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INSTRUCTIONS TO AUTHORS

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

¢ Research articles
* Reviews (only upon the request or consent of the Editorial Board)

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

The publication language of the journal is English.

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

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

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

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

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

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

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

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

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

The Review Process

This is an independent international journal based on double-blind peer-
review principles. The manuscript is assigned to the Editor-in-Chief, who
reviews the manuscript and makes an initial decision based on manuscript
quality and editorial priorities. Manuscripts that pass initial evaluation

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

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

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

The Editorial Policies and General Guidelines for manuscript preparation
specified below are based on “Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in Medical Journals
(ICMJE Recommendations)” by the International Committee of Medical
Journal Editors (2013, archived at http://www.icmje.org/).

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

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

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

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

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

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

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

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

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

ETHICS COMMITTEE APPROVAL

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

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

SIMILARITY

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

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

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

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

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

Reference Format

INSTRUCTIONS TO AUTHORS

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

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

Example: Herbert L. The Infectious Diseases (1st 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:
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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.

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.
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LETTER TO EDITOR

Can Pharmacists be More Effective Regarding the
Proper Use of Face Masks by the Public During the

COVID-19 Pandemic?

Eczacilar COVID-19 Salgini Sirasinda Yiiz Maskelerinin Toplum Tarafindan
Dogru Kullanilmasinda Daha Etkili Olabilir mi?

© Nesligiil OZDEMIR*, ® Melda BAHAP, ® Ayce CELIKER

Hacettepe University Faculty of Pharmacy, Department of Clinical Pharmacy, Ankara, Turkey

Key words: Face mask, pharmacist, COVID-19

Anahtar Kelimeler: Ytz maskesi, eczaci, COVID-19

Dear Editor,

COVID-19 disease has spread quickly throughout the world
after it was first identified in Wuhan, China. Since the outbreak
was accepted as a pandemic by the World Health Organization,
governments/health authorities have started to announce
and implement preventive and protective measures against
the disease. Using face masks is one of these methods of
protection. At this point, at the beginning some governments/
health authorities recommended face masks only for those who
have respiratory symptoms or are vulnerable to infections!
Currently, increasing numbers of agencies and governments
are advocating that the general population should wear masks,
besides health professionals. The use of a face mask has
become common whether the authorities have recommended
it or not. For effective prevention and protection from
respiratory diseases wearing a face mask in the correct way
is an important issue. When the public's behavior during this
pandemic is evaluated, it is seen that many do not use masks
correctly. Touching the front of the mask, touching the face and
other surfaces without washing the hands after removing the
mask, and using disposable masks repeatedly are incorrect
practices seen among the public. Many bacteria, viruses, and

fungi accumulate on the outer surface, especially the inner side
of the mask.? In the study conducted by Chughtai et al.2 when
surgical masks used by healthcare workers were examined,
10% of the mask users had respiratory virus contamination
and the most contamination was observed with adenovirus,
bocavirus, and influenza virus. Contamination possibility
increased 6 hours after wearing the mask. Although healthcare
workers are knowledgeable about the vital function of protective
equipment and use it correctly, the public’'s knowledge and
ability regarding correct equipment use appear insufficient.
Therefore, incorrect use increases the risk of contamination to
both the wearer and those around. When we observe population
behavior towards compliance with protective measures for
pandemic diseases we see that as well as unchangeable factors
such as age and sex, comparable factors such as perceived
susceptibility have important impacts. According to Sim et
al.3 perceived susceptibility appears to be the most significant
factor influencing compliance with mask wearing. They
suggest that, to increase the public's perceived susceptibility,
they should be educated about contagious diseases. Eastwood
et al* stated that the community was more likely to seek
information about the outbreak from general practitioners

*Correspondence: E-mail: nesliozdmr@hotmail.com, Phone: +90 536 978 72 51 ORCID-ID: orcid.org/0000-0003-2551-9549
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and other healthcare professionals than the national health
hotline set up for rapid information dissemination during the
HINT pandemic. Pharmacists, as healthcare professionals
effective in providing preventive public health services by
delivering necessary health interventions about lifestyle
changes in chronic diseases, vaccination, sexual health, and
stopping smoking and alcohol consumption, play an important
role in consulting during extraordinary situations such as
pandemics as well. They can prevent incorrect use of masks
by explaining preventive measures to the public during the
current pandemic.® They should prioritize giving the necessary
information about mask use to the public and make sure that
people use masks correctly, which would be of importance
especially during shortages. There is no study on this role of
pharmacists. We think that pharmacists’ contribution to the
public as a whole through education about taking preventive
measures will improve compliance with preventive measures,
and therefore we recommend that studies should be conducted
in this direction.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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Development and Statistical Optimization of Solid
Lipid Nanoparticle Formulations of Fluticasone
Propionate

Flutikazon Propiyonatinin Kati Lipit Nanopartikil Formulasyonlarinin
Gelistirilmesi ve Istatistiksel Optimizasyonu

@ Giilin AMASYA*, © Ceyda Tuba SENGEL TURK, ® Ulya BADILLI, @ Niliifer TARIMCI

Ankara University Faculty of Pharmacy, Department of Pharmaceutical Technology, Ankara, Turkey

ABSTRAC T |

Objectives: The aim of this study was to develop fluticasone propionate (FP)-loaded solid lipid nanoparticle (SLN) formulations by using factorial
design approach.

Materials and Methods: Tristearin percentages (X1) (1%, 2%, and 4%) and homogenization cycles (X2) (2, 4, and 8 cycles) were selected as
independent variables in the factorial design. SLN formulations were optimized by multiple linear regression (MLR) to evaluate the influence of
the selected process and formulation independent variables on SLNs' characteristics, namely as encapsulation efficiency (Q1) and particle size
(Q2). The polydispersity index and surface charge of the SLNs were also evaluated in this research. Moreover, transmission electron microscopy,
differential scanning calorimetry, and in vitro drug release studies were carried out on the optimum SLN formulation.

Results: The MLR analysis indicated that as the homogenization cycle (X2) increased in the production process, the mean particle size decreased.
Conclusion: This research showed that FP-encapsulated SLNs with desired characteristics can be produced by varying the production and content
variables of the formulations.

Key words: Experimental design, fluticasone propionate, nanoparticles

(OZ |

Amag: Bu galismanin amaci, faktoriyel tasarim yaklasimini kullanarak flutikazon propiyonat (FP)-yUklu kati lipit nanopartikil formtlasyonlari (SLN)
gelistirmektir.

Gereg ve Yontemler: Faktoriyel tasarimda tristearin yizdeleri (X1) (%1, %2 ve %4) ve homojenizasyon donguleri (X2) (2, 4 ve 8 dongl) bagimsiz
degiskenler olarak segilmistir. SLP formulasyonlarinin goklu regresyon analizi (MLR) ile optimize edilmis, segilen islemin ve formulasyonun
etkisini SLN'lerin karakteristikleri Gzerinde degerlendirmek igin bagimsiz degiskenleri olarak enkapsilasyon etkinligi (Q1) ve partikil boyutlari
(Q2) segilmistir. Bu galismada nanopartikillere ait polidispersite indeksi ve ytzey ytkleri de degerlendirilmistir. Bunun yani sira, optimum SLN
formulasyonu igin transmisyon elektron mikroskopisi, diferansiyel taramali kalorimetri ve in vitro etkin madde salim galismalari da yapilmistir.
Bulgular: MLR analizi, Uretim sirecinde homojenizasyon dongisu (X2) arttikga, ortalama partikil boyutunun azaldigini gostermistir.

Sonug: Bu arastirma, istenen ozelliklere sahip FP ile enkapstle edilmis SLN'lerin, formulasyonlarin tretim ve icerik degiskenleri degistirerek
Uretilebilecegini gdstermistir.

Anahtar kelimeler: Deneysel tasarim, flutikazon propiyonat, nanopartikiller
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INTRODUCTION

Topical corticosteroids are regularly used drugs in the practice
of dermatology, especially for the treatment of inflammatory
skin disorders. However, the long-term application of them is
restricted due to their local or systemic adverse effects. Several
studies have been performed to enhance the anti-inflammatory
efficiency of these active substances and to reduce their side
effects!3

Fluticasone propionate (FP), whichis a potent ant-iinflammatory,
immunosuppressive, and antiproliferative drug, is a synthetic
trifluorinated topical corticosteroid and is used for the therapy
of skin conditions like atopic dermatitis and psoriasis.*® It is a
highly lipophilic substance and highly glucocorticoid receptor
binding and activation is its main characteristic.2 FP is available
in 0.005% ointment and 0.05% cream formulations for the
treatment of inflammatory skin disorders that are responsive
to corticosteroids.>®

The purpose of dermal drug delivery is to deliver the active
molecules to the skin layers with minimum systemic absorption.
One of the most important issues regarding the therapy of skin
disorders such as atopic dermatitis, psoriasis, and skin cancer
is the accumulation of the active substances in skin layers.”® In
other words, drugs should reach the skin layers at a sufficient
concentration and stay there for a particular duration. However,
the stratum corneum, the outermost layer of the epidermis,
considerably restricts the penetration of active substances into
the skin.? Nanosized drug delivery systems come into play at
this point since they offer several advantages for dermal drug
application. These advantages can be summarized as improving
the skin penetration and reducing the adverse effects of active
substances, achieving site-specific drug targeting into the
skin, providing sustained and/or controlled drug release, and
enhancing the chemical stability of molecules.”" Dermal drug
delivery by liposomes,? niosomes,” nanoemulsions,* polymeric
nanoparticles,® and lipid nanoparticles'®® has been extensively
researched by several groups.

Solid lipid nanoparticles (SLNs) were investigated at the
beginning of the 90s for the elimination of the drawbacks
of pre-existing colloidal systems such as nanoemulsions,
liposomes, and polymeric nanoparticles.”?® SLNs are produced
by physiologically tolerated lipids or a mixture of lipids that
are in solid form at body and room temperature. SLNs have
several advantages like biocompatibility, protection of drugs
against degradation, modification of the drug release rate,
and the possibility of large scale production without the use
of organic solvents. Moreover, the structural similarity and
interactions between the epidermal lipids and the lipid matrix
of SLNs could enhance the skin permeation of encapsulated
drugs. The nanosize, narrow size distribution, and greater
surface area of SLNs also facilitate drug penetration into
the skin.?"2* The controlled release of drugs can be achieved
because of the considerably lower mobility of drug in a solid
matrix than in a droplet. Several types of solid lipids including
fatty acids, triglycerides, partial glycerides, waxes, and steroids
can be used as the main ingredients of SLNs. The most

frequently used surfactants are nonionic triblock copolymers
of polyoxypropylene and polyoxyethylene, nonionic surfactant,
and emulsifiers such as polysorbates, lecithins, or polyvinyl
alcohol for providing the stabilization of nanodispersions.?2

There are various methods for the production of SLNs such
as high pressure homogenization, microemulsion, high shear
homogenization and/or ultrasonication, solvent emulsification/
evaporation, solvent emulsification/diffusion, electrospraying,
solvent injection, and the use of membrane contactors and
supercritical fluids. High pressure homogenization is the
most desirable production technique for SLNs since it exhibits
several advantages compared to the other techniques, such as
suitability for large scale industrial production, the possibility of
avoiding use of organic solvents, and the quite short processing
time.2627

Factorial design is an approach that provides a statistical
perspective to determine the effects and effect levels of input
factors on the final product. The main objective in the factorial
design approach is to obtain the maximum information between
the minimum sample size and the cause-effect relationship
for optimization of the formulation.?® For this purpose, the
factorial design approach makes controlled changes in input
variables. The factorial design helps to scale the replies of
the dependent variables based on the defined goals. Response
surface methodology provides a graphical evaluation of the
effects of input variables on response variables.?*° The aim of
the present investigation was to develop FP-loaded SLNs using
the factorial design approach. A 32 full factorial design through
design expert 6.0.8 software was used to optimize the various
physico-chemical characteristics of SLNs. Two formulation
parameters, tristearin percentages (1%, 2%, and 4%) and
homogenization cycles (2, 4, and 8 cycles) were chosen as input
factors. The output (response) factors selected to evaluate the
particles in vitro were the encapsulation efficiency percentage
(QN and particle size (Q2) of the SLNs.

MATERIALS AND METHODS

Materials

FP was kindly supplied as a gift from Deva Drug Company
(Istanbul, Turkey). Tristearin was obtained from Sigma Aldrich
(USA). Tween 80 was purchased from Fluka (USA). All other
materials were of analytical grade.

Analytical validation of the high performance
chromatography (HPLC) method

The FP was analyzed by HPLC and the method was validated
by means of the linearity, accuracy, precision, limit of detection
(LOD), and limit of quantification (LOQ).

liquid

Optimization by 3? factorial design

Multiple linear regression (MLR) was carried out to examine the
variables influencing the final characteristics of SLNs.®" Nine
SLN formulations were produced as per a 3? factorial design
to investigate the effect of two input factors, namely tristearin
percentages (X1) and homogenization cycle (X2), on the two
output factors, namely entrapment efficiency percentage (Q1)
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and mean particle size (Q2), of the FP-loaded SLNs. Three
levels were determined in order to evaluate each factor: -1,
0, and 1. The fitted models’ regression equation for the output
variables is presented in Equation 1 below.

Q= bo+b1X1+b2X2+b3X12+b4X22+b5X1X2 (Equation 1)

In the model, Q is the output factor, bo is the arithmetic
average value of the tests, and b1, b2, b3, b4, and b5 are the
forecasted coefficients for the factors X1 and X2. Nonlinearity
is analyzed through the polynomial terms (X12 and X22). The
outcomes were investigated statistically using analysis of
variance (ANOVA)4 The variable levels and the actual values
are tabulated in Table 1.

Preparation of solid lipid nanoparticle formulations

FP-loaded SLN formulations were manufactured using a high
pressure homogenizer. Tristearin was melted and 50 mg of FP
was added to the melted lipid. Aqueous Tween 80 (1%) solution
was also heated to the same temperature. After an Ultraturrax
T25 (IKA, Germany) at 13.500 rpm was used to mix the lipid
phase and aqueous phase for 3 min, the hot pre-emulsion was
subsequently homogenized by a Microfluidics M110L (USA) at a
pressure of 18.000 Psi. Three different tristearin percentages
(1%, 2%, and 4%) and three different cycle numbers (2, 4,
and 8 cycles) were investigated based on two responses:
encapsulation efficiency (Q1) and particle size (Q2). SLN
dispersions were centrifuged using a Vivaspin (MWC0=10.000)
at 4500 rpm for 30 min (Sigma 3K30, Germany) and then
lyophilized.

Particle size and zeta potential analysis

Particle size measurements were obtained by a dynamic light
scattering technique. For this purpose, a Malvern Zetasizer
(Malvern, UK) was used to measure the mean particle size,
polydispersity index, and the zeta potential values of FP-loaded
SLNs. Dry powder of lipid nanoparticles was dispersed in
ultrapure water before analysis.

Table 1. Actual values and variable levels designed through 32

factorial design of FP-loaded SLNs

Formulation codes Actual

Variable levels in coded form

values

X1 X2 X1 X2 X12 X22 X1X2
SLN1 1% 2 -1 -1 1 1 1
SLN2 1% 4 -1 0 1 0 0
SLN3 1% 8 -1 1 1 1 -1
SLN4 2% 2 0 -1 0 0 0
SLN5 2% 4 0 0 0 1 0
SLN6 2% 8 0 1 0 0 0
SLN7 4% 2 1 -1 1 1 -1
SLN8 4% 4 1 0 1 0 0
SLN9 4% 8 1 1 1 1 1

FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle

Determination of encapsulation efficiency

For the determination of the encapsulation efficiency of SLN
formulations, 10 mg of SLN was dissolved in methanol at 75°C.
The solution was stirred using a magnetic stirrer in a tightly
sealed vial. After that, the solution was ultrasonicated with 50%
power for 5 min (Bandelin Sonoplus HD 2070, Germany) and then
cooled to room temperature. It was centrifuged at 26.000 rpm for
20 min at 4°C (Sigma 3K30, Germany) and then the supernatant
was filtered using a 0.22 pym cellulose acetate membrane filter.
The amount of FP was determined using an HPLC system (Agilent
1260 Infinity). Separation was carried out using a NovaPak®
C18 column (4 pm, 150x3.9 mm) (Waters, Ireland). The column
temperature was set to 35°C. The mobile phase composition was
acetonitrile:water (60:40 v/v) and the flow rate was 1 mL/min. A
10-pL sample was injected into the system and the samples were
analyzed at a wavelength of 236 nm.

In vitro drug release study

The dialysis bag method was used to determine the in vitro
release profile of FP from the SLN formulation. SLN formulation
corresponding to 5 mg of FP was placed into hydrated dialysis
membranes (MWCO=12-14 kDa, Spectrapor-2). A mixture of 100
mL of phosphate buffered saline pH 7.4 and ethanol (70:30) was
used as dissolution medium at 37°C and under constant stirring
(100 rpm). The samples were taken at particular times over 24
h. The medium was completely removed and replaced with 100
mL of fresh dissolution medium at each time point to provide
a sink condition. Samples taken were filtered through 0.45 pm
regenerated cellulose membrane filters and the amount of FP
was determined by HPLC.

Transmission electron microscopy (TEM) analysis

The shapes of the lipid nanoparticles were examined by FEI
Tecnai G2 S Twin TEM (Osaka, Japan) at an acceleration
voltage of 120 kV. After dry powder of lipid nanoparticles was
dispersed in ultrapure water the dispersion was dropped on a
copper grid.

Differential scanning calorimetry (DSC) analysis

The thermal properties and crystallinity of pure FP, bulk lipid,
and FP-loaded SLNs were determined by DSC (Shimadzu DSC-
60, Japan). Five milligrams of sample was placed in hermetically
sealed aluminum pans and a DSC thermogram was obtained at
a scanning rate of 5°C/min while the samples were heated from
room temperature to 300°C. Moreover, for the calibration of the
instrument indium was used as a reference.

Statistical analysis

All results were statistically analyzed using one-way ANOVA
through design expert 6.0.8 software.

RESULTS AND DISCUSSION
Analytical validation of the HPLC method

Linearity
After analyzing the eight different concentration of FP six
times by HPLC, the average peak areas were plotted against
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concentrations. A linear relationship between peak area and
concentration was observed. The best linearity was obtained
between concentrations of 0.25 and 10 pg/mL in methanol
since the correlation coefficient was found to be 0.9996.

Accuracy

After FP solutions in methanol at concentrations of 0.5 pg/mL, 4
pg/mL, and 10 pg/mL were injected 6 times as a test sample, the
detector responses were used to calculate the concentrations
of FP. The accuracy of the analytical method was determined
with the help of the variation coefficient [relative standard
deviation (RSD)] of the percent recovery values. Since the RSD
values obtained were close to or less than 2%, the method was
assumed to be accurate (Table 2).

Table 2. The RSD % values obtained for the analytical validation

parameters

0.5 pg/mL 4 pg/mL 10 pg/mL
Accuracy (RSD %) 143 2.34 0.55
Repeatability (RSD %) 1.92 155 1.30
Intermediate precision (RSD %) 1g9 1.80 119

RSD: Relative standard deviation

Precision

The repeatability and intermediate precision of the method were
evaluated. The repeatability of the method was determined by
analysis of 6 repetitive injections of FP-methanol solutions
and was shown as the RSD of measured concentrations. The
RSD values were less than 2% as can be seen in Table 2. The
intermediate precision of the HPLC method was defined by the
RSD value of 12 injections performed on two different days
and the RSD values were less than 2% (Table 2). On the other
hand, there was no statistically significant difference between
the means of the measured concentrations obtained on two
different days for each FP solution (p>0.05).

LOD and LOQ values

The LOD and LOQ values were calculated in accordance with
the equations below. The standard deviation (s) of the response
and the slope (m) of the calibration curve were used. While the
LOD value was 0.09 pg/mL, the LOQ value was 0.28 pug/mL.

LOD=3.3xs/m
LOQ=10xs/m

Formulation optimization by 3? factorial design

Tristearin percentages were varied (1%, 2%, and 4%). These
three different ratios were tested at three different numbers of
homogenization cycles: 2, 4, and 8. In this way, nine SLNs were
produced as per the 32 factorial design. The magnitude and
sign of the main influence indicate the relative effect of each
factor on the response by means of polynomial equations. Table
3 gives the predicted and the observed values of responses
(Q1, Q2). The predicted values were derived from the equations
and the observed values were determined from experimental
results.

Table 4 shows the results of model coefficients estimated by
MLR and the ANOVA of the investigated model for all responses.
The quality of the model developed was evaluated based on the
regression coefficient values. The determination coefficient (r?
value) for the response Q2 was nearer to 1, indicating that there
was a good correlation between the observed and the response
measures from the model. The negative sign in front of the
coefficients indicated that the response of the nanoparticles
increased when the independent factor was decreased, and
the positive sign for the coefficients showed the positive effect
of the independent factors on the observed replies. The model
F-value of 3.87 for Q1 response implied there was a 5.30%
probability that a “Model F-Value” of this magnitude could be
caused by noise. On the other hand, the “Model F-value” of
57.71 for Q2 response indicated that the model was statistically
meaningful. The possibility of such a large “Model F-Value” due
to noise is only 0.01%.283'32

Figure 1 shows the linearity plots between the Q1 and Q2 values.
The correlation graphs that show linearity between actual and
predicted response variables indicated that the fit to the model
was at an excellent level for Q2 (p<0.05), whereas the linear
correlation plots showed a low compliance to the model for
Q1 (p>0.05) (Figure 1). This situation is also evidenced by the
F-value calculated for the Q1 model. The F-value of the Q1 model
(F=3.87) is smaller than the tabulated F-value (F tab=4.46). This
situation indicates statistical nonsignificance of the model
(Figure 1 and also the p values in Table 4).

As seen from Table 3, drug entrapment efficiency of all
factorial formulations was produced within a broad range of
27.07-94.65%. Drug entrapment efficiency was not affected
significantly by the level of X1 or X2 (p>0.05). Generally, as seen
in p values that indicated the significance of the coefficients
(Table 4), neither of the independent factors (X1 and X2) had a
strong effect on the drug entrapment efficiency (Q1) (p>0.05).

Table 3. Observed and predicted responses of FP-loaded SLNs

Responses
Formul Observed values Predicted values
code

+ + +

S’/l; SD azn:)SD ?0/1; SD Q2+ SD (nm)
SLN1 52.02 3529 43.51 3343
SLN2 37.70 203.8 4755 2235
SLN3 33.31 130.9 31.97 2.7
SLN4 35.70 2435 36.36 2534
SLN5 381 190.7 34.68 196.8
SLN6 27.07 131.2 13.39 1401
SLN7 71.32 1771 7917 172.5
SLN8 94.65 178.4 71.78 170.0
SLN9 29.74 171.6 4476 167.5

FP: Fluticasone propionate, SLN: Solid lipid nanoparticle, SD: Standard deviation
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When the average size of the SLNs was investigated depending
on the variation in homogenization cycles (X2) at each tristearin
percentage (X1), it was observed that as X2 increased from 2
to 8 the mean particle size decreased significantly (p<0.05).
The average particle size of SLNs ranged from 130.9+3.30 to
352.9+10.93 nm. Generally, from the p values of the coefficients
presented in Table 4, it was concluded that both of the
investigated variables (X1 and X2) had a major influence on the
output Q2 (p<0.05). The biggest average size was observed in
the lowest level of X1 (1%) and the lowest level of X2 (2 cycles)
in factorial formulation SLNT1.

PDI, which is the indicator of homogeneity of the size
distribution in colloidal drug delivery systems, is generally
expressed as less than 0.3 for narrow size distribution.?8%
The PDI values of all factorial formulations were between
0.181 and 0.497 (Figure 2). It was observed that the factorial
formulations that contain tristearin with a percentage of 1 or
2 showed a wide size distribution (PDI >0.2) based on the
homogenization cycles investigated except in the formulations
that contained 2% tristearin at homogenization cycle 8 (SLN6
coded formulation). As tristearin percentage increased from 1%
or 2% to 4%, the PDI values were less than 0.3, indicating a
uniform size distribution.

The surface charge of nanosized particles is the potential at the

Predicted vs. Actual Predicted vs. Actual
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Figure 1. Linearity correlation graphs between actual and predicted values
of (A) @1, (B) Q2

hydrodynamic shear plane and indicates the particle stability
in dispersions.® All of the SLNs exhibited negative surface
charge between -19.5 and -29.7 mV. The surface charge of
SLNs was not affected significantly by the variation in tristearin
percentages or the homogenization cycles (Figure 3).

Simplified models were also utilized to draw contour plots
for analyzing the effect of independent variables. The contour
plots give a diagrammatical demonstration of the values of

PDI
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W

Figure 2. PDI values of the FP-loaded SLN formulations
PDI: Polydispersity index, FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle
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Figure 3. Surface charge of the FP-encapsulated SLN formulations
FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle

Table 4. Results of model coefficients estimated by MLR and the ANOVA of the fitted model for all responses

Model coefficients

Regression analysis of variance

Responses
Factor Coefficients p value F p value R? Adjusted R?
Intercept 34,6844
X1 +12,1133 0.0638
X2 -1,4867 0.0755
Q1 3.87 0.0530 0.7345 0.5449
X12 +24,9931 0.0179
X2? -9,81070 0.2662
X1X2 -5,71750 0.4248
Intercept +196,7462
X1 -26,7500 0.0013
Q2 57.7 <0.0001 0.9506 0.9341
X2 -56,6333 <0.0001
X1X2 +54,1250 <0.0001

MLR: Multiple linear regression, ANOVA: Analysis of variance
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the response. Since the contour plot of Q1 (Figure 4A) was
nonlinear, it demonstrates a nonlinear relationship between
input factors. As can be seen from the contour plot of Q2
(Figure 4B), the indicator of the linear relationship between X1
and X2 input factors is the linearity of the graph.

According to the release profile study of FP-loaded SLNs as
shown in Figure 5, prolonged release was obtained without any
initial burst effect. The nature of the lipid matrix affects the
release profile of the active substance. It is thought that FP-
loaded SLNs formed in a core-shell model with a drug-enriched
core. This may be responsible for the slow release.

TEM micrographs of FP-loaded SLNs are shown in Figure 6.
TEM analysis confirmed the colloidal sizes of the FP-loaded
SLNs with spherical shapes.

Differential scanning calorimetry analysis

The DSC thermograms given in Figure 7 show that pure FP
is decomposed by a small exothermic peak at 271.72°C. This
outcome is in agreement with previous research by El-Gendy et
al®® and Dai et al.** The peak of the active agent thus observed
also indicated that the FP was a crystal structure. When the
thermogram of the pure form of tristearin was evaluated, it
was seen that tristearin produced a small exothermic shoulder
peak at 49.89°C at first and then it gave a large endothermic
peak at 60.73°C, which indicated the presence of a crystal
structure in tristearin.® When the thermogram of the optimum
SLN was examined, it was seen that the exothermic peak of
FP disappeared. This indicated that FP's crystal structure was
turned into an amorphous structure within the SLN matrix.
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Figure 4. Contour plots of FP-loaded SLNs showing the influence of X1 and
X2 on A)Q1,B) Q2
FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle
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Figure 5. In vitro drug release profile of FP-loaded SLNs
FP: Fluticasone propiyonat, SLN: Solid lipid nanoparticle

When the optimum formulation’s thermogram was examined
for tristearin peaks, it was seen that the exothermic shoulder
peak of tristearin disappeared where the main endothermic
main peak at 57.02°C remained the same shape with the same
sharpness. This situation was interpreted as showing that
tristearin in the SLN formulation preserved a large proportion
of its crystal structure.

CONCLUSION

FP-loaded SLNs were successfully fabricated using high
pressure homogenization. A 32 experimental design and
contour plot analysis were used with software to set up the best
formulation conditions with a limited number of experiments.
This study showed that tristearin percentages and the number
of homogenization cycles used in the SLN formulations
significantly affected the physico-chemical characteristics

B e, ;

Figure 6. TEM micrograph of the optimal formulation
TEM: Transmission electron microscopy
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Figure 7. DSC thermograms of pure FP, tristearin, and optimum formulation
DSC: Differential scanning calorimetry, FP: Fluticasone propiyonat
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of FP-loaded SLNs. According to the factorial design study
performed in this research, the optimum formulation could be
achieved with the content of 4% tristearin and 4 homogenization
cycles.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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Evaluation of Lactose-Based Direct Tableting
Agents’ Compressibility Behavior Using a
Compaction Simulator

Sikistirma Simulatori Kullanarak Laktoz Bazli Dogrudan Tabletleme
Ajanlarinin Sikistirabilme Davranislarinin Degerlendirilmesi

@ Yildiz OZALP*, ® Motunrayo M. ONAYO, ® Nailla JIWA

Near East University Faculty of Pharmacy, Department of Pharmaceutical Technology, Nicosia, Cyprus

ABSTRACT

Objectives: A compaction simulator (CS) is a single-punch instrument that records data during the powder compaction process. The aim of the study
was to determine the behavior of lactose-based direct tableting agents (DTAs) by CS. The data recorded were used to evaluate the flowability and
compressibility of powders. The focus of the study was on comparing the compressibility of StarLac® [alpha lactose monohydrate (85%) and white
maize starch (15%)] and FlowlLac®100 (spray-dried alpha lactose monohydrate) in order to make tablets containing poorly flowable paracetamol.
Materials and Methods: Two lactose-based DTAs were used. Physical characterization of these powders was done by measuring bulk, tapped, and
true densities alongside scanning electron microscopy analysis. Flow properties were then calculated by the angle of repose, Hausner ratio, and
Carr's compressibility index. Force, in-die thickness, and punch displacement data produced by the CS were captured during in-die compression.
Compressibility was calculated using the Heckel equation.

Results: The physical characterization test results showed no significant difference between the two DTAs. Hardness results revealed that tablet
formulations containing FlowLac® had higher sensitivity to an increase in compression force in comparison with StarLac®. From the Heckel plots
generated by the CS during the compression cycle, yield pressure (P ) values were calculated for FlowLac®100 and StarLac®. The Heckel parameter
(P) for FlowLac®100 and StarLac® was calculated as 87.5 MPa and 85.2 MPa, respectively, during the compaction cycle at 5 kN. These data
indicated that both powders are compressible and have brittle behavior.

Conclusion: StarlLac® is less brittle, which was shown by its lower sensitivity to compression force. P values obtained from the Heckel equation
described the plasticity of particles, which gives distinct information on the compressibility of both DTAs in real time during the compaction cycle.
Key words: Compaction simulator, compressibility, tablet, FlowLac®100, StarLac®

oS |

Amag: Sikistirma similatort (CS) toz sikistirma prosesi sirasinda veri kaydi yapan tek zimbali bir cihazdir. Bu galismanin amaci laktoz bazli dogrudan
tabletleme ajanlarinin (DTA) davranislarini CS kullanarak belirlemektir. Kaydedilen veriler tozlarin basilabilme ve akis 6zelliklerini degerlendirmede
kullanilmistir. Calismanin odagi zayif akis 6zelligine sahip parasetamol igeren tabletler yapmak icin StarLac® [alfa laktoz monohidrat (%85) ve misir
nisastasi %15)] ve FlowLac® 100 (piskiirterek kurutulmus alfa laktoz monohidrat) basilabilirligini karsilastirmaktir.

Gereg ve Yontemler: iki laktoz bazli DTA kullanilmistir. Bu tozlarin bulk, sikistirilmis ve gercek yogunluklari yansira fiziksel dzellikleri taramali
elektron mikroskobu analiziyle birlikte gorintilenmistir. Daha sonra akis &zellikleri yigin agisi, Hausner orani ve Carr basilabilirlik indeksleri
hesaplanmistir. CS tarafindan Uretilen kuvvet, sikismis tozun zimba igindeki kalinligi ve zimba deplasmani verileri i¢ kompresyon esnasinda elde
edilmistir. Basilabilirlik Heckel esitligi kullanilarak hesaplanmistir.

Bulgular: Fiziksel karakterizasyon test sonuglari iki DTA arasinda anlamli bir fark gdostermemistir. Sertlik sonuglari FlowlLac® igeren tablet
formulasyonlarin StarLac® igeren formulasyonlara gére baski glicinun artisina karsi daha yiksek hassasiyet gosterdiklerini agiga gikarmistir.
Baski dongusu esnasinda, CS tarafindan olusturulan Heckel plotlarindan FlowLac®100 and StarLac® igin verim basinci (Py) hesaplanmistir. kM'de
sikistirma déngusi esnasinda FlowlLac®100 and StarlLac® igin Heckel parametreleri (Py) sirasiyla 87,5 MPa ve 85,2 MPa olarak hesaplanmistir. Bu
veriler iki tozun da sikistirilabilir oldugunu ve kirilgan davranis gésterdigine isaret etmistir.

*Correspondence: E-mail: yildiz.ozalp@neu.edu.tr, Phone: +90 532 463 00 08 ORCID-ID: orcid.org/0000-0001-7928-1666
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Sonug: StarLac®in daha az kirilgan oldugu baski kuvveti uygulamasina karsi daha az duyarli oldugu ile gésterilmistir. Heckel esitliginden elde
edilen partikllerin plastisitesini tarif etmektedir ve bu da sikistirma dongusu esnasinda her iki DTA'nin da sikistirabilirlikleri hakkinda belirgin bilgi

vermektedir.

Anahtar kelimeler: Sikistirma simulator, sikistirabilirlik, tablet, FlowlLac®100, StarlLac®

INTRODUCTION

A compaction simulator (CS) works by mimicking the exact
cycle of any tabletting process in real time and records all
important parameters during a single compression cycle. It
has a wide range of advantages in industrial production and
pharmaceutical research, having the ability to perform scale-up,
understand compaction behavior, and characterize powders!
Data obtained from measurements of forces and displacement
of upper and lower punches as well as plastic and elastic
energies are used to evaluate the deformation characteristics
of pharmaceutical powders.

Direct tableting agents (DTAs) are incorporated into
formulations to improve the flow and compressibility of poorly
flowable paracetamol. The primary function of DTAs in a tablet
is to act as a carrier for the active pharmaceutical ingredient
(APD.2 The focus of the present study was on lactose-based
powders, which are generally used to enhance the bulk of a
tablet, flow, and tableting properties. The two DTAs evaluated
in our study were FlowlLac®100 (spray-dried alpha lactose
monohydrate) and StarLac® (co-processed maize starch
and lactose). Lactose is a commonly used agent in tablet
formulations. Lactose exhibits poor binding properties as a
result of particle fragmentation, which is considered the main
consolidation mechanism of lactose.?

Characterization of powders can be achieved using various
compression equations that have been derived by many
researchers.*™ The Heckel equation, proposed by Heckel in
1961, which characterizes materials according to plastic and
brittle properties, has been widely used in compaction studies.”
The vyield pressure, which is calculated from the Heckel
equation, follows first-order kinetics. Yield pressure (Py) is the
stress at which a material begins to plastically deform. A low P
value indicates that a material will deform plastically and higher
P, values indicate brittle deformation!? Attempts have been
made by mechanical descriptors to set limits on these values,
allowing materials to be categorized!® Although these limits
are present, it has been reported that there may be factors that
affect the yield pressure, which may give rise to variations in
the P, values for the same material*""

The target of the present study was to see how both DTAs
improve the compactibility characteristics of the model API
with the aid of data produced by a compaction simulator.

MATERIALS AND METHODS

Paracetamol USP grade (Kimetsan) was used with the DTA
StarLac® (Meggle AG). StarlLac® is co-processed by the
spray-drying of a-lactose monohydrate and corn starch.
For comparison, FlowLac®100 (spray-dried alpha lactose
monohydrate, Meggle AG) was used. Stearic acid (Kimetsan)
was added to all formulations as lubricant.

Material characterization

The bulk and tapped densities of the dry sieved raw materials
were determined. Bulk and tapped densities were measured
using an ERWEKA® tapped volumeter (type: SMV 101/SMV
102, Germany). First the powder was transferred to a 50 mL
graduated glass cylinder with the aid of a funnel. After that
the sample was weighed on an analytical balance. The glass
cylinder was placed on the tapped volumeter and tapped up to
100 times. The volume of the substance was visually detected
and the tapped and bulk densities were calculated. The true
densities of substances were determined using a helium
pycnometer.

Microscopy

Particle morphology of the powders used was assessed by
scanning electron microscopy (SEM).

Formulation design

The tablet formulations in this study are shown in Table 1.
Formulations were made to compare the compressibility of
StarlLac® [alpha lactose monohydrate (85%) and white maize
starch (15%)] and FlowLac®100 (spray-dried alpha lactose
monohydrate) in order to make tablets containing poorly
flowable paracetamol.

Preparation of powder blends and granulation

The process of dry granulation was employed in the present
study to ensure a uniform granulated powder ready for tableting.
Slugging was performed in place of roller compaction. The API
was fed into a large capacity tablet press (Korsch XP 1) and
was compacted by means of flat punches 18 mm in diameter.
The slugs were then milled and screened through a 0.63-mm
mesh sieve. Four formulations were prepared, and a fixed
amount of FlowlLac®100 or StarLac® was weighed and mixed
with 300 mg of API granules and 10 mg of lubricant in a cubic
mixer (ERWEKA® Heusenstamm Germany, type KB 15, serial
no. 73876. 1070) for 5 min at a mixing speed of 50 rpm.

Compression procedures

The tablets were compressed on a Stylcam 200R Compaction
Simulator (Medepharm, France). Flat-faced punches 11.28 mm
in diameter were used. The tablets were compressed using 15

Table 1. Formulation composition

Formulations for tabletting (mg)

Formulation Paracetamol FlowLac®100 StarLac® Stearic acid
Fo1 - 500 - 10
Fo2 - - 500 10
FO3 300 200 - 10
FO4 300 - 200 10
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kN and 30 kN force to determine the compressibility of the API.
The CS recorded upper and lower punch displacement data,
which were analyzed using the software ANALIS.

Determining tablet properties

Ten tablets were made for each formulation at 5, 10, 15, and
20 kN. Physical tests were carried out on an average of three
of them. The crushing strength for each formulation was
measured with an ERWEKA® tablet hardness tester (TBH 225
series). Thickness and diameter were also measured.

Heckel analysis

The Heckel equation is an experimental equation that interprets
the relationship between the densification of a powder bed and
applied stress.

In (#) = KP + Intercept

D is the relative density of the powder, P is pressure, and K is
a constant and the slope of the linear portion of the graph. The
Heckel parameter, denoted by 7/K (inverse of the slope), is
thought to be related to the P of the powder and has the unit of
pressure. The arch at low pressure often seen before the linear
region on a Heckel plot is due to rearrangement or fracture.*®

Statistical analysis

The study data were analyzed using One-Way ANOVA. The
software package IBM SPSS statistics v26 was used. The level
of significance was p<0.05.

RESULTS

The powder flowability was determined by measuring and
calculating the angle of repose, the Hausner ratio, and Carr’s
index. As expected, the results in Table 2 show that the flow
properties of paracetamol granules were poor. FlowLac®100
and StarLac® showed excellent flow properties as indicated by
the Hausner ratio (114 and 1.17, respectively).

In Figures 1a and 1b the SEM images show the similarity in
particle structure between FlowLac®100 and StarLac®. Both the
fillers appeared to have spherical particles with rough surfaces
and their particle sizes are within close range (Meggle).

Figures 2a and 2b illustrate the in-die Heckel plots, which
were obtained for FO1 and FO2. In (1/1-D) was calculated for
the formulations within a range of compaction forces and these
were plotted against each other to determine Py.

The variations observedin F’y for both materials can be attributed
to the effect of compaction pressure as shown in Tables 3a
and 3b. Yield stress (P ) showed a progressive increase with

Figure 1a, 1b. Scanning electron microscopy images of the DTAs used in
this study (500x):

a) StarLac® b) FlowLac®100
DTAs: Direct tableting agents
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Figure 2a. In-die Heckel plot for 510 mg of StarLac® compressed at 15 kN
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Figure 2b. In-die Heckel plot for 510 mg of FlowlLac®100 compressed at
15 kN

Table 2. Powder physical properties

Powders Bulk density Tapped density Hausner ratio  Flow character Carr’s index Angle of repose Flow properties
(g/L) (g/L) (%) ©)

Granulated paracetamol 44 80 1.8 Very, very poor 44 50 Poor

FlowlLac® 100 625 T4 114 Good 12.5 2115 Excellent

StarLac® 609 T4 117 Good 14.6 19.79 Excellent
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increase in compression force. This indicated that yield stress
is pressure dependent.

The Heckel analysis showed that for both formulations, FO1
and FO2, an increase in compaction pressure resulted in an
increase in relative densities, thus signifying that a higher
degree of densification occurred at higher pressures.

Figure 3 shows the hardness profiles for the formulations
made. There was a greater decrease in crushing strength for
FlowLac®100 containing formulations as the compression force
increased. However, the sensitivity of StarLac® to change in
compression force was less.

DISCUSSION

The calculated yield pressures for both formulations from
Figures 2a and 2b were greater than 80 MPa. In accordance
with the limits set by Roberts and Rowe'* both powders would
be considered brittle materials. Generally, a lower F’y value
(higher slope) reflects lower resistance to pressure, better
densification, higher plastic deformation ability, and improved
compressibility.”

Duberg and Nystrom? divided the Heckel plot into two phases:
compression and decompression. For an elastic material the
curve shows a noticeable deviation from the horizontal in the
decompression phase, which then leads to a low P value. As
expected, the lactose-based excipients showed no deviation
from the horizontal.

The Heckel analysis showed that for both formulations, FO1 and
FO2, as the compaction pressure increased, values of relative
density increased. Hence, a higher degree of densification

occurred at higher pressures. In concurrence with previous
studies,’®? StarLac® had lower Py when compared to
FlowLac®100; therefore, the values of Py were higher for FO1
at all compaction pressures compared to FO2. These findings
also indicate that more densification was exhibited by FO2 and
this could be attributed to the low resistance to force as seen
in Figure 3. This may also be attributed to the different physical
properties of the DTAs.

The confidence level of 95% gives a clear indication of variation
between Py of both DTAs, with a significant difference value
(p<0.05).

The reduced densification of FO1 (FlowlLac®00) can be
associated with increased frictional and cohesive forces, which
tend to restrain particle sliding. This leads to a relatively small
amount of fragmentation and thus formation of less dense
compacts.

80

5 m15kN
30kN

Breaking Force(N)

Fo1 FO2
Formulations

Figure 3. Hardness profiles of formulations at different compaction forces

Table 3a. Mean yield pressure, densification due to initial die filling, elastic energy, plastic energy, and R? values obtained from in-die Heckel

analysis for FlowLac®100

Compression Py(MPa) R? D,. EE PE EE/PE ratio
force (kN)

5(0.2) 87.5 (0.95) 0.995 (0.001 0.300 (0.066) 0.083 (0.009) 3.662 (0.064) 0.023 (0.002)
10 (1.8) 119.5 (9.25) 0.997 (0.002) 0.363 (0.066) 0.202 (0.020) 6.828 (0.053) 0.030 (0.002)
15(0.3) 138.0 (2.57) 0.996 (0.002) 0.383 (0.046) 0.385 (0.017) 9.736 (0.171) 0.041 (0.001
20 (0.4 145.5 (1.78) 0.996 (0.000) 0.408 (0.013) 0.617 (0.100) 12.249 (0.10) 0.050 (0.00M

n=3 with standard deviations in parentheses, *values of D, are derived from the subtraction of densification due to slippage and rearrangement of primary particles (D,) from
densification due to initial particle rearrangement (D,)
Py: Yield pressure, EE: Elastic energy, PE: Plastic energy

Table 3b. Mean yield pressure, densification due to initial die filling, elastic energy, plastic energy, and R? values obtained from in-die Heckel

analysis for StarLac®

Compression P, (MPa) R? D,. EE PE EE/PE ratio
force (kN)

500.2) 85.2 (1.115) 0.998 (0.00M 0.223 (0.006) 0.078 (0.004) 3.529 (0.09M 0.022 (0.001)
10 (1.8) 112.1 (1.553) 0.999 (0.000) 0.330 (0.000) 0.196 (0.012) 6.686 (0.119) 0.028 (0.001)
15(0.3) 121.3 (1.595) 0.996 (0.001) 0.320 (0.030) 0.340 (0.026) 9.493 (0.215) 0.035 (0.002)
20 (0.4) 118.7 (2.476) 0.995 (0.000) 0.337 (0.03N 0.572 (0.067) 12.398 (0.0M 0.047 (0.005)

n=3 with standard deviations in parentheses *values of D are derived from the subtraction of densification due to slippage and rearrangement of primary particles (D,) from
densification due to initial particle rearrangement (D )
Py: Yield pressure, EE: Elastic energy, PE: Plastic energy
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The dataillustrated in Tables 3a and 3b indicated that at different
compaction forces the StarLac® tablets exhibited lower elastic
energies than FlowlLac®100 tablets did.

As observed from the hardness profiles of FO3 and FO4, both
formulations were compressible and gave suitable crushing
strengths at 15 kN. Due to the difference in composition of
the DTAs, StarLac® gave rise to a combination of deformation
mechanisms. This indicates that there was a reduction in the
brittle behavior of StarLac®.

Study limitation

A limitation of the study is that slugging may not generate
reproducible results and therefore the use of a roller compactor
may improve reliability.

To obtain an optimized formulation using the same materials,
the study can be expanded by implementing more tablet tests
to help design a more robust formulation with the aid of a
compaction simulator.

CONCLUSION

A CS can precisely and efficiently characterize the
compressibility of DTAs in a single compression cycle in
real time. The low P of the StarLac® formulation indicated
better compressibility in comparison to FlowlLac®100. Initial
characterization of both DTAs used led to understanding of
their deformation behavior from the Heckel parameter )
depicting a brittle nature.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.

REFERENCES

1. Celik M, Marshall K. Use of a Compaction Simulator System in Tabletting
Research. Drug Dev Ind Pharm. 1989;15:759-800.

2. Khan K A, Rhodes CT. Effect of Variation in Compaction Force on
Properties of Six Direct Compression Tablet Formulation. J Pharm Sci.
1976;65:1835-1837.

3. Bolhuis GK, de Waard H. Compaction properties of directly compressible
materials. Pharmaceutical Powder Compaction Technology. CRC Press.
2016;143-204.

4. Klevan |, Nordstrém J, Bauer-Brandl A, Alderborn G. On the physical
interpretation of the initial bending of a Shapiro-Konopicky-Heckel
compression profile Eur J Pharm Biopharm. 2009;71:395-401.

5. Adams MJ, McKeown R. Micromechanical analyses of the pressure-
volume relationship for powders under confined uniaxial compression.
Powder Technology. 1996;88:155-163.

20.

21.

Adams MJ, Mullier MA, Seville JPK. Agglomerate strength measurement
using a uniaxial confined compression test. Powder Technology.
1994;78:5-13.

Denny PJ. Compaction equations: a comparison of the Heckel and
Kawakita equations. Powder Technology. 2002;127:162-172.

Kawakita K, Lidde KH. Some considerations on powder compression
equations. Powder technology. 1971;4:61-68.

Nordstrém J, Klevan |, Alderborn G. A particle rearrangement index
based on the Kawakita powder compression equation. Journal of
pharmaceutical sciences. 2009;98:1053-1063.

. Sonnergaard JM. Investigation of a new mathematical model for

compression of pharmaceutical powders. Eur J Pharm Sci. 2001;14:149-
157.

Hooper D, Clarke FC, Mitchell JC, Snowden MJ. A modern approach to
the Heckel Equation: The effect of compaction pressure on the yield
pressure of ibuprofen and its sodium salt. J Nanomed Nanotechnol.
2016;7:3.

. Alderborn G. Tablets and compaction Churchill Livingstone. 2007.

Rowe RC, Roberts RJ. Mechanical Properties: Pharmaceutical Powder
Compaction Technology, Marcel Dekker, Inc;1996.

. Roberts RJ, Rowe RC. The effect of punch velocity on the compaction of

a variety of materials. J Pharm Pharmacol. 1985;37:377-384.

Denny PJ. Compaction equations: a comparison of the Heckel and
Kawakita equations. Powder Technology. 2002;127:162-172.

Fell JT, Newton JM. Effect of particle size and speed of compaction
on density changes in tablets of crystalline and spray-dried lactose. J
Pharm Sci. 1971;60:1866-1869.

Patel S, Kaushal AM, Bansal AK. Effect of particle size and compression
force on compaction behavior and derived mathematical parameters of
compressibility. Pharm Res. 2007;24:111-124.

Mahmoodi F, Klevan |, Nordstrém J, Alderborn G, Frenning G. A
comparison between two powder compaction parameters of plasticity:
the effective medium A parameter and the Heckel 1/K parameter. Int J
Pharm. 2013;453:295-299.

Kilicarslan M, Camca R, Imamoglu S, Antep MN, Ocak B. Yuksel N.
Investigation on the flow properties and compresibilities of different
direct tableting agents by using pyridoxine hydrochloride as a model
drug. J Fac Pharm. 2009;38:331-344.

Duberg M, Nystrom C. Studies on direct compression of tablets. XVII.
Porosity-pressure curves for the characterization of volume reduction
mechanisms in powder compression. Powder Technol. 1986;46:67-75.

Hauschild K, Picker-Freyer KM. Evaluation of a new co-processed
compound based on lactose and maize starch for tablet formulation.
AAPS pharmSci. 2004;6:e16.




DOI: 10.4274/tjps.galenos.2019.78800 0 RIG I NAL ARTI c LE
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ABSTRAC T |

Objectives: The aim of this study of this study was to discover the best poloxamer as a solid dispersion carrier for thiocolchicoside (TCS).
Materials and Methods: The compatibility of TCS with excipients was studied by differential scanning colorimetry and fourier transform infrared
spectroscopy. Different formulations of solid dispersions (SDs) were made with poloxamer carriers, i.e. poloxamer-108, poloxamer-188,
poloxamer-237, poloxamer-338, and poloxamer-407 were made by taking TCS:poloxamer in ratios of 1:1, 1:2, 1:4, and 1:6. The SDs were made by a
novel microwave fusion method and compressed using an 8-station tablet compression machine. The fabricated SD tablets were characterized by
physicochemical constraints and drug release rates. The release of TCS from the prepared SDs was later analyzed by kinetic models.

Results: TCS was observed to be compatible with the poloxamer carriers. The SD formulations showed satisfactory physicochemical constraints
and TCS release following first-order release.

Conclusion: Among the poloxamer carriers used, poloxamer-188 was the best for increasing the solubility and release rate of TCS from the SDs.
Key words: Thiocolchicoside, poloxamer, solid dispersion, evaluation

OZ |

Amag: Bu galismanin amaci tiyokolsikosid igin en iyi poloksamer kati dispersiyon tasiyicisini bulmaktir.

Gereg ve Yontemler: Tiyokolsikosidin eksipiyanlarla gegimliligi diferansiyel tarama kolorimetrisi ve fourier transform infrared spektroskopisi ile
calisilmistir. Kati dispersiyonlarin (SD) farkli formdlasyonlari poloksamer-108, poloksamer-188, poloksamer-237, poloksamer-338 ve poloksamer-407
gibi poloksamer taslyicilarini tiyokolsikosid: poloksamer orani 1:1, 1:2, 1:4 ve 1:6 olacak sekilde yapilmistir. SD'ler yeni bir mikrodalga fizyon metoduyla
yapilmistir ve 8-istasyonlu tablet kompresyon makinesi kullanilarak basilmistir. Uretilen SD tabletleri fizikokimyasal kisitlama ve ilag salim oranlari
ile karakterize edilmistir. Hazirlanan SD’lerden salinan tiyokolsikosid daha sonra kinetik modellerle analiz edilmistir.

Bulgular: Tiyokolsikosid poloksamer tasiyicilarla gegimli bulunmustur. SD formilasyonlari fizikokimyasal kisitlamalar agisindan ve tek basamakli
salimi takiben tatmin eden tiyokolsikosid salmi géstermistir.

Sonug: Kullanilan poloksamer taslyicilar arasinda, poloksamer-188 ¢dzinurlik artisi ve SD’lerde tiyokolsikosid salimi agisindan en iyisi olarak
belirlenmistir.

Anahtar kelimeler: Tiyokolsikosid, poloksamer, kati dispersiyon, degerlendirme
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INTRODUCTION

Industrial pharmacists make many attempts to enhance the
solubility of drugs economically. Among the various approaches
for enhancing solubility, the solid dispersion (SD) approach is
gaining in importance as it is simpler and requires less effort
than the other approaches!

Thiocolchicoside (TCS) is a colchicoside derivative from
Gloriosa superba and Colchicum autumnale. TCS is a muscle
relaxant used to tackle sore muscle shrinkages, acute and
arthritic problems, and pains, and it lacks sedative side
effects, unlike other muscle relaxants. It is also given with
many nonsteroidal anti-inflammatory drugs.?® TCS is a yellow
crystalline powder that is slightly soluble in ethyl alcohol and
insoluble in chloroform.

The traditional method of preparing SDs is by fusion, in which
the polymer-carriers used for SDs are not exposed to a uniform
heat from the heat source. To overcome this, a novel microwave
(MW) melting technique is adopted. Electromagnetic irradiation
was applied in an MW oven with 0.3 to 300 GHz of infrared and
radio frequencies equivalent to wavelengths of T mm to 1 m.
This technique can be adopted for obtaining fast and continuous
heating even in materials presenting low heat conductivity (e.g.,
polymers), because the relocation of energy does not depend
on heat diffusion.®” Thus, this novel MW melting method was
adopted in the preparation of SDs.

Much research has been performed on enhancing the solubility
of drugs using poloxamers, i.e. poloxamer-108 2 poloxamer-188,°
poloxamer-237,° poloxamer-338," and poloxamer-407.2

Therefore, it is important to enhance the solubility of TCS, with
faster discharge, absorption, and action to relieve acute patients.
It also helps researchers to know which poloxamer carrier is
best for releasing TCS among poloxamer-108, poloxamer-188,
poloxamer-237, poloxamer-338, and poloxamer-407. The
current investigation aimed to enhance the solubility of TCS
with poloxamer carriers and find out the best among the better
poloxamers.

MATERIALS AND METHODS

Materials

TCS was gifted from Yarrow Chemicals. Poloxamer-108,
poloxamer-188, poloxamer-237, poloxamer-338, and
poloxamer-407 were from Amrutha Organics, Hyderabad.
Microcrystalline cellulose, talc, and magnesium stearate were
obtained from Colorcon, India. Double distilled water (DW) was
utilized whenever appropriate.

Statistical analysis

Solubility studies

Pure TCS was examined for solubility in 0.1 N HCl, water, pH
4.5 acetate buffer, and pH 6.8 and pH 7.4 phosphate buffers.®

Drug-excipient compatibility studies

Differential scanning calorimetry (DSC) and fourier transform
infrared (FTIR) spectroscopy were used to explore the
interaction among the TCS and carriers used in the study.

Differential scanning calorimetry

Pure drug (TCS) and 1:1 ratio of TCS and carriers (SDs) were
included in the analysis. About 10 mg of mix (in a DSC aluminum
pan) was examined between 50 and 300°C (DSC-50, Shimadzu,
Japan).

Fourier transform infrared spectroscopic study

The relations between the ingredients of the SDs were
investigated using FTIR spectroscopy. The FTIR spectra of
the TCS alone and together with carriers were logged using
an FTIR spectrometer (Bruker) by scanning at 4000-400 cm
range.

Designing of solid dispersions (physical mixture)

TCS and carrier SDs were prepared by MW induced heating
technique. Different percentages of TCS and carrier (Table 1)
were put into a glass beaker in CATA- 2R MW oven (Catalytic
Systems, Pune, India) at 560 W. In the oven, one beaker
containing drug excipient blend was kept in an accurate site
every time. The mixture was exposed to MW radiation for
prearranged periods (3, 4, 5, and 6 min). Then the beakers with
mixtures were left at room temperature to solidify.® The SDs
were kept in a desiccator for 24 h and smashed in a mortar. The
pulverized blends were passed through an 80# sieve (Table 1.

Table 1. Drug (thiocolchicoside):carrier (poloxamer) ratios in

various formulations

Drug:carrier Ratio Formulation code
TCS: poloxamer-108 1:1 TP108-1
1:2 TP108-2
1:4 TP108-3
1:6 TP108-4
TCS: poloxamer-188 1:1 TP188-1
1:2 TP188-2
1:4 TP188-3
1:6 TP188-4
TCS: poloxamer-237 1:1 TP237-1
1:2 TP237-2
1:4 TP237-3
1:6 TP237-4
TCS: poloxamer-338 1:1 TP338-1
1:2 TP338-2
1:4 TP338-3
1:6 TP338-4
TCS: poloxamer-407 1:1 TP407-1
1:2 TP40T7-2
1:4 TP40T7-3
1:6 TP40T7-4

TCS: Thiocolchicoside
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Evaluation of solid dispersions

Flow properties for solid dispersions

The designed SDs were evaluated in terms of their micromeritic
characteristics, i.e. angle of repose, true and tapped densities,
Carr’s index, and the Hausner ratio®!”

Yield
The % recovery of SDs were determined after full removal of
moisture. Thus it includes the weight of dried SDs in the total of
the TCS and excipients necessary for making SDs.

Actual weight of the SDs

% Yield = =100
Total weight of the TCS and excipients

Tablet preparation and depiction

SDs equivalent to TCS were made by direct compression' into
tablets, after mixing with prerequisite amounts of all ingredients
(Table 2) with the aid of a tablet compression machine (8
station-Karnavati Engineering, Ahmedabad, India).

Evaluation of tablets

The following parameters were tested for the TCS SDs
tablets.22

Morphological constraints
The tablets were assessed for their uniformity in size and
shape.

Thickness

The thickness of the tablets was measured using vernier
calipers (Qumos Enterprises, Mumbai, India). They were
measured three times.

Hardness

The force needed to fragment the tablets was recorded with
a Monsanto tablet hardness tester (Vinsyst Technologies,
Mumbai) to determine the physical strength. These tests were
performed three times.

Uniformity in weight

Individual lots of 20 tablets were weighed with an electronic
digital balance (Citizen, CY-104, Mumbai, India) and the mean
was determined. The % change in weight was determined and
then compared with IP specifications (limit +7.5%).

Table 2. formulation of a tablet containing solid dispersions

Ingredients Quantity per tablet (mg)
SDs equivalent to 4 mg of TCS 125

Lactose 50

Starch 15

Microcrystalline cellulose 50

Magnesium stearate 5

Talc 5

The weight of the tablets 250

SDs: Solid dispersions, TCS: Thiocolchicoside

Friability

This test was done with a Roche Friabilator to determine the
physical strength of the prepared tablets and to check their
intactness when subjected to physical stresses. W, . was
recorded for 10 tablets before the test, and they were placed in
the drum and spun at 25 rpm for 4 min and W, was recorded.
The loss on friability was then determined by the following

equation:
Winitial - Wfinal
~ 7 Winitial
Thiocolchicoside calibration curve
The practice of finding TCS by ultraviolet (UV) spectrophotometer

at 259 nm was standardized and the TCS was observed to obey
the Beer-lambert law in 2-10 pg/mL concentration.?

Uniformity of thiocolchicoside content

Tablets from every lot (n=5) were taken, weighed, and smashed
in a mortar. Then 4 mg of TCS was dissolved in 100 mL of 0.1
M HCL. Next, 0.2 mL of solution was made up to 10 mL with 0.1
M HCL The absorbance was determined? at 259 nm with a UV-
visible spectrophotometer (Double Beam-lab India, Mumbai).
The content evenness was determined from the TCS standard
calibration graph.

Dissolution rate/in vitro thiocolchicoside discharge
The dissolution conditions were as below:?®

e Apparatus: USP XXIIl dissolution test apparatus
e Dissolution medium: 0.1 M HCl

* Volume: 900 mL

e Temperature: 37+0.5°C

* Paddle speed: 50 rpm

e Sampling times: every 5 min

e Sample withdrawn: 10 mL

e Absorbance: 259 nm

Kinetic modeling of TCS discharge

The mechanisms of the TCS discharge from the tablets were
examined and the rate kinetics of the SDs was attained with the
formula shown below:?%27

e Cumulative % of drug discharged vs time (zero-order plots)
* Log cumulative % of drug enduring vs time (first-order plots)
e Cube root of drug remaining vs time (Hixson-Crowell plots)

Accelerated stability studies

The TCS-SDs tablets were subjected to stability studies for 6
months in different storage environments to determine their
sustainability in these storage conditions (Environmental
Chamber Model 5532).2¢

RESULTS

Novel and efficient SDs of TCS with poloxamer carriers using
MW fusion (MWF) were prepared. In contrast, TCS matching
with the carriers used was confirmed by the DSC thermograms
(Figure 1.
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The matching of the TCS drug with the poloxamer carriers was
established by FTIR studies and the FTIR spectra of the TCS
with poloxamer carriers used (Figure 2).

The SDs were checked for flow properties to confirm their free
movement from hopper to tableting machine die wall without
adhesion. The flow properties of the fabricated TCS-SDs are
given in Table 3.

The fabricated TCS tablets were observed to be uniform in
size and shape, off white, and odorless with a smooth surface.
The prepared formulations’ thickness, uniformity of weight,
hardness, friability, percent yield, and TCS amount uniformity
are given in Table 4.

The main reason for preparing SDs is to increase the solubility
of drugs. The solubility of the prepared SDs was studied in
various solvents. The solubility of the prepared tablets was high
in DW and 0.1 N HCL. These values are shown in Figure 3.

Later TCS discharge was assessed by in vitro drug dissolution.
The TCS discharge from the tablets was determined by plotting
a calibration curve of TCS as per the procedure described
before and the calibration curve (Figure 4).

Thiocolchicoside

Thiocolchicoside + Poloxamer 108

Thiocolchicoside + Poloxamer 188

Thiocolchicoside + Poloxamer 338

Thiocolchicoside + Poloxamer 407

!
80.0 100.0 120.0 140.0 160.0 180.0 ) 2200
Temp Cel

Figure 1. DSC thermograms of thiocolchicoside with poloxamer bases
DSC: Differential scanning calorimetry

Thiocolchicoside

B 2 R i e

Thiocolchicoside + Poloxamer 108

Thiocolchicoside + Poloxamer 188

mﬂw’m

Thiocolchicoside + Poloxamer 237

% Transmittance

Thiocolchicoside + Poloxamer 338

N

Thiocolchicoside + Poloxamer 407

|
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Figure 2. FTIR spectrum of thiocolchicoside with poloxamer
FTIR: Fourier transform infrared

The solubility of TCS SDs was further demonstrated by in
vitro testosterone dissolution studies. All the SDs showed
satisfactory drug discharge. The SDs containing TCS:poloxamer
(1:6) showed better discharge than the other formulations
(Figure 5).

The TCS discharge mechanism from the tablets was determined
by kinetic treatment of in vitro drug dissolution data. The
correlation (R?) values are given in Table 5. The first-order and
Hixson-Crowell's plots are shown in Figures 6 and 7.

DISCUSSION

DSC is a vital tool for obtaining evidence quickly about
suitability among the TCS and the carrier by the presence,
swing, or vanishing of endothermic/exothermic peaks.? DSC
gives an insight into the melting and recrystallization activities
of SDs. Neither loss of characteristic peaks nor appearance of
new peaks were documented upon DSC analyses and confirms
the lack of incompatibility between the TCS and the carrier
used.* The DSC points were attained on pure TCS and physical
blend. The thermograms of TCS with poloxamer combinations
were shifted towards the left, indicating proper impregnation
of TCS with the carriers used. The characteristic peaks and
stretches of pure TCS were also seen in the TCS-poloxamer
carrier combinations, indicating no incompatibility of TCS with
the carriers used.

FTIR spectroscopy is another significant approach to determine
possible chemical interactions among TCS and the excipients.
The orientation of new absorption bands gives the main signals
of the interaction among TCS and the active substance.®
The FTIR spectra showed that typical TCS bands and carrier
separately were not rehabilitated in the mixtures, which
indicates no interactions between TCS and poloxamer.

The spectra of TCS show prominent bands at 1556.6 cm’,
attributed to the C=0 stretching, tropane ring at 1647.6 cm™, Amide
Il band (N-H stretching) at 3326.98 cm”, and -OH stretching band
at 3413.77 cm™. All these bands were seen undisturbed even in
TCS-poloxamer blends and are given in Figure 2.

The free flow of SDs from the hopper was confirmed by the
micromeritic properties. The fabricated TCS SDs showed
very good flow properties in terms of the angle of repose
(34.52+0.02 to 25.21+0.03") and nearly spherical particles.
The compressibility index was 0.877+0.05 to 10.552+0.09,
signifying good compression properties while tableting. The
fabricated TCS tablets were uniform in size and shape, off
white, and odorless, with a smooth surface.

The TCS tablets appeared to be uniform in thickness (4.5 mm)
and weight, indicating the TCS and excipients used were added
and blended properly. The loss on friability was <1% and the
hardness was more than 4 kg/cm?, indicating that the tablets
have good mechanical strength, and that means good cohesive
properties of SDs for compressing them into tablets. The yield
was observed to be good (>90%) and TCS content was uniform.

Pure TCS was checked for solubility in various media, i.e. water,
0.1 N HCl, pH 4.5 acetate buffer, pH 6.8 phosphate buffer, and
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Table 3. Flow character specifications

Flow properties

Formulation Angle of repose (°) Bulk density Tapped density Carr’s index Hausner ratio
TP108-1 3395:0.03 0.785£0.05 0.799+0.06 1.752+0.01 1.01720.01
TP108-2 29.64+0.05 0.458+0.02 0.466+0.01 1.716£0.08 1.0170.01
TP108-3 28.45£0.02 0.6350.01 0.654+0.06 2.905+0.02 1.029:0.02
TP108-4 29.05+0.05 0.258+0.01 0.268+0.01 3.731£0.05 1.038+0.01
TP188-1 27.37+0.09 0.528+0.03 0.536+0.04 1.492+0.01 1.015£0.01
TP188-2 31.22+0.06 0.568+0.07 0.578+0.04 1.730+0.03 1.017+0.03
TP188-3 31.55£0.05 0.258+0.01 0.268+0.01 3.731:0.07 1.038+0.09
TP188-4 25.84+0.06 0.269+0.05 0.287+0.02 6.271+0.05 1.066£0.05
TP237-1 26.37+0.05 0.356+0.03 0.398+0.01 10.552+0.09 1117£0.01
TP237-2 30.50+0.05 0.524+0.05 0.545+0.03 3.853+0.04 1.0400.03
TP237-3 29.41:0.03 0.425+0.03 0.457+0.01 7.002+0.09 1.075£0.03
TP237-4 2915£0.04 0.546+0.04 0.555+0.06 1.621£0.05 1.016£0.07
TP338-1 30.50+0.06 0.365£0.05 0.389+0.02 6169+0.06 1.065+0.08
TP338-2 2912+0.06 0.358+0.01 0.364+0.02 1.648+0.01 1.016£0.01
TP338-3 25.21£0.03 0.452+0.03 0.456+0.05 0.877+0.05 1.008+0.01
TP338-4 26.09+0.06 0.254+0.08 0.259+0.01 1.930+0.01 1.01940.07
TP40T7-1 26.27+0.04 0.524+0.01 0.541:0.03 3142:0.02 1.032£0.02
TP40T7-2 30.28+0.06 0.658+0.05 0.666+0.01 1.201£0.01 1.012+0.01
TP40T7-3 3452+0.02 0.524+0.05 0.566+0.01 7.420+0.09 1.080+0.08
TP407-4 28.460.02 0.425+0.01 0.433:0.01 1.847+0.01 1.018+0.01

All values given as mean + SD, trials (n=3), SD: Standard deviation

Table 4. Physical characteristics of prepared solid dispersions

Physical parameter

Formulation Uniformity of weight (mg) Hardness (cm?) Thickness (mm) Friability (%) Yield (%) Assay (%)
TP108-1 250.2+2.01 6.520.21 450+0.01 018+0.02 88.2¢0.85  102.5:1.23
TP108-2 254.3£1.25 5.240.09 453+0.02 0.62+0.07 89.3+0.65  96.7+0.44
TP108-3 255.20.12 6.9+0.08 4.50+0.03 0.53+0.04 905:094  99.5+0.77
TP108-4 255.21£0.98 5.3£0.06 451:0.04 0.45:0.03 99.2:032  100.6+0.48
TP188-1 2551£0.65 4.9+0.07 4510.02 0.510.01 96.8£0.65  97.8+0.05
TP188-2 250.9+0.54 4.5£0.01 453+0.02 0.62+0.09 98.8:1.25  97.3:0.85
TP188-3 252.3:0.96 5.7+0.01 4.50+0.04 0.53+0.03 97.8+1.95 96.2+0.06
TP188-4 253.8+0.08 6.3+0.02 4510.06 0.55+0.04 98.6+326  99.0+2.25
TP237-1 250.5:0.17 5.3+0.03 450+0.02 0.610.01 95.6:0.68  100.6+0.08
TP237-2 2501+0.07 4.5£0.04 4.50+0.06 0.82+0.01 925+0.84  971:0.84
TP237-3 254.2+0.84 5.2+¢0.02 451:0.01 0.4520.02 95.64139  96.8+016
TP237-4 252.2+0.63 6.0+0.01 450+0.04 0.35+0.03 9854128  97.3:0.08
TP338-1 251.3+0.83 5.3+0.02 4.50+0.02 0.51£0.05 92.3:094  961+0.09
TP338-2 252.3:0.10 4.5:0.01 451:0.03 0.72+0.01 90.7:+0.83  98.5:0.09
TP338-3 251.2£0.54 7.2+0.07 452+0.08 0.63+0.02 97.4:0.64  97.8+0.75
TP338-4 250.2+1.28 8.3+0.04 4.50+0.03 0.25+0.03 98.3:0.88  96.6+0.84
TP407-1 250.2+2.26 45:0.03 451:0.05 0.41:0.03 92.8+1.23  98.9:0.99
TP407-2 251.2+2.39 4.2+0.02 452+0.03 0.52+0.01 96.8:1.29  100.9+2.25
TP40T7-3 2501+1.25 6.3+0.01 450+0.04 0.53+0.03 979+036  97.8:0.23
TP40T7-4 252111.24 5.2+0.01 451:0.03 0.65:0.07 991£0.35 99.6+0.09

All values given as mean + SD, trials (n=3), SD: Standard deviation
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Figure 4. Calibration curve for the estimation of thiocolchicoside

pH 7.4 phosphate buffer. The solubility in these was <0.3 ug/mL,
indicating poor solubility of the drug.

The SD tablets with poloxamer-108 (TP108-1, TP108-2, TP108-
3, and TP108-4) showed good solubility in 0.1 N HCI (up to
0.61£0.05 pg/mL) and in DW (up to 0.49+0.03 pg/mL). The
tablets with poloxamer-188 (TP188-1, TP188-2, TP188-3, and

TP188-4) showed good solubility in DW (up to 0.78+0.04 ug/
mL) and in 0.1 N HCl (up to 0.69+0.05 pg/mL). The SDs tablets
with poloxamer P-237 (TP237-1, TP237-2, TP237-3, and TP237-
4) showed good solubility in 0.1 N HCl (up to 0.58+0.04 ug/
mL) and in acetate buffer (pH 6.8) (up to 0.45+0.03 pg/mL).
The tablets with poloxamer-338 (TP338-1, TP338-2, TP338-3,
and TP338-4) showed good solubility in DW (up to 0.69+0.04
ug/mL) and in 0.1 N HCl (up to 0.68+0.05 pg/mL). The tablets
with poloxamer-407 (TP407-1, TP407-2, TP407-3, and TP407-
4) showed good solubility in DW (up to 0.68+0.05 pg/mL) and
in 0.1 M HCl (up to 0.58+0.03 pg/mL). The nonionic surfactant
component of poloxamer enhances the solubility of TCS in
solvents. 323

TCS followed the Beer-lambert law at the concentration
of 2 to 10 pg/mL. The regression produced R?=0.9998;
slope=0.0743x+0.0149. The dissolution of the tablets was
good in a lot of TCS:poloxamer (1:6) with all carriers, i.e.
poloxamer-108, poloxamer-188, poloxamer-237, poloxamer-338,
and poloxamer-407.

Furthermore, the hydrophilic polyoxyethylene part of the
copolymer prevented aggregation of individual drug particles,
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Table 5. Correlation coefficients (R?) for different release kinetics

of thiocolchicoside solid dispersions

Correlation (R?)

Formulation Zero order  First order Hixson-Crowell
TP108-4 0.9738 0.9936 0.9979
TP188-4 0.5025 0.9885 0.9868
TP237-4 0.8823 0.9494 0.9206
TP338-4 0.9785 0.9868 0.9860
TP40T7-4 09738 09666  0.9804

exhibiting high solid-liquid surface tension. Hence, it acted on
the hydrodynamic layer adjacent to the TCS particles, resulting
in an in situ inclusion progression that augmented dissolution.
Similar observations have been reported for SDs by Viraj and
Praveen.®

The regression gave R?=0.9930, 0.9869, 0.9868, 0.8869 and
0.9980 for the first-order plots and 0.9979, 0.9868, 0.9206,
09860 and 0.9804 for the Hixson-Crowell models for
formulations TP108-4, TP188-4, TP237-4, TP338-4, and TP407-
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Figure 6. First-order plots for formulations with the drug:carrier ratio 1:6

4. Accelerated stability studies for the optimized formulation
(TP188-4) revealed that these formulations retained their
physical parameters even after extreme storage environments.

CONCLUSION

The attempt at elevating solubility was successful using various
poloxamer carriers in 1:6 ratios of drug and carrier (TP108-4,
TP188-4, TP237-4, TP338-4, and TP407-4) by making them
into SD formulations. The MWF method was better than the
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other techniques of making SDs as MWF enables the exposure
of drug and polymers to a uniform temperature and prevents
overheating. TCS and poloxamer interactions studied using DSC
and FTIR confirmed the suitability of polymer carrier with TCS.
All the SDs were found to raise the solubility of TCS. Among the
SDs the preparations with 1:6 ratios of TCS and poloxamer-188
(TP188-4) had better solubility and drug dissolution constraints
compared to poloxamer-108, poloxamer-237, poloxamer-338,
and poloxamer-407. This advance in formulation technology,
MWF, is better than other conventional SDs preparation

y=-0.0405x+4.3173 |y = -0.0444x +4.2383 | y = -0.0363x +4.0798 | y = -0.0343x +4.2807 y = -0.0387x +4.4521
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Figure 7. Hixson-Crowell plots for formulations with the drug:carrier ratio
1:6

techniques in terms of preparation and drug release. Hence we
can conclude that poloxamer-188 is a better poloxamer carrier
compared to poloxamer-108, poloxamer-237, poloxamer-338,
and poloxamer-407 for preparing TCS SDs.
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The Formulation of Methylene Blue Encapsulated,
Tc-99m Labeled Multifunctional Liposomes for
Sentinel Lymph Node Imaging and Therapy

Sentinel Lenf Nodu Gériuntileme ve Tedavisi Icin Metilen Mavisi Enkapstile
Edilmis, Tc-99m Isaretli Cok-Fonksiyonlu Lipozomlarin Formiilasyonu

® Mine SILINDIR GUNAY

Hacettepe University Faculty of Pharmacy, Department of Radiopharmacy, Ankara, Turkey

ABSTRACT |

Objectives: Methylene blue (MB) is a commonly used dye that can be used for near-infrared (NIR) imaging and photodynamic therapy (PDT) by
producing reactive oxygen species after light exposure, inducing apoptosis. The limiting factor of MB is its poor penetration through cell membranes.
Its decreased cellular uptake can be prevented by encapsulation in drug delivery systems such as liposomes. Additionally, the enhanced permeability
and retention effect of tumors enables enhanced accumulation of nanocarriers at the target site.

Materials and Methods: Nanosized, MB encapsulated, Tc-99m radiolabeled Lipoid S PC:PEG2000-PE:Chol: DTPA-PE and DPPC:PEG2000-
PE:Chol:DTPA-PE liposomes were formulated to design multifunctional theranostic nanocarriers for: 1) NIR imaging, 2) gamma probe detection
of sentinel lymph nodes (SLNs), and 3) PDT, which can provide accurate imaging and therapy helping surgery with a single liposomal system.
The characterization of liposomes was performed by measuring particle size, zeta potential, phospholipid content, and encapsulation efficiency.
Additionally, the in vitro release profile of MB and physical stability were also evaluated over 6 months at determined time intervals by measuring
the mean particle size, zeta potential, encapsulation efficiency, and phospholipid content of liposomes kept at room temperature (25°C) and 4°C.
Results: Tc-99m radiolabeled, nanosized Lipoid S PC:PEG2000-PE:Chol:DTPA-PE and DPPC:PEG2000-PE:Chol:DTPA-PE liposomes showed
suitable particle size (around 100 nm), zeta potential (-9 to -13 mV), encapsulation efficiency (around 10%), phospholipid efficiency (around 85-
90%), and release profiles. Additionally, the liposomes found stable for 3 months especially when kept at 4°C.

Conclusion: MB encapsulated, Tc-99m radiolabeled, nanosized Lipoid S PC:PEG2000-PE:Chol:DTPA-PE and DPPC:PEG2000-PE:Chol:DTPA-PE
liposomes were found to have potential for SLN imaging by gamma probe detection, NIR imaging, and PDT. /n vitro and in vivo imaging and
therapeutic efficiency should be definitely evaluated to enable a final decision and our studies on this research topic are continuing.

Key words: Sentinel lymph node, methylene blue, theranostic nanomedicine, diagnosis

Z |

Amag: Metilen mavisi (MV) yakin infrared (NIR) gorintileme ve foto-dinamik tedavi (PDT) igin, 1s18a maruziyet sonrasi reaktif oksijen radikalleri
Ureterek apoptozu indikleyen siklikla kullanilan bir boyadir. MV'nin hiicre membranlarindan zayif penetrasyonu etkinligini kisitlayan bir faktérdur.
Azalmis hiicresel alimi lipozomlar gibi ilag taslyici sistemlere enkapstlasyonu ile dnlenebilir. Ek olarak, timérlerin artmis gegirgenlik ve tutulum
ozellikleri nanotaslyicilarin hedef bolgede tutulumunu saglar.

Gereg ve Yontemler: Nanoboyutlu, MV enkapstle edilmis, Tc-99m radyo-isaretli Lipoid S PC:PEG2000-PE:Chol:DTPA-PE ve DPPC:PEG2000-
PE:Chol:DTPA-PE multifonksiyonel teranostik lipozomlari daha kesin gorintileme ve cerrahiye yardimci olabilecek tedavi saglayabilmek amaciyla; 1)
NIR gériintileme, 2) sentinel lenf nodlarinin (SLN) gama prob ile tayini ve 3) PDT'yi ayni lipozomal sistemde dizayn edilebilen formilasyonlar olarak
hazirlanmistir. Lipozomlarin karakterizasyonu partikdl boyutu, zeta potansiyeli, fosfolipit igerigi ve enkapstlasyon etkinligi 6lgllerek yapilmistir.
Ayrica, MV'sinin in vitro salim profili ve fiziksel stabilitesi alti aylik stirede belirli zaman araliklarinda ortalama partikil boyutu, zeta potansiyeli,
enkapstlasyon etkinligi ve fosfolipit icerigi oda sicakliginda (25°C) ve 4°C'de 6lgiilerek degerlendirilmistir.

*Correspondence: E-mail: mines@hacettepe.edu.tr, Phone: +90 312 305 21 52 ORCID-ID: orcid.org/0000-0002-5291-810X
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Bulgular: Tc-99m radyo-isaretli, nanoboyutlu Lipoid S PC:PEG2000-PE:Chol:DTPA-PE ve DPPC:PEG2000-PE:Chol:DTPA-PE lipozomlari uygun
partikil boyutu (100 nm civarinda), zeta potansiyeli (<9 mV'den -13 mV’e dek), enkapsiilasyon etkinligi (%10 civarinda), fosfolipit etkinligi (%85-90
civarinda) ve salim profili géstermistir. Ayrica, 4°C'de saklandiklarinda lipozomlar 3 ay boyunca stabil kalmistir.

Sonug: MV enkapstile, Tc-99m radyo-isaretli, nanoboyutlu Lipoid S PC:PEG2000-PE:Chol:DTPA-PE ve DPPC:PEG2000-PE:Chol:DTPA-PE
lipozomlarinin SLN'nin gama probla tayin edilebilmesi, NIR gériintiileme ve PDT igin potansiyellerinin oldugu bulunmustur. in vitro ve in vivo gériintileme
ve tedavi etkinliklerinin daha kesin sonuca ulasmak igin degerlendirilmesi gerekmektedir ve bu konudaki galismalarimiz devam etmektedir.

Anahtar kelimeler: Sentinel lenf nodu, metilen mavisi, teranostik nanotip, teshis

INTRODUCTION

The identification and mapping of sentinel lymph nodes (SLNs)
for biopsy or imaging are commonly used for staging of many
cancers especially breast cancer. SLNs are important as they are
the first nodes draining the primary tumor to which a malignancy
is likely to metastasize. Various dyes have been used for SLN
identification such as isosulfan blue and methylene blue (MB).
MB is a cheap and easily accessible dye that is approved by the
Food and Drug Administration. Additionally, its side effects are
less serious than those of isosulfan blue? The limiting factor of
MB is its poor penetration through cell membranes.

Radiopharmaceuticals have been used as an alternative
or in addition to dyes for external imaging and/or radiation
detector monitoring for SLN detection and mapping before
surgery. Intraoperative use of gamma probe detectors enables
confirmation of external sampling procedures by directly
counting the various lymph nodes discovered through a small
incision. By the use of these methods, various advantages can
be achieved: 1) a significant reduction in the duration of the
surgical procedure, 2) a significant increase in the accuracy of
SLN identification, and 3) a significant decrease in morbidity
due to the staging procedure.?

MB is used to diagnose breast tumors with near-infrared
(NIR) fluorescence imaging injection after i.v. administration.?
NIR imaging is a relatively new field for the investigation of
preclinical and clinical applications in cancer imaging with
its high spatial resolution and real-time display. The NIR light
range (wavelength: 650-900 nm) provides tissue penetration
and less autofluorescence from neighboring tissues.*®

Photodynamic therapy (PDT) has been investigated as a
therapeutic approach for a variety of cancers.®® Its mechanism
depends on photooxidation of biological matter. For this
purpose, a photosensitizer is illuminated with a light having
an appropriate wavelength to excite and induce photochemical
reactions that generate reactive oxygen species inducing cell
death.”® PDT has been used as an experimental treatment
approach for different cancer types in many countries™? and
it is generally approved as an effective therapy for some small
and localized tumors™ Reduced long-term morbidity is the
most important advantage of PDT.%

Encapsulation or modification of active pharmaceutical
ingredients and/or contrast/radiocontrastagentsinnanosystems
is desirable due to the enhancement of bioavailability and organ/
tissue accumulation by specific targeting, and decrease side
effects and dose. Liposomes still attract significant attention for
both diagnostic imaging'® and therapy™ due to their advantages
of encapsulation of different kinds of drugs and modification

with target specific ligands.™ By the effect of reducing particle
size to nanometer ranges, polymer modification of surfaces
such as PEG steric stabilization can be achieved and rapid
removal of liposomes can be prevented from circulation by
opsonization with a reticulo-endothelial system (RES) such
as plasma proteins and macrophages.”?' Therefore, enhanced
circulation time, bioavailability, and especially for diseases
related to damaged vessel integrity enhanced drug delivery
accumulation and targeting in the desired disease area by
enhanced permeability and retention (EPR) effect such as in
tumors can be achieved at the end.?

Recently, NIR imaging has been used with PDT for a theranostic
approach by using appropriate photosensitizer dyes. MB, a
cheap and safe dye, has both NIR fluorescence (excitation:
668 nm, emission: 688 nm) and photosensitizer properties. To
evaluate SLN detection, MB, isosulfan blue, radioisotopes, and
nanocarriers have been used alone or in combination in some
previous studies for lymphoscintigraphy and SLN biopsy as
a promising approach.3?2?* However, the poor penetration of
MB through cell membranes is a limiting factor. Its decreased
cellular uptake can be prevented by encapsulating MB in
delivery systems such as liposomes. Combining a radionuclide
and photosensitizer dye (MB) in one injection can allow both
lymphoscintigraphy and lymphatic mapping by nuclear imaging
and NIR imaging and also PDT by application of a light giving
suitable illumination, which can help in SLN surgery.

The aim of the present study was to formulate MB
encapsulated, Tc-99m radiolabeled, PEGylated liposomes
to design a multifunctional theranostic nanocarrier for NIR
imaging and detection by gamma probe of SLNs and PDT
that can be combined with surgery with a single vesicular
system. The characterization of liposomes was performed
by measurement of particle size, zeta potential, phospholipid
content, radiolabeling efficiency, and encapsulation efficiency.
The in vitro release profile of MB was determined. The in vitro
stability of the liposomes was also evaluated over 6 months,
which were stored at room temperature (25°C) and 4°C.

MATERIALS AND METHODS

Materials

Lipoid S phosphatidylcholine [(PC) from soybean (98%)]
and dipalmitoylphosphatidylcholine (DPPC) were kind gifts
from Lipoid GmbH (Germany) and Phospholipon GmbH
(Germany), respectively. Cholesterol (Chol) was obtained
from  Sigma-Aldrich ~ (USA).“1,2-Distearoyl-sn-glycero-3-
phosphoethanolamine-N-[methoxy(polyethylene glycol)-2000]
(ammonium salt) (PEG2000-DSPE) and 1,2-dioleoiyl-sn-
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glicero-3-phosphoethanolamine (DOPE) were obtained from
Avanti Polar Lipids (USA). Diethylenetriaminepentaacetic acid
anhydride (DTPA) and MB were obtained from Sigma-Aldrich
(Germany). Dimethyl sulfoxide (DMSO) was obtained from
Merck (Germany).

DTPA-PE synthesis

DTPA-PE is used for Tc-99m radiolabeling. For its synthesis,
30 pL of triethylamine was added to 0.1 mM of DOPE in 4 mL of
chloroform. This solution was added to 1 mM of DTPA anhydride
in 20 mL of DMSO slowly. It was then mixed for 3 h at 25°C
under argon gas. Afterwards, the mixed solution was dialyzed
against water at 4°C for 2 days and freeze-dried.?>?

Preparation of MB encapsulated, PEGylated, DTPA-PE
containing liposomes

MB encapsulated, nanosized liposomes were prepared by
film hydration*® Lipoid S PC:PEG2000-PE:Chol:DTPA-PE
(60:0.9:39:0.1% molar ratio) were used. For this purpose, Lipoid
S PC, PEG2000-PE, Chol, and DTPA-PE were dissolved in
chloroform. The chloroform was then evaporated and the dry
lipid film was hydrated with 0.5 mM MB solution in HEPES (1 M,
pH 7.4) buffer at 35°C. The liposomes were then extruded twice
through polycarbonate membranes having 0.6, 0.4, and 0.2 upm
pore sizes. Afterwards, the liposomes were dialyzed through a
cellulose membrane (3500 Da cut-off size) for 12 h!

For the preparation of DPPC as phospholipid containing
liposomes DPPC:PEG2000-PE:Chol:DTPA-PE (60:0.9:39:0.1%
molar ratio) were used for the mixture. The same procedure
was also used for the preparation of MB encapsulated
DPPC:PEG2000-PE:Chol:DTPA-PE  liposomes; the only
difference was that the hydration procedure was performed at
60°C.

Characterization of MB encapsulated, PEGylated, DTFPA-PE
containing liposomes

The characterization of MB encapsulated, liposomal
formulations was performed by measuring their mean particle
size, zeta potential, phosphate content, and encapsulation
efficiency %.

Mean particle size and zeta potential

It was determined by using a Zetasizer Nano ZS (Malvern
Instruments UK).*

Encapsulation efficiency (%)

After the removal of unencapsulated MB by dialysis, the
liposomes were lysed with ethanol. Encapsulated MB
amount was determined spectrophotometrically at 660 nm.
Encapsulation efficiency (%) was calculated with the help of
the standard line and line equation obtained previously. The
percentage of entrapped drug was determined by applying
Equation 1:

Entrapment efficiency (%)=(D_x100)/(D), M

where D is the amount of entrapped drug and D, is the initial
amount of drug.

Liposomal phospholipid amount
The phosphate content of MB encapsulated liposomes was
obtained by a modified method.** This method depends on
the detection of phosphorus content after perchloric acid
destruction of liposomes at 797 nm spectrophotometrically
(Shimadzu UV-1280, Germany).

Physical stability of liposomes

Any alterations in the mean particle size, zeta potential, and
encapsulation efficiency of liposomes were evaluated. The
liposomes were kept at two different temperatures (4°C and
25°C) for 6 months and changes in these parameters were
evaluated at fixed time intervals (O, 3, 5, 7, 14, 21, 30, 60, 90,
120, 150, 180 days) over 6 months.?

In vitro release studies

The in vitro release profile of MB was evaluated by dialysis.?’
For this purpose, T mL samples of the liposomes were put in
dialysis bags (MW cut-off: 2000) in 10 mL of HEPES (1 M, pH
7.4) buffer, and agitated in a shaking water bath (SWB 5050,
Labnet International, Canada) (100 oscillations.min™), which
was incubated at 37°C. Then 1 mL of formulations was taken for
the measurement of MB concentrations at specific time points.
Release of MB in HEPES (1 M, pH 7.4) buffer was determined
spectrophotometrically (Shimadzu UV-1280, Germany).

Radiolabeling of MB encapsulated, PEGylated, DTFA-PE
containing liposomes

MB encapsulated, DTPA-PE containing liposomes were
radiolabeled by tin reduction. For this, 0.5 mL of SnCL,.2H,0 (1
mg.mL™") and 1.5 mCi of Tc-99m were mixed with liposomes for
30 min by shaking to allow transchelation.?®?’ After incubation,
the liposomes were dialyzed against HEPES (1 M, pH 7.4) buffer
for 5 h at 4°C to remove free Tc-99m by dialysis membrane
(3500-Da cut-off size). After removal of unchelated Tc-99m, the
radioactivity of liposomes was measured by a gamma counter.

Statistical analysis

All data are given as mean + standard deviation. To evaluate
the statistical significance of differences among the results,
statistical analysis was performed. Depending on the numbers
of data, which are less than 30, nonparametric test methods
were applied for evaluation. Due to the group number, the
Mann-Whitney U test and Kruskal-Wallis test were applied
for comparison of two groups and three or more groups,
respectively. The significance level was accepted as p<0.05.

RESULTS

Tc-99m labeled, MB encapsulated liposomes were formulated
for the purpose of SLN detection by gamma probe, NIR imaging,
and also PDT of SLNs to perform better detection, mapping, and
also a treatment option helping during surgery.

MB encapsulated liposomes were characterized and the results
are given in Table 1.

The mean particle sizes of all liposomes were about 100
nm. DPPC containing liposomal dispersions had smaller
particle size than Lipoid S PC liposomes (p>0.05). The MB
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Table 1. Characterization of MB encapsulated liposomal dispersions (n=6)

Liposome formulation Mean particle PDI Zeta potential Encapsulation Phospholipid efficiency
size (nm) (mV) efficiency (%) (%)

Lipoid S PC:PEG2000-PE:Chol:DTPA-PE 116+0.14 017 -13.75+0.21 9.51+0.01 86.8+2.1

DPPC:PEG2000-PE:Chol:DTPA-PE 121019 012 -9.81x0.16 11.84+0.02 91.7+3.2

MB: Methylene blue, PC: Phosphatidylcholine, Chol: Cholesterol, DTPA: Diethylenetriaminepentaacetic acid anhydride, DPPC: Dipalmitoylphosphatidylcholine

encapsulation amount of liposomes was higher than that of
Lipoid S PC liposomes (p>0.05). The liposomes’ phosphate
content was high, about 85-90%. DPPC containing liposomes

Alterations in mean particle size, zeta potential, and MB
encapsulation efficiency of liposomes stored at both 4°C and
25°C for 6 months are given in Figures 1-3, respectively. Only

slight increases were observed in these parameters of both
formulations stored at 4°C at the end of 3 months (p>0.05).
Higher alterations were observed in these parameters of both
S liposomes stored at 25°C when compared with those stored
at 4°C at the end of 3 months (p<0.05). Significant increases
were observed in these parameters for all formulations stored
at both 4°C and 25°C for 6 months (p<0.05). On the other hand,
MB encapsulated liposomes were stable due to mean particle
size, zeta potential and MB encapsulation efficiency when
stored at 25°C for 1 month. When the effect of phospholipid was

had higher phosphate content than Lipoid S PC containing ones
did (p>0.05).
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Figure 1. Alterations in mean particle size of MB encapsulated, nanosized
liposomes over 6 months of storage at both 4°C and 25°C
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compared, no significant difference was seen between Lipoid
S PC containing liposomes and DPPC containing ones stored
in the same conditions (p>0.05). These results are compatible
with those of previous studies.?®2%3

The in vitro release of both MB encapsulated, nanosized
liposomes were evaluated by dialysis.?” Lipoid S PC containing
liposomes showed slightly faster release of MB when compared
with DPPC containing ones (p>0.05). As shown in Figure 4, the
two formulations exhibited similar release profiles. A number
of studies were found in the literature supporting our data.34%®

DISCUSSION

Both liposomes were formulated to combine a radionuclide
and photosensitizer dye (MB) in one injection to achieve both
lymphoscintigraphy by nuclear and NIR imaging and also PDT,
which can help in surgery.

All formulations exhibited nanosize (around 100 nm) significant
for long-circulation and passive targeting by PEGylation to
obtain “stealth” formulations, which is essential for EPR effect
in tumor accumulation.® Lipoid S PC containing liposomes have
smaller particle size than DPPC containing ones (p>0.05). This
may be due to the liquid crystalline structure of Lipoid S PC,
which may easily be reduced by extrusion because of greater
elasticity than gel state phospholipids. Furthermore, PDI
values, which are a significant indicator for the homogeneity of
particle size distribution in a dispersion, of MB encapsulated,
Lipoid S and DPPC containing liposomes were very small,
around approximately 0.1. Surface modification was performed
by PEG2000-DSPE coating for all formulations for passive
targeting of SLNs and surrounding tumor tissue by EPR effect,
which prevents opsonization by RES cells and increasing blood
circulation time.

DTPA-PE was synthesized for Tc-99m radiolabeling of
formulations due to its metal chelator properties. DTPA is
one of the most commonly used chelator agents nowadays
for efficient radiolabeling of liposomes for imaging.?6%%° The
chelating agent DTPA conjugates to the amino head group with
a -COOH group and in this way while PE was incorporated with
the lipid bilayer of liposomes, Tc-99m was incorporated with
DTPA with high efficiency.?>2¢

Zeta potential exhibits the magnitude of the electrostatic
repulsion/attraction between particles. Therefore, it affects the
stability and shelf-life of formulations and provides detailed
information about dispersion, aggregation, and flocculation.
The zeta potentials of liposomes are suitable (-9 to -13 mV)
to prevent aggregation.® The zeta potential of Lipoid S
PC:PEG2000-PE:Chol:DTPA-PE liposomes was slightly higher
when compared with DPPC liposomes (p>0.05) due to the
different nature of the phospholipids. The MB encapsulation
efficiency of DPPC liposomes was slightly higher than that
of Lipoid S PC containing ones (p>0.05), due to the gel state
of DPPC phospholipid providing less leakage of encapsulated
drug through the vesicles. Although the ability to encapsulate
hydrophilic drugs within the liposome vesicles was very limited

(5-10%),%¢ both formulations exhibited about 10% encapsulation
efficiency. The phosphate content of all liposomes was very
high (around 85-90%), which is essential for obtaining intact
liposome vesicles. The phosphate content loss was smaller
in DPPC liposomes than in Lipoid S PC liposomes, but this
difference was statistically insignificant (p>0.05). This may
have been due to the gel state phospholipid content of DPPC
liposomes, which is a saturated synthetic lipid and generally
forms stable and intact vesicles.

Alterations in the characterization parameters of Lipoid S PC
and DPPC liposomes were evaluated over 6 months during
storage at both temperatures. Changes in these parameters are
essential for evaluating the stability of liposomes. Alterations
in zeta potential are also crucial for physical stability, in which
any alteration may cause aggregation. Leakage of encapsulated
drug is essential for physical stability of liposomes during
storage because vesicles should stay stable during storage.
Only a slight increase was observed for each measurement in
mean particle size, zeta potential, and encapsulation efficiency
of both MB encapsulated liposomes stored at 4°C for 3 months
(p>0.05). Higher alterations were observed in these parameters
of both liposomes stored at 25°C when compared with those
stored at 4°C for 3 months (p<0.05). Lipoid S PC and DPPC
liposomes were stable when stored at 25°C for 1 month. When
the effect of phospholipid amount was compared, no significant
difference was evaluated between Lipoid S PC and DPPC
containing liposomes stored in the same conditions (p>0.05).
This may be because of the liquid crystalline state structure of
Lipoid S PC and its low phase transition temperature.”* As a
result, leakage of MB from Lipoid S PC liposomes was higher
than that from DPPC liposomes, which is compatible with
previous studies.?%

In vitro release profiles of liposomes are meaningful for
predicting an efficient therapeutic effect. The release of MB
is faster from liposomes composed of liquid-crystalline type
phospholipids, depending on the distance within the polar head
groups of liquid crystalline-type phospholipids, and is also
faster than in gel state phospholipids.**® Liposomes comprising
DPPC exhibited slightly better in vitro MB release amounts than
Lipoid S PC containing liposomes. However, this difference was
not significant. These results were comparable with previously
published results.®3¢

Study limitations
Further studies are needed in order to reach to a clearer
decision on this topic.

CONCLUSION

MB encapsulated, nanosized, PEGylated, Tc-99m radiolabeled
liposomes were designed as potential formulations to
accumulate in SLNs due to EPR effect by PEGylation for
prolonged blood circulation time and nanosize for imaging
and therapy. MB encapsulated, nanosized, PEGylated, Tc-
99m radiolabeled Lipoid S PC:PEG2000-PE:Chol:DTPA-PE
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and

DPPC:PEG2000-PE:Chol:DTPA-PE (60:0.9:39:0.1% molar

ratio) liposomes were evaluated as potential carriers for SLN
imaging, mapping by gamma probe, NIR imaging, and therapy
by PDT, which may help during surgery in terms of vesicular
characteristics, release profile, and physical stability. Further
studies should be surely performed to enable certain decisions
to be made. This study may lead to the design of more specific
radiocontrast agents for both imaging and therapy of many
cancers.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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ABSTRACT

Objectives: Inthe present investigation, bioadhesive buccal tablets were prepared using the sustained-release polymer hydroxypropyl methylcellulose
(HPMC) K100M, bioadhesive polymer neem gum, and an impervious backing layer of ethyl cellulose. Nicorandil is sensitive to the first-pass effect;
therefore, a buccal-adhesive dosage form can avoid this effect.

Materials and Methods: We used the direct compression technique to prepare the tablet formulation. A 32 full factorial design was composed in
which the amounts of HPMC K100M (X1) and neem gum (X2) were chosen as the independent variables and the dependent variables were the
percentage drug release at 6 h (Y1) and mucoadhesive strength in grams (Y2). Various in vitro parameters, i.e. thickness, friability, hardness, weight
variation, surface pH, moisture absorption ratio, dissolution studies, and drug release kinetics, and ex vivo parameters like mucoadhesive strength
and mucoadhesion time were determined for the prepared tablets. We subjected the optimized batch to a comparison with the marketed formulation
and stability studies were performed.

Results: The formulation containing a 50:50 ratio of neem gum and HPMC K100M (F5) was considered optimum. The zero-order release kinetics
model best fitted the optimized batch release profile, suggesting the system would release the drug at a constant rate.

Conclusion: The release by the optimized formulation of the drug at a sustained rate along with its bioadhesive nature showed that the buccal route
can be an option for the administration of nicorandil.

Key words: Nicorandil, neem gum, buccal tablets, factorial design

O |

Amag: Bu arastirmada, biyoadesif bukkal tabletler strekli salimli polimer hidroksipropil metilseltloz (HPMC) K100M, biyoadesif polimer neem sakizi
ve gegirimsiz etil sellloz arka tabaka kullanilarak hazirlanmistir. Nikorandil ilk gegis etkisine karsi duyarlidir. Bu nedenle, bukal adesif dozaj formu
bu etkiyi dnleyebilir.

Gereg ve Yontemler: Tablet formilasyonu hazirlamak igin dogrudan sikistirma teknigi kullanilmistir. HPMCK 100M (X1) ve neem sakizi (X2) miktarlari
bagimsiz degisken olarak ve 6. saat (Y1) ilag salimi ylizdesi ve gram biriminde mukoadhersif gii¢ yuzde bagimli degiskenler olarak segilerek 32 tam
faktoriyel tasarimi olusturulmustur. Hazirlanan tabletler igin farkli in vitro parametreler (kalinlik, ufalanma, sertlik, agirlik sapmasi, yiizeysel pH'si,
nem absorpsiyon orani, ¢6zlinme galismalari ve ilag salim kinetikleri) ve ex vivo parametreler (mukoadesif glic ve mukoadesif zaman) belirlenmistir.
Optimize etilen seri piyasadaki formulasyon ile karsilastirilmis ve stabilite galismalari yapilmistir.

Bulgular: 50:50 oraninda neem zamki ve HPMC K100M iceren formilasyon (F5)'in en uygun oldugu kabul edilmistir. Sifir derece salim kinetigi
modeli optimize seri salim profiline en iyi diizeyde uymustur ve bu sistemin ilaci sabit bir hizda salim saglayacagini belirtmektedir.

Sonug: ilacin optimize edilmis formilasyonunun biyoadesif &zelliginin yaninda strdirilebilir hizla salimi nikorandilin bukkal yol ile uygulanmasinin
bir segenek olacagini gostermistir.

Anahtar kelimeler: Nikorandil, neem sakizi, bukkal tabletler, faktoriyel tasarim
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INTRODUCTION

Hypertension and angina pectoris are cardiovascular diseases
for which constant monitoring is crucial. Angina pectoris is a
medical condition that causes chest pain by reduced blood flow
to the heart. Potassium channel openers are currently regarded
as an important drug class for the treatment of such conditions.
A primary medicinal agent that possesses an ability to tackle
such a situation is nicorandil, a vasodilatory drug. It appears
to be active in all types of angina pectoris and has the twin
properties of nitrate and K* adenosine triphosphate channel
agonist. The major problem with orally administered nicorandil
is its first-pass metabolism, which gives about 75% systemic
bioavailability. Moreover, it has a short elimination half-life
(1 h), which necessitates frequent administration of the drug
(10 to 20 mg twice daily).*® Thus, higher fluctuation of drug
concentration may give rise to undesirable side effects. In
summary, there is a strong requirement for a patient-friendly
sustained-release formulation of nicorandil to reduce the
frequency of administration.

Such a requirement for an oral dosage form can be fulfilled by
employing a buccal bioadhesive drug delivery system. It is a
captivating substitute to the oral route of drug administration
that overcomes the deficiencies associated with the latter mode
of administration. Precisely it prevents any chance of reductant
hepatic metabolism, avoiding unneeded drug degradation in
the upper GIT, and also it increases the contact between drug
and absorbing surface.”" Moreover, such type of delivery is
considered safer since drug absorption can be concluded any
time if toxicity occurs due to it by removal of the formulation
from the site of application!?"

Thus, in the present research, buccal bioadhesive tablets of
nicorandil were prepared using the sustained-release polymer
hydroxypropyl methylcellulose (HPMC) K100M,°® bioadhesive
polymer neem gum,® and an impermeable backing layer of
ethyl cellulose. Buccal bioadhesive tablets were prepared by
direct compression method employing a 32 factorial design in
which the amounts of HPMC K100M (X)) and neem gum (X))
were selected as independent variables and their effects on
dependent variables, i.e. percentage drug release at 6 h (Y)
and mucoadhesive strength in grams (Y,), were studied.

MATERIALS AND METHODS

Materials

Nicorandil was a gratis sample from Sun Pharma Laboratories
Ltd. (East Sikkim). Neem gum was purchased from the local
market and the remaining materials were purchased from
Chem Dyes Corporation (Vadodara, Gujarat, India).

Methods

Drug-excipients compatibility study

Accurately weighed (3 mg) nicorandil was taken and mixed
thoroughly with 100 mg of potassium bromide (dried at 40-
50°C). The mixture was compressed into pellets (under 10-t
pressure) using a hydraulic press followed by scanning between
4000 and 400 cm™ using an fourier transform-infrared (FT-IR)

410 PC spectrophotometer. The obtained IR spectra of pure
drug (Figure 1a) were compared with those of the reference
standard (Figure 1b) taken from Indian Pharmacopoeia as well
as with the IR spectra (Figure 1c¢) of the prepared nicorandil
tablet formulation to check the drug excipient compatibility.

Preparation of buccal tablets

Initially, the drug was accurately measured and mixed thoroughly
with mannitol on butter paper using a stainless-steel spatula.
Except the lubricant, all the additives were blended for 10 min
by geometric dilution. After uniform blending of the additives,
lubricant was added followed by mixing for 2 min. Next, 100 mg
of such blends of each formulation was pre-compressed on a
10-station rotary tablet punching machine at a low compression
force, resulting in single-layered core tablets 8 mm in diameter.
The prepared core tablet was placed in the center of the 12-mm
lower punch and the backing layer of 100 mg of ethyl cellulose
was added around and over the core tablet; the two layers
were then compressed into a mucoadhesive bilayer tablet. A
tablet (200 mg) was formed whose thickness was 1.6 to 1.8

1(a)

1(c)

Figure 1 a, b, c. FT-IR spectra
FT-IR: Fourier transform-infrared
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mm. Table 1 shows the results of preliminary trials to evaluate
the bioadhesive polymers and Table 2 depicts formulations
to evaluate the sustained-release characteristics of various
compositions.

Factorial batches

Based on the preliminary studies, a 32 full factorial design was
constructed in which the amounts of HPMC K100M (X)) and

Table 1. Preliminary trial for selection of bioadhesive polymer
(B1-B5)

Ingredients B1 B2 B3 B4 B5
Core tablet

Nicorandil 10 10 10 10 10
Neem gum 30 - - - -
Guar gum - 30 - - -
Na alginate - - 30 - -
Carbopol 934 - - - 30 -
Xanthan gum - - - - 30
PVP K30 10 10 10 10 10
Mannitol 68 68 68 68 68
Magnesium stearate 1 1 1 1 1
Aspartame 1 1 1 1 1

Backing layer

Ethyl cellulose 80 80 80 80 80

Total (mg) 200 200 200 200 200

PVP: Polyvinylpyrrolidone

Table 2. Compositions of formulation for optimization of sustained

release polymer (S1-S3)

Ingredients S1 S2 S3

Core tablet

Nicorandil 10 10 10
Neem gum 30 30 30
HPMC K4 100M 30 - -

HPMC K4 M - 30 -

HPMC K15 LV - - 30

PVP K30 10 10 10

Mannitol 38 38 38

Magnesium stearate 1 1 1

Aspartame 1 1 1

Backing layer

Ethyl cellulose 80 80 80

Total (mg) 200 200 200

HPMC: Hydroxypropyl methylcellulose, PVP: Polyvinylpyrrolidone

neem gum (X,) were selected as independent variables and
their levels were defined. The dependent variables were % drug
release at 6 h (Y)) and mucoadhesive strength in grams (Y,).
Table 3 gives details regarding the employed factorial design.
ANOVA was performed using the software Design Expert 11.0
demo version (State-ease) and the responses were studied.

Evaluation of buccal tablets

Thickness

A vernier caliper was used to calculate the thickness of tablets
(n=10) and the mean tablet thickness was calculated.

Friability and hardness

Friability (n=20) and hardness (n=3) were measured by a Roche
friabilator and a Monsanto type hardness tester, respectively."”

Weight variation
Tablets (n=20) were weighed individually and their weight

variation was found by comparing these weights to the label
claim.”

Drug contents

The prepared tablets (n=10) were powdered and an amount
corresponding to 10 mg of nicorandil was accurately weighed.
The powder was extracted with a volume of buffer solution
(phosphate buffer saline, pH 6.8) and analyzed using a
spectrophotometer at 262 nm after appropriate dilution.

Surface pH

To evaluate the possibility of the prepared tablets causing
irritation to the oral mucosa, surface pH studies were
performed. Tablets were soaked in 12 mL of buffer solution
(phosphate buffer saline, pH 6.8) and allowed to swell for 2 h
at room temperature. A pH meter containing a glass electrode
was utilized to find out the pH of the resultant swelled tablets

Table 3. 32 Experimental design for buccal tablet formulation

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9
Core tablet
Nicorandil 10 10 10 10 10 10 10 10 10

Neem gum 20 20 20 30 30 30 40 40 40
HPMC K4100M 20 30 40 20 30 40 20 30 40

Mannitol 58 48 38 48 38 28 38 28 18
PVP K30 10 10 10 10 10 10 10 10 10
Magnesium
stearate

Aspartame 11 1 1 1 1 1 1 1

Backing layer

Ethyl cellulose 80 80 80 80 80 80 80 80 80

Total weightinmg 200 200 200 200 200 200 200 200 200

HPMC: Hydroxypropyl methylcellulose, PVP: Polyvinylpyrrolidone
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by bringing the glass electrode into contact with the surface of
the tablet and allowing it to equilibrate for 1 min.®

Moisture absorption ratio

Hot water was taken and the required quantity of agar (5% w/v)
was added to it. The resultant solution was added to petri plates
and inducted to solidify. Previously, vacuum dried nicorandil
buccal tablets (n=6) were taken, weighed individually, and one
was laminated with cellophane tape (impermeable backing
membrane). The tablets were then placed individually in petri
plates so that their other side was in contact with the agar
medium, followed by incubation at 37°C for 1 h. After incubation,
the buccal tablets were reweighed, and the percentage of
moisture absorption was calculated using the following formula:

% Moisture absorption=[(Final weight - Initial weight) / Initial
weight] x 100

Ex vivo mucoadhesive strength

Exvivo mucoadhesive strength was determined using a modified
balance method. On the day of the experiment, the authors
visited a nearby slaughterhouse and collected surgically cut out
goat buccal mucosa, which can be used within 2 h of slaughter,
a model substrate used for the present study. To prevent
it going rotten, a piece of buccal mucosa was kept in Krebs
buffer and stored at 4°C for 2 h. The goat mucosa reached room
temperature before further use. This model substrate was then
tied to a glass slide to provide it with mechanical strength. On
that membrane a tablet was gently put with manual pressure
for 5 min after moistening with fluid, which led to bioadhesion.
To that biologically attached tablet water was added to detach it
from the model substrate, and the amount of water (in grams)
needed to detach the tablet from the surface was determined
as mucoadhesive strength. Such a procedure was repeated
three times and the average mucoadhesive strengths were
reported.””?0

EXx vivo mucoadhesion time

Freshly cut goat buccal mucosa was used for the measurement
of ex vivo mucoadhesion time (n=3) according to the reported
method. Fresh goat buccal mucosa was collected and
maintained as described above. A glass slide was taken and
excised goat buccal mucosa was tied onto it. Upon this goat
buccal membrane a bioadhesive side of the tablet, previously
wetted with fluid, was pasted and light force was applied with
a fingertip for 30 s. The glass slide along with the pasted tablet
was placed in a beaker containing 200 mL of phosphate buffer
(pH 6.8) and it was kept at 37+1°C. The beaker containing the
entire assembly was slowly stirred similar to the buccal cavity
and the entire assembly was monitored for 12 h. The ex vivo
mucoadhesion time was calculated as the time required to
detach the tablet from the goat membrane that was tied to a
glass slide.*?°

Drug release studies

A method previously reported by Daravath et al.? for
furosemide sustained release bilayered buccal tablets was
simply followed in the present drug release studies using the

US Pharmacopeia XXIIl rotating paddle apparatus. An instant
adhesive (cyanoacrylate adhesive) was used for pasting the
backing layer of the buccal tablet on a glass slide. The slide was
then placed at the bottom of the dissolution vessel containing
250 mL of phosphate buffer saline (pH 6.8), which was
maintained at 37+0.5°C and rotated at 50 rpm throughout the
experiment. Samples (10 mL) were withdrawn at predetermined
time intervals in sink condition, followed by filtering through
Whatman filter (0.45 um) paper and analysis by ultraviolet (UV)
spectrophotometer at 262 nm.

Ex vivo permeation of drug from buccal tablets

Ex vivo permeation of drug from buccal tablets was performed
using a Franz diffusion cell through porcine buccal mucosa at
37+0.5°C and at 50 rpm. Fresh porcine buccal mucosa was
obtained from a local slaughterhouse and used within 2 h of
slaughter. The mucosal membrane was separated by removing
the underlying fat and loose tissues, and washed with distilled
water and then with phosphate buffer (pH 6.8) at 37°C. The
fresh porcine buccal mucosa was cut into pieces and washed
with phosphate buffer (pH 6.8). The membrane was collected
and was stored at 4°C in Krebs buffer. This membrane was
arranged between the two chambers and phosphate buffer
saline (pH 6.8) was used to fill the receiver chamber. To the
donor chamber was added 1 mL of phosphate buffer saline and
a buccal tablet was suspended there. Aliquots of 5 mL samples
were collected at predefined times. The collected samples were
filtered, suitably diluted, and the amount of drug permeated
was determined using a double beam UV spectrophotometer at
A =262 nm. The flux (J) and permeability coefficient (P) were
calculated using the following formulae:

J=[dQ/dt]+ ACA

P=[dQ/dt]-A

Here Jis flux (mg/h cm?), P is a permeability coefficient (cm/h),
dQ/dt is the slope of the steady-state portion of the curve, AC is

the difference in concentration across the membrane, and A is
the area of diffusion (cm?).?

ANOVA studies

To evaluate the effect of independent variables on the
responses, ANOVA was applied to the nine formulations
prepared using Design Expert software. The p values for the
respective responses were also calculated to check whether
the effect was statistically significant or not.

Drug release kinetics

To define the kinetics of drug release, the dissolution profile of
the optimized batch (F5) was fitted to various models such as
zero order, first order, Higuchi, Hixon Crowell, Korsmeyer, and
Peppas.?

Stability studies

To determine the change in bioadhesive strength and in vitro
release profile during storage, a 3-month short-term stability
study for the optimized batch was performed at 40+2°C in a
stability chamber with 75+5% relative humidity (RH). Tablets
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were taken out at 1-month intervals and evaluated for any change
in bioadhesive strength and in vitro drug release pattern. The
difference factor (f) and similarity index (f,) were calculated to
find out the similarity between the dissolution profile of batch
F5 before and after storage at the level of significant (p<0.05)
by using the paired t-test.

The formulae to calculate difference factor (f) and similarity
index (f,) are as follows:

f,= {3 IRt-Tt1+ RxI00
f,=50 log {[1+§(Rt—Tt)2 °5x100}

n=1
Here tis 1to n, n is the dissolution time, and R, and T, are the
reference and test dissolution value at time t.242°

RESULTS AND DISCUSSION

Drug excipient compatibility study

FT-IR spectroscopy was employedto study any kind of interaction
between the drug and additives used in the formulation. As per
the FT-IR graph, no significant shift in the positions of the wave
numbers was found for the formulation (F5) when compared
to that of the pure drug values, which inferred no interaction
between the drug and the employed additives in the formulation
(Figure 1.

Preliminary study

Initially, the study was started with the preparation of
preliminary tablets using various natural polymers to check their
bioadhesive properties along with tableting properties and the
same were compared with synthetic polymer (Carbopol 934).
Table 4 shows the evaluation results for these formulations,
which indicated that batch B1, which contained neem gum, has
better bioadhesive strength as well as hardness. Hence, neem
gum was chosen as a bioadhesive polymer for further study.
To assess the synergistic sustained-release characteristics
of neem gum along with different grades of HPMC, tablet
formulations (S1, S2, and S3) were prepared and checked with
respect to drug release for 12 h. It was found that formulations
S2 and S3 (containing HPMC K4M and HPMC K15 LV) were not
able to sustain drug release for 12 h, whereas S1 (containing
neem gum and HPMC K4 100M) showed sustained drug release
for 12 h as depicted in Table 5. Such sustained effect would be
needed for our study and hence was selected for further study.

Table 4. Evaluation of preliminary batches for selection of

bioadhesive polymer

Batches Hardness Mucoadhesive strength
(kg/cm?) (n=3) (gram force) (n=3)

B1 5.74+0.75 19.07£112

B2 5.86+0.67 1745114

B3 5.34+0.47 17.01£11

B4 6.47+0.42 21.24+0.99

B5 514+0.33 16.67+110

Full factorial design

Physico-chemical parameters

The prepared factorial formulations were evaluated for various
physicochemical parameters. From the results, it was found
that the weight variation within 7.5% deviation, hardness (4.33-
5.71 kg/cm?), thickness (1.69-1.86 mm), friability LT 1%, and drug
contents (98.97-101.21%) were within the specified limits.

Surface pH of all the formulations was found to be between 5.5
and 7.5 (Figure 2), which seemed within the acceptable salivary
pH range (5.5-7.0). It was inferred that the tablets would not
produce local irritation to the mucosal surface.

Moisture absorption ratio

The moisture absorption ratio was calculated to assess the
relative moisture absorption potential of polymers as well as
their strengths to maintain the integrity of the formulation after
that absorption. The prepared tablets were subjected to such
studies and the results are shown in Figure 3. Formulation F4

Table 5. Evaluation of preliminary batches for optimization of

sustained release polymer

Time Cumulative percentage drug release
) S1 S2 S3
0 0 0 0
1 18.23+0.56 2214+0.64 30.23+0.54
2 26.60+0.64 39.89+0.84 36.02+0.64
3 35.11+0.68 47.02+0.24 41.05+0.66
4 46.12+0.67 57.64+0.26 56.31+0.52
5 57.46+0.62 63.74+£0.34 71.26+0.34
6 64.34+0.54 73.23+0.28 83.27+0.25
7 73.23+0.45 83.37+0.94 98.63+0.47
8 79.26+1.20 90.54+0.34 -
9 86.23+0.87 91.23+0.67 -
10 90.14+0.67 101.2+0.84 -
" 95.46+0.75 - -
12 100.47+0.84 - -
Surface pH
8
7
6
£S5 x i ; ‘
a3
2
1
0
F1 F2 F3 F4 F5 F6 F7 F8 F9

Formulations

Figure 2. Surface pH of factorial batches



KOTADIYA and SHAH. Bioadhesive Buccal Tablets 393

was found to have the minimum value (28%), whereas F8 had
the maximum value (51%), which may be attributed to the high
concentration of hydrophilic neem gum.

Ex vivo mucoadhesive strengths and time

The ex vivo mucoadhesive strengths and time of the tablets
were determined for all formulations using goat buccal
mucosa. The mucoadhesive strengths and time were found to
be increased with increased concentrations of polymers. The
best bioadhesive strength was found for F9 (21.28 g) and the
lowest for F1 (17.25 g). The mucoadhesion was attributed to
the formation of a hydrogen bond between polymers due to
swelling and mucin of the mucus membrane. F9 was prepared
with higher concentrations of neem gum and HPMC, which
might have resulted in high swelling and ultimately higher
values of mucoadhesion. Figure 4 shows the results obtained
from the test. This test indicated the mucoadhesive potential of
polymers used in formulations.

In vitro drug release studies

The prepared factorial tablets were subjected to in vitro
dissolution studies for 12 h to check the effect of the various
concentrations of neem gum with HPMC K100M and the results
are given in Figure 5. The dissolution pattern was found to be
FICF7<F2<F4<F8<{F3<{F6<F5<F9. Based on the criteria selected
according to the theoretical drug release profile of nicorandil
at 1h (12%), 5 h (50%), and 8 h (80%), F5 is considered to be
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promising as it had drug release of 11.25% at 1 h, 51.81% at 5
h, and 79.20% at 8 h. Additionally, it sustained the drug release
for 12 h, which was attributed to the synergistic effect that
occurred due to the presence of HPMC K100M as well as neem
gum. To ensure the drug release kinetics from the optimized
buccal tablet, the dissolution profile was fitted to different
release kinetic models: zero-order, first-order, Hixson-Crowell,
Higuchi, and Weibull's equations. The regression analysis
was performed for batch F5 and residual values were used to
analyze the best fit of the experimental data to the predicted
models (r?>0.99 and minimum residual mean square and model
parameters). The results are shown in Figure 6. As can be seen,
the zero-order model was suited best to the dissolution data for
F5, which suggested that the rate of drug release was perpetual
over the course of time independent of the drug concentration.

Ex vivo permeation studies

Ex vivo permeation studies (n=3) were performed for the
optimized buccal tablet (F5). The slope, flux, and permeability
coefficient for various formulations were 0.623, 0.889+0.12,
and 0.241+0.07, respectively. Cumulative percentage of drug
permeated from the prepared formulation is shown in Figure 7.
The results of the permeation study affirmed that the drug was
liberated controllably from the tablet and impregnated steadily
through the porcine buccal membrane and could possibly be
infiltrated through the human buccal membrane as well.

Statistical analysis

ANOVA studies

A total of nine formulations were advised by the 3? factorial
design for two independent variables: the amount of neem gum
(X, mg) and HPMC K100M (X, mg). The effect of these factors
onY,, (release in 60 min), Y, (release in 240 min), T, , (time
in min required for 50% release), and mucoadhesive strength
in gram force (MS) was examined as response parameters in
the study. Summaries of the variables and observed responses
are given in Tables 6 and 7. The software Design Expert 7.0
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Figure 4. Ex vivo mucoadhesion time of factorial batches

Figure 5. Cumulative percentage drug release profiles
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Figure 6. Release kinetics results of the optimized formulation (F5)

Figure 7. Cumulative percentage drug permeation of F5

calculated suitable model equations after fitting these data.
According to the ANOVA results, all the models were significant
(p<0.05). Model simplification was carried out by eliminating
nonsignificant terms (p>0.05) in the equations, giving the model
equation relating

Y,,=20.60-8.95X,+0.6050X,
Y,,,=56.61-18.74X -5.88X,

T,y =221.22+88.67X +14.50X,
MS=18.99+0.8183X,+1.07X,

Equation no (1)
Equation no (2)
Equation no (3)
Equation no (4)

The data obviously demonstrated that the response values are
strongly dependent on the independent variables chosen. From
the equations (1-4), it was established that the independent

2
g 60 Fi 3342 8752 120  17.25
& 50 F2 2256 6824 145 1812
.E F3 132 4756 275 1823
£ A F4 2231 6326 162 1849
g - F5 1283 323 350 1842
F6 1201 4256 312 2036
0 2 4 5 6 7 8 9 F7 3238 8181 110 19.22
e F8 2745 5624 180 1952
F9 110 3001 337 2128

variables (X, and X)) have significant effects on the chosen
responses. The effects of factors (X, and X,) on responses were
demonstrated by plotting 3D surface plots and contour plots as
shown in Figure 8. It was found that responses may be changed
by a convenient choice of the levels of X, and X,. The results
of dependent variables were selected to check the suitability
of the prepared tablets as a mucoadhesive sustained-release
formulation. Based on the theoretical requirement to prepare
a sustained-release tablet formulation of nicorandil, Y, should
be 11.25%, Y,,, should be 35%, and T, should be 300 min. F5
was found to have results similar to the theoretically calculated
requirements. Hence, it is considered to be the optimized

formulation and can be explored further in future research.
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Figure 8. Surface plots (a, c, e, g) and contour plots (b, d, f, h)

MS: Gram force

Stability studies

To assess the physicochemical nature of the optimized
formulation (F5) with respect to dissolution characteristics and
mucoadhesive strength, it was wrapped in aluminum foil and
kept in the stability chamber with well-controlled conditions of
temperature (40£2°C) and humidity (75£5% RH). After storage,
dissolution parameters and mucoadhesive strength were
determined and the results are depicted in Table 8. The precise
way to find similarities between dissolution curves is to find

Table 7. ANOVA for linear model

Y60
Source Sum of df Mean F value p value
squares square
Model 48245 2 24123 783  0.0213 Significant
A-HPMC
T0OM 48026 1 48026 1559  0.0076
B-neem 59 1 220 00713 0.7984
gum
Residual  184.89 6 30.81
Cor total 667.34 8
YZAO
Source Sum of df Mean F value p value
squares square
Model 231509 2 115754 672  0.0294 Significant
A-HPMC
To0M 210788 1 2107.88 1225 0.0128
B-neem 0701 1 20721 120 03146
gum
Residual  1032.84 6 17214
Cor total 334793 8
T50%
Source Sum of df Mean F value p value
squares square
Model 4843217 2 24216.08 552  0.0437 Significant
A-HPMC
TooM 4717067 1 47170.67 1075  0.0168
B-neem 6150 1 126150 02876 0.6111
gum
Residual 2632139 6 4386.90
Cor total 7475356 8
Mucoadhesive strength
Source Sum of df Mean F value p value
squares square
Model 10.89 2 544 2171 0.0018 Significant
A-HPMC
T00M 4.02 1 402 1603  0.0071
B-neem o7 1 687 2740  0.0019
gum
Residual 150 6 0.2507

Cor total 12.39 8

HPMC: Hydroxypropyl methylcellulose

out the similarity factor f, and the difference factor f,. According
to the food and drug administration, f, values less than 15 and
f,values greater than 50 should establish an agreement between
the dissolution curves, demonstrating an average disparity
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Table 8. Evaluation of stability studies of formulation (F5) for 3 months (mean + SD, n=3)

Batch F5 In vitro drug release at 12 h (%) Mucoadhesive strength (grams)
Before storage 96.35+1.54 18.42+0.54
After storage at 40+2°C and 75+5% relative humidity 98.25+2.03 20.56+1.20
Similarity and dissimilarity (f,&f,) factor ;’:j? Not applicable
=

SD: Standard deviation

of no more than 10% at the sample time points. According
to this guideline, the dissolution curves corresponding to F5
before storage were similar to those obtained with the same
formulation after storage. No significant changes were found
according to the results, which indicated that the prepared
tablet formulation is stable.

CONCLUSION

To prevent the first-pass metabolism and provide sustained drug
release, buccal drug delivery of nicorandil is considered to be
one of the best surrogate routes of administration. Additionally,
it will lead to patient compliance as well by reducing the
frequency of administration. To attain this, a factorial approach
was used with a combination of HPMC K100M and neem gum
to prepare sustained-release buccal tablets of nicorandil that
resulted in a sustained formulation, which can be used in a
once a day tablet.

ACKNOWLEDGMENTS

The authors are thankful to Sun Pharma Laboratories Ltd., East
Sikkim, for providing nicorandil as a gratis sample to carry out
this research work.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of this article.

REFERENCES

1. Ahmed AB, Nath LK. Design and development of controlled release
floating matrix tablet of Nicorandil using hydrophilic cellulose and pH-
independent acrylic polymer: in-vitro and in-vivo evaluations. Expert
Opin Drug Deliv. 2016;13:315-324.

2. Falase B, Easaw J, Youhana A. The role of nicorandil in the treatment of
myocardial ischaemia. Expert Opin Pharmacother. 2001;2:845-856.

3. Singh B, Garg T, Goyal AK, Rath G. Development, optimization, and
characterization of polymeric electrospun nanofiber: a new attempt
in sublingual delivery of nicorandil for the management of angina
pectoris. Artif Cells Nanomed Biotechnol. 2016;44:1498-1507.

4. Krishnaiah YS, Al-Saidan SM, Chandrasekhar DV, Satyanarayana
V. Controlled in vivo release of nicorandil from a carvone-based
transdermal therapeutic system in human volunteers. Drug Deliv.
2006;13:69-77.

5. Prajapati G, Patel R. Design and in vitro evaluation of novel
nicorandil sustained release matrix tablets based on combination of
hydrophillic and hydrophobic matrix systems. International Journal of
Pharmaceutical Sciences Review and Research. 2010;1:33-38.

Tamilvanan S, Babu VR, Nappinai A, Sivaramakrishnan G. /n vitro
and in vivo evaluation of hydrophilic and hydrophobic polymers-
based nicorandil-loaded peroral tablet compared with its once-daily
commercial sustained-release tablet. Drug Development and Industrial
Pharmacy. 2011;37:436-445.

Boddupalli BM, Mohammed ZN, Nath RA, Banji D. Mucoadhesive drug
delivery system: An overview. J Adv Pharm Technol Res. 2010;1:381-
387.

Chinna Reddy P, Chaitanya KS, Madhusudan Rao Y. A review on
bioadhesive buccal drug delivery systems: current status of formulation
and evaluation methods. Daru. 2011;19:385-403.

Hoogstraate JAJ, Wertz PW, Wertz PW. Drug delivery via the buccal
mucosa. Pharmaceutical Science Technology Today. 1998;1:309-316.

Mohamed FAA, Roberts M, Seton L, Ford JL, Levina M, Rajabi-Siahboomi
AR. Production of extended release mini-tablets using directly
compressible grades of HPMC. Drug Dev Ind Pharm. 2013;39:1690-1697.

Nafee NA, Ismail FA, Boraie NA, Mortada LM. Mucoadhesive delivery
systems. Il. Formulation and in-vitro/in-vivo evaluation of buccal
mucoadhesive tablets containing water-soluble drugs. Drug Dev Ind
Pharm. 2004;30:995-1004.

Peh KK, Wong CF. Polymeric films as vehicle for buccal delivery:
swelling, mechanical, and bioadhesive properties. J Pharm Pharm Sci.
1999;2:53-61.

Wong CF, Yuen KH, Peh KK. Formulation and evaluation of controlled
release Eudragit buccal patches. Int J Pharm. 1999;178:11-22.

Yamsani VV, Gannu R, Kolli C, Rao ME, Yamsani MR. Development and
in vitro evaluation of buccoadhesive carvedilol tablets. Acta Pharm.
2007;57:185-197.

Vueba ML, Batista de Carvalho LA, Veiga F, Sousa JJ, Pina ME. Influence
of cellulose ether mixtures on ibuprofen release: MC25, HPC and HPMC
K100M. Pharm Dev Technol. 2006;11:213-228.

Krishna LNV, Kulkarni PK, Dixit M, Lavanya D, Raavi PK. Brief
introduction of natural gums, mucilages and their applications in novel
drug delivery systems-a review. [JDFR. 2011;2:54-71.

Saha RN, Sajeev C, Sahoo J. A comparative study of controlled release
matrix tablets of diclofenac sodium, ciprofloxacin hydrochloride, and
theophylline. Drug Deliv. 2001;8:149-154.

Mohamad SA, Abdelkader H, Elrehany M, Mansour HF. Vitamin B12
buccoadhesive tablets: auspicious non-invasive substitute for intra
muscular injection: formulation, in vitro and in vivo appraisal [published
correction appears in Drug Dev Ind Pharm. 2019;45:x]. Drug Dev Ind
Pharm. 2019;45:244-251.

Gupta A, Garg S, Khar RK. Measurement of bioadhesive strength of
mucoadhesive buccal tablets: Design of an in-vitro assembly. Indian
Drugs. 1993;30:152-155.



KOTADIYA and SHAH. Bioadhesive Buccal Tablets 397

20.

21.

22.

Patel DM, Shah PM, Patel CN. Formulation and evaluation of
bioadhesive buccal drug delivery of repaglinide tablets. Asian Journal
of Pharmaceutics. 2014;6:171-179.

Daravath B, Swathi D, Rao BB. Formulation Development and
Evaluation of Sustained Release Bioadhesive Bilayered Buccal Tablets
of Furosemide. Analytical Chemistry Letters. 2017;7:215-277.

Biswal B, Karna N, Bhavsar B. Formulation and Evaluation of Repaglinide
Buccal Tablet: Ex Vivo Bioadhesion Study and Ex Vivo Permeability
Study. Journal of Applied Pharmaceutical Science. 2014;4:96-103.

23.

24.

25.

Costa P, Sousa Lobo JM. Modeling and comparison of dissolution
profiles. Eur J Pharm Sci. 2001;13:123-133.

Malaterre V, Ogorka J, Loggia N, Gurny R. Evaluation of the tablet core
factors influencing the release kinetics and the loadability of push-pull
osmotic systems. Drug Dev Ind Pharm. 2009;35:433-439.

Simionato LD, Petrone L, Baldut M, Bonafede SL, Segall Al. Comparison
between the dissolution profiles of nine meloxicam tablet brands
commercially available in Buenos Aires, Argentina. Saudi Pharm J.
2018;26:578-584.




DOI: 10.4274/tjps.galenos.2019.33600 0 RIG I NAL ARTI c LE

Electrochemical Determination of Rifampicin
Based on Its Oxidation Using Multi-Walled Carbon
Nanotube-Modified Glassy Carbon Electrodes

Cok Duvarl Karbon Nanotup Modifiye Camsi Karbon Elektrot Kullanilarak
Rifampisinin Oksidasyonuna Dayali Elektrokimyasal Tayini

® Dilek KUL

Karadeniz Technical University Faculty of Pharmacy, Department of Analytical Chemistry, Trabzon, Turkey

ABSTRACT

Objectives: The aim of the study was to investigate the electrochemical behavior of rifampicin (RIF) in the anodic direction using multi-walled
carbon nanotube (MWCNT)-modified glassy carbon electrodes.

Materials and Methods: The anodic investigation of RIF was carried out with cyclic, differential pulse, and square wave voltammetry. A three-
electrode system consisting of a glassy carbon electrode with a modification by MWCNTs as the working electrode, a platinum wire as the counter
electrode, and an Ag/AgCl electrode as reference was used for the experiments.

Results: The anodic process of RIF was irreversible and diffusion controlled. Linear responses were obtained between 0.04 and 10 pM for both
techniques in acetate buffer (pH 3.5) as supporting electrolyte. The limit of detection values were 7.51 and 11.3 nM for differential pulse and
square wave voltammetry, respectively. The repeatability, reproducibility, precision, and accuracy of the proposed methods were also investigated.
Determination of RIF was carried out on its pharmaceutical dosage forms and the results were compared with those from other electrochemical
sensors and the liquid chromatographic and spectrophotometric methods in the literature.

Conclusion: These validated techniques provided selective, rapid, sensitive, precise, and cheap determination of RIF as alternative techniques to the
liquid chromatographic and spectrophotometric methods in therapeutic drug monitoring.

Key words: Rifampicin, voltammetry, multi-walled carbon nanotubes, glassy carbon electrode, pharmaceuticals

OZ |

Amag: Bu galismanin amaci, rifampisinin (RIF) elektrokimyasal davranisini gok duvarli karbon nanottip (MWCNT) ile modifiye edilmis camsi karbon
elektrotlar kullanarak anodik yénde incelemekti.

Gereg ve Yontemler: RIF'nin anodik incelemesi dontsumly, diferansiyel puls ve kare dalga voltametri teknikleri ile yapilmistir. Calisma elektrotu
olarak MWCNT'nin bir modifikasyonuna sahip camsi bir karbon elektrot, karsi elektrot olarak bir platin tel ve referans olarak bir Ag/AgCl elektrotundan
olusan Ug elektrotlu sistem, deneyler igin kullanitmistir.

Bulgular: RIFn'in anodik sureci geri dénustumsiz ve difizyon kontrolliydd. Destek elektrolit olarak asetat tamponunda (pH 3,5) her iki teknik
igin de 0,04 ila 10 uM arasinda dogrusal cevaplar elde edilmistir. Tespit limiti degerleri diferansiyel puls ve kare dalga voltametri teknikleri igin
sirasiyla 7,51 ve 11,3 nM olarak bulunmustur. Onerilen yontemlerin tekrarlanabilirligi, tekrar tretilebilirligi, kesinligi ve dogrulugu da incelenmistir.
RIF'in tayini, farmasétik dozaj formlarindan yapilmistir ve sonuglar, literatirdeki diger elektrokimyasal sensérler ve ayrica sivi kromatografik ve
spektrofotometrik yéntemlerle karsilastiritmistir.

Sonug: Bu valide edilmis teknikler, terapétik ilag izlemede sivi kromatografik ve spektrofotometrik yontemlere alternatif teknikler olarak rifampisinin
segici, hizll, hassas, kesin ve ucuz bir sekilde tayinini saglamistir.

Anahtar kelimeler: Rifampisin, voltametri, ok duvarli karbon nanotlp, camsi karbon elektrot, farmasotikler
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INTRODUCTION

Rifampicin (RIF), a semisynthetic derivative of rifamycin, is a
macrocyclic antibiotic used to treat bacterial infections such
as tuberculosis, leprosy, and Legionnaire’s disease.' This drug,
whose major activity is against mycobacteria, inhibits DNA-
dependent RNA polymerase in susceptible bacteria by forming
a stable complex with the enzyme. Inhibition of the initiation of
RNA synthesis by binding to the B-subunit of RNA polymerase
results in the death of the cell.? It is generally used with other
antibiotics to expand the antibacterial effect and thus various
infections originating from both intracellular and extracellular
organisms can be treated.* Although RIF is one the most
potent antibiotics used for the treatment of tuberculosis, the
bacteria quickly develop resistance to RIF. In order to prevent
the development of resistance, RIF is used in combination with
other effective antimycobacterial agents such as isoniazid and
ethambutol.? RIF is not used for the treatment of viral infections
such as colds and flu.

RIF has some adverse effects such as nausea, vomiting, loss
of appetite, diarrhea, liver problems, and allergic reactions. The
most serious adverse effect of RIF is hepatotoxicity, causing
liver damage. In addition, RIF causes orange coloration of body
fluids such as urine, sweat, and tears.

RIF has a heterocyclic structure containing naphthoquinone,
giving it its characteristic orange color. Its chemical name is
3-(4-methylpiperazinyliminomethyl) rifamycin SV (Figure 1).
RIF binds the bacterial RNA polymerase with the four hydroxyl
groups forming hydrogen bonds with amino acid residues on
the protein.2

RIF is usually administered orally, rapidly absorbed, and
distributed to the body. The half-life of RIF is 2-3 h. Taking RIF
with meals significantly decreases its absorption. RIF is quickly
hydrolyzed after absorption and completely eliminated from the
body through urine and mostly feces after about 6 h.°

Some studies are found in the literature for the determination
of RIF using high performance liquid chromatography (HPLC),*-
10 | C-mass spectrometry,” Raman spectroscopy,” Nuclear
magnetic resonance spectroscopy,® and ultraviolet-visible
spectrophotometry. Electrochemical studies of RIF have
also been performed, which studied both in the direction of
oxidation using some unmodified’>'® and modified electrodes'?

A OH
0

Figure 1. Molecular structure of rifampicin

and in the direction of reduction.???®> The older studies on
RIF were based on its electrochemical reduction using a
mercury drop electrode by differential pulse polarography?
and differential pulse adsorptive stripping voltammetry
(DPAdSV).2 In later years (between 2004 and 2017), RIF was
studied in the direction of oxidation. In one previous study,”®
a carbon paste electrode was used for the determination of
RIF and isoniazid by cyclic and square wave voltammetry.
Adsorptive stripping voltammetry was also used for both RIF
and rifamycin at renewable pencil graphite electrodes.® Some
modifications such as a hollow manganese oxide@mesoporous
silica oxide core-shell nanohybrid at a disposable carbon
paste microelectrode,” nickel hydroxide nanoparticles-reduced
graphene oxide nanosheets film at a glassy carbon (GC)
electrode,”” and polyvinyl pyrrolidone capped CoFe,0,@CdSe
core shell at a GC electrode® were also used for the sensitive
determination of RIF.

Most of the chromatographic and spectrophotometric methods
in the literature require expensive instrumentation and involve
high running costs. Electrochemical methods ensure simple,
sensitive, cheap, and fast analysis and determination of drugs.
In addition, the electrochemical properties of drugs help us
to understand their metabolic fate or in vivo redox processes
and pharmacological activity. Although modified electrodes
provide highly sensitive determination of drugs, it is important
that procedures for the modification of electrodes are easy to
prepare and stable. For this reason, new modification methods
for electrodes and voltammetric methods are constantly
investigated to find the best results for the electroactive
components.

Carbon nanotubes (CNTs) were discovered in 1991 and have
fascinating electronic, magnetic, and mechanical properties.
Their unique structure making them strong and rigid means
they are suitable for use in the fields of medicine (drug delivery,
treatments of diseases, monitoring of cells), manufacturing,
electronics, optics, nanotechnology, and other materials
science and technology.? In addition, electrically conductive
CNTs can also be used as a carrier of some specific drugs by
attaching to the drugs and targeting certain types of cells such
as cancer cells.®® CNTs are generally categorized as single-
walled CNTs and multiwalled CNTs (MWCNTSs).2 MWCNTs were
used in the present study since they are well-known materials
widely used since 1991 due to their superior chemical and
physical properties mentioned above. In addition, MWCNTs
have a very strong and elastic structure due to the sp? bonds
between carbon atoms. These strong bonds ensure that
MWCNTSs have very high electric conductivity and resistance to
high temperatures.?

The aim of the present study was to conduct electrochemical
analysis and sensitive determination of the antibacterial drug
RIF through its oxidation with a functionalized MWCNT-modified
GC electrode by using cyclic voltammetry (CV), differential
pulse voltammetry (DPV), and square wave voltammetry
(SWV). Developing fully validated and rapid methods using
a simply modified GC electrode will ensure more sensitive
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determination of RIF based on its oxidation compared to the
studies in the literature providing the direct determination of
RIF from pharmaceutical dosage forms without any sample
pretreatment.

MATERIALS AND METHODS

Materials

RIF and its pharmaceutical dosage form (Rifcap®, including 300
mg of RIF per capsule) were kindly supplied by Kogak Farma
(Istanbul, Turkey). COOH functionalized MWCNTs were from
NanoLab, U.S.A., with >95% purity, 155 nm diameter, and 1-5
pm length. The other chemicals were analytical grade (Merck or
Sigma) and used without any purification.

Stock solutions of RIF (1.0x103 M) were prepared in ultrapure
water and stored in the dark at +4°C. Voltammetric experiments
for RIF were performed using working solutions of RIF prepared
by direct dilution of the stock solution with the selected
supporting electrolyte. The supporting electrolytes were
phosphate buffer (PB, 0.1 M NaH,PO,.2 H,0; 0.1 M Na,HPO,; pH
5.5-8.0), Britton-Robinson buffer [(BRB), 0.04 M H.BO,; 0.04
M H,PO,; 0.04 M CH,COOH; pH 2.0-8.0)], and acetate buffer
[(AcB), 0.5 M CH,COOH; pH 3.5-5.5)].

Apparatus

Voltammetric measurements were recorded using a computer-
controlled Autolab type 2 potentiostat/galvanostat with Nova
110 software (Metrohm, the Netherlands) at room temperature.
The three-electrode system consisted of a GC electrode (BAS;,
f: 3.0 mm diameter) with modification by MWCNTs as the
working electrode, a platinum wire as the counter electrode
(BAS), and a Ag/AgCl electrode (BASi, 3.0 M KCD as reference.
The bare GC electrode was polished with aqueous slurry of
alumina powder (f: 0.01 ypm) on a damp smooth polishing cloth
before the modification.

The operating conditions for DPV were as follows: pulse
amplitude, 50 mV; pulse width, 50 ms; scan rate, 2 mV s™; for
SWV: pulse amplitude, 25 mV; frequency, 10 Hz; step potential,
1 mV.

The surface morphology of the bare GC and MWCNT-modified
GC electrodes was determined using scanning electron
microscopy (SEM) with a LEO 438 VP (LEO Instruments, UK) in
high vacuum mode at 20 kEV.

The pH measurements were made using a model HI2211 pH-
meter (Hanna, Romania) with a combined electrode (glass/
reference electrodes) with an accuracy of +0.05 pH at room
temperature.

Sartorius Arium® ProUV ultrapure water (resistivity 218 MQ
cm) was used for the preparation of all solutions.

Preparation of MWCNT-modified electrodes

Functionalized MWCNTs were weighed and dispersed in
dimethyl formamide (DMF) as 0.2% (mg mL™). The dispersion
was sonicated for 4 h to ensure a homogeneous mixture.
Before the coating, the bare GC electrode was polished with
ALQ, slurry on a polishing pad and rinsed with nanopure water.

Then a specified amount of MWCNT/DMF dispersion, 1.5, 2.5,
3.5, and 5.0 pL, was dropped on the surface of the GC electrode
and it was left to dry overnight at room temperature to obtain
the MWCNT-modified GC electrode, labeled as MWCNT/GC
electrode.

Voltammetric studies

All working solutions of RIF were prepared freshly just before
the experiments and protected from light. The calibration
equations were obtained from both DP and SW voltammograms
by plotting the peak current against RIF concentration. The
ruggedness, precision, and accuracy of the methods were
checked by assaying five replicate samples on the same day
and different days over a week. The ruggedness and the
precision of the methods were checked with relative standard
deviations (RSD%). The relative errors (Bias%), which describe
the deviation from the expected results, were also calculated
to check the accuracy and the precision of the developed
methods.?"%8

Capsule assay procedure

The contents of ten capsules of Rifcap®, including 300 mg of
RIF per capsule, were weighed. An appropriate amount of the
contents was taken and diluted to 25 mL with ultrapure water
to prepare a stock solution of 1.0x10* M RIF. The solution was
sonicated for 15 min to complete dissolution and then left for
10 min to allow the insoluble parts to settle to the bottom. The
working solutions were prepared by taking from the clear
supernatant liquor and diluting with the selected supporting
electrolyte.?? The RIF amount per capsule was calculated using
the corresponding calibration plots of both DPV and SWV.

The other components of the matrix of the pharmaceutical
dosage forms can show any interference during the
determination of RIF. For this purpose, recovery studies were
carried out to check the accuracy of the developed methods
using the standard addition method.?” A known amount of
RIF was added to the preanalyzed RIF capsule and then the
calculations were conducted using the related regression
equations of the calibration plots for both techniques.

Statistical analysis

Validation of the proposed method was carried out by statistical
analysis of data obtained during the experiments to define
the performance and limitations of the method. Based on the
statistical analysis, the analytical limits, precision, and accuracy
of the proposed methods were determined.

RESULTS AND DISCUSSION

An easily modified GC was used to ensure more sensitive
determination of RIF based on its oxidation in comparison to
the studies in the literature. In the first step, coating of the GC
electrode was performed using 0.2% (mg mL") MWCNT/DMF
dispersion. For this purpose, an amount of the dispersion was
dropped using a micropipette on the surface of the GC electrode.
After the electrode dried, the surface was activated by cycling
the potential in the region from -0.8 to +1.2 V vs. Ag/AgCl at a
scan rate of 100 mV s™ for 15 cycles in BRB solution at pH 5.0.
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The electrochemical responses of 20 uM RIF were compared
for both the bare GC electrode and 2.5 pL of 0.2% MWCNT/
DMF-coated GC electrode using CV and DPV in BRB solution
at pH 5.0. The peak currents of RIF obtained with the MWCNT/
GC electrode were 1.86 times and 4.52 times higher than those
bare GC electrodes for CV and DPV (Figure 2), respectively.

The coating amount of MWCNT/DMF dispersion was selected
for the best electrochemical analysis of RIF. For this purpose,
1.5, 2.5, 35, and 5.0 pL of the 0.2% MWCNT/DMF dispersion
were dropped on the surface of the GC electrode and the peak
currents of RIF were analyzed by CV, DPV, and SWV. The highest
peak current with the best peak shape was obtained with 1.5 uL
of 0.2% MWCNT/DMF dispersion; thus, the GC electrode was
modified with this amount for the further studies of RIF.

Surface characterization

SEM was used to investigate the surface morphology of both
the bare GC and MWCNT-modified GC electrodes. Figures 3A
and 3B show SEM images of the bare GC electrode and GC
electrode coated with 1.5 pL of 0.2% MWCNT/DMF dispersion,
respectively. As can be seen in Figure 3B, densely packed and
popcorn-like MWCNTs were used for coating and formed a
porous structure onto the surface of the GC electrode.

Effect of pH and scan rate

Electrochemical characterization of RIF was carried out with the
MWCNT/GC electrode. For this purpose, cyclic voltammograms
of RIF were obtained at a scan rate of 100 mV s™ in the potential
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Figure 2. (A) Cyclic and (B) differential pulse voltammograms of 20 uM of
RIF in BRB solution at pH 5.0 obtained at (a) bare GC and (b) 2.5 pL of 0.2%
MWCNT/DMF-coated GC electrodes

RIF: Rifampicin, BRB: Britton-Robinson buffer, GC: Glassy carbon, MWCNT: Multi-
walled carbon nanotube, DMF: Dimethyl formamide

Figure 3. SEM images of (A) bare GC and (B) 1.5 uL of 0.2% MWCNT/DMF-
coated GC electrodes, scale bar: 1 um

SEM: Scanning electron microscopy, GC: Glassy carbon, MWCNT: Multi-walled carbon
nanotube, DMF: Dimethyl formamide

range from -0.6 to +11 V in different buffer solutions at pH
values between 2.0 and 8.0. Buffer solutions with pH values
higher than 8.0 were not used in order to prevent the loss of
MWCNT coatings on the surface of the GC electrode.

According to the cyclic voltammograms (Figure 4A), an anodic
peak having a high peak current at all pHs was observed at
around +0.9 V (labeled as Ox1), showing an irreversible
oxidation process. At around +0.3 V, another anodic peak
having a relatively high peak current was also seen (labeled
as Ox2), showing a reversible redox process. With increasing
pH, additional anodic and cathodic waves appeared at the peak
potentials between -0.2 and +0.2 V. Differential pulse (Figure
4B) and square wave (Figure 4C) voltammograms were also
obtained at all pHs to investigate the anodic peaks of RIF for
its quantitative determination. The Ox1 peak was not observed
at around +0.9 V in DP or SW voltammograms. However, the
Ox2 peak at around +0.3 V was seen as a symmetrical and
well-defined anodic peak with a high peak current. Another
anodic peak separated well from the Ox2 peak was observed
at around -0.1 V at pHs lower than 5.0, whereas this peak was
intercalated with the Ox2 peak and observed as a shoulder at
pHs higher than 5.0.

The reversible redox process including the Ox2 anodic
peak (Figure 4A) may be due to the hydroquinone-quinone
redox system of the 6,9-dihydroxynaphtalene moiety to the
corresponding naphthoquinone of RIF® The irreversible
oxidation peak labeled Ox1 (Figure 4A) may be attributed to the
irreversible oxidation of the piperazinyl-imino moiety.?!

Peak potentials of both Ox1 and Ox2 peaks shifted to less
positive potentials with increasing pH from 2.0 to 8.0 for all
voltammetric techniques. The shift values were 0.285 V for the
Ox1 peak with CV and 0.256 V, 0.266 V, and 0.275 V for the
Ox2 peak with CV, DPV, and SWV, respectively. These negative
shifts showed that the decrease in the concentration of H,0* in
the buffer solutions allowed easier oxidation of RIF due to its
weak acidic nature.

The relationship between pH and peak potential and peak
current of 40 uM RIF was studied using CV for the Ox1 peak
and using CV, DPV, and SWV for the Ox2 peak. Graphs of Ep—
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Figure 4. Voltammograms of 40 pyM RIF obtained with (A) CV, (B) DPV
(for Ox2 peak, baseline corrected), and (C) SWV (for Ox2 peak, baseline
corrected) in (a) BRB at pH 2.0, (b) AcB at pH 3.5, (c) PB at pH 5.5, (d) PB
at pH 7.0, and (e) BRB at pH 8.0 at the MWCNT/GC electrode. Scan rate:
100 mV s for CV

RIF: Rifampicin, CV: Cyclic voltammetry, DPV: Differential pulse voltammetry, SWV:
Square wave voltammetry, BRB: Britton-Robinson buffer, MWCNT: Multi-walled
carbon nanotube, GC: Glassy carbon
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pH for both Ox1 and Ox2 peaks using CV are given in Figures
5A and 5B, respectively. The graphs obtained with DPV and
SWV for the Ox2 peak were similar; thus, their graphs are not
shown. According to all graphs, linear plots were obtained for
both Ox1 and Ox2 peaks at pHs between 2.0 and 8.0, expressed
by equations 1-4.

E, (V)=1.030-0.048 pH; r=0.990, n=10 (for Ox1, obtained with
CcV) M

E, (V)=0.365-0.041 pH; r=0.991, n=10 (for Ox2, obtained with
CcV) (2)

Ep (V)=0.335-0.042 pH; r=0.996, n=10 (for Ox2, obtained with
DPV) (3

E, (V)=0.345-0.042 pH; r=0.992, n=10 (for Ox2, obtained with
SWVv) (4

The negative slope values of the linear plots of the E,-pH graphs
in the pH range between 2.0 and 8.0 were between -41 and -48
mV pH”, showing that the numbers of electrons and protons
might not be equal in the redox process of RIF. The slope of 59
mV pH™ is the theoretical value showing that the numbers of
protons and electrons are equal.?’

The effect of pH on the peak current (/) of RIF was also
investigated using CV, DPV and SWV for the Ox2 peak. Since
the Ox1 peak was not observed in DP or SW voltammograms,
quantitative determination of RIF was studied with only the Ox2
peak. According to the / -pH graphs of the Ox2 peak, a single,
well-defined, sharp, and symmetrical anodic peak (Figures 4B
and 4C) having the highest peak current was obtained in AcB at
pH 3.5 for both DPV (Figure 5C) and SWV. For this reason, AcB
solution at pH 3.5 was selected as the supporting electrolyte
for further studies.

The redox process of RIF was determined with scan rate studies
using CV in the sweep range from 5 to 200 mV s™ for 40 uM RIF
in AcB at pH 3.5. The linear relationship between the square
root of the scan rate (v'’2, mV s™) and the peak current (/, uA)
of RIF for the Ox2 peak demonstrated the diffusional behavior
of RIF on the MWCNT/GC electrode (Equation 5). The graph
between the logarithm of scan rate (log v) and the logarithm of
peak current (log /p) gave a straight line with a slope of 0.667
for the Ox2 peak (Equation 6). Theoretical values of 0.5 and 1.0
for the log v vs. log /, graph express diffusion and adsorption
controlled electrode process, respectively.®® The obtained slope
of 0.667 showed that the process was diffusion controlled
under some adsorptive effects. Due to the adsorptive effects,
DPAdSV and square wave adsorptive stripping voltammetry
were tested with the parameters of accumulation potential and
accumulation time for the determination of RIF. However, these
parameters could not be optimized and linear calibration graphs
could not be obtained. For this reason, DPV and SWV were used
for the determination studies of RIF.

l (WA)=0.172 v"2 (mV s1-0.197; r=0.996, n=8 (for Ox2) (5)
log /, (WA)=0.667 log v (mV s1)-1.154; r=0.993, n=8 (for Ox2) (6)

Determination of RIF by MWCNT/GC electrode
Determination of RIF was studied with the MWCNT/GC

electrode using both DPV and SWV having good selectivity,
high sensitivity, and low detection limits. All measurements
were made for the anodic Ox2 peak in AcB at pH 3.5 as the
supporting electrolyte. Calibration graphs were obtained
between the concentration of RIF and the peak current of Ox2
for DPV and SWV. Figure 6 shows DP and SW voltammograms
obtained with different concentrations of RIF.

The plots of the calibration graphs were linear in the range
between0.04 and 10 uM for both DPV and SWV. At concentrations
higher than 10 pM, the linearity was lost, probably due to the
increase in the adsorption effect of RIF on the surface of the
MWCNT/GC electrode. Besides linearity ranges, the values of
slope, correlation coefficient, limits of detection (LOD) and
quantification (LOQ), repeatability (within day), reproducibility
(between days), and precision were calculated for both
techniques at MWCNT/GC electrodes.?’?® All values are listed
in Table 1. Calibration graphs gave a linear plot with a slope of
0.799 pA uM™ for DPV and two linear plots with slope values of
1.503 pA pM™ and 0.714 pA pM™ for SWV.

The LOD and LOQ values were calculated from the peak current
of RIF using LOD=3 s/m and LOQ=10s/m equations, where s is
the standard deviation of the peak currents (three runs) and m
is the slope of the related calibration equation.?”?' The repetitive
five DPV and SWV experiments in the same day (repeatability)
and on different days over a week (reproducibility) obtained from
different solutions containing RIF at the same concentration (4
KM) gave the precision of the techniques. These within-day and
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Figure 5. Effects of pH on the peak potentials for Ox1 (A) and Ox2 (B) and
the peak currents for Ox2 (C) of RIF obtained with CV (A and B) and DPV
(C) at the MWCNT/GC electrode. RIF concentration 40 pM in 0.1 M PB (o),
0.5 M AcB (x), and 0.04 M BRB (¢)

RIF: Rifampicin, CV: Cyclic voltammetry, DPV: Differential pulse voltammetry, MWCNT:
Multi-walled carbon nanotube, GC: Glassy carbon, o PB: Phosphate buffer, x AcB:
Acetate buffer, ¢ BRB: Britton-Robinson buffer
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between-day precision, accuracy, and reproducibility values
are presented as RSD% (Table 1). RSD% values lower than 1.5%
demonstrated good precision, accuracy, and reproducibility.

Stability of RIF

The stability of RIF solutions was also studied over a month.
Stock solution of RIF dissolved in ultrapure water was stored
in the dark at +4°C. DP and SW voltammograms of the prepared
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Figure 6. Baseline corrected (A) differential pulse and (C) square wave
voltammograms obtained for the determination of (a) blank, (b) 0.06
pM, (c) 0.2 pM, (d) 0.4 pM, (e) 0.8 pM, (f) 2.0 pM, (g) 4.0 M, (h) 6.0 pM,
and (i) 8.0 pM of RIF in pH 3.5 AcB. Plots of the peak current (/,,) vs. the
concentration of RIF with error bars representing standard deviations for
each concentration, calculated from (B) differential pulse and (D) square
wave voltammograms

RIF: Rifampicin, AcB: Acetate buffer

solutions containing the same RIF concentration in AcB at pH
3.5 were obtained. According to the voltammograms, decreases
of 2.68% for DPV and 2.37% for SWV were observed at the peak
currents of RIF after 4 weeks of storage. These low decrease
values show that the solutions of RIF prepared by dissolving
in ultrapure water can be used for up to 4 weeks. However,
all solutions were freshly prepared every week to ensure the
stability of RIF in the working solutions.

Determination of RIF from pharmaceutical dosage forms

The determination of RIF from its pharmaceutical dosage
forms was studied to investigate the accuracy, selectivity,
and precision of the developed voltammetric techniques with
MWCNT/GC electrodes. For this purpose, the proposed DPV
and SWV techniques were used to determine RIF in its capsules
(300 mg RIF per capsule) for the prepared MWCNT/GC electrode.
Pretreatment steps such as extraction and evaporation were
not used before the voltammetric measurements. Recovery
studies showed whether the excipients in pharmaceutical
dosage forms caused any interference in the analysis of RIF.
These studies were carried out by adding known amounts of
standard RIF solution to the preanalyzed capsule solutions.
The results are listed in Table 2. These results showed that the
proposed methods for the prepared MWCNT/GC electrode could
be applied for the sensitive anodic determination of RIF from
pharmaceutical dosage forms without any interference from
the excipients.

The bias % values were calculated to see the differences
between the expected values obtained with DPV and SWV
measurements and the true value (labeled RIF amount per
capsule). Positive values of bias% indicated overestimation
bias, meaning that the true value was slightly lower than the
calculated values for both DPV and SWV (Table 2).

Table 1. Regression data of the calibration lines for quantitative determination of RIF in pH 3.5 AcB with DPV and SWV at the MWCNT/GC

electrode
DPV SWV
Measured potential (V) 0.193 0.203
Linearity range (uM) 0.04-10 0.04-1.6 and 1.6-10
Slope of the calibration graph (A pM™) 0.799+0.01 1.503+0.04 and 0.714+0.01

Intercept (LA) -0.059+0.04 -0.078+0.02 and 1.169+0.11
Correlation coefficient 0.997 0.994 and 0.998
LOD (uM) 751x10°° 113x10°2
LOQ (uM) 2.50x102 3.78x102
Repeatability of peak current (RSD%) 1.01 0.84
w Repeatability of peak potential (RSD%) 0.56 0.35
z Reproducibility of peak current (RSD%) 1.07 1.42
< Reproducibility of peak potential (RSD%) 0.60 0.42

RIF: Rifampicin, AcB: Acetate buffer, SWV: Square wave voltammetry, MWCNT: Multi-walled carbon nanotube, GC: Glassy carbon, LOD: Limits of detection, LOQ: Limit of
quantitation, RSD: Relative standard deviations, DPV: Differential pulse voltammetry, SWV: Square wave voltammetry
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Comparison of the proposed methods

The parameters of the validated DPV and SWV techniques for
the MWCNT/GC electrode were compared with those of other
sensors in the literature obtained for the determination of RIF

Table 2. The results for the determination of RIF from capsule

form and recovery experiments achieved in pH 3.5 AcB using the
MWCNT/GC electrode

Parameters DPV SWv
H 1~15-18,21,32-35 1~21,22,36-38 A 1
Labeled claim (mg) 300.00 300.00 in both the'anod|c and cajrhodlf: dlrgctlgns (Table
3). According to the results obtained in the anodic direction, a
Amount found* (mg) 300.32 300.36 wider linear range was obtained in the present study compared
RSD% 1M 1.38 to the studies in Table 3. Lower LODs were found only in two
i 18,32 H H
Bias% on 012 studies; howeygr, the linear ranges of thos.e studies were
narrower. In addition, the electrode preparation procedures
Added (mg) 1.640x10 1.640x10 were long and complicated in some previous studies”33
Found* (mg) 1.656x102  1.660x10-2 compared to the MWCNT/GC electrode used in the present
Average recovered (%) 10098  101.22 study.
RSD% of 168 540 The results for RIF obtained in the direction of reduction in
o of recovery : : Table 3 showed that a wider linear range was found in the
Bias% 0.98 1.22 present study compared to the studies in the literature.?3"3

Although a carbon paste electrode gave a wider linear range in
a previous study,?? the LOD was higher than that in the present
study. In another previous study,* there was no information

*Obtained from five experiments, RIF: Rifampicin, AcB: Acetate buffer, MWCNT:
Multi-walled carbon nanotube, GC: Glassy carbon, DPV: Differential pulse
voltammetry, SWV: Square wave voltammetry, RSD: Relative standard deviations

Table 3. Compared parameters obtained using different electrochemical sensors for the determination of RIF in the anodic direction

Electrode Method Medium Linear range, uM LOD, uM
Carbon paste electrode™ SWV Britton-Robinson buffer, 0.5-50 0.235
pH 4.0
Renewable pencil graphite electrode®™ DPAdASV - - 0.013
Disposable carbon paste microelectrode modified with a hollow  SWAdSV  Citric acid - Na,HPO, 0.03-3.0 10.8x1073
manganese oxide@mesoporous silica oxide core-shell buffer, pH 6.0
nanohybrid'
¢ Lead film-modified glassy carbon electrode™ AdSV Acetate buffer, pH 5.0 2.5x10%4-1.0x10  9.0x10°
g Surfactant-modified carbon paste electrode? DPAdSV ~ 01 MKCl, pH 2.0 or 0.2 M 3.5x10%-5.4x10° -
s HCl
£
&? Carbon paste electrode® AdSV Acetate buffer, pH 4.9 01-2 5x107
Iron oxide nanoparticles (Fe,O,NPs) and multiwalled carbon DPV Phosphate buffer, pH 7.5 2-20 0.032
nanotubes (MWCNTSs) composite-modified glassy carbon
electrode®
Poly-melamine and gold nanoparticles-modified glassy carbon LSV Phosphate buffer, pH 7.0 0.08-15 0.030
electrode®
Carbon-dots@CuFe,0, nanocomposite-modified carbon paste SwWv Britton-Robinson buffer, 0.07-8.0 0.022
electrode® pH 7.0
Surfactant-modified carbon paste electrode? DPAdSV ~ 01 MKCl, pH 2.0 or 0.2 M 9.0x10°-2.9x10° -
c HCl
=]
G Carbon paste electrode® DPP Acetate buffer, pH 4.5 0.1-100 0.010
Z Hanging mercury drop electrode® DPAdSV - - 6.14x10°3
j: SWAdSV 9.83x10°
S Hanging mercury drop electrode® DPAdSV Carbonate buffer, pH 9.5 1.99-2.78 0170
Hanging mercury drop electrode® DPV Mcllvaine buffer, pH 7.0 0.49-2.4 85x10
MWCNT/GCE (this work) DPV AcB, pH 3.5 0.04-10 7.51x10°
SWv 113x102

RIF: Rifampicin, AdSV: Adsorptive stripping voltammetry, DPAdSV: Differential pulse adsorptive stripping voltammetry, SWAdSV: Square wave adsorptive stripping voltammetry,
LSV: Linear sweep voltammetry, DPP: Differential pulse polarography, LOD: Limits of detection, MWCNT: Multi-walled carbon nanotube, AcB: Acetate buffer
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about the linear range and the LOD was at the nM level as in the
present study. The detection limits of the other studies in Table
3%7%8 were higher compared to that of the MWCNT/GC electrode
in the present study.

The linear range and LOD values obtained in the present study
were also compared with those of the liquid chromatographic
and spectrophotometric methods used for the determination of
RIF (Table 4). According to the results, the linear range was
wider and LOD values were lower for both DPV and SWV
compared to the studies in Table 4.3%44

CONCLUSION

The electrochemical behavior of RIF was studied in the anodic
direction by using MWCNT-modified GC electrodes. Modification
was done by coating of 1.5 pL of 0.2% (mg mL") MWCNT/
DF dispersion on the surface of a GC electrode. The anodic
process of RIF was irreversible and diffusion controlled in AcB
at pH 3.5 as supporting electrolyte. Determination studies were
carried out with DPV and SWV. These validated techniques

enabled selective, rapid, sensitive, and cheap determination of
RIF. RIF was also sensitively determined in its pharmaceutical
dosage forms without any separation steps. The results
showed that the inactive excipients caused no interference
during the voltammetric measurements. The results obtained
in the present study were compared with those of both other
electrochemical sensors and the liquid chromatographic and
spectrophotometric methods proposed for RIF. The proposed
DPV and SWV techniques using MWCNT-modified GC
electrodes were more sensitive, cheaper, simpler, and faster
determination methods for RIF. They might be alternatives to
the liquid chromatographic and spectrophotometric methods in
therapeutic drug monitoring.

Table 4. Compared parameters obtained using different analytical methods for the determination of RIF

Method Medium Linear range, pg/mL LOD, pg/mL
RP-HPLC® Methanol:acetonitrile: water (60:20:20, v/v) 40-100 0.5
HPLC4° 20 mM monobasic sodium phosphate buffer with 0.2% triethylamine 105-195 -
(pH 7.0):acetonitrile (96+4, v/v)
RP-HPLC# Acetonitrile:methanol:water (30:5:65, v/v, pH 5.2) 60-150 0.13
UV spectrophotometry* Folin-Ciocalteu reagent (FCR) 1.0-35 0.32
UV spectrophotometry* Methanol 5-50 2.30
UV spectrophotometry* Ethyl acetate solution 2.5-35.0 0.83
DPV (this work) 6.18x1073
AcB, pH 3.5 0.033-8.23 -
SWv 9.11x103

RIF: Rifampicin, RP-HPLC: Reversed phase-high performance liquid chromatography, UV: Ultraviolet, DPV: Differential pulse voltammetry, SWV: Square wave voltammetry,

LOD: Limits of detection, AcB: Acetate buffer
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ABSTRACT

Objectives: Therapy of pain syndromes involves exposure to its source, receptors, and peripheral fibers. Treatment of acute pain and inflammation
involves the use of nonsteroidal anti-inflammatory drugs and nonnarcotic analgesics. An alternative to obsolete analgesics is combined compositions.
Experimental results clearly indicates that caffeine effectively enhances the peripheral analgesic activity when combined in an analgesic. The aim of
the present study was to evaluate the peripheral analgesic activity of meloxicam, piroxicam, and their pharmacological combinations with caffeine.
Materials and Methods: The peripheral analgesic activity of piroxicam, meloxicam, and their combinations with caffeine was studied using the
abdominal writhing test. This method was used to induce pain of peripheral origin by intraperitoneal injection of 0.6% acetic acid solution. The
investigated drugs, their combinations, and 3% starch mucilage were administrated 1 h before the introduction of the algogen. The cumulative
number of writhing responses induced by acetic acid was determined over the subsequent 20 min.

Results: All investigated drugs supplied a decrease in writhing in rats. Meloxicam and caffeine showed peripheral analgesic activity of 63.6% and
64.5%, respectively (p<0.05). The pharmaceutical combination of meloxicam and caffeine showed analgesic potential of 76.4%. Thus, caffeine
potentiates the analgesic activity of meloxicam. The results exceeded the corresponding value of diclofenac sodium (67.3%).

Conclusion: Experimental results clearly indicates that caffeine effectively enhances the peripheral analgesic action of meloxicam when combined
in a pharmaceutical composition. These results can serve as a basis for the development of new domestic combined drugs.

Key words: Meloxicam, piroxicam, caffeine, pharmaceutical composition, analgesic activity

O |

Amag: Agri sendromlarinin tedavisi, agri kaynagina maruziyeti, reseptorleri ve periferal lifleri igermektedir. Akut agri ve enflamasyonunun tedavisi,
nonsteroidal anti-enflamatuvar ilaglarin ve narkotik olmayan analjeziklerin kullanimini igerir. Eski analjeziklere bir alternatif kombine bilesimlerdir.
Deneysel sonuglar kafeinin bir analjezik ilag ile birlestirildiginde, peripheral analjezik aktiviteyi etkin bir sekilde artirdigini agikga gdstermektedir.
Bu galismanin amaci, meloksikam, piroksikam ve bunlarin kafeinle farmakolojik bilesimlerinin periferal analjezik aktivitesini degerlendirmektir.
Gereg ve Yontemler: Piroksikam, meloksikam ve bunlarin kafeinle bilesimlerinin periferal analjezik aktivitesi abdominal agri testi kullanilarak
incelenmistir. Bu yontem, periferik orijinli agrinin olusturulmasinda %0,6'lik asetik asit ¢zeltisinin intraperitonel olarak enjekte edilmesiyle agrinin
indiiksiyonunu saglamak icin kullanilmistir. incelenen ilaglar, bunlarin bilesimleri ve %3 nisasta miisilaji, algojenin verilmesinden 1 saat dnce
uygulanmistir. Asetik asit tarafindan indtklenen kimdilatif agri cevaplari, sonraki 20 dakika boyunca belirlenmistir.

Bulgular: incelenen tiim ilaglar, sicanlarda agri azalmasi saglamistir. Meloksikam ve kafein periferal analjezik aktivitelerini sirasiyla %63,6 ve
%64,5 olarak gostermistir (p<0,05). Meloksikam ve kafeinin farmasétik bilesimi %76,4'luk analjezik potansiyel gostermistir. Bu nedenle kafein,
meloksikamin analjezik aktivitesini potansiyeize etmektedir. Sonuglar diklofenak sodyumla elde edilen degerden (%67,3) fazladir.

Sonug: Deneysel sonuglar agikga kafeinin meloksikamla farmasétik bilesiminin meloksikamin periferal analjezik etkisini etkin bir sekilde arttirdigini
gostermektedir. Bu sonuglar yeni yerli kombine ilaglarin gelistirilmesinde temel olusturabilir.

Anahtar kelimeler: Meloksikam, piroksikam, kafein, farmasotik bilesim, analjezik aktivite
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) and nonnarcotic
analgesics (NNAs) are widely used for the treatment of
inflammation and pain syndromes. Analysis of the scientific
literature has shown that polycomponent compositions are more
effective than monopreparations in treating pain. Therefore, the
development of new effective domestic multicomponent drugs
with a minimum number of side effects is a very important
subject.

It is known that caffeine improves the analgesic effect of
NNAs. The mechanism of potentiation of analgesic effects
is associated with an improvement in NNA bioavailability in
combinations with caffeine and with the effect of caffeine on
adenosine receptors (so-called purine analgesia).>® Research
on the biological effects of caffeine and its pharmacological
combinations showed a positive effect on the central nervous
system. Caffeine shows a wide range of action: reduction in
adenosine transmission, regulation of excitation processes in
the cerebral cortex, and in corresponding doses it enhances
positive condition reflexes and increases motor activity.°”

The aim of our work was the experimental investigation of
the peripheral analgesic activity of oxicams (meloxicam and
piroxicam), caffeine, and their pharmacological combinations.

MATERIALS AND METHODS

An experimental study of analgesic activity was conducted
on laboratory animals, namely mature rats. The peripheral
analgesic activity was studied by the changes in the nociceptive
reactions of the rats. The comparative characteristic of the
analgesic activity of meloxicam, piroxicam, caffeine, and their
pharmacological combinations was studied using an acetic
acid-induced abdominal writhing test. Writhes were caused by
a single intraperitoneal injection of 0.6% acetic acid solution (1
mL per 100 g of animal weight) in rats. The investigated drugs,
their combination, and 3% starch solution were injected 1 h
before the algogen was introduced. Then the number of writhes
was counted for 20 min.

The animals were divided into 7 groups with 6 animals in each.
In the first group 3% starch mucus (2 mL per 200 g of the rats
weight) was injected via a gastric tube into intact animals. The
experimental drugs and their combinations were administered
to the animals in groups 2-7 once via a gastric tube: animals in
the second group received piroxicam (1.3 mg per 1 kg of animal
weight), the third group meloxicam (0.6 mg per 1 kg of animal
weight), the fourth group caffeine (0.6 mg per 1 kg of animal
weight), the fifth group the combination of piroxicam (1.3 mg
per 1 kg of animal weight) and caffeine (0.6 mg per 1 kg of
animal weight), the sixth group the combination of meloxicam
(0.6 mg per 1 kg of animal weight) and caffeine (0.6 mg per 1
kg of animal weight), and the seventh group a reference drug,
diclofenac sodium (8 mg per 1 kg of animal weight).

Analgesic activity was estimated by the ability of oxicams

(meloxicam and piroxicam), caffeine, their pharmacological
combinations, and sodium diclofenac to reduce the number of

writhes in the experimental animal groups as compared to the
control group and expressed as a percentage by the formula

C—-C

AA = ¢ ¢ x100%

where AA: Analgesic activity %;

C.: The average number of writhes in the control group;

C_: The average number of writhes in the experimental group
(9-10).

In addition, the analgesic activity of oxicams and caffeine was
compared with that of their combinations (meloxicam + caffeine
and piroxicam + caffeine) and the reference drug.

The study was carried out in accordance with the methodological
recommendations of the State Pharmacological Center of the
Ministry of Health of Ukraine'®™ and approved by the Ethics
Committee of Kharkiv National Medical University (KhNMU).
An economical approach, bioethical rules, and statistics
requirements were considered when choosing the number of
animals and their allocation to the treatment groups.

The study was performed on laboratory animals from the
experimental biological clinic of KhNMU. The rats were housed
under the strict norms for storage, care, and feeding according
to the principles of the “European Convention for the Protection
of Vertebrate Animals used for Experimental and other
Scientific Purposes” (Strasbourg, 1986)%'" and the decision of
the First National Congress on Bioethics (Kyiv, 2007).® Room
temperature was maintained at 23-25°C, room lighting was 100
Ix, and the animal cage lighting was 20-40 [x. The laboratory
animals were housed for 1.5 months, the acclimatization period
was 2 weeks, the main diet was vegetables and fodder beet,
and the source of water was settled tap water. The experiments
were carried out in the morning, which, according to the
literature data, corresponds to the dependence of the main
pharmacological parameters and pharmacological activity of
investigated drugs on circadian rhythms.>2!

Statistical analysis

Statistical calculations were performed by conventional
methods using the programs MS Excel and Statgraphics Plus
2122

RESULTS AND DISCUSSION

A specific pain response was investigated by the method
of chemical peritoneal irritation. There are several known
methods of specific pain investigation: acetylcholine writhes
and acetic acid-induced abdominal writhing tests. “Stretching”
of animals in the acetylcholine writhing model caused by
activation of the arachidonic acid metabolism with COX results
in increased synthesis of prostaglandins under the influence of
acetylcholine. The mechanism of acetic acid-induced pathology
activates the kinin-kallikrein system, prostaglandins, biogenic
amines, and leukotrienes, which are endogenous inflammatory
mediators and contribute to the development of the abdominal
muscle spasm, accompanied by the retraction of the hind paws
and the back flexes. The effect of the investigated substances
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on the peripheral component of the nociceptive response was
examined by the acetic acid abdominal writhing test, as the
most informative method.

In our previous studies, the central analgesic activity of caffeine
in combination with piroxicam and meloxicam was studied in
order to create a new medicinal composition.

The results of experimental studies have shown that
administration of piroxicam, meloxicam, and caffeine
monopreparations reduces the number of writhes 2-, 2.6-,
and 2.8-fold, respectively, compared to the control group and
produces a result similar to that of the reference drug (Figure 1).

Such a result for caffeine peripheral analgesic activity may be
associated with inhibition of prostaglandin synthesis and the
transient receptor potential channel subfamily A member 1
channel, which acts as the main receptor of neuropathic pain
of peripheral origin. Caffeine also helps to eliminate exudate
from the area of inflammation and, accordingly, reduces the
compression of peripheral nociceptors. This is confirmed by
our studies on the anti-exudative effect of the above-mentioned
compositions with caffeine.®

The analgesic activity of piroxicam (53.6%) and caffeine
(64.5%) monopreparations has values similar to that of the
reference drug, diclofenac sodium (67.3%). The combination
of piroxicam with caffeine shows a reduction in writhes of
1.7-fold and has the lowest value of analgesic activity, 40.9%.
Piroxicam, as a nonselective inhibitor of cyclooxygenase (COX-
1 and COX-2), has a rapid and pronounced analgesic effect. The
selectivity index (inhibition ratio COX-1/COX-2) is 33, i.e. it has
the highest potency against COX-1. However, a literature review
of nonselective NSAIDs' effects indicates that the concomitant
use of piroxicam with a preparation having an antiedemic
action (caffeine) might reduce their effect. This effect could
be attributed to the NSAID inhibition of renal prostaglandin
synthesis and increased fluid retention. Coadministration of
piroxicam with caffeine may show antagonism due to their
pharmacokinetic properties. Additionally, the high affinity of
caffeine to blood proteins could be a reason for the antagonistic
effect of this composition component on the peripheral
analgesic effect.?

Analgesic activity of oxicams

analgesic activity (%)
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Figure 1. Analgesic activity of oxicams

The addition of caffeine to piroxicam facilitates mitigation of
analgesic activity and so this combination shows unpromising
results in relation to analgesic activity of peripheral genesis.
Contrasting data were obtained by adding caffeine to meloxicam.
The meloxicam and caffeine composition has the highest value
of analgesic activity, 76.4%, and reduces the number of writhes
4.2-fold.

Meloxicam is a representative of the new generation of NSAIDs,
i.e. selective COX-2 inhibitors. The selectivity index (inhibition
ratio of COX-1/COX-2) is 0.33; it selectively inhibits the formation
of prostaglandins involved in the formation of inflammation and
has a much lower effect on the synthesis of prostaglandins that
regulate renal blood flow, production of protective mucus in
the stomach, and platelet aggregation. It is known that selective
COX-2 inhibitors doses in which selectivity is observed do not
show a sufficient clinical effect. Increasing the dose leads to a
loss of selectivity and the appearance of gastrotoxicity.

Our research shows that meloxicam and its combination with
caffeine in a lower dose (0.6 mg) than piroxicam (1.3 mg)
and even the reference drug (8 mg) exhibit higher analgesic
activity. The increased analgesic effect of meloxicam combined
with caffeine could be explained by the effect of caffeine on the
bioavailability of meloxicam and the synergetic effect of these
two components. The results indicate potentiation of analgesic
activity of the last one; therefore, this composition is considered
promising for further study (Table 1.

Table 1. The investigated peripheral analgesic activity of oxicams

(meloxicam and piroxicam), caffeine and their pharmaceutical
compositions with caffeine

Analgesic

Number of writhes activity, %

No  Groups of animals

1 Control 22.00£0.856 -

Piroxicam 10.20+0.167"3/4/50617 53 6

Meloxicam 8.30+0.211V/2/5/6/7 63.6

7.80£0.477V2/5 64.5

Piroxicam + caffeine  13.00+0.365"2/%4/¢/T 409

Meloxicam + caffeine  5.20+0.167"2/3/4/5/7 76.4

2
3
4 Caffeine
5
6
7

Diclofenac sodium 7.20+0.167V213/56 67.3

Note: Investigation of peripheral analgesic activity of oxicams and its combination
with caffeine shows that the difference is statistically significant:

'Reliability of results in relation to the control group, p<0.05;

2Reliability of results with respect to the monopreparation of piroxicam, p<0.05;
SReliability of results with respect to the monopreparation of meloxicam, p<0.05;
“Reliability of results with respect to the monopreparation of caffeine, p<0.05;
®Reliability of results with respect to the combination of piroxicam with caffeine,
p<0.05;

®Reliability of results with respect to the combination of meloxicam with caffeine,
p<0.05;

"Reliability of results with respect to the monopreparation of diclofenac sodium,
p<0.05

CONCLUSION

1. Meloxicam (dose: 0.6 mg/kg) shows peripheral analgesic
activity (63.6%) at the level of the reference drug (diclofenac
sodium) (67.3%).
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2. Meloxicam in a lower dose (0.6 mg/kg) than piroxicam (1.3
mg/kg) demonstrates higher peripheral analgesic activity,
63.6% and 53.6%, respectively.

3. The peripheral analgesic activities of piroxicam (53.6%) and
caffeine (64.5%) monopreparations have higher values than
their pharmaceutical combination (40.9%). Hence, further study
of the analgesic activity of piroxicam combined with caffeine is
considered inexpedient.

4. The pharmacological combination of meloxicam with caffeine
demonstrated pain inhibition of 76.4%, which significantly
exceeded the peripheral analgesic activity of the reference drug,
diclofenac sodium, 67.3%, i.e. caffeine effectively potentiates
the analgesic activity of meloxicam. Thus, the combination of
meloxicam with caffeine as a commercial source of a domestic
analgesic drug could be subjected to further study.

Conflicts of interest: No conflict of interest was declared by the
authors. The authors alone are responsible for the content and
writing of the paper.
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ABSTRACT |

Objectives: The present investigation is based on the green synthesis of copper nanoparticles (CuNPs) from aqueous extract of Capparis spinosa L.
fruit. Their effects on liver function and hematological parameters in mice were evaluated.

Materials and Methods: The green synthesis of CuNPs by means of C. spinosa extract was achieved. Ultraviolet-visible spectroscopy, fourier
transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy were used to identify the
synthesized nanoparticles. BALB/c mice were orally administrated CuNPs at doses of 1000, 2000, and 5000 pg/kg for 2 weeks. Later, the effects of
CuNPs on liver function in the treated mice were evaluated by measuring the serum levels of enzymes such as alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, and bilirubin as well as hematological parameters including hemoglobin, hematocrit, white blood cell, red
blood cell, and platelet counts.

Results: A maximum peak at wavelength 414 nm confirmed the biosynthesis of CuNPs. FTIR spectrum analysis revealed that the factor groups
shaped a coating extract on the surface of the nanoparticles. SEM images demonstrated a particle size between 17 and 41 nm. Although some
liver enzymes and hematological parameters increased with increasing dose of extract, there was no significant difference (p>0.05) between oral
administrations of CuNPs at doses of 1000, 2000, and 5000 pg/kg and the control group.

Conclusion: The findings revealed that CuNPs biosynthesized from aqueous extract of C. spinosa fruit have no toxic effects on the liver functions
and hematological parameters of mice. However, more studies are needed for evaluation of the hepatoprotective effects of CuNPs.
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Z |

Amag: Bu galisma Capparis spinosa L. meyvesinin sulu ekstresinden elde edilen bakir nanopartikdllerinin (CuNP) yesil sentezi Uzerindedir. Bunlarin
karaciger islevleri ve hematolojik parametreler tzerine etkileri farelerde degerlendirilmistir.

Gereg ve Yontemler: CuNP'lerin C. spinosa ekstresinden eldesi saglanmistir. Fourier dénusumlu kizilstesi (FTIR) spektroskopisi, taramali elektron
mikroskobu (SEM) ve enerji dagitici X-i1sini spektroskopisi ile sentez edilen nanopartikiiller belirlenmistir. BALB/c farelere oral olarak 2 hafta
boyunca 1000, 2000 ve 5000 pg/kg dozlarda CuNP uygulanmistir. Sonrasinda, uygulama yapilan farelerde CuNP’lerin karaciger islevleri tizerine
etkisi alanin aminotransferaz, aspartat aminotransferaz, alkalin fosfataz ve bilirubin 6lgilerek karaciger islevleri ve hemoglobin, hematokrit, beyaz
kan htcreleri, kirmizi kan htcreleri ve trombosit sayilari belirlenerek hematolojik parametreleri 6lgulmustur.

Bulgular: 414 nm'deki maksimum pik CuNP’lerin biyosentezini gostermistir. FTIR spectrum analizi faktér gruplarinin nanopartikillerin ytizeyinde
bir kaplama ekstresine sekil verdigini gostermistir. SEM resimleri partikdl boyutlarinin 17 ve 41 nm arasinda oldugunu géstermistir. Her ne kadar
karaciger enzimleri ve hematolojik parametreler artan ekstre dozuyla artsa da, CuNP’lerin 1000, 2000 ve 5000 pg/kg dozlarda oral uygulamasi ve
kontrol grubu arasinda belirgin bir degisiklik gértlmemistir (p>0,05).

*Correspondence: E-mail: armokazemi@gmail.com, Phone: +986633120150 ORCID-ID: orcid.org/0000-0002-8522-1093
Received: 25.04.2019, Accepted: 27.06.2019
©Turk J Pharm Sci, Published by Galenos Publishing House.

412


https://orcid.org/0000-0002-8522-1093
https://orcid.org/0000-0002-7380-083X
https://orcid.org/0000-0002-7519-6998

KHATAMI et al. Toxicity Effects of Copper Nanoparticles 413

Sonug: Bu bulgular C. spinosa meyvesinin sulu ekstresinden elde edilen CuNP'lerin farelerde karaciger islevleri ve hematolojik parametreler tGizerinde
toksik etkilerinin olmadigini géstermistir. Ancak, CuNP'lerin hepatoprotektif etkilerinin degerlendirilmesi igin daha gok galismaya ihtiyag vardir.
Anahtar kelimeler: Nanopartikiiller, bakir, karaciger, hematoloji, Capparis spinosa, BALB/c fare

INTRODUCTION

Nanotechnology is one of the most useful technologies and
it can be applied in many areas including food and nutrition,
biomedical science, gene transmission, energy science,
electronics, and the space industry. In particular, this
technology is implemented in the treatment of cancer, allergies,
inflammation, diabetes, and other diseases!

There are various physical and chemical methods for the
production of nanoparticles, and they are still being investigated
for the purpose of obtaining particles with a certain size and
lower toxicity.? Green synthesis is considered a new approach
to prevent the production of undesired or unsafe by products
via reliable, maintainable, and eco-favorable synthesis
techniques. Between the current green procedures of synthesis
of nanoparticles, use of plant extracts is an appropriate and
easy method to harvest nanoparticles on a large scale relative
to bacteria and/or fungi mediated synthesis.>® Recent studies
have also shown that the synthesis of metal nanoparticles using
plant extracts, i.e. green synthesis, has some benefits such as
low cost and low toxic effects for large-scale production.?*

Copper (Cu) is one of the most useful elements in medical
science because of its numerous anti-inflammatory, anticancer,
analgesic, and antimicrobial effects.® In recent years, it has
been proven that, because of their high surface-to-volume
ratio, Cu nanoparticles (CuNPs) are extremely reactive and
simply interact with other particles, leading to a wide range of
biological activities.>”

Previous reviews on laboratory animals have demonstrated
that the liver is considered the key target tissue of drug toxicity.
Hence, assessing the function of this organ is a very important
method to determine drug toxicity.® Nowadays, one of the main
criteria to determine liver damage is measuring serum levels
of enzymes such as alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), and
bilirubin.?" It has been reported that oral consumption of some
medicinal agents may affect the hematological parameters and
result in anemia, neutropenia, and thrombocytopenia; therefore,
it is necessary to evaluate the effects of novel medicinal drugs
by measuring hematological parameters!® Accordingly, the
present study examined the green synthesis of CuNPs from
Capparis spinosa fruit extract and evaluated their effects on
liver function and hematological parameters in mice.

MATERIALS AND METHODS

Green synthesis of copper nanoparticles

Fruits of C. spinosa were collected from rural areas in western
Iran and then were extracted by percolation procedure by
means of methanol (80%) for 3 days at room temperature.”? In
the next step, the green synthesis of CuNPs was performed

according to a method described elsewhere. Briefly, 75 mL of
the obtained extract was added to 100 mL of 0.01 M Cu sulfate
solution. After stirring, it was kept at 60°C for 1 day. In the
next step, to remove all impurities, it was centrifuged twice at
12.000 rpm for 20 min. Nanoparticles started to deposit when
the color of the solution changed from green to amber yellow.
The synthesized nanoparticles were heat treated in an oven at
60°C for further analyses.

Ultraviolet-visible (UV-Vis) spectroscopy analysis
Transformation of the Cu ions to CuNPs was shown by the
surface plasmon resonance (SPR) of the CuNPs. For this
purpose, 0.3 mL of the specimens was diluted with 3 mL of
normal saline and studied via UV-Vis spectrum analysis by
means of a spectrophotometer (JENWAY 6405) in the range of
300-700 nm.B

Fourier transform infrared (FTIR) spectroscopy

After pouring and mixing the obtained samples and potassium
bromide granules together in a ratio of 1to 100 (1/100 ratio) and
compacting them into tablets, FTIR (model Nicolet 32) analysis
was carried out in the range of 400-4000 cm™ and with the
resolution of 1-4 cm™

Scanning electron microscope (SEM)

To obtain the characteristics of the synthesized nanoparticles,
electron microscopy (Mira3, Czech Republic) with 15 kV,
magnification of 10x, and resolution of 1 nm was performed.

Animals and study design

A total of 32 male BALB/c mice weighing 25-30 g were
provided by the Tehran Pasteur Institute and kept in light/
dark cycles of 12:12 h. The room temperature was 22+2°C and
the mice had ad libitum access to water and food. They were
placed in laboratory conditions 30 min before the start of the
experiment. The ethical approval required for this study (IR.
LUMS.REC.1398.247) was issued by the Ethics Committee of
Lorestan University of Medical Sciences, Lorestan, Iran. The
mice tested were assigned to the following four groups:

Group i: Received normal saline orally for 14 days;

Group ii: Received CuNPs at a concentration of 1000 pg/kg
orally for 14 days;

Group iii: Received CuNPs at a concentration of 2000 ug/kg
orally for 14 days;

Group iv: Received CuNPs at a concentration of 5000 pg/kg
orally for 14 days.

Sample collection

On day 15 of the experiments, the mice were anesthetized by
ketamine-xylazine followed by collection of blood samples from
each mouse after the heart was opened. The collected blood
samples were put into tubes with or without anticoagulant
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to process their clots and then their sera were separated by
centrifugation at 5000x g for 10 min.

Evaluation of the serum liver enzymes

To determine the hepatoprotective effects of CuNPs, different
clinical chemistry parameters related to liver function such as
AST, ALT, ALP, and bilirubin (direct and total) were assayed by
commercial diagnostics kits (Roche, Germany).”*’

Hematological parameters

To assess the effects of CuNPs on hematological studies,
total collected blood was put into tubes containing
ethylenediaminetetraacetic acid. Next, hematological
parameters including hemoglobin, hematocrit, white blood cell,
red blood cell, and platelet (PLT) counts were measured by
Sysmex (KX-21, Japan).

Statistical analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used to
analyze the obtained data. One-Way ANOVA and Tukey's post-
hoc test were performed to assess the difference between the
experimental groups and p<0.05 was considered statistically
significant.

RESULTS

Ultraviolet-visible spectrum analysis

The results obtained showed that the highest peak of the
synthesized CuNPs was found at a wavelength of 414 nm. The
characteristic of the resonance band of the SP happened for
CuNPs at 414 nm wavelength (Figure 1).

Fourier transform infrared analysis

The FTIR findings revealed that the biomolecules in the extract
decreased the Cu sulfate solution. The bands at 3380, 2928,
1741, 1604, 1400, 1050, and 1271 were indexed to the O-H
stretching of alcohol and phenol, C-H stretching of the aliphatic
group, C=0 stretching of ester carbonyl, C=C stretching of the
aromatic ring, and C-O stretching of ester, respectively (Figure
2).

Scanning electron microscope analysis

Following the confirmation of the synthesized nanoparticles
through color modification and Vis-UV and FTIR, the
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Figure 1. The absorption spectrum of synthesized copper nanoparticles

characterization of nanoparticles was determined with SEM. As
shown in Figure 1, the synthesized CuNPs represent spherical
morphology, whereas the size of the particles was between 17
and 41 nm (Figure 3).

Hepatoprotective effects of CuNPs

Table 1 shows the results of hepatoprotective effects on serum
biochemical parameters in mice receiving CuNPs at doses
of 1000, 2000, and 5000 pg/kg for 14 days. As can be seen,
although these parameters increased with increasing doses of
extract, there was no statistically significant difference (p>0.05)
between oral administrations of CuNPs at doses of 1000, 2000,
and 5000 pg/kg and the control group.
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Figure 2. The FTIR spectrum of synthesized copper nanoparticles
FTIR: Fourier transform infrared

Figure 3. Scanning electron microscope images of copper nanoparticles
synthesized using aqueous extract of Capparis spinosa fruit x10000
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Effect on hematological parameters

As shown in Table 2, following the oral administrations of
CuNPs at the employed doses of 1000, 2000, and 5000 g/
kg for 14 days, there was no significant difference (p<0.05)
between hematological parameters compared with the control
group.

Table 1. Effects of CuUNPs on serum liver enzymes after 2 weeks

administration in mice. The results are given as mean + standard
deviation

Clinical

biochemistry AST (U/L)  ALT(U/L) ALP (/L) TB
parameters

Control 130.6£815 38.3+4.31 13232815 0.12+0.03
CuNPs

(1000 pg/ke) 142.4+615 40.3+315 139.6+65 0.15+0.05
CuNPs

(2000 pg/kg) 138.8£5.51 393+2.51 142.3+5.01 0.14+0.04
CuNPs 144.3+815 427+436 144.6x615 0.17+£0.05

(5000 pg/kg)

CuNPs: Copper nanoparticles, ALT: Alanine aminotransferase, ALP: Alkaline
phosphatase, AST: Aspartate aminotransferase, TB: Total bilirubin

Table 2. Hematology parameters in whole blood of mice following

oral administration of CuNPs for 2 weeks. The results are given as
mean + standard deviation

Parameters Curcuma longa essential (ug/kg) Control
1000 2000 5000

RBC (x10%/uL) 3.7£013  3.2+0.25 29+0.41 3403

HGB (g/dL) 11.2£0.6  10.5£115 10.1+0.6 11.3+0.45

Hct (%) 33.7£31 3212+215 30.4+2.51 32.6+2.18

WBC (x10%/uL) 3.3+0.45 2.7+0.26 31£0.25  2.8+0.2

PLT (x10%/pL) 187+15 193+13 17511 18417

CuNPs: Copper nanoparticles, RBC: Red blood cell, HGB: Hemoglobin, Hct:
Hematocrit, WBC: White blood cell, PLT: Platelet

DISCUSSION

In recent years, studies in the field of nanotechnology have
demonstrated that physical and chemical procedures to create
nanoparticles, despite having exceptional biological activities,
due to having some restrictions like toxicity, are replaced by
a number of new methods such as green synthesis! Today,
considering that nanoparticles are broadly used by a large
proportion of the world's population to treat some diseases, it is
necessary to measure the toxicity of these products by different
methods. Since recent studies have shown that CuNPs possess
a wide range of biological activities,® we decided to evaluate
their toxicity and hepatoprotective effects in mice.

Recent studies have shown that liver enzyme measurement is
one of the key diagnostic tests to evaluate the liver function and
also inflammations and damage such as hepatitis and cirrhosis.8™
CuNPs, because of their high surface-to-volume ratio, are
extremely reactive and simply interact with other particles.

Therefore, they have numerous biological activities!™® It has been
proven that some medications can cause irreparable complications
through reducing white and red blood cells and the number of
blood PLTs; thus, it is necessary to evaluate the effects of novel
medicinal drugs by measuring hematological parameters.”

Basedontheresults of the present study, after oraladministration
of mice with CuNPs at doses of 1000, 2000, and 5000 pg/kg for
14 days, although some parameters increased with increasing
dose of extract, there was no statistically significant difference
(p>0.05) between oral administrations of CuNPs at these doses
and the control group. Moreover, no statistically significant
difference (p<0.05) was observed in hematological parameters
between mice treated with CuNPs and the control group.

Considering the study of the hepatoprotective effects of
nanoparticles and similar to our findings, Zhang et al.®
demonstrated that silver nanoparticles synthesized using
Rhizophora apiculata were effective in protecting the liver from
harm induced by carbon tetrachloride.

Bhuvaneswari et al.?' reported that increased enzymatic levels
of AST, ALT, ALP, and bilirubin by CCl, returned to normal
when treated with silver nanoparticles synthesized using fruit
extract of Embilica officinalis, indicating potent hepatoprotective
effects of these nanoparticles. In the study conducted by
Eftekhari et al.?2, quercetin nanoparticles showed remarkable
hepatoprotective activity via decreasing levels of AST, ALT,
and ALP. Ghosh and Gomes® also recently showed that gold
nanoparticles synthesized by Trigonella foenum-graecum extract
significantly normalized the increased enzymatic levels of AST,
ALT, ALP, and bilirubin induced by CCl,, which indicated the
hepatoprotective potential of these nanoparticles.

In the present study, we applied C. spinosa to facilitate the
synthesis of CuNPs. Next, we synthesized CuNPs that were
spherical and ranging from 17 and 41 nm in size. To date, a wide
range of plants such as Syzygium aromaticum, Nerium oleander,
Citrus medica Linn., Capparis zeylanica, Gloriosa superba L., and
Vitis vinifera have been applied in the biosynthesis of CuNPs.
However, identifying the plant’s capacity as biological material
for the synthesis of nanoparticles in full detail requires more
investigations 56172427

CONCLUSION

The findings revealed that CuNPs biosynthesized from aqueous
extract of C. spinosa fruit have no toxic effect on the liver of the
studied mice, and no significant toxicity was observed in their
hematological parameters. However, more studies need to be
done for evaluation of the hepatoprotective effect of CuNPs.
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Molecular Docking Simulation Studies of Curcumin
and Its Derivatives as Cyclin-Dependent Kinase 2
Inhibitors

Siklin Bagimli Kinaz 2 Inhibitdri Olarak Kurkumin ve Tiirevlerinin
Molekdiler Kenetlenme Simulasyonlari

® Riyadi SUMIRTANURDIN*, @ Shafira SUNGKAR, @ Yasarah HISPRASTIN, ® Kenny Dwi SIDHARTA, ® Dea Dian NURHIKMAH

Universitas Padjadjaran, Faculty of Pharmacy, Department of Medicinal Chemistry, Bandung, Indonesia

ABSTRACT

Objectives: Cyclin-dependent kinase 2 (CDK2) is a protein that plays a role in regulating the cell cycle and its overexpression contributes to
uncontrolled cell proliferation. Inhibition of CDK2 is known to be a mechanism of action of various anti-cancer drugs. Curcumin is an active
compound of Curcuma longa and it has been reported to inhibit the activity of cyclin D, cyclin E, CDK2, CDK4, and CDK6. This study aimed to design
more active curcumin derivatives as anticancer drugs by targeting CDK2 through a molecular modeling approach.

Materials and Methods: The molecular modeling approach consists of receptor and ligand preparation, method validation, pharmacophore modeling,
and docking simulation.

Results: The results of the molecular docking simulation show that the free bonding energy (AG) of curcumin and kurkumod 23 and 24 (the best
modification of curcumin) are -7.80, -915, and -9.36 kcal/mol, respectively. The hydrogen interaction between kurkumod 23 and 24 with CDK
occurred on Lys33 residue, which is considered a potential interaction site for CDK2 inhibitor compounds. Pharmacophore modeling showed that
kurkumod 23 and 24 have pharmacophore-fit values of 45.20% and 47.26%, respectively.

Conclusion: The results of this study indicate that kurkumod 23 and 24 are the best and most potent modifications of curcumin as CDK2 antagonist,
based on the interactions that occur between these two derivatives with amino acid residues from the CDK2 receptor.

Key words: CDK2, curcumin, molecular docking, pharmacophore modeling

OZ |

Amag: Siklin bagimli kinaz 2 (CDK2) hicre siklusunun regilasyonunda rol alan bir proteindir ve ytiksek derecede ekspresyonu kontrol edilemeyen
hicre proliferasyonuna yardimci olur. CDK2'nin inhibisyonu birgok anti-kanser ilacinin etki mekanizmasidir. Kurkumin Curcuma longa'nin aktif
bilesenidir ve siklin D, siklin E, CDK4 ve CDK6'yi inhibe ettigi rapor edilmistir. Bu galismanin amaci bir molekiler modelleme yaklasimi ile CDK2'yi
hedefleyerek daha aktif kurkumin turevlerinin tasarlanmasidir.

Gereg ve Yontemler: Molekiler modelleme yaklasimi bir reseptdr ve ligand hazirlanmasi, yontem validasyonu, farmakofor modellemesi ve kenetleme
similasyonu igermektedir.

Bulgular: Molekdler kenetleme simtlasyonunun sonucu kurkumin, kurkumod 23 ve 24'tUn serbest baglanma enerjilerinin (AG) sirasiyla -7,80, -9,15
ve -9,36 kcal/mol oldugunu gdstermistir. Kurkumod 23 ve 24'tin CDK ile hidrojen etkilesimi Lys33 kalintisi tizerinde olmaktadir ki bu CDK2'yi inhibe
eden bilesiklerin potansiyel etkilesim bélgesi kabul edilmektedir. Farmakofor modelleme, kurkumod 23 ve 24'in farmakofor-uyma degerlerini
siraslyla %45,20 ve %47,26 olarak gostermistir.

Sonug: Bu galismanin sonuglari CDK2 reseptdriindeki amino asit kalintilariyla bu iki tirevin etkilesimine dayanarak kurkumod 23 ve 24'tin kurkuminin
CDK2 antagonisti olan en iyi ve en potent modifikasyonlari oldugunu isaret etmektedir.

Anahtar kelimeler: CDK2, kurkumin, molekiiler kenetlenme, farmakofor modelleme
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INTRODUCTION

Cancer is a condition of uncontrolled cell growth that can affect
the growth of cells and/or other tissues around them through
the circulatory system and lymphatic system. Generally, various
types of cancer occur due to the overexpression of proteins
that play a role in the cell cycle, i.e. cyclin dependent kinase 2
(CDK?2). The cell cycle is controlled by several proteins that act
as positive and negative regulators. In mammals’ cyclin protein
groups, especially cyclin D, E, A, and B, expression fluctuates
during the cell cycle process. Cyclin proteins together with the
protein kinase (CDK) group, specifically CDK 4, 6, and 2, act as
positive regulators that spur the occurrence of cell cycles. If
a positive regulator experiences overexpression it can trigger
acceleration of the cell cycle, thus triggering cell proliferation
making the cell cycle difficult to control.! Furthermore, cancer
is known to be one of the biggest causes of death in most
developing countries (https://www.cancer.gov/about-cancer/
understanding/what-is-cancer). Therefore, research on new
therapeutic agents for cancer treatment has always been a
critical issue. The aim is to immediately address excessive cell
proliferation and immediately prevent the metastatic process. At
present, the molecular modeling approach, driven by the rapid
development of computational chemistry, plays an important
role in drug design and the discovery of new mechanisms from
structure-based medicine. This method has been successfully
used in many studies to discover new drugs.?

Some natural compounds are known to have the potential to
become lead compounds in terms of inhibiting the growth of
cancer cells,oneof whichis curcumin. Curcuminisahydrophobic
polyphenol obtained from turmeric rhizome (Curcuma longa
L.) and is considered an active anticancer substance.®> Both
preclinical and clinical studies have been carried out to learn
the anticancer effects of curcumin compounds, including its
role in proliferation arrest of MCF7 breast cancer cells, which
is associated with their ability to inhibit cyclin D, cyclin E, CDK2,
CDK4, and CDK6 activities and its ability to induce apoptosis
through the caspase-9 mechanism.® Therefore, the study of
curcumin activity and the search for their active derivatives
as new anticancer agents targeting CDK2 protein through the
molecular modeling approach is thought to be one of the best
ways to provide new cancer treatments alternative to the one
that is currently available.

MATERIALS AND METHODS

Materials

The hardware used in the present study was a personal
computer with the following specifications: Intel® Core™ i5-
6600 CPU@3.90 GHz (4CPUs), Nvidia Geforce GTX 970 GPU
4 Gigabyte OC Edition, and 8 Gigabyte DDR4 RAM. The in silico
testing used the following software:

1. ChemOffice 2010 and ChemDraw Ultra 12.0 to create 2D
structures and convert them to 3D structures.

2. LigandScout 4.0 (Wolber and Inte: Ligand GmbH) to conduct
pharmacophore modeling.

3. AutoDock 4.2.6 and AutoDockTools 1.5.6 (The Scripps
Research Institute, downloaded from http://www.autodock.
scripps.edu/) to conduct molecular docking simulation.

4. BIOVIA Discovery Studio 2017 for visualizing Protein Data
Bank (PDB) complexes, bonds between ligands and cyclic
dependent kinase 2, geometry optimization, and overlaying on
the validation process.

The three-dimensional structure of the CDK2 protein was
downloaded from the PDB (GDP) (http://www.rscb.org/) (ID:
1KE6) as well as the three-dimensional structure of curcumin
and its derivatives’ structure, which was illustrated using
ChemOffice 2010 software.

Receptor and ligand preparation

The CDK2 structure used was downloaded from the PDB
website. It was then separated from the ligands and water
molecules and added with charges. The standard ligand was
obtained from the results of the separation process, while the
curcumin and its derivatives were designed by software and
then optimized. The curcumin’s derivatives’ design is based on
Lipinski’s rule of five (RO5).

Method validation

Validation of the computational methods including validation
of the molecular docking process was based on the root
mean square deviation (RMSD) values of the standard ligand
redocking process, while validation of the pharmacophore
modeling process was based on the area under curve 100%
(AUC100%) value of the receiver operating characteristic
(ROC) curve, which screened 778 active compounds and 2015
inactive compounds obtained from Directory of Useful Decoys,
Enhanced (DUDe) from https://dude.docking.org.

Pharmacophore modeling

This process was carried out to see the level of similarity
between curcumin and its modification with standard ligands
where virtual screening was done using a validated structure-
based 3D pharmacophore model and utilizing software
assistance. The level of similarity of each structure was shown
through the value of pharmacophore fit.

Docking simulation

Docking was simulated at the center of the active side of the
receptor with the grid coordinates x=27.440, y=10.959, z=11.192
and the dimensions were 40x40x40 points. The docking
parameters were based on the Lamarckian genetic algorithm
with 10 runs, 150 population size, 250,000 evaluation energy,
gene mutation rate of 0.02, and crossover rate of 0.8. The
conformation of the results of molecular docking simulation
was clustered using RMSD 1.0 A tolerance. Ligand conformation
with the lowest free bond energy (AG) of the best cluster was
used for the next analysis phase. The ligand-receptor complex
formed was visualized with the help of software.
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RESULTS AND DISCUSSION

CDK2 receptor preparations

CDK2, downloaded from the PDB website with the code ID
GDP 1KE6, was used. The CDK2 receptor was complexed
with the antagonist ligand N-methyl-{4-[2-(7-ox0-6,7-dihydro-
8h-[1,3]  thiazolo  [5,4-elindol-8-ylidene)hydrazinolphenyl}
methanesulfonamide, which was obtained from X-ray diffraction
with a resolution of 2.0 A. Resolution describes the detailed
structure of a complex and it illustrates the interaction between
the ligand and active site.” A smaller value of resolution will
give more accurate results of constituent atom mapping. The
ligand receptor complex was separated with the assistance of
BIOVIA Discovery Studio software. The water molecules around
the structure of receptors resulting from separation were then
removed again with the aim of simplifying the docking process
later. At the receptor, Kollman charges were added to suit the
docking environment and hydrogen was added to polar atoms.

Ligand preparation

The ligand that was determined as the standard was obtained
through a separation process with CDK2 receptors with
the help of software. Furthermore, the test ligands, namely
curcumin and its derivatives (kurkumod), were designed and
optimized with the software described above. Table 1 shows the
structure and properties of each proposed curcumin derivative.
The curcumin derivative design is based on keeping the original
pharmacophore that was found in the curcumin compound.
Optimization of the ligand includes energy minimization and the
addition of the Gasteiger charge and then the hydrogen atom
in the polar site of the molecule. The design of the curcumin
modification is also based on Lipinski's RO5, which predicts the
ability of a compound to penetrate the membrane if given orally.
This rule includes a molecular weight of <500 Da, hydrogen
bond donors <5, hydrogen bond acceptors <10, LogP value <5,
and molar reactivity in the range between 40 and 130.8

Method validation results

Validation of computational methods is performed to prove and
ensure that the method used meets the validity requirements
and can be used for testing other molecules and thus minimizing
errors.

Validation of the docking simulation method

The docking simulation process was validated by using
AutoDock 4.1 and AutoDockTools software through the
redocking procedure of ligands that have been previously
separated from the receptor. Redocking results are said to
be valid if in 10 numbers of a run a minimum of 75% RMSD
value <2 A. RMSD is the ratio between the distance change and
the best ligand conformation from the simulation results with
distance and initial ligand conformation.

The results of ligand redocking to CDK 2 receptors produced
free energy (AG) of -10.53 kcal/mol with an RMSD value of 0.85
A and all of 10 runs resulted in an RMSD value <2 A, as depicted
in Figure 1. The redocking results also show that ligands form
hydrogen bonds with Leu83, Asp86, and Asp145, in accordance

Table 1. Standard ligand, curcumin, kurkumod structure, and its
physicochemical properties

No Molecule  Structure Physicochemical
name properties
o
Standard HN " o . MW=401.467
. N 8¢ LogP=2.349
1. ligand N
(1ke6) = " NHD=3
U NHA=5
L1 MW=368.385
. _o LogP=3.62
2. Curcumin OH NHD=2
" N NHA=6
MW=353.547
,  Kurkumod "o LogP=2.763
on HO NHD=4
N O NHA=3
HO 0w NH MW=289.375
3 Kurkumod . LogP=1.994
7 e NHD=3
NHA=0
MW=369.484
4 Kurkumod LogP=-2.214
© 18 NHD=2
NHA=1
MW=348.445
5 Kurkumod LogP=0.418
19 NHD=1
NHA=1
MW=360.456
6 Kurkumod LogP=0.898
T 20 NHD=0
NHA=2
MW=348.445
7 Kurkumod LogP=0.680
21 NHD=2
NHA=1
MW=348.445
8 Kurkumod LogP=0.680
T23 NHD=1
NHA=2
o
o
5)\NH MW=348.445
9 Kurkumod LogP=0.740
T 24 /\O\NH. NHD=1
’ Nes NHA=2

MW: Molecular weight, NHD: Number of hydrogen bond donor, NHA: Number of
hydrogen bond acceptors
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Figure 1. Redocking result of 10 runs of standard ligand to CDK2 receptor
CDK2: Cyclin-dependent kinase 2, RMSD: Root mean square deviation

with the ligand initial bond conditions with the receptors. Figure
2 exhibits superimposition between native and redocked ligand
and CDK2 receptor. The validation parameters were fulfilled
and so the computational method used is said to be valid and
can be used for further testing.

Pharmacophore modeling validation result

This validation aims to see the accuracy of the program in
detecting active sets and decoy sets. Validation was carried
out through screening 778 active compounds and 2015 inactive
compounds obtained from DUDe (https://dude.docking.org).
The active set is a set of compounds or ligands that are known
to be active at certain receptors with known IC50 values
from the results of previous studies. Decoy sets are sets of
ligands that have a structure similar to that of active sets but
are not active against receptors. The screening results show
an enrichment factor 100% (EF100%) and AUC100% of 1.825
and 0.67, respectively, on the ROC curve. The greater the AUC
value, the better the classification will be. The best results from
virtual screening are indicated by the maximum AUC value,
i.e. the value equals 12 The ROC curve is the most common
quality validation parameter used for pharmacophore modeling,
where this curve consists of the X axis as the rate of inactive
compounds on the pharmacophore model and the Y axis as the
rate of the active compound on the pharmacophore model.

Pharmacophore modeling result

The results of the pharmacophore modeling will show the level
of similarity between the modification of curcumin (kurkumod)
and the standard CDK2 ligand (protein 1KE6 ligand). Values of
pharmacophore similarity between these two compounds will
be shown as pharmacophore-fit values. The test results show
that the best modified compounds, namely kurkumod 23 and
24, each have a similarity level of 45.2% and 47.26% to CDK2
standard ligands, as described in Table 2.

Figure 2. Superimposition illustration of native ligand and redocked ligand
to CDK2 receptor (Native ligand shown green with thin line and redocked
ligand shown purple with thick line)

CDK2: Cyclin-dependent kinase 2

Docking simulation results

The molecular docking method aims to see the interaction
between ligands, i.e. curcumin and its derivatives with the
target receptor, CDK2. The results of this process were the
Gibbs free energy AG, inhibition constant, number of clusters,
and types of bonds to amino acid residues. The results of the
curcumin docking and its derivative along with the standard
CDK2 ligand against the CDK2 receptor itself can be seen in
Table 3. Based on the results, modification of kurkumod 23
and 24 shows that the value of AG tends to be lower than the
modification of kurkumod 11, 17, and 20 although it has not been
able to compensate for the free energy values of standard CDK2
ligands (AG -10.53) and modification 18, 21, and 19. Lower bond
energy indicates that the interaction that occurs has a higher
affinity because it tends to be easier (less energy) to interact.
The cluster number of derivatives kurkumod 23 and 24 is also
at the level where the first ranking cluster has more members
than other clusters. More cluster numbers indicate that the
poses of the conformation produced are more stable.

The consideration that kurkumod 23 and 24 are the best
modifications of curcumin is based on the interactions
that occur between these two derivatives with amino acid
residues from the CDK2 receptor, as illustrated in Figure 3.
Activation of CDK2 through complexation with cyclin A will
induce conformational changes on the ATP binding site. The
most significant effect is the rotation of helix C, which causes
changes in the geometry of the active site in the area of
three active site catalyst residues, namely Lys33, Glu51, and
Asp145. The Lys33 amino acid residue is considered a potential
interaction site for inhibitor compounds. The carboxylic acid
molecule, which has been reported as an active CDK2 inhibitor,
is known to form hydrogen bonds with Lys-33 on CDK2 receptor
residues. Therefore, kurkumod 23 and 24, which both form
hydrogen interactions with Lys33, are considered potential
CDK2 inhibitors.'

On the other hand, kurkumod 23 also shows hydrogen bonds
with amino acid residues Glu81 and Leu83 on CDK2. The NH
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hydrogen amide bond with Glu81 and the hydrogen bond from

the oxygen carbonyl group with Leu83 are analogous interactions

that occur between ATP and CDK2. Hydrophobic interactions also Curkumod

occur between benzene rings from kurkumod 23 and 24 with the 0 35.01%
hydrophobic environment of CDK2 receptors (Val18 and Leu134).°

Table 2. Pharmacophore-fit score of curcumin derivatives against
CDK2

Name of Pharmacophore-fit Pharmacophore model
derivatives  value

Kurkumod

0
1 45.06%
Kurkumod 37.90%
17
Kurkumod o
23 45.20%
Kurkumod 35 27%
18
Kurkumod o
o4 47.26%
Kurkumod 36.29%
19
CDK2: Cyclin-dependent kinase 2
LYS3_3A ILE10A
OH VALG64A
HO
NH
O reseen LEUB3A
LYS33A, . s\( ALA144A
NH:==eeeeeee > GLUBIA
HA LEU134A
ALA31A
VALB4A
ALA31A
q
LEU1aA  VALIBA PHEB0A LEUS3A
Kurkumod 23 Kurkumod 24
Interactions

- (Red arrow): Hydrogen bond (acceptor)
(Green arrow): Hydrogen bond (donor)
(Yellow sphere): Van der Waals interaction

Figure 3. Interaction of kurkumod 23 and 24 with CDK2 active site
CDK2: Cyclin-dependent kinase 2
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Table 3. Ligand interaction with CDK2 active site

Number in Interaction with amino acids

No Molecule name Chemical formula AG (kcal/mol)
cluster Hydrogen bond Van der Waals
[le10A, Vall8A,
. C,HN0.S, B Leul134A, Alal44A,
1. Standard ligand 10.53 10 GluB1A, Leu83A, Asp86A Ala31A, PheSOA,
Val64A
2. Curcumin C,H,,0¢ -7.80 1 Glu12A, Leu83A Val18A, Ile10A
GluB1A, Leu83A, Asp145A,  Ala31A, Leul34A,
3 Kurkumod 11 CoHNO; 878 18 Asni132A, Lys129A Phe82A, Ile10A
Leu134A, Phe82A,
4. Kurkumod 17 C,H,N,0, -1.62 5 GIn131A, Asn132A, Asp145A  Valb4A, Vall8A,
Ala31A, Ile10A
. Ala31A, Leul34A,
5. Kurkumod 18 C,H,N,0,S, -9.23 9 His84A, Leu83A lleT0A, Alald4A
Val64A, Phe80A,
6. Kurkumod 19 C,H,,N.0.S, -9.75 1 Leu83A, Glu81A AlalddA
Val18A, Ile10A,
7. Kurkumod 20 CeH,,N,0,S, -8.68 2 Asp86A, Leu83 Leul34A, Alal44A,
Ala31A Val18A
8. Kurkumod 21 C,H,,N,0.S, -10.04 10 Aspl45A, Leu83A, Asp86A  Ile10A, Leul34A
Ala31A, Alal44A,
9. Kurkumod 23 C,H,,N,0.S, -915 6 Lys33A, Leu83A, Glu81A Leul34A, Vall8A,
Phe80A, Val64A
Ala31A, Leul34A,
10. Kurkumod 24 C,H,,N,0.S, -9.36 7 Lys33A, Leu83A Alal44A, Valb4A,
[le10A
CDK2: Cyclin-dependent kinase 2
Study Limitation REFERENCES

This was a preliminary study related to the design of derivatives
of natural compounds that have potential as anticancer agents.
The synthesis of the proposed compound and then in silico in
vitro correlation analysis are expected in the future.

CONCLUSION

Kurkumod 23 and 24 are the best and most potent modifications
of curcumin as CDK2 antagonist, based on the interactions that
occur between these two derivatives with amino acid residues
from the CDK2 receptor.
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Ferulic Acid Prevents Angiogenesis Through
Cyclooxygenase-2 and Vascular Endothelial
Growth Factor in the Chick Embryo Chorioallantoic
Membrane Model

Ferulik Asitin Tavuk Embriyo Koriyoallantoik Membran Modelinde
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ABSTRAC T

Objectives: This study was designed to verify the antiangiogenic activity of ferulic acid (FA) and its potency to inhibit cyclooxygenase-2 (COX-2)
and vascular endothelial growth factor (VEGF) expression in the chorioallantoic membrane (CAM) model. Moreover, we verified its mechanism of
action by docking the molecule on COX-2, tyrosine kinase, and VEGF-2 proteins in silico.

Materials and Methods: An antiangiogenesis assay of FA at doses of 30, 60, and 90 ug was performed using the CAM of chicken eggs that were
9 days old and stimulated by 60 ng of basic fibroblast growth factor. Celecoxib (60 pg) was used as the reference drug. The inhibitory activity
on VEGF and COX-2 expression was determined by immunohistochemistry assay. Molecular docking of FA was accomplished by Molegro Virtual
Docker program ver. 5.5 on COX-2 enzyme (PDB ID 1CX2), tyrosine kinase receptor (PDB ID 1XKK), and VEGF-2 receptor (PDB ID 4ASD).
Results: FA at doses of 30, 60, and 90 pg significantly prevented angiogenesis in the CAM model, which was represented as inhibitory activity
against endothelial cells of blood vessels (42.6-70.7%) and neovascularization (43.0-86.6%). The inhibitory activity of FA against VEGF expression
was stronger than its action on COX-2 expression. Molecular docking on VEGF-2 receptor resulted in an RS value of FA of -73.844 kcal/mol and for
celecoxib it was -94.557 kcal/mol. The RS value on tyrosine kinase of FA was -84.954 kcal/mol, while on celecoxib it was -93.163 kcal/mol. Docking
on COX-2 receptor gave an RS value of FA of -73.416 kcal/mol, while for celecoxib it was -118.107 kcal/mol.

Conclusion: Reductions in VEGF-2 and COX-2 expression due to treatment with FA at the dose range 30-90 ug appeared to be related to angiogenesis
inhibition, which was shown by two parameters, namely inhibition of neovascularization and endothelial cell growth in blood vessels. It was
concluded that FA is a promising antiangiogenic therapeutic agent especially at the early stage, and this activity can arise from inhibitory action on
COX-2 and VEGF-2 proteins.

Key words: Ferulic acid, COX-2, VEGF, tyrosine kinase, angiogenesis, chorioallantoic membrane
s ]

Amag: Bu calisma ferulik asidin (FA)'nin koriyoallantoik membran (CAM) modelinde antianjiyojenik aktivitesini ve siklooksijenaz-2 (COX-2) ve
vaskuler endotel biuyume faktorint (VEGF) inhibe etme potensinin dogrulamak Gzere tasarlanmistir.

Gereg ve Yontemler: FA'nin antianjiyojenik testi dokuz gunlik olan ve 3 ng bazik fibroblast faktori ile stimule edilen tavuk yumurtalarinin CAM'ina
30, 60 ve 90 pg uygulanarak gergeklestirilmistir. Referans ilag olarak selekoksib (60 pg) kullanilmistir. VEGF ve COX-2 tzerindeki inhibitor aktivitesi
imminohistokimya yéntemi ile gergeklestirilmistir. FA'nin molekdiler kenetlenmesi Molegro Virtual Docker program ver. 5,5 ile COX-2 enzimi (PDB
ID 1CX2), tirozin kinaz reseptord (PDB ID 1XKK) ve VEGF-2 reseptdrt (PDB ID 4ASD) tzerinde gergeklestirilmistir.
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Bulgular: FA 30, 60 ve 90 pg dozlarsa CAM modelinde belirgin bir sekilde anjiyojenezi &nlemistir ve kan damarlarinin endotel hiicrelerine karsi
inhibitor aktivite (%42,6-%70,7) ve neovaskularizayon (%43,0-%86,6) géstermistir. FA'nin VEGF eksptresyonuna karsi inhibitor aktivitesi COX-2
ekspresyonuna karsi olan etkisinden daha giigli bulunmustur. FA igin VEGF-2 reseptériine molekiiler kenetlenme RS degeri -73,844 kcal/mol ve
selekoksib igin -94,557 kcal/mol'dir. FA'nin tirozin kinaz tzerine RS degeri -84,954 kcal/mol iken selekoksib tizerine -93,163 kcal/mol'diir. FA'nin
COX-2 reseptori Gzerine kenetlenmesinde RS degeri -73,416 kcal/mol iken, selekoksib tizerine kenetlenme degeri -118,107 kcal/mol'dur.

Sonug: 30-90 pg araliginda FA uygulamasi ile VEGF-2 ve COX-2 ekspresyonlarinda gérilen azalmalar anjiyojenez inhibisyonuna iliskili olarak
gorulmektedir ve bu 2 parametre (neovaskilarizasyon ve kan damarlarinda endotel hiicre biytmesinin inhibisyonu) ile gosterilmistir. Sonug olarak
FA'nin 6zellikle erken evrede Umit vaat eden antianjiyojenik terapétik bir ajan oldugu sdylenebilir ve bu aktivite COX-2 ve VEGF-2 proteinleri

Uzerindeki inhibitor etkisinden kaynaklaniyor olabilir.

Anahtar kelimeler: Ferulik asit, COX-2, VEGF, tirozin kinaz, anjiyojenez, koryoallantoik membran

INTRODUCTION

The progression of cancer cells depends heavily on
angiogenesis, the formation of new blood vessels that supply
oxygen and food required for the tumor’s cell proliferation
and metastasis progression? The development of cancer
cells is induced by angiogenesis, which is activated by some
growth factors such as vascular endothelial growth factor
receptor (VEGFR). Two important growth factor receptors that
influence angiogenesis are tyrosine kinase receptor (TKR) and
VEGFR-213

The VEGF signaling pathway is a strategic target for
angiogenesis inhibitors.#> However, there are some clinical
problems involving angiogenesis inhibitors in patients (.e.
thromboembolic disorders, intracranial hemorrhage, and
bowel perforation).® Other problems are the occurrence
of toxicities such as bleeding, fatigue, hypertension, and
perforation of the gastrointestinal tract.”® Therefore, the study
of a new antiangiogenic substance that is relatively safe in its
pharmaceutical dosage form is an important step in cancer
treatment.

Ferulic acid (FA)  [3-(4-hydroxy-3-methoxyphenyl)-2-
propenoic acid] (Figure 1) is a phenolic acid compound that
shows antioxidant®® and cytotoxic activities in many cancer
cell lines'2 Wang et al.” reported that FA could inhibit the
proliferation and induced apoptosis of osteosarcoma cells via
the PI3K/Akt pathway. FA also had anti-inflammatory activity
and inhibited cyclooxygenase-2 (COX-2) enzyme,* which were
related to angiogenesis.?’® Koki and Masferrer'® reported that
COX-2 expression increased during the tumorigenesis process
and the intensity of its expression was in line with the degree
of carcinogenesis. Wu et al!” reported that the biosynthesis of
PG catalyzed by COX-2 could stimulate the VEGF expression
in tumor cells and acted as a positive feedback loop between
tumor cells and endothelial cells.

In an effort to improve FA as a drug candidate for cancer
chemoprevention, we studied its antiangiogenic activity and
inhibitory activity against COX-2 and VEGF expression in the
chicken egg chorioallantoic membrane (CAM) model. The CAM
assay is a robust and applicable technique to assess a potential
drug candidate. The assay has been commonly used to study
angiogenesis and tumor invasion in various types of cancer.®”
To verify FA's mechanism in the inhibition of angiogenesis,
we conducted molecular docking on COX-2 enzyme, tyrosine
kinase, and VEGF-2 receptors.

MATERIALS AND METHODS

Materials
Commercially available materials were used as obtained. FA,
Tris-HCl, and basic fibroblast growth factor (bFGF) were
purchased from Sigma-Aldrich (St Louis, MO, USA). The
chicken eggs were collected from PUSVETMA Surabaya,
Indonesia.

Chorioallantoic membrane assay

Twenty-five 9-day-old chicken eggs were incubated at 37°C (60-
70% humidity) for 1 day. All of the treatment groups of CAMs
were induced by bFGF at a concentration of 1 ng/uL in Tris-HCl
solution of pH 7.5. The eggs were divided into five groups; each
group consisted of six eggs. Three groups were treated with
FA at doses of 30, 60, and 90 ug; the positive control group
was treated with celecoxib (60 pg) and one group received no
treatment, which was set as the negative control. The egg was
perforated to make a hole 1 cm? in diameter to remove the air.
Sterile Whatman filter-paper disks 5 mm in diameter with tested
compound and bFGF or bFGF alone were dropped into the hole
and then were impregnated into the CAM of each embryo. The
hole was covered and the egg returned to incubation at 37°C
(60% humidity) for 72 h. After incubation, the upper eggshell
was opened and the presence of neovascularization from the
main blood vessels onto the paper disks was recorded. In
addition, we also collected the blood vessels of the CAM in
formalin buffer and carried out microscopic observations of the
histopathologic slide of the CAM using hematoxylin and eosin
staining. To confirm the antiangiogenic activity, this CAM assay
was achieved with certain alteration as explained before.®? The
growth of the endothelial cells in the neovascular capillaries was
exposed in CAM cross-sections by an inverted phase contrast
microscope, a Nikon H600L. The number of endothelial cells in
five graphical fields were calculated, whereas each slide was
observed at 400x amplification and compared with the positive
or negative control groups for the following analysis.

Antibodies

Rabbit polyclonal anti-human COX-2 and VEGF antibodies were
obtained from Thermo Scientific™ Lab Vision™ (St Louis, MO,
USA).

Immunohistochemical assay

The slides for the immunohistochemical assay were prepared
at the Laboratory of Anatomical Pathology, Dr. Sardjito
Hospital, Yogyakarta, Indonesia. Paraffin blocks of the CAM
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containing blood vessels were cut 3-4 um thick and placed on
the poly-lysine slide, and then they were incubated overnight
at 45°C. The next step of VEGF or COX-2 staining for the
immunohistochemical assay was carried out as reported in
previous research!®” In the present study, we used Mayer's
hematoxylin for counterstaining. Tris-EDTA solution at pH 9
was used in the retrieval step of VEGF staining for 15-20 min,
whereas pH 6 citrate buffer was used for retrieval of COX-2
staining for 15-20 min. The slides were divided into six groups.
One group consisted of slides of CAM expressing COX-2 protein,
which was used as the positive control; three groups contained
slides of FA at doses of 30, 60, and 90 pg, one group contained
slides of celecoxib at a dose of 60 pg, which was used as the
reference drug; and one group was used as a negative control
group. The microscopic observation of VEGF expression and
COX-2 expression was continued by counting the visible brown
cells in five fields for a minimum of 100 cells. This assay was
approved by the Ethical Commission of Airlangga University,
but it did not involve human participants.

Statistical analysis

The data obtained were subjected to ANOVA and a One-
Way Fisher exact test at 95% level of confidence. If there
was significant variance among each group, the analysis
was continued with Duncan’s multiple range test. Statistical
significant was set at p<0.05. All statistical analyses were
presented using IBM SPSS 21.

Molecular docking equipment

Hardware: Laptop ASUS AMD A8 Vision with CPU @19 GHz, 4
GB of RAM.

Software: CS ChemDraw Ultra version 12.00 (Cambridge Soft)
was utilized to create the three-dimensional structure (3D)
of FA, which was then subjected to energy minimization by
MMFF94 method and the 3D structure was saved in SYBYLMol2
format (*.Mol2). Molegro Virtual Docker (MVD) version 5.5
(CLC Bio) was employed as a docking program in this research.
The 3D structures of COX-2, TKR, and VEGF-2 proteins were
downloaded from the Internet (http://www.rcsb.org/pdb/home/
home.do)

In silico assay

The 3D structures of the three proteins, which were obtained
from a protein data bank (PDB), were: 1) 1XKK, which was
TKR containing N-(3-chloro-4-[(3-fluorobenzyloxylphenyl}-
6-[4-quinazo-linamine) (code FMM-901) as reference ligand,
2) 4ASD, which was VEGFR-2 containing sorafenib (BAX
43-9006) as reference ligand, and (3) 1CX2, which was COX-
2 containing [4-(5-(4-bromophenyD-3-(trifluoro-methyD-1H-
pyrazole-lyDbenzenesulfonamide) (SC58)] as reference ligand.
Ligand-protein interactions were prepared by FA molecule MVD
version software 5.5. Docking of the FA molecule into each of
the 3D structures of proteins was performed as described in
our previous study.?® The best docking results can be observed
by relating the structure of the docked FA molecule to the
crystal structure of the reference ligand at the binding site. The
docking results were presented as a rerank score (RS), which

was the total free energy of the ligand-protein interaction.
The lowest energy indicated the best pose of binding between
the functional group of ligand and amino acid residues of the
proteins. The ligand-protein complexes of the lowest score
(RS) were used for further visual inspection. The validation of
the docking result was performed by redocking the reference
ligand into the same cavity in each protein. The redocking result
was accepted if the root mean square deviation <2.0 A.

RESULTS AND DISCUSSION

Antiangiogenic activity of ferulic acid

The antiangiogenesis assay is performed on the CAM of the
embryonated chicken egg because the membrane is the site of
very high vascularization and is easily observable in line with
the process of chicken embryo growth.®2"' The CAM is a fusion
of chorion and allantois of chicken egg membrane formed after
4 days of incubation!® The formation of new blood vessels is
derived from the capillaries that arise from the blood vessels.

Angiogenesis in the CAM model through macroscopic
observations of new blood vessels induced by bFGF was
significantly inhibited (p<0.05) by FA at doses of 30, 60,
and 90 pg. The results are represented by inhibition of
neovascularization (Figure 2).

Neovascularization is inseparable from the preceding
mechanism of growth and the formation of new endothelial
cells, whereas one of the angiogenesis stages is endothelial
cell migration.?? At this stage, the capillary walls of the blood
vessels continue their growth into the lumen of other blood
vessels. There are four phases of migration: the growth of two
opposite capillary walls, the joining of regulated endothelial
cells and bending of the bilayer facilitate growth factors so
the cells enter the lumen, and the center of angiogenesis is
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Figure 1. Ferulic acid

Figure 2. A) Capillary of neovascularization of CAM induced by 60 ug of bFGF
(blue arrow) in control positive group, B) capillary of neovascularization of
CAM induced by 60 ng of bFGF and treated with 60 pg of celecoxib (black
arrow), C) capillary of neovascularization of CAM induced by 60 pg of bFGF
and treated with 60 pg of FA (black arrow)

CAM: Chorioallantoic membrane, bFGF: Basic fibroblast growth factor, FA: Ferulic
acid
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formed between the new blood vessels filled by pericytes and
myofibroblasts. The center of angiogenesis is the appearance
of smooth muscle fibers that complement the formation of new
blood vessels with the development of hematopoiesis as early
vascularization.

Figure 2 shows several capillary blood vessels progressing
into the impregnated disk of the group without treatment. After
treatment with FA and celecoxib, there was a decrease in the
number of new blood vessels around the disk on the CAM and
endothelial cells of blood vessels. The percentages of inhibition
of neovascularization and endothelial cell growth of blood
vessels are shown in Table 1.

Based on the statistical analysis by one-way ANOVA, followed
by Duncan's multiple range test, it is known that there is
no significant difference in potency of the inhibition of
neovascularization between celecoxib at 60 pyg dose and FA
at 60-90 pg dose (p<0.05). However, the potency of FA at 30
ug is smaller than that of FA at 60-90 pg, whereas the potency
of FA at 90 pg dose to inhibit endothelial cells of blood vessels
is stronger than that of FA at 30-60 pg dose. No significant
differences were seen in the potency of inhibition of endothelial
cells of blood vessels between FA at 90 ug dose and celecoxib
at 60 pg dose (p<0.05). As a reference drug, celecoxib (60 pg)
provided 83% new blood vessel growth inhibition in the CAM
model.

Ferulic acid inhibited VEGF and COX-2 expression

The microscopic image of VEGF expression in the endothelial
cells of the new blood vessels belonging to the positive
control group is dominated by the presence of a brown color.
It is in sharp contrast to an image from the negative control
group, which displays a dominant blue color in the endothelial
cell cytoplasm. The brown color in the cytoplasm indicates
that VEGF expression of the endothelial cells treated by FA
decreases with increasing dose of the substance from 30 pg to
90 pg. The microscopic observation results of VEGF expression
in each treatment group are presented in Figure 3.

The microscopic observation results of COX-2 expression in
each treatment group are presented in Figure 4. All data of the
treatment group are presented in Table 2 and analyzed by SPSS
version 21.0 for Windows.

Analysis of percentage inhibition of VEGF expression by FA
using the one-sample Kolmogorov-Smirnov test for normality
showed probability of p=0.398, whereas percentage inhibition

of COX-2 expression with the one-sample Kolmogorov-Smirnov
test showed probability of p=0.458. This means the data are
normally distributed because p is greater than 0.05 (p>0.05).
Based on statistical analysis by One-Way ANOVA, continued

: i
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Figure 3. VEGF expression within endothelial cells of blood vessels of the
CAM, 400 times magnification: A) positive control group (blank treatment
with 60 pg of bFGF), B) group of 60 pg celecoxib treatment, C) group of 60
ug FA treatment, D) group of 90 pg FA treatment. Arrows indicate there is
VEGF expression

VEGF: Vascular endothelial growth factor, CAM: Chorioallantoic membrane, bFGF:
Basic fibroblast growth factor, FA: Ferulic acid

Figure 4. COX-2 expression within endothelial cells of blood vessels of the
CAM, 400 times magnification: A) positive control group (blank treatment
with 60 pg of bFGF), B) group of 60 pg celecoxib treatment, C) group of 60
yg FA treatment, D) group of 90 ug FA treatment. Arrows indicate there is
COX-2 expression

COX-2: Cyclooxygenase-2, CAM: Chorioallantoic membrane, bFGF: Basic fibroblast

growth factor, FA: Ferulic acid

Table 1. Antiangiogenesis activity in the CAM model in each group

Treatment % inhibition of neovascularization % inhibition of endothelial cells
Celecoxib 60 pg 83.3°+5.2 79.3°+2.3
FA 30 pg 43.0°+4.6 42.6°+59
FA 60 pg 83.4°+7.4 57.3°+4.3
FA 90 pg 86.6°+6.2 70.7°+3.9

All values are represented as the mean + SE (n=6) and different superscripts in the same column

indicate that there were significant different in each group (p<0.05)
FA: Ferulic acid, CAM: Chorioallantoic membrane, SE: Standard error
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with LSD and Duncan’s multiple range tests, it is known that
there is no significant difference in the potency of inhibition
of VEGF expression between celecoxib at 60 pg dose and FA
at 60-90 pg dose (p<0.05). The potency of FA inhibiting VEGF
expression at 30 pg to 90 ug was dose-dependent. Increasing
dose of FA resulted in decreasing VEGF expression of CAM
significantly.

Based onthe datain Table 2, it is known that giving 30-90 pg of FA
decreases VEGF expression in CAM significantly. Reduced VEGF
expression due to treatment with FA at 30-90 pg doses is in line
with angiogenesis inhibition, which is shown by two parameters,
namely neovascularization and resistance to endothelial cell
growth of blood vessels in the chick embryo CAM.

The main VEGF receptor in endothelial cells is VEGFR-2, which
influences developing and adult cells. VEGFR-2 signaling is
better recognized than the other VEGF receptors’ signaling.
Vascular permeability is an essential in vivo consequence of
VEGFR-2 activation. Several small-molecular-weight inhibitors
of VEGFR-2 kinase activity are employed clinically to block
pathological angiogenesis in cancer.”®

In vitro experiments on capillary endothelial cells showed
that VEGF is a powerful stimulator against the occurrence of
angiogenesis. This is due to its presence as a growth factor
triggering the proliferation and migration of endothelial cells,
even the formation of tube formation in a series of capillary
vessels.? Inhibition of VEGF can occur in several ways; the
first is inhibition at the VEGF receptor through kinase activity
that contributes to the delivery of growth signals. The second
possibility is inhibition through endothelial cell apoptosis
induction, whereas the third may involve the incorporation of
hematopoiesis and endothelial progenitor cells, and so VEGF
is not capable of triggering vasculogenesis.?

According to Di Marco et al.?5, binding of VEGFR and VEGF-
specific ligand occurs in the transmembrane and cytoplasmic
domains. VEGF is known as a promoter of angiogenesis and
an endogenous regulator of endothelial integrity. Some anti-
VEGF compounds can cause endothelial dysfunction and
decreased angiogenesis.

The COX-2 expression inthe CAM also presented a brown color
in the cell cytoplasm, which is a ligand-receptor complex of
COX-2 detected by anti-COX-2 antibodies that are specifically
boundto COX-2 ligand. Based on the data in Table 2, it is known
that treatment with 30-90 pg of FA can significantly decrease
COX-2 expression in the CAM. The inhibitory activity of FA
against COX-2 expression is dose-dependent. The inhibitory
potency of FA at dose range 30-90 pg is significantly different
from that of celecoxib at the 60 pg dose. In our study, the
administration of FA appeared to play an important role in
angiogenesis inhibition through decreasing COX-2 expression.

The reduction in COX-2 expression due to treatment with FA
at the dose range 30-90 pg seems to have been related to
angiogenesis inhibition, which is shown by two parameters,
namely inhibition of neovascularization and inhibition of
endothelial cell growth in blood vessels of chick embryo CAM.
Hsu et al.? reported that prostaglandin-E2 (PGE2) stimulates
COX-2 expression in LoVo colon cancer cells. The COX2
expression was interrelated with the elevation in the migration
ability of those cancer cells. The experimental data suggested
that PGE2 can be a potential therapeutic target in colon cancer
metastasis. Yao et al.?” stated that downregulation of COX-2
could significantly diminish the progression of gastric cancer
cells and block the replacement and tube formation of human
umbilical vein endothelial cells. The results also indicated that
downregulation of COX-2 might inhibit VEGF.

Table 2. Inhibition of VEGF and COX-2 expression in the CAM model in each group

Treatment % inhibition of VEGF expression % inhibition of COX-2 expression
Celecoxib 60 pg 72.9+6.8° 84.1+4.2¢
FA 30 pg 46.7+8.0° 49.9+6.3°
FA 60 pg 63.7+4.9° 55.0+4.6°
FA 90 pg 73.6£5.3° 66.8+2.8°

All values are represented as the mean + SE (n=6) and different superscripts in the same column

indicate that there were significant differences in each treatment (p<0.05)

VEGF: Vascular endothelial growth factor, COX-2: Cyclooxygenase-2, CAM: Chorioallantoic membrane, FA: Ferulic acid

Table 3. The rerank score, type of bonding interactions, and amino acids involved in the interaction of ligands with VEGFR-2 (PDB ID 4ASD)

Compound Rerank score (kcal/  Number of Amino acid residue Number of Amino acid residue
mol) H-bonds steric interactions
FA -73.844 1 Glu885 6 Ala1050, Glu885,
Leu 889, Val 848
Celecoxib -94.557 2 GIn847 24 Asn1033,Cys1045,
Lys868 GIn847, Glu885,

Lys868, Phe1047,
Val848, Val867, Val914

VEGFR-2: Vascular endothelial growth factor receptor-2, FA: Ferulic acid, FA: Ferulic acid, Lys: Lysine, Met: Methionine, Asp: Aspartic Ala: Alanine, Gly: Glutamine, Ser: Serine,

Leu: Leucine, Tyr: Tyrosine, Val: Valine, Phe: Phenylalanine
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The COX-2 inhibitor celecoxib®® has been reported to inhibit
the growth of prostate, gastric, lung, and breast cancer.?*° The
induction of bFGF as pro-angiogenic compounds will lead to
inflammation associated with the COX-2 activity.®*? As well as
celecoxib, FA also inhibited COX-2 enzyme™3 and so it could
obstruct bFGF activity as a pro-angiogenic compound.

Based on the inhibitory mechanism of angiogenesis through the
inhibition of VEGF expression examined by other researchers
in several studies, it is possible that FA inhibits VEGFR-2
through its inhibitory activity on tyrosine kinase and COX-2.
This assumption is studied and proven through in silico docking
on COX-2, TKR, and VEGFR-2.

Docking study

The best-docked pose of FA, celecoxib, and BAX ligands in
the binding site of VEGFR-2 and the interactions between
functional groups of FA and celecoxib with amino acid residues
in two-dimensional (2D) structures are shown in Figure 5. The
docking scores (RS value), the type of bonding interactions
with VEGFR-2, and amino acids involved in their interactions
are listed in Table 3.

The best-docked pose of FA, celecoxib, and native ligand in the
binding site of tyrosine kinase and their interactions with amino
acid residues in 2D structures are shown in Figure 6. The RS
value, the type of interactions, and amino acids involved in the
interaction between ligand and TKR are listed in Table 4.

Figure 5. The best docking of FA (yellow)-celecoxib (blue)-BAX (green)
ligands A); the three ligands positioned at the active site (cavity-2) of
VEGFR-2 B), interaction of celecoxib with amino acids in cavity-2 of
VEGFR-2 C); interaction of FA with amino acids in cavity-2 of VEGFR-2 D)
FA: Ferulic acid, VEGFR-2: Vascular endothelial growth factor receptor-2

The ligand of PDB ID 1XKK contains a benzylic group (Ar-
C-), which acts as a pharmacophore in the ligand-receptor
interaction complex. The FA compound contains a similar group,
which is also expected to be a pharmacophore. Celecoxib,
which produces a lower RS value than FA (Table 3), displays
more H-bonds and steric interactions with TKR than FA.

The best-docked pose of FA, celecoxib, native ligand in the
binding site of COX-2 and their interactions with amino acid
residues of each protein in 2D structures are shown in Figures
5-7. The RS value, the type of bonding interactions with COX-
2, and amino acids involved in their interactions are listed in
Table 5.

Based on the molecular docking study, the possible
interactions can be explained between each compound, i.e.
FA and celecoxib, with amino acid residues in each protein
enzyme/receptor. The FA-TKR interaction is stronger than FA-
VEGFR-2, indicating the possibility that FA worked on growth
factor receptors,® and it is apparent that FA inhibited VEGF
expression in the CAM model.

The ligand binding of VEGFR stimulated strong tyrosine
phosphorylation and results in an intense angiogenesis
response.” Replacement of the native ligand of VEGFR-2
with FA through the interactions of functional groups of FA
with the amino acid residue of VEGFR-2 prevented tyrosine
phosphorylation and so decreased angiogenesis.*

Figure 6. The best docking of FA (yellow)-celecoxib (blue)-FMM (green)
A); the three ligands positioned at the active site (cavity-1) of TKR; B),
interaction of celecoxib with amino acids of TKR C); interaction of FA with
amino acids of TKR D), PDB 1XKK

FA: Ferulic acid, TKR: Tyrosine kinase receptor

Table 4. The rerank score, type of bonding interactions, and amino acids involved in the interaction of ligands with TKR (PDB 1XKK)

Compound Rerank score (kcal/ Number of Amino acid Number of Amino acid residue
mol) H-bonds residue steric
interactions
FA -84.954 1 Lys745 9 Ala743, Gly796, Leu792, LeuB44, LysT45,
Met793, Val726
Celecoxib -93163 2 Met793 24 Ala743, Asp855, GInT91, Leu792, Leu844,

Lys745, Met793

TKR: Tyrosine kinase receptor, FA: Ferulic acid, Lys: Lysine, Met: Methionine, Asp: Aspartic Ala: Alanine, Gly: Glutamine, Ser: Serine, Leu: Leucine, Tyr: Tyrosine, Val: Valine
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Table 5. The rerank score, type of bonding interactions, and amino acids involved in the interaction of ligands with COX-2 (PDB 1CX2)

Compound Rerank score Number of Amino acid residue Number of Amino acid residue
(kcal/mol) H-bonds steric interactions

FA -713.416 3 Ser353, His90 3 Tyr355, Val523, Leu352

Celecoxib -118.107 5 Arg513 16 Tyr355, Val523, Val349,
His90 Ser530, Vall16, Ser353,
Ser353 Leu352, Phe518
Leu352
GIn152

COX-2: Cyclooxygenase-2, FA: Ferulic acid, Ser: Serine, Arg: Arginine, His: Histidine, Leu: Leucine, Glt: Glutamine, Tyr: Tyrosine, Phe: Phenylalanine, Val: Valine
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Figure 7. The best docking of FA (yellow)-celecoxib (blue)-SC58 (green)
A); the three ligands positioned at the active site (cavity-3) of COX-2 B); the
interaction of celecoxib with amino acids COX-2 C); interaction of FA with
amino acids COX-2 D), PDB 1CX2

FA: Ferulic acid, COX-2: Cyclooxygenase-2

There are several phases of angiogenesis inhibition, i.e.
prevention of endogenous angiogenic factors such as bFGF and
VEGF; inhibition of the degradation matrix metalloproteinase
(MMP), reducing endothelial cell proliferation; and prevention of
endothelial cell movement, inhibiting endothelial cell activation
and differentiation.®

Based on the data and description above, the mechanisms by
which FA prevents angiogenesis are by blocking COX-2 activity
so that MMP activity, which plays a role in the early formation
of branching of blood vessels, will stop, and by obstructing
endogenous angiogenic factors, i.e. VEGF and bFGF, in the
initial stage of angiogenesis.

Study limitations

In our study, FA inhibits angiogenesis in the CAM model in the
earliest process, i.e. endogenous angiogenic factors and kinase
activity promoting release of growth signals. Thus, the potency
of FA to inhibit angiogenesis at other stages needs further
research.

CONCLUSION

FA (at a dose of 30-90 pg) is a promising antiangiogenic
therapeutic agent, especially in an early stage of angiogenesis.
It prevents proangiogenic growth factor, which leads to

inflammation (i.e. bFGF), activity of MMP, and development of
branching of blood vessels. This activity results from inhibitory
action on COX-2 and VEGF-2 proteins.
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Safety Assessment of Vanillic Acid: Subacute Oral
Toxicity Studies in Wistar Rats

Vanilik Asitinin Glvenlik Degerlendirmesi: Wistar Sicanlarinda Subakut
Oral Toksisite Calismalari
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ABSTRACT

Objectives: Vanillic acid (VA) is a flavoring agent, a phenolic acid, and an intermediary by-product formed during transformation of ferulic acid to
vanillin. It has been investigated for diverse pharmacological actions and used in Chinese medicine for decades. However, there is no information in
the literature about its mechanism of toxicity or safety with long-term use. The present study will not only supply information on its pharmacological
profile but also encourage evidence-based pharmacotherapeutic use. Hence, we performed a subacute toxicity study.

Materials and Methods: According to the Organisation for Economic Co-operation and Development Test Guideline 407 (2008), 3 groups of rats
were formed consisting of 12 rats (6 male and 6 female) in each group. For the subacute toxicity, the dose was chosen after a limit test was
conducted. VA (1000 mg/kg/day) was orally administered for 2 weeks to the treatment group, whereas the control group received an equivalent
volume of the vehicle. To assess reversibility, VA (1000 mg/kg/day, p.o.) was administered to the satellite group for 2 weeks and animals were
observed for an additional 2 weeks after treatment. The adverse signs, variation in body weight, and mortality were evaluated throughout the study
period. On days 15 and 29, blood was collected to evaluate essential biochemical and hematological parameters. The animals were subsequently
weighed and sacrificed. The weights of internal organs were recorded; gross necroscopy and histopathological studies were performed.

Results: The hematological parameters of the satellite group increased and the serum sodium level decreased after the treatment. Satellite groups
showed no other major change in biochemical parameters when compared to the control group. In addition, relative organ weights, gross necropsy
examinations and histopathological structure of the internal organs showed no major alterations.

Conclusion: VA showed no adverse effect on the process of leukopoiesis, erythropoiesis or on internal organs, as verified by hematological and
biochemical evaluations, gross necropsy, and histopathological studies. The decrease in serum sodium is not considered as a major toxic effect.
Key words: Subacute toxicity, vanillic acid, polyphenol, safety

OZ |

Amag: Vanilik asit (VA) fenolik asit yapsinda tat verici bir ajandir ve ferulik asidin vanilin dontisimu sirasinda olusan bir ara yan trinddr. Cesitli
farmakolojik etkiler igin arastirilmis ve yillardan beri Cin tibbinda kullanilmaktadir. Ancak, uzun streli kullanimi igin toksisite mekanizmasi veya
guvenliligi ile ilgili bilgi literatirde mevcut degildir. Bu galisma sadece farmakolojik profile hakkinda bilgi saglamakla kalmayacak, ayni zamanda

kanita dayali farmakoterapétik kullanimi hakkinda da bilgi verecektir. Bu nedenle, subakut bir toksisite galismasi yapilmistir.

Gereg ve Yontemler: Ekonomik Kalkinma ve isbirligi Orgiitii Test Kilavuzu 407 (2008)'e gore, 12 sigan (6 erkek ve 6 disi) rastgele bir sekilde 3 gruba
ayrilmistir. Subakut toksisite icin sinir testi yapildiktan sonra doza karar verilmistir. VA (1000 mg/kg/giin) uygulama grubuna 2 hafta boyunca oral
yoldan uygulanirken kontrol grubuna esdeger hacimde tasiyici verilmistir. Tersinirligi degerlendirmek igin, uydu grubuna 2 hafta boyunca VA (1000
mg/kg/giin, p.o) uygulanmis ve hayvanlar tedaviden sonra 2 hafta daha gozlenmistir. Advers belirtiler, viicut agirigindaki degisiklik ve mortalite

galisma suresi boyunca degerlenmistir. On besinci ve 29. giinlerde, gerekli biyokimyasal ve hematolojik parametreleri degerlendirmek igin kan
alinmistir. Takiben hayvanlar tartilmis ve sldirtlmistir. ic organ agirliklari kaydedilmis, gros nekropsi ve histopatolojik galismalar yapilmistir.

Bulgular: Uydu grubunda hematolojik parametreleri artmis ve serum sodyum duzeyi uygulamadan sonra azalmistir. Uydu gruplarinda kontrol
grubuna kiyasla biyokimyasal parametrelerde baska bir dnemli degisiklik gordlmemistir. Ayrica, rélatif organ agirligi, gros nekropsi incelemeleri ve
i¢ organlarin histopatolojik yapisi 6nemli bir degisiklik géstermemistir.
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Sonug: Hematolojik ve biyokimyasal degerlendirmeler, gros nekropsi ve histopatolojik ¢alismalardan da gorildugu tGzere, VA l6kopoez, eritropoez
ve i¢ viicut organlari Uzerinde olumsuz bir etki gdstermemistir. Serum sodyum diizeyindeki dusts majér bir toksik etki olarak degerlendirilmemistir

Anahtar kelimeler: Subakut toksisite, vanilik asit, polifenol, glivenlik

INTRODUCTION

Vanillic acid (VA) (4-hydroxy-3-methoxybenzoic acid) is a
frequently utilized flavoring agent and an oxidized form of vanillin.
It is an intermediary by-product formed during transformation
of ferulic acid to vanillin? It is present in large amounts in
the roots of Angelica sinensis?® fruits of Euterpe oleracea,*
wine, and vinegar® and has been used in Chinese medicine
for decades.® It was investigated for diverse pharmacological
actions in experimental animals and proved to have antidiabetic
activity,”® an anti-inflammatory effect,’® a strong antioxidant
effect"? cardioprotectivity,*'> thermal tolerance® and
inhibitory effects on Neuro-2A cells.” In addition, it ameliorates
glomerulonephritis,® has a cognitive effect in diabetic mice,”
and its presence was reported in cerebrospinal fluid.?° It was
reported to inhibit carbonic anhydrase isozyme IlI?" and snake
venom 5'-nucleotides.?? It controls transgene expression in
mammalian cells and mice.?® It showed a protective effect on
ulcerative colitis?* and liver toxicity? and has a proved analeptic
effect.?® Furthermore, it acts as an antifilarial agent?” and
respiratory stimulant.?®

In the mid 20™ century, clinical studies were conducted on
excretion of VA in urine. In one study, VA was reported as a
metabolic product of 4-hydroxy-3-methoxyphenylglycol and
4-hydroxy-3-methoxymandelic acid.® It was reported as a
metabolite of protocatechuic acid, which is stable at alkaline
pH of urine.*® In addition, excretory studies were reported in
healthy volunteers, patients with circulatory and liver disorders,
and smokers and nonsmokers and during stress "%

VA is supposed to be administered for long durations to treat
chronic disorders; therefore, assessment of its safety or the
risk of occurrence of toxic effects becomes crucial. Current
scientific research studies revealed undesirable effects of
various plant extracts and phytochemicals in rodents at
higher dosages, for instance neurotoxicity (Cannabis sativa,
Papaver somniferum, and Erythroxylum spp.), hepatotoxicity
(Cimicifuga racemosa, etc.), genotoxicity (thymol and carvacrol),
carcinogenicity (capsaicin, chili powder, safrole), cytotoxicity
(Withania somnifera, safrole-2’, 3'-oxide, etc.), nephrotoxicity
(aristolochic acid, turmeric, etc.), teratogenicity (pyrrolizidine
alkaloid monster, heliotrine), and gastrointestinal effects (red
pepper, fennel, etc.).3* Brown® discussed case studies of 12
dietary supplements and 21 herbs that give rise to a possible
risk of hepatic injuries in certain individuals. These reports
are alarming and compelling researchers to assess the safety
of phytochemicals in long-term use. Toxicological studies on
phytochemicals not only enrich the ethnopharmacology but
also augment the careful utilization of phytochemicals and
prevent undesirable effects, which seem to be a prime hurdle
for the long-term use of modern medications.* As per the
Organisation for Economic Co-operation and Development

(OECD) TG 407 (2008),*" subacute toxicity studies are usually
planned and performed after getting early details in acute toxicity
studies. It improves understanding of the probable untoward
effect on health likely to occur from continuous utilization of
medicines over a short period and is considered a foundation
for conducting subchronic and chronic toxicological studies.*®
Additionally, subacute toxicology studies in experimental
animals are thought to be a mandatory stage to start with for
clinical trials and thereafter marketing of drug molecules.®

Acute toxicity studies on VA are reported in the literature and
the LD50 value was reported as 5020 mg/kg i.p. in rats and
2691 mg/kg i.p. in mice.*%2 However, the currently available
scientific literature does not contain enough data on subacute
toxicity studies of VA. Hence, it was decided to perform a
subacute toxicity study to determine the toxic effect (if any)
of VA on physiological processes (such as erythropoiesis and
leukopoiesis) and vital internal organs in rodents.

MATERIALS AND METHODS

Chemicals

VA (HSN-29189900) was procured from Sigma (St. Louis, MO,
USA). Biochemical kits were purchased from Transasia Bio-
Medicals Ltd. and Lab-Care Diagnostics (India) Pvt Ltd. All
chemicals and biochemical kits were of analytical grade.

Experimental animals

Wistar albino rats of both sexes were procured from the National
Institute of Bioscience, Pune. They were kept in propylene
cages and room temperature of 22+1°C was maintained with
alternate light and dark cycles. All the rats were allowed to
eat high quality pelleted food and drink water ad libitum. The
Institutional Animal Ethics Committee of AIKTC's, School of
Pharmacy, Navi Mumbai, India approved all the experimental
protocols.

Limit test

As per the OECD TG 407 (2008),*" this test was carried out
by administrating one dose of VA (2000 mg/kg) to Wistar
rats to make a decision about the dose of the subacute
toxicity study. The animals were critically examined for any
morbidity as well as mortality.

Subacute toxicity

As per the OECD TG 407 (2008),%" 3 groups of rats were
prepared consisting of 12 rats (6 female and 6 male) in each.
The VA (1000 mg/kg/day) was orally administered for 2
weeks to the treatment group, whereas an identical volume of
vehicle was given to the control group. To check reversibility,
the satellite group was orally administered VA (1000 mg/
kg/day) for 2 weeks and then kept for a further 2 weeks
after treatment for observation. The toxic signs, body weight
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changes, water consumption, food intake, and mortality were
recorded on a weekly basis. On day 15 the rats in the control and
treatment groups were exposed to isoflurane for producing an
anesthetic effect and blood samples were collected in tubes
coated with ethylenediaminetetraacetic acid to determine the
complete blood count, which includes hemoglobin (HGB) count,
white blood cell (WBC) and red blood cell (RBC) count, etc.
For the other biochemical estimations nonheparinized blood
samples were collected. Thereafter, all rats were sacrificed
and their internal vital organs were dissected for measuring
organ weight and to carry out gross anatomical studies. All
isolated organs were stored in 10% buffered formaldehyde to
carry out histopathological examinations.

Statistical analysis

GraphPad InStat version 3.0 (GraphPad, San Diego, CA, USA)
was used to analyze the data. One-Way ANOVA was applied
followed by Dunnett's multiple range test. The results were
expressed as mean t+ standard deviation and p<0.05 was
considered statistically significant.

RESULTS

Limit test

No mortality or signs of toxic effects were observed; hence as
per the guideline of OECD 407 (2008), 1000 mg/kg dose was
selected for the subacute toxicity study.

Clinical examination, food and water consumption, and body
weight

The treatment and satellite groups did not show any signs of
toxicity or mortality within the study period. Usual increases
in body weights and food and water consumption were observed
in the treatment and satellite groups in comparison with the
rats in the control group.

Hematological evaluations

Tables 1 and 2 contain the findings of the hematological
evaluations. The treatment group showed normal rises in RBC
count, HGB, platelet (PLT) count, mean cell hemoglobin (MCH),
MCH concentration (MCHC), packed cell volume (PCV), and
mean corpuscular cell volume (MCV) in both sexes of Wistar
rats but significant increases in all hematological parameters
were recorded in the satellite group rats. In addition, the WBC
counts of rats in the treatment and satellite groups were within
the reference range and were insignificantly different compared
to those of the normal control group although the neutrophil
count was slightly increased in male rats in the treatment
group, which was reversed after 2 weeks in the satellite group
(Table 2). The eosinophil, monocyte, and lymphocyte counts in
the treated and satellite groups showed no remarkable change
in comparison with the rats in the normal control group.

Blood biochemistry

The findings of the clinical biochemistry analysis are shown
in Table 3. It involves estimation of lactate dehydrogenase
(LDH), total protein (TP), creatinine (CR), total bilirubin (TB),
direct bilirubin (DB), blood glucose (BG), serum glutamic-

oxaloacetic transaminase (SGOT), serum glutamine-pyruvic
transaminase (SGPT), albumin (ALB), electrolytes [potassium
(K), calcium (Ca), chloride (CD, and phosphate (P)], blood urea
nitrogen (BUN), alkaline phosphatase (ALP), and lipid profile
[triglycerides (TGs), total cholesterol (TC), and high density
lipoprotein (HDL)]. Application of VA to the treatment group
rats caused no shift in biochemical parameters in comparison
with the normal control rats except for statistically significant
decreased sodium levels in the male treatment group, which did
not recover in the satellite group to normal levels.

Relative organ weight, gross necropsy, and histopathological
findings

Table 4 shows the effect of VA on relative internal organ weight.
No significant variation was observed in relative organ weights
of the treatment and satellite groups in comparison with the
normal control group, although the liver weight of treated
rats (male) was high in comparison to that of normal control
rats, but it was reversed in the respective satellite group. Gross
anatomical examination of vital organs and/or systems of rats

Table 1. Effect of vanillic acid on hematological evaluations at the
end of the study

Gender & parameters Groups

Male Control VA! VA:

Hb (g %) 13.00+0.44  12.42+0.63  14.53+0.58*
RBC (x10°/mm?) 7.34+0.23 6.82+0.12 8.62+0.43*
WBC (x103/mm?) 11.88+3.74 11.3041.61 11.30+3.89
PLT (x105/mm?) 9.48+1.20 7.37£115 9.50+0.96
PCV (%) 33.86£1.29  29.40+5.06 46.71+£2.31*
MCV(fL) 46.06+0.56  50.50+117*  54.20+0.91*
MCH (pg) 17.61+0.23 18.93+0.79  16.80+0.38*
MCHC (g/dL) 38.33+0.42 37.93+197  31.08+0.65*
Female

HGB (g %) 12.35+0.80  12.46+0.58 14.25+0.52*
RBC (x10°/mm?) 6.89+0.40 6.79£0.27  7.90+0.38*
WBC (x103/mm?) 10.13£2.91 10.45+2.77  11.78+3.60
PLT (x105/mm?) 8.87+1.79 7.94+0.59 9.38+1.81
PCV (%) 32.73+£190  33.61+1.61 45.31+2.03*
MCV(fL) 4758+0.75  49.58+1.23* 57.38x1.17*
MCH (pg) 17.88+0.33  18.30+0.37  18.01+0.41
MCHC (g/dL) 37.66+£0.75  37.05+0.95 31.4+0.42*

Values are presented as mean + SD, * significantly different from control, p<0.05
VA!is a group of rats that received treatment of VA (1000 mg/kg p.o0.) for 2 weeks
and were then sacrificed

VA® is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks,
kept under observation for an additional 2 weeks without treatment, and then
sacrificed

VA: Vanillic acid, HGB: Hemoglobin, RBC: Red blood cell, WBC: White blood cell,
PLT: Platelet, PCV: Packed cell volume, MCV: Mean corpuscular cell volume, MCH:
Mean cell hemoglobin, MCHC: Mean cell haemoglobin concentration, SD: Standard
deviation
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in the treatment and satellite groups did not show any major
irregularities in comparison to normal control group rats.

Microscopically, normal histomorphological structures with
intact length of nerve fibers and normal cellular details were
observed in tissue sections of the sciatic nerve. Sections
of the brain showed intact supporting matrix and normal
histomorphological structures of neurons. Heart sections of
the treatment group revealed no changes in the structures
of cardiac muscle fiber, and cardiac fibers were found to be
organized in a compact and dense manner, having normal nuclei
and cell striation with intact length. Renal tissue slices revealed
no major structural alteration in renal tubules and glomeruli.
Liver tissue showed normal structures of hepatocytes,
central veins, and portal triads in intact hepatic parenchyma.
Hepatocytes had normal intact nuclei and cellular borders and
were arranged as cords. Histopathological sections did not
show any inflammatory or metabolic changes. Representative
sections of the histological studies are shown in Figure 1.

DISCUSSION

VAis aflavoring agentand foundto have diverse pharmacological
actions.”?® The safety of VA in future use may be a major
concern specifically to make a decision about the optimum
dose and to avoid untoward effects, but such information
is lacking in the present scientific literature. A subacute
toxicity study is preliminary to a chronic study.®”* In addition,
the results of the present study will not only enrich the
pharmacological profile of VA but also encourage evidence-
based pharmacotherapeutic use. In the light of these facts,
we conducted a subacute toxicity study. Initially, a limit test
was carried out, which helped us to make a decision about

the dose of VA for the subacute toxicity study by oral
administration of one dose of 2000 mg/kg. Rats showed no
signs of toxicity or mortality. Hence, it can be concluded that VA
(1000 mg/kg b.w.) could be safe for use in a subacute toxicity
study.

The study was designed by referring to OECD TG 407 (2008).%
All essential examinations were included in the study, such as
daily observation for toxic signs, mortality, measurement of
weights, water intake, food consumption, all hematological and
biochemical estimations within the blood, gross necropsy, and
histopathological studies of the vital internal organs. However,
we would like to declare that not all examination mentioned in
OECD TG 407 were included in the study (such as urine analysis,
estimation of T3, T4, TSH hormone, and cholinesterase).

Clinical observation for toxic signs, food and water consumption,
and body weight measurements helped us to monitor
progression from covert toxicity to overt signs. If the rat is
not in a state of well-being it will not consume enough food
or drink the necessary quantity of water. Therefore, clinical
observation, food and water intake, and body weights are the
indicators of general health and relative organ weight indicates
organ toxicity, which may be revealed by hypertrophy and/or
hyperplasia. Hence, these evaluations are pivotal in subacute
toxicity studies.”** Rats in the treatment and satellite groups
received VA (1000 mg/kg/day) orally for 2 weeks and they were
monitored daily during the dosing period for any mortality or
signs of toxicity like physiological activities (e.g., pilomotor
reflex, abnormal breathing pattern, pupil size, lacrimation),
abnormalities of the skin, mucous membranes, fur, and eyes,
and occurrence of secretions. Postural changes and reactions
to gait and handling were monitored along with the presence of

Table 2. Effect of vanillic acid on differential leukocyte count at the end of the study

Gender & parameters Group

Control VA! VA®
Male
WBC (x103/mm?) 11.88+3.74 11.3041.61 11.30+1.61
Neutrophil % 44.66+8.80 45.83+10.34 5912+7.88*
Eosinophil % 2.83+2.85 6.00+7.45 1.00+0.89
Lymphocyte % 51.00£9.71 47.50+15.78 39.00+6.95
Monocyte % 1.50+1.76 0.66+0.51 0.83+0.75
Female
WBC (x103/mm?®) 10.13+2.91 10.45£2.77 11.78+1.47
Neutrophil % 44.00£17.29 47.33£11.72 60.00+5.93
Eosinophil % 6.00+4.60 4.00+4.33 0.66+0.81
Lymphocyte % 49.33+21.22 48.00+14.79 38.66+5.35
Monocyte % 0.66+0.51 0.66+0.51 0.66+0.51

Values are presented as mean + SD, *significantly different from control, p<0.05

VA!is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks and were then sacrificed
VAs is a group of rats that received treatment of VA (1000 mg/kg p.0.) for 2 weeks, kept under observation for an additional 2 weeks without treatment, and then sacrificedVA:

Vanillic acid,
VA: Vanillic acid, SD: Standard deviation, WBC: White blood cell
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Table 3: Effect of vanillic acid on biochemical evaluations in wistar

rats

Gender & Group

parameters Control VA! VA®

Male

BG (mg/dL) 89.26+10.42  97.22+9.83 91.58+7.18
BUN (mg/dL) 20.24+1.94 2144+ 212 20.82+1.72
CR (mg/dL) 0.51+0.04 0.52+0.02 0.50+0.09
TP (g/dL) 6.48+0.76 7.21+0.42 718+0.41
ALB (g/dL) 4.97+0.23 517+0.22 5.02+0.21
TB (mg/dL) 0.21+0.03 0.23 +0.03 0.22+0.04
DB (mg/dL) 0.062+0.01 0.093+0.07 0.086+0.04
SGOT (U/L) 84.32+7.32 83.62+3.63 81.17+7.23
SGPT (U/D) 32.81+3.73 34.33+3.05 32.58+2M
ALP (U/D) 262.48+6.69  256.58+31.28  250.24+33.79
Ca (mg/dL) 11.21+0.78 1119+0.63 10.74+1.09

K (mEg/L) 7.54+1.89 7.41+0.46 8.08+1.18

Cl (mEq/L) 103.76+5.69 110.53+14.61 106.79+719
Na (mEq/L) 86.03+4.90 63.66+7.46* 58.33+10.24*
P (mg/dL) 5.93+1.87 5.38+0.69 519+0.62
LDH (U/L) 361.44+82.50 408.53+78.92  384.54+34.89
HDL (mg/dL) 20+3.53 20.41+3.68 21.25+4.67
CHL (mg/dL) 81.44+7.92 79.23+6.26 82.27+7.61
TG (mg/dL) 110.66+6.22  113.39+7.29 112.88+5.45
Gender & Group

Parameters Control VA VA*

Female

BG (mg/dL) 98.23+13.75 96.35+ 8.04 97.52+11.86
BUN (mg/dL) 22.07+11.67 20.16+4.61 2196 +2.28
CR (mg/dL) 0.49+0.10 0.50+0.07 0.52+0.05
TP (g/dL) 7.37+0.48 7.24+0.19 719+0.35
ALB (g/dL) 4.99+0.39 5.05+0.36 512+0.26
TB (mg/dL) 0.24+0.04 0.22+0.04 0.25+0.04
DB (mg/dL) 0.081+0.05 0.11+0.05 0.09+0.04
SGOT (U/L) 73.08+9.29 77.67+4.96 80.121+7.20
SGPT (U/L) 28.80+3.94 30.26+3.77 32.58+3.05
ALP (U/L) 152.77+12.80  156.4+10.98 150.50+18.81
Ca (mg/dL) 11.38+1.02 1115+1.06 10.99+1.01

K (mEgq/L) 8.75+0.85 7.95+0.78 7.62+1.64

Cl (mEq/L) 106.77+7.27 107.5+6.62 110.60+9.49
Na (mEg/L) 82.33+15.46  T71.79+9.86 70.17+5.85

P (mg/dL) 6.11+0.73 6.28+0.95 6.27+1.19
LDH (U/L) 47390+117.43  424.96+11.68 397.71+29.38
HDL (mg/dL) 21.66+4.37 20+3.53 21.25+4.67
CHL (mg/dL) 87.96+4.14 85.83+6.58 86.73+5.66
TG (mg/dL) 108.37+8.08  106.12+5.54 105.27+4.53

Values are presented as mean + SD. *significantly different from control, p<0.05
VA'is a group of rats which received treatment of VA (1000 mg/kg p.o) for 2 weeks
and then sacrificed, VA® is a group of rats which received treatment of VA (1000
mg/kg p.o) for 2 weeks; kept under observation for an additional 2 weeks without
treatment and then sacrificed

BG: Blood glucose, BUN: Blood urea nitrogen, CR: Creatinine,TP: Total protein,
ALB: Albumin, TB: Total bilirubin, DB: Direct bilirubin, SGOT: Serum glutamic-
oxaloacetic transaminase, SGPT: Serum glutamine-pyruvic transaminase, ALP:
Alkaline phosphatase, Ca: Calcium, K: Potassium, Cl: Chloride, Na: Sodium, P:
Phosphate, LDH: Lactate dehydrogenase, HDL: High density lipoprotein, TG:
Triglycerides

activities (e.g., immoderate grooming, continuous circling) or
strange actions and clonic/tonic movements.® The treatment
and satellite groups did not show any signs of toxicity or
mortality within the course of the study period in comparison
with the normal control group. In addition, the treatment and
satellite groups showed a normal increment in body weight,
water consumption, and food intake. Table 4 shows the effect of
VA on relative internal organ weight. The liver weight of treated
rats (male) was high in comparison to the normal control rats,
but it was reversed in the respective satellite group. Increase
in liver weight was considered an adaptive and nonadverse
reaction.“® Other internal organs in the treatment group did not
manifest any remarkable impact on internal organ weight.

Biochemical estimations in the blood and hematological
evaluations are important indicators in finding out the
mechanism of toxic effects?* and the parameters were
selected not only to detect target organ toxicity but also
to detect pretoxic changes that might predict impending
toxicity.®®“ The results are shown in Tables 1-3. The RBC, PCV,
HGB, MCH, MCV, MCHC, and PLT counts of male and female rats
in the treatment group did not reveal any remarkable increase
when compared with the normal control group. Significant
increases in all the hematological parameters were observed
in rats in the satellite group, which were within the reference
range, and this cannot be regarded as an undesirable effect
of VAS® This can be justified by considering the contrasting
situation of the decline in the RBC and HGB counts and other
hematological evaluations, which confirmed anemic condition
and untoward impact on functioning of erythropoietic stem
cells. In addition, the WBC counts of rats in the treatment and
satellite groups were within the reference range and had no
remarkable difference when compared with the normal control
group, although the neutrophil count was slightly increased
in the satellite group in both sexes. This, however, cannot be
considered a consequence of infection and inflammation. The
eosinophil, monocyte, and lymphocyte counts in the treatment
and satellite groups showed no remarkable changes when
compared with the normal control group. Therefore, it might be
concluded that VA is nontoxic and did not alter the function or
efficacy of myeloid tissue.
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Table 3 shows the effect of VA on biochemical evaluations. The
plasma levels of TP, CR, TB, BG, ALB, electrolytes (K, Ca, Cl, P),
BUN, ALP, and lipid profile (TG, TC, and HDL) were unaltered.
However, some of the biochemical parameters showed
nonsignificant alterations in male and female rats, which
included DB, SGOT, SGPT, and Na levels. DB, SGOT, SGPT, and
ALB levels are important indicators of liver function.” In male
treated and satellite group rats, an insignificant high level of
DB was observed in comparison with the respective control
group; even so no major alteration was reported in other liver
function tests (SGOT and SGPT). In female rats, DB level
was nonsignificantly increased among the treated rats, but
reversed within the satellite group with slightly increased
SGPT and SGOT levels in the treatment and satellite groups.
All the alterations were nonsignificant and not in coordination
with the macroscopic and histopathological findings in the liver
(Figure 1), conducted to correlate the biochemical findings of
the liver. 34 Furthermore, albumin levels were not significantly
altered in female and male rats. On the basis of these findings,
it can be concluded that VA does not have any subacute toxic
effect on the liver.

The effect of VA on renal function was assessed by estimation
of BUN, CR, TP, and LDH levels.>*>* No statistically remarkable

Table 4. Effect of vanillic acid on relative organ weights of Wistar
rats

Organ weight (g % body weight)

Treatment group

Organs Control VA! VA®

Male

Lung 0.47+0.01 0.46+0.01 0.48+0.01
Heart 0.37+0.01 0.39+0.05 0.38+0.01
Liver 3.71+x0.04 3.76+0.05* 3.69+0.01
Spleen 0.37+0.01 0.37+0.01 0.38+0.01
Kidney 0.47+0.001 0.45+0.02 0.48+0.001
Testis 0.63+0.02 0.61+0.03 0.60+0.03
Adrenal 0.017+0.001 0.016+0.001 0.016+0.001
Female

Lung 0.49+0.001 0.48+0.004 0.49+0.01
Heart 0.31+0.02 0.26+0.05 0.28+0.01
Liver 2.92+0.11 2.78+0.23 2.82+017
Spleen 0.25+0.01 0.23+0.02 0.22+0.02
Kidney 0.46+0.07 0.39+0.03 0.39+0.06
Ovary 0.11+0.01 0.09+0.005 0.091+0.01
Adrenal 0.016+0.001 0.014+0.001 0.016+0.001

Values are presented as mean + SD. *significantly different from control, p<0.05

VA'is a group of rats that received treatment of VA (1000 mg/kg p.o.) for 2 weeks
and were then sacrificed, VA® is a group of rats that received treatment of VA (1000
mg/kg p.o.) for 2 weeks, kept under observation for an additional 2 weeks without
treatment, and then sacrificed

SD: Standard deviation, VA: Vanillic acid

change was recorded in the renal functional parameters of male
and female rats in the treatment and satellite groups. The above
evaluations showed that oral administration of VA may not alter
the renal function, which is in concurrence with normal renal
macroscopic and histopathological findings (Figure 1) of female
and male rats in the satellite and treatment groups.

Electrolytes (K, Na, P, and Ca) in serum were evaluated during
subacute toxicity studies.*** In our study, P, K, and Ca evaluation
did not show any statistically remarkable change within the
treatment and satellite groups in comparison with the normal
control group. Although a significant decline in Na level was
observed in male rats in the treatment and satellite groups, a
statistically insignificant high level was reported in female rats
in the treatment group in comparison with the normal control
group. Based on the available knowledge of electrolyte balance,
we can propose the probable mechanism behind reduced
serum Na level. Firstly, it could be increased urinary loss and
high cellular uptake.>® Secondly, the process may be mediated
by antidiuretic hormone and atrial natriuretic peptide.>®
However, this might not be viewed as a serious unsafe
effect because a Na level below 20 mEg/L can only indicate Na
leakage from damaged renal tubules or hypovolemia® or this
effect can be recognized as a side effect as in the case of all
classes of antidepressant drugs.>® Repeated administration of

Tissues Control VA' VA®

Hippocampus

Heart

Liver

Kidney

Pancreas

AL

IR

P

Sciatic nerve RS g

Figure 1. Effect of vanillic acid on the histomorphology of the vital organs
of the rat
VA: Vanillic acid
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VA does not affect the lipid profile of male and female rats.
Thus, it is apparent that oral dosing of VA does not influence the
electrolyte balance or the process of lipid metabolism.

Gross necropsy and histopathological studies represent the
cornerstone within the process of safety evaluation before
trials in human patients, essential to find out any relationship
and relevance of treatment-related findings.**** In our study,
the toxic effect on internal vital organs (i.e. brain, heart, liver,
kidney, and sciatic nerve) was evaluated by gross necropsy
and histopathological studies (Figure 1), which revealed no
abnormality in any vital major organs. Thus, the result indicates
that the VA is reasonably safe at the selected subacute dose.

CONCLUSION

VA is a polyphenol with diverse pharmacological actions, but
no information on subacute toxicity studies is available in the
current literature. To enrich its pharmacological profile and
encourage its evidence-based pharmacotherapeutic use, a
subacute toxicity study was conducted using experimental rats.
To summarize, no mortality or clinical toxic signs were recorded
during the study period; normal rises in body and internal
organ weight were observed. The processes of leukopoiesis,
erythropoiesis, and physiology of internal organs were not
changed and no structural deformities were detected in the
gross necropsy or histopathological studies of vital internal
organs. The serum Na level was decreased in male Wistar rats
with no major changes in levels of the other electrolytes, and
this cannot be categorized as a major toxic effect. Hence, it can
be concluded that the VA is safe in experimental rats during
subacute toxicity studies. Further subchronic and chronic
toxicological research is needed to investigate the safety
characteristics of VA.
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ABSTRACT N

Objectives: Osteoporosis is a condition characterized by skeletal degradation of osseous tissue resulting in an escalated chance of broken bones.
Traditionally, Rusa unicolor horn from East Kalimantan is used to treat many diseases, including conditions associated with bone turnover. The aim
of the present research was to analyze the effects of 70% ethanol and aqueous extracts of R. unicolor antler’s horn from East Kalimantan on nitric
oxide inhibition, osteoblast differentiation, and mineralization related to bone turnover.

Materials and Methods: Nitric oxide inhibition of the extracts in lipopolysaccharide-stimulated RAW 264.7 macrophages was evaluated by Griess
reagent, while the effects of extracts on osteoblast differentiations were measured by alkaline phosphatase in p-nitrophenyl phosphate. Their
effects on mineralization was determined using alizarin red staining.

Results: The 70% ethanol and aqueous extracts inhibited cell inflammation (40% and 80%, respectively) and stimulated osteoblast differentiation
(65% and 52%, respectively). In the mineralization test, the aqueous extract showed an effect two times higher than that of 70% ethanol extract.
Conclusion: The extracts can effectively degrade inflammatory marker expression and preserve osteoblast functions.

Key words: Rusa unicolor, antler, alkaline phosphatase, mineralization, nitric oxide inhibition

O |

Amag: Osteoporoz artmis kemik kirilmalariyla sonuglanan kemik dokusundaki iskelet degredasyonu ile karakterize bir durumdur. Geleneksel olarak,
Dogu Kalimantan'dan Rusa unicolor boynuzu kemik dénlistmu dahil, birgok hastaligin tedavisinde kullanilir. Bu galismanin amaci Dogu Kalimantan
R. unicolor geyigi boynuzunun %70’lik etanol ve sulu ekstrelerinin nitrik oksit inhibisyonu, osteoblast farklilasmasi ve kemik dénusumuyle iliskili
minerilizasyon tzerine etkilerinin arastirilmasidir.

Gereg ve Yontemler: Ekstratlarin lipopolisakkarit ile stimlle edilen RAW 264,7 makrofajlarinda nitrik oksit inhibisyonu Griess belirteciyle
degerlendirilirken, ekstrelerin osteoblast farklilasmasi Uzerine etkileri p-nitrofenil fosfatta alkalin fosfataz &lgulerek belirlenmistir. Mineralizasyon
Uzerine etkileri ise, alizarin kirmizisi kullanilarak belirlenmistir.

Bulgular: %70’lik etanol ve sulu ekstrelerinin hiicre enflamasyonunu inhibe ettigi (sirasiyla %40 ve %80) ve osteoblast farklilasmasini stimiile ettigi
(sirasiyla %65 ve %52) belirlenmistir. Minerilazasyon testinde, sulu ekstre etanol ekstresine gore iki kat daha ytksek etki gostermistir.

Sonug: Ekstrelerin etkin bir sekilde enflamasyon belirteci ekspresyonun degrede etmis ve osteoblast islevlerini korumaktadir.

Anahtar kelimeler: Rusa unicolor, geyik, alkalin fosfataz, minerilizasyon, nitrik oksit inhibisyonu
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INTRODUCTION

Osteoporosis is a bone condition characterized by skeletal
degradation of osseous tissue leading to an increased chance
of broken bones! It is a condition of old age and supposed to
increase with rising age and lifespan. At present, more than
200 million people worldwide are estimated to suffer from
osteoporosis.? The latest statistical data from the International
Osteoporosis Foundation showed that one in three women
above 50 years old and one in five men shall suffer osteoporosis
for the rest of their lives.® Indonesia also has the same problem,
whereas the number of osteoporosis sufferers is higher than
the latest data (5>19.7%). In Indonesia, the number of old people
is supposed to increase by 14% in 1990-2025, while menopausal
women in 2000 contributed to an increase of 15.5 million to 24
million in 2015.4

For thousands of years, natural plants and animal resources
have played a vital role in the development of pharmaceutical
drugs and food supplements for the treatment and prevention
of diseases.® One of such resources with great medicinal
value is the antler of the deer belonging to the family Cervidae.
It is an efficient traditional medicine for strengthening
bones and tendons. Researchers assume that the lack of
glycosaminoglycans caused disproportion between cartilage
erosion and regeneration in osteoarthritis sufferers. These
substances have an essential role in cartilage’s structural
integrity. Glycosaminoglycan is isolated from four parts of the
antler of deer (Cervus elaphus), namely the tip, upper part, middle,
and base, through cellulose acetate electrophoresis, enzymatic
digestion, and chromatography. Chondroitin sulfate, which
contains 88% uronic acid, is the principal glycosaminoglycan.
Apart from chondroitin sulfate, deer antler also contains
hyaluronic acid, dermatan sulfate, and keratan sulfate in small
quantities.® Several researches also report that deer antler can
reduce or even eradicate symptoms related to osteoarthritis.

For decades, Chinese people have traditionally used deer
antler extract to strengthen bones, enhance virility, feed blood,
supplement vitality, and enhance male and female sexual
organs.” A good number of products analogous to deer antler
show great potency on illnesses related to aging, infection,
and immune dysfunction. However, the active constituents
responsible for this mechanism are unclear.®™ According to
some preclinical studies, deer antler products are able to reduce
animals osteoporosis.!™ Lee et al!” showed that facilitation
of osteoblast proliferation and mineralization are some of the
principal mechanisms of the effects of deer antler products.
Furthermore, Choi et al' reported inhibition of osteoclast
differentiation by deer antlers. Protein, calcium, lipids, ash,
collagen, proteoglycan, testosterone, cholesterol, estradiol,
glutamic acid, insulin-like growth factor 1, iron, aspartic acid,
and glycine are some of the constituents contained in antler.”®?°

In the present study, we evaluated 70% ethanol and aqueous
extract of Rusa unicolor antler from East Kalimantan Indonesia
toward the effect of osteoblast differentiation, mineralization,
and expression of inflammatory markers by measuring alkaline
phosphatase (ALP), alizarin red staining (ARS), and nitric oxide
(NO) inhibition values, respectively.

MATERIALS AND METHODS

Cell culture and reagents

Chemicals such as an acid phosphatase leukocyte kit and ALP
colorimetric assay kit were obtained from Sigma-Aldrich Co.
(St Louis, MO, USA). Cell culture substances and solvents were
bought from Thermo Fisher Scientific (Waltham, MA, USA) and
were analytical grade (J.T. Baker, USA). Macrophages (RAW
264.7) and osteoblast cells (7F2) were obtained from the Food
Industry Research and Development Institute, Taiwan, and
refined in Dulbecco’s Modified Eagle's Medium (DMEM). They
were further strengthened with 10% v/v fetal bovine serum
(FBS), 100 units/mL penicillin, and 100 pg/mL streptomycin.
Cells were refined in an incubator with 5% CO, at 37°C.

Antler materials

Deer antler of R. unicolor was collected in the middle of March
2017 in UPTD (Technical Implementation Service Unit) of East
Kalimantan, Indonesia, and voucher specimens were deposited
at the UPTD of East Kalimantan, Indonesia.

R. unicolor antler extraction

R. unicolor antler was obtained from UPTD of East Kalimantan,
Indonesia. It was powdered (991 g) and extracted with 70%
ethanol-aqueous (2.0 Lx3) using maceration. The 70% ethanol
solution was concentrated using a rotary evaporator to obtain
70% ethanol extract (Et-TL, 35.0 g). In addition, the deer antler
(430 g) was extracted with 100% water (1.0 Lx3) by applying
continuous percolation. The aqueous solution was freeze dried
to obtain aqueous extract (A-TL, 6.1 g).

Cell viability assay

The RAW 264.7 macrophages were cultured at a density of 5x10*
macrophages/well in 96-well plates using DMEM consisting of
10% FBS, 100 units/mL penicillin, and 100 pg/mL streptomycin
for macrophage growth studies. After 24 h, the samples (Et-
TL and A-TL extracts of R. unicolor antler) were incubated
at 10, 50, and 100 pg/mL for another 24 h. Afterwards, the
medium was discarded and the macrophages were incubated
with 200 pL of 3-(4,5-dimethylthiazol-2-yD)- and 100 pL of
2,5-diphenyltetrazolium bromide (MTT) reagents (100 ug/mL) for
4 h. Then 100 pL of dimethyl sulfoxide was added to disperse the
formazan crystals. The absorbance was determined at 570 nm
using an enzyme-linked immunosorbent assay (ELISA) reader.
All treatments were carried out in triplicate and expressed in
% macrophage viability of unprocessed control macrophages.
A similar method was carried out on 7F2 osteoblast-like cells
at 10* cells/well in DMEM containing 10% FBS, 100 units/mL
penicillin, and 100 pg/mL streptomycin.?

Nitrite measurement

The 5x10° cells/well of RAW 264.7 macrophages were seed
in 24-well plates and incubated with DMEM containing 10%
FBS, 100 unit/mL penicillin, and 100 pg/mL streptomycin
for 24 h. The macrophages were activated with 500 ng/mL
lipopolysaccharide (LPS) and evaluated with samples (Et-TL
and A-TL extracts) at 10-100 pg/mL for 1 day. The emitted NO
was estimated by weighing the nitrite concentration. Then 100
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pL of samples were added with 100 pL of Griess reagent to 96-
well plates for 15 min at room temperature. An ELISA reader
was used to measure the absorbance at 550 nm. Furthermore,
curves of standard calibration were processed using NaNO, to
evaluate nitrite expression of macrophages with sensitivity and
linear range values of 2.5 uyM and 20-100 uM, respectively.?!

Differentiation of alkaline phosphatase activity

The 10“ cells/well of 7TF2 osteoblast cells were plated in 24-well
plates using DMEM containing 10% FBS, 50 pg/mL ascorbic
acid, and 5 mM f-glycerol phosphate (3-GP) with or without
10-100 pg/mL Et-TL and A-TL extracts for 4 days of incubation
(37°C in a 5% CO, atmosphere). Phosphate buffer saline
(PBS) was used to wash the extracted supernatants. After
that, a percentage of v/v triton solution was added, followed
by incubation for 10 min at 37°C. For the ALP assay, the cell
lysates were added with 200 pL of p-nitrophenyl phosphate
and di-ethanolamine buffer to each well for 30 min at room
temperature. Then 50 pL/well NaOH solution was added to end
the reaction, while an ELISA reader at 405 nm was used to
evaluate the absorbance.?!

Mineralization of the extracellular matrix

One milliliter of DMEM comprising 5 mM B-GP, 50 pg/mL
ascorbic acid (2GF medium), and 10% FBS was used to seed
104 cells/well of 7TF2 osteoblast cells for 7 days in an incubator;
10-100 pg/mL of Et-TL and A-TL extracts were also added to
the growth medium. After 7 days, PBS and 75% v/v ethanol
were used to wash the samples and they were dried at room
temperature. The cells were dyed with 200 pL of 1% ARS for 1
h. A Nikon TI-E microscope and SPOT RT3 camera were used
to record images of the cell morphology. Each well received
10% w/v cetylpyridinium chloride (400 pL) and was rocked for
10 min in order to disperse the calcium. The absorbance was
finally evaluated at 560 nm using an ELISA reader.”!

Statistical analysis

The experiments were carried out for three more consecutive
times with similar sample. They are presented as mean %
standard deviations. The paired t-test was used for the data
analysis. The differences were significant at p<0.05.

RESULTS

The effect of antler extract on cell viability and nitric oxide
production

In the present research, the effects of Et-TL and A-TL extracts
against inflammation associated with bone turnover were
analyzed. Several researchers have reported the bioactivity
impacts of deer bones and antlers from various nations, but
there is no information on the pharmacological activity of deer
antlers originating from Indonesia (R. unicolor).”??-%*

Cytotoxic test samples (Et-TL and A-TL extracts) at different
concentrations were incubated with RAW 264.7 macrophages
for 1 day and were evaluated using the MTT method. Then
the data were represented as the average cell viability. The
A-TL extract did not show cytotoxicity compared to Et-TL

extracts (Figure 1), while the macrophage viability in Et-TL
extracts (50 and 100 pg/mL) decreased significantly. Thus, the
aqueous extract was not toxic toward the macrophages at the
concentration series of 10-100 ug/mL and was able to increase
the cellular permeation of constituents therein.

The anti-inflammatory test of samples in RAW 264.7
macrophages stimulated by LPS was conducted by monitoring
the NO inhibition. The Griess reagent was used to evaluate the
nitrite value directly related to the amount of NO production
in RAW 264.7 macrophages. These macrophages were treated
with samples, after which the NO produced in the LPS-
stimulated RAW 264.7 macrophages deteriorated significantly
(Figure 2). The Et-TL extract prevented NO production up to
40% in 10 pg/mL. Similarly, A-TL extract reduced it up to 80%
in the same concentration. LPS (500 ng/mL) in macrophages
was not used as a control group because it had a total nitrite
value of 100%.

The effect on ALP stimulation of 7F2 osteoblasts of 70% ethanol
and aqueous extracts of deer antler

The effect of samples (Et-TL and A-TL extracts) on 7F2
osteoblastic cell line proliferation was determined by MTT test.
The viability of cells in Et-TL extract decreased significantly (50
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Figure 1. The effects of samples at 10, 50, and 100 pg/mL on RAW 264.7
macrophage viability; C was the control medium without samples, Et-TL
was 70% ethanol extract, A-TL was aqueous extract. Data are shown as the
average of % cell viability to control for 24 h + standard deviation
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Figure 2. The effects of samples at 10 pg/mL on NO production in LPS (500
ng/mL)-induced RAW 264.7 macrophages for 24 h; C-LPS was control of
LPS, C was cells of the control group were not induced with LPS, Et-TL was
70% ethanol extract, A-TL was aqueous extract. The total nitrite produced
by the cells of the LPS group is revealed as 100%. Results are shown as %
of average + standard deviation. *p<0.05 with respect to control

NO: Nitric oxide LPS: Lipopolysaccharide
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and 100 pg/mL), but the value was more than 100%. It showed
that a high concentration of Et-TL extract was not toxic even
though the cell proliferation value decreased. On the other hand,
cell viability of A-TL extract increased significantly (Figure
3). As a result, all deer antler extracts decreased cytotoxicity
and raised cellular uptake. Then the ALP and mineralization
experiments continued.

The ALP stimulated 7F2 osteoblast cells using Et-TL and A-TL
extracts of deer antler were incubated for 4 days. The effects of
test samples on the ALP assay increased in the 7F2 osteoblasts
as opposed to the 2GF group. After 4 days, the A-TL and Et-TL
extracts stimulated ALP activity to 65% and 52%, respectively
(Figure 4).

The effect on mineralization of 7FZ2 osteoblasts of 70% ethanol
and aqueous extracts of deer antler

The 7TF2 osteoblast cells were cultured in 2GF medium to prompt
osteoblast differentiation and mineralization. After 7 days of
incubation, the effects of Et-TL and A-TL extracts of deer antler
on osteoblast mineralization were examined using ARS, which
determined the calcium content in the bone matrix. The Et-TL
extract displayed stimulation of cell differentiation (Figure 4)
and after 7 days this extract stimulated mineralization. The
A-TL extract displayed better stimulation mineralization than
70% ethanol extract of deer antler (Figure 5).

The stains on ARS represented mineral deposits and were
quantified by cetylpyridinium chloride extraction. The treated
TF2 osteoblast cells increased the ARS accumulation compared
to the 2GF group. Photographs were used to represent the
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Figure 3. The effects of samples at 10, 50, and 100 pg/mL on 7F2 cell
viability; C was medium without sample, Et-TL was 70% ethanol extract,
A-TL was aqueous extract. Data are shown as the average of % cell viability
compared to control for 24 h + standard deviation
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Figure 4. The effects of samples at 10, 50, and 100 ug/mL on osteoblast
differentiation (ALP) during 4 days of incubation; Et-TL was 70% ethanol
extract, A-TL was aqueous extract. The 7F2 osteoblast cells were cultured
in 2GF medium to produce osteoblast differentiation. Results are shown as
% with average + standard deviation. *p<0.05 with respect to 2GF

ALP: Alkaline phosphatase

mineralization process of osteoblast cells under a bright field.
Mineralized nodule formation (red) was high in 7F2 osteoblast
cells treated with Et-TL and A-TL extracts on day 7 under
microscope observation (Figure 6). Identical patterns were also
observed in ALP activity.

DISCUSSION

Bonemetabolismisalifelongprocessthatoccursbecause mature
bone tissue is lost (osteoclast activity) and new bone tissue
is formed (osteoblast activity). Osteoclasts are multinucleated
cells and involve nuclear factor kappa-B ligand (RANKL) as a
stimulus of receptors and generated by macrophage precursor
cells. The RAW 264.7 macrophages have a necessary role in
the process of osteoclast formation and function.?® Osteoclast
function can be impaired due to degeneration of articular
cartilage and synovial inflammation involving tumor necrosis
factor-a, chemokines, and a number of inflammatory cytokines
and interleukins (IL) such as IL-1B, IL-6, IL-11, and IL-17. They
cause bone loss by reducing osteoprotegerin (OPG) production
and stimulating RANKL expression in osteoblasts and stromal
cells. The NO inhibition of RAW 264.7 macrophages showed a

*
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Figure 5. The effects of samples at 10, 50, and 100 pug/mL on quantification
mineralization assay during 7 days of incubation; Et-TL was 70%
ethanol extract, A-TL was aqueous extract. ARS dye was measured by
cetylpyridinium chloride extraction. The results are shown as % with
average + standard deviation. *p<0.05 with respect to 2GF
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Figure 6. Histochemical staining of mineral deposition of samples at 10,
50, and 100 pg/mL; Et-TL was 70% ethanol extract, A-TL was aqueous
extract. They were visualized using ARS staining (100x magnification). Red
staining represents mineral deposition

ARS: Alizarin red staining
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decrease in cytokine inflammation, thus preventing bone loss
by escalating RANKL and OPG levels.?

NO inhibition through the p38, JNK, and NF-kB signaling
pathways’ retardation is associated with inflammatory
response inhibition and osteoclastogenesis suppression.
Yeh et al.?' showed that Cur liposomes, as samples, inhibited
NO production in RAW 264.7 macrophages and prevented
osteoclast differentiation by increasing the OPG/RANKL ratio
and decreasing cathepsin K regulation and tartrate-resistant
acid phosphatase expression. The high NO inhibition and
OPG/RANKL ratio lead to a reduction in osteoclast activation
and a rise in the number of osteoblasts, so that the effect of
osteoporosis can be reduced.

In the present study, we evaluated the NO production of 70%
ethanol and aqueous extracts in LPS-stimulated RAW 264.7
macrophages. LPS markedly stimulated NO production in these
macrophages compared to in the control group. The 70% ethanol
extract of deer antler showed a higher reaction rate in lowering
LPS-stimulated RAW 264.7 than that of aqueous extract (Figure
2). Neither of them had any cytotoxic effect on RAW 264.7
macrophages (Figure 1). According to Choi et al.?® the ability of
the methanol fraction from deer bone in reducing NO production
was the result of decreased regulation and expression of
mRNA from pro-inflammatory agents, such as IL-1p, IL-123,
and cyclooxygenase. The methanol fraction containing sugar
played an essential part in lowering reactions of inflammatory
by managing agents and pro-inflammatory cytokines. Pro-
inflammatory cytokine production in large quantities can
be found in several conditions, such as arthritis, rheumatoid
arthritis, osteoarthritis, osteoporosis, and cancer.?’?8

The osteoblast phenotype for bone mineralization is obtained
in two phases. In the first phase the mature contents and
characteristic protein related to the bone cell phenotype such
as ALP are detected and in the second phase the contents are
mineralized by calcium deposition. A spongy bone layer is
formed around the original cartilage and the space between the
spongy bones is loaded with bone content and becomes solid
bone.

Deer antler is able to stimulate osteoblast proliferation
and protein contents in bone such as collagen type 1 and
bone sialoprotein and so the antler can trigger osteoblast
differentiation through mineralized nodule formation. As
expected, the 70% ethanol and aqueous extracts of deer antler
increased ALP activity constantly (Figure 4). The result is
similar to that in the research reported by Lee et al.”” in which
cells plated in media with aqueous extract had more ALP
activity than the 70% ethanol extract. Deer antler significantly
increased osteoblast proliferation until 119% of the basic value,
stimulated expression of mRNA and ALP activity in the range of
50-100 pg/mL, and increased type 1 collagen mRNA expression
and mineralization to be more than 183%."

Interestingly, ALP has been proven to be an enzyme that plays
an essential role in the mineralization process. Human bone
abnormalities and hypophosphatasia can occur due to the
absence of expression of ALP bone form?>® and described by a

lack of bone mineral deposition (rickets). ALP is important for
mineralization but its purpose has not yet been fully clarified.
We continued to evaluate the effect of 70% ethanol and aqueous
extracts of deer antler on mineralization activity (Figure 5).

The new bone tissue formed will be implicated in the mechanism
of osteoblast proliferation, osteoblast differentiation, and
mineralization. The 7F2 osteoblast cells started differentiating
on day 4. The ALP assay is displayed as an initial term marker
of differentiated cells. Then the mineralization of 7F2 osteoblast
cells produced by ARS was monitored. Figure 6 shows that the
extracts stimulated the mineralization of 7F2 osteoblast cells.
The stimulation of aqueous extract at 100 ug/mL was two times
higher than that of 70% ethanol extract. This difference may
be as a result of a reduction in deer antler extract toxicity or
chemical constituents in both extracts.

CONCLUSION

The 70% ethanol and aqueous extracts of R. unicolor antler from
Kalimantan had a role in bone remodeling. The aqueous extract
stimulated higher bone differentiation and mineralization than
the 70% ethanol extract with an ALP value of 65% and twice the
ARS value. However, the 70% ethanol extract displayed higher
NO inhibition activity than aqueous extract with an inhibition
value of 40%. Therefore, the extracts can be considered
to effectively degrade inflammatory marker expression in
osteoblasts and preserve osteoblast functions.
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ABSTRACT N

Objectives: The superior properties of nickel oxide-nanoparticles (NiO-NPs) have led to their wide use in various fields. However, there is little
comprehensive knowledge about their toxicity, especially after oral exposure. The toxic effect of NiO-NPs of mean size 15.0 nm was investigated in
Caco-2 (human intestinal epithelial) cells as no study has been performed on their intestinal toxicity.

Materials and Methods: Following identification of their particle size distribution and cellular uptake potential, the risk of exposure to NiO-NPs was
evaluated by cellular morphologic changes, cyto- and genotoxic potentials, oxidative damage, and apoptotic induction.

Results: NiO-NPs induced a 50% reduction in cell viability at 351.6 pg/mL and caused DNA damage and oxidative damage at 30-150 pg/mL. It
appears that apoptosis might be a main cell death mechanism in NiO-NP-exposed intestinal cells.

Conclusion: NiO-NPs might be hazardous to the gastrointestinal system. The results should raise concerns about using NiO-NPs in food-contact
appliances and about NiO-NP-containing wastes. Further in vivo and in vitro research should be conducted to explain the specific toxicity mechanism
of these particles and reduce their risk to humans.

Key words: Nickel oxide nanoparticles, intestinal cells, genotoxicity, oxidative stress, apoptosis

(OZ |

Amag: Nikel oksit-nanopartikdlleri (NiO-NP), tstin 6zellikleri nedeniyle farkli alanlarda genis kullanima sahiptir. Ancak, 6zellikle oral maruziyete
NiO-NP'nin toksisiteleri hakkindaki yeterli bilgi bulunmamaktadir. NiO-NP'nin intestinal sistem tizerine toksik etkisi ile ilgili herhangi bir galisma
bulunmadigindan, bu galismada NiO-NP'nin (ortalama boyut 15,0 nm) Caco-2 (insan intestinal epiteli) hiicreleri Gizerine toksisitesi arastirilmistir.
Gereg ve Yéntemler: Partikiil boyutu dagilimi ve hiicresel alim potansiyelleri belirlendikten sonar, NiO-NP'ne maruziyerin riski hiicresel morfolojik
degisiklikler, sito- ve genotoksik etkiler, oksidatif hasar ve apoptoz induksiyonu ile degerlendirilmistir.

Bulgular: NiO-NP 351,6 ug/mL konsantrasyonda hiicre canliiginda %50 azalmaya ve 30-150 pg/mL’de DNA hasari ve oksidatif hasarin indiiksiyonuna
neden olmustur. NiO-NP'ye maruz birakilan intestinal hiicrelerde ana hiicre élim mekanizmasi apoptoz olabilir.

Sonug: NiO-NP gastrointestinal sisteme tehlikeli olabilir. Elde edilen sonuglar, gidayla temas eden cihazlarin yapiminda NiO-NP'nin kullanimi ve
NiO-NP igeren atiklar nedeniyle endiseler olabilecegini gostermektedir. NiO-NP'in spesifik toksisite mekanizmalarini aydinlatmak ve insan sagligi
Uzerine risklerini azaltmak igin daha ileri in vivo ve in vitro arastirmalarin yapilmasi gerekmektedir.

Anahtar kelimeler: Nikel oksit nanopartikdlleri, intestinal hicreler, genotoksisite, oksidatif stres, apoptoz
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INTRODUCTION

Nickel oxide-nanoparticles (NiO-NPs) are widely used as
catalysts, pigments, and sensors in different medical and
industrial applications because of their physicochemical
features? NiO and other Ni compounds are regarded as
carcinogenic to humans (Group 1.2 Additionally, NiO-NPs
are thought to be more toxic than fine particles are because
they have high solubility and release higher amounts of ions
in medium.* Research has mainly focused on their pulmonary
toxicity and reported that the particles induced oxidative stress
and inflammatory responses in the airway system.>® NiO-NPs
were detected in intestinal tissue after pulmonary exposure.
Although it is well known that NiO-NPs could be absorbed
through the intestinal tract, there are very few data about
the intestinal toxicity of NiO-NPs. NiO-NPs might be harmful
to the cells of mucosa.?® On the other hand, the unabsorbed
portion is still considered a risk for intestinal cells following
oral exposure.

Therefore, in the present study, the toxicity of NiO-NPs was
assessed using various endpoints in the Caco-2 human intestine
cell line, a highly differentiated human cell line and extensively
used to study apical uptake and absorption of nutrients and
chemicals as an in vitro model for toxicological studies.!*”®
Several studies have also reported the chemical permeability
to Caco-2 cells to be correlated well with that of the intestinal
membrane in vivo.®

MATERIALS AND METHODS

NiO-NPs were obtained from Sigma (St. Louis, MO, USA) and
recharacterized using transmission electron microscopy (TEM)
(JEM-2100 HR, JEOL, USA) and dynamic light scattering (DLS)
(ZetaSizer Nano-ZS, Malvern Instruments, Malvern, UK) in
distilled water and cell culture medium."®

Human intestinal epithelial cells (Caco-2, HTB-37) were obtained
from the American Type Culture Collection (Gaithersburg, MD,
USA). The cells were incubated according to the manufacturer’s
instructions. Cells at a density of 10°-10° cells/mL were treated
with freshly prepared NiO-NPs for 24 h.

To evaluate the cellular uptake potentials of NiO-NPs,
inductively coupled plasma-mass spectrometry [(ICP-MS);
Thermo Elemental X series 2, USA] was used, while TEM
(Jeol-1011, Tokyo, Japan) with an accelerating voltage of 80 kV
and an attached digital camera (Olympus-Veleta TEM Camera,
Tokyo, Japan) was used to evaluate both cellular uptake and
morphology changes at 50 and 100 ug/mL."®

The cytotoxic activity of NiO-NPs (50-500 pg/mL) was
determined using 3-(4,5-dimethylthiazol-2-yD-2,5-
diphenyltetrazolium bromide (MTT) and neutral red uptake (NRU)
assays.”? The optical densities were measured by an enzyme
linked immunosorbent assay (ELISA) reader system (Epoch,
Germany) at 590 and 540 nm for MTT and NRU, respectively.
The enzyme activity inhibition and the accumulation of NR
dye in the cells were regarded as cytotoxicity endpoints.
The cytotoxicity was calculated compared to that of negative
control cells. The median inhibitory concentration (IC, ) values

were expressed as the concentration of NiO-NPs that induced
inhibition of 50% in enzyme activities in cells.

The genotoxic effects of NiO-NPs were determined at
concentrations of 15-120 ug/mL by comet assay.?’ Hydrogen
peroxide (H,0,) (100 uM) was the positive control. Caco-2 cells
were mixed with premelted low-melting point agarose, layered
on slides previously coated with agarose, covered with a cover
slip, and allow to solidify at 4°C. Then a lysis solution was used
to lyse the cells on the slides (for 1-12 h at 4°C). Electrophoresis
was performed for 20 min and the slides were rinsed with
neutralization buffer and fixed using 99% ethanol. To score the
DNA breaks, ethidium bromide was used to stain the DNA before
the examination using a fluorescent microscope supplied with
an automated image analysis system (Olympus BX53, Olympus,
Tokyo, Japan). The percentage of DNA in the comet tail (tail
intensity %) was used to express the DNA damage to individual
cells.

Glutathione (GSH), malondialdehyde (MDA), 8-hydroxy-2'-
deoxyguanosine (8-OHdG), and protein carbonyl (PC) ELISA
oxidative stress determination kits were obtained from Yehua
Biological Technology (Shanghai, China), while the dye reagent
for the protein assay was purchased from Bio-Rad (Munich,
Germany). The oxidative stress parameters in the cells treated
with 50-150 pg/mL NiO-NPs were determined according to the
manufacturer’s instructions and Abudayyak et al” The results
were calculated and expressed per gram of protein.

The Annexin V-FITC/propidium iodide (PI) apoptosis/necrosis
detection kit was from BioLegend (San Diego, CA, USA).
NiO-NP concentrations were 400-700 pg/mL. Based on the
manufacturer’s instructions, the trypsinized cells were adjusted
to be 1x10° cells/mL. Next, 100 pL of cell suspension were mixed
with 5 pL of Annexin V-FITC and 10 pL of PI and the resulting
mixture was incubated in the dark for 15 min. A phase-contrast
fluorescent microscope (Olympus BX53, Olympus, Tokyo,
Japan) was used to count the apoptotic and necrotic cells. The
percentages of the cells to the total cell amount were expressed
as the results of this parameter."®

Statistical analysis

The cytotoxicity tests were performed in triplicate on four
different days (n=12). The other tests were done in triplicate on
three different days (n=9). The data were expressed as mean
+ standard deviation. The statistical analysis was conducted
using One-Way ANOVA Dunnett t-test by SPSS version 23 for
Windows (SPSS Inc., Chicago, IL, USA) and p less than 0.05
was selected as the level of significance.

RESULTS AND DISCUSSION

The results of TEM and DLS evaluations obtained from our
previous study indicated that the average sizes of NiO-NPs
were 15.0 nm (4.2-38.1 nm) in water and 21.4 nm (7.2-60.5 nm)
in the cell culture medium. The increase in the medium group
might be due the adsorption of medium proteins in the surface
of the particles.®
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The results of the cellular uptake by ICP-MS indicate that Caco-
2 cells took up NiO-NPs after exposure to 50 and 100 pg/mL
for 24 h (Table 1). The agglomeration of NiO-NPs at the high
concentration could explain the decreases in their cellular
uptake at the high exposure concentration in comparison with
the lower exposure concentration.

The NiO-NPs were obtained within the cytoplasmic vacuoles at
50 and 150 pg/mL (NPs shown with red arrows). The particle
sizes were larger in the exposed cells at 150 pg/mL compared to
those at 50 pg/mL. Moreover, the number of particle-containing
vacuoles in the exposed cells decreased when the concentration
of NiO-NPs was increased. Cytoplasmic organelles appeared
normal and nuclear and plasma membranes were intact in
the exposed cells, as in the negative control cells. Electron-
dense bodies were visible in the cytoplasm of some cells in
both treatment groups. The most notable change in the cells
included the presence of electron-lucent large vacuoles filled
with NPs. In a few cells at 50 pg/mL, the cytoplasmic vacuoles
were so large that they induced disruption of the cytoplasm. In
addition, abnormal nuclei with indentations in the membrane
and chromatin condensation were seen in some cells in both
treatment groups (Figures 1A-1C).

In all the cells, lipid droplets were observed to increase with
increasing NP concentrations, which could be an indicator or
feature of the oxidative stress process.???* According to TEM
pictures and ICP-MS analysis, the NiO-NPs toxicity could be
related to the uptake and accumulation of NiO-NPs in the cells.

The results of the cytotoxicity evaluation showed a decrease in
cell viability depending on concentration manner. The median
IC,, values were 47915 and 351.6 pug/mL by NRU and MTT tests,
respectively (Figure 2). According to previous studies, NiO-

Table 1. Nickel oxide-nanoparticles taken up by Caco-2 cells

Exposure concentration (ug/mL/105 cells) Ni amount (mg/10° cells)

Negative control 0.19+0.05
50 3.29+0.38
100 1.3120.22

The assay was performed four times. The results are presented as mean + SD
Ni: Nickel, SD: Standard deviation

NPs induced cellular death in different human cell lines such
as neuron, liver, lung, airway epithelial, and breast cells and
rat kidney epithelial cells.*"?>27 Qur results could indicate that
the Caco-2 cell line was more vulnerable than other previously
studied cell lines to NiO-NP-induced cytotoxic effects.

The genotoxicity of NiO-NPs was estimated using the comet
assay (Figure 3). NiO-NPs caused DNA damage (1.2-1.5-fold;
p<0.05). At 120 pg/mL NiO-NPs, the tail intensity was 8.0%,
while it was 13.3% (1.85-fold) in the positive control (100 uM
H,0,). Previously, researchers showed that NiO-NPs could
induce DNA damage in different cells.?®*2 Dumala et al'
indicated that NiO-NPs could induce significant DNA damage
in the liver, lungs, and kidneys of rats exposed orally to 500
mg/kg bw. Moreover, NiO-NPs caused cell cycle alteration as
a consequence of genotoxicity via the nuclear translocation of
phosho-ATM and phosphor-ATR in human pulmonary epithelial
cell lines! NiO-NPs induced the DNA-damage signaling
cascade at 20-100 pg/mL® Li et al*® reported DNA damage
in pulmonary cells after intratracheal instillation similar to the

present results.
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All experiments were done in triplicate and each assay was performed four
times. Data are expressed as mean + SD. The IC, values were 251.6 pg/mL
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Figure 2. The cytotoxic potential of NiO-NPs
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concentration, MTT: 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium bromide,
NRU: Neutral red uptake

Figure 1. The TEM observations of NiO-NPs uptake by Caco-2 cells

A) Caco-2 cells exposed to NiO-NPs at 50 pg/mL, B) Caco-2 cells exposed to NiO-NPs at 100 ug/mL, C) Caco-2 unexposed cells (negative control)

TEM: Transmission electron microscopy, NiO-NPs: Nickel oxide-nanoparticles
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NiO-NP-induced oxidative stress was evaluated with the levels
of GSH, MDA, 8-OHdG, and PC (Table 2). NiO-NPs induced
oxidative stress as a significant increase in the levels of PC
(<1.5-fold) and a significant decrease in GSH levels (33.1-37.5%)
were observed. However, 8-OHdG and MDA levels did not
change significantly. In general, the oxidative stress potential of
NiO-NPs in Caco-2 cells was statistically significant (p<0.05).

The previous data showed that NiO-NPs caused damage in the
lung and liver and induce pulmonary inflammation via reactive
oxygen species (ROS)."8"2 [n vijtro research confirmed with
in vivo studies that NiO-NPs induced an increase in ROS and
caused oxidative damage in different human cell lines such as
liver, lung, airway epithelial, and breast cells.?#?¢3"% Previous
data confirmed our results; oxidative stress could be the
mechanism underlying the cyto- and genotoxicity induced by
NiO-NPs.

The Annexin V-FITC/PI assay results demonstrate that NiO-
NPs led to induction of apoptosis (Figure 4). The rates of
apoptotic cells were 84.6-99.6% of the dead cells, while the
rates of necrotic cells were 0.4-15.4% of the dead cells (Figure
4). The results indicated that apoptosis might be the main cell
death pathway of NiO-NPs. Di Bucchianico et al.** and Saquib
et al.3 observed an increase in the apoptotic cells rate with

16 %
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Figure 3. The genotoxic potential of NiO-NPs

All experiments were done in triplicate and each assay was performed
three times. The results are presented as mean tail intensity (%) with + SD.
*p<0.05 was selected as the level of significance by One-Way ANOVA Dunnett t-test
NiO-NPs: Nickel oxide-nanoparticles, PC: Protein carbonyl, SD: Standard deviation

an increase in NiO-NPs.?3* Similarly, Chang et al.® indicated
endoplasmic reticulum stress-related apoptosis in rats exposed
to NiO-NPs by intratracheal instillation.

NiO-NPs (25-100 ug/mL) induced apoptosis by functional
alterations in mitochondria and lysosomes® similar to our
results. Previously, changes in mRNA levels in the genes
related to the apoptosis pathway were reported.?’?*3 Duan et
al* studied the role of apoptosis in NiO-NP-induced toxicity
in human bronchial epithelial cells (BEAS-2B) by investigating
the impacts of NiO-NPs on sirtuin 1, a NAD-dependent
deacetylase. NiO-NPs (5-20 pg/cm?) caused cytotoxicity by
an apoptotic process, and showed a suppression effect on
sirtuin 1, which could underlie the NiO-NP-induced apoptosis
via tumor protein p53 and bcl-2-associated X protein. Similar
to previous researchers, we observed that NiO-NPs caused
dose-dependent apoptosis. The degree of apoptosis/necrosis
corresponded with the severity of cytotoxicity (Figures 2 and
4).

CONCLUSION

The toxic effects of NiO-NPs (15.0 nm) were evaluated in the
Caco-2 cell line. Our results indicate cellular uptake of NiO-NPs
and show cytotoxic potential by disrupting the mitochondrial
and lysosomal functions. The median IC,; values were 251.6
pg/mL and 479.2 pg/mL by MTT and NRU, respectively. Our
results also indicate that apoptosis might be the main cell
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Figure 4. The apoptotic/necrotic potential of NiO-NPs

All experiments were done in triplicate and each assay was performed
twice. The results are expressed as the percent of the total cell amount with
+ SD, p<0.05 was selected as the level of significance by One-Way ANOVA
Dunnett t-test. Apoptotic ratio was significant at all exposure samples
NiO-NPs: Nickel oxide-nanoparticles, SD: Standard deviation

Table 2. Nickel oxide-nanoparticle induced oxidative damage to Caco-2 cells

8-OHdG (pg/g protein)

Exposure concentration (pg/mL)

MDA (pmol/g protein) GSH (pmol/g protein) PC (pg/g protein)

0 0.917+0.132 0.350+0.059 41142+2.009 5160+0.108

50 0.964+0.205 0.375+£0.108 25.744+3.891* 5.435+0.814
75 0.990+0.242 0.481+£0.090 27.500+6.082* 6.667+1.078*
100 1111+0.310 0.408+0.158 38.092+3.782 7115+0.877*
150 0.985+0.164 0.442+0.098 39.099+2.82 7.907+1.007*

All experiments were done in triplicate and each assay was performed twice. The results were presented as mean + SD.
*p<0.05 was selected as the level of significance compared to the negative controls by One-Way ANOVA Dunnett t-test, MDA: Malondialdehyde, GSH: Glutathione, PC: Protein

carbonyl
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death pathway after treatment with NiO-NPs for 24 h. Oxidative
stress could be the reason for DNA damage induced by NiO-
NPs at 15-120 pg/mL concentrations. These results should raise
concern about the safety of products that contain NiO-NPs.
Further studies should be conducted to elucidate the probable
toxicity in the gastrointestinal tract and clarify the pathways of
apoptosis and DNA damage.
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ABSTRACT

Objectives: MicroRNAs (miRNAs) are short, endogenous noncoding RNA molecules that can bind to certain parts of target mRNAs, thereby
regulating gene expression. Studies showed that miRNAs could be up- or downregulated in different allergic skin conditions but there is still need
for further studies. The aim of this study was to investigate the expression of miRNAs in response to the common contact allergen Bandrowski's
base (BB), the principal allergen in patients reacting to p-phenylenediamine (PPD).

Materials and Methods: The human promyelocytic cell line THP-1 was exposed to BB at a concentration of 1 ug/mL for 24, 48, and 72 h. The dose
was selected from the results of cytotoxicity assays. RNA was purified and miRNA expression profile and real-time polymerase chain reaction (RT-
PCR) were performed to identify up- or downregulated miRNAs and confirm their modulations.

Results: Among the different modulated miRNAs, the upregulation of miRNA-155 and the downregulation of miRNA-21 were found to be important
because these are related to immune system. This expression profile of miRNAs was also confirmed by RT-PCR.

Conclusion: These preliminary results showed that miR-155 and miR-21 may play a role in the pathogenesis of allergic contact dermatitis, but
further studies are needed to clarify their definite roles.

Key words: MicroRNA, miRNA, immune system, allergic contact dermatitis, skin
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Amag: MikroRNA'lar (miRNA) kisa, endojen ve kodlamayan RNA molekdlleri olup hedef mRNA'larin belirli bélgelerine baglanarak gen ekspresyonunu
dizenlerler. Calismalar, farkli alerjik deri hastaliklarinda miRNA'larin arttigini ya da azaldigini gostermistir; fakat hala daha ileri calismalara ihtiyag
vardir. Bu galismada, p-fenilendiamine reaksiyon veren hastalarda siklikla rastlana bir temas alerjeni madde olan Bandrowski bazina (BB) yanit olan
miRNA'larin ekspresyon profillerinin incelenmesi amaglanmistir.

Gereg ve Yontemler: insan promiyelositik hiicreleri (THP-1) BB'ye 1 pg/mL kosantrasyonda 24, 48 ve 72 saat maruz birakilmistir. Bu doz sitotoksisite
deneylerinin sonuglarina gore segilmistir. RNA saflastirilmis ve miRNA ekspresyon profili ve gergek zamanli polimeraz zincir reaksiyonu (RT-PCR)
ile artan veya azalan miRNA'lari belirlemek igin kullanilmistir ve sonrasinda moddlasyonlari dogrulanmistir.

Bulgular: Farkli modile edilen miRNA'lar arasinda, immin sistem ile iligkili olduklari igin, miRNA-155"in dizeyinin artmasi ve miRNA-21'in ise
dlzeyinin azalmasi énemli bulunmustur. Bu miRNA'larin ekspresyon profilleri ayni zamanda RT-PCR ile dogrulanmustir.

Sonug: Bu 6n sonuglar, miR-155 ve miR-21'in alerjik kontakt dermatit patogenezinde rolu olabilecegini gostermistir. Ancak, kesin rollerinin
aciklanabilmesi igin ileri calismalara ihtiyag vardir.

Anahtar kelimeler: MikroRNA, miRNA, immun sistem, alerjik kontakt dermatit, deri
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INTRODUCTION

Immunotoxic agents are xenobiotics that can initiate or
exacerbate the adverse immune responses in genetically
susceptible persons. Drugs and various chemicals can be
classified as immunotoxic compounds.! When low molecular
weight chemicals come into contact with the skin it can lead
to contact allergy and can cause allergic contact dermatitis
(ACD) if exposure exceeds the personal threshold. ACD is a
more common form of immunotoxic reaction in industrialized
countries.? There are more than 4000 chemicals linked to
contact allergy and ACD in humans. ACD can be prevented by
proper hazard identification and labeling, by characterization
of potency, by investigation of human skin exposure, and by
the implementation of proper risk assessment and management
strategies.’

P-phenylenediamine (PPD) is used commonly in dyeing hair but
it is a potential skin allergen. It is found that the mechanism
of reaction to PPD is linked to its oxidation products
and/or metabolites. Bandrowski's base (BB) (Figure 1),
1,4-benzoquinone, is a trimer that forms quickly upon storage
of PPD and it has been suggested as the principal allergen in
patients reacting to PPD.*

THP-1 is a human leukemia promyelocytic cell line and it has
been widely used in immunotoxicology studies that investigated
monocyte/macrophage functions, mechanisms, and signaling
pathways. This cell line has become a suitable model to estimate
the modulation of monocyte and macrophage activities and it is
very well suited for in vitro studies of chemical allergens.>”

miRNAs are a class of evolutionarily conserved, single-stranded,
noncoding RNA molecules including 19-24 nucleotides that play
an important role in various biological processes via regulating
gene expression through affecting the transcriptional and
translation processes.® miRNAs have also been implicated in
several inflammatory and immunological disorders as well as
cancer? It was demonstrated that miR-21 and miR-155 play
a significant role in the development of the immune system.
miR-21 controls the apoptosis of immune cells and miR-155 is
an important factor controlling lymphocyte differentiation and
functions.®" Analysis of microRNAs (miRNAs) has powerful
potential for the identification of novel prognostic or predictive
biomarkers. Although several studies have evaluated the
impact of miRNAs on immunotoxic processes and allergic skin
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Figure 1. Chemical structure of Bandrowski's base

conditions, these studies are not sufficient to allow a conclusion
to be drawn.”? Therefore, the aim of the present study was to
evaluate miRNA profiles that might play a role in chemical
allergen potency.

MATERIALS AND METHODS

Cell culture and treatment

The THP-1 cell line was obtained from Istituto Zooprofilattico
(Brescia, Italy). The cell culture medium (RPMI-1640) was from
Euroclone Diagnostica SpA (Pero, Milano, Italy) and the other
substances were from Sigma-Aldrich Co. (St. Louis, MO, USA).
First of all, THP-1 cells were diluted to 10° cells/mL in RPMI
1640 containing 2 mM L-glutamine, 50 yM 2-mercaptoethanol,
0.1 mg/mL streptomycin, 100 IU/mL penicillin, and 10% heated-
inactivated fetal calf serum. The cells were cultured at 37°C in
a 5% CO, incubator. The medium was changed every 2-3 days.
The cells were treated with BB (Santa Cruz Biotechnology Inc.,
Dallas, TX, USA; CAS N° 20048-27-5) at a concentration of 1
pg/mL in dimethyl sulfoxide (DMSO) for 24, 48, and 72 h. The
dose was selected from the results of cytotoxicity assays. Cells
treated with only DMSO were used as a control (0.2% final
concentration).

Total RNA extraction and complementary DNA (cDNA)
synthesis

For total RNA extraction, after the treatment, the cells were
centrifuged for 5 min at 1200 rpm at room temperature. Then the
culture medium was discarded and cell pellets lysed with 700
uL of TRI Reagent (Sigma-Aldrich, St. Louis, MO, USA). Next, a
Quiagen miRNeasy mini kit was used to extract total RNA from
the cells following the manufacturer’s procedure. The purity
and quantity of the total RNA were analyzed with a NanoDrop
instrument (NanoVue Plus). After the RNA concentrations were
determined, cDNA was synthesized by using a Qiagen script
miRNA polymerase chain reaction (PCR) array kit according to
the manufacturer’s protocol. Then 0.25 pug and 2.0 pg of total
RNA were retrotranscribed for miRNA expression profile and
real-time (RT) PCR analysis, respectively.

miRNA expression profiling

After retrotranscription, miRNA expression profiling (including
86 miRNAs) was determined with Qiagen miScript miRNA
PCR Arrays following the manufacturer’s procedure with an
ABI Prism® 7000 Sequence Detection System. The miRNA
expression profiling was done in cells treated with BB (1
ug/mL) or DMSO as the control for 24 h. The amplification
conditions consisted of an initial activation at 95°C for 15 min,
then 40 cycles of denaturation at 94°C for 15 s, annealing at
55°C for 30 s, and the extension step for 30 s at 70°C. The
data were analyzed with miScript miRNA PCR Arrays (http://
pcrdataanalysis.sabiosciences.com/mirna)

Real-time PCR for detection of mature miRNA or noncoding

RNA

To confirm the expression profile of miRNA, miR-155 and
miR-21 were selected as immune system-associated miRNAs,
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and their expression was evaluated by RT-PCR using an ABI
Prism® 7000 Sequence Detection System with the same
amplification conditions as miRNA expression profiling using
the miScript SYBR Green PCR Kit (provided by Qiagen). Small
nucleolar RNA61 (SNORD61), SNORD68, SNORD72, SNORD95,
SNORD96A, and RNA, U6 small nuclear 6, pseudogene (RNU 6P)
were used as endogenous miRNA controls in every reaction. All
PCR reactions were performed in duplicate in a total of 25 pL of
reaction volume. In the RT-PCR assay, the evaluation was done
by calculation of the fluorescent signal. The cycle threshold
(Ct) was the required number of cycles for the fluorescent
signal to overshoot the threshold, which means to exceed the
background level. Ct levels are conversely proportional to the
quantity of target nucleic acid in the sample. When normalized
gene expression in the test sample is divided by normalized
gene expression in the control, fold-change (2-AACT) values
are obtained, with values bigger than one indicating a positive
or an upregulation and less than one indicating a negative or
downregulation.”

Statistical analysis

The data were analyzed by SPSS version 23.0 (SPSS, Chicago,
IL, USA). Normal distribution and homogeneity of the variances
were evaluated by Shapiro-Wilk and Levene's tests, respectively.
Student’s t-test was used for the comparisons and p values less
than 0.05 were considered statistically significant.

RESULTS

miRNA expression profiling

The expression profile of miRNA was evaluated in THP-I
cells treated for 24 h with BB (1 pg/mL) or DMSO as control.
As shown in Figures 2 and 3, the expression of 32 miRNAs
was upregulated and the expression of 31 miRNAs was
downregulated in the cells after treatment with BB.

Real-time PCR for the detection of miRNAs

Following a search of the literature, we focused on miR-21 and
miR-155 because these are thought to be involved in immune
responses. THP-1 cells were exposed to BB (1 ug/mL) or DMSO
as a control for 24, 48, and 72 h. After miRNA extraction, miR-
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Figure 2. 3D profile of miRNA expression
miRNA: MicroRNA

21 and miR-155 levels were evaluated by RT-PCR. As shown in
Figures 4 and 5, the expression of miR-21 was downregulated
and the expression of miR-155 was upregulated, confirming the
miRNA expression profile data.

DISCUSSION

ACD is a significant disease that occurs after topical exposure
to low molecular weight chemicals!”® It is a delayed-type
hypersensitivity reaction that needs previous sensitization by
the same chemical® It is crucial to identify potential sensitizing
agents because ACD is a common and serious health problem
worldwide.”

It has been shown that miRNAs are involved in the processes
of innate and adaptive immune systems. Among all the miRNAs,
miR-21, miR-146a, and miR-155 are focused on by scientists.
Signal transducer and activator of transcription-3 and nuclear
factor kappa-B (NF-kB) regulate the expression of miR-21¢
miR-155 is involved especially in proinflammatory processes. It
has been observed that the expression of miR-21is increased by

s, e,
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Figure 3. Upregulated and downregulated miRNAs
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vesicular stomatitis virus infection in macrophages.'” Moreover,
miR-155 can suppress the SH2 domain-containing inositol-
5-phosphatase that can lead to activation of Akt kinase and
upregulation of interferon response genes during the cellular
response to lipopolysaccharide.?® In an animal study, it was
demonstrated that miR-155 stimulated atherosclerosis in mice
via directly suppressing B-cell lymphoma 6 protein, which is a
transcription factor that attenuates NF-kB signaling.?’ miR-155
is also involved in the development and activation of adaptive
immune cells such as effector T-cell subsets.?

In the present study, we observed upregulation and
downregulation in the expression of miR-155 and miR-21 in
THP-1 cells after exposure to BB, respectively. The up- and
downregulation of the miRNAs were validated by RT-PCR.
Similarly, in a study by Sonkoly et al.?® the expression of
miR-155 was found to be highest in the skin samples from
patients with atopic dermatitis compared to healthy controls.
It was also observed that after the topical exposure of relevant
allergens to nonlesional skin of atopic dermatitis patients,
miR-155 expression was induced. Cytotoxic T-lymphocyte-
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Figure 4. Expression of miR-21 in THP-1 cells following exposure to BB
(1 pug/mL) or DMSO for 24, 48, and 72 h. Fold changes in miR-21 were
calculated for each sample for each time point and expressed as mean *
standard deviation, *p<0.05 vs. control at the different time points of three
independent experiments

BB: Bandrowski's base, DMSO: Dimethyl sulfoxide
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Figure 5. Expression of miR-155 in THP-1 cells following exposure to BB
(1 pg/mL) or DMSO for 24, 48, and 72 h. Fold changes in miR-21 were
calculated for each sample for each time point and expressed as mean +
standard deviation, *p<0.05 vs. control at the different time points of three
independent experiments

BB: Bandrowski's base, DMSO: Dimethyl sulfoxide

associated antigen-4 (CTLA-4), a negative regulator of T-cell
function, has been repressed by miR-155 and in animal models
blocking of CTLA-4 stimulated a much severe allergic reaction
and inflammation by increasing the number of eosinophils and
immunoglobulin-E, while increases in the expression of CTLA-
4 ameliorated the symptoms of allergic pulmonary inflammation
in humans.?*25 Furthermore, in patients with atopic dermatitis
miR-155 has significantly higher expression compared to in
healthy subjects and the levels of expression correlated with
the severity of atopic dermatitis.?® In contrast to these studies,
miR-155 levels were lower in sputum from allergic asthmatics
than in healthy subjects.?

miR-21 levels were evaluated in a number of studies. In line
with the results obtained from the present study, it was shown
that miR-21 was lower in monocytes from children with allergic
rhinitisand in patients with metabolic syndrome.?? In contrast,
in an animal study, miR-21 levels were higher in the skin of
mice with contact dermatitis and in esophageal tissue in mice
with eosinophilic esophagitis, which can reflect interspecies
differences between mice and humans in miRNA expression.®¥

In addition to their involvement in various biological processes,
miRNAs have potential in disease diagnostics and therapies.
Due to their stability, miRNAs could be used as biomarkers.
Currently, miRNA panels are used by clinicians in order to
determine the origins of cancer cells. The development of
miRNA therapeutics has proved more challenging because
of delivery problems. In addition, relations between gene
expression and miRNAs are complex. As a result, administration
or silencing of one miRNA could modify the expression of
numerous genes with unknown consequences. In multifactorial
diseases, successful silencing of a single gene may not be
efficient in clinical practice. Therefore, there is only one miRNA
drug in clinical trials (SPC3649: inhibitor/antagomir of miR-122,
Santaris Pharma, Denmark) and several more are waiting to
enter the clinical phase.*? From this point of view, our study has
some limitations. We evaluated only the gene expression profile
but protein products made from genes and other immune
systems biomarkers such as interleukins and interferons
should also be analyzed. These are our aims for future projects.

CONCLUSION

Our results showed that miR-155 expression was upregulated
and miR-21 expression was downregulated in THP-1 cells
treated with BB. It has been demonstrated that miRNAs are
involved in many biological processes and they are important in
the pathogenesis of allergic inflammation. However, relations
between gene expression and miRNAs are complex and so
further investigation of these preliminary results is needed to
explain the precise functional roles of these two miRNAs in the
regulation of chemical allergen potency and also their potential
to serve as novel therapeutic targets.
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ABSTRACT

Bisphenol A (BPA) is known as one of the oldest synthetic compounds with endocrine disrupting activity. It is commonly used in the production
of epoxy resins, polycarbonates, dental fillings, food storage containers, baby bottles, and water containers. BPA is associated with various health
problems such as obesity, diabetes, chronic respiratory diseases, cardiovascular diseases, renal diseases, behavior disorders, breast cancer, tooth
development disorders, and reproductive disorders. Increasing health concerns have led the industry to seek alternatives to BPA. As BPA is now
being excluded from several consumer products, the use of alternative compounds is increasing. However, the chemicals used to replace BPA are
also BP analogues and may have similar or higher toxicological effects on organisms. The aim of this review is to focus on the toxicological profiles
of different BP analogues (i.e. BPS and BPF) which are increasingly used today as alternative to BPA.

Key words: Bisphenols, bisphenol A, endocrine disruptor, bisphenol S, bisphenol F

(O Z |

Bisfenol A (BPA) endokrin aktiviteye sahip bilinen en eski bilesiklerden biridir. BPA epoksi regineler, polikarbonatlar, dis dolgulari, yemek
saklama kaplari, bebek biberonlari ve su bidonlarinin tretiminde yaygin olarak kullanilmaktadir. BPA obezite, diyabet, kronik solunum hastaliklars,
kardiyovaskdler hastaliklar, renal hastaliklar, davranis bozukluklari, meme kanseri, dis gelisimi bozukluklari ve Greme bozukluklari gibi gesitli saglik
sorunlariyla iliskilendirilmistir. Artan saglik endiseleri endustriyi BPA alternatifleri aramaya yonlendirmistir. Gintimuzde BPA tuketici Grinlerinden
¢ikarilmaya baslandigi igin, alternatif bilesiklerin kullanimi artmaktadir. Ancak, BPA yerine kullanilan kimyasallar da BP analoglaridir ve organizmalar
Uzerinde benzer toksikolojik etkileri olabilir. Bu derlemenin amaci ginimizde BPA'ya artan miktarlarda alternatif olarak kullanilan BP analoglarinin

(BPS ve BPF) toksikolojik profillerine odaklanmaktadir.

Anahtar kelimeler: Bisfenoller, bisfenol A, endokrin bozucu, bisfenol S, bisfenol F

INTRODUCTION

Endocrine disruptors, such as pesticides and bisphenol A (BPA),
can be defined as exogenous substances that cause different
levels of changes in the evolution and function of the endocrine
system!

BPs are a class of chemicals known as diphenylmethanes. BPs
contain two benzene rings separated by a central carbon atom.
They mostly have 4-OH substitutes on both benzene rings.
Some BPs may have a sulfone group or a sulfide instead of a
central carbon atom.?

Regulations and increasing concerns among the public have
led the industry to seek alternatives for BPA, and as BPA has
begun to be excluded from products due to consumer concern
the use of alternative BPs has increased and BPA has begun to
be replaced by its chemical analogues.>*

The chemicals used to replace BPA also have BP structures and
may have similar effects on organisms.> According to research,
BPA analogues may result in toxic effects similar to or greater
than those of BPA.*

Bisphenol

The chemical nomenclature of BPA is 2,2-bis (4-hydroxyphenyl)
propane and it has a molecular weight of 228.29 g/mol.4"8 |If
its physical properties are examined it is seen that it has water
solubility of approximately 120-130 ppm, low volatility, low air
emission, and a short photooxidation half-life (<7 h).'®

BPA is known as one of the oldest synthetic compounds with
endocrine activity and was first discovered by Dianin in 18917 It
is one of the chemicals produced in the largest quantities in the
world, with an estimated 5-6.8 million tons produced per year,
and it is used in a wide range of areas!*'© While 70% of the BPA
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produced is used in the production of polycarbonate plastics,
25% is used in the production of epoxy resins.°

BPA is commonly used in the production of epoxy resins,
polycarbonates, baby bottles, food storage containers,
dental fillings, and water containers.2® BPA is also seen in
thermographic and pressure-sensitive paper, bank notes,
receipts, and toys.>®8 In addition, it is used in medical devices
and health care services such as eye lenses, newborn
incubators, and nebulizers!

BPA exposure mainly occurs through food.* BPA contamination
in foods usually happens as a result of migration from
containers including it Exposure is caused by consuming food
and beverages in recycled bottles, cans covered with epoxy
resins, and polycarbonate containers that BPA has leaked
into! Environmental factors such as temperature, heat, and
acidity increase the hydrolysis of ester bonds that bond BPA
molecules to epoxy resins and polycarbonates. BPA leakage in
polycarbonates happens more often to solutions with low pH
values, whereas in epoxy resins higher temperature increases
BPA leakage! When exposure concentrations are examined it is
seen that in solid canned food mean concentrations of exposure
vary from 10 pg kg to 70 ug kg', whereas in liquid canned
food they range from 1 pg L to 23 pg L'.2 Fish, dairy products,
meat, canned vegetables, and baby food are examples of goods
that may contain BPA!® The specific migration limit of BPA
is determined as 0.6 mg/kg in the 2002/72/EC Commission
Directive and in the Turkish Food Codex.”

In addition to the sources of exposure mentioned above, dust
may also cause significant exposure by inhalation of indoor
dust and thermal paper may cause transdermal exposure from
the skin.*?"2 Dental composite resins may also cause BPA
to leak into saliva! Other than these, sources such as water
sources in nature, tap water, air, and medical devices are
examples of sources of exposure"" BPA used in epoxy-based
floor materials, adhesives, paints, and electronic devices is
another source of exposure.! BPA is detected in blood, urine,
and sweat in humans."

Generally it is suggested that BPA is bioactivated by oxidation
reactions catalyzed by cytochrome P450 and detoxified by
glucuronidation reactions and sulfation reactions. It is shown
that the toxic effects of BPA decrease in the presence of ADH,
ALDH2, and SULT1E1 and increase in the presence of CYP2E1."

The main mechanism of the toxic effects induced by BPA
is endocrine disruption. This property may cause both
developmental and reproductive disorders.? BPA is associated
with obesity, diabetes, breast cancer, cardiovascular diseases,
renal diseases, chronic respiratory diseases, tooth development
disorders, behavior disorders, and reproductive disorders.*™

It is shown in the literature that a low dose of BPA has a negative
impact on the endocrine system and may lead to primary
endocrine disorders. It affects the cell signaling pathways.
It is reported to have effects on the central nervous system,
cardiovascular system, immune system, respiratory system,
and renal system."° It may be associated with thyroid hormone
function disorders.”® After exposure birth defects may be seen!

Pregnant women and fetuses are very sensitive to pathologies
induced by BPA due to its penetration of the placenta barrier.”®
In other research it was shown that BPA can pass to the
fetus from the mother and can cause behavior changes and
anomalies in the reproductive organs of the fetus.® In addition
to the effects mentioned above, it is suggested that BPA has
mutagenic and genotoxic potential.®

BPA can both bind to Era. and Erf receptors and affect them by
either activating or suppressing their expression.!” Its relative
binding affinity is predicted to be 1000-10,000 times lower than
that of estradiol and it is classified as a weak environmental
estrogen.”

BPA can act as a potential antagonist of endocrine receptors
in some cases.® Infertility in men and women, early puberty,
and Polycystic Ovary syndrome can be given as examples of
endocrine disorders in which BPA plays a pathogenic role.? In
addition, it is reported to be associated with low sperm count
and motility, spontaneous abortion, and metabolic changes.
When its effects on the reproduction system are examined it
is seen that the main target is ovarian granulosa cells. The
disruption of these cells by BPA can play an important role in
fertility.> Based on its effect on the androgen receptor, BPA is
a known antagonist.®

The chemical structures of BPA and thyroid hormone have
similarities. BPA has a property of binding to thyroid receptors
competitively with thyroid hormone. It is seen to disrupt gene
expression by thyroid receptors in vivo and in vitro

In addition to the mentioned effects, it is observed that BPA
activates PXR from nuclear receptors and induces CYP3A4,
environmental exposure to BPA can change 25-hydroxy vitamin
D levelin circulation in adults, and there is a negative correlation
between BPA and 25 (OH) D¢

In other research, it was shown that BPA induces DNA
damage in ER-positive MCF-7 cells and its genotoxicity is
ER-dependent. It is observed that it induces micronucleus
frequencies and chromosomal aberrations in rat bone marrow
and causes DNA damage in lymphocytes. In a different study
it was suggested that oxidative stress occurs by an increase
in 8-hydroxyguanosine plasma levels and in LPO, and reduced
glutathione activity in the liver.?

There are controversial results regarding the genotoxicity of
BPA. Even though it is found to be negative according to basic
genotoxicity tests, research shows that it induces chromosomal
aberrations and morphological changes in Syrian hamster
embryo (SHE) cells, achromatic lesions and c-mitotic effects in
mice bone marrow, its metabolites bind to DNA in SHE cells and
rodent liver, and it causes DNA damage in ER-positive MCF-7.2
Another study revealed that BPA causes ER-dependent DNA
damage by inducing strand breaks in ER-positive MCF-7 cells.*

Vahdati Hassani et al.” showed that protein and phosphoprotein
levels involved in biological processes related to fatty liver,
hepatotoxicity, and carcinoma are affected by BPA exposure. It
is also found that BPA induces oxidative stress, an increase in
malondialdehyde, and a decrease in glutathione (GSH).”
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In 2008 concerns about the effects of current BPA exposure in
fetuses, adults, and children on brain, behavior, and reproduction
were declared in the report by the National Toxicology Program
and in 2010 the FDA reported that they shared the same
concerns.

BPA is banned in Japan, Canada, and most of US. In 2011 the EU
forbade the production, marketing, and import of baby bottles
containing BPA.2In Turkey baby bottles and other food containers
with BPA were collected by the Ministry of Agriculture in 2011!

Bisphenol S

BPS is an important analogue of BPA in industrial applications
and an increasingly used alternative.® The chemical
nomenclature of BPS is bis (4-hydroxyphenyl) sulfone and it has
a molecular weight of 250.27 g/mol.3' BPS is a heat-resistant
structural analogue of BPA® It has high thermal stability and is
resistant to sunlighte”

BPS is mostly used in several consumer products as a
replacement for BPA. As the most commonly used alternative
to BPA, BPS is commonly used in the production of thermal
paper and plastics.3”

BPS is used as an improver in thermal paper and a stabilizer
in canned soft drinks and canned food.®® In addition, it is used
as an electroplating solvent, a fastening agent in cleaning
products, and a constituent of epoxy resins in various industrial
applications.’ Asacommonly usedanalogue of BPAin production,
the presence of BPS in nature and food is demonstrated in
numerous studies.” It was shown by the National Health and
Nutrition Examination Survey that significant concentrations
of BPS were detected in canned food, especially in canned
vegetables and mushrooms.* In addition, literature findings
have shown that significant exposure occurs through dust.*
Moreover, the presence of BPS is detected in mud, water, tap
water, and sewage.>®'"" In a previous study, BPS was detected
in dust samples from various microenvironments and many
products produced from thermal paper! BPS was detected
in human tissues as well.® BPS was found in human urine in
concentrations and frequencies comparable to those of BPA.®
Especially after its detection in human urine, concerns about
its safety were expressed.®

In addition to the types of exposure mentioned above, BPS
was detected in many daily products. These products include
personal care products, paper products, and food, with
examples such as hair products, toothpaste, currency, mailing
envelopes, dairy products, canned food, and cereals.’

Skledar et al”” showed that glucuronidation is the main pathway
in the metabolism and detoxification of BPS and UGT1A9 plays
an important role in this process.”

Cumulative evidence suggests that BPS is toxic to organisms
because its chemical structure is similar to that of BPA.
Recently it was reported that, similar to BPA, BPS promotes
estrogenic activity, proarrhythmic effects, and hypothalamic
neurogenesis in vitro in cell cultures and in animals in vivo.
When the estrogenic effects of BPA and BPS were compared in
a study it was shown that the genomic estrogenic activity of 40

UM BPS is 15 times lower than that of BPA. It has toxic effects in
the rat’s endocrine system, adult zebra fish, breast cancer cells,
and ovariectomized mice.®

BPS is stated to have toxic effects on the endocrine system
similar to BPA in the literature.* In other research it was
reported that isopropylation of the 4-hydroxy group decreases
BPS's estrogenic activity.” BPS is also defined as a weak
antiandrogenic compound.

BPS exposure in zebra fish larvae suggests that oxidative stress
parameters and interference of immune response is induced.®
In other research it was demonstrated that BPS inhibits pepsin
activity, increases reactive oxygen species (ROS) levels in rats,
induces lipid peroxidation (LPO), and decreases antioxidant
enzyme activity."

Furthermore, a recent study suggested a link between BPS
exposure and obesity and steatosis. It was shown in an in vivo
study that BPS may alter brain functions in mammals.”

In addition to the effects mentioned above when its genotoxic
potential is examined, a study showed results on BPS exposure
and genotoxicity including double strand breaks; however, it
is seen that BPS has weaker genotoxic potential compared to
BPA34 In a study in HepG2 cells it was seen that BPA and BPS
cause a significant increase in DNA damage.? Moreover, BPS
had effects on hepatic cells, bound to serum albumins, and
caused DNA damage.®

When the association between BPS and thyroid hormone
receptors is examined, it is seen that, similarly to BPA, it binds
to thyroid hormone receptors. BPS can bind to both TRa and
TRp but its affinity to TRp is higher.* In other research, in zebra
fish embryos exposed to BPS at concentrations of 10 and 100
pg/L for 75 days, triiodothyronine and thyroxine plasma levels
were decreased.’

BPS exposure caused acute toxicity in Daphnia magna, induced
uterine growth in rats, and in zebra fish it decreased the weight
of gonads, altered plasma estrogen and testosterone, and
caused reproductive disorders; it also increased the female ratio
over males, decreased the body length, and caused changes
in testosterone, estradiol, and vitellogenin concentrations and
reproductive disorders.® In nongenomic signal research BPS
has a similar potency to BPA. From femtomolar to picomolar
concentrations, BPS induced Eroa modulated pathways and
activities such as membrane MAPK signaling, cell proliferation,
and caspase 8 activation. These fast, nongenomic pathways
have animportant role in optimal cell function, and modulation of
proliferation and apoptosis, beside activities such as pancreatic
cell function and estrogen-modulated brain function.®

Bisphenol F

As an important and increasingly used analogue of BPA, the
chemical nomenclature of BPF is 11-bis (4-hydroxyphenyl
methane and its molecular weight is 200.23 g/mol.4¢ BPF is
used in the production of polycarbonate resin.2 In addition, BPF
is used especially in systems that require increasing thickness
and durability such as epoxy resins and coatings.®
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Storage and pipe coatings, industrial floors, structural
adhesives, bridge and road deck toppings, electrical varnishes,
grouts, and coatings are examples of these systems. In addition,
for different consumer products such as water pipes, plastics,
food packaging, dental sealants, lacquers, adhesives, varnishes,
and liners BPF epoxy resins are used.’

Even though it is more biodegradable under aerobic and
anaerobic conditions compared to BPA, BPF has become
an ubiquitous environmental contaminant.2* BPF has been
detected in nature and food.* The presence of BPF is reported
in mud, tap water, indoor dust, water, sewage, and human
tissues.®"" In a recent study it was found in dust samples from
various microenvironments and many products from thermal
paper."

A recent study showed that this compound accumulates in
human urine.* BPF is also detected in personal care products
such as lotions and toothpaste, paper products such as tickets
and envelopes, and foods such as canned food and cereals.®
Active BPF is distributed in many tissues including the placenta,
uterus, fetus, and amniotic fluid. The primary elimination form
of BPF is seen to be sulfate conjugate.’

So far evidence has suggested that, just like BPS, because of its
similar chemical structure, BPF is toxic to organisms as BPA
is. In studies BPF is reported to cause mild to moderate acute
toxicity and weak estrogenic activity.® In in vivo studies it is
demonstrated to be estrogenic, androgenic, and thyroidogenic,
while in vitro studies show that it is estrogenic, androgenic, and
has other physiological/biochemical effects. There are studies
showing that BPF exposure induces uterine growth in rats,
which points to estrogenic activity.® Studies show that BPF
causes more potent estrogenicity compared to BPA#

BPF exposure causes an increase in thyroid weight and changes
in thyroid hormone concentrations.® According to another study
BPF can bind to both TRa and TRp, but its affinity to TRp is
higher4

Furthermore, it causes changes in hematological parameters
and enzyme expression. BPF has also shown other in vitro
effects such as chromosomal aberrations, cytotoxic effects,
DNA damage, and cellular dysfunction and decreased in vitro
adiponectin production and release.’

BPF is reported to promote estrogenic activity comparable to
BPA, proarrhythmic effects, and hypothalamic neurogenesis
in vitro in cell lines and in vivo in animals. In addition, as a
result of BPF exposure concentration-dependent increases in
ROS content, nitric oxide and inducible nitric oxide synthase
production, superoxide dismutase levels, T-AOC activity, LPO
levels, and cytokine and chemokine expression in zebra fish
larvae suggest that immune response and oxidative stress in
fish are induced.®

BPF is reported to result in genotoxic damage that might
interfere with DNA replication. In another study it was seen
that BPF has weaker genotoxic potential compared to BPA?3
When the genotoxic effects of BPF are examined it is reported
that BPF induces DNA damage but does not induce micronuclei
frequencies in HepG2 cells. A recent study suggested that the

genotoxic effect of BPF depends on the metabolic capacity of
the cell.2

Bisphenol AF

The chemical nomenclature of BPAF is 2,2-bis (4-hidroxyphenyl)
hexafluoropropane and its molecular weight is 336.23 g/
mol.3 It is used in the production of polycarbonate resin, is a
component of certain plasters, and is used as a rubber bridging
material.?

BPAF is detected in the environment, tap water, bottled water,
and canned food.*" In a recent study it was shown that it
accumulates in human urine.*

When the effects of BPAF are examined, it is seen that BPAF
causes more potent toxicity in cells including blood cells. In
addition, in the literature it is demonstrated that BPAF binds
more strongly to estrogen receptors and has more effects on
gene expression compared to BPA. It is also demonstrated that
BPAF presents genotoxic and neurotoxic potential.

In their study Mokra et al* stated that BPA and BPAF have
the highest genotoxic potential in incubated cells and they
previously reported that BPA and BPAF induced the formation
of ROS in peripheral mononuclear blood cells more potently
and only BPAF caused a significant increase in OH levels in
these cells.* In other studies it was demonstrated that BPAF in
high concentrations causes more potent DNA damage in MCF-7
cells compared to BPA. It is also reported to form micronuclei in
V79 cells and induce aneuploidy in SHE cells.>* While causing
metaphase arrest in V79 cells, it also causes morphological
changes in SHE cells along with aneuploidy.?

In mammalian cells BPAF did not induce chromosomal
aberration or gene mutation. Since toxicity data are insufficient
and it has a similar structure to BPA, BPAF has been nominated
for toxicological characterization by the US NIEHS.2

Bisphenol Z

The chemical nomenclature of BPZ is 1,1-bis (4-hydroxyphenyl)
cyclohexane. BP compounds including BPZ have been found
in different environmental and human samples. It is reported
in different studies that concentrations of BPs in municipal
waste water influents and effluents, sewage sludge, water, and
sediments are elevated.®

BPZ may be used in the synthesis of an anesthetic compound.”
Another area of use of BPZ is to cure highly heat resistant
plastic materials and in electrical insulation. Several analogues
of BPA, including BPF, BPS, and BPZ, are used in personal care
products, food packaging materials, and paper products.®

Schmidt et al!® showed that BPZ was biotransformed in highest
level of mobility (HLM) in a manner similar to the case of
BPAF. According to their research based on the peak areas,
hydroxylated BPZ was the main in vitro metabolite in HLM in
the presence of nicotinamide adenine dinucleotide phosphate
and GSH."®

In their study, Lee et al.?' reported that BPZ exposure caused
a decrease with varying changes in T3 and T4 levels. Kovaci¢
et al'® stated that UV exposure is an effective way of removing
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BPF, BPS, and BPZ from water, showing the fastest degradation
rate in the case of the photo-Fenton reaction.®

OTHER BISPHENOLS

The chemical nomenclature of BPC is 2,2-bis (4-hydroxy-
3-methylphenyl) propane, of BPM is 4,4'-(1,3-phenylenedii
sopropilidene) BP, of BPAP is 4,4'-(1-phenylethylidene) BP,
of BPP is 4,4'-(14-phenylenedii sopropilidene) bisphenol,
and of bisphenol 1 is [sulfonylbis(4,1-phenylene)] bis (oxy)
dimethanol.>® The molecular weight of BPAP is 290.36 g/mol,
of BPC is 256.34 g/mol, of BPM is 346.46 g/mol, and of BPP is
346.46 g/mol 3

According to the study by Lee et al.® some BPs including BPAP,
BPM, and BPP showed greater genotoxic potential compared to
BPA. BPP is reported to have the greatest genotoxic potency
and is suggested to have an association with double strand
breaks.

BP-1 is reported to be a component of polymer bottles.
Polybutylene terephthalate modified by BP-1 is seen to improve
glass transmission temperature and thermal stability.?

In their research Fic et al.2 demonstrated that BPA, BPAF, BPF,
BPS, BPZ, BP-1, BP-2, DMBPA, and DMBPS are not mutagenic
in the Ames test; however, DMBPA, BP-2, BPZ, and BPAF have
toxic effects on Salmonella typhimurium.?

Risk Assessment

The current lowest-observable-adverse-effect level of BPA is
determined as 50 mg/kg bodyweight per day by the US EPA.22In
hazard assessment protocol by the EFSA it is indicated that the
current temporary tolerable daily intake (t-TDI) for BPA is 4 pg/
kg bw per day.?® Mikotajewska et al.* reported that dietary BPA
exposure in children is 1.088-4.492 ug/day, exposure to BPA
in 3-month-old infants fed from polycarbonate bottles is 4-11
ug/kg b.w./day, dietary exposure (canned food and beverages)
in adults is 1.56-10.453 pg/day, daily exposure to BPA through
inhalation is 0.008-0.014 pg/person/day, exposure to BPA
from thermal paper is 71 pg/day (exposure by 10 h/day), and
exposure from paper currency is 0.0001-1.41 ng/day.?* These
data suggest that both children and adults may be exposed to
BPA higher than the t-TDI mainly by dietary exposure and might
result in toxic health outcomes. Although a t-TDI was not found
for BP analogues, Wu et al.® reported the following values for
BP analogues in foodstuffs: BPS <0.01 ng/g, BPA 0.125 ng/g,
BPF <0.05 ng/g, BPP <0.025 ng/g, and BPAF <0.01 ng/g in the
US between 2008 and 2012, which shows the other analogues
to be lower than BPA.?®

CONCLUSION

BPA is a widely produced and commonly used chemical. Due
to its endocrine disrupting nature, it is associated with many
diseases and disorders such as diabetes, breast cancer, obesity,
cardiovascular diseases, renal diseases, chronic respiratory
diseases, behavior disorders, thyroid hormone function
disorders, tooth development disorders, and reproductive
disorders. The respiratory system, central nervous system,

cardiovascular system, immune system, and renal system
are shown to be affected by BPA. It is also suggested that
BPA has genotoxic and mutagenic potentials. Due to its toxic
health effects, the use of alternative BPs has increased and
BPA has been replaced by its chemical analogues such as BPS,
BPF, BPAF, and BPZ. However, these replacing analogues
are also BPs and it is suggested that they may pose similar
or higher health risks for living organisms. In research BPS is
reported to promote estrogenic activity, antiandrogenic activity,
proarrhythmic effects, and hypothalamic neurogenesis in cell
lines and to possess a potential of endocrine disruption similar
to BPA. BPF is demonstrated to be estrogenic, androgenic, and
thyroidogenic. BPAF is reported to cause more potent toxicity
in cells, binding more strongly to estrogen receptors, and have
more effect on gene expression compared to BPA, in addition
to its neurotoxic and genotoxic potential. BPZ and other BPs
also have structures similar to BPA and may show similar toxic
effects. Therefore, it is important to examine the toxicological
profile of these compounds and focus on risk assessment of
BPA analogues to estimate the relationship between exposure
and toxic outcomes. Further studies especially in humans are
needed to shed light on the risk from BPA analogues.
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