent LP was measured spectrophotometrically
by estimated the thiobarbituric acid reactant substances
(TBARS). The amounts of TBARS were expressed in terms of
nmol malondialdehyde/mg protein. The assay was essentially
derived from the methods reported by Wills*?° and modified
by Bishayee and Balasubramanian.?’ A typical optimized assay
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mixture contained 0.2 nM Fe++, 90 mM KCl, 62.5 mM potassium-
phosphate buffer (pH 7.4), a NADPH generating system
consisting of 0.25 mM NADP+, 2.5 mM MgCl,, 2.5 mM glucose-
6-phosphate, 1.0 U glucose-6-phosphate dehydrogenase and
14.2 mM potassium phosphate buffer (pH 7.8) and 0.2 mg of the
microsomal protein in a final volume of 1.0 mL.

Assay of ethoxyresorufin O-deethylase

Ethoxyresorufin O-deethylase (EROD) activity was measured
by the spectrofluorometric method of Burke et al.?2. A typical
optimized assay mixture contained 1.0 mM ethoxyresorufin,
100 mM Tris-HCI buffer (pH 7.8), NADPH generating system
consisting of 0.25 mM NADP+, 2.5 mM MgCl,, 2.5 mM glucose-
6-phosphate, 1.0 U glucose-6-phosphate dehydrogenase, and
14.2 mM potassium phosphate buffer (pH 7.8) and 0.2 mg liver
microsomal protein in a final volume of 1.0 mL.

RESULTS

Carpy et al.?® released that benzylic proton (Ar-CH=C) of
4-(2-chloro-4,5-dimethoxybenzylidene)-2-methyl-5-oxazolone
was at 6.91 ppm and that if there were only one signal for the
benzylic proton, this showed that Z-isomer existed. E-isomer
is clarified by benzylic proton shift and absorbed magnetic
resonance at up-field (~7.5 ppm). Similar results have also been
published by other researchers.?* Our final compounds showed
parallel results at 'H-NMR spectra as singlet Ar-CH= C protone
at 714-7.40 ppm.

4-Benzylidene-2-phenyloxazole-5(4H)-on (E1) has 16 carbon
atoms. 4-(4-chlorobenzylidene)-2-[(4-phenyDphenyl]oxazole-
5(4H)-on (E10) has 18 carbon atoms and there are only 12 and
16 signals at ®*C-NMR spectra, respectively. These findings are
very normal and similar results were published by Younesi et
al..

To examine the mass analysis of the final compounds (E1-E10),
ESI-MS was used. Some of the desired compounds showed
interesting results; E7 and E8 peaks were observed at (M+33)
and E2, E3, E4, and E5 peaks were observed at (M+47) at their
mass spectra. These peaks were shown in the spectra of the
molecules, because of keeping the solvents as methanol and
ethanol. In 2003, Kawai et al.?® explained these formations
based on quantum chemical calculations. These findings are
similar to other researchers’ results.?’-?

Compound E10 has only one chlorine atom, because of that,
as usual, M+ and M+2 (3:1) signals were observed in its mass
spectrum.

For the EROD activity of the final compounds, X substitutents on
the benzylidene moiety is more important than R substitutent,
displayed in Scheme 2. As shown in Table 1, the most active
compound on the microsomal EROD activity, E3 has 2,4-di-F
as X substitutents on the benzylidene moiety. This compound
interestingly enhanced the LP levels and not consistent with
EROD results. Biphenyl substitution led to a reduction in the
EROD activity newertheless there is no observation like this in
the LP levels. It can be said that there is no problem with biphenyl
substitution for LP levels because these two compounds have
somewhat moderate activity against LP.

Table 1. EROD and LP activity results of the final compounds
E1-E10

Code EROD % of LP % of
(pmol/mg/min) control (nmol/mg/min)  control

E1 8.71:0.51 21 18.79+0.62 15
E2 13.23+2.57 32 15.89+2.06 98
E3 4.47+0.04 1 2797+2.81 172
E4 1113£1.27 28 26.59+3.21 163
ES 10.38+0.64 25 11.94£0.31 73
E6 12.72+0.76 30 9.01:0.86 55
E7 . . « .
E8 9.79+0.57 24 6.91:0.86 43
E9 20.92+0.28 50 7.30£0.32 45
E10 28.85+1.36 69 9.40+0.32 58
BHT - - 5.68+0.22 35
Caffeine 6 41:099 15 - -
DMSO 4153+0.99 100 16.25+1.45 100

EROD: Ethoxyresorufin O-deethylase, LP: Lipid peroxidation, *Not tested

It is highly difficult to compare the results from different
assays. The biggest problem is the lack of a validated assay
that can reliably measure the antioxidant capacity of foods
and biological samples, due to distinct antioxidant effects
of chemicals which have already been noted in different in
vitro assay systems.?’ Antioxidants scavenge and prevent the
formation of free radicals so they are highly important for the
treatment of these kind of diseases mentioned above. For this
reason, there has been an increasing interest in finding novel
antioxidant compounds in recent years.

The activity patterns of compounds on LP, and EROD activity
were dissimilar because each method relates to the generation
of a different radical, acting through a variety of mechanisms,
and the measurement of a range of end points at a fixed time
point or over a time period. It should also be realized that the
analytical methods of measurement and the conditions can lead
to variable results for the same compound.®

Compounds E2 (2%), ES (27%), E6 (45%), E8 (57%), E9 (55%)
and E10 (42%) displayed highly limited inhibitory effects on
LP and the rest of the compounds enhanced LP levels. Similar
results, where thiadiazole derivatives enhanced LP levels were
obtained in another study of ours on liver LP levels, t0o.”

CONCLUSION

In conclusion, a series of 4-(substituted benzylidene)-2-
(substituted phenyl) oxazole-5(4H)-on derivatives (E1-E10)
were synthesized and their antioxidant activity were evaluated.
The inhibition of LP, and its effects on hepatic cytochrome P450
dependent EROD enzyme were determined in rats in vitro. The
most active analogue on the microsomal EROD activity was E3,
which inhibited the microsomal EROD activity (89%) and was




178

KUS et al. Oxazole-5(4H)-ones

similarly better than that of the specific inhibitor caffeine (85%)
at 10 M concentration.

Compound E3 displayed significant antioxidant activity so
needs to study on its analogues.
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ABSTRAC T |

Objectives: The chemical composition of plants is considered to be affected by many parameters. Therefore, the region where the samples are
collected is likely to have an influence on the composition of phenolic compounds, so that their biological activities. In the present study, evaluation
of antioxidant activity potentials of Scorzonera latifolia (Fisch. & Mey.) DC. aerial parts and roots, which were collected from different regions of
Turkey, was aimed.

Materials and Methods: 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging method and measurement of malondialdehyde (MDA) levels were
used for determining antioxidant capacities of the tested extracts. In order to observe variations in the chemical composition of the investigated
samples qualitatively as well as quantitatively, high performance liquid chromatography analyses were performed.

Results: Quantitative analysis showed that the amounts of chlorogenic acid and hyperoside in plants vary according to the regions where the samples
were collected. As a result aerial parts of the S. latifolia collected from the Kars region have found to contain higher amount of chlorogenic acid
(1246.78+3.20 pug/g) as well as hyperoside (652.32+2.48 pg/g) than other samples. The highest DPPH radical scavenging activity was determined
with the IC_; value of 1.036 mg/mL for S. atifolia aerial parts of Kayseri sample. MDA level was detected as the lowest with treatment of S. latifolia
Bayburt root sample (4.41 nmol/mL).

Conclusion: According to the antioxidant activity results, no significant difference was observed in the antioxidant potential between the samples
collected from different locations except for S. latifolia collected from the Kars region.

Key words: DPPH, free radical scavenging activity, high performance liquid chromatography, MDA, Scorzonera latifolia

Z |

Amag: Bitkilerin kimyasal igerigi pek gok parametreden etkilenmektedir. Bitkinin toplandigi bolge igerdigi fenolik bilesiklerin kompozisyonunu ve
dolayisiyla aktivitelerini etkilemektedir. Bu galismada, Turkiye'nin farkli bdlgelerinden toplanan Scorzonera latifolia (Fisch & Mey.) DC. kék ve toprak
Ustt kisimlarinin antioksidan etki potansiyallerinin 6lgilmesi amaglanmistir.

Gereg ve Yontemler: Test edilen ekstrelerin antioksidan kapasiteleri 1,1-difenil-2-pikrilhidrazil (DPPH) radikal stpuricu etkileri ve malondialdehit
(MDA) seviyesi Uzerine etkilerinin 6lgllmesiyle tespit edilmistir. Arastirma konusu olan 6rneklerin kimyasal igerigindeki degisiklikleri incelemek igin
kalitatif ve kantitatif yUksek performansli sivi kromatografisi analizleri yapilmistir.

Bulgular: Kantitatif analiz sonuglari bitkilerde tespit edilen klorojenik asit ve hiperozit miktarlarinin toplandigi bolgeye gore degistigini gostermistir.
S. latifolia Kars 6rneginin diger drneklere gére daha yiksek hiperozit (652.32+2.48 pg/g) ve klorojenik asit (1246.78+3.20 pg/g) icerigine sahip
oldugunu ortaya koymustur. En yuksek DPPH radikal stipurtct etki 1.036 mg/mL IC_, degeri ile S. latifolia Kayseri 6rneginde gozlenmistir. En dustk
MDA seviyesi ise S. latifolia Bayburt kék rneginde (4.41 nmol/mL) belirlenmistir.

Sonug: Antioksidan aktivite sonuglari degerlendirildiginde, farkli lokasyonlardan toplanan 6rnekler arasinda, S. latifolia Kars kdk 6rnegi haricinde
belirgin bir farklilik tespit edilememistir.

Anahtar kelimeler: DPPH, serbest radikal sUpirtcU aktivite, yuksek performansli sivi kromatografisi, MDA, Scorzonera latifolia
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INTRODUCTION

It has been reported that the risk of various chronic diseases
such as cancer, diabetes, cardiovascular diseases, aging,
chronic inflammation, cataracts, atherosclerosis, Alzheimer’s
disease could be reduced by consumption of foods and
beverages rich in natural antioxidants!"* Although free
radicals are generated by normal physiological processes
and they are involved in phagocytosis, energy production and
regulation of cell growth,® exogenous factors such as smoking,
pollutants, ionising radiations, alcohol, synthetic pesticides,
and solvent may increase the production of free radicals.® The
overproduction of free radicals provokes oxidative damage on
nucleic acids, proteins, lipids or DNA and causes degenerative
diseases.” Natural antioxidants provide protection by their
inhibitor and scavenger activities on free radicals.* Therefore,
the plants containing natural antioxidants are considered to
have therapeutic potential in treatment of many diseases and
these findings have led to increased interest in the antioxidant
activity studies of plants.”

Vitamin C, Vitamin E, carotenoids and phenolic compounds
are recognized as the natural antioxidants found in plants.®
The phenolic compounds consisting of flavonoids, isoflavones,
flavones, anthocyanins, coumarins, lignans, catechins and
isocatechins, etc.” have been shown to possess strong
antioxidant activity.> Phenolic compounds exert their
antioxidant activities mainly due to their redox properties that
led to act them as reducing agents, hydrogen donors, singlet
oxygen quenchers or metal chelators®" Different parameters
such as time and period of sample collection, geographical
origin and climatic conditions are considered as notable factors
influencing the phenolic composition of plants!"'? The plants,
cultivated with different conditions, exhibit an alteration in
the quantity of phytochemicals and therefore display varied
therapeutic effects* The quality, uniformity and quantity
of chemical constituents in plants are important parameters
for the safety and effectiveness of herbal drugs® The genus
Scorzonera L. which consists of about 180 species belongs
to Asteraceae family and is distributed in arid regions of Asia,
Europe and Africa. It is represented by 50 species in Turkey.”®
The members of this genus are used as folk remedies against
several diseases such as arteriosclerosis, kidney problems,
hypertension and also for wound healing."*'” Scorzonera latifolia
Fisc. & Mey. (Asteraceae) naturally grows in Central and East
Anatolian Region and it is a widely known species from which
a mastic named “yaki sakizi” is obtained. Yaki sakizi is known
to be prepared from the latex of the plant roots and used as
a folk medicine for its analgesic activity and against infertility
externally as well as antihelmintic internally.” Antinociceptive,
anti-inflammatory, wound healing, antioxidant and antimicrobial
activities of S. latifolia have been reported.!®?' S. latifolia roots
contain terpenes; taraxasteryl myristate, taraxasteryl acetate,
motiol, 3-f- hydroxy fern-8 en-7-one acetate, urs-12-en-11-one-
3-acetyl, 3-p-hydroxy-fern-7-en-6-one-acetate, olean-12-en-
11-one-3-acetyl, fern-7-en-3-f-one, leucodin, B-sitosterol???4,
phenolic compounds; chlorogenic acid, chlorogenic acid methy!
ester, 1,5-dicaffeoyl quinic acid, 3,5-dicaffeoyl quinic acid,

methylester of 3,5-dicaffeoyl quinic acid, hydrangenol-8-O-
glucoside, hydrangenol-4'-O-glucoside, scorzotomentosin-
4'-0O-glucoside and a new isocoumarine derivative®® as
well as scorzoveratrin  4'-0-B-glucoside, scorzoveratrin,
scorzoveratrozit, 4,5-dicaffeoylquinic acid, 4,5-dicaffeoylquinic
acid methy!l ester and caffeic acid.®* Aerial parts of the plant
have been reported to contain phenolics which were identified
as quercetin-3-0-pB-glucoside, hyperoside, hydrangenol-8-0-
glucoside, swertisin, 7-methylisoorientin, 4,5-O-dicaffeoyl-
quinic acid, 3,5-di-O-caffeoyl-quinic acid and chlorogenic
acid.?”

In the current study, three samples of S. latifolia Fisc. & Mey.
which were collected randomly from different locations of
Turkey were evaluated for their antioxidant capacities and we
also observed qualitative and quantitative variations in the
chemical composition of samples by HPLC analysis.

EXPERIMENTAL

Plant materials

S. latifolia samples were collected from different locations of
Turkey in flowering period. Identification of these plants was
confirmed by Prof. Dr. H. Duman, in the Department of Biological
Sciences, Faculty of Art and Sciences, Gazi University. Voucher
specimens were stored in the herbarium of Ankara University,
Faculty of Pharmacy (AEF) (Table 1.

Preparation of the extracts

Dried and powdered roots and aerial parts of the plants (0.25
g, each) were extracted in 10 mL of methanol:water (80:20)
mixture by continuous stirring at room temperature for 8
hours. Obtained extracts were filtered and then concentrated
to dryness under reduced pressure and low temperature
(40-50°C) on a rotary evaporator to give crude extracts. The
crude extracts were dissolved in methanol-water mixture and
adjusted to 10 mL in volumetric flask.

Phytochemical screening

HPLC analysis

For the HPLC analyses of the extracts of the roots and aerial
parts of Scorzonera species, the method which was developed
and validated by Kupeli Akkol et al!® was used. In accordance
with this method, the analyses were carried out using Agilent
LC 1100 model cromatograph (Agilent Technologies, California,

Table 1. Collection sites and herbarium numbers of the plants

Plant species Locality AEF no

S. latifolia (Kars) Kars, A"rpaqay, betwej‘en 23830
Telekkdy and Melekkdy

S. latifolia (Kayseri) Kayseri, Erciyes Mountain, 25941
1800-2000 m

S. latifolia (Bayburt) Bayburt, Kop Passage, 2000- 23827

2409 m
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USA) at the wavelength of 254 nm and peak areas were
integrated by Agilent Software. A Supelcosil (250 mm x 4.6 mm;
5 pgm) column was used with a gradient elution of acetonitrile
(A) and water: 0 min, A-B (8:92, v/v); 0-10 min, linear change
from A-B (8:92, v/v) to A-B (18:82); 10-20 min, a linear
change from A-B (18:82) to A-B (20:80); 20-30 min, a linear
gradient elution from A-B (20:80) to A-B (30:70). Phenolic
acids including p-coumaric acid, ferulic acid, rosmarinic acid,
caffeic acid, chlorogenic acid and flavonoids such as apigenin,
luteolin, quercetin, rutin, hyperoside, hesperidin were used as
standards.

DPPH radical scavenging activity

DPPH radical scavenging activity assays of the samples were
carried out according to the method of Williams et al.?® 0.01
g of sample was dissolved in 10 mL dimethylsulfoxide and
seven different concentrations (1 mg/mL to 0.015 mg/mL) were
prepared with 2 dilutions. 2.9 mL DPPH solution dissolved in
10 M ethanol was added into 0.1 mL of sample solutions. The
mixture was shaken vigorously and incubated 30 min in a water
bath adjusted to 30°C. Absorbance of the resulting solution
was measured against the blank (the same mixture without the
sample) at 517 nm UV-visible spectrophotometer (Shimadzu).
All assays were carried out in triplicates and propylgallate is
used as positive control. Percentage of inhibition determined
as follows:

% DPPH radical-scavenging = [(Absorbance of control -
Absorbance of sample) / Absorbance of control] x 100

According to this method, decrease at the absorbance of the
reaction mixture indicates stronger DPPH radical-scavenging
activity. For each sample, the IC,; values were calculated by
linear regression analysis using % inhibition and concentration
values.

Thiobarbituric acid reactive substances assay

The measurement of malondialdehyde (MDA) levels was
performed spectrophotometrically according to the modified
method of Puhl et al.?* and Zhang et al*® 2.0 mg of plant
extracts solved in dH,0 were incubated with 8125 mM CuSO,
solution. Following incubation, trichloroacetic acid (0.1 g/
dL, final volume) and thiobarbituric acid (TBA) (0.67 g/dL,
final volume) solutions were added and the absorbance was
measured at 532 nm. Quantitation of TBA reactive substances
(TBARS) was performed by comparison with a standard curve
of MDA equivalents generated by acid-catalyzed hydrolysis of
1]1,3,3-tetraethoxypropane and the results were expressed as
nmol/mL.

RESULTS AND DISCUSSION

Natural antioxidants from plant sources have been gaining
more interest in recent years due to their important roles in
the maintenance of health and protection from ageing-related
degenerative diseases.”? Plants serve as potential sources
of compounds with antioxidant activity such as vitamin C,

vitamin E, carotenoids, phenolic compounds, etc.** Phenolic
compounds, one of the largest group of secondary metabolites,
exhibit strong antioxidant activity as free radical scavengers,
hydrogen donating sources or as singlet oxygen quenchers and
metal ion chelators.”¥'

In the current study, antioxidant activities of S. latifolia samples
were evaluated by using two different methods. The DPPH method
is the most common, cost-effective and quick method to evaluate
antioxidant activities of natural products.®** Scavenging activity
against DPPH radical is considered as hydrogen donating ability
of samples. DPPH is a stable free radical and accepts an electron
on hydrogen radical to become a stable diamagnetic molecule.®
The DPPH is decolorized by accepting an electron donated by an
antioxidant.” DPPH radical scavenging activities of extracts are
presented in Table 2. Among the root samples, S. latifolia Kars
sample showed the highest DPPH radical scavenging activity
with the IC,, value of 1.906 mg/mL as the highest activity among
the tested aerial parts was determined for S. latifolia Kayseri
sample (IC_,=1.036 mg/mL).

Lipid oxidation plays an important role in the generation of
reactive oxygen species and is considered as an important factor
in the initiation and progression of several diseases.® TBARS
assay is used to measure the degree of lipid peroxidation.
TBA reacts with MDA which is a secondary product of lipid
peroxidation, to give a red chromogen, than can be determined
spectrophotometrically.®® In the TBARS assay, the MDA levels
for the root of S. latifolia samples from Bayburt, Kayseri, and
Kars were determined as 4.41 nmol/mL, 4.66 nmol/mL, and 5.41
nmol/mL, respectively (Table 3).

The extracts of the aerial parts of all S. (atifolia samples inhibited

lipid peroxidation significantly and the lowest MDA level was
detected in Kayseri sample as 5.15 nmol/mL (Table 3).

Table 2. IC,, values (mg/mL) of plant extracts in DPPH radical
scavenging assay

Plant material Root Aerial parts

S. latifolia (Kars) 1.906 1122

S. latifolia (Kayseri) 4102 1.036

S. latifolia (Bayburt) 4.628 1143
Control

Propylgallate 0.742

DPPH: 11-difenil-2-pikrilhidrazil

Table 3. MDA levels of plant extracts, the results are given as

nmol/mL concentrations

Plant material Root Aerial parts
S. latifolia (Kars) 5.41 6.14
S. latifolia (Kayseri) 4.66 515
S. latifolia (Bayburt) 4.41 5.90

MDA: Malondialdehit
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The radical scavenging activities of the extracts were not found
to be quite different except S. latifolia root Kars sample. Aerial
part samples exhibited higher scavenger activities on DPPH
radical compared to root samples (Table 2). The observed
scavenger activities of aerial part samples were also close to
the effect of propylgallate which is the positive control of the
assay.

According to the HPLC results, root samples contain chlorogenic
acid as one of the major constituent both in roots (Figure 1) and
aerial parts (Figure 2) of S. latifolia. The highest amount was
detected in the root of Kars sample as 1246.78+3.20 pg/g. None
of the tested flavonoid standards were detected in root samples
(Figure 3). However all aerial part samples contain chlorogenic
acid as well as hyperoside as major compounds. Aerial part of S.
latifolia was also found to contain higher amount of chlorogenic
acid (652.32+2.48 pg/g) as well as hyperoside (305.71£1.70
ug/g) (Table 4).

Differences between the scavenging activity of root and aerial
part extracts on DPPH radical may be explained by the flavonoid
content of aerial part samples. It has been reported that,
flavonoids which are widely distributed in plants have the ability
to scavenge active oxygen radicals, superoxide and hydroxyl
radicals by single electron transfer.*” On the other hand in the
TBARS assay, root samples were found to be more active when
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Figure 1. Chromatogram of the S. latifolia root (Kars sample) extract
1: Chlorogenic acid
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200

Figure 2. Chromatogram of the S. (atifolia aerial part (Kars sample) extract
1: Chlorogenic acid, 2: Hyperoside

compared to aerial part samples. These results may be related
to high amount of chlorogenic acid content of root extracts.
Chlorogenic acid exhibits scavenging activity against reactive
oxygen and nitrogen species® and inhibits the initiation of
chain lipid peroxidations by free radicals.*® Antioxidant activity
of chlorogenic acid (5-CQA) against human LDL has also been
reported.®* Thus, chlorogenic acid may be considered to be one
of the responsible compounds for the antioxidant activities of
S. latifolia samples.

Qualitative and quantitative changes in the phytochemical
composition of the S. latifolia root and aerial part samples
which were collected from different localities of Anatolia were
investigated by HPLC in the current study and the differences
between the amounts of chlorogenic acid and hyperoside
were observed. Results of present study have revealed that
different samples of S. latifolia root and aerial parts have similar
chemical composition however the quantity of the chlorogenic
acid and hyperoside were different. A number of factors such
as temperature, season, stages of maturity, geographical origin,
climatic conditions and soil may affect the phytochemical content
of plants."2404 Changes in the phytochemical composition may
result variation in therapeutic effects of the medicinal plants.®"
According to the antioxidant activity results; we didn't find a
significant correlation between the chlorogenic acid and/or
hyperoside content and antioxidant capacities of samples.

DAD1 A 59254 8 Ref=dl1(SCORZOFENOLGTS D)

®

Figure 3. Chromatogram of the standart mixture

1: Chlorogenic acid, 2: Caffeic acid, 3: p-Coumaric acid, 4: Ferulic acid, 5:
Rutin, 6: Hyperoside, 7: Luteolin-7-glucoside, 8: Hesperidin, 9: Rosmarinic
acid, 10: Quercetin, 11: Luteolin, 12: Apigenin

Table 4. HPLC qualitative and quantitative data for roots and aerial

parts of Scorzonera samples (ug/g)

Plant material Chlorogenic acid

(pg/g + standart

Hyperoside
(pg/g * standart

error) error)
S. latifolia (Kars) R 1246.78+3.20 -
AE"  652.32+2.48 305.71£1.70
S. latifolia (Kayseri) R 988.070+3.78 -
AE"  290.64:0.84 70.99+0.29
S. latifolia (Bayburt) R 541.96+2.56 -
AE"  295.27+0.53 36.24+0.42

*R: Root, *AE: Aerial part
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CONCLUSION

In

conclusion, quantitative analyses have shown that same

species collected from different localities may have different
chemical composition. Therefore, the region chosen for the
collection of a plant which is used as an herbal remedy is a
very important parameter with respect to the effectiveness of
an herbal drug.

Conflict of Interest: No conflict of interest was declared by the
authors.
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ABSTRACT

Objectives: Pendimethalin (N-(1-ethylpropyl)-3,4-dimethyl-2,6-dinitrobenzeneamine) is a dinitroaniline herbicide compound which selectively
controls weeds. It is a cell division and growth inhibitor. It descends plants in a short time after seedling. It is a soil and water pollutant due to
the widespread use of formulations in Turkey and around the world. Pendimethalin is manufactured in and imported by Turkey. Pendimethalin is
a slightly toxic compound that is classified in toxicity class 3 by the United States Environmental Protection Agency (USEPA). Even though it is
classified as group C (human possible carcinogen) compound by the USEPA, there are limited number of studies about its genotoxic effects. The
aim of this study was to evaluate in vitro genotoxic effects of different concentrations of pendimethalin in Chinese hamster over (CHO) cells by the
single cell gel electrophoresis (comet) assay.

Materials and Methods: The cells are incubated with 1, 10, 100, 1000 and 10000 uM concentrations of pendimethalin for 30 min at 37°C and DNA
damage was compared with CHO cells untreated with pendimethalin. 50 pM hydrogen peroxide was used as positive control.

Results: No significant cytotoxic effects were observed within the concentration ranges studied. The DNA damage in CHO cells was significantly
increased in the pendimethalin concentrations of 1, 100, 1000 and 10000 pM, however, a significant decrease was observed in 10 uM pendimethalin
concentration.

Conclusion: Our results show that 1-10000 uM concentrations of pendimethalin induce DNA damage in CHO cells, which was assessed by comet
assay.

Key words: Pendimethalin, herbicide, DNA damage, comet assay, CHO cells

OZ |

Amag: Pendimetalin (N-(1-etilpropil)-3,4-dimetil-2,6-dinitrobenzenamin) segici bitki kontrold yapan dinitroanilin tlrevi bir herbisit bilesiktir.
Hucre bslunmesi ve biyUmesi engelleyicisidir. Bitkilerin filizZlenme asamasindan kisa sire sonra élmelerine neden olur. Turkiye'de ve dinyada
formulasyonlarinin yaygin kullanimi nedeniyle toprak ve su kirleticisidir. Pendimetalin Turkiye'de tretilmekte ve ithal edilmektedir. Pendimetalin az
toksik bir bilesiktir ve Amerika Birlesik Devletleri Cevre Koruma Ajansi'na (USEPA) gére toksisite sinifi 3'tur. USEPA tarafindan grup C (insanda
olasi kanserojen) olarak siniflandirilmasina ragmen genotoksik etkileri sinirli sayida galisilmistir. Bu galismanin amaci, farkli konsantrasyonlardaki
pendimetalinin Cin hamster over (CHO) hiicrelerindeki in vitro genotoksik etkilerini tek hiicre jel eletroforez (comet) yontemiyle degerlendirmektir.
Gereg ve Yontemler: Hucreler 1, 100, 1000 ve 10000 uM konsantrasyonlardaki pendimetalin ile 37°C'de 0.5 saat inktbe edilmis ve DNA hasari
pendimetalin uygulanmayan CHO htcreleriyle karsilastirilmistir. 50 uM hidrojen peroksit pozitif kontrol olarak kullanilmistir.

Bulgular: Calisilan konsantrasyon araliginda 6nemli sitotoksik etki gdzlenmemistir. CHO htcrelerindeki DNA hasari 1, 100, 1000 ve 10000 uM
konsantrasyonlarda 6nemli derecede artarken, 10 uM pendimetalin DNA hasarini dnemli derecede azaltmistir.

Sonug: Sonuglarimiz, 1-10000 pM konsantrasyon araligindaki pendimetalinin CHO hiicrelerinde comet yontemiyle degerlendirilebilen DNA hasarini
indUkledigini ortaya koymaktadir.

Anahtar kelimeler: Pendimetalin, herbisit, DNA hasari, comet yéntemi, CHO hucreleri
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INTRODUCTION

Pendimethalin (PM), whose chemical name is (N-(1-ethylpropyl)-
3,4-dimethyl-2,6-dinitrobenzeneamine), is a dinitroaniline
herbicide. It is an inhibitor of cell division and cell elongation
which selectively terminates weeds. This pre- and early post-
emergence herbicide is used to control broadleaf weeds and
grassy weed species in cabbage, carrots, celery, cereals, citrus,
corn, cotton, garlic, lettuce, onions, peanuts, peas, pome fruits,
potatoes, radish, rice, sorghum, soybeans, tomatoes, tobacco
and stone fruits. Moreover, it is also used in nonagricultural
areas, residential lawns and ornamentals. PM is a widely used
herbicide in different formulations; so that, it can be detected
as a contaminant in surface and ground water, in soil and air
with increasing amount.'? It may disperse through leaching,
drift, evaporation and runoff after application to soil. It is also
degraded by photo- and bio-degradation or volatilization.®* PM
is classified as a slightly toxic compound and also classified
in group C carcinogen (human possible carcinogen) by
Environmental Protection Agency.® In spite of this classification
only a few works have been published on the genotoxic effects
of PM. PM induces cytotoxicity in rat hepatocytes evaluated
by altered mitochondrial respiration. It also shows cytotoxic
effect in FRTL 5 (rat thyroid)” and Chinese hamster over (CHO)
cell line.® Dimitrov et al.’ (2006) has shown that PM significantly
increased the chromosomal aberrations at 489 mg/kg dose in
mouse bone marrow. In addition, it induced the micronucleus
frequency in plant cell and mouse bone marrow polychromatic
erythrocytes. PM achieved, concentration dependent (0.1-100
mM) induction in DNA damage evaluated by Comet assay in CHO
cells.® PM decreased the root bundle length and increased the
mitotic index and the percentage of chromosome aberrations
dose dependently in maize and onion.° It has been reported to
be a contaminant for the environment and found highly toxic
for fish and aquatic invertebrates” PM exposure has been
correlated with an increased incidence of cancer!?® On the
other hand, Hou et al' detected no association of exposure
of PM during lifetime either with specific cancer sites or with
overall cancer incidence among pesticide applicators in North
Carolina and lowa.

The Alkaline Single-cell Gel Electrophoresis technique or comet
assay is a versatile tool for assessing DNA damage. Comet
assay measures strand breaks, incomplete excision repair
events, alkaline labile sites and cross-linking in individual cells.
It has been shown to be a method commonly used for measuring
the genetic damage induced in vitro by different genotoxic
agents and also for determining DNA repair under a variety of
experimental conditions.® This assay is also widely used for
the evaluation of DNA damage in studies to characterize DNA
lesions with and without the addition of the repair enzymes such
as formamidopyrimidine N-glycosylase (FPG). FPG is a base
excision repair enzyme, it initiates the repair of oxidized bases
by recognizing, excising them and cutting the sugar-phosphate
backbone of the DNA molecule. At the location of oxidized DNA
bases, additional DNA strand breaks occurs and these leads
to DNA migration. The determination of FPG-sensitive DNA
lesions indicates the appearence of oxidized purine bases."

In this study, the genotoxic potentials of dinitroaniline herbicide
PM is investigated at different concentrations in CHO cells by
using the comet assay with and without the addition of the
repair enzyme FPG.

EXPERIMENTAL

Chemicals

The cells were purchased from Republic of Turkey, Ministry
of Food, Agriculture and Livestock. The chemicals used in the
experiments were purchased from the following suppliers:
Low melting agarose (LMA) and normal melting agarose (NMA)
(respectively) from Boehringer Manheim (Manheim, Germany);
sodium hydroxide (NaOH) and sodium chloride (NaCl) from
Merck Chemicals (Darmstadt, Germany); RPMI 1640 medium,
fetal calf serum (FCS), trypsin-EDTA, penicillin-streptomycin,
dimethylsulfoxide (DMS0), hydrogen peroxide (H,0,), ethidium
bromide, Triton X-100, phosphate-buffered saline tablets,
ethylenediamine tetraacetic acid disodium salt dihydrate
(EDTA), N-lauroyl sarcosinate, Tris HCl, bovine serum albumin
(BSA) and FPG enzyme from Sigma-Aldrich (St. Louis, MO,
USA); olive oil from Egas (Ankara, Turkey).

Cell culture

CHO cells were seeded in 75 cm? flasks in 20 mL RPMI 1640
medium (phenol red-free, with L-glutamine and 10% FCS) for
24 hina 5% CO, atmosphere at 37°C.

Treatment of cells

CHO cells were treated for 30 min with 1, 10, 100, 1000 and
10000 mM concentrations of PM which dissolved in 0.5% DMSO
and 0.02% olive oil mixture. 0.5% DMSO and 0.02% olive oil
mixture were used as (-) controls. As positive control, to create
oxidative DNA damage, 50 mM H,0, solution was applied to
cells for 5 min on ice, then H,O, solution was removed. CHO
cells were disaggregated with trypsin EDTA and resuspendated
in 10% FCS containing medium. Cells were centrifugated for 3
min at 3000 rpm, the supernatant was removed.

Evaluation of cell viability
Trypan blue dye exclusion technique was performed for
evaluation of cell viability.”

Comet assay

The basic alkaline comet assay of Singh et al.?°, as later
mentioned by Collins et al.?!, was performed in the standard
version and post-treatment with FPG protein to evaluate
oxidative DNA damage was used as described in.®?22® The
precipitated cells were resuspended and mixed with 80 mL
of LMA for embedding on slides which were covered with 1%
NMA. Approximately 25.000 cells mixed with 80 mL of 1%
LMA were rapidly pipetted onto this slide as the second layer.
Slides were covered with cover slips, then kept on an ice-cold
flat tray for 5 min to solidify. Cover slips were removed and
slides were immersed in cold lysing solution (2.5 M NaCl, 100
mM Na,EDTA, 10 mM Tris, 1% sodium laurylsarcosinate, pH 10)
with 1.5% Triton X-100 and 10% DMSO was added just before
use, for a minimum period of 1 h at 4°C. H,0, treated positive
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control cells were immersed in a seperate cold lysing solution.
Following lysis, slides were washed in enzyme buffer (20 mM
Tris HCL, 1 mM Na_EDTA, 100 mM NaCl, 0.5 mg BSA/mL, pH 7.5)
at 4°C, four times for 5 min, 20 min in total. Slides were covered
with 200 mL of FPG protein (1 mg/mL) in enzyme buffer for
detection of FPG-sensitive DNA lesions, and incubated for
30 min at 37°C, then cover slips were removed. Slides were
placed in a horizontal gel electrophoresis tank. The tank was
filled with fresh electrophoresis solution (1 mM NaEDTA, and
300 mM NaOH, pH 13). Slides were left in the electrophoresis
solution for 20 min to allow the unwinding of the DNA and
expression of alkaline labile damage before electrophoresis.
Electrophoresis was conducted at a low temperature for 20 min
using 25 volts and adjusting the current to 300 miliamperes. All
of the steps were carried out under dimmed light to prevent the
occurrence of additional DNA damage. The slides were washed
with neutralysing buffer, three times after electrophoresis.
Following the slides were washed in distilled water, 50%, 75%
and 99% ethanol (for 5 min each), they were allowed to dry
at room temperature. 30 mL of EtBr solution (20 mg/mL) was
added to each slide for staining. The slides were investigated
thoroughly by the use of a Leica fluorescence microscope
(Leica, Wetzlar, Germany) with 400-fold magnification. The
tail length, intensity, moment and migration of ‘comets’ were
measured with a computerised image analysis system-comet
Assay Il Perceptive Instruments (Suffolk, England) for randomly
selected 100 cells, i.e. 50 cells from each of two replicate slides
from each sample. And the mean value of these parameters

was used for the evaluation of the DNA damage by repeating
the experiments for three times.

Statistical analysis

The statistical analysis was performed by SPSS for Windows
11.5 software (SPSS Software, Chicago, IL, USA). The results
from the DMSO+olive oil-treated negative control, H,0,-
treated positive control, and test groups treated with different
concentrations of PM were statistically compared by the use
of one-way ANOVA and the post hoc analysis of the group
differences was evaluated by the least significant difference
test and finally the results were expressed as means + standard
error of the mean (SEM).

RESULTS

CHO cells are exposed to PM (1-10000 mM) for 30 min. Cell
viability was greater than 90%. DNA damage is determined with
comet assay in this study. In comet assay, the amount of DNA
breakage in a cell is estimated from the migration extent (tail
length) of the genetic material in the direction of anode.? Also,
the DNA percentage in the tail (tail intensity) has been shown
to be proportional to the frequency of DNA strand breaks.? Tail
moment is a simple identifier calculated by the computerized
image analysis system considering both the migration tail
length as well as the fraction of DNA migrated in the tail.?® The
DNA damage in CHO cells following in vitro 30 min treatment
with 1-10000 mM concentrations of PM and post treatment with
50 mM H,0, and 50 mM H,O,+FPG protein after PM treatment
are shown in Table 1, 2 and Figure 1a-d. Results are given as

Table 1. DNA damage as tail length and tail intensity in CHO cells treated with pendimetalin

PM treated CHO cells PM+H,0, treated CHO cells PM+H,0,+FPG treated CHO cells

Comet parameter Tail length
1 (-) Control 17.25+0.35 2817+0.45™ 60.56+0.88###
2 1uMPM 18.41+0.40" 32.23+0.41™ 61.55+0.72###
3 10uMPM 15.66+0.36* 31.39+0.35™ 71.21£0.62###
4 100 uM PM 19.93+£0.42+ 29.88+0.32" 66.43+0.61###
5 1000 pM PM 1913+0.39* 2918+0.37" 65.49+0.57###
6 10000 uM PM 20.65+0.50" 34.64:0.36™ 65.60+0.59###
Tail intensity
1 (-) Control 7.89+0.54 15.23£0.99™ 64.46+1.41#4#
2 1uMPM 7.46+0.62 24.34£153™ 56.79+1.32###
3 10uMPM 6.06+0.54* 34.81£1.37 62.28+1.32###
4 100 uM PM 8.40+0.65 38.85£1.32"" 62.52+1.33###
5 1000 pM PM 8.48+0.62 33.331.32" 59.01+1.25###
6 10000 uM PM 9.83+0.86 51.03£1.36™ 57.75+1.33###

Data represent mean values (+standard error of the mean) of tail length, tail intensity, tail moment and tail migration of the alkaline comet assay and refers to 300 scores/

concentration (100 scores/experiment, three experiments)

PM: Pendimetalin, CHO: Chinese hamster over, *p<0.05, *p<0.01, **p<0.001 significance of DNA damage in PM treated CHO cells compared with DMSO (0.5%) + olive oil (0.02%)
treated negative control cells; *p<0.05, **p<0.01, ***p<0.001 significance of DNA damage in PM treated CHO cells compared with PM+H,0, treated CHO cells; #p<0.05, ##p<0.01,
###p<0.001 significance of DNA damage in PM+H,0, treated CHO cells with PM+H,0,+FPG treated CHO cells
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Figure 1. Genotoxic effects of pendimethalin for 30 min with or without Fpg in CHO cells, a) DNA damage was expressed as DNA tail length, b) DNA tail
intensity (% DNA tail), c) DNA tail moment and d) DNA tail migration, results were given as the mean + standard deviation

PM: Pendimethalin, FPG: Formamidopyrimidine N-glycosylase, *p<0.05, *p<0.01, ***p<0.001, PM treatment compared to negative control [DMSO (0.5%) + olive oil (0.2%?], *p<0.05,
**p<0.01, ***p<0.001, PM treatment compared to PM+50 uM H,0,, #p<0.05, ##p<0.01, ###p<0.001, PM+50 uM H,0, treatment compared to PM+50 uM H,0_+FPG

Table 2. DNA damage as tail moment and tail migration in CHO cells treated with pendimetalin

PM treated CHO cells PM+H,0, treated CHO cells

PM+H,0,+FPG treated CHO cells

Comet parameter Tail moment
1 (-) Control 0.91+£0.07 2.40+0.18™ 20.85+0.53###
2 1uMPM 0.90+0.08 4.24+0.28™ 18.22+0.47###
3 10uMPM 0.64+0.06* 5.53+0.23™ 23.34£0.54###
4 100 uM PM 0.98+0.08 5.78+0.22™ 21.49+0.53###
5 1000 pM PM 1.00+0.08 511£0.24™ 20.86+0.50###
6 10000 uM PM 1.37+0.15* 9.20+£0.27™ 20.59+0.54###
Tail migration

1 (=) Control 5.67+0.35 16.75+0.46™ 46.11£1.04###

2 1uMPM 7.24+0.39" 20.26x0.53™ 45.33+£0.92###
3 10uMPM 4.36+0.35" 21.41£0.47 54.05+1.05###
4 100 uM PM 9.34+0.43"* 20.78+0.44™ 51.39+£0.91###

5 1000 pM PM 8.57+0.39" 19.29+£0.49™ 49.04+0.90###
6 10000 uM PM 10.04+0.52+ 25.42+0.53™ 48.85+0.91###

Data represent mean values (+standard error of the mean) of tail length, tail intensity, tail moment and tail migration of the alkaline comet assay and refers to 300 scores/
concentration (100 scores/experiment, three experiments)

PM: Pendimetalin, CHO: Chinese hamster over, *p<0.05, *p<0.01, **p<0.001 significance of DNA damage in PM treated CHO cells compared with DMSO (0.5%) + olive oil
(0.02%)-treated negative control cells; *p<0.05, **p<0.01, ***p<0.001 significance of DNA damage in PM treated CHO cells compared with PM+H,0, treated CHO cells; #p<0.05,
##p<0.01, ###p<0.001 significance of DNA damage in PM+H,0, treated CHO cells with PM+H,0,+FPG treated CHO cells
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the mean values (+SEM) of tail length, tail intensity, tail moment
and tail migration.

According to the data obtained from three separate experiments,
tail length and tail migration are significantly increased at all
concentrations of the PM tested (1, 100, 1000 and 10000 pg/
mL) when compared with those of untreated cells (Figure 1a,
1d, respectively). The tail length, tail intensity, tail moment and
tail migration are significantly decreased at PM concentrations
of 10 mM above the control values (Figure 1a-d). Moreover, the
tail moment is significantly increased at PM concentrations of
10000 mM above the control values (Figure 1c).

Some inconsistencies among tail length, tail intensity, tail
moment, tail migration and concentration are found (Figure 1a-
d). Significant tail length and tail moment increases are found in
CHO cells with 1, 100, 1000 and 10000 mM PM concentrations
(Figure 1a, 1c, respectively). On the other hand, significant tail
length, tail intensity, tail moment and tail migration decreases
are found in these cells with only 10 mM PM concentration
(Figure 1a-d). Generally, the genotoxic effects of the PM in
CHO cells are appeared to be better reflected by tail length and
tail migration than tail intensity and tail moment in this study.
Post-treatment with H,0,+FPG protein reveals increases in
all the investigated comet variables when compared to post-
treatment with just H,O,, in previously 10, 100 and 1000 mM
concentrations of PM treated CHO cells (Figure 1a-d). This
finding shows that, DNA damage performed with 10, 100 and
1000 mM concentrations of PM+H,0, treatment is an oxidative
DNA damage which may be repaired by FPG protein.

DISCUSSION

DNA oxidative damage is a common type of damage of cells
from reactive oxygen species (ROS) and it can lead to many
different mutations and problems in DNA. Reactive oxygen
species include hydrogen peroxide, superoxide anion radical,
singlet oxygen, hydroxyl radical and nitric oxide. They are the
consequence of normal body processes such as metabolism
and also the consequence of interactions with toxic chemicals,
certain drugs and radiation. ROS is not the only reason of
oxidative DNA damage. Decreases in antioxidant defence and
inhibition of repair of oxidative damage can also cause oxidation
of DNA.? |t is clear that oxidative DNA damage may lead to
mutations upon cells. Mutations are very important step in
carcinogenesis, and so elevated levels of oxidative DNA damage
plays a critical role in the initiation, promotion and progression
stages of carcinogenesis.?*?” Oxidative DNA damage has also
been associated with other diseases such as Alzheimer's
disease, Huntington's disease, Parkinson’'s disease, hepatitis,
atopic dermatitis, autoimmune diseases, atherosclerosis.?6?8
ROS may also cause sperm disfunction and plays a significant
role in male infertility.* Additionally, it is suggested that the
gradual accumulation of free-radical damage to biomolecules
occurs aging.263°

PM is widely used dinitroaniline herbicide in all continents of
the world. On the other hand, scanty number of studies have
been conducted on the genotoxic effects of PM. In this study, the

DNA damage in all variables examined in CHO cells at various
concentrations with PM application for 30 min, is created
hormetic concentration-response (U shape concentration-
response curve). Tail length and tail migration with 1 mM
concentration of PM significantly increases as compared to
negative controls (p<0.05 and p<0.01, respectively); while tail
intensity and tail moment are decreased at 1 mM concentration
of PM, this decrease is statistically insignificant. However, DNA
tail length (p<0.01), tail intensity, tail moment and tail migration
(p<0.05) values of CHO cells at 10 mM concentrations of PM
application, significantly decreases compared to negative
controls. In all the examined parameters, the DNA damage
is increased with 100, 1000 and 10000 mM concentrations
of PM applications when compared to negative controls. The
increases in the DNA tail length and tail migration at three
concentrations (p<0.001) and in the DNA tail moment for 1000
mM concentration (p<0.05) are statistically significant.

Our findings are in agreement with the results of the study
conducted by Patel et al.® This study is the only other comet
study in the literature performed in various concentrations
of PM applied CHO cells. Patel et al.® were evaluated the
cytotoxic effects of PM in CHO cells after application of PM for
3 hat1, 10, 100, 1000 and 10000 mM concentrations by MTT
(3-(4,5-Dimethylthiazol-2-yD-2,5-diphenyltetrazolium bromide)
method, then they determined the DNA damage by comet
assay. The results of this study show that, the IC, value of PM
is close to the 10000 mM. Moreover mitochondrial activity of
CHO cells exposed to 10000 mM concentrations of PM for 3
h, shows a decrease of 54% compared to controls. The 90%
cell viability after 3 h of exposure of PM is determined in 10-
100 mM. Patel et al.® also report over 90% of cell survival by
trypan blue staining method in CHO cells which are exposed
to 0.01, 0.1, 1, 10 and 100 mM concentrations of PM for 3 h.
The DNA damage is investigated by comet assay in terms of
the arbitrary units, % tail DNA and tail length. PM is found to
cause a significant concentration dependent increase in DNA
damage in the studied variables, at the concentrations of 0.1 to
100 mM (p<0.05). In our study, unlike the work of Patel et al.?,
CHO cells are exposed to PM for 30 min and comet assay is
performed by using FPG enzyme additionally. According to the
results of our study, after 30 min application of PM in 1-10000
mM concentrations and following 50 mM H,0, application for 5
min, the oxidative DNA damage which is formed in CHO cells
can be repaired by FPG enzyme.

CONCLUSION

The data in the literature combined with our results show that
commonly used dinitroaniline herbicides PM induced DNA
damage in 1-10000 mM concentration in CHO cells can be
detected by comet assay. Patel et al.® also conclude that PM
may possess clastogenic effects such as some compounds
having the same chemical structure of dinitroaniline herbicides.
In this study, CHO cells are incubated with PM for 30 min. For
more information about DNA damaging effects of PM, it will
be useful to perform similar studies using longer incubation
periods more than 30 min. In further studies, to refine the
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data obtained in our study in the concentration range from 1
to 10000 mM and to be informed about the possible effects
on close to human exposure concentrations, the DNA damage
should be detected in concentrations below 10 mM. In addition,
chromosomal aberration studies must be carried out for the
detection of claimed clastogenic effects of PM.
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authors.
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Ocular Application of Dirithromycin Incorporated
Polymeric Nanoparticles: an /n Vitro Evaluation

Diritromisin Yukli Polimerik Nanopartikdllerin Okiler Uygulanmast: in
Vitro Degerlendirme

Ebru BASARAN

Anadolu University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Eskisehir, Turkey

ABSTRACT

Objectives: Ocular drug delivery is a difficult challenge especially with topical intillation which results in rapid drainage and non-productive drug
absorption. For the improvement of the pre-corneal retention time and enhancing the corneal permeability, colloidal drug delivery systems play an
important role in enhancement of the ocular bioavailability. In this study, dirithromycin incorporated Kollidon® SR-based polymeric nanoparticles,
an antibacterial agent, were formulated for the efficient treatment of severe ocular bacterial infections.

Materials and Methods: In this study, dirithromycin was incorporated into the Kollidon® SR-based nanoparticles by spray drying method. /n vitro
characteristic properties were evaluated in detail during the storage period of three months at three different conditions.

Results: The results of in vitro analyses revealed that characteristic properties of the particles were remained unchanged during the storage period
of three months.

Conclusion: Kollidon® SR-based polymeric nanoparticles are good candidates for drug delivery systems in the treatment of severe ocular bacterial
infections with dirithromycin.

Key words: Dirithromycin, Kollidon® SR, polymeric nanoparticles, ocular drug delivery

O |

Amag: Ozellikle gbzyasi Gretimi ve kirpma refleksleri gibi g6ziin koruyucu mekanizmalarina bagli olarak géze topik olarak uygulanan formilasyonlarin
g6z yuzeyinden hizla uzaklastirilmasi ve korneal ylizeyden verimsiz absorbsiyonu séz konusu olmaktadir. Prekorneal tutunma stresinin ve korneal
permeabilitenin arttirilmasi ile oktler biyoyararlanimin arttirilmasinda kolloidal ilag taslyici sistemler buytuk 6nem tagimaktadir. Bu galismada
antibakteriyel etkili bir madde olan diritromisin yUklu Kollidon® SR yapili polimerik nanopartikuller siddetli okller bakteriyel enfeksiyonlarin etkin
tedavisi amaci ile hazirlanmistir.

Gereg ve Yontemler: Bu calismada diritromisin Kollidon® SR yapili polimerik nanopartikiillere piskirterek kurutma yéntemi ile yiklenmistir.
Nanopartikullerin in vitro karakteristik 6zellikleri Ug farkli ortamda Ug ay slresince detayli olarak incelenmistir.

Bulgular: /n vitro analiz sonuglari pargaciklarin ti¢ aylik saklama stiresince karakteristik 6zelliklerini koruduklarini géstermistir.

Sonug: Kollidon® SR yapili polimerik nanopartikillerin siddetli okuler bakteriyel enfeksiyonlarin diritromisin ile tedavisinde oldukga etkili ilag tasiyici
sistem adaylari olduklarini géstermistir.

Anahtar kelimeler: Diritromisin, Kollidon® SR, polimerik nanopartikller, okiler ilag tasiyici sistemler

*Correspondence: E-mail: ebcengiz@anadolu.edu.tr, Phone: +90 533 712 74 22
ORCID ID: orcid.org/0000-0003-2104-2069

Received: 17.01.2017, Accepted: 27.04.2017

©Turk J Pharm Sci, Published by Galenos Publishing House.

191



192 Ebru BASARAN. Ocular Application of Dirithromycin

INTRODUCTION

The topical instillation of the ocular formulations is the primary
choice application method for ocular therapy.! However, the
bioavailability of ophthalmic drugs via topical route result
in a short duration at the therapeutic concentration, due to
the several protective mechanisms of the eye like lacrimal
secretion, high tear turnover and blinking reflex.2® To overcome
the poor bioavailability of drugs (5-10% of the applied dose)
from ocular dosage forms after topical application, researchers
mostly developed mucoadhesive colloidal drug delivery systems
for extended corneal/conjuctival contact time.*”

Most cases of acute infections, topical antibacterial treatment
offers several benefits like shorter disease duration; prevention
of spread of infection; reduction in side effects, and reduced
disease recurrence.® In the eye bacterial, fungal and viral
pathogens can produce severe disorders like conjunctivitis,
keratitis, blepharitis, corneal ulcers and are one of the causes
of ophthalmia neonatorum for the infants which may lead to the
loss of an eye when being untreated sufficiently.>

Bacteria and other microorganisms are far more resistant
to adverse situations than animal cells and can withstand
environments that would be quickly lethal to us in many cases.’

Macrolides are one of the antibacterial agent group that are being
used for the treatment of proposed disorders. All of the macrolides
have a similar mechanism of action in that they selectively bind
to the 50S subunit of the bacterial ribosome while not binding to
the mammalian 80S ribosomal subunit, which accounts, in part,
for their safety and selectivity of action."

Erythromycin is the first member of the macrolide group and
many derivatives were synthesized afterwards.”? Dirithromycin
is the second generation of semisynthetic macrolide derived
from erythromycin with a 14-membered lactone ring.® It is acid
stable and better absorbed with higher bioavailability than for
erythromycin however its oral bioavailability results in between
6-14% .14

Furthermore, in addition to their antibacterial activities,
macrolides such as azithromycin exhibit potent anti-
inflammatory activities!® Despite being well tolerated,
macrolides have a number of important side effects such as
gastrointestinal adverse reactions QT interval prolongation,
hepatotoxicity, ototoxicity, color vision loss and interactions
with other drugs because of inhibition of drug metabolism.>'
For the enhancement of low bioavailability data and requirement
of safer formulations dirithromycin was incorporated into
polymeric nanoparticles in this study.

Kollidon® SR is polyvinyl acetate [polyvinyl alcohol (PVA), 80%]
and [polyviniyl pyyrolidone (PVP), 20%] based mixture mostly
used for pH-independent sustained release matrix tablets.™"
When PVA part gives to a tablet/particle structural integrity,
water soluble PVP part leaches out forming pores where the
active agent diffuses out.” Kollidon® SR has demonstrated to
have no acute toxicity and to be not irritating to the skin or
mucous membranes.?° Kollidon® SR contains no ionic groups
therefore its sustained release properties are unaffected by
ions or salts.?

Considering the safety and the modification opportunities of the
polymer novel application route for Kollidon® SR was studied
for the first time in this study for efficient treatment of ocular
bacterial infections using dirithromycin.

MATERIALS AND METHODS

Materials

Dirithromycin and Kollidon® SR was kindly gifted by Abdi ibrahim
(istanbul, Turkey) and by BASF (istanbul, Turkey) respectively.
Methanol was purchased from Merck (Darmstadt, Germany).
Staphylococcus aures [American Type Culture Collection (ATCC
25923)] and Pseudomonas aeruginosa (ATCC 27853) strains
were obtained from ATCC. All other reagents used were of
analytical grade.

Methods

Preparation of nanoparticles

Spray-drying method was used for the preparation of
nanoparticles.??% Briefly, accurately weighed Kollidon® SR (1
g) was dissolved in methanol (60 mL). Dirithromycin was added
to the mixture under mild agitation (150 rpm). Final transparent
solution was then spray-dried using a Nano Spray Dryer (B-
90, BUCHI Labortechnik AG, Flawil, Switzerland) with an inlet
temperature of 90°C+1°C (outlet temperature of 35°C5°C).
White dry powders were collected and kept in tightly-closed
and coloured vials at room temperature until being analyzed.

Placebo nanoparticles were prepared as described above
without the addition of active agent.

Characterization of nanoparticles

Morphology

The microstructural characterization of the nanoparticles
prepared were investigated using scanning electron microscope
(SEM) (Carl Zeiss SUPRA 50 VP, Oberkochen, Germany) at
25°C+2°C.

Particle size and zeta potential

Particle size, polydispersity index (PDI) and zeta potential
measurements were performed on freshly prepared samples
using Malvern Nano ZS (Zetasizer Nano Series, Worcestershire,
UK). Samples of all nanoparticles were dispersed in double-
distilled water (adjusted to a constant conductivity of 50 pS/
cm? using 0.9% NaCl) just prior to analyses.?® All analyses were
repeated in triplicate at 25°C+2°C.

pH value

pH values of the nanoparticle dispersions were analyzed at
25°Cx2°C by WTW Profi Lab (pH 597, Weilheim, Germany). All
analyses were repeated in triplicate.

Differential scanning calorimetry

Structural and crystallinity changes of dirithromycin and the
Kollidon® SR due to the formulation steps were evaluated using
differential scanning calorimetry (DSC) (DSC-60, Shimadzu
Scientific Intruments, Columbia, MI, USA). Analyses were
performed under nitrogen (flow rate of 50 mL/min) at 30-300°C
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temperature range with a constant heating rate of 10°C min™.
DSC thermograms of pure materials were used as references
for the comparison of the possibility of crystallinity changes of
the structures.

X-ray diffractometry

For the evaluation of the crystallinity changes X-ray diffraction
(XRD) analyses were performed (Rikagu Corporation D/
Max-3C; Tokyo, Japan) within the range of 2-40° at 26 with
2°/min scanning rate and using 40 kV voltage with 20 mA
current intensity level. Analyses spectra of pure polymer and
pure dirithromycin were used as references for evaluating the
structural changes of the materials throughout formulation
stages.

Fourier transform infrared spectrophotometry

IR Prestige-21 (Shimadzu, Tokyo, Japan) was used for fourier
transform infrared (FTIR) analyses. Deuterated triglycine
sulfate doped with L-alanine detector was used with
Germanium-coated KBr plate beam splitter at 4000-500 cm
range. FTIR spectra of pure dirithromycin and polymer were
used as references.

Nuclear magnetic resonance

For the evaluation of the interactions between the active
agent and the polymer 'H-NMR analyses were performed on
UltraShield™ CPMAS NMR (Brucker, Rheinstetten, Germany)
using deuterated chloroform (CDCL) as solvent. Spectra of
pure dirithromycin and Kollidon® SR were used as references.

Determination of dirithromycin

A modified high-performance liquid chromatography (HPLC)
method was used for the determination of dirithromycin.??
Shimadzu 20 A (Tokyo, Japan) with Shimadzu Shim-Pack
CLC-ODS column (Tokyo, Japan; column diameter: 4.6 mm,
column length: 15.0 cm, particle diameter: 5 ym and particle
size: 100 A) was used as the instrument. Water:methanol:pbs
buffer:acetonitrile (9:19:28:44, v/v/v/v, pH: 7.5) was used as the
mobile phase with a flow rate of 1.0 mL/min. 20 yL constant
amount of samples was injected via an Automatic Injector
(Shimadzu, Tokyo, Japan) and Photodiode Array Detector
(Shimadzu, Tokyo, Japan) was used at 205 nm. Column
temperature was set to 30°C. Validation studies were performed
for data reliability.

Drug loading and encapsulation efficiency

Accurately weighed particles (50 mg) were dissolved in 5 mL
methanol while the same amount of particles were dispersed in
2-propanol (5 mL), vortexed for 1 min and centrifuged at 2000
rpom for 10 min for the determination of total dirithromycin
content (DIR)) and dirithromycin adsorbed on the nanoparticle
surfaces (DIR,), respectively. Supernatants were analyzed by
HPLC after proper dilutions (n=3).

Drug loading and encapsulation efficiency (EE) were calculated
according to Equation 1 and Equation 2 respectively.

Drug loading (%) = [(DIR,) / (Particle weight)] x 100
Equation (1)

EE (%) = [(DIR,-DIR,) / (DIR] x 100
Equation (2)

In vitro release study

The dialysis bag diffusion method was used to analyze the
in vitro drug release studies of dirithromycin incorporated
Kollidon® SR nanoparticles.?®® In vitro release profiles of
dirithromycin were investigated in freshly prepared simulated
tear fluid (STF) at pH 7.4.3°32 Briefly, spray-dried nanoparticles
containing 5.0 mg dirithromycin were put in dialysis bags.
Bags were closed tightly from both ends and were immersed
in the dissolution medium containing 30 mL STF at 34°C+1°C
on a water bath using continuous magnetic stirrer with a
stirring rate of 150 rpm. 1 mL of samples were collectes at
predetermined time intervals and dirithromycin content of the
samples was analyzed using HPLC method as described at the
previous section and release profile of the pure dirithromycin
was used as a reference for better evaluation of the profiles.
Each experiment was repeated three times.

Evaluation of the cytotoxicity

The toxicity of the nanoparticles prepared were evaluated by
3-(4,5-dimethylthiazol-2-yD)-2,5-diphenyltetrazoliumbromide
(MTT) assay.®*3 Briefly, cells were suspended in Dulbecco’s
Modified Eagle's Medium solution (containing 10% fetal bovine
serum) and 2x10%cells/mL were seeded into 96 well plates and
cultured for 24 hrs. Formulations with different concentrations
were added to the suspension and the mixtures were incubated
at 37°C (under 5% CO, and 95% air) for 24 and 48 hrs. After
the incubation period, 20 pL (5 mg/mL) of MTT dye was added
to each well and incubated for more 2 hrs. (at 37°C) for the
transformation of MTT to formazan salt by the presence of
the living cells. Formazan crystals were extracted using 200
pL dimethyl sulfoxide (DMSO) and the amount of the dye
was determined spectrophotometrically at A=540 nm with
microplate reader (Victor X5, Perkin Elmer, England).

Microbiological assay

The antifunfal activity of the formulations were evaluated
with M27-A2 standard Microbroth Dilution Method.® Briefly
formulations were dissolved in DMSO within the concentration
of 400 pg/mL-0.78 pg/mL and transferred to the 96 well plates
with a concentration of 100 pL. S. aures (ATCC 25923) and P.
aeruginosa (ATCC 27853) were inoculated at the concentrations
of 5x10° CFU/mL. Positive and negative control groups were
used as references. Resazurin was added to the plates up to the
final concentration of 20 pg/mL after the 24 h incubation period
at 36°C. The plates were analyzed with Synergy™ HT (Bio-Tek,
USA) and the minimum inhibitory concentration (MIC) was
evaluated as the lowest concentration that inhibits the visible
microbial growth 3¢

Stability of the formulations

For the evaluation of the stability of the formulations prepared,
samples were kept at different temperatures (25°C+2°C -
60%z+5 RH; 40°C+2°C - 75%25 RH, 5°C+3°C) during the storage
period of 3 months and the particle size, PDI, zeta potential, pH
and DSC analyses were evaluated on the day of production and
at the end of 3 months for the evaluation of the changes in the
characteristic properties of the nanoparticles.
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RESULTS AND DISCUSSION

Compositions of the Kollidon® SR nanoparticles prepared were
given in Table 1.

Duration of active agent on the ocular surface is mostly particle
size dependent.® Drug can be absorbed into ocular tissues
from precorneal pocket by small sized particles while on the
other hand, longer retention times on the ocular surface and
slow drug dissolution can be achieved by bigger sized particles.
However condisering the irritation and tolerability issues
particle sizes smaller than 10 pm are prerequisite for ocular
administration.*°

Particle size, zeta potential, pH and active agent contents of
the Kollidon® SR based particles were summarized in Table 2.

Particle sizes of KD1 and KD2 formulations were found to be
329.6+6.8 nm and 522.2+24.4 nm, respectively, with relatively
homogenous size distribution considering the PDl values (Table
2). Increased encapsulation has influenced the particle size
however particle sizes remained in the nanometer range which
will be convenient for topical ocular application. During the
storage period of 3 months particle sizes were slightly changed
(Table 2) showing that the storage conditions did not change
the ocular applicability potential of the particles by remaining
below the limit of 10 um.**

Particle size and surface charge and are the two most

Table 1. Composition of Kollidon® SR nanoparticles prepared

Code Kollidon® SR (g) Dirithromycin (g)  Methanol (mL)
Placebo KD 1 - 60
KD1 1 0.10 60
KD2 1 015 60

KD: Kollidon®, Dirithromycin

Figure 1. Scanning electron micrographs of pure dirithromycin and
nanoparticles prepared, a) Dirithromycin, b) Placebo KD, ¢) KD1, d) KD2

KD: Kollidon®, Dirithromycin

frequently referred factors that are responsible for the enhanced
biological effects of nanoparticles including cellular uptake,
toxicity and dissolution.® Despite giving informations about the
interactions with the ocular tissues, zeta potential values also
gives preliminary data for the prediciton of the physical stability
of particle dispersions.’ Guidelines classifying nanoparticle
dispersions with zeta potential values of +0-10 mV, £10-20
mV and +20-30 mV and >+30 mV as highly unstable, relatively
stable, moderately stable and highly stable, respectively.04?

Since the corneal and conjunctival surfaces are negatively
charged, main approach for the enhancement of ocular
bioavailability cationic drug delivery systems are being
preferred considering possesment of enhanced bioavailability
due to the electrostatic interactions between the surfaces.?4%46
However anionic drug delivery systems also can enhance
ocular bioavailability by the help of monocarboxylate transport
which processes a proton or Na*-coupled lactate systems in
epithelial cells which may enhance the ocular bioavailability of
the anionic drugs in a great extent.*”

In this study zeta potentials were valued as -19.5+0.3 mV and
-25.5+0.1 mV for KD1 and KD2 formulations respectively (Table
2). After 3 month storage period potentials were valued within
the range of -20.1+4.1 mV and -26.5+0.3 mV indicating physical
stability of the nanoparticles during the storage period (Table
2). Considering negatively charged polymeric nanoparticles
prepeared, active transport might be the main mechanism
of the enhanced bioavailability of dirithromycin by topical
application.?

The pH and buffering of ocular formulations are very important
since the pH changes are the main reason of the stability
problems as well as the discomfort, safety and efficacy
issues of the formulations prepared. Therefore ideally pH of
the formulations would be buffered to pH 7.4 considering the
physiological pH of the tear fluid.® Since the pH values of the
formulations were 5.04+0.00 for placebo KD, 7.39+0.01 for
KD1 and 7.90+0.00 for KD2 no adjustments were required for
dirithromycin incorporated nanoparticle formulations in our
study (Table 2). After 3 month storage period pH values were
remained within the range of ocular tolerability.

Dirithromycin was reported to crystallize into different
polymorphic forms in different solvents, such as nonsolvated
crystal forms (1 and 2), 1-propanol solvate, cyclohexane
trisolvate and acetonitrile-trihydrate.®®® Therefore it is very
important to evaluate morphological changes of dirithromycin
and Kollidon® SR during and after formulation steps. In our
study structural changes were evaluated by DSC analyses.
Pure dirithromycin demonstrated a melting point at 191.3°C
showing the crystalline structure (Figure 2a). No peaks were
detected for both placebo formulation and pure Kollidon® SR
as expected due to the amorphous structure of the polymer.
DSC thermogram of the physical mixture of the dirithromycin
with Kollidon® SR showed the stability of the active agent in
the polymeric carrier owing to the presence of dirithromycin
in crystalline structure. And the absence of the endothermic
peak of dirithromycin in the formulations showing that the
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Figure 2. Differential scanning calorimetry thermograms of pure
dirithromycin and the nanoparticles prepared, a) At the day of production,
b) After the storage period of 3 months

DIR: Dirithromycin, KSR: pure Kollidon® SR, PMix: Physical mixture of dirithromycin
with Kollidon® SR, Stability codes as x/y; x represents the storage month while y
represents the storage conditions

dirithromycin was molecularly dispersed within the amorphous

polymeric structure (Figure 2a). After the storage period of 3
months amorphous state of the polymeric structure remained
unchanged showing that the particles were not affected from
the storage conditions (Figure 2b).%

XRD is one of the most important characterization tools used in
solid state chemistry and materials science for the determination
of the size and the shape of the unit cell for polycrystals in
nanoscale.®*>* Diffraction pattern gives information of the
crystalline/amorphous structure of the materials.> Since the
polymorphic changes of the active agents are important factors
which might affect the dissolution rate and the bioavailability of
the applied drug, possibility of the structural changes must be
monitored.® XRD also gives information about the size of the
particles with the help of measurement of the smallest unfaulted
regions or coherently scattering domains of the material.>

In XRD profiles dirithromycin showed sharp peaks at
20-scattered angles indicating crystalline structure (Figure 3).
Pure Kollidon® SR showed semicrystalline structure (marked
with arrows) however after spray drying process polymer
transformed to the amorphous state which gives spaces for the
incorporation of the active agent within the polymeric network.
No signals were detected in the spectra of KD1 and KD2 (Figure
3) showing that the dirithromycin was dispersed within the
amorphous polymer as indicated by DSC analyses results.

FTIR analysis method based on the selective absorption of light
by the vibration modes of specific chemical bonds in the sample
therefore FTIR analyses gives concise informations about the
interactions occurred between the drug and polymer during the
formation stages of nanoparticles by evaluating the alterations
in frequency and intensity of the structures compared to FTIR
signals of pure materials.%”

Table 2. Particle size, polydispersity index, zeta potential, pH values and dirithromycin contents of Kollidon® SR nanoparticles prepared (n=3,

mean * standard error)

Code PS (nm) Pdl ZP (mV) pH DIR, (%) DIR; (%)
Placebo KD 363.0+24.4 0.524+0.189 -19.6+4.1 5.04+0.01 - -

KD1 329.6+6.8 0.425+0.080 -19.5+£0.3 7.39+0.01 75.0£0.0 25.0£011
KD2 522.2+14.4 0.539+0.163 -25.5£01 7.90+0.00 55.6+0.1 444201
Stability codes Total DIR loss (%)

Placebo KD-3/25 366.0+4.2 0.612+0.127 -20.6+11 5.54+0.10

KD1-3/25 335.7+5.4 0.545+0.110 -21.5+£0.2 7.42+0.01 0.18+0.02

KD2-3/25 554.3+2.5 0.524+0.174 -26.1£11 7.98+0.02 1.2+0.01

Placebo KD-3/40 373.0£5.1 0.628+0.199 -21.243.2 5.61+0.00

KD1-3/40 348.67.8 0.614+0.092 -22.6x0.4 7.48+0.01 13.331.76

KD2-3/40 562.4+6.3 0.654+0.183 -26.5+0.3 8.16+0.00 10.93+0.94

Placebo KD-3/5 360.0+4.1 0.435+0.171 -20.1+41 5.74+0.02

KD1-3/5 334.6+5.6 0.456+0.210 -21.4+0.3 7.56+0.01 1.69+0.90

KD2-3/5 530.1+4.4 0.512+0.184 -26.4+0.1 7.88+0.01 1.77+0.22

PS: Mean particle size, Pdl: Polydispersity index, ZP: Zeta potential, DIR: Dirithromycin, DIR_: Surface located DIR concentration, DIR.: Encapsulated DIR concentration, Stability
codes as x/y; x represents the storage month while y represents the storage conditions in “C
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Figure 4. FTIR spectra of dirithromycin, and the nanoparticles prepared
KD: Kollidon®, Dirithromycin

Since the Kollidon® SR is a mixture of PVA and PVP,
characteristic peaks were revealed for PVP N-C around 1230
cm™ and PVA by C-O (stretch) at 1109 cm™ and the C=0 at 1732
cm™ (Figure 4).58%

Characteristic peaks of O-H streching at 3539 cm™ observed
in the pectrum of pure dirithromycin most probably due to the
moisture content of the material.®® C-H stretching (2980 cm,
2881 cm™); C=0 molecular vibration (1712 cm™) C=C (890-991
cm™) peaks were identified as the main groups (Figure 4).20¢

FTIR sptectra of pure materials were compared to KD1 and
KD2 formulations and main signals were also detected in the
spectra of formulations prepared therefore it showed that the
formulation stages had no influence on the polymeric structure.

Intermolecular interactions of dirithromycin and Kollidon®
SR was evaluated in this study also by 'H-NMR.®? Intensity of
the peaks at 1-3 and 7-8 ppm ranges were increased slightly
(marked with arrows) due to the presence of dirithromycin
indicating the molecular distribution of dirithromycin within the
polymeric structure (Figure 5).

Drug loading and encapsulation efficiency

KD2 th
" 4
KD1 _L'
Placebo KD ) ’I
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T bl‘ e l\
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121110 9 8 7 6 5 4 3 2 1 0 ppm

Figure 5.'H-NMR spectra of dirithromycin, and the nanoparticles prepared
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As a result of HPLC method validation studies, linearity in
methanol was y=1002.1x-1552.7 where r?=0.997; accuracy was
97.8+1.9% for the concentrations of 5 ug/mL, precision was 4.9
and 5% for repeatability and reproducibility, respectively (n=3).

Dirithromycin amount of the nanoparticles prepared were
presented at Table 2. Drug loading (%) and EE (%) were
evaluated according to Equation 1 and Equation 2, respectively.
Surface location was higher than the encapsulation for both
formulations (75.0£¢0.0% and 55.6+0.1 for KD1 and KD2
respectively) (Table 2).

In vitro release study

Release profiles obtained for Kollidon® SR nanoparticles were
given in Figure 6. The release profile of pure dirithromycin was
used as a reference. According to the analysis results release
rate of dirithromycin reached to 100% just after 2 hrs while the
values for KD1 and KD2 formulations reached the highest points
of 83.1% and 87.6% respectively after 6 hrs period (Figure 6).
Initial burst releases were recorded from the nanoparticles as
expected considering the surface location of the dirithromycin
however drug releases were extended more than 3 fold which
enhances the potential use of the nanoparticles for better
treatment.

Realization of the in vitro release profiles with mathematical
models that describes the dependence of release as a function
of time gives valuable data about the in vivo release behaviour
of the optimal delivery system.®3¢* Therefore in vitro release
kinetics were also evaluated for the formulations prepared in
comparison with pure Active pharmaceutical ingredient (APD
using DDSolver Program (Table 3).°° Best fitted models were
selected considering the smaller Akaike information criterion
(AIC) with higher adjusted R? values and the results were
presented in Table 3.

Pure dirithromycin’s release kinetic was fitted to First Order

which explains the release from the system where rate of
drug release is concentration dependent.®® Release kinetics of
the formulations prepared were described by Baker-Lonsdale
Model that describes the release kinetics from the matrixes
of spherical in shape like many microparticle formulations
(microcapsules and microspheres).®*¢ KD1 formulation also
fitted to the Korsmeyer-Peppas Model which is a semi-empirical
equation to describe drug release from polymeric systems
when the release mechanism is not clear enough.®® Considering
the majority of the incorporated drug is located on the surface
of KD1 formulation an initial burst effect was more obvious
than KD2 formulation and therefore the difference between
the release kinetics of the formulations can be attributed to the
presence of more than one type of drug release of phenomenon
was involved especially for KD1 formulation (Figure 6).%° Kinetic
models of both samples were also fitted to Weibull model which

120
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Figure 6. In vitro release profiles of dirithromycin from Kollidon® SR
nanoparticles (n= 3, mean + standard error)

DIR: Dirithromycin

Table 3. Best fitted in vitro release kinetic models of the dirithromycin and the formulations prepared

Code  Criteria Zero order First order Higuchi Korsmeyer-Peppas Hopfenberg Baker-Lonsdale Weibull
a:0.00
k 0.025 0.003 0.56 0.045 0.00 0.000 -
[3:0.001
DIR
r2 -0.003 0.001 0.000 -0.001 0.001 0.000 0.001
AIC ons 0.061 0.100 0.106 0.092 0.096 0.050
a:0.001
k 0.020 0.001 0.043 0.056 0.00 0.000 -
:0.000
KD1
r2 -0.001 0.001 0.001 0.001 0.00 0.001 0.001
AIC 0.104 0.087 0.087 0.074 0.093 0.077 0.061
a:0.002
k 0.019 0.001 0.041 0.046 0.00 0.000 -
[3:0.001
KD2
r2 0.000 0.001 0.001 0.001 0.001 0.001 0.001
AIC 0.096 0.070 0.070 0.075 0.077 0.059 0.050

DIR: Dirithromycin, KD: Kollidon®
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is an empirical model extensively used for fast and prolonged
drug release profiles from matrix systems.®**” Weibull release
kinetic model defined as the most applicable model almost all
kinds of dissolution curves therefore has been subjected to
some criticism.®

Evaluation of the cytotoxicity

Cytotoxicity of the nanoparticles prepared were evaluated by
MTT method considering both dose and time dependancy on
3T3 mouse fibroblast cell lines.®®¢” At the highest dirithromycin
concentration (0.25 pg/mL) the cell viability was found 83.36%
and 63.36% after 24 and 48 hrs, respectively (Figure 7). Despite
dirithromycin, no dramatic cell deaths were recorded for the Pure
Kollidon® SR, Placebo KD, and KD1 formulations by valuing over
80% for all after the period of 48 hrs. However KD2 showed
88.01% and 63.48% cell viability after 24 and 48 hrs respectively
considering the higher dirithromycin incorporation than KD1
(Figure 7). Analyses results showed that the concentration of the
API has great influence on the cell viability. Achievement of the
cell viability over 50% for all the formulations prepared showed
that the formulations are safe to be applied to ocular the tissues.®

120
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Figure 7. Cytotoxicity of dirithromycin, Kollidon® SR and nanoparticles
prepared by MTT assay

DIR: Dirithromycin, KSR: Kollidon® SR, PL-KD: Placebo KD formulation, KD: Kollidon®,
Dirithromycin

Microbiological assay

In vitro efficiency of the formulations were evaluated by
Microbroth Dilution Method®*3¢ on both gram positive and gram
negative bacterias like Staphylococcus aureus (ATCC 25923) and
Pseudomonas aeruginosa (ATCC 27853) respectively. The MIC
values of the formulations were presented in Table 4.

Analyses results demonstrated that KD1 has MIC values of 200
pg/mL and 100 pg/mL while KD2 showed MIC values of 100 pg/
mL and 50 pg/mL on S. aureus and on P. geruginosa respectively
showing that formulations are more effective on gram
negative bacterias. Since the constant amount of the samples
were evaluated in Micro-Broth Dilution tests, comparable
results were recorded for KD1 and KD2 considering the API

Table 4. Micro-broth dilution test results of the formulations
prepared

Codes S. auereus ATCC 25923  P. aeruginosa ATCC 27853
MIC (ug/mL) MIC (pg/mL)

KD1 200 100

KD2 100 50

Placebo KD 400 400

DIR 100 50

DIR: Dirithromycin, KD: Kollidon®, Dirithromycin

concentration of KD2 which was nearly two fold than KD1
formulation. Even the API concentration of KD1 and KD2 were
approx. 1/2.5 and 1/5 respect to pure API, same MIC values were
achieved for KD2 formulation showing that polymeric carrier
has also influenced the potency of the dirithromycin. Analyses
results revealed that the incorporation of dirithromycin into
the polymeric nanoparticles gives possibility to degrease the
applied dose considering the efficacy of the formulation with
low API concentration.

CONCLUSION

Sufficient treatment of the severe ocular infections mostly
are being hampered because of the locational and structural
features of the human eye. Therefore novel approaches are
requisite for the enhancement of ocular bioavailability of the
active materials especially for topical instillations. In this study
dirithromycin incorporated Kollidon® SR-based nanoparticles
were formulated for topical application. /n vitro characteristic
properties of the nanoparticles were evaluated in detail and
stability of the formulations were evaluated during the storage
period of 3 months.

Analyses results demonstrated that nanometer sized spherical
particles were achieved by spray drying method. DSC and XRD
analyses revealed the amorphous structure of the polymer
which is prerequisite for the incorporation higher amounts
of active agents due to the unorganized spaced within the
polymeric network. FTIR studies showed no drug-polymer
interaction while '"H-NMR analyses revealed the presence of the
active agent within the amorphous polymeric structure. Due to
the high encapsulation efficacy of the particles, dirithromycin
release could be extended up to 6 hrs which will enhance the
therapeutic efficacy of the formulations prepared. Cytotoxic
evaluation revealed the safety of the particles with relatively
high cell viability data. Microbiological experiments revealed
the potency of the formulations prepared on both gram positive
and gram negative bacterias.

Therefore analyses results can be concluded as Kollidon® SR-
based nanoparticles are effective carrier candidates for the
topical ocular application of dirithromycin. However in vivo
analyses results are required for the final decision to be made.
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Pharmacological and Toxicological Properties of
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ABSTRACT |

Eugenol is a volatile phenolic constituent of clove essential oil obtained from Eugenia caryophyllata buds and leaves. It is a functional ingredient of
numerous products which have been used in the pharmaceutical, food and cosmetic industry in restricted concentrations. Its derivatives have been
used in medicine as a local antiseptic and anesthetic. The wide range of eugenol activities includes antimicrobial, anti-inflammatory, analgesic and
antioxidant. Although eugenol is considered safe as a product, due to the vast range of different applications and extensive use, there has been a
great concern about its toxicity in recent years. However, studies about cytotoxicity and genotoxicity of eugenol are very limited and controversial.
The pharmacological and toxicological properties of eugenol will be discussed in this review.

Key words: Eugenol, clove oil, pharmacological activity, toxicity, cytotoxicity, genotoxicity

OZ I —
Ojenol, Eugenia caryophyllata'nin yaprak ve tomurcuklarindan elde edilen, karanfil yaginin fenolik yapidaki ucucu bir bilesigidir. ilac, gida ve kozmetik
endustrisinde sinirli miktarlarda kullanilan, ok sayida trdnun islevsel bir bilesenidir. Turevlerinin lokal antiseptik ve anestezik olarak tipta kullanimi
bulunmaktadir. Genis araliktaki farmakolojik etkileri arasinda antimikrobiyal, antiinflamatuvar, analjezik, antioksidan ve antikanser etkiler yer
almaktadir. Ojenol genel olarak giivenli bir bilesik olarak degerlendirilir ancak ¢ok farkli uygulamalari ve yaygin kullanim alanlari nedeniyle, toksisitesi
son yillarda ilgi odagi olmustur. Ojenoliin sitotoksisitesi ve genotoksisitesi konusundaki galismalar da yetersiz ve geliskilidir. Bu derlemede Gjenoliin

farmakolojik ve toksikolojik 6zellikleri tartisilacaktir.

Anahtar kelimeler: Ojenol, karanfil yag, farmakolojik aktivite, toksisite, sitotoksisite, genotoksisite

INTRODUCTION

Eugenol (C,H,,0, or CH,C,H.) is a volatile phenolic constituent
of clove essential oil obtained from Eugenia caryophyllata buds
and leaves, mainly harvested in Indonesia, India and Madagascar.
The name supposedly is derived from the scientific name for
clove E. caryophyllata tree which has large leaves and flower
buds which turn to red color when they are ready for collection.'?
Eugenol is the main extracted constituent (70-90%) of cloves

and is responsible for clove aroma!

Eugenol, a phenylpropanoid, is pale yellow oil with a spicy aroma
with the molecular weight of 164.2 g/mol. This molecule is a
weak acid which is soluble in organic solvents and specially
extracted from clove oil, nutmeg, cinnamon, basil and bay leaf.

There are different types of essential oil extracted from parts
of clove. The oil derived from the flower buds of clove mainly
consists of eugenol (60-90%), eugenyl acetate, caryophyllene
and other substances, whereas oil derived from the leaves of the

clove tree consists of eugenol (82-88%) and very little eugenyl
acetate, and other minor constituents. The oil derived from the
twigs of cloves consists of 90-95% of eugenol. Eugenol also
can be produced synthetically by the allylation of guaiacol with
allylchlorid.®*

Since ancient times, clove oil has been used as an antimicrobial,
antiseptic and antispasmodic in Chinese traditional medicine.
Nowadays, there is also a wide range of use of eugenol for
several purposes such as household products, fragrance in
soaps and cosmetics, skin care products, flavoring substance
for food, dental and pharmaceutical products!

Eugenol causes an enhancement in skin penetration of diverse
drugs. It is also used in agricultural applications to protect
foods from microorganisms such as Listeria monocytogenes
and Lactobacillus during storage, as a pesticide and fumigant.®
Eugenol is useful for treatment of skin infections, skin lesions
and inflammatory disorders. However, some reports show
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Figure 1. Chemical structure of eugenol (C H ,0,)

that higher concentrations of undiluted clove oil may result in
some symptoms. Indeed, an excessive dose of eugenol was
considered as toxic.>®

The US Food and Drug Administration approved the use of clove
oil as a flavoring substance in the food industry, as a fragrance
in cosmetics industry and in dentistry as a natural analgesic
and antiseptic.®

There are relatively few human studies about the
pharmacokinetic and effects of eugenol. Animal studies have
suggested that after inhalation of the smoke of clove cigarettes,
minor amounts of eugenol may be absorbed from the lung.
Also some in vitro studies indicated that eugenol undergoes
biotransformation in hepatocytes.” An investigation of male
and female healthy volunteers demonstrated that eugenol was
absorbed and metabolized after oral administration rapidly.
It was almost completely excreted in the urine within 24
hours and the urine contained conjugates of eugenol. Results
revealed that only less than 1% of administrated dose was
excreted as non-metabolized in urine. Analysis of urine also
demonstrated that more than 90% of metabolic products are
phenolic conjugates and 50% of the conjugated metabolites
were eugenol-glucuronide and eugenol-sulfate. Other observed
metabolic routes were the epoxide-diol pathway, synthesis of a
thiophenol and of a substituted propionic acid, allylic oxidation,
and migration of the double bond.®

In an in vitro study, all assessed metabolites have been found to
have an aromatic hydroxyl group. The reaction of the hydroxy!
group with glucoronate or sulfate causes the formation of
conjugates which are finally excreted in the urine. Similarities
have been observed between the metabolism of eugenol in
human and rodents.’

Guenette et al® suggested that in rats, the half-life (t ) of
eugenol in plasma is about 14 hours and in blood is 18 hours.

Pharmacological activities of eugenol

Based on available experimental data, many phenolic
compounds such as eugenol show antioxidant capacity and free
radical scavenging activity.’ The antioxidant activity of eugenol
and one of its isomers isoeugenol has been studied by using

iron-mediated lipid peroxidation and auto-oxidation of Fe®.
Eugenol had the inhibitory effect on lipid peroxidation, with an
IC,, value of about 80 uM, which was eightfold the value of
isoeugenol however; this effect was less potent than the effect
of isoeugenol. The functional mechanism of both compounds
was evaluated and the obtained results indicated that the
antioxidant activity of eugenol is potent to form complexes with
reduced metals. Isoeugenol causes a decrease in the formation
of iron-oxygen chelate complex, which is the initiating factor
of lipid peroxidation." In an experiment by using the hydroxy!
radical scavenging tests, eugenol exhibited antioxidant capacity
in a dose dependent manner.? Ogata et al.”® suggested that the
inhibitory mechanism of eugenol in lipid peroxidation has two
steps. In fact, eugenol interferes with the chain reactions by
trapping the active oxygen. Also eugenol is metabolized to
dimer which inhibits lipid peroxidation.

In male rats, eugenol showed anesthetic effects and reports
demonstrated a dose dependent anesthesia after administration
of about 50-60 mg/kg i.v.*

Antibacterial activities of eugenol

The effects of eugenol on the growth of some species of
Gram-positive (Bacillus cereus; Bacillus subtilis; Staphylococcus
aureus) and Gram-negative (Escherichia coli; Salmonella typhi;
Pseudomonas aeruginosa) bacteria were assessed by using the
agar well diffusion method. Eugenol has shown an inhibitory
effect on the growth of the P. aeruginosa at the concentration
of 1000 pg/mL. The complete inhibitory effect against such
bacteria is shown at 2000 pg/mL. In this study, ampicillin (1 mg/
mL) is used as positive control and similar effects of eugenol
also have confirmed against various pathogens such as E. coli, B.
cereus, Helicobacter pylori, S. aureus, Staphylococcus epidermidis,
Streptococcus pneumoniae and Streptococcus pyogenes.'®®

The combination of eugenol with a conventional antibiotic has
been evaluated to detect the synergistic effect against Gram-
negative bacteria. In the eugenol treated cells, 50% loss of
membrane integrity was demonstrated which enhanced the
activity of studied antibiotics. The combination of eugenol
with two antibiotics, vancomycin and a p-lactam, showed
an increased membrane damage in bacteria which means a
synergistic effect. It has been also demonstrated that penetration
of vancomycin and $-lactam, in combination with eugenol, has
increased and resulted in more antimicrobial effect.”

In another experimental study, the antibacterial effect of several
natural products; eugenol, cinnamaldehyde, thymol, carvacrol
and a combination of all mentioned agents have been studied
against the E. coli. The broth micro-dilution assay has been used
for the evaluation. Results demonstrated that among mentioned
substance, eugenol has the lowest antibacterial effect however,
the combination of eugenol and cinnamaldehyde, thymol and
carvacrol, showed a synergistic antibacterial activity.”®

The mechanism action of eugenol on the bacterial membrane
of L. monocytogenes, S. pyogenes, Proteus vulgaris and E. coli
has been examined. Results displayed that eugenol induces
cell lysis through the leakage of protein and lipid in the cell
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membrane. Furthermore, it seems that the time of exposure of
cells to eugenol is important. Because both the cell wall and
membrane of the treated Gram-negative and Gram-positive
bacteria were considerably damaged after about 120 min of
exposure.”

Eugenol at the concentrations of 16 to 128 ug/mL, decreased
the hemolytic activity and the release of tumor necrosis factor
alfa (TNF-0) in a dose dependent manner. It is also found that
depending on the concentration of eugenol, production of
staphylococcal enterotoxin has been reduced significantly. As
a result, it is suggested that eugenol could be used as a food
additive because of the inhibitory effect on growth of bacteria
and suppressive effect on the production of exotoxins of S.
aureus.?°

Anti-inflammatory effects of eugenol

Investigations of anti-inflammatory effects of eugenol,
have suggested that this compound is able to suppress the
expressions of cyclooxygenase Il enzyme. Eugenol dimers can
inhibit the expression of cytokines in macrophages, which are
stimulated by polysaccharides. Eugenol also has an inhibitory
effect on cell proliferation via suppression of NF-Kappa B
(NF-xB). Eugenol suppresses the activation of NF-kB which
induces reduction in the incidence of gastric tumors. Eugenol
can also modulate the expression of NF-kB target genes which
are responsible for the regulation of cell proliferation and cell
survival. Because of these suggested activities, eugenol has
been indicated to have chemo preventive effect.?’

Macroscopic studies, clinical evidences of collagen-induced
arthritis and treatment with eugenol in a murine model, showed
that eugenol may have inhibitory effects on mononuclear cell
infiltration into the knee joints of arthritic mice. Eugenol lowered
the levels of cytokines such as TNF-a, interferon gamma and
TNF-B in the ankle joints. The in vitro cell viability was assessed
by MTT method and achieved results exhibited that cells were
not affected by eugenol treatment. It is suggested that eugenol
may have recovery effects on arthritis and can be useful as a
beneficial supplement in the treatment of arthritis.??

Eugenol has been found to exert antipyretic activity in rabbits
when given intravenously and intragastrically and may reduce
fever through a similar central action to allopathic antipyretic
drugs such as acetaminophen.?

Eugenol at the concentrations of 0.2-20 um, is suggested to be
able to produce a dose dependent and reversible vasodilator
response that are partially dependent on the endothelium.? It
has also been found to have a preventive effect on dopamine
depression and lipid peroxidation, which can protect depression
induced by 6-hydroxyl dopamine. Eugenol has prevented
depression by decreasing the lipid peroxidation and stimulating
reduced glutathione (GSH).?

Toxicity of eugenol

Eugenol is considered safe as a food additive, but due to the
wide range of different applications and also the extensive use
and availability of clove oil; there is a great concern about its
toxicity in recent years.

Results of a case study indicated that ingestion of 5-10 mL of
clove oil by a two-year boy resulted in distressing and crying and
3 h after ingestion, conditions were deteriorated. The acidosis
marked and the patient was in deep coma. During 8 h, he
suffered from a generalized seizure, and within 24 h, failure in
liver function and also disseminated intravascular coagulopathy
was noted. Within one week after ingestion and after severe
symptomatic treatment, the patient gained consciousness and
recovered. Interms of hepatotoxic effects, results showed some
similarities between eugenol and paracetamol poisoning.?

Intravenous infusion of eugenol at 4 pL and 8 pL caused acute
respiratory distress with hemorrhagic pulmonary edema in rats
and it is suggested that at least a part of damage is related
to oxidative stress.?” In an in vitro experiment on isolated rat
hepatocytes, after 5 h exposure to eugenol, hepatotoxicity and
cell damage in more than 85% of cells were demonstrated.
Administration of acetyl cysteine had preventive effects on cell
death in the same cell line.?®

Since cinnamon and clove have lipophilic properties, they are
able to penetrate the cell membrane and then become accessible
to intracellular organelles such as mitochondria. Recent studies
indicated some inhibitory effects of such spices on the activity
of Na*/K* ATPase in kidney and intestine. It is also possible that
spices have toxic effects on mitochondrial function which leads
to decrease in ATP level. Reductions of ATP level can influence
the mechanism of cell growth, viability and aging.?’

Studies on the toxic effects of anesthetic doses of eugenol on
African clawed frogs demonstrated damage in kidney and some
morphological alteration and cell apoptosis in renal cells.*

The oral intake of eugenol in different doses during a 15 day
period may cause some changes in blood chemistry. Moreover
it causes an increase in aspartate aminotransferase, alanine
aminotransferase, and total bilirubin levels, but it seems that
such effects are not dose dependent.”

Cytotoxicity of eugenol

The cytotoxic effects of eugenol, induction of reactive oxygen
species (ROS) production and reduced levels of GSH have been
studied in human submandibular cell line. It is suggested that
formation of benzyl radicals is the main cause of low GSH of
eugenol is found to be related to ROS-independent mechanisms.
Eugenol has been found to exert less cytotoxic effects compared
to isoeugenol and such effects are dose dependent.®

Eugenol is also found potential to decrease the activity of
dehydrogenase enzymes in human osteoblastic cells in a dose
dependent manner.®

The cytotoxic effects of some of root canal sealer agents
based on zinc-oxide eugenol (endofil) and sealer 26 were
also studied. Results showed that both agents have cytotoxic
effects, but the toxicity of “sealer 26" on macrophages is more
than endofill3* Anpo et al*® evaluated the cytotoxic effects
of eugenol on human pulp cells and also the expression of
molecular markers in osteogenic differentiation. Observations
suggested that eugenol used for endodontic treatment, may
have cytotoxic effects on the normal function of stem cells.
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Another study evaluated the apoptosis induced by eugenol
in human breast cancer cells. Release of the lactate
dehydrogenase enzyme, percentage of cell viability and
cytotoxicity, morphological changes and quantitation of DNA
fragments have been studied. The findings demonstrated that
the increase of cell apoptosis and DNA fragmentation are dose
dependent.®®

The cytotoxicity of eugenol was studied in three different
malignant and nonmalignant human derived cells. The
malignant Hep G2 hepatoma cells, malignant Caco-2 colon
cells and nonmalignant human VH10 fibroblasts were chosen to
determine the cytotoxicity of eugenol. Eugenol was found to be
toxic in human VH10 fibroblasts and Caco-2 colon cells but not
in Hep G2 hepatoma cells. Eugenol at concentrations under 600
pM significantly caused an increase in DNA breaks in human
VH10 fibroblast cells. But the degree of such damage in Caco-2
colon cells was found to be lower. The DNA damaging effect
was not observed in Hep G2 cells.¥

The effects of eugenol and a chemotherapeutic drug
gemcitabine were investigated in colon cancer cells. The
combination of eugenol and gemcitabine resulted in a decrease
in cell viability of 84% (eugenol alone) to 47% (combination
of eugenol-gemcitabine). Results showed that eugenol alone
causes 84% decrease and gemcitabine causes 51% decrease
in cell viability. The colon cancer cells were treated with
eugenol resulted in increased lipid layer breaking. Furthermore,
eugenol has been found to induce apoptosis by destruction the
mitochondrial membrane potential and production of reactive
oxygen species.®

Eugenol showed different degrees of cytotoxicity in HL-
60 cancer cells and inhibited the cell growth by 50% at a
concentration of 23.7 uM. Results demonstrated a significant
increase of fragmented DNA caused by eugenol. Also eugenol
has the potential to induce the induce ROS-dependent apoptosis
in HL-60 cell line.*

It was found that eugenol is able to inhibit the proliferation of
melanoma cells. Such effect resulted in a considerable delay
in tumor growth and about 40% decrease in the size of tumor.
Moreover, approximately 50% of the animals in the control
group died because of metastatic growth, while no sign of
metastasis was observed in the treatment group. Results of the
experiments on the anti-proliferative mechanism of eugenol
in the malignant melanoma cell line (WM1205L) in humans
detected that eugenol arrests cells in the S phase of the cell
cycle and induces apoptosis by this function.®

Genotoxicity of eugenol

Authors have suggested that a moderate to severe toxic effects
of zinc oxide eugenol in V79 cell line and also demonstrated
that these effects are dose dependent, suggesting that
eugenol has genotoxic effects” On the other hand, the
chemopreventive effect of eugenol on DNA damage induced
by 7,12 dimethylbenzanthracene (DMBA) has been evaluated
in MCF-7 cells. The observations suggested that eugenol was
potent to protect DNA against genotoxic damage induced by

DMBA. Eugenol is able to suppress the DMBA activation and
acts as a potential chemopreventive compound.*

After oral administration of eugenol (0.4% in the diet) for two
weeks in rodents, the frequency of micronucleated erythrocytes
was decreased significantly. The results provided that eugenol
has the capacity of mutagenicity in male mouse and causes
mutation, particularly in the anaphase of polychromatic
erythrocytes of male mouse.*®

The genotoxic capacity of various phenolic compounds such as
eugenol, isoeugenol and safrole has been evaluated by using
the wing spot test of Drosophila melanogaster (common fruit-
fly). The results of this experiment demonstrated that at the
same concentrations, isoeugenol clearly was not genotoxic.
Observations also showed that eugenol and safrole are able to
produce a positive recombinogenic response which is related
to a high CYP P450 activation capacity. The genotoxicity of
eugenol is related to reactive metabolites and recombinogenic
compounds of it.#

The evaluation of antigenotoxicity effects of eugenol in mice
with micronucleus test, suggests that the antigenotoxic effects
of eugenol may be dose related.”® In another experimental
study, the effect of eugenol on tobacco-induced genotoxicity
was evaluated by the Ames Salmonella/microsome test. The
obtained data displayed that eugenol at concentrations of
0.5-1 mg/plate, has an inhibitory effect on tobacco-induced
mutagenicity. But 150 mg/day of eugenol was ingested by ten
non-smoking healthy male adults and findings suggested that
eugenol has no antigenotoxic activity on human.*

Immunotoxicity of eugenol

Findings about the potency of eugenol and clove oil in inducing
allergy and hypersensitivity are controversial. Several adverse
effects have been observed after use of dental products which
contain eugenol. Localized irritation of the skin; ulcers, allergic
dermatitis, tissue necrosis and rarely even anaphylactic-like
shock have been reported in different studies.

The allergic capacity of eugenol containing fragrance was
evaluated in approximately 24.000 individuals. Findings
reported that 25.5% of health care workers, 16.5% of non-health
care workers, 39.39% of metal workers and 16.3% of people in
other occupations showed allergic reactions to eugenol.“®

An 8 year old boy reported a type 1 immediate hypersensitive
reaction to the eugenol after root canal was medicated with
sodium hypochlorite and sealed with zinc oxide eugenol. About
1 min after the zinc oxide eugenol placement, the patient was
anxious and excited, with evident erythema on the parts of
the face, neck, torso, upper and lower limbs, itchiness and
redness extending behind the ear. Cutaneous examination
revealed extensive weal of various sizes and shapes with no
angioedema or mucosal involvement. Owing to the fact that
the erythema was noticed after the placement of zinc oxide
eugenol, skin prick test for zinc oxide eugenol was performed
and showed positive response for eugenol (10%) and negative
responses for zinc oxide (10%), formaldehyde (1% aq) and
sodium hypochlorite. Intravenous injection of 100 mg of
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hydrocortisone hemi succinate was administrated immediately
and zinc oxide eugenol temporary dressing was replaced with
non-eugenol containing material. Forty-five minutes later, the
patient presented reduced erythema on the face, neck and
hands however; some studies also showed that eugenol alone
or clove oil has a very low activity to induce these allergic
effects.®*

CONCLUSION

Eugenol has been recognized as a safe food additive in the
generally recognized as safe substance classification under the
sections of Federal Food, Drug and Cosmetics Administration.
However, extensive toxicity studies should be performed to
confirm that eugenol is safe for general public health. Research
on the characteristics of clove oil and eugenol is still ongoing.
Structurally eugenol is a simple molecule, but it is used
extensively for varied purposes in various industries such as
pharmaceutical, food and cosmetics, dentistry, agriculture and
others.

Furthermore, some small changes in the molecular structure
of eugenol, may lead in different molecular properties which
can have different biological activities. Observations from
several studies show synergistic effects of eugenol and other
antimicrobial compounds which allow use of eugenol as a
proper food additive. According to antimicrobial experiments,
eugenol also is potent to damage the membranes of bacteria
which may results in the increase of the penetration of some
antibiotics.

Although there are extensive researches on plant toxicity,
studies related to the toxic effects of eugenol and clove oil, are
still very limited. Especially chronic toxicity, cytotoxicity and
genotoxicity studies are lacking.

In conclusion, different properties and activities of eugenol are

still undiscovered very well and should be further explored by
more in vitro and in vivo long-term human research.

Conflict of Interest: No conflict of interest was declared by the
authors.
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Contribution of Rho-kinase and Adenosine
Monophosphate-Activated Protein Kinase Signaling
Pathways to Endothelium-Derived Contracting
Factors Responses

Endotel Kaynakl Kastirici Faktor Yanitlarina Rho-kinaz ve Adenosin
Monofosfatla Aktive Edilmis Protein Kinaz Sinyal Yolaklarinin Katkisi
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ABSTRACT |

Vascular tonus is controlled by endothelium-derived relaxing factor (EDRF), endothelium-derived hyperpolarizing factor (EDHF) and endothelium-
derived contracting factor (EDCF) under physiological circumstances. In pathological conditions, impairment of endothelium-derived relaxation can
be caused by both decrease in EDRF release and increase in EDCF release. The increase in EDCF is observed with diseases such as hypertension
and diabetes. The contribution of Rho-kinase and activated protein kinase (AMPK), which have opposite effects, to the increased EDCF responses
was investigated. Rho-kinases are the effectors of Rho which is one of the small guanosine triphosphate-binding proteins. They increase cytosolic
Ca*2 concentration and cause vascular smooth muscle to contract, keeping myosin light chain (MLC) in phosphorylated state by affecting myosin
phosphatase target subunit which dephosphorylates the MLC. The activities of Rho-kinases increase with the increase of EDCF function. AMPK is
the energy sensor of the cell. It provides a vasculoprotective effect by causing endothelium-dependent and endothelium-independent relaxation in
smooth muscle. In contrast to Rho-kinase pathway activity, AMPK pathway activity decreases with diseases in which the EDCF function increases.
In cases such as diabetes and hypertension that endothelial function impairs toward vasocontraction, it is considered that evaluating Rho-kinase and
AMPK pathways which mediate contraction and relaxation in vascular smooth muscle respectively, would provide clues on choosing therapeutic
target for pathologies in which endothelial dysfunction is observed.

Key words: AMPK, EDCF, endothelium, Rho-kinaz

|

Fizyolojik kosullarda vaskdler tonus endotel kaynakli rahatlatici faktéri (EDRF), endotel kaynakli hiperpolarizasyon faktéri (EDHF) ve endotel
kaynakli kasilma faktértu (EDCF) tarafindan kontrol edilmektedir. Patolojik durumlarda endotel kaynakli gevsemenin azalmasi, EDRF Uretimindeki
azalmaya bagli olabilecegi gibi EDCF duzeyinin artmasina da bagl olabilmektedir. EDCF hipertansiyon, diyabet gibi hastaliklarda artmaktadir.
Diyabet, hipertansiyon gibi patolojik kosullarda artan EDCF yanitina birbirine ters etki yapan Rho-kinaz ve aktive protein kinaz (AMPK) yolaklarinin
katkisi olabilecegi dusunulmektedir. Rho-kinazlar kiuguk guanozin trifosfat-bagli proteinlerden biri olan Rho'nun efektdrudir. Rho-kinazlar hafif
zincir miyozini (MLC) defosforile eden miyozin fosfataz hedef altbirimine etki ederek MLC'nin fosforile halde kalmasinin saglayarak sitozolik
Ca*? konsantrasyonu artirir ve vaskuler diz kasin kasilmasina neden olurlar. Rho-kinazlarin aktivitesi EDCF yanitlarinin arttigi hipertansiyon,
kalp yetmezligi ve diyabet gibi hastaliklarda artmaktadir. AMPK ise hicrenin enerji senséri olarak disinulmektedir. Vaskiler duz kasta endotel
bagimli ve bagimsiz gevsemeyi saglayarak vaskiloprotektif etki saglamaktadir. AMPK’nin aktivitesi Rho-kinaz yolaginin aktivitesinin tersine EDCF
fonksiyonunun arttigi hipertansiyon ve diyabet gibi hastaliklarda azalmaktadir. Endotel fonksiyonunun vazokonstriksiyon yéniinde bozuldugu diyabet,
hipertansiyon gibi tablolarda, damar diz kas dokusunda sirasiyla kasilma ve gevsemeye aracilik eden Rho-kinaz ve AMPK yolaklarinin birlikte
degerlendirilmesinin, endotel fonksiyon bozuklugunun gézlendigi patolojilerde terapétik hedef segiminde ipuglari saglayabilecegi dusinlUlmektedir.
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INTRODUCTION

Under the normal physiological conditions, vascular tonus
is controlled by endothelium-derived relaxation factors
(EDRF) including nitric oxide (NO), endothelium-derived
hyperpolarizing factor (EDHF) endothelium-derived contractile
factor (EDCF).2 The changes in these factors cause a change
in the blood pressure. It is hypothesized that, the reduction of
the endothelium-derived relaxation response in type Il diabetes
can be the result of the decrease EDRF production, as well as
the increase of the EDCF level®

Endothelium-derived relaxation factors

In 1980, Furchgott and Zawadzki*, for the first time, proved that
the endothelial cells are necessary for the relaxation of the
vascular tissue via acetylcholine (ACH) and that the relaxation
of the vascular muscle is provided via the secretion of the
EDRF from endothelium. The neurotransmitters, hormones,
and as a response to mechanical stress, the EDRF and/or EDCF
can be secreted from the endothelial cells.® EDRF includes NO
and prostaglandin |, [prostacyclin (PGI)]. EDRF induces the
relaxation of the vascular smooth muscle via the activation
of K* channels. PGI, and NO mediate the relaxation with the
increase of the concentrations of the seconder messengers,
such as cyclic adenosine monophosphate (AMP) and cyclic
guanosine monophosphate inside the cell.

Endothelium-derived hyperpolarizing factor

In addition to EDRF, EDHF also mediates the relaxation of the
smooth muscle.” Although the molecular mechanism of the
vasorelaxing activity of the EDHF has not been completely
understood, it is thought that the mechanism is achieved via the
occurence of the hyperpolarization as a result of the opening of
the K*channels.” EDHF is defined as the endothelium-mediated
relaxation response, which is observed after the PG, - NO
block is made.”

Endothelium-derived contractile factor

Endothelium-derived  contraction  happens  via  the
cyclooxygenase (COX) products.® The COX's convert the
arachidonic acid into endoperoxides. Endoperoxides, on the
other hand, with the help of the appropriate enzymes are
converted to various prostaglandins, such as, E, (PGEZ)’
prostaglandin D, (PGD,), prostaglandin F, (PGF,), and PGI,
tromboxan A, (TxA). These prostanoids create the EDCF
response by activating the thromboxane-prostanoid (TP), a
receptor which is locked to the G-protein in smooth muscle.
This contraction response occurs as a result of the increase of
the amount of the Ca*2 ions entering the smooth muscle cells,
which is achieved via the opening of the receptor-mediated
and voltage dependent Ca*2 channels.” Under in vitro conditions
the removal of the EDCF responses are removed via: (i) the
incubation made with the COX inhibitors, which inturn results
in the inhibition of the prostanoid production in endothelium
and (ii) the incubation made with the antagonists of the TP
receptors, which prevents the excitation of these receptors via
prostanoids.® These results prove that the COX products and TP
receptors are responsible from the EDCF-mediated response.

EDCF response can be triggered by the ACH which excites
the endothelium M,- muscarinic receptors, and by vasoactive
agonists like adenosine diphosphate, which activates purinergic
receptors.” Just like these vasoactive agonists, Ca*? ionophore
A23187, an agent which increases the entrance of Ca* also
triggers the creation of EDCF response. These agents are used
for the evaluation of EDCF response, experimentally, under in
vitro conditions (Figure 1).

The TP receptors belong to the family of the receptors locked to
the Gg-protein. The endothelium-derived contraction responses
created via the activation of TP receptors are associated with
the increase of the sensitivity to Rho-kinase (ROCK)-mediated
myofilaments.”

Rho-kinase pathway

The guanosine triphosphate (GTP)-locked proteins mediate the
inside-cell pathways of the membrane receptors. These GTP-
locked proteins include the Rho, Ras, Rab, Sarl/Arf and Ran
families!" In the mammals, the RhoA, RhoB, RhoC, RhoD, RhoE
and RhoG izoforms of the Rho family are defined.”” RhoA is the
most famous member of the Rho protein family. It participates in
the organization of the actin, contraction, motility, proliferation
and apoptosis!? In order for the RhoA-mediated cell response
to occur, it plays the key role as the ROCK downstream effector
in the interaction of inactive GDP and active GTP!2 RhoA is
activated via the conversion of guanine nucleotide from GDP
to GTP. The proteins activating the GTP-ase excite the intrinsic
GTP-ase activity, whereas they deactivate the RhoA. ROCK are
the first and most important effectors of the RhoA*' There are
two isoforms of ROCK, namely, ROCK1 and ROCK2.“ Although
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Figure 1. The creation and effect mechanism of endothelium-derived
contractile factor, As a result of the bonding of some neuromediators to
their corresponding receptors in endothelium cells, production of a Ca*?
ionophore A23187, arachidonic acid and an increase of the endothelium-
derived contractile factor production occurs, which then results in the
contraction of the smooth muscle®

Ach:Acetylcholine, ADP: Adenosine diphosphate, AA: Arachidonic acid, ET,: Endothelin ,
M: Muscarinic receptor, P: Purinergic receptor, 5-HT: 5-hydroxytryptamine, EDCF:
Endothelium-derived contractile factor



BALCILAR et al. Contribution of Rho-kinase, AMPK Signaling Pathways to EDCF Responses

209

these two isoforms are located with different concentrations
at different tissues, no functional difference between them has
been defined.® The activity of the RhoA/Rho associated protein
kinase pathway is increased in diabetes, as well as it is occurred
in hypertension, coroner vasospasm, stroke, atherosclerosis
and heart failure® This situation makes the ROCK a new and
important theurapeutic aim.”

The targets of ROCK, such as myosin phosphatase target
subunit (MYPT-1), myosin light chain (MLC) and calponin play
the key role in the contraction of the smooth muscle cells.
MYPT-1 is the major effector in the contraction of the smooth
muscle for the ROCK associated Ca*? sensitivity.° In addition,
MLC, C-kinase potentiated protein phosphatase-1 inhibitor (CPI-
17) and the phosphorylation of the calponin contribute to the
ROCK associated smooth muscle contraction. In the vascular
smooth muscle, the MLC is phosphorylated by the MLC kinase,
(MLCK) which is activated by Ca*?-calmoduline-dependent
kinase, and dephosphorylated by the Ca*-independent MLC
phosphatase (MLCP)*"* The MLC, which gets phosphorylated
with the activation of the MLCK, mediates the increase of the

cytosolic Ca*? concentration and the vascular smooth muscle
contraction occurs (Figure 2).?

ROCK inhibits the production of NO from the endothelium
cells. The activation of RhoA/ROCK decreases the endotelial
NO synthase (eNOS) expression by inhibiting the eNOS mRNA
stability.”® It was shown that the eNOS expression increases
during the treatment of human umbilical vein endothelial cells
channelviathe incubation of ROCK inhibitor Y27632 (10 ymol/L)."
Among the ROCK inhibitors, only the fasudil is approved for the
clinical use in the cerebral vasospasm endication.® In addition
to fasudil, Y-27632 is another ROCK inhibitor whose activity is
also proven and which has been used in several studies.®

There are several studies demonstrating that the ROCK
pathway activity increases in parallel to the EDCF response. For
instance, in the spontaneously hypertensive rats the inhibitors
of the ROCK inhibit the increasing EDCF response in the carotid
arter, under in vitro conditions,® and in STZ-diabetic rats the
application of fasudil treatment (5 mg/kg/day, oral) for a period
of 16 weeks decreases the vascular contraction response.”

Vasoconsirctor
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Figure 2. The contraction signal mechanism of the vascular smooth muscle cells, The contraction is induced by an increase of 20-kDa in myosin light chain
phosphorylation, Excitation of the receptor locked to the G protein, by the vasoconstrictor agent increases the Ca*2 concentration in the cell, thereby inhibiting
the myosin light chain phospatase, via the excitation of the myosin light chain kinase, myosin light chain phospatase consists of 3 parts, These subunits
are the catalytic subunit PP-1c, myosin phosphatase target-1 and 20-kDa subunit M20, Vasoconstrictor increases the the agent induced myosin light chain

phospatase inhibition and activation of RhoA and Rho-kinase™

PKC: Protein kinase C, GEF: Guanine nucleotide exchange factor, GAP: GTPase-activation protein, PLC: Phospholipase C, DAG: Diacylglycerol, P14,5P,: Phosphatidylinositol
4,5-biphosphate, IP3: Inositol 1,4,5-triphophate, CAM: Calmodulin, MLC: Myosin light chain, MLCK: Myosin light chain kinase, MLCP: Myosin light chain phospatase, MYPT: Myosin
phosphatase target, ROCK: Rho-kinases, AA: Arachidonic acid, GTP: Guanosine triphosphate
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Adenosine monophosphate-activated protein kinase pathway

Another pathway which is hypothesized to be related to EDCF
is adenosine monophosphate-activated protein kinase (AMPK).
AMPK term was introduced in 1988, by Sim and Hardie®, for
the first time. Being a serine/threonine kinase AMPK regulates
all of the cellular events and is though as the energy sensor of
the cell.?"?2

AMPK consists of 3 subunits, namely, o, f andy. o and  subunits
consist of 2 isoforms, whereas y subunit has 3 isoforms.?
These isoforms have different placements in different tissues
at different expression levels. Each isoform is coded by a
different genes. o is the catalytic subunit; whereas,  and vy
are regulatory subunits. a subunit consists of a autoinhibitor
region, which inhibits the catalytic kinase region of N terminal,
and the activity of the C terminal when the regulatory part
AMP is not present, and a region which is connected to the
B, and y subunits. o, subunit is dominant at adipose tissue, in
the pancreas island cells, at endothelium and vascular smooth
muscle, a., subunit on the other hand is dominant in skeletal and
heart muscles. § subunit works as a sketelon which connects
the a and y subunits. y subunit, on the other hand, carries the
connection parts of AMP and adenosine triphosphate (ATP).?

The activity of AMPK increases in the situations where the
need of ATP increases; such situations are exercise, hunger,
inflammation and hypoxia. AMPK effects the metabolisms of
lipid, carbohydrate, and proteins. Activation of AMPK regulates
the lipid methabolism by ensuring the fat oxidation, producing
the cholesterol in liver, decreasing the synthesis of the fatty

acids and increasing the lipolysis in adipocytes. The effect
of AMPK on carbohydrate metabolism can be summarized
as the increase of the glucose uptake in the skeleton muscle
and at heart, with the activation of AMPK, the excitation of
glucogeneogenesis enzym in the liver and the regulation of the
insulin secretion of the § cells in pancreas. In addition to these
effects, the activation of AMPK increases the NO production
at heart and vascular endothelium. Long periods of AMPK
activation might cause modifications in protein synthesis via
the modulation of transcription factors, like myocyte enhancer
factor-2, mammalian target of rapamycin and eukaryotic
elongation factor 2.2°

Antidiabetic agents, such as, metformin?, thiazolidinediones,
glukagon like peptid-1 agonists, dipeptidyl peptidase-4
inhibitors, statins, adiponectin and the leptin hormone increase
the AMPK activation.?>?® Experimentally, 5-aminoimidazole-4-
carboxamide ribonucleoside is used for the AMPK activation®,
whereas the dorsomorphine (compound C) is used for the
inhibition.

AMPK increases the eNOS activity in the smooth muscle, which
in turn increases the NO-mediated endothelium-dependent
relaxation. The endothelium independent relaxation, on the
other hand, is ensured by AMPK via the decrease in the Ca*
sensitivity of the MLCK in the smooth muscle cell (Figure 3).
It therefore shows a vasoprotective effect.??" It is thought
that the vasoprotective effects of the therapeutic agents like,
metformin®, thiazolidinediones and statins also occur via the
AMPK activation.?’ AMPK activation causes the NO-mediated
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Figure 3. The vascular effect of the AMPK activation and the agents activating AMPK?'

TNF-o: Tumor necrosis factor-alpha, IL: Interleukin, AICAR: 5-aminoimidazole-4-carboxyamide-1-f3-D-ribofuranoside, CAMKK: Calmodulin-dependent kinase kinase, TAK:
Transforming growth factor f-activated kinase, LKB: Liver kinase B, MLCK: Myosin light chain kinase, AMP: Adenosine monophosphate, ATP: Adenosine triphosphate, NO: Nitric

oxide
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relaxation in the spontaneously hypertensive rats.?>-? AMPK, at
the same time, causes the endothelium independent vascular
smooth muscle relaxation in the aort preparations of the
Mouse.?

Rho-kinase and adenosine monophosphate-activated protein
kinase interaction

In the pathologies with hyperglycemia and hypertension, the
inverse effects of AMPK and ROCK pathways results in the
speculations that these two pathways are related to each other.

Increase in ROCK activation suppresses production of NO in
endothelium cells and indirectly causes contraction in vascular
smooth muscle. This is related with ROCK activation’s effects of
decreasing eNOS expression and mRNA stability. ROCKs effect
on MYPT-1 also plays role in this pathway. By keeping MYPT-
1 inactive, ROCK triggers MLC phosphorylation, cytosolic Ca*?
level increase and as a result it's contraction.® AMPKs vascular
effect is the opposite of this. In contrast to ROCKs effect,
AMPK  activation increases the activity of eNOS in arterial
smooth muscle. It causes endothelium dependent relaxation by
increasing the production of NO. On the other hand, it causes
endothelium independent relaxation by decreasing intracellular
Ca*? sensitivity and vascular tonus through activating MLCK in
vascular smooth muscle cell.?>?" In summary, ROCK activation
makes hypertension and diabetes like pathologies more
critical by causing increase in vascular contraction. Increase
in the AMPK activation, can help fixing vascular complications
caused by these pathologies with its vasculoprotective effect.
From this point of view, it is believed that in pathologies in
which vascular tonus increases, inhibition of ROCK activity

and activation of AMPK can be beneficial. That is why ROCK
inhibitors and agents that are increasing the activation of AMPK
are considered as new therapeutic targets.#

ROCK and AMPK is related also because the molecules below
are up-regulated ROCK inhibition. And these molecules are the
downstream targets of AMPK (Figure 4)%:

Cptla and Cptlb that play role in obtaining energy through
lipolysis and carrying fatty acids from outer membrane of
mitochondria to cytosol, Cycs (cytochrome C) and Cox4il
(cytochrome C oxidase lower unit 4i1), transmembrane proteins
in mitochondria and last receiver of the electron transfer chain,
Slc2a4, glucose transporter which is found in muscle tissue
and adipose tissue.

Additionally, it is another finding that shows the relationship
betweenthese pathways that, as a ROCK inhibitor hydroxyfasudil
increase the NAD*/NADH rate and Sirtuin-1 activity (Figure 4)
which are AMPK'’s downstream target.?

In experimental models and humans, observing metformin,
which causes AMPK activation, decrease body weight and
serum lipid levels like fasudil does, is another sign of the
interaction.?”

Below studies are made in order to enlighten the relationship
between AMPK and ROCK pathways:

In hypertensive rats that angiotensin are induced, it is observed
that resveratrol treatment stabilizes the blood pressure by
decreasing ROCK activity and AMPK activation.®

Metabolic disorders observed in rats that are fed with high
fat diet, are fixed with ROCK inhibitor and AMPK mediated.

Obesity
i
Hyperlipidemia [ )
Hypertension
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Dom: nant-nagative {In vivD
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Figure 4. Rho-kinase inhibition increases energy consumption by activating AMPKa2 through liver kinase B-1, effect of change in Rho-kinase activity on

adenosine monophosphate-activated protein kinase activity®

LKB: Liver kinase B, AMPK: Adenosine monophosphate-activated protein kinase
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And positive effects of the treatment with ROCK inhibitor are
disappeared in rats AMPK gene is deleted.?

DISCUSSION

In pathologies that endothelium functions impair, ROCK
activity increases in parallel with EDCF response while
AMPK pathway activity decreases. It is thought that, having
these pathways response to the same pathologies adversely
might mean that there is a relationship between them. It is
seen as a sign of relationship between pathways in following
researches: hypertensive rats with induced angiotensin, it
is observed that resveratrol treatment stabilizes the blood
pressure by decreasing ROCK activity and AMPK activation®,
metabolic disorders observed in rats that are fed with high
fat diet, are fixed with ROCK inhibitor and AMPK mediated.
And positive effects of the treatment with ROCK inhibitor are
disappeared in AMPK gene deleted rats.?? ROCK activation
makes hypertension and diabetes like pathologies more critical
by causing increase in vascular contraction. Increase in AMPK
activation contributes recovery of vascular complications
related with these pathologies by providing a vasculoprotective
effect. That is why, in pathologies with vascular tonus increase,
it is thought that ROCK activity inhibition and AMPK activity
activation might be beneficial. Hence, ROCK inhibitors and
AMPK' activating agents are considered as new therapeutic
targets/®? Evaluating ROCK and AMPK pathways together
can provide hints about therapeutic target selection in the
pathologies in which endothelium function impairs.
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